


P e s t i c i d e s
A Toxic Time Bomb in Our Midst

Mar v in J . L ev ine



Library of Congress Cataloging-in-Publication Data

Levine, Marvin J., 1930–
Pesticides : a toxic time bomb in our midst / Marvin J. Levine.

p. cm.
Includes bibliographical references and index.
ISBN 978–0–275–99127–2 (alk. paper)
1. Pesticides—Health aspects. 2. Pesticides—Environmental aspects.
3. Pesticides—Toxicology. I. Title.
RA1270.P4L48 2007
363.738’4—dc22 2007000057

British Library Cataloguing in Publication Data is available.

Copyright ' 2007 by Marvin J. Levine

All rights reserved. No portion of this book may be

reproduced, by any process or technique, without the

express written consent of the publisher.

Library of Congress Catalog Card Number: 2007000057

ISBN-13: 978-0-275-99127-2

ISBN-10: 0-275-99127-X

First published in 2007

Praeger Publishers, 88 Post Road West, Westport, CT 06881

An imprint of Greenwood Publishing Group, Inc.

www.praeger.com

Printed in the United States of America

The paper used in this book complies with the

Permanent Paper Standard issued by the National

Information Standards Organization (Z39.48–1984).

10 9 8 7 6 5 4 3 2 1



Contents

Preface vii

One The Pesticide Problem 1

Two Pesticides in Agriculture 25

Three Pesticides in Food 65

Four Pesticides in Schools 113

Five Pesticides in Homes, Lawns, and Gardens 157

Six Pesticides in the Air, Water, and Soil 187

Seven International Trade in Pesticides 219

Eight Remedies and Reflections 235

Selected Bibliography 245

Index 249



To Dina



Preface

The writing of this book came about through a serendipitous circumstance. I wrote a

book dealing with child labor in the United States, published three years earlier, con-

taining a chapter that included a description of the hazards migrant farmworkers and

their children face, not the least of which was exposure to pesticides. While mention-

ing the dangers pesticides posed, I thought that a book on pesticides could be a

future undertaking. However, I put it on the back burner and turned my full atten-

tion to the project at hand.

Approximately one year ago, I was considering other potential book topics, when

my wife, Dina, suggested a book on pesticides. I recalled that pesticides had been

mentioned in the child-labor book and agreed that it could be an interesting and

manageable proposition. Soon, I began research on that topic.

Agriculture, covered in the second chapter, was singled out because a substantial

majority, 70 percent or more, of pesticides are applied in U.S. farming operations on

an annual basis. Billions of dollars are spent in the sale and use of these hazardous

chemicals. Their deleterious impact upon the health of farmers, farmworkers, and

their children will be examined, with special emphasis on threats to the well-being of

several million migrant farmworkers’ families.

Another important topic deals with the health problems attributed to pesticide res-

idues in food, most of which is grown using a variety of pesticides. Acute and chronic

effects on children’s health will be investigated.

A largely overlooked area also merits consideration. Nearly 90 percent of all U.S.

households use pesticides, primarily for insect control. The number and concentra-

tion of pesticides detected in the indoor air of homes is typically greater than those

discovered in the air outdoors. People spend the majority of their time indoors, more

than 90 percent of each day. Millions of pounds of these toxic chemicals are also

applied on American lawns and gardens, when safer alternatives are available.



Furthermore, in too many of the 110,000 school districts across the nation,

untrained personnel are making critical decisions day in and day out about the use of

pesticides in school buildings and on school grounds. Children attend at least 180

days of school each year. An increased incidence of learning disorders has been linked

to this pesticide use. Federal law permits protections for farmers from re-entering

fields too soon after pesticide applications, but no such measures are available in the

case of many schools.

A serious health problem is also posed by some level of pesticide contamination of

drinking water in every state nationwide, in both agricultural and urban regions. Con-

tinuous monitoring will be essential to alleviate this health peril to our population.

In addition, other topics scrutinized here include testing, data collection, legisla-

tion, regulation, and political influence exerted by pesticide manufacturers.

I hope this book will heighten public awareness of the dangers pesticides pose for

humans, wildlife, and the environment.

The following persons and organizations deserve thanks for their assistance: Linda

Greer of the Natural Resources Defense Council in Washington, D.C.; Carol

Raffensperger and Ted Schettler of the Science and Environmental Health Network

in Ames, Iowa; The Center for Health, Environment & Justice in Falls Church,

Virginia; Aviva Glazer of the School Pesticide Monitor in Washington, D.C.; Beyond

Pesticides in Washington, D.C.; and Suzanne and Ralph Tarica.

A special debt is owed to my editors at Praeger Publishers, Hilary Claggett, and

James R. Dunton, for their timely assistance in the preparation of the manuscript.

Last, but not least, I take full responsibility for any errors of omission or

commission.
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O n e

The Pesticide Problem

If we don’t change direction soon, we’ll end up where we’re going.

—Professor Irwin Corey

Professor Irwin Corey was considered a guru of comedy by those who remember him

when he was a regular on the Steve Allen television shows of the 1950s and 1960s.

However, there is nothing humorous about the subject of this book—pesticides—and

his message has become increasingly relevant.

There is growing public concern regarding pesticide exposure, and for good reason.

Studies have shown that all people, especially children, pregnant women, farmers, farm-

workers, and the elderly, may experience negative health effects from exposure to pesti-

cides. Pesticide exposure can cause acute poisoning, cancer, neurological damage, birth

defects, and reproductive and developmental harm.1 Much evidence has revealed that

many commonly used pesticides can suppress the normal response of the human

immune system, making the body more vulnerable to invading viruses, bacteria, para-

sites, and tumors, increasing the incidence of disease and some cancers.2 Some evidence

indicates that pesticides may reduce male sperm counts.3 Unfortunately, pesticides are

widely used in our environment to control pests, but we the people rarely hear about it.

Fortunately, there are ways to reduce pesticide use and exposure.

Pesticides, by design, are toxic to certain life forms. Currently in the United States

there are more than 17,000 registered pesticide products and more than 800 active

ingredients. Acute pesticide-related illness and injury continues to be a problem.

According to poison control center data, there are approximately 18,000 uninten-

tional pesticide exposures each year. Approximately 1,400 of these are occupational.4

According to Bureau of Labor Statistics data, annually there are 500 to 900 lost

work-time illnesses caused by pesticide exposure. Finally, there are approximately fif-

teen to twenty death certificates per year that contain codes for unintentional pesti-

cide poisoning. All of these estimates are thought to be underestimates of the true

incidence of unintentional acute pesticide-related illness and injury.5



Historical Patterns of Pesticide Use

The era of pesticides began in the nineteenth century when sulfur compounds were

developed as fungicides. In the late nineteenth century, arsenic compounds were

introduced to control insects that attack fruit and vegetable crops; for example, lead

arsenate was used widely on apples and grapes. These substances were acutely toxic.

In the 1940s the chlorinated hydrocarbon pesticides, most notably DDT (dichlorodi-

phenyltrichloroethane), were introduced. DDT and similar chemicals were used

extensively in agriculture and in the control of malaria and other insect-borne dis-

eases. Because they had little or no immediate toxicity, they were widely hailed and

initially believed to be safe.6

Widespread use of synthetic pesticides in the United States began after World War II.

The ingredients for many of today’s pesticides were, in fact, created as weapons of

war.7 Before the development of synthetic pesticides, farmers used naturally occurring

substances such as arsenic and pyrethrum.8 Pesticide use was credited with increasing

crop yields by reducing natural threats and became an integral part of agricultural

practices by the mid-1950s. Over the past five decades, American agriculture has dis-

persed thirty billion pounds of pesticides into the environment.9 Also, beginning in

the late 1940s, federal and local governments sponsored the widespread spraying of

DDT and other chemicals in urban communities in an effort to eradicate mosquitoes,

fire ants, gypsy moths, the Japanese beetle, and other insects judged to be harmful.

Every year in the United States, 1.1 billion pounds of active pesticide ingredients

are released into the environment; 834 million pounds (77 percent) are used in agri-

culture, the remainder for non-agricultural purposes. If the use of wood preservatives,

disinfectants, and sulfur is included, the yearly amount of pesticide usage increases to

2.2 billion pounds of active ingredients.10 Altogether, U.S. pesticide usage equals

more than four pounds per person annually.11

Insects, however, quickly develop resistance to pesticides. In addition, broad-

spectrum pesticides kill natural predators that keep pests in check. Use of synthetic

pesticides—including insecticides, rodenticides, fungicides, herbicides, and others—has

increased more than thirty-three-fold in the last half century. Ironically, it is estimated

that more of the U.S. food supply is lost to pests today (37 percent) than in the 1940s

(31 percent). Total crop losses from insect damage alone have nearly doubled from

7 percent to 13 percent during that period. Cultivation of four crops—soybeans, wheat,

cotton, and corn—consumes around 75 percent of the pesticides used in the United

States.12

Following World War II, pesticides were a component of what was predicted to be a

‘‘green revolution’’ of abundant food for the world. Over the past fifty years, agricultural

production in many areas of the world has increased dramatically, partly because of the

use of herbicides and insecticides. Health benefits, such as those related to the eradica-

tion of malaria-carrying mosquitoes, were also foreseen and, in many cases, attained.

In May 1962, biologist Rachel Carson alerted the public to the side effects of pes-

ticides in her book, Silent Spring. Questions were raised about the actual (rather than
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the perceived) benefits of pesticides, along with questions about environmental and

public health risks.13

The pathways of human exposure to pesticides are numerous. Pesticide residues

are found virtually everywhere: in the office and home, on food, in drinking

water, and in the air.14 Throughout more than a half century of pesticide use,

most pesticides have never been systematically reviewed to evaluate their full range

of long-term health effects on humans, such as potential damage to the nervous,

endocrine, or immune systems. The Environmental Protection Agency (EPA) con-

siders only cancers in determining the potential threat of pesticides to human

health. Until recently, cancer has been considered the most sensitive end point—if

you could prevent cancer, you could prevent other chronic diseases. Furthermore,

scientists have been able to develop the model by which they can extrapolate can-

cer data from animal studies. The concept that cancer is the most sensitive end

point is now being seriously questioned. The effects of pesticides on wildlife are

also not well documented. It wasn’t until 1985 that the EPA reviewed an insecti-

cide solely on the basis of its effects on wildlife.15 Since then, the EPA has

banned some pesticides based partially on their effects on the environment and

wildlife. Discoveries of pesticide residues have also resulted in fishing bans in bays,

lakes, and rivers.16

Agricultural pesticides have prevented pest damage of between 5 percent and 30

percent of potential production in many crops.17 Pesticides, however, have posed a

number of problems for agriculture, including the killing of beneficial insects, sec-

ondary pest outbreaks, and the development of pesticide-resistant pests.18 Several

studies have shown a decrease in the effectiveness of pesticides. According to one

study, 7 percent of U.S. agricultural production was lost to pests in the 1950s; in

1993, 13 percent of all production was lost to pests.19 A different study concluded

that crop losses from pests increased from 30 percent in 1945 to 37 percent in 1990.

During that same period farmers used thirty-three times more pesticides.20

Today, 440 species of insects and mites and more than seventy fungi are now re-

sistant to some pesticides.21 Consequently, it has become necessary to use larger doses

and more frequent applications of pesticides. Combining pesticides, or substituting

more expensive, toxic, or ecologically hazardous pesticides, occurs more frequently. In

addition to the problem of pesticide resistance, millions of dollars worth of crops

have been lost as a result of improper pesticide application.22

Health Effects on Children

Pesticides have been associated with the development of certain cancers in children,

including leukemia, sarcomas, and brain tumors. Many classes of pesticides have been

shown to adversely affect the developing nervous system of animals used in experi-

ments. Parental exposure to pesticides has been linked with birth defects in children.

New studies suggest that pesticides may compromise the immune systems of infants

and children. Children are exposed to pesticides at home, at school, in playgrounds
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and parks, in food, and in water. Nationwide, 85 percent of households had at least

one pesticide, and 47 percent of households with children under the age of five were

found to store at least one pesticide within the reach of children. Parents can elimi-

nate the use of pesticides in and around their homes and workplaces and pressure

school boards to reduce pesticide use in schools. If possible, parents can buy organi-

cally grown and in-season foods. Congress passed legislation in 1996 designed to

improve regulation of pesticides, particularly in food, so that children are adequately

protected. The implementation of this law will be a critical test of the EPA’s intention

to safeguard the next generation. Additional reforms needed include reducing the use

of pesticides, better testing of pesticides’ ability to affect infants and young children,

and more data on children’s exposure to pesticides.23

Controversy has arisen regarding the apparent increase in the incidence of child-

hood cancer in the United States. Some investigators, particularly at the EPA, have

raised concerns that this increase may reflect new or increasing environmental expo-

sures. The alternative view is that there has been little overt change in incidence, and

that apparent increases in, for example, brain tumors, reflect changes in medical prac-

tice and diagnostic methods rather than a true increase in occurrence. Part of the dif-

ficulty in understanding childhood cancer trends lies in the relative rarity of most

cancer types and the lack of a national system of cancer registration that would enable

researchers to track incidence on a nationwide scale.24

Children may be more susceptible than adults to environmental health risks

because of their physiology and behavior. They eat and drink more and breathe more

air in proportion to their body weight than adults. They also play close to the ground

and put objects in their mouths. Their bodies are still developing, and they may be

less able than adults to metabolize and excrete pollutants.

In 1996, poison control centers nationwide were notified about approximately

80,000 children (aged from birth through nineteen) who were exposed to common

household pesticides, an estimated one-quarter of whom developed symptoms of pes-

ticide poisoning. From 1992 to 1998, an estimated 24,000 emergency room visits

resulted annually from pesticide exposure; 61 percent of the cases involved children

younger than age five.25

New Discoveries About Pesticides

Although pesticides do offer certain benefits for farmers and others, new scientific

research is revealing some important health-related issues associated with their usage.

Recently, for example, some scientists have become convinced that there is a relation-

ship between pesticides that mimic the estrogen hormone and the disruption of the

endocrine systems in humans and wildlife. This potentially could contribute to seri-

ous health problems, including breast and other types of cancer in humans, and

reproductive disorders.26 Currently, in registering pesticides, the EPA does not require

tests for estrogen involvement; if a pesticide is found to be estrogenic, the EPA has

no method of removing it from the market.27
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Though there is no conclusive evidence to date, several studies have indicated that

chemicals that imitate estrogen might cause reproductive problems in animals. For

example, one study found that male alligators exposed to pesticides in Florida are

having difficulty reproducing, partly because their penises are not developing to nor-

mal size. This reproductive interference could be related to exposure to estrogenic

pesticides. It also has been reported that some birds, fish, amphibians, and mammals

are being ‘‘feminized’’ by exposure to low levels of pesticides and other industrial

chemicals.28

Pesticide Usage

Pesticides of various types are used in most sectors of the U.S. economy. In general

terms, a pesticide is any agent used to kill or control undesired insects, weeds,

rodents, fungi, bacteria, or other organisms. Thus, the term ‘‘pesticides’’ includes

insecticides, herbicides, rodenticides, fungicides, nematicides, and acaricides as well as

disinfectants, fumigants, wood preservatives, and plant growth regulators. Pesticides

play a vital role in controlling agricultural, industrial, home/garden, and public health

pests. Many crops, commodities, and services in the United States could not be sup-

plied in an economic fashion without controlling pests using chemicals or other

means. As a result, goods and services can be supplied at lower costs and/or with bet-

ter quality. As has been pointed out, these economic benefits from pesticide use are

not achieved without potential risks to human health and the environment due to

the toxicity of pesticide chemicals. For this reason, these chemicals are regulated

under federal or state pesticide laws to avoid unacceptable risks.

The EPA registers pesticides for use and requires manufacturers to label pesticides

about when and how to use them. It is important to remember that the ‘‘cide’’ in pes-

ticide means ‘‘to kill.’’ These products can be dangerous if not used properly.

Annual pesticide use in the United States equals about 8.8 pounds per capita, rela-

tively stable at roughly 2.2 billion pounds of active ingredients, according to an EPA

pesticide industry sales and usage report. According to the report, use of what are

considered ‘‘conventional pesticides’’ remains at about 1.1 billion pounds of active

ingredients, but the addition of wood preservatives and disinfectants pushes total pes-

ticide use to about 2.2 billion pounds of active ingredients. Pesticides are used on

more than 900,000 U.S. farms and in 69 million households, the report indicated,

while the herbicides atrazine and metolachlor are the two most widely used pesticides

in the country, at 70 million to 75 million pounds and 60 million to 65 million

pounds, respectively.29

Three Major Groups of Conventional Pesticides

The first group consists of chlorinated hydrocarbons, also known as organochlo-

rines. These pesticides generally break down very slowly and can remain in the envi-

ronment for long periods of time. Dieldrin, chlordane, aldrin, DDT, and heptachlor

are pesticides of this type. The second group is known as organic phosphates or
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organophosphates. These pesticides are often highly toxic to humans, but generally

do not remain in the environment for long. Diazinon, malathion, dimethoate, and

chlorpyrifos are pesticides of this classification. The last group is the carbamates.

They are generally less toxic to humans, but concerns persist about the potential

effects of some carbamates on immune and central nervous systems. Carbaryl, carbo-

furan, and methomyl are examples of carbamates.30

Pesticide Safety Myths

There is no such thing as a ‘‘safe’’ pesticide. In fact, pesticide labels describe their

products as possessing varying degrees of toxicity. For that matter, it is illegal for pes-

ticide manufacturers to allege safety as a pesticide characteristic in their promotional

efforts. Different pesticides affect people in different ways. Some cause cancer and are

listed as ‘‘known’’ or ‘‘possible’’ carcinogens as identified by the EPA or state environ-

mental agencies. Some are nerve toxins, which affect the enzyme responsible for the

basic operation of the brain and nervous system. Many originate from World War II

research on chemical weapons. These include organophosphate and carbamate insecti-

cides such as chlorpyrifos and diazinon. Acute (immediate) poisoning symptoms

are flu-like, featuring nausea, vomiting, diarrhea, or dizziness. These pesticides may

also impair memory, learning ability, ability to focus, and even normal behavior.

Reproductive and developmental toxins are those that impact the development of

children.31 Exposure to these chemicals may jeopardize a child’s mental or physical

development. Pregnant women exposed to these chemicals may face increased risk of

birth defects in their unborn children. Hormone-mimicking toxins also known as en-

docrine disruptors can disrupt delicate hormonal processes in wildlife and humans.

Hormones act as chemicals in the human body, triggering a wide array of biological

processes. They can impact height and weight, gender differentiation, the development

of reproductive organs, and energy levels. Because hormones function at very low levels,

these pesticides can have dramatic effects even at modest levels of exposure.32

Pesticide Resistance

In addition to directly poisoning our environment and our food, pesticides pose a

serious threat to our food production system itself. From one viewpoint, pesticides

are wonder chemicals that have increased food production by 20 percent since 1940

by reducing pest damage. Yet over the same period, they have also created at least

261 strains of insect species, sixty-seven strains of plant pathogens, two strains of

nematodes (parasitic worms), and four (or by some counts, nineteen) strains of weeds

that they cannot kill. While insecticide use has increased tenfold since the 1940s,

crop losses to insects doubled.33

The key to this paradox is the selection for resistance that pesticides exert on their

target pests. Pesticides never kill 100 percent of a pest population, and the survivors

tend to have a lower susceptibility to that particular chemical. With every repeated

application of the same pesticide, these naturally resistant individuals make up a
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higher percentage of the population, until a highly resistant strain of pest evolves.

When the conditions are right, the pesticide kills a large percentage of the pest popu-

lation, the pest completes several life cycles per year, and little movement from

untreated populations occurs. Then resistance can develop very rapidly.

Resistance to one pesticide often confers resistance, or faster development of resis-

tance, to a whole family of related pesticides. Alternating different pesticides or apply-

ing a mixture of chemicals can sometimes delay the development of resistance, but it

can also promote the development of super-resistant pests, called superpests, which

are resistant to multiple pesticides. Superpests have already developed and threaten a

number of crops throughout the world.34

Fate of Pesticides in the Environment

Ideally, a pesticide stays in the treated area long enough to produce the desired

effect and then breaks down into harmless materials. Three primary modes of degra-

dation occur in soils:

¥ biological—breakdown by micro-organisms

¥ chemical—breakdown by chemical reactions, such as hydrolysis (soluble decom-

position) and oxidation

¥ photochemical—breakdown by ultraviolet or visible light

The rate at which a chemical degrades is expressed as the half-life, which is the

amount of time it takes for half of the pesticide to be converted into something else, or

until its concentration is half of its initial level. The half-life of a pesticide depends on

the soil type, its formulation, and environmental conditions such as temperature and

moisture levels. Other processes that influence the fate of the chemical include plant

absorption, soil adhesion, leaching, and vaporization. If pesticides migrate from their

targets due to wind drift, runoff, or leaching, they are considered to be pollutants. The

potential for pesticides to move depends on the chemical properties and formulation of

the pesticide, soil properties, the rate and method of application, pesticide persistence,

frequency and timing of rainfall, irrigation, and depth to ground water.35

Pesticide Toxicity

Toxicity is the inherent ability of a pesticide to cause injury or death, indicating how

poisonous the chemical is. Acute toxicity is the ability of a substance to cause harm as

the result of a single dose or exposure to a chemical. Chronic toxicity is the ability of a

substance to cause injury as the result of repeated doses or exposures over time. Any

chemical substance is toxic if it is ingested or absorbed in excessive amounts. Table salt,

for example, if consumed in excess, can be toxic. The degree of danger or hazard when

using a pesticide is determined by multiplying toxicity times exposure.
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The designation given to a pesticide indicating its relative level of toxicity is called

the lethal dose, or LD50 value. This value identifies the dosage necessary to kill

50 percent of a test population. The lethal dose is expressed in milligrams of chemi-

cal per kilogram of body weight of the test population. The lower the LD number,

the more toxic the material. The toxicity rating is important as an indicator, but the

length of exposure, type of exposure, and other factors also impact the relative hazard

of any pesticide. The toxicity of pesticides is often measured using an LD50 (lethal

dose) or an LC50 (lethal concentration). Both the LD50 and LC50 measure only acute

effects and therefore provide no information about a chemical’s connection to long-

term health issues.36

The tests for acute and chronic toxicity are the only science-based methods cur-

rently used to predict risks to users and consumers. But they have limitations. These

tests are usually done on rodents, which may not always accurately predict effects on

humans. Plus, they do not take into consideration possible interactions and conse-

quences of several compounds acting together.

All labels include the warning, ‘‘Keep out of reach of children.’’ In addition, most

labels include ‘‘signal words’’ which give an indication of the pesticide’s toxicity or

corrosiveness. These signal words are relative terms. They indicate how pesticides

compare to one another. Even if a pesticide is considered to be relatively low in toxic-

ity, it can be a deadly poison at a fairly low dose.37

Inert Ingredients

Pesticide products contain both ‘‘active’’ and ‘‘inert’’ ingredients. These terms have

been defined by a federal law, the Federal Insecticide, Fungicide, and Rodenticide Act

(FIFRA) of 1947. An active ingredient is one that prevents, destroys, repels, or miti-

gates a pest, or is a plant regulator, defoliant, desiccant, or nitrogen stabilizer. By law,

the active ingredient must be identified by name on the label together with its per-

centage by weight. An inert ingredient is simply an ingredient in the product that is

not intended to affect a target pest. For example, isopropyl alcohol may be an active

ingredient and antimicrobial pesticide in some products; however, in other products,

it functions as a solvent and may be considered inert. The law does not require inert

ingredients to be identified by name and percentage on labels, but the total percent-

age of such ingredients must be declared.38

Inert Name Change

In September 1997, the EPA issued a regulation notice to encourage manufac-

turers, formulators, producers, and registrants of pesticide products to voluntarily

substitute the term ‘‘other ingredients’’ as a heading for the ‘‘inert’’ ingredients in the

ingredient statement on pesticide labels. The EPA made this change after learning the

results of a consumer survey on the use of household pesticides. Many comments

from the public and the consumer interviews prompted the EPA to discontinue the

use of the term ‘‘inert.’’ Many consumers are misled by the term ‘‘inert ingredient,’’
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believing it to mean ‘‘harmless.’’ Since neither federal law nor the regulations define

the term ‘‘inert’’ on the basis of toxicity, hazard, or risk to humans, non-target

species, or the environment, it should not be assumed that all inert ingredients are

non-toxic.39

Status of Inert Ingredients

Inert ingredients have definitely not been given a clean bill of health. For example,

it is not clear which components of weed killers are carcinogens. The question

revolves around whether it is the active ingredients, the dioxins, that contaminate the

active ingredients during manufacture, or the inert ingredients, which frequently con-

stitute 90 to 99 percent of pesticides. Inert ingredients are added as fillers or to give

the pesticide a desirable quality. The EPA lists 2,000 chemicals that have been

approved for use as inert ingredients. These include urea formaldehyde, carbon tetra-

chloride (known to cause cancer), chloroform (also a known carcinogen), toluene, xy-

lene, cadmium, and lead compounds. Pesticide manufacturers have successfully

claimed that the components of inert ingredients are trade secrets not required to be

disclosed to potential competitors. Furthermore, federal law imposes a $10,000 pen-

alty on any employee who reveals the contents of inert ingredients in pesticides.40

Agricultural Pesticides

Much of modern farming relies on pesticides to produce food of a high quality

and ensure consistent supplies. In some cases pesticides can make the difference

between success and failure of a crop. Pesticides are a vital part of modern agriculture,

protecting food and fiber from damage by insects, weeds, diseases, and rodents. U.S.

agriculture companies spend about eight billion dollars annually on pesticides, which

accounts for more than 70 percent of all pesticides sold in the country.41 It is esti-

mated that each dollar invested in pesticide control returns approximately four dollars

in crops saved from pests. Farmers’ expenditures on pesticides are about 4 to 5 per-

cent of total farm production costs.42

The dependence of agriculture on chemical pesticides developed over the last sixty

years as the agricultural sector shifted from labor-intensive production methods to

more capital- and chemical-intensive production methods. Sixty years ago, most crops

were produced largely without the use of chemicals. Insects and weeds were con-

trolled by crop rotations, destruction of crop refuse, timing of planting dates to avoid

high pest population periods, mechanical weed control, and other farming practices.

While these practices are still in use, changes in technology, costs, and government

policies have led to the development of today’s chemically intensive farming methods.

Usage of conventional pesticides on farms in the United States increased from

about 400 million pounds (of active ingredients) in the 1960s to more than 800 mil-

lion pounds in the late 1970s and early 1980s, primarily due to the widespread adop-

tion of herbicides in corn production. Since that time, usage has been somewhat

lower, ranging from about 700 to 800 million pounds annually.43 Pesticide usage in
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agriculture can vary considerably from year to year, depending on weather, pest out-

breaks, crop acreage, and economic factors such as pesticide costs and crop prices.

Whereas the quantity of pesticides used by farmers has fallen off slightly in recent

years, total expenditures on pesticides are still increasing.

During the 1960s, agricultural pesticide use was dominated by insecticides,

accounting for about half of all pesticides used. The quantity of insecticides applied

fell as the organochlorines (DDT, aldrin, and toxaphene) were replaced by pyre-

throids and other chemicals that require lower application rates. Today, 70 percent of

pesticides used are herbicides, with corn leading all other crops by a substantial mar-

gin in total pesticide use. Rice, potatoes, vegetables, and fruits, however, actually use

pesticides more intensively than corn and other crops. Minimum tillage practices are

being adopted by many farmers, reducing the need for machinery, labor, and energy

inputs, but increasing farming’s dependency on pesticides even more. Pesticide use

trends can vary markedly from one part of the country to another as farmers respond

to local pest problems and as crop production patterns vary.

Concerns about potential risks to health and the environment resulted in amend-

ments to FIFRA in 1972, increasing the stringency of health and safety data required

to support a pesticide registration. The EPA first banned the usage of some organo-

chlorine pesticides for agricultural purposes in the 1970s, and has since imposed use

limitations on many other pesticides. The amendments also required that all existing

pesticides be reregistered using current health and environmental standards. Chemical

companies have responded to these regulatory pressures by marketing new chemicals

that are thought to be less harmful to humans and the environment, or less likely to

migrate from farm fields to contaminate groundwater and surface water.

Schools and Pesticides

Safeguarding children’s health while at school is a priority for parents, teachers, school

administrators, lawmakers, and clinicians. Yet children are continually and unknowingly

exposed to toxic chemicals while in and around school buildings. Substantial scientific

evidence indicates that children are at risk for diseases as a result of these exposures.

Despite the hazards to children and the environment, pesticides have become a

preferred approach to controlling pest problems in many schools and school districts.

Toxic chemicals are being used on school athletic fields, shrub beds, parking lots,

tracks, play areas, and in cafeterias, classrooms, gymnasiums, and restrooms. Too of-

ten pesticides are applied by unlicensed personnel, or applied on a calendar basis

whether pests are present or not.

In general, research demonstrates that pesticide poisoning can lead to poor per-

formance on tests involving intellectual functioning, academic skills, abstract reason-

ing, flexibility of thought, and motor skills. Other areas affected include memory

disturbances and inability to focus attention, reduced perceptual speed, and deficits

in intelligence, reaction time, and manual dexterity. Increased anxiety and emotional

problems have also been reported.
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Pesticide opponents estimate there are some fifty insecticides, herbicides, and fungi-

cides commonly used in and around schools. Some are implicated in reproductive and

neurological problems, kidney and liver damage, and cancer. Additionally, the follow-

ing have been reported as adverse health effects of forty-eight commonly used pesticides

in schools: twenty-two are probable or possible carcinogens, twenty-six have been

shown to have reproductive effects, thirty-one damage the nervous system, thirty-one

injure the liver or kidneys, forty-one are sensitizers or irritants, and sixteen can cause

birth defects. Because most of the symptoms of pesticide exposure, from respiratory

distress to difficulty in concentration, are common in schoolchildren and may also have

other causes, pesticide-related illnesses often go unrecognized and unreported.44

The GAO Study

In the fall of 1999, the General Accounting Office (GAO), at the request of Dem-

ocratic Senator Joseph Lieberman of Connecticut, conducted a national review of the

extent to which pesticides are used in and around the nation’s 110,000 public schools

and the magnitude of the risk of exposure to children. The report found that the data

on the amount of pesticides used in the nation’s public schools is neither available

nor collected by the federal and most state governments. The study also revealed that

the EPA is not doing enough to protect children from pesticides, and that there is

limited information on how many children are exposed to pesticides in schools. The

GAO cited the EPA’s analysis of the American Association of Poison Control Centers’

Toxic Exposure Surveillance System, documenting 2,300 school pesticide exposures

from 1993 to 1996. Because most of the symptoms of pesticide exposure, from respi-

ratory distress to difficulty in concentration, are common and may be assumed to

have other causes, it is suspected that pesticide-related illnesses are much more preva-

lent than presently indicated.

Specifically, the GAO found that:

1. There are no comprehensive, readily available national or state-by-state data on

the amount and kinds of pesticides being used in schools today.

2. Although FIFRA requires pest control companies to keep records for two years

on the amount and site of pesticide applications, only one state requires them

to report this information to the relevant agency.

3. There is little information available about illnesses related to pesticide expo-

sure. The GAO documented 2,300 cases of exposure at schools from 1993 to

1996, but noted that this information is incomplete and unreliable because of

the lack of record-keeping, and therefore likely underestimates how often chil-

dren are exposed. In addition, of those 2,300 cases, the outcomes in 1,000 of

them are not known, or more than 40 percent are incomplete. For the cases

where follow-up did occur, 329 individuals were seen at health care facilities,

fifteen were hospitalized, and four were treated at intensive care units.
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4. Eight states collect information on the use of pesticides within their states, but

only two collect information on pesticides used in schools. No state collects infor-

mation on exposure patterns in schools.

5. There are no standard criteria for clearly identifying illnesses linked to pesticide

exposure; misclassification of pesticide illness is common.45

Eliminating pesticides from the school environment is critical to lowering chil-

dren’s total exposure. Children spend an average of six to seven hours per day, five

days per week, 180 days per year, in school. The only other place where children

spend more time is in their homes. In order to protect children’s health wherever they

work and play, pesticide use in schools must be reduced, and families must be rou-

tinely notified whenever pesticides will be applied in schools.

As the public becomes more aware of the health and environmental risks pesticides

may pose, interest in seeking the use of equally effective alternative pest control meth-

ods increases. School administrators and others who have pest control decision-making

responsibilities for school buildings and grounds should become aware of the pest con-

trol options available to them. It is in everyone’s best interest to reduce exposure to

potentially harmful chemicals in the educational environment.

Pesticides and Water Quality

Pesticides not absorbed by plants and soils or broken down by sunlight, soil organ-

isms, or chemical reactions may ultimately reach groundwater sources of drinking

water. This depends on the nature of the soil, depth to groundwater, chemical prop-

erties of the pesticide, and the amount and timing of precipitation or irrigation in an

area. Usually, the faster a pesticide moves through the ground, as with sandy soils

and heavy rainfall or irrigation, the less filtration or breakdown. Heavier soils, com-

bined with lower moisture levels and warmer temperatures, provide a greater oppor-

tunity for pesticides to break down before reaching groundwater. The amount of a

pesticide detected in well samples also relates to the kind of pesticide and the amount

originally applied. Contamination problems can result from using high concentra-

tions of water-soluble pesticides for a specific crop in a vulnerable area.

Pesticides are, of course, designed to be toxic for certain insects, animals, plants, or

fungi. But when used without regard to site characteristics, such as adsorption

capacity of the soil (‘‘adhesion’’), solubility, climatic conditions, and irrigation pat-

terns, a given pesticide can create greater environmental problems than the damage

the target pest could cause. Once in groundwater, pesticides continue to break down,

but usually much slower than in surface layers of soil. Groundwater carrying pesti-

cides away from the original point of application can lead to contaminated well sam-

ples years later in a different location.

To avoid pesticide contamination, informed and careful pest control is necessary.

Overapplication is a possible cause of pesticides in water supplies. Consequently,

pesticides should not be viewed as the only answer to a pest problem; other methods
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may be appropriate. Integrated Pest Management (IPM) may include crop rotation,

biological control, and soil analysis and conditioning.46

Health Effects

When pesticides are found in water supplies, they normally are not present in high

enough concentrations to cause acute health effects such as chemical burns, nausea, or

convulsion. Instead, they typically occur in trace levels, and the concern is primarily

for their potential to cause chronic health problems. To estimate chronic toxicity, labo-

ratory animals are exposed to lower-than-lethal concentrations for extended periods of

time. Measurements are made of the incidence of cancer, birth defects, genetic muta-

tions, or other problems such as damage to the liver or the central nervous system.

Although we may encounter many toxic substances in our daily lives, in low

enough concentrations they do not impair our health. Caffeine, for example, is regu-

larly consumed in coffee, tea, chocolate, and soft drinks. Although the amount of caf-

feine consumed in a normal diet does not cause illness, just fifty times this amount is

sufficient to kill a human. Similarly, the oxalic acid found in rhubarb and spinach is

harmless at low concentrations found in these foods, but will lead to kidney damage

or death at higher doses.

Laboratory measurements of a pesticide’s toxicity must be interpreted in the context

of its potential hazard under actual field conditions. Pesticides by definition are toxic

to at least some forms of life, but whether or not a particular pesticide in groundwater

is hazardous to human health depends on its concentration, how much is absorbed

from water or other sources, the duration of exposure to the chemical, and how quickly

the compound is metabolized and excreted from the body. Drinking-water guidelines

are aimed at keeping pesticides at levels below those that are considered to cause any

health effects in humans. They are derived from laboratory data using one of two

methods, depending on whether or not the compound causes cancer.47

Pesticide contamination of groundwater is a national issue because of the wide-

spread use of pesticides, the expense and difficulty of cleansing groundwater, and the

fact that groundwater is used for drinking water by about 50 percent of Americans.

Concern about pesticides in groundwater is especially acute in rural agricultural areas,

where more than 95 percent of the population relies on groundwater for their drink-

ing water, although application rates and the variety of pesticides used may be greater

in urban areas. Weed killers, bug killers, and other pesticides still contaminate thou-

sands of water supplies nationwide. For hundreds of Midwestern communities, pesti-

cide runoff to rivers and streams results in tap water commonly contaminated with

five or more weed killers during peak runoff each spring and summer. Communities

that use reservoirs are exposed to these mixtures year-round. Everyone who drinks the

water is affected, including millions of babies who consume pesticides when parents

feed them infant formula reconstituted with tap water. The EPA’s review of the

pesticide that most commonly contaminates tap water—the carcinogenic weed killer

atrazine—has stalled, despite the fact that it contaminates some 1,500 water systems
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in twenty states, from New York to Hawaii, and has been banned in many European

countries. Most efforts to reduce levels of weed killers in tap water have come literally

at the end of the pipe; clean-up actions are instituted by local water suppliers and

paid for by their customers.48

Caveats and Uncertainty

Pesticides are mostly modern chemicals. There are many hundreds of these com-

pounds, and extensive tests and studies of their effects on humans have not been

completed. That leads us to ask just how concerned we should be about their pres-

ence in our drinking water. Certainly, it would be wise to treat pesticides as poten-

tially dangerous and, thus, to handle them with care. We can say they pose a

potential danger if they are consumed in large quantities, but as any experienced sci-

entist knows, you cannot draw factual conclusions unless scientific tests have been

done. Some pesticides have had a designated Maximum Contaminant Level (MCL)

in drinking water set by the EPA, but many have not. Also, the effects of combining

more than one pesticide in drinking water might be different than those of each indi-

vidual pesticide alone. It is another situation where we don’t have sufficient scientific

data to draw reliable conclusions.49

Federal Pesticide Regulation

In 1947, Congress took its first step to regulate pesticides with the enactment of

FIFRA. This early statute was intended primarily to protect farmers and others from

mislabeled, ineffective, or adulterated pesticides. That original document was only

thirty-five pages long. By 1994, with billions of dollars on the line and as questions

of possible adverse health effects and environmental impacts had been raised, FIFRA

was expanded to more than 200 pages.50 FIFRA initially granted jurisdiction over

pesticides to the U.S. Department of Agriculture (the USDA), but in 1970, amid

reports of the USDA’s mismanagement and conflicts of interest, Congress shifted

authority for pesticide regulation to the newly created EPA.51 The USDA, however,

continues to play a role: it is responsible for monitoring pesticide residues and it con-

tinues to promote the use of pesticides.

Key provisions of the current version of FIFRA include the following:

1. The EPA is responsible for setting most standards for pesticide use. States han-

dle enforcement. The EPA has the authority to prohibit the use of a pesticide

in the United States, to restrict uses, and to set the level of pesticide residues

allowed on raw food.

2. Manufacturers of a chemical that is to be used to kill any pest must obtain a

registration for the product from the EPA. If the pesticide is considered too

dangerous to be used by the general population, the EPA may register the pes-

ticide as ‘‘restricted use,’’ which means it may be applied only by certified

applicators or under the supervision of a certified applicator.
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3. In order to obtain a registration, the pesticide manufacturer must provide the

EPA with studies designed to ascertain the probable adverse effects of the pesti-

cide on humans. The series of tests for a typical pesticide can cost the manu-

facturer millions of dollars.

4. The manufacturer must demonstrate that the pesticide ‘‘will perform its

intended function without unreasonable adverse effects on public health or the

environment,’’ which is defined as ‘‘any unreasonable risk to man or the envi-

ronment, taking into account the economic, social, and environmental costs

and benefits of the use of any pesticide.’’52

5. Pesticides cannot be registered for use on food crops or animal feed until the

EPA has determined residue tolerance levels—maximum allowable residues of

chemicals. The Food and Drug Administration’s (FDA) Federal Food, Drug,

and Cosmetic Act provides authority for setting and monitoring tolerance lev-

els. The FDA monitors residues and the EPA sets tolerance levels. In request-

ing tolerance levels, the manufacturer must provide the EPA with health data.

These are usually drawn from animal studies conducted by the manufacturer.53

State Pesticide Regulations

State laws typically supplement or duplicate federal laws; however, in some in-

stances, state laws are stricter than federal laws. Consequently, compliance with state

laws often assures compliance with federal laws. Both federal and state laws provide

for criminal prosecution and can impose penalties such as fines or imprisonment. In

addition, common-law actions such as lawsuits also influence pesticide use. Common-

law actions are for civil wrongs. Such actions are initiated by those who have suffered

injury, or whose property has been damaged as the result of the acts or omissions of

the pesticide user.

Under FIFRA and other federal regulations governing pesticide use, state agencies are

authorized to 1) implement enforcement of federal regulations, and 2) assume responsibi-

lity for training and monitoring pesticide applicators. Additionally, state agencies enforce

state laws regulating the sale and distribution of pesticides. Most state registration laws are

limited to the collection of a fee to allow the sale of a pesticide product in the state, assum-

ing the manufacturer has obtained an approval label under federal registration standards.

In some states, pesticide laws may exceed the minimum standards prescribed under federal

law, and additional review of pesticide products is required before use in the state is

approved. In the case of pesticide applicator certification, some states implement mini-

mum standards that are required by the EPA, while other states implement standards of

certification that exceed federal standards.

In California, a unique system of pesticide laws regulates the use of state-designated,

restricted-use pesticides. In this system, site-specific permits must be obtained to apply

restricted pesticides and recommendations for such treatments can be made only by

licensed pest control advisors.
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In summary, the implementation and enforcement of pesticide regulations may dif-

fer from one state to another despite the fact that all states basically enforce their

interpretation of the federal regulations established under FIFRA.54

Information Needs for Pesticide Registration

As we have seen, pesticide registration does not guarantee safety. Nor can anyone

give that assurance. All pesticides are associated with some risk of harm to human

health or the environment. Scientists and regulators know too little about pesticides

and people’s exposure to pesticides to offer assurances about pesticide safety. The EPA

is mandated by federal law to evaluate the benefits of using a pesticide versus the risks

it might pose to public health and the environment. To evaluate the risks and benefits

of pesticide use, the EPA requires all pesticide manufacturers to conduct extensive sci-

entific testing prior to product registration for sale and use in the United States. The

manufacturers of all pesticides must compile and document information related to

chemistry, toxicology, food residues, application rates, environmental impact assess-

ment, and human safety. Normally, it takes five to ten years and upwards of $100 mil-

lion to bring a new active ingredient (pesticide) to the point of approval for use by the

public—a significant investment. But such scientific evaluation and regulatory scrutiny

are essential to provide today’s consumers with the benefits of high-quality food.

Registration is not a consumer product safety program. When the EPA registers a

pesticide, it determines, among other things, how the pesticide must be used to mini-

mize any risks, and this information must be printed on the label. Registration is a

balancing act between a pesticide’s benefits and its accompanying risks. Many pesti-

cides used today were registered with the EPA before pesticide testing requirements

were strengthened by Congress in 1978. As a result, many pesticides have not been

subjected to the full range of tests currently required for new products. The EPA is

now reviewing these products, and requiring additional testing, in a reregistration

process that will not be completed for years to come. In the meantime, products reg-

istered under the earlier, less-stringent guidelines remain on the market and in use.

In its labyrinthine complexity, the pesticide registration process approximates an

amusement park hall of mirrors, full of twists and turns, in which a potential regis-

trant often retraces its steps and seems to be always going in circles. The EPA often

calls for redundant health and environmental effects testing, studies to corroborate

earlier studies, and environmental effects testing on specific ecosystems. The regula-

tory definition of what constitutes an adequate test is sufficiently ill defined to allow

the EPA to challenge findings of studies even after the agency has approved the test

protocol and the laboratory where the research is being done.55

Inadequate Legal Enforcement

The misuse of pesticides is responsible for dozens of deaths and hundreds of poison-

ings nationwide every year. Each year, poison control centers across the country receive

thousands of calls involving both agricultural and nonagricultural pesticide exposure
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by children under six years of age. Pesticides also contribute to long-term health prob-

lems in the people and communities who are exposed. Although laws have been passed

to address pesticide misuse, those laws are often ignored or underenforced.

Today, individuals or businesses who violate pesticide laws frequently escape with

tiny fines, or without paying any penalty at all. Unless wrongdoers receive meaningful

fines, they have little incentive to comply with the law, and implicitly are encouraged

to risk the public’s health simply to gain an economic advantage over their law-

abiding competitors. Even when a pesticide poisoning is diagnosed, the government’s

inquiry into the cause often takes far too long to complete, if it is finished at all.

Delayed and incomplete investigations allow violators to escape detection, make the

cause of the poisoning more difficult to find, and mean that some exposed people

may never be identified. Appropriate penalties should be levied for pesticide-related

violations that create health or environmental hazards, or pose a reasonable possibility

of affecting health or the environment. Prompt and meaningful punishment for vio-

lators would remove the competitive advantage gained by businesses that currently

cut corners in violation of the law, and would help prevent the illegal conduct that

causes human health hazards in the first place.56

Pesticide Residues and Tolerances

A pesticide residue is the amount of pesticide on a food commodity after an appli-

cation. A tolerance is the legal limit of pesticide residue allowed in or on a raw agri-

cultural commodity and, in appropriate cases, on processed foods. The EPA sets

tolerances to ensure pesticide residues are at safe levels. A tolerance is established

through a process known as risk assessment. A tolerance must be established for any

pesticide used on any crop. If the level of pesticide residues exceeds the tolerance,

then the food is an illegal sale. The FDA and USDA are the agencies responsible for

inspecting food and enforcing tolerances. If food is found to have pesticide residues

exceeding an established tolerance, it is confiscated and destroyed.57

Food Residues

To what extent is our food contaminated with pesticide residues, and how much of

a hazard is this? Long-lived pesticides such as DDT, other organochlorines, and para-

thion are most likely to leave persistent residues. Even though most persistent resi-

dues are banned in the United States and other wealthy countries, they are still

present where previously used, are still used elsewhere, and show up on foods.

Others, such as organophosphates, tend to break down so rapidly that they are

unlikely to contaminate food unless applied to crops very close to harvest time. How-

ever, they are often more acutely toxic. Approved pesticides leave little residue on

crops when used according to directions. National and international standards of ac-

ceptable residue levels are based on approved usage and maximum acceptable daily

intake (MADI) levels; thus, theoretically, foods should be safe. However, it is not

practical to monitor all crops and food shipments, residues are not always detected
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even when tests are done, and pesticides are not always used according to directions;

thus, dangerous pesticide residues do make their way to the foods that people eat.58

Reasonable Certainty of No Harm

The Food Quality Protection Act of 1996 (FQPA) requires that tolerances be

‘‘safe,’’ defined as ‘‘a reasonable certainty that no harm will result from aggregate ex-

posure,’’ including all exposure through diet and other non-occupational exposures,

including drinking water, for which there is reliable information. It also distinguishes

between cancer and non-cancer effects, consistent with EPA practice. The law estab-

lishes a single, health-based standard for all pesticide residues in all types of food,

replacing the sometimes conflicting standards of the old law. There are no differences

in the standards applicable to tolerances set for raw and processed food. Additional

provisions ensure coordination with standards and actions under FIFRA for a more

consistent regulatory scheme.59

Risk Assessment

Risk assessment is a process used by the EPA to determine if pesticide residues on

food may prove harmful to human health. Toxicity and exposure are the two main

components in risk assessment. Toxicity indicates the capacity of a pesticide to cause

harm. Exposure describes how a pesticide will come in contact with the body and at

what quantity and duration. A person can be exposed by eating, breathing, or touch-

ing pesticides. A pesticide can be very toxic, but exposure is necessary for there to be

a health risk. The toxicity of a pesticide is usually determined by tests on laboratory

animals. Scientists expose the animals to high levels of a pesticide to determine what

health effects occur. The results of these studies give scientists the ability to determine

the relative toxicity of pesticides in various species of animals. Determining accurate

exposure to pesticides is a very difficult task. The exposure to a pesticide can be via

multiple routes and for varying durations. Certain assumptions are made about the

consumption of a food item under consideration. Often the exposure assessment is

on the high end of the data range to account for the possibility that someone might

consume a large quantity. In reality, people eat varying quantities of food and this

variability is not accounted for in traditional risk assessment.60

The Delaney Clause

The Delaney Clause, named after Representative James J. Delaney, a New York

Democrat, is a provision that prohibits without exception the use of any food addi-

tives in processed food that may cause cancer in humans. Before the 1996 FQPA,

pesticides had been considered food additives and been subjected to the Delaney

Clause. Although a well-intentioned provision, there were significant problems in

applying the Delaney Clause to pesticide residues. If a pesticide that causes cancer in

humans or laboratory animals is concentrated in ready-to-eat processed food at a level

greater than the tolerance for the raw agricultural commodity, then the clause
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prohibited the setting of a tolerance. This had paradoxical effects in terms of food

safety, since alternative pesticides could pose higher (non-cancer) risks, and the EPA

allowed the same pesticide in other foods based on a determination that the risk was

negligible. The Delaney Clause still applies to food additives, but under the FQPA

pesticide residues are not considered food additives. Pesticide tolerances must be set

to ensure reasonable certainty of no harm.61

Aggregate Exposure

Traditionally, the EPA has assessed human exposure to pesticides by individual

chemicals and a single route of exposure. For instance, a person may be exposed to a

pesticide through drinking water, eating food, and walking barefoot through recently

sprayed grass. The EPA would examine each exposure route separately and report the

risk separately, not combined. Under FQPA the EPA must consider all routes of ex-

posure when setting food tolerances. To help visualize this concept, the term ‘‘risk

cup’’ was coined to provide an analogy of total or aggregate pesticide exposure.

Returning to the previous example, before FQPA there would have been three risk

cups for each pesticide exposure through drinking water, eating food, and walking

barefoot through recently sprayed grass. After FQPA, the EPA has only one risk cup

that must account for all exposures to pesticides through water, food, and walking

barefoot through recently sprayed grass. The risk cup is only so big and will allow

only a finite amount of risk in the cup. When the risk cup becomes full, then any

excess risk or exposure must be controlled. The size of the cup is determined by the

definition of reasonable certainty of no harm. The EPA has developed an interim

approach that assigns portions of the risk cup to specific pesticide exposure pathways.

The risk cup is divided into 5 percent for residential exposure, 5 percent for outdoor

exposure, 10 percent for drinking water exposure, and 80 percent for food exposure.

These are the assumptions that will guide the EPA’s tolerance setting decision-making

process until other methods have been researched and developed.62

Additional Tenfold Safety Factor for Children

Prior to the passage of the FQPA, the EPA tolerance-setting process did not

account for the special diet considerations of infants and children. Infants and chil-

dren have different food consumption patterns and may detoxify pesticides they are

exposed to differently. A National Academy of Science report recommended up to a

tenfold safety factor be used in setting the tolerance for food to account for the spe-

cial needs of children. For example: the current tolerance for a pesticide on apples is

100 parts per million (ppm). With the addition of a tenfold safety factor for children,

the tolerance would now be set at 10 parts per million. The EPA has determined that

there will not be an across-the-board tenfold safety factor added to every tolerance.

The EPA will assess each tolerance and apply up to a tenfold safety factor on a case-

by-case basis.63
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The Common Mechanism of Toxicity

The common mechanism of toxicity describes how two or more pesticides produce

the same adverse health effect. The FQPA requires the EPA to evaluate pesticide tol-

erances through a combined risk assessment for all pesticides that exhibit a common

mechanism of toxicity (CMT). For example, malathion and diazinon are both or-

ganophosphate pesticides. If the EPA determines that malathion and diazinon have a

common mechanism of toxicity, then any crops that use both pesticides will have to

combine the risks of the two pesticides when setting tolerances. Historically, each pes-

ticide would have been evaluated separately.64

Endocrine Disrupters

The endocrine system is a collection of glands that are located in several areas of

the body. These glands release hormones into the bloodstream. The hormones travel

to different locations in the body and act on specific ‘‘target’’ organs. If the endocrine

system is disrupted, those organs will not receive the correct amount of hormones

and might not function properly. Many think certain pesticides at low levels in the

environment disrupt the endocrine system. The FQPA requires the EPA to develop a

test to screen pesticides for potential endocrine disruption.65

Other Areas of Inquiry

In addition to topics already mentioned, this book will address a number of other

issues involving pesticides, including the following inquiries: How will the risk of pes-

ticide exposure for all Americans, but especially for children, be managed? What are

the scientific and policy issues surrounding pesticide use and farmworker safety? How

will the strategies embodied in Integrated Pest Management (IPM) reduce the health

risks associated with pesticides? What accounts for the present inadequacy of pesticide

safety measures? In what manner does pesticide toxicity and the hazards of ‘‘inert’’

ingredients exacerbate pesticide dangers? How are acute and chronic toxicity and

associated uncertainties for humans assessed? Do the legal and regulatory frameworks

under which the federal government establishes policies related to pesticide use pro-

duce effective results?

Future Prospects

The risks of acute poisoning and concerns about chronic impacts of exposure to

pesticide residues in food continue to be debated. Natural resources can be degraded

when pesticide residues in storm-water runoff enter streams or leach into ground-

water. Pesticides that drift from the site of application to wildlife habitats may harm

or kill non-target plants, birds, fish, or other wildlife. The mishandling of pesticides

in storage facilities and in mixing and loading areas contributes to soil and water

contamination.
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Hundreds of years ago, when chemical pesticides were rare or nonexistent, farmers

protected their crops through changes in growing practices and other actions. With

their advent some six decades ago, pesticides became the primary means to control

crop losses due to a variety of pests. In agriculture, pesticides will have to remain part

of pest management strategies because alternatives or safer chemical pesticides may

not be available or affordable for all farmers. Pesticides are likely to be an economic

necessity for most farmers and growers. However, consumers continue to indicate

support for a reduction in pesticide residues not only in food but also in the wider

environment. Unfortunately, the new generation of environmentally friendly pesti-

cides exhibits many of the same patterns as conventional pesticides, including resis-

tance from targeted species and harm to non-targeted species. It is likely that the

banning of traditional pesticides will continue and that those that remain will have

further restrictions placed on how they can be used.

The EPA is approving new pesticides for use. However, these approvals often occur

before scientists have the opportunity to determine how best to use them in IPM

programs. While newer pesticides are typically safer to humans and the environment

and are usually more selective, that is, they impact pests to a greater degree than nat-

ural enemies, they are also less effective than the products they replace.

The most obvious danger to human health from pesticides is through accidental

poisonings. Chronic illness appears to arouse the greatest concern, especially the pos-

sibility of harm to children. What seems to worry people more is that long-term

exposures to extremely small quantities of pesticides may be dangerous. Some experts

argue that tiny amounts of pesticides in the foods people eat could lead to cancer and

other illnesses that develop over a long period of exposure. Pesticides are in the mid-

dle of a tug-of-war. Because they are poisons, many people don’t want them around,

yet their value in protecting crops and combating pests cannot be denied.

Given this conflict, making precise predictions about pesticide use is difficult, but

it is possible to discern some trends. Scientists and pesticide manufacturers will

engage in a persistent quest to design and develop a range of safer pesticides, and

evolve new and novel strategies to control insect pests and minimize crop damages.

Clearly, the strong government regulation that took shape in the 1970s will continue.

The United States is unlikely ever to go back to the days of government-encouraged

spraying without limits, or allow pesticides to be invented and marketed without

stringent requirements for testing and labeling. The rest of the world is moving in

that direction as well. Change is a fact of life.
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Pesticides in Agriculture

The Pesticide Dilemma

Twenty-two years that I have been working in the fields, I’ve seen more ill-

nesses, more children being born ill, more families that miss work because

every day they have more problems, headaches. Sometimes their children are

sick and they have to miss work . . . . We live in a depression. We don’t know
if it’s because of the chemicals.

—Laura Caballero1

The major source of workplace exposure to pesticides is in agriculture. The most

heavily exposed are workers who mix, load, apply, or otherwise handle the concen-

trated technical formulations. Farmworkers are exposed when cultivating and harvest-

ing crops in fields, nurseries, and greenhouses, as well as transporting and handling

agricultural commodities in packing houses and storage facilities. Children living on

or near farms are exposed to disproportionately high amounts of dangerous pesti-

cides, putting them at serious risk for adverse health effects. These children are likely

to have the highest exposure to pesticides of any group of people in the country.

Many of the children with the greatest pesticide exposure are from migrant farm-

worker families who are poor and usually people of color or recent immigrants.

There are approximately 17,000 pesticides on the market in the United States,

with about 800 in wide use. Pesticide use in this country alone amounts to 2.2 billion

pounds annually, or roughly 8.8 pounds per person. Virtually all of these pesticides

in use have undergone inadequate analysis of their safety. Most testing that has been

done has concentrated on acute toxicity and cancer-causing potential, ignoring possi-

ble endocrine-disrupting effects or damage to human immune systems.

Of the twenty-five most heavily used agricultural pesticides, five are toxic to the

nervous system; eighteen are skin, eye, or lung irritants; eleven have been classified by

the EPA as carcinogenic; seventeen cause genetic damage; and ten cause reproductive

problems in tests of laboratory animals. Annual use of pesticides causing each of these

types of health problems totals between 100 million and 400 million pounds.2



Total pesticide use, and the number of different chemicals applied, has increased

substantially since the 1960s, when the first reliable records of pesticide use were

established. Herbicide use has increased substantially and now accounts for approxi-

mately 75 percent of the total agricultural use of pesticides. Total insecticide usage

has declined slightly, and a major shift in the types of compounds used has taken

place, as organophosphorus and other insecticides have largely replaced organochlo-

rine compounds. Fungicide use has increased slowly over the last two decades, and still

represents only a small fraction—approximately 6 percent—of total agricultural pesti-

cide use. Increased use of pesticides has resulted in increased crop production, lower

maintenance costs, and control of public health hazards. However, concerns about

the potential adverse effects of pesticides on the environment and human health also

have grown.3

Overview of Farm Labor

Farm labor is seasonal and intensive. Planting, thinning, and harvesting are not

year-round activities. However, they are crucial to crop production, and the time

frame in which they must occur is determined by the seasons and the weather. Failure

to perform any of these activities at the appropriate time can result in a lost crop.

The urgency to accomplish tasks according to agricultural timetables compels farm-

workers to labor in the fields in all seasons and in all weather conditions, including

extreme heat, cold, rain, bright sun, and damp conditions.

Farmworkers’ work hours accommodate the crops, not vice versa. Their work often

requires stoop labor, working with the soil, climbing, carrying heavy loads, and mak-

ing direct contact with plants. The crops and the soil are frequently treated with pes-

ticides and chemical fertilizers. Some plants, such as tobacco and strawberries, exude

chemicals that are toxic to humans or that can cause severe allergic reactions such as

contact dermatitis.

There are anecdotal reports of farmworkers resorting to irrigation ditches and run-

off ponds when safe water is not available for drinking and washing. Pesticides, chem-

ical fertilizers, and organic wastes contaminate this water. Drinking and bathing in

such water exposes farmworkers to potentially harmful chemicals, and also to water-

borne pesticides.4

The estimated 4.2 million migrant and seasonal farmworkers in the United States

constitute a population at risk for serious environmental and occupational illness and

injury as well as health disparities typically associated with poverty. Although farm-

workers are essential to the production of food in the United States, they have little

power to control their work conditions. Farmworkers often make little more than

minimum wage, seldom receive any employment benefits, and in many areas are not

organized. Most farmworkers are immigrants and the national farmworker population

has become increasingly Latino and Mexican during the past decade. In 1998, 81

percent of all migrant and seasonal farmworkers in the United States were foreign-

born, and 95 percent of those were born in Mexico.
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Although some areas of the United States (such as California and Florida) have

routinely employed large numbers of Latino seasonal and migrant farmworkers, other

areas have recently experienced a dramatic increase in those workers as family labor

gives way to hired labor. In North Carolina, which ranks fifth in the size of its farm-

worker population, most farmworkers fifteen years ago were African American. Today

only 10 percent are African American; most are Latino like the rest of the farmworker

population in the United States. Pesticides are a major source of occupational injury

and illness to which farmworkers are exposed.5

Young migrant and seasonal workers are the fastest-growing segment of the agricul-

tural workforce. Many of them are entering an unfamiliar country and working in

agriculture for the first time. In addition to their developmental needs for nutrition,

rest, and education, young migrant and seasonal workers are totally dependent on

adults for ensuring their health and safety while employed in agriculture.

There are nearly 400,000 young children in the United States who actually live on

farms, and many of the additional five million agricultural workers living near farms

have children. These people are extraordinarily diverse, ranging from family farmers

to professional pesticide applicators to migrant farmworkers. Other groups of people

who do not farm may also have pesticide exposure. For example, urban landscapers,

pet groomers, and urban pesticide applicators share at least one important characteris-

tic with farm families: they may bring pesticide residues home to their children.

Agricultural work is difficult and dangerous. Annual rates of work-related deaths

among farmworkers are much greater than those for the general workforce. Migrant

and seasonal farmworkers have exceptionally difficult working and living conditions

and may suffer particularly high pesticide exposures. They bear the brunt of the risks

and are most likely to be overlooked by scientists and regulators.6 It is clear that the

possibility for exposure to pesticides is greatest among farmworkers. While agricul-

tural use of chemicals is restricted to a limited number of compounds, farming is one

of the few industries in which chemicals are intentionally released into the environ-

ment because they kill things.

Occupational Safety and Health

Agricultural workers have an annual death rate that is five times greater than the

national rate for all occupations combined. The magnitude of pesticide exposures

and their impact on the health of farmworkers is unknown, particularly among ethnic

minorities. Minorities are more likely to be subjected to adverse agricultural expo-

sures than non-minorities. Assessments of acceptable exposure to pesticides cannot be

the same as the acceptable daily intake of pesticides from dietary exposure since mi-

grant farmworkers are much more likely to have heavier exposure to pesticides.

According to the USDA’s own data, agriculture is one of the most accident-prone

industries in the United States. Although the occupational fatality rate for all private-

sector industries is 4.3 per 100,000 full-time employees, the rate for the broad cate-

gory of agriculture, forestry, and fishing is 23.9. Other data sources indicate even

Pesticides in Agriculture | 27



higher accident and fatality rates in agriculture. The EPA estimates that 10,000 to

20,000 physician-diagnosed pesticide poisonings occur annually. Farmworkers,

groundskeepers, pet groomers, fumigators, and other occupations are at risk for expo-

sure to pesticides, including fungicides, herbicides, insecticides, rodenticides, and sen-

sitizers. When it comes to undiagnosed illnesses, the EPA estimates that 300,000

farmworkers suffer acute pesticide poisoning each year. Anecdotal reports from clini-

cians indicate that many cases of pesticide poisoning are unreported because individu-

als do not seek treatment, or are misdiagnosed because the symptoms of pesticide

poisoning can resemble those of viral infection. For descriptions of illnesses by occu-

pation, industry, and pesticide-functional class, see Figures 2.1–2.3.

Pesticides must be registered for specific uses by the EPA. The agency considers the

economic, social, and environmental risks and benefits of each pesticide before issu-

ing the registration. Unfortunately, the pesticide manufacturers themselves provide

the vast majority of the information the EPA uses to make its determinations, auto-

matically creating a potential conflict of interest. Furthermore, data on older pesti-

cides is considered incomplete by modern scientific standards, and the health effects

of these substances are not fully understood.7

The OSHA Field Sanitation Standard

For most working people, it is taken for granted that sanitary facilities on the job,

including operating toilets, potable drinking water, and hand-washing facilities, will

Figure 2.1 Distribution and Number of Pesticide-Related Illnesses among Agricultural

Workers by Occupation. Sources: NIOSH 2002d; Calvert 2002.
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Figure 2.2 Distribution and Number of Pesticide-Related Illnesses by Industry, 1998–1999.

Sources: NIOSH 2002d; Calvert 2002.

Figure 2.3 Distribution and Number of Pesticide-Related Illnesses by Pesticide Functional

Class, 1998–1999. Sources: NIOSH 2002d; Calvert 2002.
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be provided by employers. However, farmworkers are not accorded the same protec-

tions as other workers. The Occupational Safety and Health Administration (OSHA)

issued a field sanitation standard in the late 1980s requiring toilets, drinking water,

and hand-washing facilities. However, under federal law, employers of ten or fewer

workers need not provide farmworkers with toilets, hand-washing facilities, or drink-

ing water. The denial of such basic amenities is not just an affront to dignity but a se-

rious public health issue. Women in particular are exposed to urinary and parasitic

infections by the lack of these sanitary facilities. Plus, the denial of drinking water

has resulted in preventable deaths in the fields from heatstroke. Sanitary facilities are

automatically provided for in other occupations and should also be afforded farm-

workers as a matter of federal law.8

For that matter, compliance with OSHA’s standards and regulations has been poor.

In 1990 OSHA found field sanitation violations in 60 percent of its field inspections.

The fact that OSHA can afford to inspect only a small portion of establishments sub-

ject to the law raises questions as to the actual magnitude of noncompliance with its

regulations. A North Carolina survey revealed that only 4 percent of farmworkers

investigated had access to drinking water, hand-washing facilities, and toilets.

With regard to pesticides, both OSHA and the EPA have laws on the books that

cover migrant and seasonal farmworkers. Because of possible jurisdictional difficulties,

and due to overlap in the regulations, OSHA deferred its standard to the EPA’s

Worker Protection Standard. Although in 1983 the EPA determined that the Worker

Protection Standard provided insufficient protection to farmworkers and was in need

of revision, the revised standard scheduled to take effect in 1994 was postponed until

1995.9

The Worker Protection Standard

The EPA’s Worker Protection Standard (WPS) is a regulation aimed at reducing

the risk of pesticide poisonings and injuries among agricultural workers and pesticide

handlers. The WPS contains requirements for labeling, pesticide safety training, noti-

fication of pesticide applications, use of personal protective equipment, restricted

entry intervals following applications, posting and signs, decontamination supplies,

and emergency medical assistance. Initially, the WPS was a very simple statement:

workers were not allowed to enter the field until the sprays had dried or the dust had

settled. The WPS was amended several times before it was finalized in 1995. This

resulted in a very complex rule that is difficult for the agricultural community, both

the farmers and the workers, to understand. It is very weak and poorly enforced.

Most farmworkers have no idea what pesticide residues are on the crops they cultivate

or harvest, or of their potential health effects.10

The WPS still leaves a significant number of workers unprotected. For example,

the WPS does not adequately address the problem of drift of airborne pesticides onto

adjacent fields where people may be working, or onto adjacent work camps where

people may be living. Although the WPS requires that warning signs be posted, they
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may be posted immediately before a pesticide application, and required location of

the signs is intended to target the workers on the farm being sprayed. However, there

is no mechanism to ensure that workers in the field will be warned prior to the spray-

ing of an adjacent field. If even a slight breeze is blowing in their direction, those

workers will be subjected to potentially injurious exposures, despite the fact that all

relevant laws have been obeyed. A survey of children working on farms in New York

state revealed that nearly half had worked in fields still wet with pesticides, and over

one-third had been sprayed directly or indirectly. Studies in Texas, Washington, and

Florida indicated similar effects. In these states, 40 percent of all farmworkers had

been sprayed directly or by pesticide drift. Further investigations demonstrate that

fewer than 10 percent of farmworkers knew the symptoms of pesticide poisoning,

understood the concept of pesticide entry intervals, or had received any training on

how to protect themselves from pesticides. Therefore, it should come as no surprise

that an estimated 80 percent of pesticide illnesses go unreported nationwide.11

Hopefully, the following comments of a Washington state fruit farmer are atypical,

but if not, such violations undercut the intent of the WPS. He admits that occasion-

ally he bends the rules on pesticide application and expects workers to reenter fields

prematurely after spraying has taken place:

‘‘The regulations are killing us. If we stuck to every rule there was, we could not

do it,’’ he says, frowning as he takes a long pull on a cigarette. ‘‘My workers, they go

in and pick, and they’re well aware of the pesticides we’ve sprayed; they know the

damn stuff won’t hurt ’em.’’12

No Protection for Children

Unfortunately, the current WPS does not consider pesticide exposures to children.

No separate pesticide reentry intervals specifically for children have been established

as yet even though recommendations have been submitted to the Department of

Labor regarding minimum reentry times for ten- and eleven-year-olds working in

fields of potatoes and strawberries. These intervals ranged from two to 120 days.

They were adopted into regulations but ruled illegal by the U.S. Court of Appeals

for the District of Columbia Circuit in 1980 in National Association of Farmworkers
Organizations v. Marshall, 628 F.2d 604. Although children as young as ten can

legally work in the fields, reentry intervals are calculated based on a theoretical 150-

pound male. Specifically, the EPA uses a body weight of 154 pounds, except in the

case of pesticides that have potential fetal developmental effects, in which case the

body weight is 132 pounds to account for women of child-bearing years. There is no

clear evidence that the REIs would protect farm-working children who weigh less

than these amounts or are younger than twelve years of age.13

This is a deeply disturbing fact. The failure to make this issue the highest priority

speaks volumes about the dedication, or rather the lack thereof, of the U.S. govern-

ment to the health of working children. Moreover, the EPA has few guarantees that

the protections afforded by the standards are actually being provided for farmworkers
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in general or to children who work in agriculture. Regional EPA offices have been

inconsistent in setting goals for the number of work inspections that states should

conduct, in defining what constitutes a worker protection inspection, and in oversee-

ing and monitoring the states’ implementation and enforcement of the standards.

Establishing Reentry Intervals

There are currently two approaches for setting reentry intervals. One might be

considered the past approach and the other the future approach. In the first (or past)

approach, the EPA’s WPS established interim reentry intervals based only on acute

toxicity, without any consideration of the crop, the work activity, or the degree of ex-

posure. So if you think in terms of the simple equation that risk is equal to hazard

times exposure (Risk ¼ Hazard � Exposure), this approach takes into account only

one-half of the equation. However, this approach is the basis for almost all reentry

intervals currently in place in the United States.

In the second (or future) approach, the EPA’s reregistration process requires the de-

velopment of product, crop, and activity-specific reentry intervals based on the risk

associated with any given use scenario. This approach takes into account all aspects

of the equation that risk is equal to hazard times exposure (Risk ¼ Hazard � Expo-

sure). This is how reentry intervals are currently being set and will eventually be the

basis for all reentry intervals.

The reentry intervals that are customarily seen on U.S. pesticide labels are set

based on the requirements of the WPS. If a product has acute toxicity by the dermal

route or due to eye or skin irritation, that places it in Toxicity Category I, which is a

forty-eight-hour reentry interval. Toxicity Category II products receive a twenty-four-

hour interval and Toxicity Categories III and IV receive twelve-hour reentry intervals.

The fallacy of this approach is that you may have a high exposure reentry activity

involving a Toxicity Category III product that presents a greater risk than a low expo-

sure reentry activity involving a Toxicity Category I product. Using the WPS

approach, the activity with the higher risk in this case ends up with a shorter reentry

interval.14

Safety Training Deficiencies

The daily dangers posed by pesticides are too often exacerbated by inadequate

communication; agriculture is an industry in which management often does not

speak the language of its workforce. Informing farmworkers by delivering uncompli-

cated safety information in clear, everyday language is often overlooked.

Few occupational groups are more in need of such training than farmworkers. In-

house safety training on farms, when it does happen, is not always offered in a man-

ner workers understand as spelled out in federal regulation. And because trainees are

automatically considered to be in legal compliance at the end of the class, there is

usually no test of actual comprehension. Federal and state regulations require
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farmworkers to receive pesticide safety training from their employers—whether

growers or farmers. The training sessions, however, don’t stress the law and are seen

by environmentalists and public health advocates as inadequate.

The California Study

A study by the University of California, Davis Health and Safety Center was con-

ducted to determine whether farmworkers are aware of new regulations mandating

safeguards designed to protect them from illness or injury caused by occupational

pesticide exposure. It also sought to determine whether and how they had received

the required safety training, and whether they believed they were at risk of pesticide

illness in their workplaces. Nearly 500 interviews were conducted in Spanish in two

California counties in the summer of 1997. Fewer than one in five workers had ever

heard of the WPS containing a basic ‘‘right to know,’’ or even the EPA. Most of those

who claimed to know something about either could not provide anything substantive

upon closer questioning. Residents of two farm labor camps in Yolo County were the

most likely to have received some training (66 percent), but in most cases it was pro-

vided by nonprofit agencies, not their employers. Only a relatively few farmworkers

living at private camps had received training. Overall, only about 16 percent of farm-

workers said that they had received on-the-job pesticide safety training. Clearly, these

results suggest that news about the WPS and the ‘‘right to know’’ had not yet reached

most farmworkers in California.15

Personal Protective Equipment Use

A series of National Cancer Institute–funded studies began in 1995 to assess pesticide-

related safety practices of independent dairy farmers in Wisconsin and to identify ways

to reduce their exposures. The first study surveyed a small focus group of farmers about

both their perceptions of health risks and their use of protective gear such as gloves,

goggles, and chemical-resistant aprons. The second investigation measured compliance

with pesticide-specific protective gear requirements among 220 randomly selected dairy

farmers.

Farmers were very aware of being exposed but fewer than 10 percent of them fully

complied with the protective gear requirements the last time they had applied pesti-

cides to their crops.

Seeking an educational solution, the investigators launched a third study in which

data was collected on the exposures and safety practices of 400 farmers, and 100 ran-

domly selected participants took part in a three-hour pesticide safety educational

workshop. While those in the intervention group reported an increase of protective

gear use and a decrease in number of pesticides used after six months, they reported

no significant reduction in exposures or increase in full compliance with gear require-

ments. The researchers concluded that more intensive educational programs are nec-

essary to achieve these goals.16
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Poor Enforcement

Reentry intervals are intended to prevent farmers and farm labor contractors from

sending harvest workers into fields for a specified number of hours after particular

pesticides have been applied in order to permit the chemicals to degrade into less

toxic substances. The field sanitation regulation requires farmers and contractors to

provide drinking water and sanitation facilities, which can be utilized in cases of acute

pesticide exposure. These safe work practices are woefully underenforced. For

instance, less than half of the seventy high-profile California pesticides have reentry

intervals of more than one day, and many have no reentry intervals at all. The protec-

tive equipment and sanitation requirements are widely ignored; a targeted enforce-

ment effort documented the manner in which even the most elementary hygienic

practices are disregarded. In California, less than 3 percent of all farms are inspected

each year by the state, and in many other states, the inspections are even more rare.

Without strong enforcement of existing standards, violations are likely to continue.

The EPA should expeditiously reevaluate the WPS in order to determine whether it

adequately protects the health of farmworkers. The EPA should, for example, con-

sider using standardized data on sizes and age-specific weights and heights for model-

ing children’s exposure when more specific information on children’s exposures to

individual pesticides may be lacking.17

The Fresno County Incident

In California, suspected pesticide-related illnesses and suspected work-related ill-

nesses and injuries are reportable conditions. On July 31, 1998, the Occupational

Health Branch of the California Department of Health Services (CDHS) received a

report from the California Department of Pesticide Regulation (CDPR) of a pesticide

exposure incident in Fresno County involving thirty-four farmworkers, both adults

and minors. CDHS investigated this incident by reviewing medical records of the

thirty-four workers and interviewing twenty-nine. The workers’ ages ranged from

thirteen to sixty-four years with a median age of thirty-one years. The findings indi-

cated that the workers became ill after early reentry into a cotton field that had been

sprayed with three pesticides. The primary pesticide used was carbofuran, which,

when used on cotton, has a restricted entry interval (REI) of forty-eight hours and

requires both posting of treated fields and oral notification of workers. Neither warn-

ing was provided. After weeding for approximately four hours, the workers were

transported to a second field two and one-half miles away that had been sprayed two

days earlier with three pesticides whose REI was twelve hours. Within approximately

one-half hour of entering the second field, the workers began feeling ill and stopped

working. The symptoms most commonly reported by the thirty-four workers were:

nausea (97 percent), headache (94 percent), eye irritation (85 percent), muscle weak-

ness (82 percent), tearing (68 percent), vomiting (79 percent), and salivation (56

percent).
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Thirty workers were transported immediately to a medical clinic; the other four

went home, showered, and sought medical care three to seventeen days later. All of

the workers received hospital treatment for symptoms, and twenty-eight missed at

least one day of work. The CDHS continued to monitor these workers to assess the

acute and chronic effects associated with these pesticide overexposures. In this inci-

dent, workers entered a field at 6 A.M. to complete weeding begun the previous day.

This was well below the required forty-eight-hour reentry interval and without label-

ing and oral notification. The results were moderately severe illness. The incident

demonstrates that 1) posted and oral warnings based on the REI are necessary to pre-

vent illness among workers performing hand labor in fields recently treated with pes-

ticides, and 2) failure to adhere to an REI can result in serious health consequences

for the exposed workers. No worker without prescribed protective clothing should

enter a treated area to perform a hand-labor task until the REI expires. The length of

the REI depends on the specific pesticide but generally can be no less than twelve

hours. Additionally, this incident demonstrates that sole reliance on these control

measures may be inadequate, creating a case for the substitution of safer, less-toxic al-

ternative pesticides when feasible, or of integrated pest management techniques,

where pesticide usage is prohibited.18

State Regulations

Most Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) activities have

been delegated to the states. Many of the states have adopted the federal WPS, and

others have adopted standards that are more restrictive than the federal standard.

Standards adopted in Arizona and California are two examples of more restrictive

regulations.

California’s standard requires that employers of pesticide handlers have a written

training program for their employees and that handlers be trained every year, rather

than every five years. Cards used to certify EPA training are not accepted in Califor-

nia. Workers must be trained before they can enter treated fields. Employers must

have a hazard communication program (including material safety data sheets) in

place. They must also provide periodic cholinesterase blood tests under certain condi-

tions. Employers must also provide a written respiratory protection program at the

work site. They must require people working alone with pesticides labeled as danger-

ous to have contact with another person every two hours during daylight and every

hour at night. Contractors must be notified about areas of pesticide applications and

areas where entry is restricted (California Code of Regulations n.d., and the Califor-

nia Environmental Protection Agency n.d.).

Arizona’s standard requires that contractors be notified of areas where pesticides are

or are about to be applied, areas under restricted entry, and locations of the central

posting of pesticide safety materials (Arizona 1998). Pesticide safety training includes

instruction in how to file a complaint with the Arizona Department of Health

Services.19
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Farm operators and family members are exempt from most federal safety laws and

regulations. However, raising the awareness of farm operators and family members to

both the prohibited and the recommended safe practices is an important goal, and is

one of the challenges for promoters of farm safety.

Non-Reporting of Inert Ingredients

The EPA requires that pesticide labels disclose only the product’s active ingre-

dients, that is, those toxic materials that kill the pest, weed, or other target organism.

However, pesticides also contain many other ingredients, called ‘‘inert,’’ which deliver

the active ingredients to the target. Many of these may also be toxic, but the govern-

ment does not require them to be identified on pesticide product labels. Moreover,

states are preempted by the federal government from requiring such labeling for pes-

ticides. In 1998, New York, Connecticut, Alaska, Massachusetts, and other states sub-

mitted a federal petition to the EPA to require full-product labeling of inert

ingredients. Rather than responding to the petition, the EPA referred the matter to

two advisory committees, neither of which has a definite timetable for resolving this

pressing issue. There still have been no recommendations made to the EPA, and none

are expected in the foreseeable future. This is an example of effective lobbying and

political pressure by the agricultural chemical industry.20

Pesticides Become Hazardous Waste

Although ‘‘inert’’ ingredients are often more toxic than ‘‘active’’ ingredients, the

public consumer and even professional applicators usually have no idea as to their

contamination potential. Furthermore, it appears that some corporations may be

using this avenue as a cheap form of hazardous waste disposal. This egregious policy

came to light in 1991 when an EPA press officer told a reporter that allowing

recycled hazardous waste in pesticides is ‘‘a way of disposing of hazardous materials.’’

Two days later, when the reporter phoned to check the quotation, officials changed it

to ‘‘a way of using [italics mine] hazardous materials.’’ Either way, there can be no

doubt that ‘‘recycling’’ hazardous waste into pesticides is a perfectly legal and EPA-

approved way of ‘‘using’’ hazardous wastes.21 A little-known exemption in the

Resource Conservation and Recovery Act of 1976 (RCRA), the nation’s basic hazard-

ous waste law, allows hazardous wastes to be ‘‘recycled’’ into pesticides as ‘‘inert’’

ingredients.22

The Complete Circle

Not long after the above incident, it became evident that corporations were

exploiting this legal loophole. GranTek, Inc., a Green Bay, Wisconsin, firm, takes

contaminated sludges from Georgia Pacific Corporation’s nearby paper mill. They

dry the sludge, pelletize it, and send the pellets to a chemical company in Illinois,

where they are used as the ‘‘inert’’ carrier ingredients for mosquito insecticides.
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Ironically, the original sludge is created as part of a water pollution control process to

prevent waste chemicals from entering an aquatic environment, Green Bay’s Fox

River. However, the GranTek pellets are spread back into wetlands and other aquatic

environments in an effort to kill mosquitoes. This is a complete circle. The paper

company sludge is contaminated with PCBs, dioxins, toxic metals, and a host of

other toxic substances, but people who buy and use the mosquito insecticide will

never know this. GranTek pellets are also used for kitty litter and as a carrier for live-

stock pharmaceuticals. Those customers are also uninformed.23

This is vivid proof that it becomes impossible for pesticide users, whether they are

government agencies, businesses, or homeowners, to accurately understand the haz-

ards of a pesticide product they are proposing to use if they don’t know its ingre-

dients. ‘‘Inert’’ ingredients also pose a crucial ethical issue. We are all exposed to

pesticides on a daily basis whether we like it or not. Given this situation, the very

least that can be done is to ensure that we have complete and easily and publicly

accessible information about all of the ingredients in pesticide products.

The So-Called Right to Know

Historically, farmworkers have been excluded from the right to know the names of

the chemicals they work with or from training on how to protect themselves. Thus,

farmworkers were the only occupational group excluded from the OSHA’s Hazard

Communication Standard (HCS). The WPS, as has been noted, requires safety train-

ing for all workers who enter crop fields where pesticides have been applied, and ex-

plicitly grants certain rights to workers, including a basic ‘‘right to know.’’ Also,

under state law, growers and farm labor contractors are required to inform workers of

the risks they face and to train them in safe handling techniques. Written illness pre-

vention plans are formally required. These ‘‘right-to-know’’ provisions are supported,

in principle, by the ‘‘right-to-act’’ provisions of federal and state labor law, which

guarantees to workers the right to join labor unions and bargain collectively with

employers. However, the ‘‘right-to-know’’ movement among industrial workers and

urban communities exposed to toxic chemicals has exerted a modest but beneficial

impact on public policy toward pesticide-exposed farmworkers. Yet, these worker-

oriented regulations have not always been observed in practice.24 The reality is that the

vast majority of farmworkers have no idea what chemicals are used where they work,

much less what the specific health effects are. The present challenge is to develop ways

to train farmworkers effectively so they can recognize the dangers of the pesticides they

come into contact with, take measures to protect themselves, exercise their rights under

the law, and work together to resolve problems when they are identified.

Primary Care Providers and Pesticide Issues

What is the knowledge and awareness of pesticide issues in the educational and

practice settings of primary care providers? A primary care provider is defined as phy-

sician, nurse, nurse practitioner, physician assistant, nurse-midwife, or community
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health worker specializing in one of the following areas: family medicine, internal

medicine, pediatrics, obstetrics/gynecology, emergency medicine, or public health.

Americans look to their primary care providers for guidance on health concerns.

Public concern about pesticides can come from a variety of sources. Patients may

have heard about pesticide issues in the national or local news, or read about the

health effects of acute or chronic exposure to pesticides. Concerned patients may turn

to their primary care provider for answers about their own risks of illnesses from ex-

posure to pesticides. They may question providers about acute health effects as well

as potential chronic effects, such as cancer, birth defects, reproductive effects, or other

conditions resulting from pesticide exposure. Primary care providers need to be pre-

pared to recognize, manage, and prevent pesticide-related health conditions in their

patients and communities. By helping patients recognize symptoms of pesticide-

related illnesses, and by problem-solving and evaluating risks from pesticides, primary

care providers can help patients reduce exposure and prevent future exposures.

While some progress has been made in introducing environmental health issues

into the curriculum of medical and nursing schools, most health professionals still do

not have adequate knowledge and tools to address patient and community concerns.

A survey of environmental medicine content in U.S. medical schools found that

75 percent of medical schools require only about seven hours of study in environmental

medicine over four years of education. Consequently, once in practice, physicians’

awareness and understanding of pesticide-related illnesses may or may not ever

increase.25

The current lack of adequate environmental education for health care providers

sounds an alarm for leaders in the health care community, whose professionals are

not prepared to deal with pesticide-related illnesses as they are presented. Primary

care providers are on the frontline of health care and therefore can play a key role in

identifying, treating, and preventing potential pesticide exposure and poisonings.

Importance of Exposure Histories

The clinical history is an essential part of data collection and doctor-patient com-

munication. The environmental history, including questions eliciting concerns and

probing environmental hazards to which a patient is exposed, should be included in

the routine medical history. However, physicians who do ask about environmental

exposures usually limit their inquiries to lead and environmental tobacco smoke.26

In some situations where exposures are complex or multiple and/or symptoms

atypical, it is important to consider consultation with clinical toxicologists or special-

ists in environmental and occupational medicine. Local poison control centers should

also be consulted when there are questions about diagnosis and treatment.27

Although the clinician’s concerns deal primarily with pesticide-related diseases and

injury, the approach to identifying exposures is similar regardless of the specific haz-

ard involved. It is important to ascertain whether other non-pesticide exposures are

involved because of potential interactions between these hazards and the pesticide of
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interest (e.g., pesticide intoxication and heat stress in agricultural field workers). Few

primary care providers ask patients the questions that would be likely to alert them

to the possibility of pesticide-related illnesses. Although it is important for primary

care providers to take environmental histories, a full environmental history can some-

times take up an entire patient visit. However, getting primary care providers to ask

just a few simple questions, such as ‘‘Where do you work?’’ and ‘‘Do you think your

problems are related to something that happened at work?’’ could go a long way to-

ward answering pesticide-related health concerns about low-dose chronic effects as

well as acute high-dose poisonings and effects on children.28 Therefore, it is essential

to obtain an adequate history of any environmental or occupational exposure which

could cause disease or exacerbate an existing medical condition.

In many instances, rural health care providers possess neither the knowledge nor

the training to record a proper medical history of a person’s work exposure or the

incident that led to the injury or illness. Furthermore, migrant clinicians either do

not have access to prevalence data for specific kinds of injuries and illnesses or are

unaware that such data exists. In other cases, either time constraints or an employer’s

unwillingness to cooperate prevent a physician from learning more about the origin

of an individual’s particular health problem. As a result, the migrant health clinic usu-

ally sees the hired farmworker on only the occasion of illness or exposure, and the cli-

nician loses any opportunity to examine the long-term effects of a given injury or

illness.29

Cultural origin is another obstacle blocking successful intervention by clinics and

rural health facilities. Primarily due to language and cultural differences, farmworkers

and clinicians may have trouble communicating with each other. Differences in ter-

minology can affect a clinician’s ability to take an accurate health history from a

farmworker. In addition, many hired farmworkers hold biases against Western medi-

cine, and as a result do not readily accept the advice of health care providers.30

Data Limitations

As is the case with the reporting of occupational injuries and fatalities in non-

farming activities, there are serious data-gathering deficiencies in the reporting of

pesticide-related illnesses and deaths. In the absence of comprehensive national

information, the EPA uses four databases to provide some indication of the extent of

acute pesticide incidents and illnesses. These databases are: 1) the American Associa-

tion of Poison Control Centers’ Toxic Exposure Surveillance System, 2) the data

reported to the EPA under FIFRA, 3) the National Pesticide Telecommunications

Network, a cooperative effort between the EPA and Oregon State University, and 4)

the California Pesticide Illness Surveillance Program. However, each of these data-

bases has its limitations:

¥ The American Association of Poison Control Centers maintains information on

poison exposures. However, its database does not isolate pesticide exposures that
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occurred in agricultural work (or from any other occupation). In addition, some

poison control centers do not report to the national database, and reports that

poison control centers receive by telephone may lack medical confirmation.

¥ Under section 6(a)(2) of FIFRA, registrants are required to submit information

they obtain about unreasonable adverse effects of their pesticide products. The

6(a)(2) database was designed to gather information on the effects of pesticides

rather than on the extent of pesticide incidents. Therefore, the database contains

detailed reports on serious and rare incidents, but little information on less-

serious incidents.

¥ The National Pesticide Telecommunications Network is a toll-free telephone

service that provides the general public and health professionals with informa-

tion on pesticide health and safety and pesticide incidents. While the network

categorizes pesticides by the age, sex, and occupation of the affected person, the

network’s data rely on self-reporting, and most of the information has not been

verified or substantiated by independent investigation, laboratory analysis, or

any other means. Moreover, many farmworkers, particularly migrant or seasonal

workers, may not have ready access to a telephone to report pesticide incidents.

¥ The California Pesticide Illness Surveillance Program, often cited as the most

comprehensive state reporting system, obtains most of its case reports through

the state’s workers’ compensation system. Therefore, illnesses that occur in farm

children, who are not officially workers, are unlikely to be reported in this sys-

tem. Also, according to the EPA and farmworker advocacy groups, farmworkers

may be reluctant to report pesticide exposures because of the potential for retali-

atory actions such as the loss of jobs or pay cuts.

Notwithstanding the limitations of California’s program, the EPA used this infor-

mation in 1999 to make a nationwide estimate that there were 10,000 to 20,000

incidents of physician-diagnosed illnesses and injuries per year in farm work. How-

ever, the EPA recognized that its estimate represented serious underreporting (other

estimates are as high as 300,000, as previously mentioned). Moreover, according to

officials from the California Department of Pesticide Regulation, because California’s

crops and pesticide regulations are different from those of other states, it is inappro-

priate to extrapolate California’s data to the rest of the nation. In addition, there are

other reasons why acute pesticide incidents are underreported, including farmworkers’

hesitancy to seek medical care for financial reasons and physicians’ misdiagnoses or

failure to report incidents.31

Quality Problems: Enforcement and Compliance Data

Good information is fundamental to effective management and public confidence

in government agencies. For the last three decades, however, the EPA and most state

environmental agencies have relied on data about enforcement activities that do not
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actually reveal how well the environment is doing, or how well the regulated commu-

nity is obeying environmental laws. To the extent that these data measure enforce-

ment or other governmental performance, they are much more likely to be misleading

than useful.

The data on which the EPA and state agencies currently rely relate almost exclu-

sively to activities: the number of permits issued, inspections conducted, enforcement

actions initiated, and penalty dollars collected. For many years, these data have served

as the basis for management decisions and oversight of agency performance. When

the EPA delegated responsibility for implementing national environmental programs

to the states and provided them with funding to do so, it created data systems to

track these activities, and it used activities data to hold states accountable for proper

use of federal funds and implementation of federal laws, including timely and appro-

priate enforcement.

Using these same data, the EPA’s inspector general and an environmental advocacy

group have recently concluded that state enforcement activities have declined, raising

concerns that states have de-emphasized enforcement to the detriment of the environ-

ment. However, the Environmental Council of the States (ECOS), a national non-

profit, non-partisan association of state environmental agency leaders, challenged

these conclusions. It argued that state data in the EPA systems were often incomplete

and inaccurate, did not reflect the full range of state compliance activities, and

revealed little about whether environmental conditions are improving.32

Complications Stemming from Misdiagnoses

Farmers and farmworkers suffer from pesticide exposure and other ailments that

often are misdiagnosed or improperly treated because doctors never have faced the

malady or the patients don’t think to pass along relevant information. Physicians, for

instance, commonly misdiagnose as pneumonia lung irritations or infections that

actually result from pesticides or other toxic substances. Or they see the farmworker

before symptoms begin and send him or her home before fluid buildup and breath-

ing difficulties start. Primary care professionals who can recognize a potential pesti-

cide exposure are more likely to make the correct diagnoses. They need to be familiar

with the settings that predispose patients to pesticide exposure, the symptoms associ-

ated with these exposures, and appropriate diagnostic methods. Yet many health pro-

fessionals receive little training in pesticide health issues. The following cases illustrate

that further illnesses could have been avoided with properly educated and trained

health care providers.

The EPA regulates an organophosphate insecticide called methyl parathion for use

on specific crops. During the 1980s and 1990s, methyl parathion was used widely by

unlicensed applicators. One published report describes methyl parathion–related illness

among several siblings, two of whom died. Approximately two days before these chil-

dren were correctly diagnosed, five of them were seen by their local physician and sent

back to their contaminated homes with a mistaken diagnosis of viral gastroenteritis.33
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In another case of organophosphate poisoning, a group of thirty infants and chil-

dren was poisoned by organophosphates and carbamates. Of twenty cases transferred

to Children’s Medical Center in Dallas, sixteen (80 percent) had an incorrect transfer

diagnosis ranging from encephalopathy to seizure disorders to pneumonia to whoop-

ing cough.34

There must be some specialized training for doctors who work in rural medicine.

South Carolina may have the best system in the nation, the South Carolina Rural

Health Research Center. A network of experts helps physicians by teaching them to

spot peculiar agricultural illnesses or by providing information for treatment. Under

this network, physicians are linked with various extension agents, poison specialists,

and other experts who have experience treating specific problems. To make a real differ-

ence, farmers and farmworkers must also learn what they need to tell doctors. When a

farmworker goes to a doctor for treatment, it is up to that individual to say, ‘‘I work

on a farm.’’ Then it’s up to the doctor to ask the questions. A farmworker who thinks

he or she has problems because of exposure to some sort of toxic substance also needs

to learn to urge the physician to contact poison control centers because those institu-

tions often have suggestions for treatments that are immediately available.35

Financial Problems

The EPA has concluded that using existing surveys, particularly the Consumer

Product Safety Commission’s (CPSC) National Electronic Injury Surveillance System

(NEISS) and the National Center for Health Statistics’ National Hospital Discharge

Survey (NHDS), and supplementing them with additional data collection specific to

pesticides, as well as increasing coverage of hospitals in rural areas, would be more

cost effective than initiating a new data collection system. However, the EPA never

allocated funding to expand data collection and coverage of hospitals in rural areas,

and the agency has not collected hospital emergency room data since 1987.36

With respect to the migrant health care centers, a lack of sufficient funding has

hampered their ability to effectively serve farmworkers. Financial burdens due to cut-

backs in migrant clinic funding have prevented many clinics from improving their

health care services or expanding their knowledge about these types of patients. With-

out sufficient funding, many migrant health clinics cannot invest in the laboratory

equipment necessary to make correct evaluations of work-related illnesses and injuries

such as pesticide exposure. In addition, many large companies maintain contracts

with private physicians and refer their employees who become injured or ill while

working to them. This removal of a significant number of farmworkers from the

patient pool treated by migrant health clinics creates further economic difficulties for

clinicians. For the few farmworkers who remain, the significant amount of paperwork

involved with workers’ compensation claims, coupled with low reimbursement and

the fear of litigation, may deter them from accepting such cases.

Also, funding for health surveillance projects has on occasion been inadequate.

Without the necessary dollars, it is impossible for health projects to enlarge their
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scope and cover greater portions of the farmworker population. Likewise, insufficient

funding prevents the development of new data collection systems that use more active

surveillance techniques to document problems that are rarely seen at clinical

facilities.37

Monitoring Pesticide Exposure

Workers who apply and mix pesticides are at special risk of systemic pesticide ill-

ness. Both acute and chronic exposure can occur from spillage or by environmental

contamination of clothing. One serious health problem develops when cholinesterase

levels in the body drop to low levels after pesticide exposure. The resulting nervous

system malfunction produces pesticide-poisoning symptoms such as fatigue, light-

headedness, nausea, vomiting, headaches, and seizures. If levels decrease too much,

subsequent exposure to organophosphate or carbamate insecticides can result in

death.

Cholinesterase is an enzyme essential for normal functioning of the nervous sys-

tem. It inactivates the chemical messenger acetylcholine, which is normally active at

the junctions between nerves and muscles, between many nerves and glands, and at

the synapses or connections between certain nerves in the central nervous system.

Biological monitoring is the means by which absorption of a pesticide is proven.

This is in contrast to environmental or atmospheric monitoring, which reveals the

level of external contamination. In general, biological monitoring uses measurement

of pesticide levels in blood, urine, saliva, breath, or hair as an indication of the

amount of pesticide or other chemical that has been absorbed by all the routes of ex-

posure, such as inhalation, ingestion, or through the skin. Nevertheless, it should be

stressed that to evaluate workplace conditions on a continuous basis, emphasis should

be placed on environmental monitoring complemented by biological monitoring.

The latter has been found to be valuable in assessing the effectiveness of protective

clothing and respirators as well as a measure of worker compliance with safety

procedures.38

A basic monitoring system would periodically test cholinesterase levels in the blood

of those at risk for cumulative exposure and insecticide poisoning. Blood samples can

be drawn at a clinic and sent to a laboratory for evaluation or the entire procedure

can be performed at the work site using field test kits. Workers shown to have dan-

gerously low levels are then identified and reassigned to prevent further exposures

until their depressed cholinesterase levels rise closer to normal levels.39

The Washington State Experience

Medical Monitoring: Documenting Toxic Exposures and Their Consequences.

After nearly twenty years of struggle and a state supreme court victory, farmworkers

in Washington state who regularly handle organophosphate (OP) and carbamate

(CB) pesticides finally received medical monitoring in 2004. Blood tests were taken

before the spray season to establish each worker’s normal levels of cholinesterase,
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which is lowered by OPs and CBs. Follow-up blood tests were conducted during

spray season. When cholinesterase levels declined by more than 20 percent, employers

were required to do workplace safety audits to identify causes of exposure. When lev-

els declined by 30 percent or more for one type of test (red blood cell) or 40 percent

or more for a different test (plasma serum), employers were required to remove work-

ers from handling these pesticides and doing other tasks with high exposures.

First-Year Results: One in Five Workers with Significant Nervous System

Impacts. Over the course of the spray season, 123 (20.6 percent) pesticide handlers

out of 580 who received both baseline and follow-up tests had depressions in their

cholinesterase levels of more than 20 percent. Of these, twenty-six (4.4 percent of the

580 workers) had depressions low enough to trigger removal. Depression rates were

even higher early in the spray season, when one in four workers had action-level

depressions and more than 6 percent needed to be removed. Serious depressions were

likely undercounted because: 1) according to scientists who reviewed the program,

there is a high risk of ‘‘false negatives’’ (test results failing to identify actual signifi-

cantly lower levels of cholinesterase); 2) most baseline tests were run long after blood

samples were taken—cholinesterase levels in these samples likely declined before the

tests were run; and 3) some workers reportedly declined monitoring due to fear of

retaliation by employers.

The Department of Labor and Industry’s Inadequate Response. A major pur-

pose of monitoring is to ensure swift audits and removals to prevent further exposures

and injuries. Nonetheless, the Washington state Department of Labor and Industry

decided to offer consultations to employers rather than to exercise its enforcement

authority. This resulted in long delays between when agency consultation staff learned

of depressions in cholinesterase levels and when workplace visits took place. The aver-

age time between the cholinesterase test results and inspections of workplaces was

34.5 days for workplaces requiring audits and thirty-five days for those where workers

had to be removed. Often seven or more weeks had already elapsed.

Although some advocacy groups viewed the state experience as a clear indication

that the use of the most neurotoxic pesticides should be phased out, others saw it as

proof that protective measures are keeping farmworkers safe. Farmworkers play a vital

role in Washington’s agriculture. Results of the new medical monitoring program and

recent studies reveal the steep price these workers and their families pay as the result

of the industry’s reliance on highly toxic pesticides. Farmworker protection advocates

hope that the results of the state’s first official biomonitoring study will help convince

legislators to phase out the use of the most neurotoxic agricultural pesticides—with

limited exceptions—by 2012.40

Pesticide Toxicity

For all pesticides to be effective against the pests they are intended to control, they

must be biologically active, or toxic. Because pesticides are toxic, they are also poten-

tially hazardous to humans and animals. For example, any pesticide can be poisonous

44 | Pesticides



or toxic if absorbed in excessive amounts. Pesticides can cause skin or eye damage

(topical effects) and also induce allergic responses. However, if used according to

labelled directions and with the proper personal protective equipment (PPE), pesti-

cides can be used safely. For this reason, people who use pesticides or regularly come

in contact with them must understand the relative toxicity and the potential health

effects of the products they use. The risk of exposure to pesticides can be illustrated

with the following simple equation:

Hazard of Pesticide Use ¼ Toxicity � Actual Exposure

Toxicity is a measure of the ability of a pesticide to cause injury, which is a prop-

erty of the chemical itself. Pesticide toxicity is determined by exposing test animals

(usually rats, mice, rabbits, and dogs) to different dosages of the active ingredient.

Tests are also done with each different formulation of the product, for example,

liquids, dusts, and granulars. Pesticide toxicities are listed in milligrams of exposure

to kilograms of animal body weight. By understanding the difference in toxicity levels

of pesticides, a user can minimize potential hazards by selecting the pesticide with the

lowest toxicity that still controls the targeted pest.

Applicators may have little or no control over the availability of low-toxicity prod-

ucts or the toxicity of specifically formulated products. However, exposure can be sig-

nificantly reduced or nearly eliminated by using personal protective clothing and

equipment. For example, more than 90 percent of all pesticide exposure comes from

dermal exposure, primarily to the hands and forearms. Wearing chemically resistant

gloves can reduce this exposure by at least 90 percent. Therefore, an applicator can

lower a pesticide’s hazards to an insignificant level by using the correct PPE.

Signal Words

Acute toxicities are the basis for assigning pesticides to a toxicity category and

selecting the appropriate signal word for the product label. Pesticides that are classi-

fied as ‘‘highly toxic’’ on the basis of oral, dermal, or inhalation toxicity must have

the signal words DANGER and POISON (in large red letters) and a graphic of a

skull and crossbones prominently displayed on their package labels. PELIGRO, the

Spanish word for danger, must also appear on the labels of highly toxic chemicals.

Acute oral LD50 values for pesticide products in this group range from a trace

amount to 50 mg/kg of body weight. An exposure to only a few drops of a highly

toxic material taken orally could be fatal to a 150-pound person. Some pesticide

products are labeled with the signal word DANGER without a skull and crossbones.

A DANGER label does not provide information about the chemical’s LD50 value.

Instead, this signal word alerts users of potentially more severe skin or eye effects

caused by the product’s irritant or corrosive properties. Pesticide products considered

‘‘moderately toxic’’ must have the signal words WARNING and AVISO (the Spanish

word for notice or warning) displayed on their labels. Acute oral LD50 values range
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from 50 to 500 mg/kg. Exposure to just one teaspoon to one ounce could be fatal to

a 150-pound person. Pesticide products classified as either ‘‘slightly toxic’’ or ‘‘rela-

tively nontoxic’’ are required to have the signal word CAUTION (PRUDENCIA) on

their labels. Acute oral LD50 values are greater than 500 mg/kg.41

Pesticide Synergy: The Whole Is Greater Than the Sum of the Parts

(or When 1 þ 1 ¼ 10)

A study published in Science showed that pesticides may be thousands of times

more potent than previously thought. It demonstrated that, when tested alone, each

of two particular organochlorine pesticides had to be at concentrations on the order

of 100,000 times greater than natural estrogen to cause responses in yeast cells that

reacted to estrogen. Yet the same two organochlorines mixed together required con-

centrations of only between ten and 100 times more than natural estrogen to induce

the same response. Thus, exposure to multiple pesticides may be thousands of times

more potent in mimicking estrogen than was previously thought. Other research

found that 30 percent of apples contain at least three pesticide residues. These find-

ings sent a chill through the EPA, which suddenly faced the possibility that all their

safety tests of single chemicals were suspect.

Considering the diversity of pesticides found in our environment, the increased po-

tency of combined pesticides raises many questions. Does this mean that current tol-

erance levels set for individual pesticide residues are actually far above dangerous

limits when combined? What are the implications for the unborn, young children,

and adolescents? In light of these findings, how should pesticide use be assessed?

How should new chemicals be evaluated? In addition, what are the implications for

future pesticide policy formulation?42

It appears, therefore, that synergistic effects between multiple pesticides and/or

other chemicals represent one of the greatest gaps in the EPA’s ability to protect the

public from adverse health effects associated with pesticide use and exposure. The

government recognizes that pesticide exposures occur in combinations and as unique

events, yet its rules and regulations test only a limited number of possible interac-

tions. Given that there are more than 875 active ingredients currently registered for

use, it would be impossible to examine all possible combinations, but we must start

somewhere. One approach would be to prioritize analyzing pesticides most likely to

act in combination. This would include testing groups of pesticides that are fre-

quently used on the same crops, such as atrazine and chlorpyrifos, which are among

the most common herbicides and insecticides applied to corn.43

Pest Resistance

Genetic variations within pest populations leave some naturally resistant to pesti-

cides. If pests have not been previously exposed to a new pesticide, most individual

pests in the population are susceptible, but some individuals are resistant. Pesticides

used to control the pest will kill most susceptible individuals, but the few resistant
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pests will survive. As a result, the proportion of resistant individuals in the population

increases. Repeated selection of resistant pests will ensure that every succeeding gener-

ation will have a higher proportion of resistant individuals than the original popula-

tion. Eventually, after repeated and more intensive use of the same pesticide to the

same pest population, the pesticide becomes ineffective. Unfortunately, even under

ideal conditions, pests can become resistant to pesticides.

Cross-Resistance

Cross-resistance may occur where a pest develops resistance to two or more pesti-

cides after exposure to just one. For example, resistance to dieldrin confers cross-

resistance to other related compounds such as chlordane and heptachlor.

In the last decade, the number of weed species known to be resistant to herbicides

rose from forty-eight to 270, and the number of plant diseases resistant to fungicides

grew from 100 to 150. Resistance to insecticides is so common—more than 500

species—that nobody is really keeping score. Unfortunately, pesticides often kill off

pests’ natural enemies along with them. With their natural enemies eliminated, there is

little to prevent recovered pest populations from exploding to larger, more damaging

numbers than existed before pesticides were applied. Additional chemical pesticide

treatments only repeat this cycle.

Secondary Pests

Some potential pests that are normally kept under firm control by their natural

enemies become actual pests after their natural enemies are killed by pesticides. Mite

outbreaks after pesticide applications are a classic example.

Adding to this scenario the intractable problem of pesticide resistance by insects

and disease organisms, it becomes clear why so much attention is being paid to the

development and adoption of pest management approaches aimed at reduction in

pesticide use. There is one basic rule with pesticides in relation to resistance: avoid
unnecessary use. If resistance does occur the simplest procedure is to use an alternative

registered pesticide to which there is no cross-resistance. Proven strategies either to

prevent or delay the development of resistance do not exist at present, either for

plant disease agents or insect pests. Theoretically, the rotation of different chemical

groups should delay resistance, but long-term experimentation under practical condi-

tions is almost impossible to carry out. The problems of implementation are formi-

dable.44 As of 1999, pest resistance to pesticides was estimated to cost U.S.

agriculture about $1.5 billion per year in increased pesticide costs and decreased crop

yields. On average developing a new pesticide costs $80 million, while a pest typi-

cally develops resistance in only ten to twenty-five years, after which the pesticide’s

utility decreases.

Continued dependence on chemicals as the sole method of pest control is a sure

recipe for the ongoing development of pest resistance.45
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Underreporting of Illnesses and Injuries

Mild signs of acute pesticide poisoning, such as nausea, vomiting, diarrhea, or

wheezing, are often not recognized as being potentially linked to pesticide toxicity.

Rashes and other skin reactions are other major manifestations of pesticide toxicity

that are often misdiagnosed. The American Association of Poison Control Centers

reported 97,278 calls about pesticide poisonings in 1996. Half of the reported poi-

sonings involved children under six years of age. Occupational pesticide poisonings

are required to be reported in California, and there are approximately 1,500 reported

cases per year. Annually, national occupational pesticide poisonings among agricul-

tural workers have been estimated at anywhere from 10,000 to 40,000 physician-

diagnosed pesticide illnesses and injuries. However, these statistics do not include the

children of agricultural workers.

Research has shown that current estimates based on occupational surveillance or

poison control centers may greatly underestimate the number of pesticide poisonings.

Follow-up evaluations of poisoned workers in California discovered that 40 percent

of exposure incidents also involved co-workers who did not seek medical treatment

for various reasons, suggesting that the total burden of illness is grossly underre-

ported. Poison control centers are commonly called after accidental ingestions or

spills of pesticides in the home, but are less frequently called when illnesses occur af-

ter routine agricultural pesticide exposure.46

The following are some examples of potentially harmful pesticides, along with

their possible side effects:

¥ Atrazine, a weed killer sprayed on crops such as corn, has been reported by

researchers to cause sexual abnormalities in frogs. Another study found that the

herbicide caused high rates of prostate cancer among workers at a plant that

produces it. It may also disrupt the ordinary production of human hormones.

¥ 2,4-D, claimed to be one of the safest pesticides on the market, has been

reported to increase the risk of a number of health problems, including cancer,

fetal and birth defects, liver and kidney injury, leukemia, and tumors.

¥ Paraquat, a commonly used herbicide, can damage the respiratory, circulatory,

or muscular systems, as well as the brain and the heart.47

Health Impacts Among Farm Children

Much of the evidence of the chronic effects of pesticide exposure is based on stud-

ies of adult workers who are exposed to a mixture of chemicals every day, making it

difficult to pinpoint their exposure to specific pesticides. Little research has been done

directly on children, and even less on farm children. Nearly all of the epidemiological

studies on children’s health and pesticide exposures were done on the general, non-

farming population. These studies would likely underestimate the health impacts that
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would be expected for highly exposed subpopulations of young people, especially

farm children. Some studies did look at the children of parents who work in jobs that

may involve pesticide exposure; however, the child’s exposure was almost never

directly assessed, but instead was indirectly estimated based only on the parent’s job

title. Such a technique is likely to lead to misclassification of exposures and underesti-

mation of health effects. Thus, health impacts among farm children are likely much

greater than those described in most of the scientific research to date. Because of the

health effects of pesticides, it is important to identify the sources and levels of expo-

sure to these chemicals in order to protect the most highly exposed children from

these dangerous substances.

Much remains unknown about the risks faced by children in agriculture, and

enforcement of pesticide protection standards for farmworkers is patchy and unsyste-

matic. Children are known to be more vulnerable to the effects of pesticides, but

there is a lack of data regarding children’s exposures and the precise effects of pesti-

cides on their health.48

Perceptions of Growers and Extension Agents Toward Farmworker

Pesticide Exposure

Growers have more control over their own pesticide exposure risk than do the

farmworkers they employ. While growers are responsible for providing a safe work

environment, their perceptions of the health risk of pesticides influence the amount

and quality of safety training and protection they offer workers. One study analyzed

growers’ and cooperative extension agents’ perceptions of farmworker pesticide expo-

sure from in-depth interviews conducted with growers and extension agents who

work in western North Carolina. Both groups indicated that the danger of pesticide

exposure is exaggerated by the media and the public. They felt that workers were at

little risk of exposure because they had received training and protective equipment as

required by law and because they were not in direct contact with chemicals. Their

perceptions were at odds with results of other research indicating that many farm-

workers do not receive the required training and do not always utilize protective gear.

Linguistic and cultural barriers contribute to these discrepancies in perceptions and

must be addressed if measures to reduce farmworker pesticide exposure are to be

effective.49

Exposure Risks of Families of Farmer Pesticide Applicators

The Agricultural Health Study, a large research project, enrolled approximately

27,000 licensed private pesticide applicators in Iowa and North Carolina. The study

determined that families of farmers who are pesticide applicators have unusual oppor-

tunities for direct or indirect exposure to pesticides. These exposures have not been

well characterized. Many indirect exposure opportunities exist; for example, 21 per-

cent of homes are within fifty yards of pesticide mixing areas, 27 percent of applica-

tors store pesticides in their homes, and 94 percent of clothing worn for pesticide
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work is washed in the same machine as other laundry. Direct exposure opportunities

also occur; for example, 51 percent of wives of applicators worked in the fields in the

last growing season, 40 percent of wives have mixed or applied pesticides, and half of

children ages eleven and older do farm chores. The heretofore undisclosed extent of

the chances for exposure of family members of farmers who are pesticide applicators

makes studies of their health important.50

The Agricultural Health Study is unique among studies of occupational groups in

that the wives of farmers who apply pesticides and their children are included. Since

farmers generally live where they work, their families have many chances to come

into contact with pesticides and other farm hazards. These family members’ exposures

are often less like those in the general non-farm population.

Farm Family Exposure

Residents of Iowa were enrolled in a study investigating differences in pesticide

contamination and exposure factors between twenty-five farm homes and twenty-five

non-farm homes. The pesticides investigated were atrazine, metolachlor, acetochlor,

alachlor, 2,4-D, glyphosate, and chlorpyrifos; all were applied to either corn or soy-

bean crops. A questionnaire was given to all participants to determine residential pes-

ticide use in and around their homes. In addition, a questionnaire was administered

to farmers to determine the agricultural pesticides they used on their farms and their

application practices. Non-agricultural pesticides were used more in and around farm

homes than non-farm homes. Atrazine was the pesticide used most by farmers. Most

farmers applied pesticides themselves but only ten (59 percent) used tractors with

enclosed cabs, and they typically wore little personal protective equipment. On

almost every farm, more than one agricultural pesticide was applied. The majority of

farmers changed from their work clothes and shoes in the home, and when they

changed outside or in the garage, they usually brought their clothes and shoes inside.

Applying pesticides in tractors with open cabs, not wearing PPE, and changing

from work clothes in the home may increase pesticide exposure and contamination.

Almost half of the sixty-six farm children under sixteen years of age were engaged in

some form of farm chores, with six (9 percent) potentially directly exposed to pesti-

cides. Only two (4 percent) of the fifty-two non-farm children under sixteen had

chores, and none were directly exposed to pesticides. Farm homes may be contami-

nated with pesticides in several ways, resulting in potentially more contamination

than non-farm homes, and farm children may be directly exposed to pesticides

through farm chores involving pesticides. In addition to providing a description of

pesticide use, the data will be useful in evaluating potential contributing factors to

household pesticide contamination and family exposure.51

Latino Farmworker Pesticide Exposure Perceptions and Beliefs

While a majority of farmworkers in the United States are Latino, few educational

materials used in pesticide safety training take their pesticide exposure perceptions
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and beliefs into consideration. Research delineates several major themes that reflect

farmworkers’ assumptions about pesticide exposure. One theme reflects the wide-

spread perception that susceptibility to the effects of pesticides is highly individual-

ized; some people are sensitive and experience ill effects, and others are more

resistant. Another theme indicates that farmworkers are concerned with the immedi-

ate or acute effects of exposure. Very few are aware of potential long-term conse-

quences of pesticide exposure, and none link these to chronic exposures or to residues.

Tied to this theme is the belief that the skin acts as a barrier to exposure, rather than as

a permeable membrane through which pesticides can be absorbed. Latino farmworkers

have their own indigenous health belief system; based on this system, workers often

delay washing and showering so as not to apply water, which is cool, to their body

when it is hot from rigorous activity. Farmworkers are divided on whether pesticides

are potentially dangerous. Some believe that the chemicals are not dangerous to

humans, and that they hurt only insects or weeds. While some state that farmers would

not use chemicals if they were dangerous to farmworkers, others contend that farmers

have no regard for their health. Finally, farmworkers often think they have no control

over workplace pesticide safety, and feel unable to adhere to safety rules. These beliefs

must be addressed in pesticide safety education if the burden of pesticide exposure

among farmworkers is to be reduced significantly.52

Adolescent Latino Farmworkers’ Pesticide Knowledge

and Risk Perception

While exact figures are not known, it is estimated that adolescents make up 7 per-

cent of Latino farmworkers in U.S. agriculture. These young workers may be at

increased risk for the toxic effects of environmental exposures encountered during

their work. Furthermore, language barriers and health perceptions, similar to those of

adult farmworkers, may influence the risk perceptions of this population.

A cross-sectional survey of migrant adolescent farmworkrers was conducted in

1998 to investigate their work practices, health beliefs, and pesticide knowledge. The

large majority of the adolescents in the sample were from Mexico, and 36.3 percent

spoke primarily indigenous languages. Many of the adolescents (64.7 percent) were

traveling and working independent of their parents. Few of the adolescents reported

having received pesticide training; however, 21.6 percent of the group reported that

their current work involved mixing and/or applying agricultural chemicals.

The results of this study indicate a need for improved pesticide training for youth

farmworkers, with specialized education efforts directed toward minorities who speak

indigenous languages. Special attention is merited toward adolescent farmworkers

who report that their work includes mixing or applying pesticides. As the number of

adolescent farmworkers increases in the United States and the characteristics of the

migrant influx continue to change, culturally and developmentally appropriate instru-

ments are needed to adequately assess the health beliefs and protective practices of

this population.53
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Another study reinforced the findings of the above investigation. Of 460 hired

farmworkers in Washington state who were interviewed, 89 percent did not know the

name of a single pesticide to which they had been exposed, and 76 percent had never

received any information on appropriate protection measures.54

Comments and Concerns of New York State Growers

The following are comments of growers on their surveys. They fall into two cate-

gories: public perception or pesticide regulations.

Public Perception

¥ ‘‘The public needs to be educated that they don’t have to be afraid of a corn-

field. People assume a cornfield is a hazardous waste area. Landlords and neigh-

bors think we are all poisoning the land and that farmers are indiscriminate

polluters.’’

¥ ‘‘Corn is a great crop to grow—easily mechanized, good feed for cattle, high

energy source. On the other hand, it is very expensive to grow. The use of

chemicals is an absolute must, but growing concerns with the environment has

made nonfarmers and consumer groups wary. We need a higher level of educa-

tion to these groups to help alleviate their fears.’’

¥ ‘‘Don’t forget we as farmers have families. We are concerned about health issues

as we are more exposed to chemicals than the consumer is. Our wives and fami-

lies buy all the groceries at the same stores other people do. We want and

deserve good information on which we base our decisions.’’

¥ ‘‘We need all the products and tools we can get in order to ultimately use less

total pesticide. I get very tired of some environmental groups thinking farmers

spray pesticides on crops just because they have nothing else to do, or worse

yet, don’t know any better. We don’t put $4,000 or more in a sprayer and then

go apply it unless it is absolutely necessary.’’

Regulations/Certification/Pesticide Use

¥ ‘‘I don’t feel we farmers are being treated fairly in regards to the use of pesti-

cides. We now must take tests in order to purchase and use chemicals and then

go to some of the ‘foolish’ meetings in order to get ‘points’ to get our recertifica-

tion. The meetings I have attended give me the impression people feel we are

not applying the chemicals properly or do not give a hoot about the environ-

ment. If they only knew how much we have invested in these chemicals and

machinery. We farmers have enough common sense to know not to spray when

it’s windy, not near open ditches, streams, and ponds, and certainly not near the

neighbors’ houses where we rent land.’’
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¥ ‘‘I personally feel that there is too much blame on the farmers who try to do

everything they can do to be safe with their own and everyone else’s lives. I do

not like how the average person can go to a department store and buy a pesti-

cide with no training, apply it by dumping it, instead of spraying. Then they

blame other people for the problems of the environment. We, the farmers, do

not have the money to throw around and waste with not having the training to

apply it correctly.’’

¥ ‘‘More restrictions should be implemented to household and lawn care prod-

ucts. They pose serious environmental problems.’’

¥ ‘‘I would like to see New York state have quicker approval of newly released

pesticides—ones that the EPA and other states have already approved. Each

additional agency that requires approval before use only drives the corn growers’

cost up for the pesticides, and for crop production, such that New York state,

which is a marginal corn production area, will eventually have fewer and fewer

farmers producing. I am very concerned about the re-evaluation of atrazine. If it

is not reapproved, there will be no replacement for this broad-spectrum and eco-

nomical herbicide.’’

¥ ‘‘New York state corn producers have to be competitive with Midwest corn

growers who have a much wider spectrum of chemical controls that are priced

more competitively. Chemical companies don’t register in New York because of

delays in registration. Atrazine products and others are more cost effective than

many alternatives.’’

¥ ‘‘To grow food and crops we need the option of chemicals that are safe for all

users and the environment. When we lose good products that do a good job, it

will cost everybody lots of money. We must read and apply according to the

label to protect the environment, people, and products.’’

¥ ‘‘In New York state, farmers are dying of taxes and other expenses. Other states

bordering New York have more access to less-costly pesticides. Atrazine is one of

the few chemicals we can use to control small problems with lower cost per

acre.’’

¥ ‘‘With the demise of atrazine formulations, the growing of corn will be very

expensive.’’

¥ ‘‘We need access to newer, safer chemicals. I would not remove older ones from

the market, however. We need to be able to rotate chemicals in order to avoid

resistance problems.’’

¥ ‘‘Our main concern in using pesticides in growing crops are the threats of fines

and liabilities. Even though we use practical precautions, we are aware things

possibly can go wrong. We are very mindful of the effects to persons and the

environment, and do our utmost to be careful. It seems that the control agency
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could be more understanding and helpful in the products they license for the

public to use. After all, they and the government make the decision to put these

pesticides on the market. By their very act of licensing, they are the ones who

introduce hazardous material into the environment.’’

Though these comments originate from only one state, New York, in all likelihood

they are representative of the viewpoints of growers nationwide. The remarks indicate

an overall awareness of the problems surrounding pesticide use. Costs were men-

tioned several times as were the burden of regulations and the public’s misperceptions

of farm problems. Also of interest were the remarks supportive of the use of the her-

bicide atrazine, mainly on the basis of its relatively low cost. Its dangers to health, as

has been noted earlier, seem to have been ignored.

A Dissenting Voice

The remarks of a fruit grower in Arizona, unlike those of the New York farmers, seem

to overlook the possibility of long-term chronic effects of pesticide use, as he emphasizes

the benefits of safety precautions during chemical usage: ‘‘I’ve got three very, very

healthy kids and it’s sort of ludicrous to think they’re all going to die because they were

exposed to pesticides,’’ says Bill Spencer, who has spent his life raising lemons, tangelos,

and grapefruit in Yuma, Arizona. ‘‘Farmers are trained in safe application of pesticides. I

think there’s probably no more family-oriented people in the world than farmers and

they’re not about to put their children at risk.’’ Further, he says, ‘‘I don’t think the

NRDC [National Resources Defense Council, a leading environmental organization] is

aiming their material at farmers. I don’t know any stupid farmers out there.’’55

Spencer’s comments, on the whole, seem sincere. But one wonders if they would

withstand scientific scrutiny in light of information from the EPA’s Office of Toxic

Substances, to the effect that scientists estimate that everyone alive today carries

within his or her body at least 700 chemical contaminants.56

Integrated Pest Management: A Mindset

The acronym IPM (Integrated Pest Management) originated in 1967, just a few

years after Rachel Carson published Silent Spring, the book that unveiled the dangers

of pesticides. Today, IPM is often considered cutting edge. It is used by farmers, gov-

ernment institutions, and others who have learned over the years that chemical con-

trols have their price, including waning effectiveness due to pest resistance, high

costs, and immediate and long-term health effects to humans and ecosystems.

IPM is more a mindset or long-term strategy than a specific physical solution to

pest problems. It requires a number of steps to be taken to reach pest control goals

and to subsequently maintain their outcomes. IPM relies on common sense. The

‘‘spray and pray’’ mentality seeks to eradicate all pests—an impossible goal. IPM seeks

to eliminate the root causes of pest problems in order to reduce pest numbers to a

tolerable minimum.
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How Are Farmers Working to Reduce Pesticide Risks?

Today, many farmers are using integrated pest management techniques to mini-

mize pesticide use. IPM works in harmony with nature by using ‘‘good bugs,’’ such

as ladybugs, to destroy ‘‘bad bugs’’ and other natural control methods. Under IPM,

pesticides are used only in limited amounts when pests reach damaging levels, rather

than on a routine basis. Many pesticides now being developed use biological or natu-

ral substances in the environment to help destroy pests. Research in plant breeding

continues to develop heartier, more pest-resistant crops.

The objective of IPM is not to eliminate a pest but to reduce its population to lev-

els that no longer pose an economic threat to plants and animals. IPM is not an

‘‘organic’’ or non-pesticide approach to pest control. Organic producers also use IPM

and certain approved pesticides to protect their crops and livestock. One of the main

goals of IPM is to promote the use of effective, less-toxic pesticides only if and when

necessary. It is a decision-making process that supports a balanced approach to man-

aging crop and livestock production systems. The goal is effective, economical, and

environmentally sound suppression of pests, including insects and mites, plant dis-

eases, weeds, and problem wildlife.

The concept of IPM evolved in response to problems caused by an overreliance on

chemical pesticides. Some of these problems are development of well-known pest re-

sistance, elimination of natural enemies of pests, outbreaks of formerly suppressed

pests, hazards to non-target species, and environmental contamination.

Most growers, if asked (and especially if asked by a concerned consumer), would

state that they practice IPM. Most would say that they use pesticides only when nec-

essary and that they are good stewards of the environment. If this is true, perhaps the

public should understand better and hear more about the practice of IPM.57

Loopholes and Amendments

Pesticide regulations are full of loopholes. Many pesticides in use today were regis-

tered using old test protocols and have not yet been reevaluated under current stan-

dards. Pesticide manufacturers perform or fund pesticide testing, setting up a built-in

conflict of interest. Many tests are only conditionally required and are often waived.

Tests ignore the multiple pesticides to which people are regularly exposed because

they examine only one pesticide at a time.

There are laws to protect farmworkers, but for almost every law, there is a loop-

hole. For example, OSHA safety standards apply only to farms that hire at least ten

workers. That covers about 471,600 farmworkers nationwide, but excludes an esti-

mated one million who labor on small farms.58

The EPA Weakens Protection Standards

Even when tougher laws are passed, they are often watered down later. The EPA

enacted WPS in 1974. It required growers (regardless of the number of workers) to
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provide training and information about pesticides used on crops, protective clothing,

waiting periods for reentry into treated fields, and hand-washing facilities in the field.

But the EPA amended WPS in 1996. Under the amended standards, workers who

had never received pesticide training could work five days in the fields without any

information about the dangers. The new standards also reduced the number of days

that growers must provide water for hand washing (one gallon for every worker) from

one gallon a day to one gallon every seven days for certain pesticides. Two years after

the EPA relaxed the standards, skin rashes reported by field workers began to climb.

In 1998, the rate was about eleven cases per 10,000 workers. By 2001, the rate had

jumped to nearly twenty-seven cases per 10,000 workers, among the highest for any

occupation, according to the Bureau of Labor Statistics.59

Is Organic the Answer?

Organic agriculture is the oldest form of agriculture on Earth. Farming without

the use of petroleum-based chemicals (such as fertilizers and pesticides) was the sole

option until after World War II. The war brought with it technologies that were use-

ful for agricultural production. For example, ammonium nitrate used for munitions

during the war evolved into ammonium nitrate fertilizer; organophosphate nerve gas

production led to the development of powerful insecticides. The technical advances

since World War II have resulted in significant economic benefits as well as environ-

mental and social detriments. Organic agriculture seeks to utilize those advances that

consistently yield benefits, including new varieties of crops, precision agricultural

technologies, and more efficient machinery, while discarding those methods that have

led to negative impacts on society and the environment, such as pesticide pollution

and insect resistance. Instead of using synthetic fertilizers and pesticides, organic

farmers utilize crop rotations, cover crops, and naturally based products to maintain

or enhance soil fertility. These farmers rely on biological, cultural, and physical meth-

ods to limit pest expansion and increase populations of beneficial insects on their

farms.

Farmers have been developing organic farming systems in the United States for

decades. State and private institutions have also emerged to set organic farming stan-

dards and provide third-party verification of label claims. Legislation requiring national

organic farming standards was passed in the 1990s. More U.S. producers are consider-

ing organic farming systems in order to lower input costs, conserve nonrenewable

resources, capture high-value markets, and boost farm income.

Traditionally, organic farms have been smaller than conventional operations. This

has been due in part to labor requirements. Organic systems are generally more

labor intensive. Studies have found that about 11 percent more labor was required

per unit of production in field crops.60 This difference can be much greater in fruit

and vegetable crops, and farm size may be limited accordingly. However, techno-

logical innovations in organic horticultural production are helping to narrow the

gap. Organic systems are also more information intensive, requiring additional
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management time in planning, pest scouting, and related activities. For this reason,

organic management can be preferable if a farm is not too large. However, the notion

that organic systems are only possible on very small farms is a false one. Studies con-

ducted by both Washington University in Washington state and the Department of

Agriculture confirmed this. Given the range of acceptable technologies available, or-

ganic agriculture can be sized to fit a wide range of farms and enterprises.61

A better way to understand organic farming is to hear from the farmers themselves.

Here are some quotations from farmers in the Midwest:

¥ ‘‘Why is it that when somebody gets deathly sick with cancer or something, a

doctor recommends that they go on an organic diet? I think that all these peo-

ple know that there is a difference.’’

¥ ‘‘If you get on a chemical system, the only way you can keep going is to keep

adding more and more powerful chemicals; if you get on an organic system, it

will perpetuate itself. You don’t need to keep adding more and more fertilizer

because it is a natural system.’’

¥ ‘‘If you want to be certified organic you have to demonstrate and have a plan

on how you’re going to farm and how you’re going to produce these crops with-

out using all these chemicals.’’

¥ ‘‘The nice part about organic is that it’s economically viable, and the reason is

that you don’t have to spend a lot of money, because the good lord designed the

cycles of nature in order to do it itself.’’

¥ ‘‘You can get instant results from chemicals and there is no doubt they will work.

They are short-term solutions, but they don’t solve any long-term problems.’’

¥ ‘‘It just got to the point where we didn’t think we wanted to use and handle the

chemicals. We decided that we could farm without them and we thought we’d

give it a try. We just thought it would be a better way of doing things, and we

thought we could reduce the cost of production plus increase the quality of

what we produce.’’62

Evolution of Organic Agriculture

Organic farming embodies the elements of a sound agriculture—traditional practices

that have been proven over time. In fact, a convenient working definition for organic

agriculture is ‘‘good farming practice without using synthetic chemicals.’’ This working

definition distinguishes organic farming from the general milieu of agriculture that

existed in the pre-chemical era, much of which was exploitative and unsustainable. Or-

ganic farming was never intended to be ‘‘throwback’’ or a regressive form of agriculture.

Rachel Carson’s book Silent Spring was one of the key documents that gave birth

to environmental consciousness in the 1960s and 1970s. Carson was the first to
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introduce the general public to the concept of persistent bioaccumulative toxins—

lasting substances that move readily from land to air and water, and that can build up

in the food chain to levels that are harmful to both humans and the environment.

These compounds can be found everywhere—in herbicides, pesticides, insecticides,

detergents, and cosmetics.

Environmentalists and others found an alternative to pesticides and industrial agri-

culture, in organic farming. Not only was it an approach that did not use synthetic

pesticides, it also had an attractive countercultural name that grew to signify a philos-

ophy of living as well as a method of farming. While Silent Spring and the environ-

mental movement were not about organic farming per se, they brought it to public

consciousness on a vast scale. It is not uncommon, in fact, for some writers to suggest

that organic agriculture began with Rachel Carson’s book. Though this assertion is

untrue, the book clearly played a major role in stimulating industry growth and in

altering public perceptions. From the mid-1960s onward, organics was increasingly

identified with pesticide issues. It became the idealized alternative for providing clean,

healthy food and environmental protection.63

As the organic industry continues to grow and evolve, it faces many challenges,

including the consequences of its own success. Economic opportunities invite new

players into the marketplace; they may have little interest in sustainability or the

positive social benefits associated with organics. Noted rural sociologist William

Heffernan has touched on this matter. He has gained considerable attention in recent

years for his insightful analyses of the causes and social consequences of the increased

concentration and corporate control of the U.S. food system. He expressed the fol-

lowing regarding organic farming:

‘‘We are beginning to realize that up to this point we believed that organic was

synonymous with family farms and we are finding out that is changing. In fact, the

organic is going to continue to grow. That doesn’t mean that it is going to support

family farms the way it has in the past. With the whole organic movement, we

assumed that the social would go along with environmental movement, and what we

are finding out is no, that is not necessarily true, and even what we do environmen-

tally is questionable.’’64

As the volume and variety of organic products increases, the viability of the small-

scale organic farm is at risk, and the meaning of organic farming as an agricultural

method is ever more easily confused with the related but separate areas of organic

food and organic certification. For that matter, it remains to be seen whether certified

organic farming will survive its own success and continue as a socially and environ-

mentally responsible alternative, or merely become a parallel production system based

on minimal compliance to standards.

The Safety Factor

Does government registration mean pesticides are safe? By law, pesticides are regu-

lated by the EPA so that they will not generally cause unreasonable adverse effects on
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the environment. Pesticide residues on food must be safe with a reasonable certainty

that no harm will result from aggregate pesticide exposure. But does this mean that

pesticides, by a common-sense definition, are safe? No.

Probably the simplest way to evaluate whether registration means pesticides are safe

is to examine recently registered pesticides to see if they meet an acceptable level of

safety. As newly registered pesticides, they should adhere to all current standards.

The EPA evaluated nineteen conventional pesticides registered since 1997 and

found that most of them pose substantial hazards. Seven cause cancer and six lead to

genetic damage. One induces miscarriages, one results in birth defects, one brings on

cataracts, one produces bone marrow abnormalities, two are neurotoxic, and one

causes both liver and kidney damage. Eight are toxic to fish, five to juvenile fish and

three to adult fish. Five have characteristics of groundwater contaminants. Two are

highly toxic to oysters, and one to shrimp.65

Clearly, these pesticides are far from safe by any common-sense definition. In addi-

tion to the known negative effects of pesticides on human health and the environ-

ment, there are many effects that are poorly understood. In the United States,

decisions on the regulation of pesticides are not based on whether they are safe, but

are made via cost-benefit analyses, whereby the financial benefits to industry outweigh

the cost to society in human health and environmental damage. Consumers and tax-

payers are the ones who pay the price.

The Regulatory Authorities Myth

The greatest myth is that government regulatory authorities ensure agricultural

poisons are used safely and cause no adverse health or environmental problems. His-

tory shows that regulatory authorities have consistently failed to prevent the contami-

nation of the environment and threats to human health by products previously said

to be safe. Think of asbestos, lead, mercury, dioxins, PCBs, DDT, dieldrin, and other

persistent organic pollutants (POPs). These products were not (and are still not in

many cases) withdrawn until decades after solid scientific evidence demonstrated their

damage. Regulatory authorities in the United States (and for that matter, the entire

world) seem to be ignoring a large body of published science showing that the cur-

rent methods of determining the safety of the agricultural poisons are grossly

inadequate.

The Pesticide Myth

For fifty years, farmers and the general public have been told that chemical pesti-

cides are essential for modern farming and to feed the world’s population. This sim-

ply isn’t true. Pesticides weaken the ecosystem that has sustained human agriculture

for thousands of years, damaging soil microbes and eliminating beneficial insects and

predators. In addition, pests continually mutate to become pesticide resistant. Despite

a tenfold increase in insecticide use in recent years, research has demonstrated a pro-

liferation of pests.
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Gardeners, farmers, and foresters need to return to tried-and-true pest control

methods such as crop rotation, companion planting, and biological controls. Inte-

grated Pest Management, which uses fewer toxic chemicals, and then only infre-

quently, is the pest control of the future. Ecological methods of pest control must

replace our overdependence on chemicals which now threatens us all. Numerous

studies show that IPM can save significant amounts of money for farmers while help-

ing them protect their health and the environment.

The most important and urgent step needed to reduce exposure is eliminating use

of those pesticides which endanger the health and well-being of farmworkers. Their

experiences reveal that even pesticide applications that follow the letter of the law can

result in exposure or illness. Phasing out the use of the most dangerous pesticides—

those that cause cancer or reproductive harm, or are extremely toxic to the nervous

system—would represent a tremendous step toward a more sustainable, healthier, and

more humane agricultural system.
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T h r e e

Pesticides in Food

The destiny of nations depends on the manner in which they feed

themselves.

—Jean Anthelme Brillat-Savarin, The Physiology of Taste (1825)

Food Safety

The safety of food is an age-old concern. Early civilizations adopted laws that pun-

ished sellers of tainted food. In this country, before food safety became a responsibil-

ity of the federal government, every state had laws prohibiting the sale of food that

contained poisonous substances. The modern scientific and legal instruments available

to the U.S. Food and Drug Administration (FDA) and allied agencies have improved

regulation and advances in food preparation, preservation, and storage, contributing

to a safer food supply. Even so, there is a belief that contemporary threats to food

safety have grown more serious; they surely excite intense public concern.

Supporters argue that pesticide use is necessary to keep the cost of food production

low and to maintain an abundant, affordable supply of fruits and vegetables in the

market. However, opponents argue that since pesticide-free agriculture has never been

tried on a large enough scale, we really do not know if the cost of food production

would increase, or by how much. Researchers have studied the profitability of farms

that do not use synthetic pesticides and found that results can vary depending on the

kind of crop and region of the country.

Meanwhile, the soil is being saturated with poison sprays, which means that many

fruits and vegetables absorb the pesticides systemically through their roots. While one

can wash some of the poison off the outside of these fruits and vegetables, it has

become part of the produce and cannot be completely removed.

Regulation of Pesticides in Food

In the United States there are three government agencies that share responsibility

for the regulation of pesticides: the EPA, the Food Safety Inspection Service of the



U.S. Department of Agriculture (FSIS-USDA), and the FDA. It is the responsibility

of the EPA to register (that is, approve) and set tolerances if the use of a particular

pesticide may result in residues on food. A tolerance is defined as the maximum

quantity of a pesticide residue permitted on a raw agricultural commodity. Tolerances

impact food safety by limiting the concentration of a pesticide residue allowed on a

commodity, and by limiting the type of commodity on which it is allowed. Toleran-

ces are the only tool the EPA has under the law to control the quantity of pesticides

on the food we eat.

The FSIS branch of the USDA is responsible for monitoring and enforcing toleran-

ces of pesticide residues on meat, poultry, and certain egg products. The FDA is

charged with enforcing tolerances in imported and domestic foods (predominantly

fresh fruits and vegetables) and is responsible for enforcing these tolerances. To be able

to enforce the EPA-mandated tolerances, both the FDA and state agencies must know

the quantity and the type of pesticide residues present in foodstuffs offered for sale.

The FDA’s approach to pesticide residue monitoring involves collecting samples of

individual lots of domestically produced and imported foods as close as possible to

their point of entry into the distribution system. Imported samples are collected at their

point of entry into the United States. The samples are analyzed for pesticide residues to

enforce the tolerances set by the EPA. The FDA approach places emphasis on raw agri-

cultural commodities. These are analyzed in a raw, unpeeled, and unprocessed state.

The FDA also analyzes processed foods for pesticide residues. When illegal pesticide

residues are found, the FDA can impose various sanctions, including seizure of the

commodity or injunction. For those samples imported into the United States, ship-

ments are stopped at the port of entry if they are found to obtain illegal residues. If

there is reason to believe that future lots from a particular foreign grower or geographic

region may be in violation during a given season, the FDA can invoke detention with-

out physical examination (called automatic detention). In this case the food will be

detained at the port of entry until analysis is complete. The United States imports

approximately 15 percent of total domestic consumption of agricultural products,

according to the EPA, and pesticides are used in producing and storing many of these

imports. Importation of food with a pesticide residue that exceeds its tolerance is pro-

hibited. According to the General Accounting Office (GAO), in 1994 the FDA tested

about 1 percent of all imported shipments for pesticide residue levels.

Critics such as the National Association of State Departments of Agriculture

(NASDA) have argued that this monitoring rate has been inadequate, making it

unlikely that illegal pesticide residues would be detected on imported foods. The

FDA has argued in the past that the low sampling rate had understated the effective-

ness of its detection program because the agency had concentrated its efforts on those

foods and countries likely to be the source of residues and on shippers with a history

of violations. This strategy was intended to identify violations more successfully than

more frequent but random sampling. However, FDA officials have admitted that

inadequate resources were the primary reason that the agency had not tested a larger

percentage of imported foods.1
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The Pesticide Data Program

In the early 1990s surprisingly little was known about the frequency or levels of

pesticides in food as actually eaten. Then-existing government data on residues had

been collected as part of tolerance enforcement programs and represented residues at

the farm gate, prior to washing, shipping, storage, marketing, and preparation. Rela-

tively insensitive analytical methods were used. To improve the accuracy of pesticide

dietary risk assessments, in 1991 Congress funded a new USDA program, the Pesti-

cide Data Program (PDP). By design, the PDP focuses on the food consumed most

heavily by children. Food is tested, to the extent possible, ‘‘as eaten.’’ Banana and or-

ange samples are tested without their peels; processed foods are tested as they come

out of cans, jars, or freezer bags.2

Pesticide Cause

A number of surveys indicate that pesticide treatments of food after it has been

harvested are more likely to leave residues than the treatment of crops during cultiva-

tion. Strawberries that need to be shipped over long distances may be treated after

harvest with fungicides to prevent fungi or molds. This could be one reason for the

higher-than-average frequency of violative residues on strawberries.

Detectable Pesticide Residues

Pesticides used to enhance food production are commonly separated into four dif-

ferent categories: herbicides, insecticides, parasitic worm killers, and fumigants. Some

pesticide-use estimates also account for chemicals such as sulfur and petroleum that

are registered as pesticides but produced mostly for other purposes. It is estimated

that, of the three major categories of pesticides, insecticides are generally the most

toxic, followed by herbicides and then fungicides. Parasitic worm killers are the least

toxic. These estimates are based on both chronic and acute toxicity scores.3

The EPA is charged with establishing maximum allowable residue tolerances for

pesticides and the FDA monitors and regulates the U.S. food supply for compliance

with these tolerances. In addition, the PDP collects data on pesticide residues on

food. For example, foods sampled by the PDP from 1994 to 1998 showed the fol-

lowing trends: Single residue detections on sampled food commodities exhibited a

stable trend, ranging from 25 to 27 percent on sampled foods each year. Multiple res-

idue detections on sampled food commodities declined after an initial rise from

36 percent of sampled foods in 1994 to 29 percent in 1998. Overall, detectable residues

on sampled foods decreased from 61 percent in 1994 to 55 percent in 1998.4

Data Characteristics and Limitations

PDP samples are collected by ten participating states, which represent all regions

of the country and half of the national population. Samples are collected near end

markets and large chain-store distribution centers.
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The PDP’s sampling strategy is statistically reliable and allows for realistic estimates

of pesticide residues in the total food supply and of consumer exposure to them.

Data are available annually and are reported by the food product and the pesticide

for which the food product was tested.

Detectable and Violative Pesticide Residues

In the United States and other developed countries, including Japan and the

nations of Western Europe, the majority of pesticide applications represent herbi-

cides, which tend to have lower acute toxicities than insecticides. However, in devel-

oping countries, the situation is reversed. In these countries, insecticides are primarily

used—often older compounds in the organophosphate and carbamate families known

for their acute and chronic toxicities. Because of the potential risks to human health

posed by agricultural practices in other countries, it is important to monitor pesticide

residues on food imports. The FDA enforces the EPA’s pesticide residue tolerances in

imported foods. The foods sampled by the FDA from 1993 to 1999 with detectable

and violative pesticide residues revealed these trends: Total pesticide residue detec-

tions exhibited a reasonably stable trend, ranging from 31 percent to 35.6 percent of

sampled food imports. Violative pesticide residue detections also exhibited a reason-

ably stable trend; however, the 1997–1999 period demonstrated a slight increase,

from 1.6 percent to 3.1 percent of sampled food imports.

Data Characteristics and Limitations

The FDA samples both raw agricultural commodities and processed food products.

It relies on multiresidue methods (MRMs) that can simultaneously detect a number

of different pesticide residues. In 1999 the FDA collected 6,012 food samples repre-

senting shipments from ninety-two countries.5

Violations or Presumed Tolerance Violations

A violation occurs when a residue is detected that exceeds its tolerance or when a res-

idue is found for which there is no tolerance set for a specific crop. Since 1991, the

PDP has tested fruits, vegetables, grains, dairy, and processed products for residues of

more than 160 different pesticides. Foods were sampled from 1993 to 1998 that had

residues that violated or were presumed to violate (that is, no tolerance level was estab-

lished for that crop) tolerances. Each year, less than 0.2 percent of all sampled foods

had residues that violated established tolerances. Despite a decrease from 1997 to

1998, the percentage of sampled foods presumed to violate tolerances exhibited an

increasing overall trend—from 1.31 percent in 1993 to 3.7 percent in 1998.6

Pesticide Residues: Reducing Dietary Risks

Recent data on pesticide residues, food consumption, and pesticide use reveal both

the sources of consumers’ dietary intake of pesticide residues and the benefits of
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research to develop safe alternatives to pesticide use. Consumers’ dietary intake comes

from four sources: on-farm pesticide use, post-harvest pesticide use, pesticides used

on imported foods, and canceled pesticides that persist in the environment. Post-

harvest uses account for the largest share of dietary intake of residues, but canceled

and persistent chemicals appear among the highest risk indicators. Thus, research to

develop on-farm pest control alternatives will not address all of the sources of these resi-

dues. While most pesticide use does not result in detectable residues, higher levels of use

do result in higher residues. The geographic source of residues can be identified.7

Underreporting Pesticide Residues

Pesticides in children’s food are the subject of a report that examined the patterns

of food consumption of young children and the monitoring capabilities of the FDA’s

laboratories. It considered that FDA seriously underreports pesticide residues in the

food supply. From 80 percent to 100 percent of residue analyses at five of twelve

FDA regional laboratories were not capable of finding 80 percent of pesticides used

in agriculture. This investigation, which also considered the exposure of children to

pesticides that the EPA considers probable or possible human carcinogens, estimated

that, by the age of five, millions of children have already received up to 35 percent of

their entire lifetime doses of some cancer-causing pesticides. This pattern is most evi-

dent in pesticides used on foods heavily consumed in the first years of life. These

include the fungicides captan (35 percent of lifetime risk by age five) and benomyl

(29 percent), and the insecticide dicofol (32 percent).

Changing regulatory procedures is not considered the optimum means to move

forward. Rather, the report stressed the importance of continuing to eat fresh fruit,

vegetables, and other staples. It also advocated reducing the use of pesticides in food

production, including: 1) a targeted pesticide risk reduction strategy that will gradu-

ally phase out the use of pesticides that present the greatest hazards to children,

including all those classified by the EPA as known carcinogens or potential carcino-

gens; 2) a program of research for agricultural producers to help them develop alter-

native pest control practices for high-risk pesticide/crop combinations; and 3) steps

to expand consumer access and farmers’ markets for foods produced with fewer pesti-

cides and that contain no residues, and a voluntary no-detected or ultra-low standard

for pesticide residues in food.8

Children Differ From Adults

A seminal 1993 report by the National Research Council, Pesticides in the Diets of

Infants and Children, found that existing EPA standards for setting allowable pesticide

residue limits did not consider the unique vulnerabilities and exposures of infants

and children.

Most of the data used in regulating pesticides come from food surveys and labora-

tory tests that don’t adequately account for the vulnerabilities of children. It is critical
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that regulators evaluate differences between children and adults that may affect

pesticide-related health risks.

One important difference is in eating patterns, which to a large degree determine a

person’s level of exposure to pesticides. Infants and young children eat fewer foods

and thus consume much more of certain foods per unit of body weight. The fact is

that children’s eating patterns are inadequately represented in food consumption sur-

veys and measurements of pesticide residues.

In most food consumption surveys, data on food intake are grouped by broad age

categories, such as one- to six-year-olds. This method obscures rapid changes in diet

that occur as children grow. The surveys usually focus on average intake within these

broad age groups. This reliance on averages may cause regulators to overlook geo-

graphic, ethnic, socioeconomic, and other factors that can affect exposure. Measure-

ments of pesticide residues, which tend to focus on foods eaten by the average adult,

underrepresent foods consumed by infants and children.

Another way children may differ from adults is in sensitivity to toxic substances.

Little is known about children’s sensitivity to pesticides. But data on other toxic

chemicals suggest that children may be more sensitive than adults to some pesticides,

while being less or equally sensitive to others.

These differences in sensitivity are usually small, generally less than tenfold.

Still, the sensitivities of infants and children should be more fully studied than

they are now. Most lab tests conducted by pesticide manufacturers to satisfy EPA

requirements ‘‘are designed primarily to assess pesticide toxicity in sexually mature

animals.’’9

The Pre-FQPA Situation

The long-standing debate concerning pesticide regulation made one thing evident to

advocates on all sides of the controversy—the laws regulating pesticide use and pesticide

residues in food had to be reformed. Congress responded with the passage of Food

Quality Protection Act (FQPA) of 1996, amending the Federal Insecticide, Fungicide,

and Rodenticide Act (FIFRA) and the Federal Food, Drug, and Cosmetic Act

(FFDCA). This bipartisan effort passed unanimously in both the House and the Senate.

Pre-FQPA pesticide standards were based on healthy adult males, rather than con-

sidering the entire population, including children and other vulnerable groups.

Children’s unique susceptibilities and usually higher exposures to pesticides were not

taken into account. For example, pre-FQPA testing procedures did not, for the most

part, adequately address the toxicity and metabolism of pesticides in newborn and ad-

olescent animals or the effects of exposure during early developmental stages and their

effects later in life. One analysis of several pesticides suggested that ‘‘the reference

dose (the dose of a non-cancer toxicant at which no health effects are likely) may be

exceeded by thousands of children daily.’’10

Before the FQPA, pesticide tolerances were set balancing health against agricultural

economics and other considerations. The FQPA makes children’s health the legal
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standard for setting tolerances. The standards set must assure ‘‘a reasonable certainty

of no harm’’ to children’s health, a new and more protective requirement. Pre-FQPA

pesticide regulation did not include answering basic questions such as:

1. Could the pesticide affect a child’s behavior, learning, or memory?

2. Does it affect the developing nervous system, especially since many pesticides

work by short-circuiting the nervous system, and if so, how?

3. What is the impact of multiple pesticide exposures, as occurs daily in real life?

4. What is the pesticide’s effect on the immune system?

5. Does the pesticide disrupt hormone systems?11

The Food Quality Protection Act of 1996

The statute removed the Delaney Clause and revised the approach to how risk

assessments are conducted, including a specific mechanism to consider risks to chil-

dren. The law requires an explicit determination that tolerances are safe for children,

includes an additional safety factor of up to tenfold to account for uncertainty in

data, and requires consideration of children’s special sensitivity and exposure to

pesticides.

These amendments fundamentally changed the way the EPA regulates pesticides,

based on a new standard of ‘‘reasonable certainty of no harm’’ that must be applied

to all pesticides used on foods. For more than two decades there were efforts to

update and resolve inconsistencies in the two major pesticide statutes, but consensus

on necessary reforms remained elusive. The FQPA represented a major breakthrough,

amending both major pesticide laws to establish a more consistent, protective regula-

tory scheme grounded in sound science. It mandates a single, health-based standard

for all pesticides in all foods; provides special protections for infants and children;

expedites approval of safer pesticides; creates incentives for the development and

maintenance of effective crop protection tools for American farmers; and requires

periodic reevaluation of pesticide registrations and tolerances to ensure that the scien-

tific data supporting pesticide registrations will remain current in the future.

Revising Tolerance-Setting Criteria for Pesticide Residues in Food

A key issue in the 104th Congress was whether to revise the so-called zero-risk

standard of the Delaney Clause (FFDCA, Section 409), which prohibits the addition

of potentially cancer-causing substances to foods. The application of the Delaney

Clause to pesticide residues was criticized for being unscientific and for creating a

confusing and inconsistent set of standards for safety, depending on whether a pesti-

cide was on raw or processed food and whether it was a carcinogen or not. Critics

of pesticide regulation under Delaney maintained that it was unscientific because

very low pesticide residues pose no significant risk to health. Technology is now
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sophisticated enough to detect extremely small amounts of pesticides in food, in some

case levels in parts per trillion. Thus, food industry representatives claimed that rigid

enforcement of Delaney (that is, banning any measurable pesticide concentration)

stifled research and development of new pesticides that might have been safer than

products already on the market. Critics noted that many foods contain natural carci-

nogens, which were not regulated under Delaney, which may be more concentrated

and more potent than pesticide chemical residues. Critics also said that residues might

even have resulted from pesticide use to control fungi or bacteria that produce natural

carcinogens. In addition, they claimed that in some cases, the distinction between raw

and processed foods made no sense. The absolute amount of pesticide in a food before

and after processing might be the same, yet a tolerance could be set for the residue in

raw food and prohibited for the residue in processed food, because the residue had con-

centrated relative to the total food weight due to drying or other processing.

Proponents of the Delaney Clause argued that the public does not want to be

exposed to carcinogenic pesticides in food no matter how small the risk. With regard

to naturally occurring carcinogens in food, supporters argued that federal agencies

would not readily assess and reduce that risk, especially since natural anti-carcinogens

often are found in the same food as the carcinogens. To reduce the overall cancer risk,

therefore, they believed the federal government should minimize chemical pesticide

residues in food.

The Delaney Clause also was problematic, according to some, because it required

regulators to treat potentially carcinogenic pesticides more stringently than pesticides

that may exert other health effects. This situation set up a paradox: by stringently reg-

ulating carcinogens, the ‘‘zero-risk’’ standard Section 409 may have reduced the safety

of some foods. Section 409 allowed approval of pesticide residues that posed greater

risks than residues of carcinogens which Section 409 did not permit, because many

registered pesticide products have health effects other than cancer. For this reason,

the National Research Council of the National Academy of Sciences recommended

in 1987 that all pesticide residues in food, whether raw or processed, should be regu-

lated on the basis of a consistent ‘‘negligible-risk’’ standard.12

FQPA Mandates

A key expressed purpose of the FQPA is to coordinate pesticide registration under

FIFRA with FFDCA tolerances to ensure that any pesticide approved for use on food

would leave only a ‘‘safe’’ residue. The FFDCA, as amended by the FQPA, defined

‘‘safe’’ to mean that the EPA has determined there is ‘‘a reasonable certainty that no

harm will result from aggregate exposure . . . including all anticipated dietary expo-

sures and all other exposures for which there is reliable information.’’ The FQPA

directed the EPA to reevaluate all existing tolerances for food-use pesticides against

this safety standard: 33 percent by August 3, 1999, 66 percent by August 3, 2002,

and 100 percent by August 3, 2006. The FQPA required the EPA to consider toler-

ances for the riskiest pesticides first.

72 | Pesticides



If the EPA finds that residues of a pesticide used on food may pose a risk greater

than the FQPA allows, the act requires a change in the FFDCA tolerance level, as

well as in the FIFRA registration (that is, the product label) to restrict the number or

manner of approved pesticide uses, and so to reduce human exposure to a ‘‘safe’’

level. In assessing the risk of pesticide residues allowed by a tolerance, the FQPA

requires the EPA to consider: 1) children’s exposure to pesticides and susceptibility to

health effects; 2) potential disruptive effects on endocrine systems; 3) potential effects

of in utero exposure; 4) aggregate risk from all sources and through all routes of ex-

posure; and finally, 5) cumulative risks due to exposure to all pesticides with similar

toxic effects, or what is known as a ‘‘common mechanism of toxicity.’’

FQPA Implementation

The EPA has worked to implement the FQPA. Pesticide producers and users want

assurances that the EPA will evaluate the risks of popular pesticides based on real data

rather than on worst-case assumptions. Public health leaders and environmental

groups want prompt action to reduce risks from pesticides.

Progress Toward Milestones

On the date of FQPA enactment, there were 9,728 residue tolerance levels and

exemptions in effect for active and inert pesticide ingredients. The EPA divided these

into groups based largely on their relative risks to public health, and published a

schedule for reevaluation of tolerances in the Federal Register on August 4, 1997. The

first group of pesticides subject to tolerance reassessment included: 1) organophos-

phates, carbamates, and organochlorines; 2) those that are probable and some possi-

ble human carcinogens; 3) high-hazard inert ingredients; 4) pesticides that exceed

their reference dose (RfD); 5) pesticides that the EPA will be considering for reregis-

tration; and 6) pesticides whose tolerances and exemptions are being revoked.

The EPA reevaluated more than 3,000 tolerances before August 3, 1999, the ear-

liest statutory deadline. The agency asserted that it had achieved its first milestone for

food-use pesticide regulations. On August 3, 2002, the EPA announced that it had

completed reassessment for more than 6,400 tolerances, including nearly two-thirds

of tolerances for foods commonly eaten by children, meeting the second statutory

deadline. The EPA has revoked more than 1,900 tolerances. However, critics contend

that the EPA has not evaluated the riskiest pesticides, since many of the reevaluated

tolerances posed no significant risks to human health; many were for residues on

crops that did not occur, because the crops were not treated with the pesticide, or the

pesticide was no longer in use.

Data Controversy

A particularly contentious implementation issue revolves around FQPA directives

to use ‘‘available data’’ and ‘‘reliable data,’’ as well as the FQPA mandate to order
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testing if the EPA determines that data are ‘‘reasonably required to support the con-

tinuation of a tolerance or exemption that is in effect . . . for a pesticide chemical resi-

due on a food’’ (FFDCA, Section 408(f )(l)). There is disagreement about what is an

appropriate course of action for the EPA when there is insufficient ‘‘reliable’’ data to

estimate risks. Pesticide producers ideally would like the EPA to delay estimating risks

until reliable data can be collected; public health advocates would like the EPA to

estimate risks based on ‘‘available’’ data and to reduce the potential for human expo-

sure to unacceptable risks.

Members of the pesticide industry also want the EPA to ‘‘call in’’ data. Although

pesticide producers conduct toxicity testing, and they need not wait for the EPA to

order data production, an EPA order provides certain legal and financial protections

not otherwise available to those who perform toxicity studies. The EPA’s failure to

order a data call-in was another issue raised by a lawsuit in June 1999, but the court

dismissed this claim. However, the EPA published a call-in notice for specific data on

developmental neurotoxicity and pesticide residues on August 6, 1999.13

When Congress passed the FQPA, many hailed it as an example of a rational, scien-

tific, and risk-based law that would be good for producers and consumers alike. It estab-

lished a new standard for food safety that recognized the benefits of pesticide use on

food crops, but also guaranteed pesticide residues almost certainly would be harmless.

The EPA claims to be meeting statutory deadlines, but various interest groups have

challenged that claim, as well as the EPA’s implementation process. As food uses of

some popular pesticides have been canceled, some policy makers have argued that the

FQPA needs to be amended, or that the EPA needs to be restrained from going

beyond what the act requires.

Increased congressional oversight and support for legislative remedies might be

expected as FQPA implementation proceeds. In 2003 the EPA was expected to complete

a cumulative risk assessment of organophosphate (OP) pesticide exposure and to make

final decisions about remaining OP pesticide registrations. The FQPA provides little

guidance on how the EPA should weigh one pesticide use against another; the EPA argu-

ably has considerable discretionary power to decide which OP uses to permit and which

to eliminate. Some of the agency’s decisions almost certainly will be challenged in court,

quite possibly both by producers and by environmental or public health interests.14

Does the FQPA Really Protect the Consumer?

As noted above, in place of the Delaney Clause, the law established a single,

health-based, risk assessment standard for all pesticide residues on food, whether fresh

or processed. According to the statute, the EPA must issue a finding that a pesticide

residue is ‘‘safe’’ in order for it to be allowed. Safe is defined as ‘‘a reasonable certainty

of no harm’’ to consumers, and has a legislative history that defines it as a one-in-a-

million risk of cancer over a person’s lifetime.

Critics of risk assessment point out that this technique is inherently flawed

because it operates on the assumption that regulators can determine an ‘‘acceptable’’
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level of harm to inflict on unconsenting people, and because it does not provide a

framework for exploring alternatives to pesticides. Additionally, although risk assess-

ment techniques are touted as scientifically sound, they are generally based on lim-

ited data and can lead to wide-ranging interpretations regarding what levels of

exposure are ‘‘safe.’’

The FQPA requires that the EPA consider cumulative exposures (both dietary and

nondietary) to a single pesticide; however, it does not require evaluation of exposure

to multiple chemicals that have the same adverse health effect, such as nerve damage.

This is significant since a single food can have residues of dozens of pesticides,

including multiple carcinogens and endocrine disrupters.

The FQPA also contains provisions that would prohibit states from adopting more

protective food safety standards, except where the EPA finds that there are special

considerations of merit, such as compelling local conditions. The act also gives the

EPA power, in some circumstances, to allow use of pesticides that do not meet the

new standards when it considers such use necessary to avoid ‘‘a significant disruption

in the production of an adequate, wholesome, and economical food supply.’’ In these

cases, states will be allowed to establish more stringent standards.

Moreover, in recognizing the need for regulations that specifically address children’s

vulnerabilities to pesticides, the law omits other vulnerable subgroups. Farmworkers,

farmers, pesticide applicators, and chemical factory workers all face distinct hazards

from pesticide exposure, hazards that the FQPA does not take into account when set-

ting pesticide tolerance levels.15

Tolerances Ensure Food Safety

The tolerance is the residue level that triggers enforcement action. That is, if resi-

dues are found above the tolerance level, the commodity will be subject to seizure by

the government. As discussed earlier, in setting the tolerance, the EPA must make a

safety finding that the pesticide can be used by ‘‘reasonable certainty of no harm.’’ To

make this finding, the EPA considers the toxicity of the pesticide and its breakdown

products, how much of the pesticide is applied and how often, and how much of the

pesticide (that is, the residue) remains in or on food by the time it is marketed and

prepared.

Some pesticides are exempt from the tolerance requirement. The EPA may grant

exemptions in cases where the exemption is found to be safe. That is, the EPA must

review toxicity and exposure data the same as for tolerance setting. There also must

be a practical method for detecting and measuring levels of pesticide residues so regu-

latory officials can ensure that any residues are below the level found to be safe.

Other Agencies Involved

Several government agencies enforce EPA’s pesticide tolerances in food. Besides the

FDA’s testing of domestically produced and imported food for residue limits, state

enforcement agencies also check foods produced in this country.
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The USDA tests meat and milk and, together with the FDA, has programs

designed to develop statistically valid information on pesticide residues in foods. The

USDA provides this information to the EPA to use in its risk assessment procedures

for pesticides. If USDA workers detect violations of tolerances in their data collection

program, they notify the FDA.

Numerous Scientific Studies Required

Pesticide manufacturers, or registrants, must submit a wide variety of scientific

studies for review before the EPA will set a tolerance level. The data are designed to

identify possible harmful effects the chemical could have on humans (its toxicity), the

amount of the chemical (or breakdown products) likely to remain in or on food, and

other possible sources of exposure to the pesticide (for example, through usage in

homes or other places).

All of this information is used in the EPA’s risk assessment process. Risk assessment

includes consideration of the amounts and types of food people eat and how widely

the pesticide is used (that is, how much of the crop is actually treated with the pesti-

cide), as well as chemistry, toxicity, and exposure information. The EPA also uses data

from the USDA on what foods people eat and the quantity they eat; this information

is collected through the PDP.

The EPA Reassesses Old Tolerances

The EPA is reassessing all of the pesticide and other ingredient tolerances and

exemptions that were in effect as of August 3, 1996, when the FQPA went into

effect. This effort is designed to ensure that existing tolerances and exemptions meet

safety standards set by the statute. The EPA is giving its highest priority to pesticides

that appear to pose the greatest risk.

This reassessment is a huge task. More than 450 pesticides and other ingredients

have tolerances or exemptions from tolerance requirements. There can be many toler-

ances associated with a given chemical, that is, a chemical might be used on various

food crops, contributing to the complexity of the review.16

Monitoring Pesticide Residues

The FDA uses three approaches to monitor pesticides in domestically produced

food shipped via interstate commerce and in imported food. They are regulatory

monitoring, incidence/level monitoring, and data from the Total Diet Study.

Regulatory monitoring is directed toward enforcing tolerances in imported foods

and in domestically produced foods shipped through interstate commerce. Under reg-

ulatory monitoring, the FDA samples individual lots of domestically produced and

imported foods and analyzes them for pesticide residues. Emphasis is on the raw agri-

cultural product, which is analyzed as the unwashed, whole (unpeeled), raw commod-

ity. Processed foods also are included.
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Domestic and imported food samples collected for analysis are classified as either

‘‘surveillance’’ or ‘‘compliance,’’ that is, there is no prior knowledge or evidence that a

specific food shipment contains illegal pesticide residues. Compliance samples are col-

lected as a follow-up to the finding of an illegal residue or when there is other evi-

dence of a pesticide problem. Compliance samples include follow-up samples from

the same shipment as a violative surveillance sample, follow-up samples of additional

products from the same grower or shipper, and audit samples from shipments pre-

sented for entry into the United States with a certificate of analysis (that is, shipments

subject to detention without physical examination).

To analyze the large numbers of samples whose pesticide treatment histories are usu-

ally unknown, analytical methods capable of simultaneously determining a number of

pesticides are used. These multiresidue methods (MRMs) can determine about half of

the approximately 400 pesticides with EPA tolerances, as well as many others that have

no tolerance. The most commonly used MRMs can also detect many metabolites,

impurities, and alteration products of pesticides with and without tolerances.

Single-residue methods (SRMs) or selective MRMs may be used to determine pes-

ticides not covered by an MRM. An SRM usually determines one pesticide; a selec-

tive MRM measures a relatively small number of chemically related pesticides. These

types of methods are usually more resource-intensive per residue, and they may

require at least as much time to perform as an MRM. They are much less cost-

efficient than MRMs.

The lower limit of residue measurement in the FDA’s determination of a specific

pesticide is usually well below tolerance levels, which generally range from 0.1 to 50

parts per million (ppm). Residues present at 0.01 ppm and above are usually measur-

able; however, for individual pesticides, this limit may range from 0.005 to 1 ppm.

In this database, the term ‘‘trace’’ is used to indicate residues detected, but at levels

below the limit of measurement.

A complementary approach to regulatory monitoring, called incidence/level moni-

toring, has been used to increase the FDA’s knowledge about particular pesticide/

commodity combinations by analyzing certain foods to determine the presence and

levels of selected pesticides. In 1995, a survey of triazines was begun; it was com-

pleted in 1997.

Statistically based monitoring surveys focusing on domestic and imported foods

were initiated in 1992, and the results have been published. These surveys were initi-

ated to determine whether FDA data acquired under regulatory monitoring are statis-

tically representative of the overall residue situation for a particular pesticide,

commodity, or place of origin. In the FDA’s surveillance sampling for pesticide resi-

dues, sampling bias may be incurred by weighting sampling toward such factors as a

commodity or a place of origin with a past history of violations or large volumes of

production or import shipments. In addition, the total number of samples of a given

commodity analyzed for a particular pesticide each year may not be sufficient to draw

specific conclusions about the residue situation for the entire volume of that com-

modity in commerce. Therefore, the objective of these statistically based surveys is to
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determine whether violation rates, frequency of occurrence of residues, and residue

levels obtained from such a sampling regimen differ from those obtained through the

FDA’s traditional surveillance approach.

Total Diet Study

The FDA’s Total Diet Study (TDS) is designed to estimate dietary intakes of pesti-

cide residues by men and women of various age groups, from infants to senior citi-

zens. FDA personnel purchase foods from supermarkets or grocery stores four times

per year, once from each of four geographical regions of the country. Each collection

contains 261 food items (234 items prior to 1992) that are selected on the basis of

information obtained through nationwide dietary surveys. The 261 foods are repre-

sentative of more than 3,500 different foods in the national surveys; for example,

apple pie represents all fruit pies and fruit pastries. Each of the four collections is a

composite of similar foods purchased in three cities in that region. The foods are pre-

pared and then analyzed for pesticide residues (as well as industrial chemicals, toxic

elements, trace and macro elements, vitamin B6, and folic acid). The levels of pesti-

cides found are used in conjunction with food consumption data to estimate the die-

tary intakes of pesticide residues.

Total Diet Studies are the primary sources of information on the levels of contami-

nants and nutrients in foods for human consumption. In addition, TDS results can be

an indicator of environmental contamination by chemicals, such as Persistent Organic

Pollutants (POPs), and can be used to assess the effectiveness of specific risk manage-

ment measures. As the presence of toxic chemicals in our world and their potential

presence in our food increase, it is increasingly important to assess human exposure to

background concentrations of a large number of chemicals in the diet. The responsibi-

lity and obligation to make these assessments usually rests with national health author-

ities. Total Diet Studies are internationally recognized as the least expensive way to

estimate the average dietary intakes of toxic and nutritional chemicals for a range of

population groups.17

Organic Foods: Fewer Pesticide Residues

Do organically grown foods contain fewer residues of toxic pesticides than conven-

tionally grown foods? The answer is an emphatic yes, according to a scientific study

published in the peer-reviewed journal Food Additives and Contaminants in May

2002. In this detailed analysis of pesticide residues in foods, more than 94,000 con-

ventional and organic food samples were studied by three organizations.

The USDA’s data reported the following: 1) 73 percent of conventionally grown

foods had one or more pesticide residues; 2) 23 percent of organically grown samples

of the same crops had any residues; 3) more than 90 percent of conventionally grown

apples, peaches, pears, strawberries, and celery had residues; and 4) conventionally

grown crops were six times as likely as organic crops to contain multiple pesticide

residues.
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The California Department of Pesticide Regulation, using less-sensitive tests,

found that: 1) 31 percent of conventionally grown samples had pesticide residues; 2)

6.5 percent of organic samples had pesticide residues; and 3) conventional samples

had multiple residues nine times as often as organic samples.

Consumers Union showed the following: 1) 79 percent of conventionally grown

samples had pesticide residues; 2) 27 percent of organically grown samples had pesti-

cide residues; and 3) conventional samples had multiple kinds of residues ten times

as often as organic samples.

Not only did fewer organic samples have any pesticide residues, but the level of

pesticide residue found was consistently lower than the amounts found in conventional

foods. The authors believe that residues found in organic foods could have been in the

soil from previous pesticide use or could have come from pesticides sprayed on neigh-

boring farms.18

The Reference Dose

How is pesticide safety determined for humans? The EPA establishes a reference

dose (RfD) for each pesticide it approves for use. The RfD is the amount of a chemi-

cal that, if ingested over a lifetime, is not expected to cause any adverse health effects

in any population subgroup. The RfD includes a ten- to 10,000-fold safety factor to

protect humans over a lifetime, including infants, children, and other special popula-

tions. Using food consumption patterns and other data, the EPA estimates how much

pesticide residue is likely to be consumed. If the RfD is exceeded the agency takes

steps to limit the use of the pesticide.

Dose Response

Ironically, the extensive amount of data developed about a pesticide is often used

against it by ignoring the dose response. For example, some acute toxicity studies,

which are designed to include dosage levels high enough to produce deaths, are cited

as proof of a chemical’s dangers. Chronic effects seen at very high does in lifetime

feeding studies are misinterpreted, according to the EPA, and considered as proof

that no exposure to the chemical should be allowed, even though major improve-

ments in analytical chemistry permit detection of the presence of chemicals at levels

of parts per billion (ppb) or even parts per trillion (ppt).

We may hear that a certain chemical has been found in a food or beverage, and

that the amount found is expressed in parts per million or parts per billion. Often,

no information is provided to assist us in comprehending the meaning of these num-

bers. Frequently, this information neglects the issue of dose response, the key princi-

ple of toxicology, which simply stated is ‘‘the dose makes the poison.’’ The

concentration of a chemical in any substance is meaningless unless it is related to the

toxicity of the chemical and the potential for exposure and absorption. Chemicals of

low toxicities, such as table salt or ethyl alcohol, can be fatal if consumed in large
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amounts. Conversely, highly toxic materials may pose no hazard when exposure is

minimal.

Maximum Residue Levels and Acceptable Daily Intake

For most of us, the primary exposure is what we eat and drink. Maximum Residue

Levels (MRL) and Acceptable Daily Intake (ADI) are measures set by the federal gov-

ernment to assure us that human exposure to pesticides is limited. But there is no

foolproof way to ensure a safe, universal ADI because of the diversity of food we eat

and because some people are more vulnerable than others, especially young children

and the malnourished. MRLs and ADIs also do not take into account the effects of

combinations of pesticides or of pesticide breakdown products.

Very little research has been done to determine safe intake levels for the degrada-

tion chemicals of agricultural poisons. Consequently, there are virtually no safety lev-

els to determine the ADI of toxic breakdown chemicals that contaminate our food.

‘‘Legal’’ Does Not Equal ‘‘Safe’’

Fortunately, most pesticide residues detected in or on foods are within the legal

limits established by the EPA. Does that mean the residues are ‘‘safe’’? Not at all.

Why is food safety an ephemeral concept? There are several explanations. First, toler-

ances were set, often many years ago, by estimating maximum residues on foods after

pesticide treatments. Most tolerances for older pesticides were set with little or no

assessment of risks to human health, but were intended as a basis for monitoring to

ensure that pesticide uses were in accord with label directions. Also, since tolerances

are the only legal limits for residues in domestic or imported foods that the govern-

ment sets, federal law and many scientific advisory bodies have directed the EPA to

use them to keep dietary pesticide exposure to within ‘‘safe’’ limits. However, U.S.

pesticide legislation also required the EPA to balance the goals of permitting pesticide

use and protecting human health. Consequently, many tolerances were set at levels

higher than safety concerns alone would require.

The FQPA requires that pesticide exposures be ‘‘safe,’’ including safe for infants,

young children, and other sensitive subpopulations. The law places primary emphasis

on safety, leaving the EPA much less room to trade off health protection against the

economic benefits of pesticide use.

What is meant by ‘‘safe?’’ The FQPA, as we have seen, defines it as ‘‘reasonable cer-

tainty of no harm’’ to public health. In practice, scientists seeking to define safe levels

of exposure to chemicals generally rely on toxicity data from animal tests and incor-

porate a ‘‘safety margin’’ to take into account the scientific uncertainties involved.

Using this approach, the EPA, with peer review by the outside scientific community,

establishes a ‘‘reference dose,’’ or RfD for each pesticide. The RfD, measured in milli-

grams of chemical per kilogram of body weight per day, defines a dose level that is

thought to be without appreciable risk to human health, that is, a ‘‘safe’’ intake.
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To assess whether legal tolerances establish safe levels of exposure, the following

computation is instructive:

Compare the EPA’s current tolerances for pesticides found in the USDA’s PDP

tests to the RfD’s tests for those pesticides. To facilitate comparisons, a reference con-

centration (RfC) is calculated. The RfC is the residue concentration that gives a

twenty-kg child (forty-four pounds, about average for a five-year-old) who eats

100 grams (about 3.5 ounces) of a food item a reference dose of the pesticide. A dif-

ferent body weight or serving size of food would result in a different RfC.

The RfC can then be compared with the tolerance. If the tolerance is greater than

the RfC, it means a twenty-kg child who ate 100 grams of this food would exceed the
RfD for that pesticide on that day from the single serving of a single food (italics mine).

Now, this does not mean the child’s health would automatically or immediately be

harmed; the RfD includes a ‘‘safety margin.’’ But it does mean that the safety margin

between actual doses and those known to be harmful is narrower than it should be

(italics mine). The definition of ‘‘safe’’ for pesticide residues ostensibly includes ensur-
ing an adequate safety margin (italics mine). By definition, then, tolerances that permit

exposures above the RfD cannot be considered ‘‘safe’’ limits. Certainly, they are not ‘‘safe

enough.’’

Unfortunately, then, most of the tolerances for these pesticides on these foods

exceed the RfD, often by a wide margin. For example, tolerances for methyl para-

thion would allow 250 times the safe dose on all six foods on which this insecticide

was detected by the PDP. Likewise, tolerances for acephate and dicofol allow up to

forty-two times the RfC, those for chlorpyrifos allow up to twenty-five times the

RfC, and most tolerances for dimethoate/omethoate permit twenty times the RfC.

The ‘‘action level’’ for dieldrin (there are no tolerances for banned pesticides such as

dieldrin) is ten times greater than the RfC.

These comparisons make it clear that there is a big difference between ‘‘legal’’ resi-

dues and ‘‘safe’’ residues. Consumers can take little comfort from the fact that most

residues are within the tolerances set by the EPA, because many tolerances currently

on the books permit unsafe exposures (italics mine).19 What should the EPA do to

overcome the tendency to assume that computations from testing done by pesticide

manufacturers invariably results in both ‘‘legal’’ and ‘‘safe’’ pesticide residues on food?

There is no doubt that as scientific understanding of potential cumulative and aggre-

gate effects advances, it is certain that additional and more precise data will be

required for EPA decisions (we cannot assume that the EPA will recognize this),

along with more information on subpopulation exposure and risk. In most cases the

EPA will be able to use existing FIFRA authority to require this data. Additional data

will hopefully enhance the scientific basis and effectiveness of pesticide regulations.20

It may seem like an incidental detail, but we cannot overlook an important limita-

tion on the accuracy of tolerance setting: the procedures used to set tolerances in the

past neglect the fact that per capita consumption of some fruits and vegetables has

risen, causing potential understatement of residue intake. For example, average con-

sumption of fresh honeydew melons, broccoli, and tomatoes increased from 1.1, 1.1,
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and 12.6 pounds per person, respectively, in 1976, to 2.4, 3.3, and 16.8 pounds in

1987. Also, over the past two decades, the average American consumed 20 percent

more fruits, vegetables, and grain products than in prior years. Some of the pesticides

used on these commodities were registered before consumption increased.21

Required Tests

The EPA requires a battery of toxicity tests in laboratory animals to determine a

pesticide’s potential for causing adverse health effects, such as cancer, birth defects,

and problems with the nervous system or other organs. Tests are conducted for both

short-term (acute) and long-term (chronic) toxicity. The RfDs are computed follow-

ing administration of different doses of a pesticide to determine the level at which no

adverse effects occur. Calculation of an uncertainty or ‘‘safety’’ factor (usually 100)

accounts for the uncertainty of extrapolating from laboratory animals to humans and

for individual human differences in sensitivity. For cancer risks, the EPA evaluates

multiyear tests of laboratory animals to estimate levels unlikely to pose more than a

negligible risk.

Several of the types of studies that the EPA can require are designed specifically to

assess risks to infants and children. These include developmental toxicity studies,

which examine risks to developing fetuses from exposure to pesticides during preg-

nancy; developmental neurotoxicity studies, which examine the risks to the develop-

ing nervous system; and two-generation reproduction studies, which provide

information about the effects on the health of both an individual and his or her off-

spring due to pesticide exposure.22

Toxicity Testing Deficiencies

The toxicity testing that the EPA requires of pesticide manufacturers, which is

largely performed in laboratory animals and used in setting tolerances, is often inad-

equate to protect children. EPA guidelines used by manufacturers to complete these

tests reveal data gaps that fall into several categories.

Most toxicity testing for food-use pesticides uses only adult animals. Of the two

tests required for food-use pesticides that actually do expose developing animals, one

fails to continue dosing the animal after birth, when many organ systems are still

maturing. How can pesticide tolerances based on these tests carry a reasonable cer-

tainty of no harm to infants and children? In fact, specific testing for toxicity to the

immune system has been required for only two chemical pesticides, and developmen-

tal neurotoxicity testing has only been completed for six pesticides. Children depend

on healthy brains and nervous and immune systems to become educated, productive

adults.

In compliance with the FQPA, the EPA is still developing guidelines for testing a

chemical’s potential for disrupting normal functions of the endocrine (hormone) sys-

tem. Normal development of the fetus, infant, and child depends on the timely
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release of low levels of various hormones and their effects on different organs. Until

guidelines and testing are implemented, a pesticide’s untested potential for endocrine

disruption should be reflected in the tolerance for that chemical.23

Pesticides on Fruits and Vegetables

A detailed report revealed unsafe levels of pesticide residues on certain fresh fruits

and vegetables, including many that are grown in the United States. Produce was

tested and scored based on how many samples contained pesticides, the average

amount detected, and the toxicity of the particular pesticides found. The test data

was from USDA testing, and the foods were prepared as they would be at home (for

example, bananas and oranges were peeled). Each sample was a composite of about

five pounds of produce. A score greater than 100 is cause for concern.

Here are the worst:

Type of Produce and Score

Peaches, domestically grown (North America): 4,848

Peaches from Chile: 471

Winter squash, domestically grown: 1,708

Apples, domestically grown: 550

Pears, domestically grown: 435

Pears from Mexico: 415

Spinach, domestically grown: 349

Spinach from Mexico: 256

Grapes, domestically grown: 228

Grapes from Chile: 339

Celery, domestically grown: 255

Green beans, domestically grown: 222

Surprisingly, bananas, which used to be heavily dosed with pesticides, scored only

four points. One chemical, methyl parathion, accounted for more than 90 percent of

the total toxicity load of peaches, apples, pears, green beans, and peas. The high tox-

icity values for winter squash from the United States were almost entirely due to resi-

dues of dieldrin, a very toxic, carcinogenic insecticide that was banned twenty-five

years ago but still persists in some agricultural soils.

Illegal insecticides found on produce were not the result of excessive residues, but

rather were due to low levels of chemicals that are persistent residues in soils, or to

wind dispersal of pesticides applied legally to nearby fields. But the data revealed
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widespread illegal use of several insecticides on spinach grown in both the United

States and Mexico.

It is commonly thought that foods imported from Mexico and South America are

more contaminated than food grown in the United States. However, eleven of the

twelve most contaminated foods in the study were U.S. grown. The worst offenders

included Chilean grapes, Canadian and Mexican carrots, Mexican broccoli and toma-

toes, Argentine and Hungarian apple juice, and Brazilian orange juice. Samples of

fresh peaches, fresh and frozen winter squash, fresh green beans, apples, and pears

grown in the United States were more contaminated than imports.

Least Contaminated: Consistently Clean

The study found that the vegetables least likely to have pesticides on them are

sweet corn, avocado, cauliflower, asparagus, onions, peas, and broccoli.

Nearly three-quarters (73 percent) of the pea and broccoli samples had no detecta-

ble pesticides. There were no detectable residues on 90 percent or more of the sam-

ples of the other vegetables on the least-contaminated list.

The study revealed that multiple pesticide residues were extremely rare on the

least-contaminated vegetables. Broccoli had the highest likelihood of contamination,

with a 2.6 percent chance of containing more than one pesticide. Avocados and corn

both had the lowest chances, with no samples containing more than one pesticide.

The greatest number of pesticides detected on a single sample of any of these

low-pesticide vegetables were three compared to ten found on spinach, the most-

contaminated crop with the most residues.

Broccoli and onions both had the most pesticides found on a single vegetable crop

at up to seventeen. But they had far fewer than the most-contaminated vegetable,

sweet bell peppers, on which thiry-nine were found.

The five fruits least likely to have pesticide residues on them are pineapples, man-

goes, bananas, kiwi, and papaya. Fewer than 10 percent of pineapple and mango

samples had detectable pesticides on them and less than 1 percent of samples had

more than one pesticide residue. Though 53 percent of bananas had detectable pesti-

cides, multiple residues were rare, with only 4.7 percent of samples containing more

than one residue. Kiwi and papaya had residues on 23.6 percent and 21.7 percent of

samples, respectively, and multiple pesticide residues of just 10.4 percent and 5.6 per-

cent of samples, respectively.24

There are some pesticide residues detected in food for which no tolerances have

been set. This could be due to the following reasons: 1) the pesticide may be recog-

nized by the EPA as safe and not requiring tolerances, 2) the pesticide may not be

registered for agricultural use in the United States, or, more often, 3) the pesticide

residue is on a crop different from the one for which it has been approved. For some

residues of this type, the FDA may enforce international action levels. Alternatively,

the pesticide residues may be illegal in food in the United States, so the food can be

seized and destroyed.25
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Harmful Breakdown Products of Pesticides

In some cases, when a pesticide is known to have harmful breakdown products, a

tolerance limit may be set for the total amount of ‘‘parent’’ pesticide and breakdown

products that may be present in or on food. In such cases, foods may be tested for all

these residues. For example, tolerances have been established for the total amount of

the pesticide endosulfan and its breakdown product endosulfan sulfate.

Permethrin

The FDA’s monitoring program routinely finds the pesticide permethrin on food.

In 1996, it was the thirteenth most commonly detected pesticide. Similar results were

found in the USDA’s monitoring of fourteen fruits and vegetables. Permethrin was

the tenth most frequently detected pesticide. It was found on spinach in 60 percent

of the samples tested and on 11 percent of the tomato samples tested. Permethrin

was also frequently detected on celery and lettuce. It has even been found in baby

food. FDA monitoring discovered it in 12 percent of samples tested. The Environ-

mental Working Group discovered that permethrin was the most commonly detected

pesticide in peach baby food, in some 44 percent of samples tested. It was also found

in plums in 11 percent of samples.26

Daily Pesticide Exposures

Through their diets, U.S. consumers can be exposed up to seventy times each

day to residues from persistent organic pollutants (POPs). The use of POPs is not

allowed in organic agriculture. The top ten POP-contaminated food items, in al-

phabetical order, are butter, cantaloupe, cucumbers/pickles, meatloaf, peanuts, pop-

corn, radishes, spinach, summer squash, and winter squash. The two most pervasive

POPs in food are dieldrin and DDE, a compound produced when DDT

degrades.27

More than one million children between the ages of one and five ingest at least fif-

teen pesticides every day from fruits and vegetables. More than 600,000 of these chil-

dren eat a quantity of organophosphate insecticide that the federal government

considers unsafe, and 61,000 eat doses that exceed benchmark levels by a factor of

ten or more.28

See Tables 3.1–3.4 for more details on pesticide dosages.

The Nondetect Factor

As mentioned earlier, in some cases, a portion of the measurements of the levels of

pesticide residue present on food shows no detection of residues. These ‘‘nondetects’’

(NDs) do not necessarily mean that the pesticide is not present, but simply that any

amount of pesticide present is below the level that could be detected or reliably mea-

sured using a particular analytical method.
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Table 3.1

More than 600,000 Children under Age Six Get an Unsafe Dose

of Neurotoxic Pesticides in Food Each Day

Age

Est. no. of children

exceeding EPA

‘‘safe’’ dose/day Percent of population

Est. no. of children

exceeding 10

times EPA ‘‘safe’’

dose/day

1 137,200 3.4 13,500

2 131,400 3.3 13,500

3 130,000 3.2 13,900

4 104,300 2.6 9,700

5 107,600 2.7 10,400

Total 610,500 3.1 61,000

Source: Compiled from USDA food consumption data, 1989–1996; USDA and FDA pesticide residue

data, 1991–1997; and EPA data, 1998a and 1998b.

Table 3.2

Apples and Apple Products Account for More than Half the Unsafe

Organophosphate Insecticide Exposure for Children under Age Six

Est. no. of children exceeding EPA ‘‘safe’’ dose/day from

individual foods

Food

1-year-

olds

2-year-

olds

3-year-

olds

4-year-

olds

5-year-

olds Total

Apples 32,430 51,050 54,720 48,370 48,380 234,950

Peaches 15,450 11,670 16,220 9,570 11,430 64,340

Green beans 12,320 9,870 13,360 10,830 10,550 56,930

Applesauce 15,440 9,610 10,620 7,430 12,360 55,460

Apple juice 18,920 14,350 9,110 5,470 2,830 50,680

Grapes 10,040 11,850 10,110 8,440 8,610 49,050

Pears 4,410 5,470 3,040 3,380 2,960 19,260

Nectarines 1,610 1,210 2,080 1,670 2,970 9,540

Tomatoes 1,460 500 640 780 780 4,160

Raisins 340 1,550 280 470 0 2,640

Strawberries 330 500 390 440 430 2,090

Plums 380 450 360 620 260 2,070

Bell peppers 40 440 210 410 460 1,560

Spinach 210 350 310 110 320 1,300

Tangerines 280 90 180 210 410 1,170

Source: Compiled from USDA food consumption data, 1989–1996; USDA and FDA pesticide residue

data, 1991–1997; and EPA data, 1998a and 1998b.

86 | Pesticides



Table 3.3

Parents Can Reduce Health Risks to Their Children by Feeding Them

Fruits and Vegetables with Consistently Low Pesticide Residues

Most-contaminated foods Least-contaminated foods

Rank Food Rank Food

1 Apples 1 Corn

2 Spinach 2 Cauliflower

3 Peaches 3 Sweet Peas

4 Pears 4 Asparagus

5 Strawberries 5 Broccoli

6 Grapes (Chile) 6 Pineapples

7 Potatoes 7 Onions

8 Red raspberries 8 Bananas

9 Celery 9 Watermelons

10 Green beans 10 Cherries (Chile)

Source: Compiled from USDA and FDA pesticide residue data, 1992–1997.

Table 3.4

Older, Highly Toxic Pesticides Continue to Dominate the Market

Pesticide

Product first

registered

Est. total use

in lbs. (1995) Health effects

Altrazine 1959 70,500,000 Carcinogen, hormone disrupter,

tap water contaminant

Metolachlor 1977 61,500,000 Carcinogen, hormone disrupter

tap water contaminant

2,4-D 1948 53,000,000 Neurotoxicant, hormone

disrupter

Metam sodium 1955 51,500,000 Carcinogen, teratogen

Methyl bromide 1947 48,500,000 Lethal neurotoxicant, teratogen,

depletes ozone layer

Glyphosate 1974 43,000,000 Neurotoxicant

Dichloropropene 1960 40,500,000 Carcinogen

Cyanazine 1971 26,500,000 Teratogen, carcinogen, tap water

contaminant

Pendimethalim 1975 25,500,000 Carcinogen

Trifluralin 1963 25,500,000 Carcinogen, hormone disrupter

Chlorpyrifos 1965 25,000,000 Developmental neurotoxicant

Source: EPA pesticide industry sales and usage: 1994 and 1996 market estimates, August 1997; health

information from EPA Office of Pesticide Programs data.

Pesticides in Food | 87



The primary science policy issue concerning NDs is what value the EPA’s Office of

Pesticide Programs (OPP) should assign to them when estimating exposure and risk

from pesticides in food. The reason this is an important issue stems from the require-

ments that the FQPA imposes on the EPA. The OPP’s claimed objective is to make

exposure and risk assessment as accurate and realistic as possible while not underesti-

mating exposure or risk, so that all people, including infants and children, are fully

protected.29

Risk of Exposure Calculation

Potential exposure to a chemical in a specific food is assessed by multiplying the

residue concentrations in food by the amount of food consumed. Potential dietary ex-

posure to a chemical is assessed by tabulating residue intakes from all foods.

Different assumptions regarding residue concentrations in food may be used to

assess exposure. A worst-case exposure scenario may be calculated using tolerance lev-

els for pesticides in food. This exposure assessment is the theoretical maximum resi-

due contribution. Exposure may also be calculated using anticipated residue levels.

Pesticide Inerts Treatment

The EPA is required to set tolerances or grant exemptions based on the FQPA

safety standard for all ingredients in a pesticide product for use on food. The law

stated that inert ingredients used on food are ‘‘pesticide chemicals’’ on the same basis

as active ingredients. Inerts are approved under the same safety standard of ‘‘reasona-

ble certainty of no harm’’ from dietary exposures and all other exposures, where there

is reliable information, for all people, including infants and children. Inerts are now

referred to as ‘‘other ingredients.’’

For that matter, approvals have been very slow and practically nonexistent for

many food-use chemicals. For these so-called other ingredients the EPA has set one

tolerance and exempted seventeen from tolerance requirements based on the FQPA’s

standard.30

Storage and Processing Impact

There is a large gap between consumer and scientific perceptions on the risks that

pesticide residues in food pose to human health relative to other dietary risks. One

cause of this misconception has been the emphasis placed on ‘‘worst-case’’ evaluations

and extrapolations of available data, for example, assuming that all crops are treated

with pesticides and that the resulting residues in food are at maximum permitted

levels.31

Controls on pesticide residues in crops are generally based on MRLs that are set

using field trial data to arrive at the highest expected pesticide residue levels. Primary

residue studies on food crops are mainly carried out on samples that are deeply frozen

prior to analysis and that receive minimal post-harvest handling, except possibly

minor trimming. Although MRLs are a credible and useful means of enforcing

88 | Pesticides



acceptable pesticide use, they are inadequate as a guide to human health risks from

residues. Total Diet Studies have consistently shown that using MRLs as a basis for

calculating human dietary consumption of pesticides overestimates actual intakes by

one to three orders of magnitude. In addition, processing food for consumption can

lower perceived pesticide exposure and intake. A recommended approach to evaluat-

ing risks from pesticide residues in food includes allowances for losses in processing.

Processing treatments such as washing, peeling, canning, or cooking are important

factors leading to the reduction of pesticide residues left on crops. Most foods are

treated in some fashion before they are consumed. Processing can often substantially

reduce residue levels on or in food that has been treated with pesticides. For example,

a study tracking chlorothalonil on crops from field to table showed that normal han-

dling and processing of fresh cabbage, celery, cucumbers, and tomatoes led to large

reductions in residue levels.32 The actual exposure of U.S. consumers to chlorothalo-

nil through diet was calculated at only 2 percent of the maximum theoretical level

estimated from MRLs. However, in some special cases, processing can cause more

toxic by-products or metabolites to form. Processing can also result in residues being

redistributed or concentrated in various parts of food.

Regulatory authorities are increasingly interested in such data. Studies into the

effects of storage and some commercial processing techniques on residues in food are

a part of the registration process for pesticides in many countries. Data on processing

are considered necessary to reassure consumers as to actual versus hypothetical expo-

sure to food residues.

Organophosphates

Organophosphates pesticides (OPs) frequently are applied to many of the foods im-

portant in children’s diets, and certain OP residues can be detected in small quantities.

When exposure to OPs is sufficiently high, as previously indicated, they interfere with

the proper functioning of the nervous system. There are approximately forty OPs, and

as a group they account for approximately half of the insecticide use in the United

States. The majority of OP use is on food crops, including corn, fruits, vegetables, and

nuts. In addition, OPs often have been used in and around the home. Examples of OP

pesticides include chlorpyrifos, azinphos methyl, methyl parathion, and phosmet.

Between 1994 and 2001, from 19 percent to 29 percent of food samples had de-

tectable OP residues. The highest detection rates were observed during 1996 and

1997, and the lowest rate was seen in 2001. Between 1993 and 2001, the amount of

OP pesticides used on foods most frequently consumed by children declined by

44 percent from 25 million pounds to 14 million pounds. In 1999 and 2000, the

EPA imposed new restrictions on the use of the OPs azinphos methyl, chlorpyrifos,

and methyl parathion on certain food crops and around the home, due largely to

concern about potential exposure to children.

Thirty-four OPs were sampled in each of these years. This measure is a surrogate

for children’s exposure to pesticides in foods. If the frequency of detectable levels of
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pesticides in foods decreases, it is likely that exposures will be reduced. However, this

measure does not account for many additional factors that affect exposure risk to

children. For example, some OPs pose greater risks to children than others, and resi-

dues on some goods may pose greater risks than residues on other foods due to differ-

ences in the amounts consumed. In addition, year-to-year changes in the percentages

of samples with detectable residues may be affected by the selection of foods that are

sampled each year. There is growing evidence that OPs are toxic to the developing

brain as well as the nervous system at very low levels of exposure. One carcinogenic

OP pesticide was taken off the market in 1974, but it is still found in farming soil at

such high levels that there is a 77 percent chance that a child will get too much in a

single serving of winter squash.33

Overexposed: OPs in Children’s Food

Every day, nine out of ten American children between the ages of six months and

five years are exposed to combinations of thirteen different neurotoxic insecticides in

the foods they eat. While the amounts consumed rarely cause acute illness, OPs pose

a serious threat to children, who are rapidly growing and extremely vulnerable to

injury during fetal development, infancy, and early childhood.

The following estimates are based on the most recent EPA data available on child-

ren’s eating patterns, pesticides in food, and the toxicity of OP insecticides:

Every day, more than one million children ages five and under (one out of twenty)

eat an unsafe dose of OP insecticides. One hundred thousand of these children are

exposed to more than the EPA’s safe dose, the reference dose, by a factor of ten or

more. For infants six to twelve months of age, commercial baby food is the dominant

source of unsafe levels of OP insecticides. Baby food, apple juice, pears, applesauce,

and peaches expose about 77,000 infants each day to unsafe levels of OP insecticides.

This estimate likely understates the number of children at risk because the analysis

does not include residential and other exposures, which can be substantial. In addi-

tion, because the EPA’s estimates of a safe daily dose are based on studies on adult

animals or humans, they almost never include additional factors that would shelter

the young from the toxic effects of OPs.

This data analysis also identified foods that expose young children to toxic doses of

OPs, finding:

One out of every four times a child age five or under eats a peach, he or she is

exposed to an unsafe level of OP insecticides. Thirteen percent of apples, 7.5 percent

of pears, and 5 percent of grapes in the U.S. food supply expose the average child to

unsafe levels of OP insecticides.

A small but worrisome percentage of these fruits—1.5 to 2 percent of apples,

grapes, and pears, and 15 percent of peaches—are so contaminated that the average

twenty-five-pound one-year-old eating just two grapes or three bites of an apple, pear,

or peach (ten grams of each fruit) will consume more than the EPA’s safe daily adult

dose of OPs.
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Because they are more heavily consumed, apples, peaches, applesauce, popcorn,

grapes, corn chips, and apple juice expose the most children ages six months through

five years to unsafe levels of OPs. Just over half of children who eat an unsafe level of

OPs each day, 575,000, receive this unsafe dose from apple products alone. Many of

these exposures exceed safe levels by wide margins. OPs on apples, peaches, grapes,

pear baby food, and pears cause 85,000 children each day to consume more than the

federal safety standard by a factor of ten or more.34

OP Residue ‘‘Hot Spots’’

The FQPA requires the use of an additional safety factor to account for the fact

that some pesticides pose greater toxicological risks to fetuses and young children

than to adults. According to the act, an added safety factor should also be imposed in

cases where there are gaps or uncertainties in exposure estimates. Also, common

high-end residues in several children’s foods can expose a child to more than what

would be regarded as acceptable, even for residues in a single food consumed during

a given day.

There are, in fact, several dozen crop-pesticide combinations that will periodically

result in residues high enough to put some children over the EPA’s daily acceptable

OP exposure levels. The EPA has no control over and only modest potential to pre-

dict where and when such pesticide residue ‘‘hot spots’’ will materialize. The only

thing that is predictable is that some will occur each year across the United States

and around the globe, driven by unusually intense pest pressure and/or the collapse

of effective pest management systems. This is often associated with the emergence of

new and/or resistant strains of pests.

The result will be a sudden increase of relatively high OP residues in the American

diet stemming from crop-pesticide combinations that have never been seen before.

These will contribute markedly to exposure risk. These OP hot spots will make

attainment of the basic FQPA safety standard fleeting, and, over the long term, nearly

impossible, unless the EPA takes actions across eighty to 120 OP-crop uses to reduce

their likelihoods and severity.

In the revised organophosphate-cumulative risk assessment (OP-CRA), the use of

dimethoate on grapes is an example of a residue-driven hot spot. Dimethoate

accounted for almost one-half of the total OP risk among one- to two-year-old chil-

dren. While this accounts for a major risk factor among all food-OP combinations, it

would be wrong to conclude that the problems posed by dietary OP residues can be

solved by phasing out this and a half-dozen other uses that, in this particular OP-

CRA, account for the lion’s share of risks. This is because the revised OP-CRA results

are a snapshot of a very complex landscape that can and does change dramatically

with the seasons and as pest pressure varies across different crops.

It is important to point out a strong downward bias in the revised OP-CRA

results. The risk levels projected take into account OP risk mitigation measures to

date. But the results are also based on an implicit assumption that farmers who

Pesticides in Food | 91



cannot use a banned OP will not switch to another OP. Clearly, some shift in acreage

from canceled OPs to acceptable ones is occurring and will continue. Given the lag

between the use of pesticides and the collection of USDA PDP residue data, the

results of the revised OP-CRA do not reflect the greater frequency of residues nor

higher levels for OPs that will be used more intensively in the future than they were

used in the past.

There is another source of significant uncertainty in projecting residue hot spots.

Although the EPA imposes risk mitigation measures in the United States via changes

in product label, the agency’s ability to project changes in residue profiles in imported

foods is often limited. Since imported foods and vegetables make up a large and

growing portion of the U.S. market, the EPA must rely heavily on the one regulatory

tool that can and will directly impact the share of OP risk accounted for by

imports—tolerance reductions.35

Organochlorine Residues

Organochlorines are some of the chemicals found most often in hundreds of tests

worldwide of human body tissue such as blood, fatty tissue, and breast milk. Because

of their chemical structure, organochlorines break down slowly, build up in fatty tis-

sue, and remain in our bodies for a long time. Pesticide residues on food are a major

source of organochlorine exposure. An investigation of organochlorine residues in the

U.S. food supply found that even those chemicals that have been banned for decades

still are found consistently in food samples tested by the FDA. This can be explained

in part by the long life spans of many organochlorines in the environment. Dieldrin

and the breakdown products of DDT, for example, can remain in soil for decades. In

addition, other countries continue to use organochlorine pesticides on food that is

imported into the United States, and residues can be transported via wind and water

currents.

Organochlorines contribute to many acute and chronic illnesses. Symptoms of

acute poisoning can include tremors, headache, dermal irritation, respiratory prob-

lems, dizziness, nausea, and seizures. Organochlorines are also associated with many

chronic diseases. Studies have found a correlation between organochlorine exposure

and various types of cancer, neurological damage (several organochlorines are known

neurotoxins), Parkinson’s disease, birth defects, respiratory illness, and immune dys-

function. Many organochlorines are known or suspected hormone disrupters, and

there is evidence that even extremely low levels of exposure in the womb can cause ir-

reversible damage to the reproductive and immune systems of the developing fetus.

Are Organochlorines Regulated?

The United States and other countries have banned many organochlorines because

of concerns about environmental impacts and human health effects. In addition to

DDT, the United States has banned aldrin, dieldrin, arochlor, chlordane, heptachlor,
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mirex, hexachlorobenzene, oxychlordane, toxaphene, and others. However, several

organochlorines are still registered for use, including lindane, endosulfan, methoxy-

chlor, dicofol, and pentachlorophenol.

Some organochlorines have been targeted for global elimination under the recently

signed Stockholm Convention on Persistent Organic Pollutants. The treaty is an

international effort to phase out harmful chemicals that persist in the environment

and can be transported around the world. Many organochlorines fall into this cate-

gory. The initial list of twelve chemicals targeted by the treaty included nine organo-

chlorine pesticides that have already been banned in the United States. The United

States has not yet ratified the Stockholm Convention largely due to resistance from

the current presidential administration regarding the process of listing new POPs that

are still in use in the United States.36

The EPA can manage the risks of currently used pesticides by setting strict tolerance

limits to keep residues within the range required by the FQPA. The dietary risk contri-

butions of dicofol and endosulfan, for example, could be managed this way. But for a

banned chemical, such as dieldrin or heptachlor, EPA tolerances are already set at zero.

Unavoidable residues caused by environmental contamination are legal and are gov-

erned by ‘‘action levels’’ set by the FDA. An action level defines a level of contamina-

tion that may render a food injurious and warrants keeping it off the market.

Current action levels for banned organochlorine insecticides are relatively high; the

action level for dieldrin is 0.1 ppm. High action levels for the banned organochlorines

sanction serious residue problems, such as those observed in winter squash. As long

as it remains legal, squash growers will continue to sell products that contain significant

dieldrin and heptachlor residues. If these action levels were lowered, say to 0.01 ppm,

growers would have an incentive to seek out uncontaminated land for food crops that

absorb organochlorines as effectively as squash does. The FDA depends on the EPA for

risk assessments on pesticides. To provide a basis for setting more health-protective

action levels for the banned organochlorine pesticides, the two agencies need to work

together. Under the FQPA, ensuring a wider safety margin for these residues should be

a high priority.37

Status of Carbamate Exposures

Despite the clear advice from its own scientific advisory panel and innumerable

other expert bodies, the EPA has stuck by its decision to exclude other cholinesterase-

inhibiting pesticides from the revised and final OP-CRA. A preponderance of

scientific evidence supports the inclusion of the carbamate insecticides in any cholin-

esterase inhibition-based cumulative risk assessment.

Excluding carbamates has consequences. Farmers use insecticides from these two chem-

ical families interchangeably, often for resistance management purposes. In most crops,

carbamates leave residues about as frequently as OPs and often at comparable levels.

Unless the EPA includes both OPs and carbamates in future cumulative risk assess-

ments, and imposes comparable risk mitigation measures across all OPs and carbamates
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registered for use on a particular crop, the adverse health consequences the EPA is

trying to prevent—cholinesterase inhibition and developmental neurotoxicity—will

persist.38

The ‘‘Channels-of-Trade’’ Policy

Even when the EPA negotiates a partial or total pesticide ban, it can be years

before foods containing the chemical clear store shelves. Written into the FQPA of

1996 is a ‘‘channels-of-trade’’ provision, which assures that, in the event of a ban,

producers are not immediately responsible for removing the pesticide from circula-

tion. For example, it may still be in interstate commerce by the time the revocation

or new lower tolerance level takes effect. Such a food could be found by the FDA to

contain a residue of a revoked pesticide or an amount of residue that exceeds the new

lower tolerance. The FDA would normally deem such a food to be in violation of

the law by virtue of it bearing an illegal pesticide residue. The food would be subject

to an FDA enforcement action as an ‘‘adulterated’’ food under the FFDCA. However,

the channels-of-trade provision provides an exception to such a finding by the FDA

provided that certain criteria are met.

The FDA gives firms the opportunity to demonstrate the last date that the FDA

anticipates that food made from lawfully treated commodities will remain on the

market. For certain processed foods, that is, frozen, dried, and canned foods, this date

is generally four years from the time the treated crop is harvested. It should be noted

that this opportunity is not granted under the FFDCA for food bearing pesticide resi-

dues that are not potentially subject to the channels-of-trade provision, such as when

the residue of a revoked pesticide in a food exceeds the prior tolerance for the food

or when a pesticide residue is found in a food for which no tolerance exists.39

Regulation of OP Residues

In agriculture, OPs such as methyl parathion and malathion are broadly effective

insecticides, killing boll weevils or fruit flies, for example. Various OPs are used on

fruit trees, vegetables, ornamental plants, cotton, corn, soybeans, rice, and wheat, and

for mosquito control. Some are acutely toxic, others much less so, but because they

exert dangerous health effects in the same way by interfering with the proper func-

tioning of the nervous system, they were the first pesticides considered as a group for

tolerance reassessment by the EPA. In 1996, 1,691 tolerances were assessed for OP

residues on crops. By August 2, 2002, the EPA had assessed 1,127 tolerances (about

67 percent), and revoked 703 OP tolerances.

Growers and pesticide manufacturers are concerned about the FQPA’s impact on

future availability of widely used OP pesticides. The EPA already has canceled methyl

parathion registrations for all fruit uses. In June 2000, the EPA and the manufacturer

of the OP chlorpyrifos (Dursban) agreed to eliminate nearly all household uses and

reduce residues on several foods regularly eaten by children. In December 2000, the

EPA announced a plan to phase out all home uses of diazinon, another widely used
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OP pesticide. In 2001, the EPA decided to cancel, phase out, or continue under

time-limited registrations the crop uses of azinphos methyl and phosmet. In addition,

the EPA and registrants will voluntarily ban certain uses of propargite. The goal of

these and other regulatory actions against individual OPs is to reduce cumulative OP

risk to a safe level.

The EPA released a preliminary cumulative risk assessment for OPs in December

2001 and revised cumulative OP risk assessment in June 2002. However, final OP

cumulative risk assessment is not yet complete. As the EPA collects more data, revised

cumulative OP risk assessment might produce lower risk estimates, indicating that

pesticide residue levels are reasonably certain to be safe (as farmers and pesticide man-

ufacturers contend). On the other hand, data might support the view of public health

advocacy groups that indicates that, despite regulatory actions, children are exposed

to unsafe levels of OPs on pears, apples, grapes, and peaches, risking damage to

developing brains and nervous systems.40

The ‘‘Body Burden’’

Just as we don’t tend to think about the invisible, we seldom consider the accumu-

lation of years of pesticide exposure in our bodies. While some sources believe the

benefits of pesticides to human nutrition outweigh any potential health risks, research

suggests otherwise.

When veteran journalist Bill Moyers had his blood and urine tested as part of a

Mount Sinai School of Medicine study of pollutant loads in the human body, eighty-

four distinct chemicals were found, including some that had been banned more than

a quarter of a century earlier. This chemical ‘‘body burden,’’ as it is medically known,

is even more insidious for children, whose developing bodies and brains are more

vulnerable than those of adults. A 2005 Journal of the American Medical Association

study found that the incidence of illness linked to pesticide use in and around U.S.

schools is rising. Organophosphates, the same class of insecticides detected in

Moyers’s blood, were most frequently responsible for these poisonings.41

Pesticides and the Enzyme PON-1

Pesticide regulation might not be strict enough to protect newborns and infants. A

2006 University of California study of 130 mothers and their children in California’s

Central Valley, a large agricultural area, revealed that a natural enzyme that breaks

down toxicants (including commonly used pesticides) varies to such a degree that

some young people may be virtually defenseless against many chemicals. This

enzyme, PON-1, is one of hundreds of important enzymes that control the body’s

metabolism. Other studies have shown that PON-1 is linked to protection against

neurodegenerative or cardiovascular diseases.

The study was designed to examine the protective levels of PON-1 against OPs. In

pesticides, OPs attack the nervous systems of insects. Two common OPs, diazinon

and chlorpyrifos, were widely used before they were restricted from most household
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uses by California and the EPA in 2002 (chlorpyrifos was previously a key ingredient

in the pesticide Raid). An analysis of PON-1 in newborns found that those with

lower levels of the enzyme may be twenty-six times more susceptible to diazinon ex-

posure than those with the highest level of the enzyme. The former may be sixty

times more susceptible than adults with the highest enzyme levels.

With chlorpyrifos, some of the newborns may be fifty times more susceptible than

newborns with high enzyme levels and 130 to 164 times more susceptible than some

of the adults. The enzyme typically reaches adult levels by the time children reach

two years of age. The two pesticides are still used on cropland under the brand names

Dursban and Lorsban. Chlorpyrifos was banned in households largely because of its

hazards to children but it is still widely used in farm applications.42

Malathion and Methyl Parathion

Based on the FDA’s residue analyses, malathion has been the most commonly

detected pesticide in food products. Malathion residues were in 18 percent of 936

food items tested, indicative of its widespread use in many crops. It is also commonly

found in animal feeds.43 In one greenhouse study, malathion applied at recom-

mended rates was easily detected on plant surfaces up to nine weeks after spraying.44

Another pesticide, methyl parathion, is so toxic that a five-year-old cannot eat an

apple with any detectable methyl parathion on it without being exposed to an unsafe

dose. Some apples and peaches are so contaminated that just two bites (four to seven

grams) are unsafe for children under age six. Any other organophosphate exposure in

food, at home, at school, in water, or in the air will push that child’s daily exposure to

these compounds further into the zone that the EPA already considers unsafe. In Au-

gust 1999, the EPA accepted voluntary cancellation of many of the most significant

food crop uses of methyl parathion. Reducing these crop uses considerably reduced

risks to children through food, as well as risks to workers and the environment.

The EPA’s risk assessment showed that methyl parathion could not meet the FQPA

safety standards. The acute dietary risk to children ages one to six exceeded the acute

population-adjusted dose (the amount that can be consumed safely in one day or less)

by 880 percent. To lessen the high dietary risk to children, the EPA accepted voluntary

cancellation of use on those crops that contribute most to children’s diets. These can-

celed uses represent 90 percent of the dietary risk to children. Removing these crop

uses brings the estimated dietary risk down to 78 percent of the reference dose, mak-

ing the risk from food acceptable for children and all others in the United States.45

Restricted and Canceled Uses

The EPA registers pesticides and their use on specific pests and under specific cir-

cumstances. For example, ‘‘Pesticide A,’’ registered for use on apples, may not be used

legally on grapes; an insecticide registered for outdoor use may not legally be used

inside a building. In some circumstances, use of a registered pesticide may be re-

stricted to pesticide applicators with special training.

96 | Pesticides



Over time, registered pesticides, or certain uses of registered pesticides, have been

banned. These cancellations occur for various reasons: 1) voluntary cancellation by

the registrant; 2) cancellation by the EPA because required fees were not paid; and

3) cancellation by the EPA because unacceptable risks existed that could not be

reduced by other actions such as voluntary cancellation of selected uses or changes in

the way the pesticide is used.46

Public Concern

The consequences of using pesticides for food production and the realization that

some foods do contain pesticide residues are of paramount importance to today’s

health-conscious consumer. Specifically, the public continues to voice its concerns by

ranking pesticide residue as one of the top five food safety issues. For example, public

opinion polls indicate that in selecting produce, an important consideration is that

foods are certified free of pesticide residues. The public’s concern that consuming

foods containing pesticide residues may adversely impact their health is critical.47

Why do consumers’ attitudes toward pesticides and other health risks differ from

those of health authorities?

According to the National Research Council, experts usually base their determina-

tions of the seriousness of a risk on quantitative risk assessments or numerical proba-

bilities. Consumers’ risk perceptions tend to be based on qualitative attributes of risk

as if the risk was previously known or unknown, voluntary or involuntary, or control-

lable or uncontrollable.48

Possible reasons for this attitude may be due in part to the uncertainty inherent to

agrichemical use. For instance, it is impossible for any individual to quantify how

much pesticide residue he or she is exposed to without explicit product labeling.

Debates within the scientific community about the safety of insecticides and herbi-

cides as well as specific events such as the Alar and Chilean grape incidents that have

been widely publicized in the media have no doubt contributed to the concerns of

consumers. The growing concern of residues in fresh produce could itself cause

changes in consumer behavior in two ways: l) increased demand for low-input agri-

culture with reduced pesticide residues, or 2) decreased demand for conventional

fresh produce. For low-input agriculture to be marketed successfully, it will be neces-

sary to determine whether consumer concern about pesticide residues has resulted in

fundamental changes in consumer attitudes and behavior. An important foundation

of this process is to assess which segments of the population are highly risk averse to

pesticide usage.

While studies have found only modest variations in pesticide concern across differ-

ent segments of the public, most have found that women are more likely than men

to place pesticide residues as a top worry. Additionally, younger adults tend to show

more concern over pesticide usage than older adults.49 Respondents to a survey con-

ducted by Cornell University felt that the lack of absolute evidence, the lack of sim-

ple precise documents addressing pesticide concerns, and conflicting information
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from experts all contributed to the complexity and level of public pesticide fears. Par-

ticipants saw the pesticide dilemma as a long-term problem due to the vested interests

of chemical manufacturers and the necessity of pest control, which conflict with pub-

lic health and environmental fears.50

Safety information from the academic community was found to have the greatest

likelihood of acceptance by consumers when compared to other information sources

such as the government and the media. Other polls have indicated that 70 to 85 per-

cent of the national population exhibits a medium to high degree of concern toward

pesticide residue and pesticide usage. A study of four cities reported that 83 percent

of respondents were risk averse to pesticide usage.51 Another survey had 86 percent

of respondents expressing concern for pesticide usage.52 In another survey, more than

700 conventional and organic fresh produce buyers in the Boston area were asked

about their perceived food safety risks. Responses indicated that consumers perceived

relatively high risks associated with the consumption and production of convention-

ally grown produce compared to other public health hazards. For example, conven-

tional and organic food buyers estimated the median annual fatality rate due to

pesticide residues on conventionally grown food to be about fifty per million and

200 per million, respectively, which is similar in magnitude to the annual mortality

risk from motor vehicle accidents in the United States. More than 90 percent of sur-

vey respondents also perceived a reduction in pesticide residue risk association with

substituting organically grown produce for conventionally grown produce.53 With

sustainable and environmentally safer forms of agriculture likely to comprise a more

significant share of the nation’s food production, predicting which consumers are

likely to have high concerns about synthetic pesticide residues should be beneficial to

identifying those who are more likely to purchase low-input agriculture such as Inte-

grated Pest Management (IPM) and organically grown produce.

The Organic Alternative: Reasons for Organic Food Growth

Expansion in organic food products requires a number of conditions, including

sustained consumer interest and availability of organic-certified farmland on which to

grow the crops in the United States. Consumer interest is paramount and food safety

is likely to remain the most important issue for consumers. Food scares surrounding

non-organically grown products (for example, BSE in cows or chemical and pesticide

residues in fish) will drive consumers to seek out the perceived safety of organic alter-

natives. As long as organic foods are considered safe, more consumers will turn to

them.

Three forces aid substantial organic growth: 1) rising consumer concern about

the integrity of the food supply; 2) governmental standards that clearly define the

meaning of the term ‘‘organic’’; and 3) greater availability of organic foods through

mainstream channels. It is significant that ‘‘organic’’ is a production claim, not a

food safety or content claim. The term refers to the way in which food is grown

and handled, and as a concept does not govern whether or not the food is safer or

98 | Pesticides



healthier than non-organic food. Nonetheless, consumers have embraced the term as

signifying foods that are better for them or their families because foods grown organi-

cally are not grown with chemical fertilizers, pesticides, or hormones. Many consum-

ers may be skeptical that organic foods are truly healthier or worth the extra expense

or time spent finding them, but organic products now comprise 2 percent of total

U.S. food sales. Organic food and beverages are gaining market share in mainstream

channels, showing that both retailers and consumers are interested in food grown

under organic conditions.

Claimed Benefits

In the food industry, defining the benefits of organic food is largely left to word

of mouth, media coverage, and the promotional efforts of organic advocates. Major

food and beverage corporations such as Kraft Foods, Heinz, Coca-Cola, Pepsi,

Cargill, Unilever, General Mills, and Campbell’s Soup have moved rapidly to acquire

significant organic market share.54 Still, the specific sales points of organics go

largely unmentioned on product packaging and in mainstream media advertising.

Claims of improved food quality are regularly used in conventional food marketing,

with ‘‘low fat,’’ ‘‘low sodium,’’ ‘‘whole grain,’’ ‘‘high fiber,’’ ‘‘vitamin enriched,’’ ‘‘no

trans fat,’’ and other commonly advertised benefits. By contrast, ‘‘certified organic’’

is generally left to stand on its own as self-explanatory, assisted only by general terms

such as ‘‘natural.’’ Meanwhile, consumer surveys have consistently identified food

quality as the main reason for purchasing organic food. Higher nutritional value, no

toxic residues from pesticides, and better taste are often cited, as is the positive

impact of organic production on the environment.55 Whether organic food actually

delivers on these desires is controversial and the subject of scientifically inconclusive

debate. The debate concentrates on a variety of specific and supposedly demonstra-

ble characteristics that proponents have claimed make organic food production supe-

rior to conventional food production.

Risk for Children

Organic foods are good for children and they help preserve the rural environ-

ment. The U.S. Centers for Disease Control reports that one of the main sources

of pesticide exposure for children comes from the food they eat. According to the

FDA, half of produce currently tested in grocery stores contains measurable residues

of pesticides. Laboratory tests of eight industry-leading baby foods revealed the

presence of sixteen pesticides, including three carcinogens. According to ‘‘Guide-

lines for Carcinogen Risk Assessment,’’ children receive 50 percent of their lifetime

cancer risks in the first two years of life. In blood samples of children ages two to

four, concentrations of pesticide residues were six times higher in children who ate

conventionally farmed fruits and vegetables compared to those who consumed

organic food.56
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Organic Diets Versus Conventional Diets for Children

Two recent studies, one in 2003 and the other in 2005, both involving children

in the Seattle, Washington, metropolitan area, confirm the value of organic diets

vis-�a-vis conventional menus for children. In the first study, preschool children ages

two to four were the subjects. University of Washington researchers analyzed pesti-

cide breakdown products (metabolites) in the children and found that those who

ate organic fruits and vegetables had concentrations of pesticide metabolites six

times lower than children who consumed conventional produce. The researchers

compared breakdown concentrations of organophosphorus pesticides in the urine

of thirty-nine urban and suburban children. Their findings point to a relatively sim-

ple way for parents to reduce their children’s chemical loads—serve organic

produce.

The authors focused on children’s dietary pesticide exposure because children are

at greater risk for two reasons: 1) they eat more food relative to body mass, and

2) they eat foods higher in pesticide residues, foods such as juices, fresh fruits, and vege-

tables. An earlier study had looked at pesticide metabolites in the urine of ninety-six

urban and suburban children and found OP pesticides in the urine of all the children

but one. The parents of the child with no pesticide metabolites reported buying exclu-

sively organic produce.

The first Seattle study confirms what is already known about pesticide residues on

conventional produce. Parents of young children have been warned to limit or avoid

conventionally grown foods known to have high residues. The study’s main conclu-

sion—eating organic fruits and vegetables can significantly reduce children’s pesticide

loads—is information that parents can act on to reduce their children’s risk. A sec-

ondary conclusion, that small children may be exceeding ‘‘safe’’ levels of pesticide ex-

posure, is information that regulators should act on, at the very least, to reduce uses

of these pesticides on food crops.57

In the second study, Dr. Chensheng Lu and his colleagues from Emory University,

the University of Washington, and the Centers for Disease Control and Prevention

(CDC) measured the exposure of two OPs, malathion and chorpyrifos, in twenty-

three elementary students in the Seattle area by testing their urine over a fifteen-day

period. The participants, ages three to eleven, were first monitored for three days on

their normal diets. Then the researchers substituted most of the children’s conven-

tional diets with organic food items for five consecutive days. The children were then

reintroduced to their normal foods and monitored for an additional seven days.

According to Dr. Lu, there was a ‘‘dramatic and immediate protective effect’’

against the pesticides until the conventional diets were reintroduced. While consum-

ing organic food, most of the children’s urine samples contained zero concentration

for the malathion metabolite. However, once the children returned to their normal

diets, the average metabolite concentration increased to 1.6 parts per billion with a

concentration range from five to 263 parts per billion. A similar trend was observed

for chlorpyrifos, as the average chlorpyrifos metabolite concentration increased from
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one part per billion during the organic diet days to six parts per billion when children

resumed eating conventional food.58

Increased Antioxidant Levels

Other recent research has demonstrated that organic farming methods have the

potential to elevate average antioxidant levels, especially in fresh produce. One study

determined that, on average, antioxidant levels were about 30 percent higher in or-

ganic foods compared to conventional foods grown under the same conditions. This

is particularly useful for people who wish to consume higher levels of antioxidants in

fresh fruits and vegetables without additional caloric intake. The USDA recommends

higher daily consumption of fruits and vegetables, especially those that are antioxi-

dant rich. Consumers who seek out foods high in antioxidant content can meet rec-

ommended antioxidant intake levels with less than 10 percent of their daily caloric

intake. The report reviews, among other data, fifteen quantitative comparisons of

antioxidant levels in organic versus conventional fruits and vegetables. Organically

grown produce had higher levels in thirteen out of fifteen cases. On average, the or-

ganic crops contained about one-third higher antioxidant and/or phenolic content

than comparable conventional produce.

Several studies found levels of specific vitamins, flavonoids, or antioxidants in or-

ganic foods to be two to three times the level found in matching samples of conven-

tional foods. In studies making direct comparisons of levels of antioxidants in organic

versus conventional produce, higher levels are often found in organic produce but the

converse is rarely true.

There is evidence that several core practices on organic fruit and vegetable farms,

such as use of compost, cover crops, and slow release forms of nitrogen, can increase

antioxidant and polyphenol content compared to conventional practices that depend

on commercial fertilizers and pesticides. The prohibition of pesticides in organic

farming provides additional benefits to consumers who choose organic.

Furthermore, there are significant differences between some of the food processing

methods and technologies used in manufacturing conventional foods in contrast to

those allowed and used in producing organic processed foods. Some of these differen-

ces are known to have an impact on antioxidant levels. For example, the synthetic

chemical hexane is often used in extraction of oil from crops in conventional oil

processing plants, but is prohibited in organic oil processing. Hexane is known to

promote the removal of certain antioxidants.

High-temperature and high-pressure processing technologies also tend to remove

significant portions of the antioxidants present in fresh foods. Organic processing

plants often use lower-pressure, cold-pressing methods to extract juices and oils. The

resulting food products are generally richer in flavor and retain more nutrients,

including antioxidants.

Though there is much to learn, the current state of science supports the conclusion

that organic farming methods can and often do result in higher antioxidant levels in
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fruits and vegetables. This health benefit for consumers joins the list of other well-

documented reasons to buy organic, including the reduction of farmworker and con-

sumer exposures to pesticides, the impacts of pesticides on the environment, and the

prevention of problems associated with hormone and antibiotic use in livestock farm-

ing. Many consumers report that they enjoy the richer flavors in organic food and

instinctively sense that organic foods are better for them; research confirms that there

are good reasons to focus additional scientific resources on gaining a more compre-

hensive understanding of the taste and health benefits associated with elevating aver-

age antioxidant levels in food.59

Fewer Pesticide Residues

Extensive and highly sensitive pesticide testing carried out by the USDA shows

that conventional fresh fruits and vegetables are: 1) three to more than four times

more likely on average to contain residues than organic produce; 2) eight to eleven

times more likely to contain multiple residues than organic samples; 3) shown to

contain residues at levels three to ten times higher, on average, than corresponding

residues in organic samples.

For many people, consumption of organic fruits and vegetables on most days will

virtually eliminate dietary exposure to pesticides and, in turn, reduce the frequency and

magnitude of one risk factor that can contribute to a variety of diseases and health

problems. The opportunity to nearly eliminate pesticide exposure via diet by consum-

ing organic food is borne out by extensive testing in the United States and other coun-

tries. The pesticide risk reduction benefits of consuming certified organic apples, pears,

peaches, strawberries, cherries, celery, spinach, and sweet bell peppers are particularly

significant, especially for women of childbearing age, infants, and children.60

Pesticide Residues in Organic Food

Certified organic food may not be treated with synthetic pesticides, so why do resi-

dues of synthetic pesticides sometimes appear on organic food? Pesticides are ubiqui-

tous and mobile across agricultural landscapes. Most organic samples contain low

levels of pesticides that were sprayed on nearby conventional crops. Pesticides applied

on conventional crop acreage sometimes drift in the air and settle onto the plants

growing on nearby organic farms. When some pesticides are applied using airplanes,

as little as 25 percent of the applied pesticides settle on the target crops, while three-

quarters drifts off site. When pesticides are applied using ground equipment on days

with modest to moderate winds, losses of 25 percent or more via drift are common.

Pesticides also sometimes travel in fog. Irrigation water also moves across agricultural

landscapes, picking up pesticide contamination along the way.

When residues of synthetic pesticides do show up on organic foods, the levels are

on average lower than corresponding residues in conventional food. The National

Organic Program (NOP) rule calls upon certifiers to investigate cases in which a
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residue of a synthetic pesticide appears on organic food greater than 5 percent of the

applicable European Partners for the Environment (EPE) tolerance. NOP adopted

this policy to prevent organic farmers from losing certification over incidental envi-

ronmental contamination with pesticides not actually applied on their crops.61

Organic Certification

In 2002, when the USDA adopted the National Organic Standard that spells out

what farmers and food processors must (and must not) do to be certified ‘‘organic,’’

the organic industry already had a long history of relying on third-party certifiers to

ensure the integrity of their products and practices. Under this system, a state-run or

accredited private agency (the third party) evaluates farmers and processors to see if

they conform to the standards of the National Organic Program. Those who can then

market their products as ‘‘USDA Certified Organic’’ and display the official USDA

organic seals on their packaging.

In essence, certification is largely about integrity—assuring that the buyer is getting

what he or she is paying for. Thus, certified organic production means production by

approved organic methods, with additional pains taken to eliminate contamination

by prohibited materials and commingling with conventional products. There is a

common misconception that certified organic means ‘‘pesticide-residue-free.’’ Con-

sumers have a right to expect little or no pesticide residue on certified organic crops

because none are used in their production. However, ours is a dirty world in which

pesticides and their breakdown products are omnipresent. This is only to be expected

in a national farm system where more than 99 percent of all applied farm chemicals

miss the target organism.62

Organic Labeling

National organic standards address the methods, practices, and substances used in

producing and handling crops, livestock, and processed agricultural products.

Although specific practices and materials used by organic operations may vary, the

standards require every aspect of organic production and handling to comply with

the provisions of the Organic Foods Production Act.

Labeling requirements under the national standards apply to raw foods, fresh

products, and processed foods that contain organic ingredients and are based on

the percentage of organic ingredients in a product. Agricultural products labeled

‘‘100 percent organic’’ must contain (excluding water and salt) only organically pro-

duced ingredients. Products labeled ‘‘organic’’ must consist of at least 95 percent

organically produced ingredients. Products labeled ‘‘made with organic ingredients’’

must contain at least 70 percent organic ingredients. Products with less than 70

percent organic ingredients cannot use the term organic anywhere on the principal

display panel, but they may identify the specific ingredients that are organically

produced on the ingredients statement on the information panel. In a processed
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product labeled as ‘‘organic,’’ all agricultural ingredients must be organically pro-

duced unless the ingredients are not commercially available in organic form. The

USDA organic seal—the words ‘‘USDA organic’’ inside a circle—may be used on

agricultural products that are ‘‘l00 percent organic’’ or ‘‘organic.’’ A civil penalty of

up to $10,000 can be levied on any person who knowingly sells or labels as organic

a product that is not produced and handled in accordance with these regulations.63

The Booming Market for Organics

The number of Americans who tried organic foods jumped to 65 percent in 2005,

compared to 54 percent in 2003 and 2004. One quarter of 1,000 people responding

to survey said they were consuming more organics than they had the year before. In

the annual survey, 10 percent of respondents said they consume organic foods several

times per week, up from just 7 percent in 2004.

Americans are buying organic foods and beverages for a variety of reasons. The top

three are: avoidance of pesticides (70.3 percent), freshness (68.3 percent), and health

and nutrition (67.1 percent). More than half (55 percent) buy organic to avoid genet-

ically modified foods. Also, more than half of all respondents agreed that organic

foods and beverages are ‘‘better for my health’’ (52.8 percent) and better for the envi-

ronment (52.4 percent).

The survey unveiled significantly higher taste and quality ratings from Americans

who regularly consume organic foods and beverages. Fresh fruits and vegetables

remain overwhelmingly the most frequently purchased category of organic foods at

73 percent. Produce is followed by non-dairy beverages (32 percent), bread or baked

goods (32 percent), dairy items (24.6 percent), packaged goods such as soup or pasta

(22.2 percent), meat (22.2 percent), snack foods (22.1 percent), frozen foods (16.6

percent), prepared and ready-to-eat meals (12.2 percent), and baby food (3.2 per-

cent). One quarter of respondents said they purchase organic foods at natural foods

supermarkets, while 18 percent shop for organics at farmers’ markets.

The main barrier to purchasing continues to be price; almost three-quarters (74.6

percent) of respondents said the cost of organic food and beverages is the main reason

they do not consume more. Other reasons Americans are not consuming more organ-

ics, according to the survey, include availability (46.1 percent) and loyalty to non-

organic brands (36.7 percent).64

Despite the lack of national organic standards before 2002, sales of organic prod-

ucts have increased on average by 20 percent annually since 1990. Medium-term

growth forecasts for U.S. organic markets is in the range of 20 to 30 percent.65

Experts predict that the organic industry’s share of the U.S. food market is expected

to grow from about 2 percent to roughly 3.3 percent by the end of the decade. Or-

ganic food sales in the United States are projected to reach $30.7 billion in 2007,

driven largely by double-digit growth in the meat and meat products industry. Sales

of organic meat and meat products are expected to grow from $547 million in 2002

to $3.86 billion in 2007.66
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Demand Outstrips Supply

Growth in the U.S. organic market is being stunted by undersupply, resulting in

shelves remaining empty, companies withdrawing from the market, and others look-

ing internationally to supplement supply needs. The sectors hardest hit by supply

shortages are the organic orange juice, meat, and dairy sectors. The low number of

organic livestock producers in the United States has also resulted in the organic meat

industry experiencing undersupply for a number of years, with American producers

resorting to imported organic beef from Australia and Latin American countries.

Increasing quantities of organic fruits, vegetables, grains, seeds, beans, and herbs

are being imported into the United States. Finished products are also being imported

to meet consumer demand for all things organic. As consumers increasingly opt for

healthier products, the organic industry is set to enjoy solid growth. According to a

recent study, by 2025 organic products will be considered commonplace. Yet, a short-

age of supply is stifling sales. Nearly all market sectors would grow at much higher

rates if sufficient supplies were available.

Once a net exporter of organic products, the United States now spends more than

$1 billion a year to import organic foods, according to the USDA; the ratio of

imported to exported products is now about eight to one. This situation is occurring

despite the fact that about 10,000 American farmers have made the transition to or-

ganic food production on about 2.3 million acres of land. Hopefully, the number of

farmers converting from conventional to organic farming will grow more rapidly,

thereby easing the supply shortages.67

Corporate Inroads

Today a significant, and growing, percentage of organic foods are produced by

large corporations more often associated with the predations of agribusiness than with

the ideals of sustainable farming. The increasing presence of conventional food pro-

cessors in the organic industry is raising debate among farmers, shoppers, and con-

sumer advocates about whether the values of organic agriculture and the motives of

big business can coexist.

Figures supplied by the Organic Consumers Association reveal the degree to which

conventional food processors have penetrated the organic market. General Mills owns

the organic brands Cascadian Farms and Muir Glenn. Heinz holds a 20 percent eq-

uity share in food distributor Hain, which owns Rice Dream soy milk, Garden of

Eatin’, Earth’s Best, and Health Valley, along with fifteen other organic brands. Kel-

logg owns Sunrise Organic, while Kraft owns Boca Foods, maker of the popular vege-

tarian Boca burgers. The largest organic seed company, Seeds of Change, is

controlled by M&M/Mars. Small, local organic operations simply do not have the

reach to coordinate nationwide distribution. Bigger companies do have the expertise

in getting products to shelves across the country. As the market for organics has

grown, they have stepped in to fill that role.
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Farmers, advocates, and ordinary shoppers share the view that the mainstreaming

of organics carries both benefits and risks. On one hand, more organic foods are

available to people than at any time since the advent of the industrial food age, and

this should have very real benefits for public health and the environment. On the

other hand, some fear that corporate giants don’t really believe in the values of sus-

tainable farming and that, in the long run, their participation in the industry will

dilute the very meaning of the term ‘‘organic.’’68

Organic Standards Are Endangered

Organic standards, which ban synthetic fertilizers, antibiotics, hormones, pesti-

cides, genetically engineered ingredients, and irradiation, are good for farming, the

environment, and public health. The organic seal is vitally important in stores, where

the consumer is several steps removed from the farmer. ‘‘Organic’’ is a legal guarantee

that food meets certain standards.

The Organic Trade Association, a food industry group whose members include

national organic brands such as Kraft, Dean Foods, and General Mills, is seeking to

dilute organic standards. If Big Organic gets its way, xanthan gum (an artificial thick-

ener), ammonium bicarbonate (a synthetic leavening agent), and ethylene (a chemical

that ripens tomatoes and other fruit) will be permitted in products labeled organic,

despite a 2005 court ruling indicating they are not acceptable. Whatever the outcome

of legal maneuvering, consumers should look beyond the organic label and seek out

producers who exceed the federal rules. If the organic label loses its meaning, farmers

with higher standards will have to devise new ones. The next generation of labels

could read ‘‘grass-fed’’ butter and ‘‘pastured’’ pork. These foods, and others raised

with ecological and humane methods, are superior to industrial organic foods. Agri-

culture departments may never tell you that, but smart farmers will.69

Failure of a Legislative Challenge

Interestingly, U.S. national organic standards were put to the test only several

months after implementation. The good news: the organic sector was able to uphold

the integrity of the standards.

The challenge came in February 2003, in the form of one long sentence, Section

771, hidden in the Omnibus Appropriations Bill. The rider, although not overturning

the national organic standards, would have undermined organic standards by failing to

fund USDA’s enforcement of the requirement of 100 percent organic feed for all live-

stock. In effect, if left to stand, it would have opened the door to lesser requirements

for livestock feed, and made it impossible for consumers to trust the organic label on

organic livestock-derived products, from meat and eggs to dairy products.

This raised the ire of those already willing to meet the 100 percent requirement, as

well as the Organic Trade Association, affiliated organizations, organic food compa-

nies, and consumers. Some legislators, who had been on the ground floor when the
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Organic Foods Production Act of 1990 was enacted, fought to overturn this rider.

They were joined by others who might not have actually supported organic agricul-

ture, but believed it was important to let the new regulation stand and be enforced.

In addition, Secretary of Agriculture Ann M. Veneman also stepped up to defend

the national organic standards. In the final analysis, the USDA was willing to back

the National Organic Program. The bottom line: consumers need to be able to trust

a label, and the new rule needed to be given a chance to work. There is another win

that can be traced in part from this incident: growing congressional awareness of the

importance of organic agriculture and products. As a result, the U.S. House of Repre-

sentatives has established a formal Organic Caucus, and the U.S. Senate has in place

an informal organic working group. These developments signal a ‘‘coming of age’’ for

the organic sector in the legislative arena.70

A Final Caveat

Capitalism is based on incentives and demand, demand created for the products and

the process and benefits of organic farming, sustainability of our resources, and the

health of our bodies. This system was not created in a vacuum, however, nor does it

exist without structure. That structure takes the form of massive government subsidies,

a model that is duplicated across Europe in countries that care about their local small

farmers. Unfortunately, subsidies in the United States typically don’t go to the local

small farm, but instead to large regional corporations that impose non-sustainable prac-

tices and poisons on smaller farms and the environment.

Chemical manufacturers and some farm organizations feel that dietary dangers

from pesticides have been exaggerated, while some consumer groups and scientists

believe that the danger has been understated. We do not know for sure who is right

or wrong on this issue. In the meantime, we prefer to be on the side of safety.
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F o u r

Pesticides in Schools

Unfortunately, they don’t envision a helicopter flying a half a mile away put-

ting out pesticides. They don’t envision that their child’s school is gonna be

right across the street from a lemon orchard.

—Susan Johnson1

Introduction

One of the most important ways to protect our children’s health is to prevent their ex-

posure to pesticides and other toxins that may be used in their schools. Children are

far more sensitive to low concentrations of toxic chemicals because of their developing

organs and high metabolism. Pesticides are often used for ridding school buildings and

areas of rodents, insects, and other pests. But they only work temporarily and must be

reapplied. However, the poisons found in pesticides may harm more than just pests.

Children already have proportionally more pesticide exposures than adults. Pesticides

have been linked to certain cancers, damage to the central nervous system, and neuro-

logical and behavior problems, as well as acute poisoning. No pesticides have been

tested specifically for threats to children or in combination with other chemicals.

Schools should be environmentally healthy places for children to learn, for teachers

to teach, and for other school employees to work. Our society suffers when schools

become so run down and toxic that they become a stress to the body’s systems rather

than an inspiration to young minds.

Likewise, playgrounds should be places where children can play without risk of

being exposed to pesticides, contaminated play structures, or other health hazards.

Parents should not have to worry about much more than sprained ankles and scuffed

kneecaps when they let their children play in such areas.

The simple fact is that while parents can exert control over the chemicals they use

in their homes, the same doesn’t necessarily hold true for the schools and playgrounds

where their children spend much of their time. Every day, school and playground



environments expose children to high levels of toxic substances, from industrial-

strength pesticides to harmful building and cleaning materials to playground equip-

ment made of arsenic-treated wood.

Schools and their kitchens, cafeterias, athletic fields, playgrounds, classrooms, and offi-

ces are regularly treated with a variety of pesticides. An increasing body of scientific data

on the potentially harmful effects of pesticide exposure on people and the environment

rightfully raises concerns about the broad use of these toxic substances. Children spend

30 to 50 percent of their waking hours in school, nine months of the year, making a

healthy school environment all the more vital to their growth and development.

The GAO reported in 2000 that it could find no credible evidence on how much

pesticide is used in the nation’s 110,000 public schools, how often students are

exposed to dangerous chemicals at school, or what the health effects are. Pesticide

opponents estimate there are some fifty insecticides, herbicides, and fungicides com-

monly used in and around schools. Many herbicides applied to school grounds may

leave persistent residues in soil for weeks, months, or even years.2

Lack of Knowledge

Most parents know that their children are exposed to pesticides on foods. But

many may not be aware of the quantity or pervasiveness of other non-food pesticide

exposures their children encounter in a typical day, or they may not understand the

risk of these cumulative exposures. Parents may not be aware of pesticides in schools.

Many people assume that schools are environmentally safe places for children to

learn. It often takes a pesticide poisoning, repeated illnesses, or a strong advocate to

alert a school district to the acute and chronic adverse health effects of pesticides and

the viability of safer pest management strategies. Schools that have chosen to adopt

such strategies, such as an Integrated Pest Management (IPM) program, use alterna-

tives to the prevailing chemical-intensive practices because of the health risks such

practices pose to children and other school users.

What Organizations Say about IPM

The American Public Health Association, the National Association of School

Nurses, and the National Parent-Teachers Association support effective alternative

pest control methods such as IPM in these comments:

‘‘In managing pests, the emphasis should be placed on minimizing the use of

broad spectrum chemicals, and on maximizing the use of sanitation, biological con-

trols, and selective methods of application.’’

‘‘A healthy school environment is essential. All students and staff have a right to

learn and work in a healthy school environment, safe from air pollution, radiation,

sound and mechanical stress, and chemical exposures.’’

‘‘National PTA supports efforts [at IPM implementation] at the federal, state, and

local levels to eliminate the environmental health hazards caused by pesticide use in

and around schools.’’3
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The Nature of Exposure

Despite the widespread use of pesticides, often only limited precautions are taken

in terms of warning signs. While pesticides may be used in all parts of a school, most

often in kitchens, cafeterias, and on the grounds outdoors, staff, students, and parents

often have no way of knowing when they may be exposed.

Depending upon the pesticide, the target pest, the site to be treated, and other fac-

tors, pesticides may be applied as powders, pellets, liquid sprays, fogs, or mists, or

mixed with some sort of bait to attract the pest. In each case, human exposure may

occur. It may be at the application site or at other locations. The pesticide may be

carried by airborne drift, surface runoff, or tracking, as well as by routine mopping

or sweeping. Pesticides do not disappear immediately after application. They may

take days, weeks, or even months to break down outdoors. Indoors, away from sun-

light and soil bacteria that often help in their breakdown, pesticides may persist far

longer. Even natural degradation is not always the answer; for some pesticides, the

natural breakdown product is even more toxic than the original pesticide.

Also, pesticides are often used in areas of a school where exposure risks are height-

ened. For example, pesticides used in the cafeteria could end up in the food students

eat. Pesticides on a gymnasium floor could end up on the hands and ultimately in the

body via the mouth, the eyes, or other entry points. Outdoors, use of pesticides on

grass and plants in and around a school can unnecessarily expose children to toxins.

Chemical sensitivity may be a reaction to pesticides. Even though pesticides are

applied carefully, they can travel on air currents to affect chemically sensitive people.

Liquid pesticides are volatile and have been shown to move from the application site

to areas where no pesticides have been applied.

Surface treatments from a hand-held, compressed-air pump sprayer increase the

risk of exposure to airborne pesticides. This exposure may trigger reactions that could

be life threatening to sensitive individuals. Schools have the responsibility to provide

safe environments without the risk of exposure to pesticides. A school district may

also be exposing itself to legal liability if a child’s health problems are traced to expo-

sure in and around a school.

Each school must decide if pesticides will be stored on campus. If schools store

pesticides on campus, control measures must be strictly followed to limit and docu-

ment their access and use in order to reduce any risk of accidental poisoning. Many

schools do not store pesticides properly. It is common to find improperly stored pes-

ticides that are accessible to children in the classroom. Pesticides have been found in

sink-based cabinets, on shelves, and even on teachers’ desks. The improper storage of

pesticides is an accident waiting to happen. One of the primary responsibilities of a

school is to decide on the proper storage and handling procedures for on-site pesti-

cides. Again, legal liability lingers in the background for a school district if a child is

poisoned due to improper pesticide storage.4

A 1999 survey of Connecticut schools found that 87 percent of the state’s school

districts that responded (seventy-seven of 147 districts) sprayed pesticides inside
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school buildings; 32 percent sprayed pesticides routinely regardless of whether there

was a pest problem.5 A 1998 survey of California school districts revealed that 93

percent of forty-six districts responding used pesticides.6 An earlier survey taken in

1991 of 261 New York schools, indicated that 87 percent used pesticides.7 Some

commonly used insecticides, such as pyrethroids, that stimulate nerves, causing

hyperexcitability. They are also associated with asthma. Certain insecticides, herbi-

cides, and fungicides are linked to cancer. The commonly used weed killer 2,4-D has

been linked to non-Hodgkin’s lymphoma in scientific studies.8

Three Pesticides to Avoid

Among the most dangerous toxins is Roundup (glyphosate), which kills all green

plants that it touches (users are advised to avoid treatment areas for twenty-four

hours). Another is diazinon, used for killing insects in lawns (it has a warning to keep

away from edible plants because of its high degree of toxicity). Some schools have

opted to pull weeds by hand, thus eliminating the need for spraying.9 Another pesti-

cide often applied, Dursban (chlorpyrifos), has a half-life greater than thirty days. As

a result, a classroom carpet can become a continuing reservoir of pesticide exposure,

long after the application appears to have dried. The pesticide vapors build up into

an invisible, odorless, toxic chemical soup that is capable of causing a cascade of toxic

reactions for years to come. The California Department of Health Services estimated

the amount of chlorpyrifos to which a child would be exposed one day after an

indoor application. The estimate was based on the amount that the child would

breathe added to the amount the child would absorb through the skin. The estimate

was more than 1,700 times the acceptable daily intake established by the World Health

Organization. The aerial drift of one droplet of pesticide on a calm day was reported

at twenty-four miles. On a windy day, aerial drift has been traced halfway around the

globe. The EPA reports that ‘‘chlorpyrifos has . . . been associated with chronic effects

in humans, including chronic neurobehavioral effects and multiple chemical sensitiv-

ity. Neurobehavioral effects reported include persistent headaches, blurred vision, un-

usual fatigue or muscle weakness, and problems with mental function including

memory, concentration, depression, and irritability.’’10 Studies suggest that human

health effects may occur even in the absence of measurable depression of the enzyme

cholinesterase, which the EPA usually considers the most sensitive measure of expo-

sure to organophosphates such as Dursban.11

An exhaustive investigation by the Greater Boston Physicians for Social Responsibility

(GBPSR) examined the contribution of toxic chemicals to neurodevelopmental, learning,

and behavioral disabilities in children. The Boston physicians’ report indicated that these

disabilities are clearly the result of complex interactions among genetic, environmental,

and social factors that impact children during vulnerable periods of development. Toxic

exposures deserve special scrutiny because they are preventable causes of harm.

An epidemic of developmental, learning, and behavioral disabilities among children

has become evident. It is estimated that nearly twelve million children (17 percent) in
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the United States under age eighteen suffer from one or more learning, developmental,

or behavioral disabilities. According to conservative estimates, attention deficit hyperactiv-

ity disorder (ADHD) affects 3 to 6 percent of all schoolchildren, though recent evidence

suggests the prevalence may be as high as 17 percent. The number of children taking the

drug Ritalin for this disorder has roughly doubled every four to seven years since 1971

to reach an estimated 1.5 million. Learning disabilities alone may affect approximately 5

to 10 percent of children in public schools. The number of children classified with learn-

ing disabilities in special education programs increased 191 percent from 1977 to 1994.

Pesticides

Animal tests of pesticides belonging to the commonly used organophosphate class

of chemicals show that small single doses on a critical day of development can cause

hyperactivity and permanent changes in neurotransmitter receptor levels in the brain.

Chlorpyrifos, one of the most commonly used organophosphates, decreases DNA

synthesis in the developing brain, resulting in deficits in cell numbers. Some pyre-

throids, another commonly used class of pesticides, also cause permanent hyperac-

tivity in animals exposed to small doses on a single critical day of development.

Children exposed to a variety of pesticides in an agricultural community in Mexico

show impaired stamina, coordination, memory, and capacity to represent familiar

subjects in drawings.

These trends may reflect true increases, improved detection, better reporting,

improved record keeping, or some combination of these factors. Whether new or

newly recognized, these statistics suggest a problem of epidemic proportion.12

The JAMA Study

A recent widely reported study in the Journal of the American Medical Association
underscored the risks of pesticide use in and around the nation’s schools. Analyzing

2,593 reported pesticide poisonings in schools and childcare centers between 1998

and 2002, the study reported several troubling findings: incidence rates among chil-

dren increased significantly from 1998 to 2002; drifting pesticides applied off site

were responsible for 31 percent of reported poisonings; and insecticides and disinfec-

tants were the pesticides most frequently at fault. The study’s authors noted that no

federal requirement limits pesticide exposures at childcare centers or elementary or

secondary schools. They stressed their results should be considered low estimates of

the magnitude of the problem because many cases of pesticide poisoning are likely

not reported to surveillance systems and poison control centers.

The study examined state surveillance data from the National Institute for Occupa-

tional Safety and Health’s Sentinel Event Notification System for Occupational Risks

pesticides program, from the California Department of Pesticide Regulation, and

from a national database of calls made to poison control centers compiled by the

American Association of Poison Control Centers’ Toxic Exposure Surveillance Sys-

tem. The study reported incidence rates of pesticide-related illness of 7.4 cases per
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million for students and 27.3 cases per million for employees. It also emphasized that

individuals had to seek medical care and report exposures in order to be counted in

the study. Pesticide-related illnesses are grossly underreported for a number of rea-

sons: individuals may not seek or be able to afford medical care, doctors are often

not trained to recognize pesticide-related illness, and symptoms of minor or even

moderate pesticide poisoning can resemble those of other common ailments.

According to the study, children were the victims in 76 percent of the reported

cases, and insecticides alone or combined with other pesticides were most often re-

sponsible for 895 cases (or 35 percent of the total incidents). Disinfectants caused

830 cases (32 percent), repellants were responsible for 335 incidents (13 percent),

and herbicides were the cause in 279 cases (11 percent).

Organophosphates were the class of insecticides most frequently responsible for

poisonings. Children are more vulnerable than adults to the effects of OP pesticides,

which have been linked in animal studies to developmental delays, behavioral disor-

ders, and motor dysfunction.

The study focused on acute pesticide exposure, but the authors expressed consider-

able concern for long-term effects: ‘‘Repeated pesticide applications on school

grounds raise concerns about persistent low level exposures to pesticides at schools.’’

The authors continued, ‘‘The chronic long-term impacts of pesticide exposures have

not been comprehensively evaluated; therefore, the potential for chronic health effects

from pesticide exposures at schools should not be dismissed. Unfortunately, the sur-

veillance methods used in our report are inadequate for assessing chronic effects.’’

The authors also noted that pesticides on school grounds can be tracked inside school

buildings. Once inside, pesticides break down more slowly, with residues remaining

for months or even years.13

Eight Fallacies About Pesticides

Fallacy #1: Pesticides prevent pests.

Fact: This is a classic misconception. Pesticides may kill pests, but they do not pre-

vent them.

The IPM approach is successful because it is largely preventative. IPM involves sim-

ple approaches to exclude pests in the first place, combined with good sanitation and

an awareness of what creates good pest habitats. Pesticides may be used in an IPM pro-

gram, but are preferably of low toxicity and employed along with other measures.

Fallacy #2: Pesticides are not a health risk for children.

Fact: Pesticides are more of a health risk for children than adults and adolescents. A

child’s smaller body size and greater surface area per kilogram of body weight means it

takes less pesticide exposure to affect his or her developing organs and tissues. Chil-

dren’s habit of playing on the floor or ground, exploring, and putting things in their

mouths predisposes them to greater exposure than adults wherever pesticides are used.
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Fallacy #3: Schools should not be burdened with providing the entire school com-

munity prior notification of pesticide applications.

Fact: Universal notification includes the entire school community, as opposed to a

registry of people who ask to be notified. Universal notification ensures that staff, busy

parents, and guardians are informed about pesticide applications in their child’s school

environment. It is by far the most efficient way of notifying the school community.

Fallacy #4: Parents and staff only need twenty-four hours’ prior notification to the

use of pesticides at schools.

Fact: It is the law in many states that schools must provide seventy-two hours’

advanced notice to parents and staff prior to a pesticide application. Schools are

required to pre-notify by posting signs in and around the school where the pesticide

is to be applied. This includes baits, gels, and pastes that may fall under the EPA’s

definition of ‘‘least-toxic pesticide.’’ Furthermore, normally only those holding an

applicator’s license are allowed to apply pesticides.

Teachers with a can of Raid under the sink for the odd pest emergency are not

only breaking the law but are also putting their students’ health at risk. Many prod-

ucts labeled for indoor crawling and flying pests contain pesticides that frequently

trigger asthma attacks.

Fallacy #5: Pesticides are only harmful if they are sprayed directly on someone.

Fact: What we do know is that commonly used pesticides in schools today contain

compounds which can take days or even weeks to wear off, particularly indoors or

during the winter. Pesticide residues can enter the human body by accidental inges-

tion, skin absorption, or inhalation.

Fallacy #6: Pesticides are necessary because IPM is too expensive for schools and

homes.

Fact: The initial cost associated with addressing long-overdue maintenance needs

can be a hurdle the first year of an IPM program. Once maintenance issues have been

addressed (such as door sweeps or general pest proofing) and the school community is

practicing real IPM, the pest management costs go down and may continue to decrease.

Fallacy #7: Pesticides are tested extensively before being approved. If they weren’t

safe, the government wouldn’t let us have them.

Fact: For a number of reasons, current testing methods do not fully address pesti-

cide toxicity in humans, and no standard testing method is conducted that would

predict and warn against health effects to those most vulnerable, children. Even when

it comes to adults, the long-term health effects of many pesticides already in use are

unknown. Though the law requires that any application of pesticides on school
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grounds be done by a licensed professional, they nevertheless may pose risks to adults,

adolescents, and individuals with health problems and especially children in ways sci-

ence does not yet fully understand.

Fallacy #8: More is better.

Fact: Actually, more can be deadly. Labels are very carefully written and directions

should be followed to the letter.14

IPM in Schools

Use of IPM principles and practices in school environments is a growing trend in

communities throughout the United States. IPM focuses on pest prevention using effec-

tive, least-toxic methods, and is proving practical to apply and cost-effective to operate.

A school is a challenging place to operate a pest management program. Most

school buildings are unintentionally designed with ideal entry points and locations

for pest insects, rodents, and other unwelcome wildlife. Inappropriate landscape

design and plant selection often encourage weeds and other pest problems. Diminish-

ing budgets and deferred maintenance exacerbate these conditions.

Schools also include diverse physical spaces, both indoors and out, that require

customized solutions to pest problems. In addition, schools host a wide variety of

people, from teachers and students to vendors and community groups, who have dif-

fering opinions about pest tolerance levels and appropriate pest management meth-

ods. It is necessary to sensitively address the concerns of parents and others who

desire a school site free of nuisance or health-threatening pests, but want this achieved

with minimal use of toxic materials.

Because IPM is a decision-making process and not a rote method, an IPM pro-

gram will always be able to take into account the wide spectrum of pest problems

and the diversity of people involved. IPM methods enable pest control operators and

other members of the IPM team to design flexible, site-specific pest management

plans scaled to the severity of the problem and the level of resources available.

The IPM approach also offers unique opportunities to incorporate pest manage-

ment issues into the school science curriculum and gives students hands-on learning

experiences in the biology, ecology, and least-toxic management of pests that inhabit

school buildings and grounds.

In the IPM approach, considerable effort is also put toward preventing pest problems

by controlling conditions that may attract and support pests. For example, to control an

infestation of pavement ants in a classroom, placing ant baits (pesticides) in areas inacces-

sible to children, or applying gel baits to baseboards might be effective options. However,

many schools have experienced repeat problems because pesticides alone do not usually

achieve long-term control. Some schools have also received complaints when repeated,

frequent applications of a pesticide occur in areas where children are present every day.

For long-term pest control, it is essential to identify why the infestation arose in

the first place. Non-chemical controls such as sealing cracks and crevices to prevent
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access, improving sanitation around food preparation and waste/recycling storage

areas, and limiting where food can be eaten will help prevent many problems. IPM

addresses the cause of the problem (food scraps and crumbs throughout the building)

to avoid the development of the symptoms of the ant infestation.15

Educating IPM Participants

A school IPM program should include a commitment to the education of students,

staff, and parents. This education should include not just teachers, but also school

nurses, cafeteria workers, housekeeping staff, and administrative personnel as well. All

school occupants must understand the basic concepts of IPM and who to contact

with questions or problems. Specific instructions should be provided on what to do

and what not to do.

Faculty and staff work in the classrooms and cafeteria areas just like students. As a

result, teachers and staff are exposed to all of the same risks as students. In addition,

faculty and staff should not introduce potentially harmful bug sprays into the class-

room. Commonly used over-the-counter products available at local stores often con-

tain the same ingredients as those products available only to licensed pest control

operators. When used in the classroom, these sprays are potentially dangerous to

chemically sensitive children. Also, these products can make some pest problems

worse because they may interfere with or even reduce the effectiveness of treatments

made previously by the pest management staff.

Many schools across the United States have incorporated environmental issues into

their curricula. Science classes might include discussions and activities to learn more

about the fascinating and diverse roles of insects, plants, rodents, and birds in our world.

Most are harmless, and many, for example, some spiders, predatory mites, centipedes,

and certain beetles, are actually beneficial in controlling pest populations. If good sanita-

tion is practiced, the population of these beneficial insects can be kept at tolerable levels.

Staff and students need to understand how their own behavior helps alleviate or

contributes to pest problems. School staff should encourage the parent-teacher associ-

ation, student organizations, and other school-affiliated groups to participate in the

IPM program.

The first step to reducing pesticide use is to understand the risks of pesticide expo-

sure. If the problem can be laid out clearly in a school district, including listing what

pesticides are used and their health effects, it will be a powerful tool in calling for

change. Pesticide use and pest management policies vary dramatically from school

district to school district. Determining how pest management decisions are made and

what types of pesticides are used is the place to start.

Informational Roadblocks

Unfortunately, finding the answers is not as simple as asking the right questions. In

fact, the process may be long and frustrating. There are several reasons for this. The

first and most fundamental problem in many school districts is that there is no one
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person responsible for pest management within the district. Because of this, it often

takes many calls to simply determine who the responsible person is.

Second, most school districts have no pest management policy, often resulting in

very poor record keeping. It is fairly common that no one person can indicate what

pesticides are being used in the school district because no one person is responsible

for tracking that information. Third, school districts today are faced with many prob-

lems, and reducing pesticide use often is a low-priority item despite its potential

health impacts. Finally, many school districts are resistant to provide this information

because they know that it may be used by community activists calling for change. In

many school districts, lack of knowledge about the health impacts of pesticide use on

children and the viability of alternatives leads them to oppose change.16

Costs of IPM and Conventional Programs

A major impediment to the adoption of IPM practices in schools is the perception

that they incur higher costs. Indeed, the start-up costs of an IPM program may be

higher than the costs associated with an ongoing conventional pest management pro-

gram. However, a conventional method also incurs high initial costs, suggesting that

initial higher costs of both programs may be related to the expenditure of more time

becoming familiar with the elements of each type of program.

Nevertheless, there are several expected cost advantages to the IPM approach that

may be overlooked. Labor, and thus the duration of each service, is the major con-

tributor to overall cost.

Whereas most IPM-related tasks (for example, caulking and baiting) can be done

during school hours, resulting in more flexible work time, conventional services (such

as baseboard and crack-and-crevice spraying) require that all people vacate the rooms.

In conventionally serviced schools, the pest management professional (PMP) rou-

tinely waits for students to be dismissed before initiating a pesticide application.

More importantly, some pesticides, primarily baits used in IPM programs, have long

residual activity and are generally placed in areas that are less likely to be exposed to

routine cleaning. Therefore, over the long run, it is expected that subsequent services

would use less bait, resulting in cost savings in materials and further reducing pesti-

cide exposure to occupants.

However, cost estimates of IPM services do not include time spent on training the

PMPs because they had received earlier training in general pest control and require

only a brief refresher in IPM techniques. Because school personnel in many districts

are responsible for pest control services and they may not be familiar with IPM,

much more extensive training would be necessary for proficiency in IPM tactics.

Consequently, as certification requirements change and IPM becomes a common ele-

ment of PMP training, training costs are expected to be no different than for conven-

tional pest control, and no cost adjustment would be necessary. The shift to IPM will

obviously accelerate if schools specify in their pest control contracts that only individ-

uals trained in IPM may furnish services.
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Compare the total costs of a conventional pest management program with the

costs of an IPM program. Instead of routinely spraying pesticides, IPM employs

monitoring to determine the location, extent, and the cause of a weed or pest prob-

lem, and then applies a variety of non-chemical or least-toxic pesticide controls. IPM

strategies are more effective because they are better able to prevent pest troubles. This

is because they focus on modifying the cause of the dilemma, instead of just spraying

the pest after it becomes a problem. IPM is the equivalent of a wellness program to

maintain the facility and landscape in a healthy condition to avoid the need for spe-

cific chemical treatments and the costly side effects that can be associated with them.

Pesticides are used only after other options have been fully considered and only if

other methods have not reduced pests to tolerable levels. Determination of this toler-

ance level is based on pest-specific and site-specific criteria.17

Least-Toxic IPM

Least-toxic IPM decision making seeks to manage pests through prevention. It is

based on the fact that pests almost always can be managed without toxic chemicals.

Prevention is the first line of defense. Modification of pest habitats (such as putting

vegetation-free buffer zones alongside buildings) deters pests and minimizes infestation.

IPM requires extensive knowledge about pests, such as information about infestation

thresholds, life cycles, environmental considerations, and natural enemies. Pest monitor-

ing is critical to identify existing pest problems and areas of potential concern, as well

as to determine how decisions and practices may impact future pest populations. Moni-

toring must be ongoing to prevent small pest problems easily controlled with least-toxic

means from becoming infestations. Threshold tolerance levels of pest populations are

established to guide decisions about when pests pose a problem sufficient to warrant

some level of treatment. If treatment is necessary, non-chemical means are given prior-

ity. Traps and enclosed baits, beneficial organisms, freezing and flame or heat treat-

ments, among others, are all examples of non-chemical or least-toxic pest treatment

methods. A good IPM program prohibits the use of known and probable carcinogens,

reproductive or developmental toxins, endocrine disrupters, cholinesterase-inhibiting

nerve toxins, and the most acutely toxic pesticides.

In sum, least-toxic IPM establishes a hierarchy of appropriate pest management strat-

egies, with monitoring and prevention at the top and toxic pesticides at the bottom.

Least-toxic IPM never provides all available pest control methods equal consideration.

It always favors non-toxic alternatives. Beware of alleged IPM policies that allow the

use of chemical pesticides without prior exhaustion of all other means of control.18

Least-Toxic Approaches Are Cost-effective

Preliminary indications from IPM programs in school systems suggest that long-

term costs of IPM may be less than those of conventional pest control methods. By

focusing on prevention and monitoring whenever pests are a problem, school IPM
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programs may require no treatments at all. Short-term costs may include IPM train-

ing, new equipment purchases, hiring an IPM coordinator, or preliminary school

building repairs. However, in contrast with chemical-intensive methods, over the long

term IPM garners savings by eliminating or reducing ongoing chemical purchases

and applications.19

Everyone agrees that a good IPM program effectively controls pests. According to

the EPA, ‘‘preliminary indications from IPM programs in school systems suggest that

long-term costs of IPM may be less than a conventional pest control program.’’20

Schools around the country have saved money using IPM methods.

However, costs should not be the most important consideration in evaluating the

success of IPM programs. The incalculable benefit of a healthier environment for our

children should be the dominant motivation in the minds of decision-makers.

Examples of IPM Effectiveness and Cost Efficiency

Public schools in Montgomery County, Maryland, produced cost savings and realized

better pest control when they shifted from a traditional spray program to IPM for their

buildings and landscapes. A crude comparison of labor, equipment, and materials costs

showed savings ranging from 15 to 18 percent per year over a six-year period. Pest con-

trol costs were reduced by $111,000. The school district saved $1,800 at each school and

$30,000 at its food service warehouse. In Montgomery County, reduction of school pesti-

cide use by 90 percent and use of least-toxic pesticides when pesticides are required have

made school and work safer for 110,000 students and 12,000 employees.21

In Monroe County, Indiana, a school IPM program decreased pest management costs

by $6,000 in two years. Pesticide use reportedly plummeted 90 percent, and all aerosol

and liquid pesticides were discontinued.22 The IPM specialist in Monroe County stated

that ‘‘costs are dependent on the condition of the school. We were lucky in this case that

Monroe County began this project with a history of good management practices and

structurally sound school buildings. If a school isn’t in good shape maintenance wise, the

startup costs of an IPM program can be a little higher in the beginning.’’23

In New York state, after Susquehanna schoolchildren were accidentally exposed to

pesticides and became ill in 1991, the New York Department of Environmental Con-

servation ordered the school to halt all routine pesticide applications and to imple-

ment an IPM program. Engineers and the pest control company on contract are now

pleased with improvements in the indoor environment. Prior to the IPM program,

the school was sprayed monthly for recurring ant problems. Now with monitoring,

increased sanitation, education, and the use of least-toxic baits only when needed, the

number of ant sightings has decreased substantially while costs have declined.

Pesticide applications have been discontinued altogether in Susquehanna’s outdoors

environment as the school’s engineers manage the turf and playing fields. They now

use organic fertilizer and compost twice a year on the athletic fields, aerate the soil

four times a year, and mow high and often. An engineer at the school says, ‘‘Cost will

depend somewhat on how much labor you need to get the job done. In our case, we
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spent the first years doing some preventative maintenance such as putting plastic lin-

ing under the bleachers and deeply aerating the fields. We have now cut costs and

labor across the board for the past seven years and the turf looks better than ever.’’24

The Susquehanna school is currently saving more than $1,000 annually on pest con-

trol with its new IPM program.

Several school districts in North Carolina are using IPM to lower the frequency of

pest infestations as well as the cost of pest control. During the summer of 2003, the

Agricultural Resources Center & Pesticide Education Project surveyed the facilities

departments at all of North Carolina’s 117 public school districts regarding their pest

management practices. Sixty districts responded, representing more than half of

North Carolina school districts and 1.3 million students from kindergarten through

grade twelve. The survey found that many schools still use high-risk pest control

practices such as fogging buildings with pesticides or using pesticides regularly as pre-

vention. Schools with least-toxic or IPM programs consistently spent less than the

statewide average on pest control, and tended to be more satisfied with their pest

management programs overall. Some of the survey’s most interesting findings include:

1) on average, North Carolina school districts spend $1.77 per student per year on

pest control, whereas districts with least-toxic pest control programs, such as IPM,

spend $1.49 per student per year; 2) 43 percent of school districts report using pesti-

cides regularly in classrooms; 3) 17 percent of school districts fog buildings with pes-

ticides; 4) only three school districts reported notifying parents when pesticides are

used at school; 5) 65 percent of districts report consciously selecting least-toxic pesti-

cide product formulations; 6) large urban districts as well as small rural districts in

North Carolina report success with IPM programs.25

IPM’s cluster of preventive approaches (cultural, mechanical, and biological) are

easy to implement because they can be incorporated into schools’ existing custodial

and maintenance functions, such as sanitation, energy conservation, building security,

and infrastructure maintenance.

‘‘In-House’’ or Contracted Services

IPM programs can be successfully implemented by ‘‘in-house’’ school employees or

by contracting with a pest control company. A combination of in-house services with

contracted functions may be mixed and matched to the needs and capabilities of each

school system. Both approaches have advantages and disadvantages. Individual school

systems must decide what is best for them given their unique circumstances. Whether

selecting in-house or contracted services, pest management personnel should be

trained to: 1) understand the principles of IPM; 2) identify pests and associated prob-

lems or damage; 3) monitor infestation levels and keep records; 4) know cultural or

alternative methods; 5) follow recommended methods of judicious pesticide applica-

tion; 6) learn the hazards of pesticides and the safety precautions to be taken; and 7)

understand the pesticide label’s precautionary statement(s) pertaining to exposure to

humans or animals.26
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Status of State Pesticide Laws

Federal legislation to require safer pest control in schools has been stalled in the

U.S. House of Representatives for several years. Introduced in 1999 and adopted

twice by the Senate, the School Environmental Protection Act requires schools to

adopt less-toxic methods of pest control and notify parents and staff when pesticides

are applied on school grounds. The legislation is the product of years of effort by par-

ent coalitions working to bring safer pest control practices to their schools.

FIFRA currently requires the registration and review of all pesticides produced and

distributed in the United States. But it does not address school applications. The

FQPA of 1996 amended relevant sections of FIFRA but simply defines IPM to

include chemical agents when necessary.

In the absence of a federal mandate, state policies on pesticide use in schools are

widely disparate and provide mixed protections. Texas and Michigan were the first two

states to enact legislation that required schools to follow school IPM pest management

plans. Since the late 1980s and early 1990s, thirty-four states have jumped on the

bandwagon, creating a patchwork of different school pest management programs. Ken-

tucky, Maine, New Jersey, Ohio, Pennsylvania, and Rhode Island either approved or

enacted their own requirements for IPM in schools. In 2003, even more states consid-

ered school pest management plans. These states included Utah, Indiana, Arizona, and

Illinois, which is expanding its program. Alaska, Illinois, Pennsylvania, and Washington

state require that schools notify everyone in the school system the beginning of the

school year about the pesticides used at their school. Baits, gels, pastes, and antimicro-

bials are exempt from this notification requirement. Twenty-nine states require that

schools post signs stating that pesticides will be sprayed; these signs must be posted

twenty-four to seventy-two hours before spraying. Sixteen states require notification of

indoor applications. Twenty-six states require postings outdoors. Thirteen states require

more information beyond label requirements. Many states have reentry requirements,

wherein pesticide use is completely prohibited while school is in session. Massachusetts

orders that no pesticides be sprayed in schools without permission. Nineteen states

approved IPM legislation or rules that will require schools to define and submit a writ-

ten pest management plan to a regulatory agency. Many states have voluntary IPM

requirements in schools; these states include California, Connecticut, Minnesota, Mon-

tana, New York, and Utah. Other states have mandatory requirements for IPM in

schools; these states include Florida, Illinois, Kentucky, Louisiana, Maryland, Massa-

chusetts, Maine, Michigan, New Jersey, Pennsylvania, Rhode Island, Texas, and West

Virginia. Sixteen states have no laws concerning pesticide use in schools.27 Eight states

restrict the aerial or large broadcast application of pesticides in areas neighboring

schools. These buffer zones can range from thirty-five feet to 2.5 miles.

Buffer zones around schools could impact spraying initiatives like those to combat

virus-bearing mosquitoes. In an effort to prevent windborne drifting of potentially harmful

chemicals, states such as Alabama, Arizona, Louisiana, New Hampshire, New Jersey, and

North Carolina limit the use of pesticides within a specified radius of school buildings.
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But these laws are hardly uniform. Alabama outlaws aerial spraying or dusting within

400 feet of school grounds. Louisiana broadens the circle to 1,000 feet but lifts the

restriction before and after school hours. New Jersey’s buffer zone provision, by far the

most complex, includes a separate set of parameters for gypsy moth chemicals and has

different zone measurements for grade schools and high schools.28 Illinois’s law, passed

in 1999, protects children from pesticides. It was one of the first of its kind calling for

IPM. However, although the law has been on the books for nearly a decade, many

schools are still not in compliance due to the lack of state-sponsored IPM education

programs for school administrators. In order to protect their children, parents must ask

their schools to comply fully with regulations in their state.29 Massachusetts law, as of

November 1, 2000, requires that schools and daycare centers maintain records of all

pesticide applications for at least five years. In addition, due to the persistence of pesti-

cides used for termite control, records of pesticide applications for termite control

should be kept on record for the life of the property.30

Non-Compliance in Massachusetts

A recent report concludes that most parents in Massachusetts are not being informed

of pesticide use at their children’s schools and childcare centers despite a state law

requiring schools to submit detailed plans about pesticide use on their grounds. The

Children’s Protection Act of 2000 requires schools and daycare centers to submit plans

explaining the extent of their pest problems, the pesticides they plan to use, and who

will apply them. The law also requires parents and teachers to be notified at least two

days before spraying begins. The report found 81 percent of the state’s schools and

childcare centers have failed to comply with the law. According to the audit, more than

70 percent of the state’s 2,456 schools, both public and private, and 90 percent of the

state’s 3,242 childcare centers have not submitted the required pesticide plans.31

The California Statute

After activists waged a three-year campaign to highlight the widespread threats to

children’s health, Governor Gray Davis signed the Healthy Schools Act into law in

September 2000. The law requires school districts to: notify parents annually about

what pesticides the district intends to use in their children’s schools and on school

grounds during the following year; provide parents the option to register to be noti-

fied seventy-two hours in advance of all pesticide applications and seventy-two hours

after application; and maintain records of all pesticide use for four years in an accessi-

ble format.

The law also requires the state Department of Pesticide Regulation to: provide

training for interested school district personnel in least-toxic Integrated Pest Manage-

ment techniques; distribute a manual to all schools in least-toxic Integrated Pest Man-

agement; and maintain a Web site with information to help schools comply with the

law and implement least-toxic pest management methods.
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Impact of the Healthy Schools Act

Although many of California’s largest school districts have moved to reduce the use

of dangerous pesticides since passage of the Healthy Schools Act, fifty-four active pes-

ticide ingredients that are known or suspected carcinogens, reproductive or develop-

mental toxins, endocrine disrupters, or acute toxins and/or cholinesterase inhibitors

may still be in use in and around California schools. This is twelve more active ingre-

dients than districts reported using in 1999.

Furthermore, a re-survey found that by late January 2002—one year after the

Healthy Schools Act went into effect and almost six months after the first full school

year under the act began—one-third of California school districts were not in com-

pliance with the act’s parental notification requirements. This deficiency deprives

parents of important information regarding their children’s safety and health.

Moreover, many school districts that complied with notification requirements were still

unable or unwilling to produce records concerning pesticide use and application. The ease

of finding out which and how frequently pesticides are applied and how many parents are

registered for notification before each application varied greatly among California’s school

districts. For example, the Long Beach Unified district returned the survey almost blank,

while the Elk Grove Unified and San Juan Unified districts required nearly two months of

follow-up calls to return even the most basic elements of requested information.32

One need not be a rocket scientist to reach the undeniable conclusion that despite

a ballyhooed law, dangerous pesticides use continues to threaten children’s health in

California schools.

Pesticide Regulation in Ohio

In Ohio, the law requires only that commercial applicators post signs when a lawn

pesticide has been applied, be it an herbicide, insecticide, or fungicide. Some Ohio school

systems have adopted practices that reflect concern about children’s exposure to toxic sub-

stances. Yet, a survey found that Ohio schools use very poisonous chemicals to control

mere nuisance pests such as ants without warning students and parents when pesticides

are applied, and they are relatively careless about when the pesticides are applied.

In May 2003, an exterminator sprayed weed killer around Madison Middle School

in Madison, Ohio. As a result, fresh spring air pouring into the sixth- and seventh-

grade classroom windows became tainted with the acrid smell of Formula 190, send-

ing one teacher home and forty-two nauseated and dizzy children to the hospital. A

new pesticide agent has been hired, all work must occur on weekends, and indoor

spraying must occur in summer. Although written standards of pest control have not

been yet adopted, all work must be scheduled through the maintenance supervisor.33

The Washington State Law

School districts throughout the state of Washington routinely use pesticides linked

to cancer, nervous system damage, reproductive harm, and hormone disruption.
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These are called high-hazard pesticides. In a 1998 survey by the Washington Toxics

Coalition, 88 percent of thirty-three school districts reported using at least one high-

hazard pesticide. School districts surveyed represented a range of rural, urban, small,

and large districts, so the hazards of school pesticide use appear to be widespread.

Use of pesticides that can cause serious health effects faced no special restrictions

in Washington schools unless an individual school district took action to protect its

students and staff. School districts were not required to automatically notify all

parents or compile yearly reports of pesticide use. A request for information about

pesticide use might yield no response or a huge stack of application records.

As had occurred in California, activists achieved success after waging a five-year

campaign to highlight the widespread threat to children’s health. Governor Gary

Locke signed the Children’s Pesticide Right-to-Know Act into law in May of 2001.

The law required school districts to: notify parents annually about their pest manage-

ment policies and methods, including posting and notification requirements; main-

tain records of all pesticide applications to school facilities and make records readily

accessible; provide an annual summary of all pesticide use in the district during the

previous year; notify at least interested parents or all parents forty-eight hours in

advance of all pesticide applications, for example, with a registry; post notices forty-

eight hours in advance in a prominent place in the main office.34

Restricted Spray Zones Around School

Property—Recommendations

Pesticides move off the target site when they are sprayed, whether indoors or out-

doors. When sprayed outside, pesticides drift onto nearby properties, resulting in off-

target residues. In order to adequately protect against drift, buffer zones should, at a

minimum, be established in a two-mile radius around the school’s property. Aerial

applications should have larger buffer zones, at least three miles encircling the school.

Buffer zones should be in effect at all times of day. It is especially important for spray

restrictions to be in place during commuting times and while students and employees

are on school grounds.

Posting Notification Signs for Indoor Pesticide

Applications—Recommendations

States employ different approaches in providing school pesticide use information

to parents, students, and staff. Some forms include posting notification signs and/or

distributing notices directly to the affected population. This is a vehicle for a basic

right-to-know if the notices are posted where parents, students, and staff can easily

see them. It is important to post signs for indoor pesticide applications because of the

extensive period of time students and school employees spend at school. Signs posted

prior to commencement of the pesticide application, not after, are more protective

because they effectively enable people to take precautionary action. Because of the

residues left behind after an application, signs should remain posted for at least
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seventy-two hours. It takes time for pesticides to break down and some pesticide resi-

dues can last for weeks. Signs should also be posted at all main entrances of the

building and the specific area sprayed, on the main bulletin board, and, for more

comprehensive notification, in the school newspaper or on the daily announcements.

Posted signs should state when and where a pesticide is applied, the name of the pes-

ticide applied, and how to get further information, such as a copy of the material

safety data sheet (MSDS) and the product(s) label.

Posting Notification Signs for Outdoor Pesticide

Applications—Recommendations

For a wider range of protection, states should require posting pesticide notification

signs for outdoor pesticide application as well as indoor spraying. Students who play

sports or people continually on the lawns are at greater risk when applications occur

on school property. Dermal exposure can occur when a football player gets tackled, a

soccer player slides to make a block, or a student sits on the grass eating lunch or

watching a game. Inhalation exposure can occur when a player breathes in kicked-up

dust and dirt and pesticide residues. Even spectators at a game or passersby face inha-

lation exposure to pesticides that volatilize or vaporize off the treated area.

Prohibition on Use—Recommendations

Limiting when and what pesticides are applied in and around schools is important

to the reduction of pesticide exposure. Pesticides should never be applied when stu-

dents or employees are in the area or may be in the area within twenty-four hours of

the application. In reality, certain types of pesticides, such as carcinogens, endocrine

disrupters, reproductive toxins, developmental toxins, neurotoxins, and persistent

compounds should not be used around children.35

Sample IPM Notification Letter

A standard IPM notification letter to school districts explains the following details:

Dear Parent(s) or Guardian(s):

The Peters Township School District uses an Integrated Pest Management (IPM)

approach for managing insects, rodents, and weeds. Our goal is to protect every stu-

dent from pesticide exposure by using an IPM approach to pest management. Our

IPM approach focuses on making the school buildings and grounds an unfavorable

habitat for these pests by removing food and water sources and eliminating their hid-

ing and breeding places. We accomplish this through routine cleaning and mainte-

nance. We routinely monitor the school building and grounds to detect any pests

that are present. The pest monitoring team consists of our maintenance personnel

and building staff. Pest sightings are reported to our IPM coordinator, who evaluates

the ‘‘pest problem’’ and determines the appropriate pest management techniques to

address the problem. The techniques can include increased sanitation, modifying

storage practices, sealing entry points, physically removing the pest, etc.
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From time to time, it may be necessary to use chemicals to manage a pest prob-

lem. Chemicals will only be used when necessary, and will not be routinely applied.

When chemicals are used, the school will try to use the least-toxic product when pos-

sible. (Applications of chemicals will be made only after normal school hours.) No-

tices will be posed in these areas seventy-two hours prior to application and for two

days following the application.

Parents or guardians of students enrolled in the school may request prior notifica-

tion of pesticide applications made at the school. To receive notification, you must be

placed on the school notification registry. If you would like to be placed on the regis-

try, please notify the district in writing.

If a chemical application must be made to control an emergency pest problem (for

example, stinging insects), notice will be provided by telephone to any parent or

guardian who requested such notification in writing. Exemptions to this notification

include disinfectants and anti-microbial products; self-containerized baits placed in

areas not accessible to students; gel-type baits placed in cracks, crevices, or voids; and

swimming pool maintenance chemicals.

Each year the district will prepare a new notification registry.

If you have any questions, please contact Bruce Riebel, IPM Coordinator36

While notification alone will not protect children’s health, it provides important

information and can be a great tool to advocate for a least-toxic pest management

policy.

IPM Responsibilities: A United Effort

Kitchen Staff

Food handling and preparation areas are among the most crucial areas for pest

management. It is imperative that kitchen staff understand the importance of good

sanitation, kitchen management, and proper food storage. For example, lids should

be kept on garbage cans, spills cleaned as soon as possible, and food stored in pest-

proof containers. A well-trained kitchen staff can assist the district’s IPM staff in

locating and eliminating pest harborage areas. Kitchen staff should also be involved

in periodic IPM training.

Administrators

Administrators and school boards set the tone for an IPM program. Their first

responsibilities are selecting a qualified individual for the IPM coordinator’s position

and establishing a pest management policy. Administrators should have a general

understanding of suggestions pertaining to IPM in schools, the possible penalties for

improper pesticide use by in-house pesticide applicators, and pesticide safety issues

and decision making about which pesticide products are appropriate for district use.

Perhaps the most crucial role of administration is assigning priorities for building

maintenance requests submitted by the IPM coordinator. Without administrative
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support for such requests, as well as requests to correct other reported problems (such

as inadequate sanitation or improper management practices), IPM programs will be

restricted in their effectiveness.

Teachers and Students

In addition to food handling areas, classrooms and lockers are key sites for pest

problems in school buildings. The most important responsibility of the students and

faculty is sanitation: cleaning up leftover food, proper storage of pet food and snacks,

and maintaining uncluttered and clean classrooms and locker areas. Also, teachers

and students who can identify pests can be helpful to the IPM program. The more

participants, the greater the potential for success. Without the cooperation of teachers

and students in the IPM program by reporting pests immediately and by keeping

their classrooms clean, it is probably unreasonable to expect a totally pest-free envi-

ronment or to control pests without any use of pesticides.

Parents and Community

Parents want their children to experience a pleasant learning environment without

any undue risks from pesticides. For this reason, parents are usually among the first

to express their concerns about perceived unsafe conditions in a school. Unsafe condi-

tions can occur when pest problems are improperly managed, or when pesticides are

overused or used improperly. Parents should be made aware of the current pest man-

agement practices in their children’s schools. Visible interest and concern on the

parents’ part can stimulate the school to do its best to provide effective and safe pest

control in school facilities. Parents and other community members can and should

express their views to the IPM coordinator, school superintendent, school board,

campus-based improvement committees, and parent-teacher associations and organi-

zations. Parents can serve on IPM advisory committees with the schools.

Community involvement is crucial in the development and success of school pesti-

cide-reduction programs. Nearly all of the schools that have reduced or eliminated

the use of pesticides on school grounds have done so because of parent and commu-

nity pressure. Parents, teachers, students, and community members have advocated

for healthy classrooms and playgrounds. These local groups have worked with

grounds and maintenance crews, built public support, obtained coverage in newspa-

pers and on television, and effectively lobbied school board members.37

The Role of the School Nurse

The school nurse is the health expert in the school building. Training and experi-

ence in physiology, chemistry, biology, and health care can position the school nurse

to be actively involved in addressing issues of toxin exposure. Nurses are important to

environmental health because they can play key roles in protecting the health of all
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people; are in contact with staff, students, families, and community members; and

have credibility and access that enables them to provide scientifically sound informa-

tion about environmental issues and exposures.38

Of specific importance to school nurses is the impact of environmental exposure for

the growing child. Schools have programs serving young infants, toddlers, and pre-

schoolers, as well as traditional school-age children and youth. The child’s metabolism,

developing body systems, and environmental components can interact in ways similar to

and different from those of adults. Also, some exposures, while not apparently harmful

to adults in similar doses, can result in adverse health effects for children. Childhood

exposures may result in health problems years later. Children differ from adults in the

exposure dose levels, routes, response potentials, and response effects.39

The school nurse is concerned with child toxin exposures that have occurred prior

to school attendance and have impaired a child’s health or learning potential (such as

lead exposure causing neurological and learning deficits). Additionally, the nurse is

concerned with preventing adverse health reactions in children exposed to physical,

chemical, and biological toxins occurring in the school environment.40

The Occupational Health and Safety Administration (OSHA) has many regula-

tions that impact the safety of school workers, especially those relating to occupa-

tional exposure to environmental toxins. Safe practices for employees translate into

safer practices and environments for children. The school nurse can assist in imple-

menting safety standards and in making the standards understandable and applicable

to the school setting.41

However, the nurse’s role does not stop with treating or evaluating existing health

hazards to children. She must also take a proactive role to anticipate health hazards

and act to reduce or prevent adverse health effects on the school population. For

example, the nurse may note that pesticides are routinely sprayed during the morning

hours every three months. Some who have been exposed may seek her help. Her pro-

active role here would be to work with the school administration and the pesticide

applicator to spray on Friday afternoons after school, so that when students return on

Monday morning, there are much lower amounts of pesticide residues in the school

and thus much less of a potential health impact.

Parents’ Pesticide Awareness

While parents of school-age children may be deeply concerned about adverse

health effects in the school environment, their awareness of the threat posed by pesti-

cides may be inadequate.

The fact of the matter is that most parents do not often think about pests or the

use of pesticides in their children’s schools, but when these issues are raised, they

strike a deep emotional chord. That is one of the findings from focus group discus-

sions with parents.

When asked which environmental quality issues in their children’s schools con-

cerned them most, parents mentioned air quality, asbestos, and lead and mold/fungus
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problems, but not pests or pesticides. While pesticides are clearly not top concerns

for parents, this research shows they do become easily concerned when the subject of

pesticides is raised.

This qualitative research was conducted in April 2001 among parents of kindergar-

ten and elementary-school children in four cities: Cambridge, Massachusetts; Raleigh,

North Carolina; Chicago; and Los Angeles. The focus groups were comprised of low-

to moderate-income parents and those with children in urban school settings. All of

the parents were actively involved in their children’s school-based activities. This

research helped to understand parents’ perceptions and attitudes about pests and the

use of pest control products in and around schools.

While pesticide use in schools is not a top concern for parents, neither is the health

and safety threats posed by pests. While parents have an aversion to pests, primarily

because they are viewed as an indication of unsanitary conditions, they know surprisingly

little about the actual health hazards associated with even the most common pests.

Other findings from the parent focus group discussions include: Rats and roaches

are perceived by parents as the worst pests because they carry diseases (non-specific),

promote unsanitary conditions (droppings), and pose a general threat to a child’s

well-being. Lacking knowledge and information about pesticides, parents default to

erroneous misperceptions about pesticides, such as: all pesticides are sprayed; pesti-

cides used in schools are industrial strength; school janitors are responsible for apply-

ing pesticides; and applications are widespread (the entire school building) and

random (not part of a strategy or plan).

Parents know little about IPM, but when given its legal definition, they see it as a

logical, commonsense approach to controlling pests. When asked about pre-notification

of pesticide applications in schools, most parents want a general understanding of

what’s being done, but are not interested in knowing about every application.42

School Pesticide Incidents Across the Nation

January 1999, Mandeville, Louisiana. Two students at Mandeville Junior High

School were exposed to Green Thumb Wasp and Hornet Killer (tetramethrin and

phenothrin) sprayed in an effort to kill ants by a teacher in a practice room for the

school band. One parent filed a health complaint expressing concern about possible

health effects, though no symptoms were reported at the time. The spraying was

reportedly done in violation of the district’s pest management program. The state

issued a warning letter to the district citing several violations of the state pesticide

law, including applying a pesticide in a manner inconsistent with its labeling, allow-

ing a person to apply pesticides who was not a certified applicator, not keeping a re-

cord of the application, and applying a pesticide in a school while children were

present or expected to be present within eight hours.43

November 25, 1998, Washington County, New York. A parent filed a complaint

with the state after seeing a school custodian at Greenwich Central School with

Claire Lice Killer (pyrethrins and piperonyl butoxide) and being told that the
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chemical was applied in classrooms in an effort to control head lice. The parent’s

complaint also noted that she had seen school staff applying diazinon to control bees

near the school building, and that her son had seen a janitor spraying playground

equipment. The parent was concerned about potential exposure to her son and other

students. An investigation showed that the school nurse had requested the spraying

for head lice. Following an investigation, the district was cited for multiple violations

of state pesticide law, including use of a pesticide product not registered in the state,

authorizing applications by uncertified employees, failure to keep records of applica-

tions, and failure to post notices at athletic fields that had been treated with Roundup

(which contains glyphosate). The school signed a consent order and a $2,500 penalty

was suspended.44

November 12, 1998, Mount Pleasant, South Carolina. A pest control firm mis-

takenly drilled through wall voids and into two classroom walls at Laing Middle

School during a ‘‘trench-and-rod’’ termiticide application to the building’s exterior

foundation. The pesticide Dursban TC (chlorpyrifos), which is not registered for in-

terior use, was injected into the holes and into at least one of the classrooms. The

teacher reported a strong odor upon returning to the classroom the next morning.

She reported it to the principal, and the room was aired out. When the odor

remained the following week, the students were moved to another classroom, and the

pest control applicator was called back to the school. He noted the strong smell at

that time, patched the holes in the walls, and hired a company to clean the carpets,

walls, ceiling, desks, and pencils in both classrooms. Some textbooks that had been

contaminated with the pesticide were replaced. However, the odor persisted, and a

second carpet cleaning and general cleanup was done in December.

A student mentioned the pesticide ‘‘spill’’ to a parent in late January, two and a half

months after it had occurred. This parent talked with school staff and realized that

the incident had not been reported to state agencies. She reported the incident, and

only then were other parents notified. Parents began to wonder if strange illnesses

their children had been experiencing, including flu-like symptoms and one child with

peeling hands, may have been caused by exposure to the chemical. Chlorpyrifos resi-

dues were found in carpet samples collected by state investigators two and a half

months after the application, after two professional carpet cleanings. The pest control

company was cited and fined by the state for applying a pesticide in a manner incon-

sistent with its labeling. The school board later sued the pest control company.45

July 1998, Somerset, Wisconsin. Staff at the state Department of Agriculture,

Trade, and Consumer Protection circulated a survey to state school districts inquiring

about their pesticide use practices. Agency officials noted that St. Anne’s School filled

out the survey indicating that the school used chlordane, a persistent organochlorine

pesticide that has been banned since 1988. An agency inspector visited the school

and confiscated a partially used one-pound container of the pesticide. He was told

that the product had been at the school since at least the start of the school year, and

that it had been used once during the most recent school year. The state agency did
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some testing of sites where the chemical had been used, but no residues were found.

No injury, illness, or exposure to the pesticide was alleged. However, as the chemical

is classified by the EPA as a probable human carcinogen, a warning notice was

issued.46

June 9, 1997, Chardon, Ohio. Seven staff members and nine students at Chardon

High School experienced dizziness and difficulty breathing and were treated at local

hospitals after fumes of the herbicide HNS-300 (bromacil) seeped into the building.

It was applied by school maintenance workers in spot applications to the perimeter

of the building and under stadium bleachers. The fumes were drawn into the school

by the ventilation system, and came in through the gymnasium’s windows. Com-

plaints about odor were reported approximately one hour after the application was

completed. The school was evacuated. The incident was not reported to the Ohio

Department of Agriculture, although the agency did a site inspection three weeks

later after learning about the incident through newspaper accounts. It was found that

the school district did not have any licensed applicators on its staff. The state inspec-

tor issued a ‘‘field notice of warning,’’ but no citations or fines were levied.47

March 20, 1997, Amherst, Massachusetts. A kindergarten class was moved out of

Fort River Elementary School after complaints of persistent headaches from three staff

members and a number of students throughout the spring. One teacher was out sick

for weeks. The school had a history of indoor air quality problems. However, some

people in the school suspected that applications of an ant spray, Double Active Residual

(propoxur, pyrethrins, and piperonyl butoxide) might be contributing to the problem.

Custodians had applied it multiple times inside the kindergarten classrooms in March.

The teachers’ union filed a complaint with the Massachusetts Pesticide Bureau on

June 9. The state inspected the school on June 19, three months after the pesticide

applications were made and health symptoms began. Because of the untimely nature

of the complaint, state investigators undertook no human or environmental testing.

The state investigator concluded that the pesticide applications were made according

to product labels, and that any symptoms that had occurred were unlikely to have

been caused by the pesticides. This conclusion was reached based on the fact that the

last application was made more than two months before the complaint was filed, and

that the active ingredient of the product was pyrethrin at a very low concentration.

(In fact, the product also contained another active ingredient, propoxur, at ten times

the concentration of the pyrethrins. The EPA classifies propoxur as ‘‘moderately per-

sistent.’’ Incident information reported to the EPA between 1992 and 1996 showed

that symptoms people experienced from post-application exposures to propoxur

included headaches, nausea, and respiratory irritation.) The school principal was

quoted in a newspaper account the day after school’s evacuation as saying that expo-

sure symptoms listed on the spray can are similar to ones that people reported experi-

encing. State investigators did note in their report that the school employees who

made the applications were not licensed, and that notices of the applications had not

been posted as required by state law.48
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August 1994, Pierre Part, Louisiana. In the week before school opened for the

fall, a school custodian sprayed the schoolyard around Pierre Part Primary School

with the unregistered insecticide lindane in an effort to control rodents and fleas.

Diazinon was also sprayed in and around fourteen portable classrooms just before

and during the first week of school. Teachers reported strong odors in the classrooms,

and forty-one individuals, including students and teachers, reported adverse health

effects in the first three days of school. Then another lindane application was made

in several classrooms after school one day, and again just before students arrived the

following morning. The school was closed later that day due to continuing health

complaints and the lingering odor of the chemicals. A total of ninety-eight health

complaints were received and reviewed by the Louisiana Office of Public Health

(LOPH). Symptoms reported by children and adults included headaches, abdominal

pain, diarrhea, nausea, skin rashes, difficulty breathing, and sore throats.

The school remained closed for weeks while three state agencies investigated the

illegal applications. The presence of pesticides was confirmed by analysis of wipe sam-

ples from classrooms and the playground. The National Guard was called in to help

with decontamination (cleaning of classrooms and removal and replacement of play-

ground soil and sod). Portable classrooms that had been directly treated with lindane

were torn down.

The LOPH concluded that children were exposed to pesticides by inhaling vapors

when they entered treated classrooms, and possibly via hand-to-mouth contact and

skin absorption from touching residues on desks and teaching materials. The agency

also concluded that the health symptoms reported were precipitated by pesticide ex-

posure. Ironically, the LOPH report about the incident also noted the ‘‘the flea infes-

tation remained a problem in the school, even though copious amounts of pesticides

had been used.’’

The parish school board was fined $2,500 for violating state pesticide laws. A

class-action lawsuit filed by parents against the school district was settled in 1998.

The district spent nearly a million dollars for soil testing, cleanup, and rebuilding.49

June 1993, Forestville, New York. Forestville Central High School was evacuated

and closed for a day in late May following the application of a ‘‘weed-and-feed’’

product. Vegetation control containing 2,4-D was applied to lawns around the

school. Odors were drawn into school via the ventilation system. The district was

cited for allowing pesticides to be applied by an uncertified applicator, and was fined

$500. Then, just a few months later, a custodian under the direction of the school

nurse sprayed Rid Lice Control Spray (permethrin) in an elementary classroom on

the same central school campus. The school district was again cited for allowing pes-

ticide application by an uncertified applicator, and signed a consent order waiving a

$1,200 penalty.50

September 27, 1993, Montgomery County, Pennsylvania. Seventeen children

were sent home from Montgomery Elementary School just after lunch with head-

aches, nausea, vomiting, diarrhea, and low-grade fevers. Food poisoning was ruled
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out, as the children ate different things. One alert parent noted that her son’s flu-like

symptoms (headaches, stomachaches, and low-grade fevers) returned when he went

back to school the following week. She also noted that his symptoms seemed to occur

when he was in the cafeteria or after lunch, but cleared up over the weekend. Then

she learned that at least one teacher and eleven other students were also experiencing

frequent headaches, stomachaches, and low-grade fevers at the school. One girl suffer-

ing from the symptoms even had a grand mal seizure.

The parent began to investigate further after her son’s doctor suggested she call

state agencies about having the school tested for environmental contaminants. She

learned that the school was making regular applications of Dursban (chlorpyrifos) in

the kitchen, cafeteria, and teacher’s lounge in an effort to control ants, and that the

insecticide was applied at the school on September 27, the day so many children got

sick. The parent reported that she was given different stories about the time of day

that the application occurred, but she believed that it was during the school day.

The parent asked her son’s doctor to do a blood cholinesterase test, and results

indicated a recent exposure to organophosphate pesticides. The county health depart-

ment took air samples at the school nineteen days after the pesticide application.

Samples were collected in the cafeteria and in a classroom, where windows were

opened for ventilation during the test. The test failed to find pesticide residues. (In

fact, the tests that were done were not designed to detect organophosphate pesticides.

Experts consulted about the testing say that it was conducted improperly, and fur-

thermore, that any pesticide residues that remained at that point would likely have

been absorbed into the carpet.) No other environmental tests were done, nor were

human blood or urine samples collected. The agency concluded that there was no

evidence of a public health hazard. No attempt was made to determine the cause of

ongoing symptoms of illness reported by students or the teacher. According to a letter

from his doctor, one boy remains chemically sensitive.

The state Department of Agriculture lost or inadvertently destroyed its files on this

case. However, personal notes by one investigator said the agency concluded that the

illnesses at the school on September 27 occurred before the pesticide application was

made that day, and that no pesticide violations were found. The state health depart-

ment did not get involved in the investigation.51

Fall 1993 to Spring 1994, Indiana. Eighth-grader Emily Schultz was diagnosed

with non-Hodgkin’s lymphoma in the fall of 1993. In struggling to find out what

could have caused their young daughter to contract this deadly disease, her parents

learned that studies have found that people exposed to 2,4-D and other phenoxy her-

bicides have been shown to have elevated rates of this cancer. Then they discovered,

much to their horror, that their daughter’s school district was routinely using this very

herbicide to kill dandelions and keep its school grounds looking neatly groomed.

Emily’s cancer was brought into remission by a grueling course of chemotherapy.

However, on the girl’s first day back at school in the spring, the school district made

another application of herbicides to the school grounds. When Emily’s mother
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arrived to pick up her daughter that afternoon, she was horrified to smell the chemi-

cal odor, and appalled to realize that she had brought Emily into contact with the

chemical while she was in a weakened and vulnerable condition. Sadly, the girl’s lym-

phoma returned within the month. She died before summer’s end that year. Having

failed to identify any other known risk factors relevant to their daughter’s illness,

Emily’s family believes that exposure to 2,4-D-containing weed killers which were

used at her school may well have caused or contributed to her initial illness, her

relapse, and her eventual death.52

December 1992, Ashtabula County, Ohio. Maintenance staff at a school for mul-

tiply handicapped children used an old bottle of the insecticide malathion, spreading

it around the perimeter of a small shed in an effort to control rodents. They applied

the chemical on a Wednesday night after school was out. The next morning the

insecticide vaporized, and winds carried the fumes into a room where students and

parents had gathered for a holiday play. Many people noticed the odor, and several

staff members complained of nausea and sore throats. By noon, complaints and

‘‘strange maladies’’ increased, including excessive salivation, tearing, nausea, fatigue,

and headaches. Part of the school was evacuated, but vapors then entered other areas

of the building via windows and heating intake ducts. At least two people went to

private physicians because of health complaints associated with the exposure, and

their physicians validated their conditions. The Ashtabula County Health Depart-

ment later concluded that the symptoms experienced were most likely related to ex-

posure to the malathion’s petroleum distillate base.

The school was closed the next day while air testing and cleanup began. That

Monday the shed and the contaminated soil around it were removed; they still car-

ried an overpowering stench from the pesticide. Air samples taken in the school on

Monday morning showed no traces of the insecticide, and school officials planned to

reopen the school, but state health department officials suggested that workers wash

every surface in the school three times to ensure that no traces of the chemical or its

petroleum base remained. Ultimately, the school was closed for more than a week,

and cleanup and waste removal cost more than $15,000.53

December 7, 1992, St. Paul, Minnesota. Four students and three adults from

Woodbury High School were treated at a nearby emergency room after they were

exposed to the insecticide malathion. Emergency room personnel examined an additional

twenty-seven students. The students reported light-headedness and a teacher reported a

headache. The incident occurred when a student mixing a spray for use on plants in the

school’s greenhouse spilled about half a cup of it. He used his bare hands to wipe up the

spill. However, the solution evaporated and fumes quickly spread into an adjacent class-

room and hallway. Students were immediately evacuated, and the fire department was

called. The state health department does not have the file on this case.54

October 26, 1992, Eastchester, New York. Children, teachers, and other staff of

Eastchester High School noticed a strong odor and experienced headaches, nausea,

Pesticides in Schools | 139



and eye and respiratory irritation immediately following their return to school on

Monday morning. Some children developed rashes, sore throats, and other symp-

toms. The school had been sprayed over the weekend for roach control with the pes-

ticides Empire 20 (chlorpyrifos), Vectrin (resmethrin), and diazinon. A boric acid

paste was also applied. The applications were part of routine pest control used

throughout the school district.

The school was closed later in the day. It was ventilated and reopened for part of

the next day, but then closed again due to continuing strong odors. A professional

cleaning firm was hired to conduct a massive cleanup, including new paint and floor

caulking in some areas. However, air and surface wipe samples taken after the clean-

ing showed the chlorpyrifos was still present in many locations, so another cleaning

was done. Even after the second cleaning, small amounts of pesticide remained, but a

decision was made to reopen the school. Ultimately, the school was closed for almost

three weeks as crews worked to clean up the pesticide residues. The pest control firm

that made the application was cited for numerous violations, and their business

license was revoked. A state and county health department report on the incident

concluded that the symptoms seen among students, teachers, and staff were consistent

with exposure to the pesticides. A newspaper account quoted a county health official

as saying that inhalation and dermal exposure to the ‘‘inert’’ petroleum distillates in

one of the products were the likely cause of most of the symptoms. Several lawsuits

resulted from this incident. Parents noted that the roaches returned to the school

even before the students did.55

January 21, 1992, Saddle Brook, New Jersey. Scores of children complained of

sore throats, headaches, difficult breathing, nausea, vomiting, and rashes and were sent

home in the days after End-Sect Insecticide (resmethrin) was applied by school mainte-

nance workers in a crawl space underneath a first-grade classroom during school hours.

Another chemical, End-Sect Vaporizer (pyrethrins and piperonyl butoxide), had been

applied by a night custodian just a week earlier around the sink in the same classroom.

Both applications had been made in an effort to control termites. School employees who

were not licensed pesticide applicators applied the chemicals, which were no longer

legally registered for use. The chemicals were both stored in thirty-gallon drums, one in a

crawl space under the school, and one in a garage at another school. Of note, the area

under the first-grade classroom had been treated for termites with fifty-five gallons of

another insecticide by a commercial pest control firm just nine months earlier. Another

part of the school was also treated with Orthene by a second pest control firm just the

day after the January 21 application. Another application of 120 gallons of a termiticide

was also made under the kindergarten room on February 1.

A parent filed a complaint with the state on Friday, January 24, and a state inspec-

tor arrived at the school to do an inspection and testing on Monday, January 27. Af-

ter samples were collected, school officials elected to close the school pending results.

A swab sample collected near the classroom sink showed residues of pyrethrins, which

had been applied there eleven days earlier. Six samples from the classroom and crawl
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space were analyzed only for petroleum distillates, not for the active ingredients of

the pesticide products used. The inspector noted that there were no established air

standards for the active ingredients of the products used, pyrethrin or resmethrin.

The sample from the crawl space tested positive for petroleum hydrocarbons, while

the sample from the classroom did not show detectable levels of petroleum hydrocar-

bons six days after the crawl space application.

The school reopened on February 3, after a four-day closure while the chemical

was cleaned. School board trustees were fined nearly $6,000 by the state Bureau of

Pesticide Compliance for ordering pesticide applications to be made by unlicensed

employees, and for illegal use of a cancelled pesticide product. One parent filed a

notice of intent to sue in an effort to cover medical expenses related to surgery her

six-year-old had to remove gum boils the parent says were related to the exposure.

Other children apparently also developed gum boils the week of the incident. The

state health department has no case file on this incident.56

May 8, 1991, Coral Springs, Florida. Thirty-four students and eight adults were

sent to area hospitals and ten others were treated by paramedics at Forest Hill Ele-

mentary School the day after being overcome by strong pesticide fumes. Symptoms

reported included churning stomachs, dizziness, and a bad pepper-like taste in the

mouth. The school had been sprayed the night before with two synthetic pyrethroid

insecticides, Tempo 20 WP (cyfluthrin) and Micro-Gen ULD BP-100 (pyrethrins

and piperonyl butoxide). Investigators suspected that some of the insecticide had

landed on top of steamers or ovens in the cafeteria, and later vaporized when the

ovens were turned on, resulting in the sickening fumes. All 175 schools in the Bro-

ward County school district were sprayed regularly with these same chemicals in an

ongoing effort to control roaches, ants, and fleas.57

May 5, 1989, Cross Lanes, West Virginia. Andrew Jackson Junior High School

was closed after four years of complaints by teachers and students of persistent

coughs, fatigue, headaches, respiratory problems, nausea, and numbness in their

limbs. Federal investigators found the cancer-causing pesticide chlordane in the air at

levels eleven times higher than the federal evacuation limit. The chemical was applied

at the school to combat termites. The school district paid $600,000 in 1995 to settle

a lawsuit brought by sixty-seven students and school employees who said they experi-

enced nerve damage, immune system problems, bone marrow dysfunction, aching

joints, allergic reactions, and cancer resulting from the exposure. The exterminator

paid more than a million dollars in fines. The school was reopened in February of

1990 after an extensive cleanup.58

1989 to 1990, Greenville County, South Carolina. After a parent inquiry, state

investigators found a pattern of illegal pesticide applications in Greenville County

schools, including fogging of classrooms with the restricted-use pesticide lindane (in

an effort to control head lice), indoor use of agricultural formulations of diazinon,

and applications by non-certified school maintenance personnel.59
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April 28, 1987, Grand Island, New York. The local fire department was called in

to evacuate Kaegebein Elementary School when strong pesticide odors entered a class-

room after plants in a solarium inside the school foyer were sprayed with an over-

the-counter malathion product. The spraying was done by two volunteers at the

school who were also members of a local garden club. They were attempting to con-

trol mealy bugs on the plants. The school was reopened the following day after a

cleanup and air sampling by the health department. A warning letter was sent to the

school for allowing the application to school property by unlicensed individuals.60

October 2, 1986, Honolulu (Oahu), Hawaii. At least thirty children and three

adults at Waianae Elementary School complained of headaches, stomachaches,

breathing difficulties, dizziness, nausea, and other symptoms. The insecticide Dursban

4-E (chlorpyrifos) was applied by the state health department around the perimeter

of certain school buildings the afternoon before in an effort to control fleas present

from dogs sleeping under the portable classrooms. Another application had been

made just two weeks earlier. Health department investigators found ‘‘no evidence of

pesticide misuse.’’ However, the agency’s epidemiologist stated in a letter that the evi-

dence indicated that health symptoms may have been caused by solvents (xylene) and

other ingredients (diethyl sulfides) in the pesticide. The school remained closed the

following day. An inspection done after the second treatment found that fleas were

still present. Following this incident, the school installed screens around crawl spaces

to prevent access by dogs.61

January 28, 1987, Silver Creek, New York. A school custodian under direction

of a school nurse sprayed Diatox C (diazinon) on carpeting in four classrooms at Sil-

ver Creek Elementary School in an attempt to control head lice. The over-the-coun-

ter product that was used was not registered for use in New York. Though the

application was made on a Saturday, strong odors lingered when classes resumed on

Monday. Despite cleaning efforts, the rugs eventually had to be removed. The class-

rooms were unusable for several days. The district was cited for applying a pesticide

inconsistent with its label (it was not labeled for head lice control), and for allowing

the application to be made by an unlicensed applicator, among other violations.62

April 1992, Tucson, Arizona. On April 24, 1992, more than 100 people in Tuc-

son, Arizona, including firefighters, police officers, paramedics, nurses, and physi-

cians, responded to reports that students at an elementary school had been exposed

to an unknown and possibly toxic substance; 296 students were transported to eight

hospital emergency departments. None were diagnosed as acutely ill. The substance

was identified as approximately twenty-two milliliters of malathion diluted in fifteen

liters of water and applied with a hand-held sprayer about 100 meters from the

school. The odor apparently drifted to the school on winds of nineteen to twenty-

four kilometers per hour. The episode was determined to be epidemic hysteria, possi-

bly triggered by the malathion odor, but perpetuated by the stress of the emergency

response.63
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June 1997, Fontana, California. Janine Matelko’s daughter Chrissy Garavito, age

fifteen, died on June 30, 1997, allegedly due to ongoing exposures to organophos-

phate pesticides heavily sprayed throughout her school district in Fontana, California.

Chrissy had been having seizure-like episodes while enrolled as a student at South

Ridge Middle School. She would turn blue and stop breathing. Her physician placed

her on an anti-seizure medication. Happily, these episodes abated when Chrissy trans-

ferred to Fontana High School, where she was freshman and sophomore class presi-

dent, a cheerleader, a star athlete, and an honor-roll student. In late June, Chrissy

returned to the pesticide-laden South Ridge Middle School to play in an all-star soft-

ball game. She and her teammates changed clothes in the locker room and then took

the field, but Chrissy collapsed while sliding into home plate. It took paramedics

twenty minutes to get a pulse. She was transported to a local hospital and kept on life

support for about a week until she died on June 30, 1997.64

Herbicides on School Grounds

Consider these startling facts about three herbicides that are commonly used on

school grounds and are widely believed to be ‘‘safe’’ and to break down rapidly into

harmless components.

Glyphosate, the active ingredient of Roundup, has been called ‘‘extremely persis-

tent under typical application conditions’’ by the EPA. Tests have shown that it can

persist in soil for up to three years. Glyphosate has also been shown to cause genetic

mutations in tests on human, animal, and plant cells.

The EPA has stated that chronic exposure to lawns treated with oryzalin (the active

ingredient of Surflan) ‘‘is of concern because oryzalin is a carcinogen and persistent.

There is a potential for continued, substantial contact with treated surfaces, especially

among children. There are no data to evaluate potential exposure to turfgrass, and

therefore the safety of this use cannot be evaluated.’’

Dichlobenil (the active ingredient of the herbicide Casoron) can persist in soil for

up to five years. It kills weeds by continuously emitting a toxic vapor into and above

treated soil. It also causes cancer in animals, and is classified by the EPA as a possible

human carcinogen.65

Playground Toxins

Until recently, approximately 90 percent of outdoor wooden structures were made

using wood treated with chromated copper arsenate (CCA). This substance, which is

roughly 25 percent arsenic, prevents rot and repels pests that might damage wood.

In the 1980s, almost all industries were told by the EPA that they could no longer

use arsenic in their consumer products. But the lumber industry caught a huge break

from the federal government, and wood producers were granted an exemption from

the new law. Because of this, picnic tables, playground equipment, and other wooden

structures currently in place at schools and in park playgrounds may be constructed

of wood that contains high levels of arsenic.
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Arsenic can still seep out of wood, ending up on palms and fingers. This exposure

is a concern for young people. Even after the toddler stage, children can transfer ar-

senic from wood to the food they eat, or otherwise inadvertently ingest it. Finally,

children in general are more vulnerable to arsenic, which has been linked to various

cancers, organ diseases, and neurological problems.

Tests performed in 2001 by the EPA revealed that lumber sold in major stores

such as The Home Depot and Lowe’s Home Improvement contained arsenic far in

excess of the guidelines set by the EPA. That so-called safe level is ten micrograms of

arsenic per liter of drinking water. On average, surface contamination of an area of

CCA-treated lumber the size of a child’s hand exceeded that level by 120 times.

Early 2002 marked a turning point, when the EPA and lumber industry represen-

tatives decided to phase out use of CCA-treated wood by 2004. While this was great

news for parents and other concerned citizens, it is not the end of the story. For one

thing, a phase-out does not do anything to remove the threat of wood still available

in store inventories. Keep in mind that 90 percent of outdoor wooden structures used

CCA-treated wood, which is a huge amount of wood that can still expose children to

arsenic ingestion.66

Pesticides and Asthma

Asthma is a chronic, potentially fatal inflammatory disease of the respiratory sys-

tem. Nearly one-third of people with asthma are children. Asthma is the number one

cause of hospitalization and chronic health conditions among children, and is the

leading cause of school absenteeism. Every year, asthma accounts for fourteen million

lost days of school. In 2001, more than five million children aged five to seventeen in

the United States were reported to have a current diagnosis of asthma.67

Asthma can be triggered by pesticides. Several types of pesticides are known to

cause allergic reactions or airway constriction, including pyrethrins, pyrethroids,

organophosphates, and carbamates.68 Studies indicate that exposure to organo-

phosphates disrupts the part of the nervous system that regulates the motor func-

tioning of the lungs. This had lead researchers to hypothesize that pesticides are

among the preventable causes of asthma in children. Unfortunately, pesticide use

in schools is widespread. Four of the five pesticides most commonly used in Cali-

fornia schools, cyfluthrin, diazonin, glyphosate, and pyrethrins, have been linked

to asthma and other respiratory problems. Cyfluthrin can cause irritation of the

nose, throat, and upper respiratory tract, leading manufacturer Bayer Corporation

to state, ‘‘Persons with a history of asthma, emphysema, or hyperactive airways dis-

ease may be more susceptible to exposure.’’69 Diazonin causes acute symptoms,

including wheezing, coughing, and pulmonary edema (fluid in the lungs).70

Glyphosate can cause the accumulation of excess fluid in the lungs. Studies show

that glyphosate can persist in soils for up to a year. Pyrethrins contain allergens

that cross-react with ragweed and other pollens. People with asthma can have

severe reactions to pyrethrins.71
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A bill introduced in the California assembly would have banned the use of the

most highly toxic pesticides in schools, including many that have been linked to

asthma, such as pyrethroids, carbamates, and organophosphates. However, the bill

died in the 2003–2004 session and has not been reintroduced.

Legal Aspects of Asthma at School

Students suffering from asthma triggered by pesticides or uncontrolled pest popu-

lations may be able to use the Americans With Disabilities Act (ADA) of 1990 to

require schools to provide non-toxic, effective pest management. Fortunately, the use

of the ADA as a remedy for environmental disabilities does not conflict with FIFRA.

Furthermore, reduction in asthma attacks would increase school attendance rates and

prevent what is essentially the denial of a vital public service—education.

The rights of students with disabilities are defined under three federal laws: the

Individuals Education Act (IDEA), Section 504 of the Rehabilitation Act of

1973, and the ADA. These rights are also covered under certain state statutes and

regulations. Federal rulings on specific cases continue to clarify what these laws

mean for students with asthma. A child does not have to be classified as ‘‘special

needs’’ to qualify for accommodation or special planning, such as an individua-

lized health plan. The ADA incorporates and extends the rights and responsibi-

lities of Section 504 of the Rehabilitation Act of 1973 to include public services

and places of public accommodation, such as preschools, daycare centers, and pri-

vate schools.

Asthma is a condition that is considered a disability under the ADA. A disability is

an impairment which affects a person’s respiratory system and which substantially

limits one or more of his or her major life activities. If a person has a record of that

impairment, he or she is regarded as having that impairment. Asthma is a physical

impairment that impairs what Department of Justice regulations consider to be a

‘‘major life activity,’’ including breathing.72

In Alvarez v. Fountainhead, Inc., the plaintiff was a student at a private Montessori

school who used Title III of the ADA to obtain a reasonable accommodation to con-

trol his asthma.73 Title III prohibits a place of public accommodation from discrimi-

nating against an individual on the basis of a disability (public schools fall under

Title II) and entitles a disabled person to the protections of Title III of the ADA.74

Under Title III, similar to Title II, ‘‘disability means, with respect to an individual, a

physical or mental impairment that substantially limits one or more of the major life

activities of such individual.’’75 The court found that the plaintiff, who suffered from

asthma, was a ‘‘person with a disability’’ and was entitled to the protections of Title

III.76 Discrimination is defined under Title III to include a denial of the opportunity

to participate in, or benefit from, a public accommodation’s goods and services.77

Title III requires a public accommodation to make ‘‘reasonable modifications in poli-

cies, practices, or procedures’’ when such modifications are necessary ‘‘to ensure full

and equal enjoyment of its services by individual with disabilities.’’78
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Danielson, Connecticut

A student and his family requested that his school stop using harmful pesticides on

the high school’s football field and surrounding grounds, which caused the student to

become ill, resulting in his inability to attend school for a total of eight weeks. The stu-

dent was then placed on a Section 504 Plan, which gave the student the option of stay-

ing home when he felt ill from chemical exposure and provided tutoring. However, the

student and his family complained that the tutoring was inadequate and that the stu-

dent missed out on other educational opportunities and social events at the school.

The student’s family filed a complaint under Section 504 of the Rehabilitation Act of

1973 and Title II of the ADA. (Section 504 prohibits discrimination on the basis of

disability by a recipient of federal funds from the U.S. Department of Education, and

the ADA prohibits discrimination on the basis of disability by public entities.) The

U.S. Department of Education, Region I, stated, ‘‘The ADA has essentially extended

the anti-discrimination prohibition embodied under Section 504 to all state and local

governmental entities, including public school systems.’’79 In a letter to resolve the

complaint, the Danielson, Connecticut, school district attached an addendum to the

student’s Section 504 Plan, stating that the school district would use alternatives to

toxic pesticides that caused the student to become ill. This situation is an example of

an administrative remedy that cited the ADA as the enabling authority to offer relief to

a student whose illness was caused by school pesticide application. Unlike Alvarez, no

court action was required to provide relief under ADA.

A student learns by using his or her central nervous system, assisted by a healthy

body, adequate nutrition, a positive sense of well-being, good teachers (both inside

and outside of school), and a clean environment. Pesticide exposure, however, robs a

student of a clean environment, can undermine or destroy the student’s health, and

may directly affect the student’s central nervous system. Learning then becomes

another casualty of pesticide exposure.80

The Pesticide Industry’s Position—Then and Now

With the publication of Silent Spring in 1962, Rachel Louise Carson set off a

nationally publicized struggle between the proponents and opponents of the wide-

spread use of poisonous chemicals to kill pests. Miss Carson, an opponent, was sub-

jected to a torrent of criticism. Here are a few examples:

Dr. Robert White-Stevens, a spokesman for the pesticide industry, said, ‘‘The

major claims of Miss Rachel Carson’s book, Silent Spring, are gross distortions of the

actual facts, completely unsupported by scientific, experimental evidence, and general

practical experience in the field. Her suggestion that pesticides are in fact biocides

destroying all life is obviously absurd in the light of the fact that without selective

biologicals, these compounds would be completely useless. The real threat, then, to

the survival of man is not chemical but biological, in the shape of hordes of insects

that can denude our forests, sweep over our croplands, ravage our food supply, and
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leave in their wake a trail of destitution and hunger, conveying to an undernourished

population the major diseases, scourges of mankind.’’81

An individual from California wrote to the New Yorker, which originally serialized

her work in several articles: ‘‘Miss Rachel Carson’s reference to the selfishness of

insecticide manufacturers probably reflects her Communist sympathies, like a lot of

our writers these days. We can live without birds and animals, but, as the current

market slump shows, we cannot live without business. As for insects, isn’t it just like

a woman to be scared to death of a few little bugs! As long as we have the H-bomb

everything will be O.K. P.S. She’s probably a peace-nut, too.’’82

Forty years later, in a somewhat more sophisticated vein, the executive director

of Responsible Industry for a Sound Environment (RISE) sent the following form

letter to thousands of school districts in the United States, urging them to use

pesticides:

‘‘Dear [School Administrator],

‘‘If it’s your responsibility to maintain a clean, safe, and healthy school environ-

ment, you know the important role pesticides play as part of your overall facility

management. Leading researchers, scientists, and even doctors like C. Everett Koop

[no mention is made of the fact that the former surgeon general was strongly sup-

ported by chemical companies] agree that pesticides pose no risk to the health of chil-

dren or adults when used according to label instructions.

‘‘I’m sure that you will agree that pesticides are a valuable tool in protecting the

health and safety of children on your school properties. At times, you may find it im-

portant to let others know pesticides protect children from the health and safety risks

posed by pests such as cockroaches, rodents, poison ivy, and lice. If or when a pesti-

cide issue arises in your school, we invite you to share these facts with parents, teach-

ers, and students:

1. Without pesticides, pests pose a serious health and safety risk to children

and adults. Cockroaches, ants, flies, fleas, lice, mosquitoes, ticks, wasps, and

rodents are serious health concerns due to their bites, stings, and ability to

transmit diseases.

2. Pesticides are extensively tested and highly regulated. Every pesticide must

successfully complete as many as 120 government-mandated tests before the

Environmental Protection Agency considers label approval and product regis-

tration. The entire development and testing process takes eight to ten years at

a manufacturer’s cost of $35 to $50 million or more per product. On average,

only one in 20,000 potential products ever make it to the marketplace.

3. Integrated Pest Management (IPM) is best. To control pests, methods such

as sanitation, structural repair and maintenance, watering, mowing practices,

and judicious use of pesticides should be used. A balanced approach, which

included the use of pesticides such as necessary, is one that will assure health

and safety for children and adults. Pesticides should not be considered for
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emergency use only. The purpose of responsible pest control is to prevent

emergencies, if your school has implemented IPM, promote it!’’83

The following response shows what New York Attorney General Eliot Spitzer (now

governor-elect) and the state’s Department of Education thought of the above letter:

‘‘Attorney General Eliot Spitzer has asked the Department to share with school

administrators the following information. In September 2000, a pesticide industry

group known as RISE wrote to more than 20,000 school facilities nationwide,

including those in New York state. The materials distributed by RISE promote pesti-

cide use with deceptive claims and irrelevant anecdotes about the health and environ-

mental impacts of pesticides. The Attorney General wants you to be fully informed

of the correct information so that you can make pest control decisions to best protect

the health of students, staff, and visitors.

‘‘While ostensibly promoting Integrated Pest Management (IPM) at schools, the

materials sent by RISE actually encourage continued excessive reliance on pesticides

by schools. This central role for pesticides runs contrary to the positions of the

Department, the Attorney General’s office and countless other governmental and citi-

zens’ groups. However, it is understandable that RISE advocates this role, given that

its mission, as set forth at its Web site, is to: 1) provide a strong unified voice for the

specialty pesticide industry; 2) positively influence public opinion and policy; and 3)

promote the use of industry products.

‘‘In advocating pesticide use, RISE makes numerous deceptive safety or irrelevant

claims. For instance, that claim that ‘pesticides pose no risk to the health of children

or adults when used according to label instructions’ is not only false, but is specifi-

cally prohibited by federal regulations from appearing on the label of any pesticide

product. The reference to the West Nile virus in New York City is largely irrelevant

to school settings, given that the virus victims were elderly, and transmission is

believed to have occurred in the evening during the summer. Similarly, the malaria

reference is irrelevant given no infected mosquitoes were ever found.

‘‘The Attorney General is concerned that RISE’s mailing will be relied upon by

school facilities managers and administrators, and its deceptive claims might be

repeated to parents, students, and school staff. . . .

‘‘While the public should not simply accept the risks associated with severe infesta-

tions at schools, it is not necessary to expose our children to highly toxic substances in

the name of pest control. Properly planned and implemented IPM programs can serve

to control pests without introducing toxic materials into the school environment.’’84

The Frontline Interview

In February 1998, Douglas Hamilton, producer of Frontline ’s ‘‘Fooling with

Nature,’’ interviewed Dawn Forsythe, former manager of government affairs for San-

doz Agro, Inc. (now Novartis AG), a pesticide manufacturer based in Basel, Switzer-

land. Ms. Forsythe was the company’s sole lobbyist for the entire United States and
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headed the pesticide industry’s first committee on endocrine disruption before she left

Sandoz at the end of 1996. Here are her candid remarks:

‘‘It is their science or it’s no science. They are so intricately involved with pesticides

that who is anybody to tell them that pesticides can react in a way that is totally unsus-

pected? It’s hard to describe the personal attachment that many in the industry have

towards the industry. They grow up as a pesticide salesman or a bench scientist and they

climb up the ladder. You don’t move from the pesticide industry to another industry usu-

ally. I know that our CEO started out as a salesman. It is something that is their life, and

when an issue comes up that tries to show them that their whole life may be a

lie—I would have problems with that. You have to justify it to yourself. You have to

believe that you are not intentionally putting children or women or men in danger. And

they are not intentionally doing it. But the road to hell is paved with good intentions.’’85

More from Industry

Representatives of the $1.5 billion non-agricultural pesticide industry, which makes

the herbicides and pesticides used in school applications, say their critics overstate the

potential harm of their products to children and underestimate the public health

threat of the bugs and weeds they are designed to kill.

‘‘Pesticides are the most efficient and effective means of protecting children’s health

in schools,’’ said Allen James, president of RISE. James referred to a 1997 National

Institute of Allergy and Infectious Diseases study that included cockroach allergens

among the top causes of childhood asthma. It also mentioned food infestations, poison

ivy, and weed-strewn playgrounds as prevalent threats to students’ health and safety.86

In June 2003, the giant Grocery Manufacturers Association, the world’s largest asso-

ciation of food, beverage, and consumer product companies, presented the industry’s

position in a letter from Director of State Affairs Kristin Power to California State Sen-

ator Mike Machado, opposing a bill regulating pesticides then in the legislature:

‘‘Dear Senator Machado:

‘‘On behalf of the Grocery Manufacturers of America, I am writing to express our

opposition to Assembly Bill 1006 . . . scheduled for hearing on Tuesday, July 1.

‘‘GMA and its member companies have worked collaboratively with members of

the California legislature over the past several years to address concerns regarding the

use of pesticides on school campuses. We appreciate the author’s [Senator Chu, the

bill’s sponsor] concern about the issue, however AB 1006 does not take into consider-

ation the risk of pests and allergens and the benefits of pesticides and cleansers. Chil-

dren are particularly vulnerable to bites and stings from spiders, ticks, wasps, and fire

ants. Additionally, many suffer allergic and asthmatic reactions to the presence of

roaches, bacteria, and other contaminants found in schools.

‘‘AB 106 would prohibit the use of many products that are safety and effectively

used to disinfect and prevent insect infestations, including mold and mildew remov-

ers, cleansers, and insecticides. These products are appropriately labeled for safe use

and are strictly regulated under both federal and state laws.’’87
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Ralph Engel, president of the Chemical Specialties Manufacturers Association, said

parents should be notified about school pesticide use, but he opposed any suggestions

that pesticides use should be reduced in schools. RISE’s Allen James said the pro-

posed seventy-two-hour notification would interfere in ‘‘the timely use of pesti-

cides.’’88 The American Public Health Association quickly responded:

‘‘There are more than 54 million children and 2.3 million teachers in our K-12

schools today. Every child and every teacher should have a right to go to a school that

is environmentally clean, safe, and well designed. They have a right to a school learn-

ing environment with fresh clean indoor air, safe water, exposure to the out-of-doors

and exercise and where health risks from toxicides such as chemical pesticides would

be a non-factor.’’89

A Few Caveats

One major concern is that most school employees are not familiar with pesticides,

proper usage, and potential problems. Some states require trained personnel to apply

pesticides, but other states have no oversight.

Pesticides exposure is also known to affect the cognitive and motor skills of stu-

dents. The U.S. Office of Technology Assessment reports:

‘‘In general, [human health] research demonstrates that pesticide poisoning can

lead to poor performance on tests involving intellectual functioning, academic skills,

abstraction, flexibility of thought, and motor skills; memory disturbances and inabil-

ity to focus attention; deficits in intelligence, reaction time, and manual dexterity;

and reduced perceptual speed.’’90

A Bill of Rights

The following Bill of Rights was adopted by the New York State Board of Regents

in June of 1994:

‘‘Every child and school employee has the right to an environmentally safe and

healthy school which is clean and in good repair.

‘‘Every child, parent, and school employee has a right to know about environmen-

tal hazards in school environment.

‘‘Schools should serve as role models for environmentally responsible behavior.

‘‘School officials and appropriate public agencies should be held accountable for

providing an environmentally safe and healthy school facility.

‘‘Federal, state, local, and private sector entities should work together to ensure that

resources are used effectively and efficiently to address environmental health and

safety concerns.’’91

A Teacher’s Warning

Irene Wilkenfeld, a former teacher who became chronically ill after being exposed

to pesticides decades ago, issued a final, poignant admonition:
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‘‘We are sabotaging our children’s success in school with our ignorance, our inertia,

and our silence. Until school-based environmental exposures are substantially cur-

tailed, our nation’s youngsters will continue to fall short of our educational goals.

Given the barrage of sobering statistics, why would intelligent and caring people

intentionally and regularly saturate their schools, homes, workplaces, and lawns with

these toxic chemicals? It makes no sense to use poisons that impair a child’s ability to

think and develop normally in the very places that are mandated to provide a safe

learning and growing environment. We’ve been bingeing on pesticides for too long.

It’s time to get off the toxic treadmill.’’92

Irene Wilkenfeld died of liver failure due to an exposure to the hepatotoxic termi-

ticide chlordane. She was exposed at a school where she taught in the 1960s, and

spent most of the rest of her life teaching people about the dangers of pesticides and

the importance of safeguarding the school environment.

No Need for Pesticides

When an IPM approach is part of school pest management, pesticides may be used

as a last resort. However, principals could attempt another initiative, which would be

called the ‘‘Prevention and Cleanliness Plan for Pest Management.’’ It would be com-

posed of two steps. First, custodial staff would periodically monitor floors, school

walls, and baseboards for sites that might harbor rodents and insects. Upon locating

cracks or crevices, personnel would seal them with caulk or other appropriate seal-

ants. Custodians would also double-check the cafeteria for food scraps at the end of

the school day. Second, the principal would unveil a schoolwide No Food and No

Drinks policy, including signs to that effect in all classroom, halls, and restrooms.

The cafeteria would be the only place where food and liquid refreshment could be

ingested. For successful implementation, this policy would require the full cooperation of

students, teachers, and custodians. There is no reason why this plan would not be work-

able and could not be successful without having to utilize any harmful pesticides.
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F i v e

Pesticides in Homes, Lawns, and Gardens

There are substances commonly used in the home that make our lives easier.

We use these substances in good faith, seldom questioning the fact that they

could cause peripheral nerve or brain damage. Consumers rely on the

government’s and industries’ judgment on health dangers associated with the

use of chemicals and pesticides.
—Harold L. Volkmer1

Introduction

While we often consider our homes as sanctuaries—places of peace and safety—we

may actually be living in danger zones filled with toxic airborne chemicals. Many of

the building materials and housekeeping substances we use in our homes are air pol-

lutants, capable of causing acute and long-term damage to our health, as well as the

health of our pets. In fact, our animals are even more vulnerable than we are to the

damaging effects of indoor air quality.

Indoor air pollution poses high risks to humans, especially sensitive groups, and

has ranked among the top four environmental risks. Indoor air in homes is, on aver-

age, two to twenty times more polluted than the outdoor environment. Today, we are

seeing new causes and mutations of disease as a result of the rapidly expanding devel-

opment of the synthetic chemical industry. A staggering 900 chemicals are present in

the average home environment. This soup of synthetic chemicals can affect multiple

body systems and contribute to health-damaging effects to the upper respiratory tract,

nose and sinuses, immune system, digestive system, reproductive system, central ner-

vous system, and internal organs.

According to a recent survey, 75 percent of U.S. households used at least one pesti-

cide product indoors during the past year. Products used most often are insecticides

and disinfectants. Another study suggested that 80 percent of most people’s exposure to

pesticides occurs indoors, and that measurable levels of up to a dozen pesticides have



been found in the air inside homes. The amount of pesticides found in homes appears

to be greater than can be explained by recent pesticide use in those households.

Pesticides used in and around the home include products to control insects (insecti-

cides), termites (termiticides), rodents (rodenticides), fungi (fungicides), and microbes

(disinfectants). In 1990, the American Association of Poison Control Centers reported

that some 79,000 children were involved in common household pesticide poisonings or

exposures. In households with children under five years old, almost one-half stored at

least one pesticide product within reach of children. Exposure to high levels of cyclodiene

pesticides, commonly associated with misapplication, has produced various symptoms,

including headaches, dizziness, muscle twitching, weakness, tingling sensations, and nau-

sea. In addition, the EPA is concerned that cyclodienes might cause long-term damage

to the liver and the central nervous system, as well as an increased risk of cancer.2

It is difficult to ignore the statistics: homeowners use 2 billion pounds of insecticides

annually, both inside and outside their homes. In 2002, 3.2 million people reported

medically related side effects from pesticides.3 Each year poisonings result in nearly

900,000 visits to emergency rooms and some 1,100 deaths. The overwhelming majority

of poisonings occur in homes. Many common household products can be poisonous,

including pesticides, which can be dangerous if used incorrectly or if they are not stored

properly and out of the reach of children. In 2003, children under the age of six were

exposed to pesticides 50,415 times. However, experts estimate that this represents only

one-fourth to one-third of pesticide exposure incidents reported to health-care profes-

sionals. A further challenge to collecting reliable pesticide exposure information is the

fact that pesticide exposure may be misdiagnosed with symptoms of the common flu.

A survey by the EPA regarding pesticides used in and around the home revealed that

almost half (47 percent) of all households with children under the age of five had at

least one pesticide stored in an unlocked cabinet less than four feet off the ground, or

within the reach of children. Furthermore, approximately 75 percent of households

without children under the age of five also stored pesticides in an unlocked cabinet less

than four feet off the ground. This number is especially significant because 13 percent

of all pesticide poisoning incidents occur in homes other than the child’s home.4

Indoor Air and Surfaces

It is becoming more widely recognized that most of our exposure to pesticides is

through breathing indoor air and not through residues in our food. The EPA con-

ducted a three-year study, 1986 to 1988, to estimate levels of exposure to selected

household pesticides experienced by the general population.5 Thirty-two different

pesticides and breakdown products were detected at least once in air samples taken

inside and outside the homes studied. The most frequently detected pesticides were

the widely used household insecticides, chlorpyrifos, diazinon, and propoxur; ortho-

phenylphenol, an active ingredient in disinfectants; and the now banned insecticide

chlordane. Indoor air was found to have much higher concentrations of pesticides than

outdoor air, a significant finding given that small children spend close to 90 percent

158 | Pesticides



of their time indoors. Overall, the study estimated that 85 percent of the total daily ex-

posure to airborne pesticides was from breathing air inside the home.6

A study published in the American Journal of Public Health examined air and sur-

face residues following indoor treatment for fleas with chlorpyrifos under the trade

name Dursban. Three to seven hours after application, insecticide concentrations

were found to be much higher in the infant breathing zone nearest the floor than in

the more ventilated adult breathing zone. In addition, insecticide residues were found

on the carpet twenty-four hours after application. Researchers estimated that the total

amount of insecticide that infants would absorb, primarily through the skin, up to

twenty-four hours after applications was ten to fifty times higher than what the EPA

considers an acceptable exposure for adults.7

A review of thirty-seven children poisoned by organophosphate and carbamate pes-

ticides in Dallas revealed that each child was exposed at home and nearly 70 percent

of the cases occurred when a child ingested or drank improperly stored products.8 In

15 percent of the cases, however, children developed symptoms thirty-six hours after

the house was sprayed or fogged. The authors concluded that children’s skin absorbs

pesticides from contaminated carpets and linens.

In a pilot study of nine homes occupied by families with children between the age

of six months to five years, pesticides were detected in all homes, with a total of

twenty-three different pesticides detected in the study.9 The number of pesticides

found at each home ranged from eight to eighteen. The most frequently detected pes-

ticides were chlordane, chlorpyrifos, dieldrin, heptachlor, and pentachlorophenol.

The greatest number of pesticides and highest concentrations were found in carpet

dust resulting from indoor treatment and track-in, potentially exposing infants and

toddlers through dermal contact and oral ingestion.

Household Dust and Soft/Drift

At home or in daycare, small children spend considerable time on the floor, where

they come in contact with and ingest dust and soil. Through normal play and hand-

to-mouth activity, toddlers under the age of five ingest two and a half times more soil

around the home than adults.10 Overall, children were estimated to consume 0.01

grams to 1.3 grams of soil every day.11

Pesticides used around the home persist in dust, and those used on lawns, gardens,

and nearby farms end up in soil and are tracked into the house on shoes and pets.

Pesticides in soil and dust in indoor environments persist longer than they do out-

side, where exposure to sun and rain helps break down pesticide residues. In general,

pesticides concentrate at higher levels in household dust than in soil.12 One study

measured the transport of lawn-applied herbicides to indoor carpet surfaces and car-

pet dust. Routine foot traffic across treated lawns brought herbicide residues into resi-

dences. Dirt tracked into homes via shoes transferred herbicides to carpet surfaces

and carpet dust. Researchers estimated that 2,4-D would persist in carpet dust up to

one year after lawn application.13
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Children who live and play in agricultural areas are at higher risk of exposure to

pesticides in dust and soil. Researchers in Washington state found that pesticide resi-

dues were highest in dust soil from homes located in closest proximity to agricultural

operations.14 In California, the children of migrant farmworkers living near sprayed

fields experienced depressed cholinesterase activity and symptoms of acute pesticide

exposure. Nearly one in five of these children had below-normal cholinesterase levels

even though they did not work in the fields. Residential exposure to pesticide drift

was considered responsible.15

Carpets act as long-term reservoirs for pesticides that are sprayed indoors. A study

assessing pesticide exposure from carpet dust in homes revealed that the average num-

ber of pesticides found in the carpet dust samples was twelve, compared to 7.5 in air

samples collected in the same residences. Moreover, in all residences sampled, thirteen

pesticides that were not detected in the air were found in the carpet dust. The neuro-

toxic insectide diazinon was detected in nine of eleven carpets tested. Exposure may

be further exacerbated when carpets are cleaned, allowing pesticides to become air-

borne again and available for inhalation.16

Slower Breakdown Rate

Pesticides applied to soil, water, vegetation, or other surfaces indoors usually break

down at a slower rate than pesticides applied outdoors. This is due primarily to the lack

of sunlight indoors. This includes glass greenhouses, as the glass filters out ultraviolet

light necessary for pesticide degradation. Pesticides applied indoors are not affected by

wind or rain, and are less likely to move by mass transfer from the point of application.

Vapor loss may also be less, as surfaces are not exposed to the heat of the sun.

Pet Exposure

Children who play with pets treated for fleas, ticks, and other pests can be exposed to

pesticides. Flea collars, shampoos, soaps, sprays, dusts, powders, and dips usually contain

an insecticide. Common insecticides for pets include pyrethrins such as permethrin and

OPs such as chlorpyrifos, diazinon, and phosmet.17 A study of 238 households in Mis-

souri found that 50 percent used insecticides to control fleas and ticks on pets.18

Pesticides in Farmworkers’ Homes

Children of farmworkers can be exposed to pesticides through multiple pathways,

including agricultural take-home and drift as well as residential applications. Because

farmworker families often live in poor-quality housing, the exposure from residential

pesticide use may be substantial. Eight locally reported agricultural pesticides and

thirteen pesticides commonly found in the homes of forty-one farmworker families

with at least one child less than seven years of age in western North Carolina and

Virginia were measured. Wipe samples were taken from floor surfaces, toys, and
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children’s hands. Results indicated that six agricultural and eleven residential pesti-

cides were found in the homes, with agricultural, residential, or both pesticides pres-

ent in 95 percent of homes sampled. In general, residential pesticides were more

commonly found. The presence of both types of pesticides on floors was positively

associated with detection on toys or hands. Agricultural pesticide detection was asso-

ciated with housing adjacent to agricultural fields. Residential pesticide detection was

associated with houses judged difficult to clean.19

Dangers of Using Farm Pesticides in Homes

Some pesticides are formulated differently for farm use and homeowner use, yet

they often have the same trade name. Examples include 2,4-D, Roundup, and diazi-

non. Homeowners may be tempted to use a small amount of a farm-formulated

product in the home, thinking that it is the same material as the homeowner product,

only cheaper. Although the active ingredient may be the same, the two products are

different. Pesticides formulated for use on crop pests include inert ingredients to help

carry the product into crop areas. These inert ingredients can cause problems on

some vegetation growing in a home environment, and can present health risks for

people who have excessive contact with the material applied around the home. Typi-

cally, farm pesticides are more concentrated than home products with the same active

ingredients. They haven’t been tested for persistence, potential for damage to plants

likely to be grown around the home, or for home applicator safety. Using any pesti-

cide in a situation that is not provided for on its label is illegal.20

Termite Control Hazards

The most common, unseen, and hidden poisons are pesticides used for termite con-

trol (before and after construction) or interior pest control, and pesticides used in gar-

dens or on lawns where contaminated soil can be tracked into the home. Many

termiticides could have been applied a decade or more earlier. Frequently, a new crack

in the foundation, recent water damage, a recent termite infestation, or a termite inspec-

tion with repeated treatment can cause the release of a termite pesticide from the soil or

holes into the indoor environment of the home. There may have been a misapplication

of the pesticide, such as using too much or spilling it. A family may move into such a

treated house without any information or records provided by the seller, the bank, the

real estate agent, or the real estate attorney. It should be noted that revealing information

about termite applications is not required by law, but is sometimes by banks and finan-

cial institutions to protect their claim on the property.21

Factors Involved in Health Risks

Since the main ingredients in pesticides can be organic, they can affect vision and

memory. Health effects resulting from pesticide exposure are dependent on specific
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products and formulations. General-use pesticides available for homeowner use

indoors are usually aerosols (spray cans and foggers), ready-to-use (pumps and

liquids), pet products (flea and tick shampoos for dogs and cats), and baits (rat and

mouse poisons). In order for a toxic effect to occur, direct contact by mouth, skin, or

lungs must occur. Specific ‘‘dos’’ and ‘‘don’ts’’ for a pesticide product are on the label

under the precautionary statement section. The best protection from exposure is to

read and follow the label.

Irritation to the eyes, nose, and throat can occur with the use of aerosols and fog-

gers if ventilation directions are not followed. In addition, disinfection of bathrooms,

especially toilets, can also result in irritation. Overusing too much of one product,

using one product too often, or using several products at the same time may also

cause overexposure.22

Risks to Children

Pesticides sold for household use, notably impregnated strips and foggers, or

‘‘bombs,’’ which are technically classed as semivolatile organic compounds, include a

variety of chemicals in various forms. Exposure to pesticides may cause harm if they

are used improperly. However, exposure to pesticides via inhalation of spray mists

may occur during normal use. Exposure, particularly to children who may be in close

contact with contaminated surfaces, can also occur via inhalation of vapors and con-

taminated dusts after use.

Increased odds of childhood leukemia, brain cancer, and soft tissue sarcoma have

been associated with children living in households where pesticides are used. Other

childhood malignancies associated with pesticide exposures include neuroblastoma,

Wilms’ tumor, Ewing’s sarcoma, non-Hodgkin’s lymphoma, and other cancers.23

Home and Garden Pesticide Survey

The Research Triangle Institute of North Carolina conducted a one-time national sur-

vey in 1990 of more than 2,000 households in fifty-eight counties across the country,

examining what pesticides are used for specific pest problems, how often they are used,

how they are applied, how unused pesticides are stored or disposed of, how empty pesti-

cide containers are disposed of, the extent of child-resistant packaging, the effectiveness

of pesticides, and which pests are major problems. The sample was representative of an

estimated 84,573,000 households. The findings of the survey included:

1. About 85 percent of the households surveyed stored at least one pesticide

product when the survey was conducted. Most, about 63 percent, had between

one and five pesticide products in the home.

2. Fire ants were the most serious problem of the surveyed households, with cock-

roaches, other types of ants, fleas, and mice or rats being the most serious

problems inside the home.
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3. The most common means of disposing of empty pesticide containers and left-

over pesticides was to include these items in household trash.

4. Many households still had pesticides whose registrations have been cancelled

by the EPA. Products containing chlordane were calculated to be present in

one million households; DDT-containing products in 150,000 households;

heptachlor in 70,000 households; and silvex in 85,000 households.

5. Only about 20 percent of all pesticides in the home were found to be stored in

child-resistant packaging.24

Homeowner Awareness of Pesticide Risks

There is little public awareness and understanding of pesticide risks, as evidenced

by the ever-increasing use of pesticides on home lawns and gardens. The pursuit for

the perfect yard has driven many homeowners to increasingly use readily available,

heavily advertised pesticides, including ‘‘weed-and-feed’’ pesticides.

Risk reduction is an important factor for people who use pesticides in the home

and outdoors. Only a small percentage of the public is required to demonstrate com-

petence with regard to pesticide use for private and commercial applications. Many

homeowners use pesticides every day but are not required to possess pesticide knowl-

edge before buying and using many products. This lack of formal training can result

in overuse of pesticides, inappropriate use, overexposure, and increased waste-

pesticide disposal concerns.

Homeowners rarely read the complex instructions on product labels. While treat-

ments against some pests are important, most people have little information to help

them decide when to put others and the wider environment at risk. As much as 20

percent of pesticides are disposed of by householders pouring them down the drain.

This can pollute rivers and drinking water. It only takes one tablespoon of some pes-

ticide concentrates to breach drinking-water standards for 200,000 people.

Meanwhile, unused pesticides linger in garden sheds and kitchen cupboards for

years, presenting hazards to children, pets, and wildlife. Disposing of pesticides accu-

mulated over several years with ordinary household refuse can pose serious risks to

the environment and public health. Ordinary landfills are not designed to accept haz-

ardous waste.25

Understanding Pesticide Disposal

Pesticides are often relegated to storage shelves because they are difficult to mix and

apply, because they are not suitable for the task at hand, or because too much product

was purchased. When pesticide use is a necessity, consumers should buy ready-to-use

products or concentrates that can be used up within a short period of time.

Unfortunately, some households dispose of leftover pesticide products by pouring

them into the sink, toilet, street, gutter, sewer, or onto the ground. Such disposal
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‘‘sites’’ are unacceptable. Household pesticide product labels generally will indicate

that partially filled containers may be wrapped in several layers of newspaper and dis-

carded in the outdoor trash. But for many people this disposal option is neither ac-

ceptable nor environmentally sound. Unused pesticides are best disposed of by using

the products on the sites indicated on the label. Additionally, empty containers

should be discarded in the household trash so that they are not reused.26

The Ten Most Frequently Used Household Pesticides and Their Effects

The ten most frequently used household pesticides are:

1. 2,4-D is the most popular, with nearly 40 million pounds a year being used

in more than 1,500 different herbicide products in the United States. It is

known to cause lymphomas and various cancers.

2. Diazinon is used for ant and roach sprays, and is highly toxic to birds and

fish. None of the studies performed for its registration are considered

adequate. Millions of birds are dying each year because of diazinon and other

lawn chemicals.

3. Carbaryl (used, for example, in flea and tick powders) kills honeybees and causes

birth defects in dogs. No studies of this compound are considered adequate.

4. Methoxychlor (for example, in insect sprays, cat flea powders, and fruit tree

sprays) does not have toxicity data up to current standards.

5. Chlordane is a known carcinogen and is no longer being manufactured, but

existing supplies are still in use.

6. Chlorpyrifos, used against termites and fleas, is extremely toxic to animals,

and human exposure may exceed recommended limits due to use in both

agriculture and homes. The EPA’s acceptable toxicity levels only consider food

sources, but exposure in many households is well above these levels when all

sources are considered.

7. Malathion is widely used in home products for roaches, as well as in gardens

for orchards and roses.

8. Maneb is a fungicide used in garden products, despite a complete lack of data

on home exposure, and incomplete data on the chemical.

9. Simazine is an herbicide used in pools and ponds to kill algae. Not enough is

known about the effects of swimming in water treated with this compound.

10. Captan is a fungicide used on tomatoes, vegetables, and other garden crops.

It is used on roses, fruit trees, and even in shower curtains, paints, institu-

tional bedding, and food packaging. It is a known carcinogen in animals.27

164 | Pesticides



The EPA does not even know if two-thirds of the top fifty household pesticide

ingredients may cause cancer or not.

More Disquieting Information

Dichlorvos (DDVP), which has been used in at least 12 million homes in this

country, is now classified as a probable human carcinogen. It is emitted as a toxic

vapor for three months or more from no-pest strips and flea collars. Pentachlorophe-

nol causes blind spots in vision, corneal damage, and numbness, as well as problems

with the autonomic nervous system. Chlordecone (Kepone) causes tremors and ner-

vousness. Paraquat causes tremors and mental disturbances. Dieldrin and aldrin are

organochlorines that cause convulsions, loss of coordination, and blurred and double

vision. Lindane (in Kwell), another organochlorine like DDT, aldrin, endrin, and

heptachlor, is used to treat head lice in more than 3 million children each year in the

United States. It is known to cause cancer and stillbirths in animals, and it also causes

symptoms ranging from headaches to convulsion. The other organochlorines have

been banned because they accumulate in the body and cause tumors. Less-toxic alter-

natives to Kwell include Tripe-X, A-200 Pyrinate, and Rid, all of which contain

pyrethrins, which are natural pesticides found in chrysanthemums. DEET is the most

popular ingredient in insect repellents, and has been used by about 38 percent of

Americans. When it is applied to clothing or skin, it is absorbed into the body.

Documented symptoms of toxicity include slurred speech, staggering gait, agitation,

tremors, convulsions, and death. Methyl bromide used in fumigation can cause

drowsiness and double vision.

In all, well over a million Americans are estimated to be at risk of pesticide toxicity

with damage to the brain, nerves, eyes, lungs, liver, kidney, and endocrine glands.28

The Chlordane Problem

Chlordane was a pesticide used to prevent or eliminate termites during the 1950s,

’60s, ’70s, and ’80s. However, after many reports of serious illness among both adults

and children following its application, and evidence linking it to cancer in animals,

chlordane was finally banned by the EPA in March of 1988. Unfortunately, the ban did

not occur until more than 30 million homes throughout the United States had been

treated. Concerns in Florida were even greater because of the increased termite problem

and the fact that research shows chlordane is higher in homes built on sandy soils.

Most homeowners are unaware that just before the concrete slab was poured for

their home’s foundation, a pesticide company saturated the soil with 100 gallons of

chlordane per 1,000 square feet of area. People were literally building their homes on

top of a toxic chemical dump. The public was reassured by the pesticide industry and

entomologists that this was a safe procedure. It was thought that the chemical would

not enter into the home because of the barrier provided by the cement foundation.

However, this turned out not to be the case.29
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Decades-Long Chlordane Contamination Results

Chlordane is such a highly toxic and persistent chemical that homes treated de-

cades ago are still showing unsafe levels of it in indoor air. Problems develop because

the hundreds of gallons of chlordane applied underneath the home are entering it,

slowly evaporating and rising through cracks in the foundation or around plumbing

pipes. This became evident in the 1970s when the U.S. Air Force randomly tested

more than 500 apartments and housing units of its airmen. Results showed approxi-

mately 75 percent of the units tested contained chlordane in the air and more than

5 percent were above safety guidelines of five micrograms per cubic meter of air.

Unfortunately, this has turned out not to be an isolated case. Studies by the New

Jersey Department of Environmental Regulation and other agencies have found simi-

lar results in hundreds of homes in New Jersey and New York. Of great concern,

when testing sixty-four homes built before 1980, researchers found more than 30 per-

cent of the homes contained chlordane levels above the five microgram safety limit

set by the National Academy of Sciences.30 There are now several university studies

showing that even so-called acceptable levels of chlordane in indoor air can cause re-

spiratory and neurological problems. These are discussed below.

Illnesses Linked to Chlordane Home Exposure

A study of 261 people who were either living or had lived in homes with higher

air chlordane levels were found to have nearly three times more respiratory illnesses,

including sinusitis and bronchitis. The study, conducted by the School of Public

Health at the University of Illinois, also found other illnesses significantly more often

in the chlordane homes. These included chronic cough, anemia, neuritis, ovarian/

uterine disease, and skin disorders. Migraine headaches, the worst acute symptom

found, were occurring in 22 percent of people living in the higher-level chlordane

homes.31

According to recent statistics, one in eight women in the United States will develop

breast cancer, with rates nationally three to seven times higher than those in Asia. A

2005 study conducted by the U.S. Army Institute of Surgical Research and Texas

Tech University Health Science Center in Lubbock, Texas, revealed that cancerous

human breast tissue contained the chemical heptachlor epoxide at levels four times

higher than in non-cancerous breast tissue (heptachlor epoxide is found in chlor-

dane). An estimated 50 million Americans are currently exposed to the volatilization

of this chemical from previously treated pre-1989 homes.32

An excellent test to determine how well a person’s immune system is functioning is

called proliterative response. This test measures how fast a person’s immune system

cells multiply in order to eliminate invading bacteria or viruses. In several different

tests of proliterative response, conducted at the Southern Illinois School of Medicine,

it was found that people living in chlordane-treated homes had immune system cells

that multiplied only about half as fast as the immune system cells of people not
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exposed to chlordane. In another immune system test conducted by the same scien-

tists, eleven of twelve chlordane-exposed persons were found to have a condition

known as autoimmunity. This is where the individual’s own immune system mistak-

enly attacks his or her own body, which can result in a variety of other illnesses.33

Another unexpected symptom of chlordane exposure is an increase in body weight. In

fact, in an experiment of more than twenty test animals receiving chlordane exposure

equal to that sometimes found among the U.S. population, there was an average 8 per-

cent increase in body weight. The body weights of animals who received 500 nanograms

of chlordane increased by an average of 11 percent. Chlordane exposure has been shown

to reduce by half the levels of some hormones in female test animals; however, scientists

are unsure if this is the actual reason for the weight gain being observed or if it is due to

another reason, such as changes in the areas of the brain which control body weight. This

raises the question of whether the same symptom may be occurring among residents liv-

ing in chlordane homes built before March 1988.34

Illegal Application of Pesticides

Individuals should always hire only pest control operators licensed or certified for

commercial and/or residential structure application to treat homes for pest control.

People should always ask to see licenses, certifications, and picture identification

cards, and make sure they are current. These individuals should be insured and

should provide written proof of insurance. The company’s employees must always be

bonded, which means that the company is responsible for reimbursing homeowners

for any loss or damage caused by its workers. A licensed pest control operator also

must always provide the label and labeling information of any pesticide products that

will be applied in or around a home. Homeowners should always read the entire label

to ensure that it contains EPA establishment and registration numbers, and make sure

it is used and applied strictly according to the label or labeling. Additionally, home-

owners should never purchase pesticide products from other than established retail

businesses. Pesticide products should only be sold in unopened, original pesticide

containers that are fully labeled and contain an EPA registration number. Another

very important reminder to homeowners is to always store pesticide products in

locked cabinets out of the reach of children and pets. Pesticide products should also

be disposed of according to label instructions.35

Incomplete Label Data

Label information addresses acute or immediate effects only. Information about

chronic or long-term hazards of chemical products, such as cancer or birth defects, is

not provided to purchasers. For example, some inert ingredients are toxic, but only

the percentages of inert ingredients are required on the label, not their identities.

Another frustration for homeowners is the fact that many chemicals have numerous

and/or scientific names that make it difficult to compare products. Antidotes listed
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on the label in case of poisoning may be incomplete, out-of-date, or even dangerously

wrong. Also, many labels do not indicate how to dispose of a product safely. The use

of the term ‘‘non-toxic’’ is for advertising only. It has no regulatory definition by the

federal government.

Store Employees Untrained Regarding Pesticide Use

The majority of homeowners purchase pesticides from home and garden centers

and use these outlets as information for pest management recommendations.36 A

troublesome finding from a statewide survey in Illinois indicated that only 34 percent

of retail stores surveyed provided any employee training related to pesticide use. Fur-

thermore, of those individuals who received any training, only about one-half stated

that the level of training was adequate. If any training was provided, the focus tended

to be on pesticide selection and use, while the concepts of IPM were largely ignored.

Because many stores hire seasonal employees during the spring and summer months,

there tends to be a high turnover of employees. Regular training programs are impor-

tant to educate new employees in pesticide use.37

Pets and Pesticides

Many household pesticides carry warnings on their labels cautioning people to

keep pets away from treated areas. In the case of flea powders and other pet pesti-

cides, to avoid pet illness, warning labels usually state application rates and the mini-

mum age of any pet to be treated. As is the case for warning about human health

hazards, these guidelines cannot assure that your pet will suffer no adverse effects.

Pesticides are known to poison fish and other forms of wildlife when used outdoors;

a similar health hazard exists for aquarium fish and pet birds during and after pesti-

cide application.

In recent years, hundreds if not thousands of pets have been poisoned. Products

containing OPs are among the worst culprits. The EPA finds that these pet pro-

ducts are frequently misused and that manufacturers should anticipate this. Cats are

particularly vulnerable, since they often lack key enzymes for metabolizing or detoxi-

fying OPs. As with children, a cat’s small size and unique behavior—in this case,

grooming—work against them as well, making them particularly vulnerable to OP

poisoning.38

In a Lighter Vein: Reckless Endangerment

In California, the Department of Pesticide Regulation (DPR) has compiled a list

of what might be called ‘‘The Top Ten Pesticide Blunders at Home.’’ It is reminiscent

of the immensely popular television show of yesteryear, Candid Camera, but the im-

portant difference is that no one’s life was jeopardized by Allen Funt’s histrionic

efforts. These illustrations of present-day human foibles could have had disastrous

168 | Pesticides



consequences. Fortunately, not one fatality was involved, although most victims

required medical treatment.

Most incidents occurred in 2004 and 2005 and were compiled by the DPR’s Pesti-

cide Illness Surveillance Program. The Top Ten in no particular order follow:

1. A San Diego County man preparing to spray ants with insecticide failed to

notice the aerosol can faced the wrong way. He sprayed himself in the face,

developed respiratory symptoms, and sought medical attention the next

morning.

2. In Los Angeles County, a woman sprayed an aerosol insecticide under her

kitchen sink to kill roaches. To get a better shot, she stuck her head inside

the cabinet and then inhaled fumes. Her lungs began to burn and she sought

medical attention.

3. An Orange County resident set off two bug bombs and left his house. He

returned 90 minutes later, opened the windows, and remained inside. He

developed heart symptoms and went to a hospital, where he suffered a stroke.

4. Another Los Angeles resident who sprayed her kitchen to kill flies drank from

a glass of water that sat uncovered in the same room while she sprayed. A

runny nose, headache, and chest tightness prompted her to seek medical aid.

5. In Orange County, a dog owner with asthma hugged her one-pound puppy

shortly after it received a liquid flea control treatment from the woman’s vet-

erinarian. It was later determined that the puppy was treated with a dosage

meant for larger dogs. The owner experienced shortness of breath, blurry

vision, and other symptoms. The puppy also apparently suffered ill effects.

6. A San Diego receptionist sprayed an insecticide around doors in her office for

spiders. She got the pesticide on her hands so she rubbed them together. She

later rubbed her eyes. Her hands and eyes began to itch, so she sought medi-

cal attention.

7. A San Bernardino truck driver prepared to disinfect his tires with a hose-

mounted sprayer. When he pulled on the hose, it knocked the attached disin-

fectant bottle off. The bottle hit the ground and disinfectant splashed into his

face and eyes.

8. A Los Angeles County worker prepared to mop a kitchen floor when she

noticed she was almost out of the usual cleaning product. She mixed bleach

with the cleaning product, which created fumes. She developed respiratory

symptoms and sought medical attention.

9. At a San Bernardino County fast-food outlet, a customer at the drive-through

window bought iced tea and noticed a foul taste, followed by a burning

throat and nasal passages. The cup apparently contained some sanitizer from
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an improperly rinsed tea machine (a similar case was also reported in Los

Angeles County).

10. A Marin County lifeguard mistakenly added muriatic acid to a chlorine tank.

He inhaled the resulting fumes and developed symptoms. His mother saw

him coughing and took him for medical aid.

These blunders graphically demonstrate what NOT to do as you undertake house-

hold and gardening chores or other work with pesticides. Health and safety scientists

say a few simple precautions can prevent most pesticide accidents:

¥ Look for the least-toxic solution to pest problems, both indoors and out.

¥ Read all pesticide label directions closely and follow the directions to the letter.

¥ Keep pesticides in their original containers and out of children’s reach.

Many home pesticide accidents occur in kitchens and bathrooms, although they

often go unreported. Children are especially vulnerable when adults put pesticides

into drinking containers, such as soda or juice bottles. Consumer pesticide products

with colorful packaging and attractive scents may also attract children.39

The Good Guys Win—Sometimes

When George and Carolyn Fox called the Orkin extermination company to spray

their house for termites in 1993, little did they know the trouble that would ensue.

The exterminator used existing stocks of the chemical chlordane, which had been

banned in 1988, and contaminated the couple’s home to the point that it was unin-

habitable. The couple sued the company, and on November 20, 1998, won the suit,

receiving almost $2 million in damages. According to the Tampa Tribune, they were

awarded $200,000 for their historic home, $200,000 for mental anguish, $1.2 mil-

lion in punitive damages, and $168,000 to replace the values of antiques that Mrs.

Fox collected. The house was also condemned by state health officials.40

Final Thoughts

Almost every household uses pesticides. But most people do not understand that

pesticides can be dangerous. Bug spray, flea powder, rat poison, and garden weed

killer are all types of pesticides. These products contain chemicals that kill pests. That

also means they can harm humans if they are not used safely.

Parents can eliminate the use of pesticides in and around their homes by using

least-toxic pest control methods, excluding pests by caulking cracks, and keeping

kitchens and other parts of the home free from food sources that attract pests. Low-

toxicity self-contained baits should be utilized instead of spraying potent toxicants

directly into the home and environment.
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If blame is to be assessed, it must be placed squarely on the shoulders of the U.S.

regulatory system, which allows dangerous chemicals to be put into consumer prod-

ucts, does not require even minimal safety testing for the majority of chemicals cur-

rently in use, and has virtually no prohibitions in place to reduce exposure to

chemicals known to cause harm. The U.S. chemical industry must also take responsi-

bility for failing to replace chemicals of known toxicity with safer substitutes.

The American people deserve to be safe in their own homes, and should be able to

purchase and use products without unwittingly exposing themselves and their chil-

dren to substances that can cause cancer and disrupt development. There is solid evi-

dence that the federal government, the states, and the pesticide industry must take

immediate action to replace harmful chemicals with safe substitutes.

Lawn and Garden Pesticides

Patricia J. Wood, Executive Director of Grassroots Environmental Education, has

stated: ‘‘We are in the midst of a revolution in scientific understanding of the links

between environmental exposures and health, and pesticides appear to present signifi-

cant risks. With an abundance of safe pest controls available today, the routine use of

lawn care pesticides should not occur.’’41

Background

Lawns are a standard feature of ornamental private and public gardens and land-

scapes in much of the world today. Lawns are created for aesthetic use in gardens and

for recreational use, including sports. They are typically planted near homes, often as

part of gardens, and are also used in other ornamental landscapes and gardens.

Americans keep lawns to provide themselves and their families with a cool green

oasis where they can play and relax. But dousing lawns with toxic pesticides means

that a space meant for families and pets can become a potent danger to health and

the environment.

Americans maintain over 32 million acres of lawns, with an average amount of five

to ten pounds of pesticides (counting active ingredients) used per acre per year. That

rate of pesticide use is more than three times higher than pesticide use on farms. It

means that we are exposing our children, our environment, and ourselves to the

unintended effects of as much as 200 million pounds of pesticides nationwide from

lawn care alone.42

Health Dangers

Why should there be concern about this astronomical level of pesticide use? Obvi-

ously, reduced use of lawn and garden care pesticides could prevent many of the

thousands of pesticide poisoning that occur annually. But perhaps more importantly,

many of the pesticides in use today are associated with long-term human health

problems.
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According to the EPA, the majority of lawn care chemicals in use today are possi-

ble or probable carcinogens. A National Cancer Institute Study indicated that chil-

dren in homes where lawn and garden pesticides were used were 6.5 times more

likely to develop acute lymphoblastic leukemia than those living where pesticides

were not used.

Despite labels that indicate that treated lawns are safe for human and animal con-

tact after twenty-four to forty-eight hours, many lawn and garden pesticides have

been found to persist far longer than that period of time. As previously mentioned,

pesticides can also contaminate indoor environments when they are tracked or blown

inside. Thus family members and pets can be exposed to pesticides when playing on

a treated lawn even after the reentry period listed on the label.

Even when used as directed, pesticides can kill non-target organisms, such as bene-

ficial insects, desirable plants, birds, and other wildlife, along with their target pests.

Because most pesticides work by interfering with physiological processes shared by

many organisms, they can kill indiscriminately. Crashes in honeybee populations,

damage to wild plant life, fish and bird die-offs have all been linked to herbicide and

insecticide use.43

Of the commonly used lawn pesticides, nineteen are carcinogens, thirteen are

linked to birth defects, twenty-one are linked to reproductive effects, fifteen are neu-

rotoxic, twenty-six may cause liver or kidney damage, twenty-seven are irritants, and

eleven can disrupt the hormone system. Pregnant women, infants, children, the aged,

and the chronically ill are at greatest risk from pesticide exposure. Pets too are regu-

larly poisoned.

A report by the Toxics Action Center on the company ChemLawn, the largest pro-

vider of lawn care services in the United States, uncovered that more than 40 percent

of the chemicals in ChemLawn’s consumer product range contain ingredients banned

in other countries. All of the products in their lineup not only pose a threat to

human health, but to water supplies, aquatic organisms, and non-target insects.44

Impact on Water Supplies

Lawns and gardens treated with pesticides and fertilizers can be a significant source

of surface water contamination when the chemicals used run off into neighboring

water bodies. When pesticide residues contaminate waters, they can kill small plants

and animals at the bottom of the food chain as well as damaging some fish species.

Homeowners may unknowingly contaminate their own well water by using pesti-

cides on their lawns. Factors that influence a pesticide’s potential to contaminate

water include physical and chemical factors, environmental influences, application

methods, and other practices associated with the pesticide use. Only two of the top

five lawn care pesticides, 2,4-D and glyphosate, are regulated under the Safe Drinking

Water Act, despite governmental acknowledgment of the intensity of the effects of

their release on the environment, and their potential to leach into groundwater

supplies.45
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False Assumptions

Consumers presume that lawn care pesticides are safe because they are sold in stores

that also market foods and other consumer products. Products with names such as

Weed-and-Feed, Weed-B-Gon, and Turf Builder with Plus 2 Weed Control might

seem innocuous to the consumer, but they contain pesticides such as 2,4-D and MCPP,

which have been associated with soft tissue cancers. Products such as Bug-B-Gone and

Turf Builder with Insect Control also might sound quite benign to the consumer, but

they contain carbaryl and diazinon, both of which are capable of harming the nervous

system. Carbaryl is suspected of altering human hormone function, while the residen-

tial uses of diazinon pose a special threat to children. The public remains uninformed

of the potential health threats posed by these chemicals, while at the same time being

subjected to intensive television, radio, and Internet advertising.46

Several Particularly Dangerous Lawn and Garden Pesticides

A wide variety of insecticides are available for use in gardens, but many contami-

nate water and soil, kill beneficial insects, and can harm health. Many lawn and gar-

den pesticides are toxic chemicals that should not be used around children, sensitive

individuals, or pets. These include the following:

Carbaryl is the main ingredient in Sevin dust and Bonide spray, and is associated

with a stunning array of human health problems. It contaminates groundwater and is

toxic to many kinds of wildlife, killing as many as 1 to 2 million birds in the United

States every year.47

Malathion, often used for control of adult mosquitoes, is toxic to the human ner-

vous system, like all OP insecticides.48

MCPA is a common ingredient in products such as Trimec (along with MCPP

and dicamba) and weed-and-feed products like Scott’s Pro Lawn; it is frequently used

by lawn care companies. It is toxic to wildlife and humans and a possible

carcinogen.49

The herbicide 2,4-D is sold under a variety of brand names and is one of the most

widely used herbicides in the world. Americans use 9 million pounds of it every year

to control lawn and garden weeds. Long-term exposure has been linked to damage to

the liver, kidneys, and the digestive, muscular, and nervous systems, and may also be

linked to non-Hodgkin’s lymphoma.

Glyphosate is the second most commonly used home and garden herbicide, with

25 million applications annually. If inhaled, glyphosate can cause respiratory prob-

lems, nose and throat irritation, lung congestion, and an increased breathing rate.50

Lawn and Garden Pesticides Increase Indoor Risks

Before going indoors, people should wipe their shoes carefully after walking on a

lawn or garden treated with herbicides; otherwise they could be tracking in dangerous
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chemicals that will linger in carpets and other parts of the household for a year or

more. Researchers found that 3 percent of ‘‘dislodgeable turf residues’’—the portion

of a pesticide that does not adhere to the turf—were tracked indoors. In homes with

carpeting, almost all of the pesticide became deeply imbedded carpet dust, where it

couldn’t degrade through exposure to sunlight, wind, rain, or soil microbes. Although

the investigation revealed that only 10 percent of the residue remained on carpet sur-

faces where it could easily contact human skin, previous research has suggested that

transport of pesticides from lawns and gardens presents significant risks of human ex-

posure, particularly for children.

In the study, researchers applied a pesticide formulation containing 2,4-D,

dicamba, and mecoprop (X-Gro Broadleaf Weed Killer) to sections of a lawn that

had not been treated with pesticides for at least ten years. Participants then walked

on the treated areas, staggering their times and walking in different areas so that most

of the treated ground was covered. They then either wiped their feet on a mat or

walked directly onto indoor carpeting, both of which had never been used before.

Researchers analyzed residues tracked onto the carpets as well as levels of dislodgeable

turf residues on the lawn.

Use of entryway mats reduced the level of pesticide residues on carpet surfaces by

25 percent and reduced carpet dust residues by 33 percent. Estimates were that 2,4-

D residues could remain in household carpet dust for up to one year after small turf

applications.51

Another study found that up to 0.2 percent of the residues of two different herbi-

cides applied to a lawn were dislodgeable. Notably, the amount of residue that was

dislodgeable actually increased between four and eight hours after the application, as

the pesticide spray dried.52

Another investigation revealed that 1.5 to 4 percent of residues of the insecticide

chlorpyrifos deposited on a lawn could come off the treated lawn onto shoes, skin, or

clothing.53

Home Garden vs. Commercial Use Pesticides

Pesticides for home garden use are not necessarily of low toxicity. Active ingre-

dients available to the gardener can be extremely toxic. The technical products of

strychnine (LD50 ¼ 30–60 mg/kg) and Di-Syston (LD50 ¼ 4 mg/kg) are readily

available at nurseries and garden centers. Anyone can buy them. The assumption that

the commercial applicator may use pesticides with more toxic active ingredients than

the gardener is wrong. Remember, it’s the dose that makes the poison.

Because of the small label size, home garden products may not list all of the plants

and/or pests for which the product may be registered for use. For example, one bottle

of ACME 25 percent EC, may be called ACME Fruit and Vegetable Insect Control,

while another bottle of ACME 25 percent EC may be called ACME Insect Spray.

Both may be basically the same product, but the plants and pests listed on the label

can vary greatly. This situation causes some confusion in pesticide applications and
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encourages the purchase of excessive amounts of pesticides. It is not legal to tell any-

one that they can use a pesticide on a crop or site not listed on the label even though

another similar product may have the crop listed on the label.

Products packaged for the commercial grower may appear to be less expensive, but

homeowners should not be tempted to use them. They are generally more concen-

trated than those for home use and require special protective clothing and equipment

for application. These products are in larger containers than the homeowner could

expect to use or store safely, and are much more difficult to calibrate and mix cor-

rectly since rates are usually based on a per-acre system.

In the majority of cases, the site listed on the label is a field crop and not a lawn

or garden, so any use of it on a lawn or garden would then be illegal. A few products

that are extremely toxic to humans or the environment are classified by the EPA as

restricted-use pesticides. The label will state ‘‘restricted-use pesticides for retail sale to

and application only by certified applicators, or persons under their direct supervi-

sion.’’ Certification from a state department of agriculture is required by law for pur-

chase and use of restricted-use pesticides. This certification is intended for

commercial and private applicators (farmers) and does not automatically allow the

use of these products by home gardeners.54

Sales, Labeling, and Packaging

A survey of eighteen stores in Connecticut found that most stores displayed pesti-

cide packages with visible tears or rips. Their contents had visibly contaminated store

shelves, floors, and storage areas.

The packaging of many lawn care chemicals is porous, releasing vapors from the

chemicals into the nearby air. These vapors are easily detected by sense of smell, and

often contaminate indoor air where sold.

Pesticide labels do not provide the consumer with sufficient warning and instruc-

tion regarding the toxicity of contents, pesticide potential to contaminate water sup-

plies, effects on fish and wildlife, and proper handling and disposal. Labels on the

front of packages claim product benefits in multicolored letters often several inches

high, while warning information and directions for safe use and disposal are com-

monly displayed in small type on the back.

Some lawn and garden packages require the removal of a plastic wrapping to access

multi-paged warnings about product ingredients, often printed in minute type. These

lawn and garden pesticides are commonly sold in stores that also sell food and other

consumer products that are vulnerable to chemical spills.55

Beware Fertilizer-Pesticide Combinations

Many homeowners and lawn care companies routinely combine fertilizer and pesti-

cides in a series of applications throughout the spring, summer, and fall. These

multi-step programs are promoted as the sure and easy path to the perfect lawn. The
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pressure to have a perfect lawn, however, has clouded a number of issues and literally

mixed ingredients that should be kept separate. Areas of caution include:

1. Routine insecticide applications. Most insects found on a lawn are beneficial,

and insecticides can harm them. Research in Wisconsin indicates that only about

one lawn in 200 will need an insecticide application in a given year. Even on

lawns where harmful insects exist, natural controls or better lawn care practices

will reduce the threat. For example, chinch bugs can be pests during a dry year,

but proper watering (or even a good rain) can minimize their effects.

2. Routine herbicide applications. Weeds are not the cause of an unhealthy

lawn; they are the result. The best defense against weeds is a thick, healthy

lawn that can be attained via proper watering, fertilizing, and mowing. Routine

herbicide applications are unnecessary and their effects can be misleading. For

example, weed-and-feed products are widely used to kill dandelions in spring,

when the flowers are so noticeable. The curling weeds seem to indicate that

the herbicide has been effective, but in fact the herbicide may kill only the top

of the weed, not the root.

3. Unnecessary nutrient applications. Most commercial fertilizers contain phos-

phorus, a major water pollutant. Yet many soils already contain enough phos-

phorus for a healthy lawn. This underscores the need for a soil test before

applying fertilizers. Low-phosphorus or phosphorus-free fertilizers can provide

nutrients while avoiding the threat to water quality. In short, applying

unneeded pesticides and nutrients in a generic, multi-step fertilizer program

can be expensive for the homeowner and harmful to the environment.56

Follow the Label

Consumer awareness of pesticide use should be given a high priority. Homeowners

should be encouraged to obtain information on the pesticides that are used on their

lawns. Homeowners should be sure to read and follow pesticide labels carefully for

any products they apply and should always ask to see the label of any products com-

mercial lawn care services use before these products are applied.

However, roughly half of homeowners admit they don’t read or follow label direc-

tions when applying pesticides to lawns, often using significantly more than the rec-

ommended amount, lawn care experts maintain.57

Lawn Pesticide Notification Laws

Notification

Notification of pesticide applications provides the public with the opportunity to

take precautions to avoid direct exposure to hazardous pesticides. Twenty-one states

have adopted laws requiring notification of lawn, turf, and ornamental pesticide
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applications by hired applicators. Concerns over the potential public exposure to

these pesticides have led states to pass laws that warn neighbors of a lawn application

by posting notification signs, establishing registries, or providing prior notification to

abutting property owners. Because only 19 percent of U.S. households hire lawn pro-

fessionals, some states also require that homeowners provide notification to those on

neighboring properties. State notification laws usually indicate where, when, and what

pesticide has been or will be applied and by whom. State notification requirements

vary in specifics, but where prior notification is required, it generally provides notice

twenty-four to forty-eight hours in advance.

Posting

Twenty states require that commercial applicators post notification signs when a pes-

ticide is applied to a lawn. Most states require that notification signs be posted in a

conspicuous point of access to the treated property and left in place for twenty-four

hours. Warning signs vary in language, but usually state: ‘‘Lawn Care Application: Keep

Off the Grass.’’ In Connecticut, homeowners and commercial applicators are required

to post notification signs if applications are made within 100 square feet of unfenced

turf. Wisconsin retail stores are required to provide warning signs to homeowners when

they purchase pesticides. The U.S. District Court in Seattle requires in-store notices to

consumers on lawn chemicals and endangered salmon in West Coast states.

Registries

Thirteen states require that a state agency or, in some cases, individual companies,

establish a registry for people to sign up for prior notification when an adjacent prop-

erty is treated with a pesticide by a commercial applicator. Generally, the states with

such laws include provisions that require an applicator to inform any person on the

registry of an upcoming pesticide application to property adjacent to theirs. Some

states, including Florida, Maryland, and Pennsylvania, have the additional requirement

that individuals requesting notification provide documentation and certification from a

physician. Registries only provide advance notice to those who make a prior request to

be notified, and therefore are limited in providing adequate warning to the public.

State Preemption of Local Laws

Forty states preempt local ordinances on pesticides. However, two of those states,

Minnesota and Montana, allow municipalities to adopt specific language regarding

posting for commercial turf pesticide applications. Under New York state’s lawn noti-

fication law, counties can adopt specific provisions that require commercial applica-

tors to provide forty-eight hours’ prior notice to all neighbors if treatment occurs

within 150 feet of abutting property. It also requires homeowners to post notification

signs of lawn application. Only six counties have set these requirements.58
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Lawn Posting Problems

Posting of lawns has been a controversial practice. Any successful posting program

needs to address the following problems:

1. Those most at risk, small children and pets, can’t read.

2. The signs are often so small and low to the ground that it’s difficult to read

the message and still avoid contact with treated grass.

3. If signs are left to weather and rot, they would lose any effect they may have

once had.

4. Some lawn pesticides have a very low degree of toxicity. To require posting of

lawns treated with those pesticides may raise unwarranted alarm.

5. No one sign is suitable for all pesticides, yet multiple signs pose a logistical

problem.

6. On a percentage basis, homeowners apply far more pesticides than commercial

applicators, but requiring them to post on treated lawns has a number of prac-

tical problems.59

Practical Problems

1. Ensuring that statutory deadlines for release of all data are met by the responsi-

ble state agency.

2. Requiring state agencies to submit data electronically.

3. Making sure that all data is made available to the public.

4. Requiring farmers to report their pesticide use directly rather than through

sales reports.

Lawn Care Pesticide Sickens Family

Brenda Jones believed the lawn care applicator from TruGreen ChemLawn when

he told her that the chemicals he was going to use on her lawn were so safe that he

didn’t even need to wear a mask. According to Brenda, she was still hesitant and

asked him to wait until she was safely inside the house before he started to spray.

While Brenda waited for her dog, the applicator began spraying some fifteen feet

behind her. Suddenly her eyes began to burn and a cough welled up in her throat.

She turned to see a cloud of silver mist coming from the nozzle held by the applica-

tor. Instantly, she grabbed the dog and dashed into the house to escape. She washed

herself and the dog off, but it was too late; the damage had been done.

Being a registered nurse, Brenda was instantly aware of being sick. Her eyes,

throat, and chest burned. Her head pounded like a drum. She became nauseous and
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coughed continuously. That evening her husband, Wayne, and two children, Jeffrey,

age seven, and Kara, age three, were afflicted with headaches, dizziness, diarrhea, and

other symptoms, causing Brenda great concern. They contacted the lawn care com-

pany the next day and discovered they had been exposed to the common weed killer

atrazine and to the synthetic pyrethroid bug killer bifenthrin. Closing the windows

did not prevent the pesticides from entering the house.

The following day the entire family was ill and even the dog, which had vomited

the night before, did not move and would not eat—classic behavior for dogs who

have been subjected to pesticide poisoning. Brenda called the family physician, and

hoped the illness would pass on its own, a response similar to that of others who have

been acutely poisoned.

Two days later, the doctor diagnosed her with chemical poisoning and prescribed

antibiotics and steroids. Her children received the same treatment. When she con-

tacted Florida’s Poison Control Center to report the incident, they incorrectly

responded that they did not handle pesticides. Later, a lung specialist advised Brenda

that her airway had become reactive. With no cure in sight, her only option was to

entirely avoid environmental chemicals.

Brenda had an impressive resume that described fifteen years of experience as a regis-

tered nurse at Johns Hopkins Medical Center, the University of California at Los

Angeles, Stanford University, and the John Wayne Cancer Institute in California. Pesti-

cides took away her livelihood. Future employment attempts failed as she became symp-

tomatic with dizziness, weakness, and tremors, and she was unable to complete her shifts.

However, she states that her predicament is the least of her worries, as her son can

no longer attend school due to reactions he suffers each time pesticides are applied to

a field adjacent to the school. When she asked the applicator not to spray during

school hours, he responded in the usual manner: ‘‘Weed killers and pesticides are reg-

istered with the EPA and are safe to use.’’ ‘‘They won’t hurt the children.’’

Brenda persisted, and approximately two weeks after the January 2003 incident,

she contacted the Florida Department of Environmental Protection. In April, she

received a letter from a division of the state’s Agriculture Department. It indicated

that the agency had questioned the lawn care firm, but that too much time had

elapsed to attempt an on-site inspection to determine if a violation of the pesticide’s

label had taken place.60

Pesticide Education—Does It Work?

Education on the proper use of pesticides is often included in many lawn care and

landscape management programs. Most often this is in the form of informational bro-

chures or fact sheets on pesticide use around the home or garden. These information

packets include tips on identifying pest problems and selecting treatment approaches

that reduce environmental impacts, less-toxic pest control products if chemical control

is necessary, and the proper mixing, application rates, and cleanup procedures for pesti-

cide use.
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The public perception that no alternative to pesticide use exists is probably the

greatest limitation that these efforts encounter. Surveys tell us that the public has a

reasonably good understanding of the potential environmental dangers of pesticides.

Several surveys indicate that residents do understand environmental concerns about

pesticides, and consistently rank them as the leading cause of pollution in their neigh-

borhoods. Even so, pesticide use still remains high in many urban areas. The time

required for homeowners to learn more about alternative pest control techniques may

also limit educational efforts. Many residents prefer the ease of just spraying a chemi-

cal on their lawns to other pest control measures they perceive as more time intensive

and less reliable.61

Organic Lawn Care—A Viable Alternative

Historically, organic lawn care has been practiced far longer than chemical lawn

care. From the 1700s to World War II, lawns were maintained without chemicals.

The lawns of eighteenth-century Europe differed dramatically from those that now

cover suburban North America. Mass production of chemical pesticides and fertilizers

during the 1940s ushered in the lawn’s transformation from a collection of various

grasses, legumes, and wildflowers to a sterile monoculture. Since then, the chemical

lawn care industry has grown enormously. Many homeowners now believe that lawns

require chemicals for survival. This simply is not true. A traditional lawn can be

maintained without pesticides. In fact, widespread misuse of pesticides and fertilizers

results in an unhealthy lawn that becomes chemically dependent and highly suscepti-

ble to pests and diseases.

The basic principle of organic lawn care is to nourish the soil. In this way, it differs

fundamentally from chemical lawn care, which focuses on feeding the grass. Restor-

ing and protecting soil health is crucial for the maintenance of a lush, naturally pest-

and disease-resistant lawn. Healthy soil is alive. It contains a diverse collection of

organisms, many too small to see with the naked eye, that interact in complex and

intricate ways. Together, these organisms break down organic matter, make nutrients

available for plant uptake, and aerate the soil. Soil aeration is important for water

storage and air exchanges. Research shows that chemical fertilizers and pesticides de-

grade soil life and decrease the level of biological activity.62

Pesticide Manufacturers and Public Relations Efforts

At least seventy municipalities across Canada have restricted pesticide usage,

including Toronto, Montreal, Vancouver, and Halifax, and the province of Quebec.

Toronto’s bylaw, for instance, applies to public lands as well as to private homeown-

ers. In the United States, a coalition of twenty consumer and environmental groups

launched a campaign that urges two of the largest home and garden retailers, Home

Depot and Lowe’s Home Improvement, to carry more organic lawn care products

and to reconsider the sale of weed-and-feed products to protect the health of chil-

dren, families, pets, and the environment.
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This has fueled a high-stakes counterattack from the multibillion-dollar pesticide

industry. Citing increased ‘‘activist threats’’ and recent pesticide bans in Canada and

the United States, a nationwide coalition of pesticide manufacturers, suppliers, and

lawn care companies recently launched a $1 million ad campaign to ‘‘educate con-

sumers’’ about pesticides, according to a press release from the group, called Project

Evergreen.

Environmentalists have responded, saying adequate testing has not been done on

the vast majority of pesticides, and that health problems for humans, birds, and fish

have been linked to lawn products.63

Realistic Considerations

Using pesticides for the goal of a perfectly manicured lawn, that is to say, for

purely cosmetic reasons, involves unacceptable risks, exposing human life, pets, and

wildlife to unjustifiable hazards. Living in the toxic stew of today’s environment, it

may not be possible to prove beyond a shadow of a doubt that lawn chemicals are at

fault, but absence of proof is not proof of absence. We must err on the side of cau-

tion. No one’s right to use lawn chemicals should take precedence over another’s right

to the highest level of health possible. If there is even a small chance that the use of

lawn pesticides will contribute to a child developing leukemia or the exacerbation of

an asthma attack, it’s a simple no-brainer: don’t use it.

Safe and effective alternatives for lawn care are available. The chemical and pesti-

cide industries may claim that we need their products, but remember that these com-

panies are in business, and their ultimate goal is profit, not health and well-being.

Simple, safe, and inexpensive lawn and garden pest remedies could seriously harm

the industry’s bottom line. The time has come for industry to read the writing on the

wall, and adjust their product lines and lawn care practices to those of a more envi-

ronmentally friendly nature. One final idea to consider is that the heavy use of pesti-

cides to create perfect lawns started only after World War II, and is an example of a

socially accepted practice that needs to be reconsidered.
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Pesticides in the Air, Water, and Soil

Pesticides in the Air

Imagine this scenario: It’s two in the afternoon, and you’re at home, just sitting

down to enjoy a late lunch when the quiet atmosphere is broken by the drone

of an approaching crop-dusting plane. But wait a minute . . . what is that guy

doing? Why, he’s spraying practically right over your house! Worse yet, the

wind is blowing toward you, and your children are playing in the yard.
—Terry Shafer1

Introduction

Pesticides have been used for decades to control agricultural pests and to ensure an

adequate quantity and quality of food for the nation. A pesticide’s toxicity is responsi-

ble for its effectiveness in controlling pests, but the chemical may cause undesirable

side effects when it travels from its intended location. Pesticide movement to the

atmosphere depends upon complex interactions between the properties of the indi-

vidual chemicals, the weather, the properties of the soil or plant tissue on which they

are adsorbed, the way they are applied, and the management of the field or crop. Pes-

ticides potentially can contaminate soil, water, and air.

The occurrence of pesticides in the atmosphere is an important national issue.

Studies have documented that some pesticides found in the atmosphere and in water

have resulted from agricultural applications. Dissipation and accumulation of pesti-

cide residues can limit the efficacy of some pesticide materials. Pesticides and trans-

formation products in the atmosphere can be major health concerns and cause plant

damage far from their sites of application. For example, methyl bromide, a widely

used soil fumigant, has been implicated in damage to the stratospheric ozone layer.

More than half of applied materials may ultimately reach the atmosphere.



Today, pesticides have been detected in the atmosphere throughout the country,

and a wide variety of pesticides are present in air, rain, snow, and fog. There is signif-

icant evidence that pesticides used in one part of the United States are carried

through the atmosphere and deposited in other parts of the nation and beyond,

sometimes in places where they are not even used. Even in the Arctic and Antarctic,

pesticides are found in the air, snow, people, and animals. The extent of atmospheric

pesticide contamination has not been adequately studied.

No one knows for sure just how many people nationwide have been sickened by

pesticide drift. The federal government doesn’t officially track such cases. But

researchers at the EPA and the CDC have estimated that there are more than 5,000

serious poisonings a year from accidental drift.2

What is Pesticide Spray Drift?

Pesticide spray drift is the physical movement of a pesticide through air at the time

of application or soon thereafter to any site other than that intended for application

(often referred to as off-target sites). The EPA does not include the movement of pes-

ticides to off-target sites caused by erosion, migration, volatility, or contaminated soil

particles that are windblown after application, unless specifically addressed on pesti-

cide product labels with respect to drift-control requirements.

How Does Spray Drift Occur?

When pesticide solutions are sprayed by ground-spray equipment or aircraft, the

nozzles on the equipment produce droplets. Many of these droplets can be so small

that they stay suspended in air and are carried by air currents until they contact a sur-

face or drop to the ground. A number of factors influence drift including weather

conditions, topography, the crop or area being sprayed, application equipment and

methods, and decisions by the applicator.

Air Movement

Both horizontal and vertical air movement can affect drift. Unless it is calm, most

pesticide applications are subjected to constant air movement. Indoors, heating and

air conditioning systems move air and can move pesticides. Outdoors, unpredictable

changes in air movement can cause spray drift at any time. Thus, wind direction and

speed directly affect the direction, amount, and distance of drift.

The Impacts of Spray Drift

Off-target spray can affect human health and the environment. For example, spray

drift can result in pesticide exposures to farmworkers, children playing outside, and

wildlife and its habitat. Drift can also contaminate a home garden or another farmer’s

crops, causing illegal pesticide residues and/or plant damage. The proximity of
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individuals and sensitive sites to the pesticide application, the amounts of pesticide

drift, and the toxicity of the pesticide are important factors in determining the poten-

tial impacts from drift. The drift of spray from pesticide applications can expose peo-

ple, wildlife, and the environment to pesticide residues that can cause health and

environmental effects as well as property damage.

Controlling drift is important for both commercial and private applicators. To be

effective, the pesticide must be applied precisely on the target at the correct rate, vol-

ume, and pressure. Drift of herbicides can damage nearby crops, forests, or landscape

plantings. Poorly timed applications can kill bees and other pollinators in the area.

Beneficial parasites and predators that help control pests may also be killed. Indoor

drift can also be a problem. Pest control operators must be aware that forced air heat-

ing systems and air conditioning units can transport sloppily applied pesticides.

Enforcement and Compliance of Laws

When individuals have complaints about off-target spray drift, they should report

them to the state or tribal government agency (either agriculture or environmental

protection) that is responsible for enforcing the proper use of pesticides for their state

or tribe. These agencies are responsible for enforcing lawful use of pesticide products

by investigating complaints and, when appropriate, issuing penalties for improper

use. When necessary, the EPA will assist these agencies with investigations.3

Agricultural Spraying and Children’s Exposure

Growing evidence exists that chronic exposure to low levels of organophosphate

pesticides (OPs), widely used both in agriculture and residential settings, can cause

adverse health effects in children. Despite these concerns, few studies have evaluated

children’s long-term exposure to OPs. A recent study examined year-long fluctuations

in OP metabolite concentrations in a group of low-income children living in an agri-

cultural community. The study found that regardless of their families’ proximity to

treated orchards or parental work exposure to pesticides, metabolite levels increased

in children’s urine during the spring and summer spraying months. Because OPs have

a relatively short half-life in the body, levels declined (but were still detectable) in the

fall and winter after agricultural spraying ended. Study results support the theory that

children are continuously exposed to low levels of OPs in their diets, with episodes of

higher exposures resulting from residential and agricultural pesticide use.4

Stricter Spray Drift Regulations

In mid-2002, the EPA announced its intention to restrict where and how farmers

may spray their crops to prevent pesticides from poisoning farmworkers and residents

of suburbs rapidly expanding into agricultural areas.

Pesticide companies fought the proposal, alleging that standards sought by the

EPA were unwarranted and would cause 7 million acres of farmland to be taken out
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of production. Under rules to be spelled out on pesticide containers, the chemicals

could not be allowed to drift on people, animals, homes, buildings, parks, wetlands,

forests, pastures, or crops for which the spray was not intended. The labels would

specify equipment sizes, the wind conditions under which spraying could take place,

and the maximum distances from crops that spray could be released.

The EPA contended that the label rules would reduce the risks from pesticides

without hurting farmers. But the agency had recently told the House Agriculture Com-

mittee that the standards proposed earlier would be revised before being made final.

States receive some 2,500 complaints annually about pesticide drift, and carry out

enforcement actions on roughly 800 of them each year; the EPA estimates that there

are probably many more unreported incidents. In 1999, 180 people in California’s

San Joaquin Valley were forced to evacuate when they were overcome by fumes from

the spraying of a potato field. Months later, about thirty individuals still had respira-

tory problems, headaches, and dizziness.

In 2000, a herbicide that Bureau of Land Management employees were spraying

on federal property in Idaho drifted onto nearby farmland and caused $100 million

in damage to potato, wheat, and sugar beet crops.

Critics of the EPA’s proposed rules questioned whether the problem was as serious

as the EPA maintained, and argued that the standards did not take into account dif-

ferences in topography and equipment.

In California, the number of spray-drift incidents in which at least one person was

exposed to a pesticide dropped from ninety-four in 1995 to forty-one in 2000, the

latest year for which figures were available. In comments filed with the EPA, the pes-

ticide industry claimed the proposed rules would set a ‘‘zero-drift’’ policy for which

pesticide use could not be maintained.

The deputy director of California’s Department of Pesticide Regulation disagreed,

stating that federal rules were necessary because states were not allowed to regulate

pesticide labels. He said that having uniform standards nationwide ‘‘is better from

our perspective as regulators but also for the industry.’’5

No Federal Action

The EPA has yet to act on controlling spray drift on a national scale. Despite the

proposal to strengthen label provisions, no meaningful action followed. After being

swamped by what the EPA called a ‘‘relatively huge response’’—5,000 comments—and

after extending the comments deadline twice, the agency decided to scrap the proposed

change altogether and start over.

Environmentalists by and large supported the stronger label provisions, while argu-

ing that even more needed to be accomplished. Not to be outdone, the pesticide

industry claimed that these changes would be too expensive. Currently, U.S. pesticide

law offers citizens no particular protection against spray drift. An EPA official stated,

‘‘The bottom line is that someone following the approved procedure for spraying a

lawn or landscape with chemicals has the right to do it.’’
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Nor do organic farmers marketing produce grown free of chemicals get any special

protections, causing problems for some farmers who have lost their organic certifica-

tion. One baby food company was outraged to learn that its products had been con-

taminated by pesticides through no fault of its own.

Homeowners who believe they have been exposed to pesticides must offer proof of

harm, either with tests showing chemical residues on their property, or medical evi-

dence. Many more homeowners are beginning to fight, but their cases are rarely pub-

licized due to out-of-court settlements.6

Some methods for ranking agricultural pesticides by their potential hazard as air

contaminants have been proposed based on use, volatility, toxicity, and other factors.

Ultimately, rankings are used to determine exposure reduction or public health prior-

ities. One of the initial uses of the ranking developed by the California Department

of Pesticide Regulation, called the (pesticide) toxic air contaminant (TAC) ranking, is

to direct air monitoring of agricultural pesticides in California. The California Air

Resources Board conducts air monitoring in regional urban centers and in agricul-

tural communities that are selected on the basis of area use of the monitored pesti-

cides. For the monitored pesticides, an opportunity exists to calculate inhalation risk.7

Pesticides That Reach the Atmosphere

What happens to pesticides that are applied, and how much pesticide residue

enters the atmosphere? This is not a simple question to answer. The fate of pesticides

in the environment is dependent on many factors, such as their physical and chemical

properties, the weather, and how, when, and where they were applied. Recent studies

have shown that many pesticides readily evaporate into the atmosphere. Evaporation

is a continuous process that occurs over weeks, months, and years, until all the pesti-

cide molecules are degraded. Depending on the pesticide, 75 percent or more of an

application can ultimately be lost through evaporation.

Annual deposition of selected pesticides by rain has been calculated in several areas

of the country. The amount deposited generally accounts for less than 1 percent of

the total applied. Although this seems like very little, it can represent many tons for

some high-use pesticides. In addition, rain and snow are not the only way pesticides

are deposited to the earth’s surface. Deposition of vapors and particles also occurs,

but there is an inadequate understanding of these dry deposition processes.8

Conclusions

The combined results from the local, region, and national monitoring studies indi-

cate that a wide variety of pesticides are present in the atmosphere. Nearly every pesti-

cide that has been investigated has been detected in air, rain, snow, or fog throughout

the country at different times of the year. Also, there is ample evidence that some long-

lived pesticides used in one area of the country migrate through the atmosphere and

are deposited in other areas of the country, sometimes in areas where pesticides are not
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used. The atmosphere is an important part of the hydrologic cycle that can transport

pesticides from their point of application and deposit them in unintended areas. Aver-

age annual concentrations of pesticides in air and rain are generally very low, although

elevated concentrations may occur during periods of high use, usually in the spring

and summer months. The environmental effects of long-term occurrences of low levels

of pesticides in the atmosphere are not yet well understood.

Air has the ability to move particles over long distances. Most of the time this abil-

ity aids mankind. It causes rain, for example. Unfortunately for the pesticide applica-

tor, wind also causes drift. Pesticides in the air are not controllable and may settle

into waterways, homes, lawns, wooded areas, and so on. Drift must be avoided.9

Pesticide Names

Most pesticides that have been studied in the atmosphere have been detected, and

many pesticides from several different chemical groups have been found at more than

half the locations of samples nationwide. Results for different groups and individual

pesticides reflect a range of influencing factors. Because of their widespread use dur-

ing the 1960s and 1970s, and their resistance to environmental degradation, organo-

chlorine insecticides have been detected in the atmosphere in every state where

measurements were made. The most heavily used organochlorine insecticides during

this time were toxaphene, DDT, and aldrin. Because of their reduced effectiveness

and regulatory restrictions, their total use in agriculture declined steadily from 63

percent of insecticide use in 1966 to less than 5 percent in 1988. The most fre-

quently detected organochlorine insecticides have been DDT, alpha-HCH, gamma-

HCH (lindane), heptachlor, and dieldrin. Despite their widespread use, toxaphene

and aldrin were detected less frequently than other organochlorine compounds, par-

tially because of their chemical properties. Toxaphene is a complex mixture of more

than 200 different compounds and is difficult to sample and analyze. Since toxaphene

use was banned in 1982, the analytical ‘‘fingerprint’’ of environmental samples often

differs considerably from analytical standards due to changes over time in its chemical

nature. Also, the analytical limit of detection is much higher than for other organo-

chlorine insecticides. On the other hand, aldrin in the environment degrades rapidly

into dieldrin, which is more chemically stable. This is why dieldrin was detected

more frequently than aldrin even though it was used in much lower quantities.

Organophosphorus insecticides also have been used heavily for decades and

account for 65 percent of insecticide use today. Generally, they are not as long-lived

in the environment as organochlorine insecticides, but nevertheless have been

detected in the air and rain in many states, even though they are not often included

as specific targets. The organophosphorus insecticides detected most often in air, rain,

and fog were diazinon, methyl parathion, parathion, malathion, chlorpyrifos, and

methidathion. Diazinon, methyl parathion, parathion, and malathion have been

among the most widely used insecticides in each of the last three decades, although

parathion, malathion, and diazinon use is declining.10
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Aerial Spraying Developments

During aerial pesticide application, some of the applied material is lost to the

atmosphere in the form of fine droplets moving off-target through the air stream by

a process called spray drift. Spraying pesticides through spray nozzles produces a spec-

trum of droplets of differing diameters. The smallest droplets will remain airborne

and become lost as spray drift. Larger droplets can be transported by the wind and

deposited some distance outside the target area. As droplets are transported, their di-

ameter decreases through evaporation. As they become smaller, they remain airborne

longer and can be transported over regional, continental, or intercontinental

distances.

Pesticides of moderate-to-high volatility sprayed above the soil surface form drop-

lets that rapidly enter the gaseous phase and can be carried in the atmosphere. A por-

tion of the pesticide that reaches the soil or plant surface also may evaporate over

time and move into the atmosphere through a process of volatilization. Once in the

atmosphere, a volatile pesticide can travel long distances. Loss during application

through spray drift depends largely on the application method, properties of the for-

mulation, and environmental conditions. Volatilization losses from soil or plants

depend largely on soil and environmental conditions, chemical properties of the

applied pesticide, and agricultural management after its application.

Once a pesticide is in the atmosphere, various atmospheric and chemical processes

control its movement and transformation. Pesticides can break down in the atmo-

sphere during photosynthesis or in reaction to other atmospheric constituents. Some

processes are particularly important in determining the ultimate concentration and

transport distance from the point of application, which affects the risk of contaminat-

ing sensitive ecosystems.

Source Reduction

Significant pesticide contamination is possible when pesticides are applied inap-

propriately or inefficiently or when accidentally spilled. Large quantities of applied

pesticides may be lost from aerial spraying during windy conditions, and pesticides

may drift onto adjacent fields or nearby ecosystems. Such conditions can cause signif-

icant atmospheric contamination.

Volatile pesticides are released into the atmosphere during and after application.

Large amounts of pesticides may be released from areas of heavy agricultural activity

for three to four days after application, causing increased pesticide concentrations in

the entire region. Lower concentrations persist throughout the remainder of the year

as the pesticide material is cycled within the plant-air-soil-water environment.

Potential impacts of pesticide loss to the atmosphere are 1) decline in air and water

quality; 2) loss of beneficial insects and plants through off-site drift; 3) regional and

long-range transport and degradation of soil, plant, and surface water quality; 4)

accumulation and transfer of pesticide residues to sensitive wildlife and potential
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disruption of the food chain; and 5) degradation of the global atmosphere and loss of

natural protective zones such as stratospheric ozone.

Many pesticides are volatile, and even those with low volatilities can be transported

in the atmosphere as residues bound to dust particles or as aerosols. Both the active

ingredient and formulation constituents can become air contaminants. Volatile com-

ponents and residues bound to dusts may rise high into the atmosphere, travel long

distances, and be deposited far from the point of origin through various deposition

processes. Raindrops have been shown to have pesticide components.11

Air Pollution

When a pesticide does not turn up as a water contaminant, it is often because it

has escaped to pollute the air instead. While no less troubling than water contamina-

tion, air contamination is significantly less well characterized and addressed. The EPA

has stated that: ‘‘Off-target spray can affect human health and the environment. . . .

There are thousands of complaints of off-target spray drift each year.’’12 Though

equipment modification and avoiding dangerous weather patterns can minimize drift,

the EPA nonetheless notes that ‘‘some degree of drift of spray particles will occur

from nearly all applications.’’13 Air contamination from drift is thus an inevitable

result of spraying and one to which regulatory programs are essentially unequipped

to respond.

Vapor Movement

A pesticide that has vaporized (evaporated) can be carried from the treated area by

air currents. Vapor movement, unlike spray or dust drift, is related to the chemical

properties of the pesticide. Unlike the drift of sprays and dusts that can sometimes

be seen during an application, vapor movement is not visible. Vapor movement can be

caused by vapor leakage. Fumigants and other volatile materials exert pressure on the

environment around them. Like air in a balloon, they are actively trying to escape.

Keeping pesticide containers closed or sealed can stop vapor leakage. Fumigation sites

must also be sealed properly to keep pesticides from leaking. Applying these materials

with vapor-tight equipment is important. Some herbicides in particular can volatilize

and move from a treated area, reducing control of the target weeds and increasing the

likelihood that non-target plants will be injured. Pesticide vapors inside a dwelling can

also cause injury, particularly if the occupants are sensitive.

Evaporation, while less obvious than drift, may actually be the largest single source

of pesticides in the environment.14 Unlike drift, evaporation is not limited to sprayed

pesticides but occurs with liquid, powder, and granular pesticides as well. Once pesti-

cides evaporate, they become part of the atmospheric water cycle. The U.S. Geologi-

cal Survey states: ‘‘Nearly every pesticide that has been investigated has been detected

in air, rain, snow, or fog throughout the country at different times of the year.’’15

Like water contamination, air and precipitation monitoring show that local air
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detections of pesticides generally reflect pesticide use in the monitoring area, though

some pesticides are carried far away from application sites and redeposited in areas

where they have never been used. More-persistent pesticides, such as DDT, can travel

in the upper atmosphere to the most remote locations on earth.16

If water quality standards offer little comfort that levels of pesticides are not

causing health or ecological problems, the situation is less comforting still for air con-

tamination. There are essentially no standards to provide a benchmark of exposure,

and no regular programs to monitor pesticide levels in air, even if such standards

existed.

Airborne Pesticide Contamination Threatens Human Health

A report entitled Secondhand Pesticides: Airborne Pesticide Drift in California, by

Pesticide Action Network North America (PANNA), California Legal Rural Assis-

tance Foundation (CLRAF), and Pesticide Education Center (PEL), in May 2003,

revealed that several widely used pesticides were regularly found in air far from where

they were applied at concentrations that significantly exceed levels deemed ‘‘safe’’ by

regulatory agencies. The report demonstrated that current regulations ignore 80 to

95 percent of airborne movement of hazardous drift-prone pesticides, endangering

the health of many hundreds of thousands of Californians.

The report revealed that pesticides are not only an immediate poisoning hazard for

farmworkers and others directly exposed, but can adversely affect the health of people

far from fields through the air they breathe. The report found that four of the six

commonly used pesticides evaluated had concentrations in air at significant distances

from fields that greatly exceeded the ‘‘acceptable’’ short-term ‘‘reference exposure lev-

els’’ (RELs) for both children and adults. RELs are the concentrations of pesticides in

air below which the EPA or California’s Department of Pesticide Regulation (DPR)

considers adverse health effects unlikely. Ongoing background exposure to pesticides

in air in high pesticide use areas also poses considerable long-term health risks.

Near-field concentrations of chlorpyrifos and diazinon—both neurotoxic insecti-

cides that the EPA is phasing out for home use because of the hazards they pose to

children—exceeded the short-term child REL by 184 and thirty-nine times, respec-

tively. For the highly acutely toxic fumigant metam sodium, concentrations more

than 450 feet from the tested field exceeded the ‘‘acceptable’’ short-term child and

adult REL by sixty times. Over the long term, lifetime cancer risks from exposure to

average concentrations of the fumigant Telone in Kern County, California, measured

up to fifty-six per million, far in excess of the cancer risk of one in one million that

agencies generally consider the threshold for concern.

More than 90 percent of pesticides used in California are prone to drifting away

from where they are applied. Of the 188 million pounds of pesticides used in 2000,

34 percent were highly toxic to humans. These are capable of triggering asthma and

causing immediate poisoning and other respiratory illnesses, cancer, birth defects, ster-

ility, neurotoxicity, and/or damage to the developing child.
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Despite the health risks associated with widespread airborne pesticide drift, state

and federal regulations ignore 80 to 95 percent of total movement of drift-prone pes-

ticides by defining drift too narrowly: only spray drift that occurs during and imme-

diately after an application is regulated. For 45 percent of pesticides applied in

California, the concentrations of pesticides in air peak long after the application is

complete—between eight and twenty-four hours after an application.

In addition to excluding most of drift problems, current drift regulations are am-

biguous, and enforcement is difficult, weak, and largely ineffective.17

Legal Action to Enforce Toxic Air Contaminant Law

In June 2005, environmental health and community groups filed suit in Sacramento

Superior Court to require that California’s DPR uphold the Toxic Air Contaminant

(TAC) law. The law, effective in 1984, requires the DPR to assess all pesticides as poten-

tial air contaminants and regulate them in order to protect public health.

Of the more than 900 pesticides registered in California, the DPR has completed

the review process for only four in the past twenty years. The TAC statute is increas-

ingly important because pesticides are a major component of air pollution in Califor-

nia’s Central Valley and are one of the top three contributors to ozone pollution in

the San Joaquin Valley, accounting for about 8 to 10 percent of the ozone-forming

gases produced in the region.

High levels of ozone trigger asthma attacks and exacerbate other respiratory ill-

nesses. In 2002, asthma rates in Fresno County were reported to be the highest in

the state—ahead of even Los Angeles—and the third highest in the nation. Also,

nearly one-third of pesticides used California are associated with serious chronic and

acute health problems, such as cancer or nervous system maladies.

Pesticides are the largest source of toxic substances released into the environment

in California. In 2002, pesticide use accounted for the release of 5.7 times more toxic

materials to the environment than manufacturing, mining, or refining facilities as

reported by the EPA’s Toxic Release Inventory.

The lawsuit seeks to compel the DPR to comply with its duty under the TAC to

assess all toxic pesticide air pollutants on a timely schedule, to take action to reduce

the health impacts of these air pollutants, and to comply with the sections of the law

requiring public transparency and input, including a review by an independent scien-

tific review panel and substantive cooperation with the Air Resources Board and the

Office of Environmental Health Hazard Assessment.18

Strict Liability for Spray Drift

In at least four states, Louisiana, Oklahoma, Oregon, and Washington, courts have

labeled aerial application of pesticides an ‘‘ultra-hazardous’’ or ‘‘abnormally danger-

ous’’ activity, and have imposed strict liability for damage done without requiring

proof of fault.
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In 1957, Louisiana was the first state to impose strict liability for damages caused

by the aerial application of pesticides. In the case of Gotreaux v. Gary, the defendant

sprayed his rice crop with 2,4-D. This herbicide drifted onto the plaintiff ’s cotton

and pea crops located more than three miles away and destroyed them. The court

recognized the necessity of applying pesticides, but held that the plaintiff could not be

unreasonably inconvenienced or denied the right to enjoy his property. The court

summed up the effect of the application of strict liability: ‘‘negligence or fault, in these

instances, is not a requisite to liability irrespective of the fact that the activities resulting

in damages are conducted with . . . reasonable care and in accordance with modern and

accepted methods.’’

In 1961, the Oregon Supreme Court in Loe v. Lenhardt imposed strict liability in

an unintentional trespass suit, finding that there was no need to prove fault or negli-

gence where the defendants were engaged in an ‘‘extra-hazardous’’ activity. In this

case, the defendants were using a mixture of dinitro and diesel oil as an herbicide.

The spray drifted, having, in the court’s words, a ‘‘swift and drastic effect’’ on the

plaintiff ’s crops.

The court, noting ‘‘the high degree of danger inherent in the spraying of agricul-

tural chemicals from the aircraft,’’ determined that strict liability should attach to the

activity. The court stated the usual justification for the imposition of strict liability

rather than a negligence standard: ‘‘element of fault, if it can be called that, lies in the

deliberated choice by the defendant to inflict a degree of risk upon his neighbor, even

though utmost care is observed in doing so.’’

The Washington State Supreme Court in 1977 imposed strict liability on crop

spraying operations in Langen v. Helicopters. In this case the plaintiffs were organic

farmers. The defendant’s helicopter sprayed a neighboring farm with the pesticides

Thiodan and Guthion. The plaintiffs sought damages for pesticides that drifted onto

their crop of organically grown vegetables, rendering them worthless as certified or-

ganic produce.

The plaintiffs proceeded to destroy their crop, and filed a claim for full damages.

In upholding a verdict in the plaintiffs’ favor, the court applied the test for imposi-

tion of strict liability, and concluded that crop spraying was an abnormally dangerous

activity, justifying the imposition of strict liability. In reaching this conclusion, the

court stressed that there was no proof to suggest that it is possible to eliminate the

risk of drift by the exercise of reasonable care. The court added that while aerial

application was prevalent in the area, it was carried out by a relatively small number

of people. In justifying its decision to impose strict liability, the court stated that

those who perform useful but dangerous activities must be held accountable for any

damages that result.19

Pesticide Drift Incidents Affecting Human Health

A family from White Hall, Maryland, has been exposed to numerous pesticide

drift incidents. A neighboring farmer routinely sprays his fields with paraquat, 2,4-D,
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dicamba, and atrazine. On numerous occasions the farmer has failed to contain or

manage pesticide spray drift, allowing it to move onto the family’s property and into

their home. Over the past eight years, their children have been exposed to these

chemicals. They have complained of sore throats, headaches, and burning eyes during

and after the applications. Informal conversations with the farmer failed to stop their

exposure, so they turned to the Pesticide Regulation Department in the U.S. Depart-

ment of Agriculture. To date, the Pesticide Regulation Department has failed to take

any action to stop their exposure. Christmas tree seedlings and hardwoods have been

burned and some completely destroyed by drift.

On the morning of November 8, 2000, children arriving at Mound Elementary

School in Ventura, California, walked into a cloud of Lorsban, a pesticide containing

the active ingredient chlorpyrifos, which had drifted from a neighboring lemon or-

chard onto school property. Two children were sent home because of symptoms of

pesticide poisoning. Students and school staff complained of headaches, nausea, and

dizziness associated with pesticide exposure.

A family from Los Angeles, California, was exposed to pesticides when aerial pesti-

cide applications on a neighboring property drifted on their property. The mother

was pregnant during two applications. Their daughter has had several developmental

complications, including a partial cleft palate, constant movement of her eyes, and

the need for open-heart surgery. Their windows were open at the time of the applica-

tions. Another child in daycare with the family’s daughter has suffered similar health

problems. There is no reasoning by their doctors and no family history of drugs or

alcohol.

A schoolteacher in Sarasota, Florida, was concerned about pesticide drift from a

citrus farm and a golf course into an elementary school with more than 500 students.

She had to take medical leave from exposure to the pesticides that drifted into her

school. About forty teachers complained of health effects but were afraid of speaking

up about the exposure for fear of losing their jobs.

In August 2001, a woman in New Freedom, Pennsylvania, was driving by a home

that was being sprayed with pesticides by the ChemLawn Company. The spraying

was done on a regular basis at the home, which was by the road. The woman was al-

ready chemically sensitive from an earlier incident with two household chemicals.

The drifting lawn pesticides caused her extreme dizziness and tremors. She has been

chemically sensitive for eight years and cannot afford a lawyer.

In August 2001, the Centers for Disease Control and Prevention issued a report

about more than 230 people who became sick after malathion was sprayed aerially

during the Medfly Eradication Program, which began in Florida in 1998. A Florida

couple, the Ruys, had to move after their home was contaminated by malathion that

drifted from a citrus grove west of their property. A toxicologist, a medical toxicolo-

gist, and an immunologist recommended that the Ruys leave their home as a result

of this contamination to avoid continued exposure to neurotoxic poisons found in

their home.20
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The Failure of Laws and Regulations

Most people who are sickened or whose property is contaminated or made unus-

able by other people’s pesticide use have less protection and recourse under the law

than someone whose property is defaced with paint (with the exception of plaintiffs

in Louisiana, Oklahoma, Oregon, and Washington). In light of the illness, economic

loss, and ecosystem disruption associated with pesticide drift, major changes must be

made in the laws and regulations related to pesticide drift in order to protect public

health and the environment.

The fact of the matter is that spray drift is poorly regulated by current state and

federal laws and regulations. Post-application drift, which can occur for many days af-

ter an application, is barely regulated at all. It is not acknowledged by the EPA as a

source of exposure except for the case of fumigant pesticides and mosquito fogging

agents. Even then, protection measures to reduce exposures are in place only for a

single fumigant, Telone.

Inadequate enforcement compounds the problem, making it easy for pesticide

applicators to be careless with applications with little threat of punishment for viola-

tions. However, not all problems from drift are the result of illegal applications. Drift

that occurs when applications are conducted in accordance with the label law also

cause problems. Here is where changes in laws and regulations are most needed.

The EPA and other state agencies have the authority to regulate drift, with EPA

policies setting the regulatory floor for states. States are authorized to create more

stringent regulations if they wish. California has done so with respect to drift, and is

somewhat ahead of most other states in this regard. However, even in California, reg-

ulations have not been successful in preventing acute poisoning or long-term expo-

sures that exceed levels of concern. Thus, federal and state regulations covering

pesticide drift largely fail to protect human health and the environment.21

Pesticides in Water

High-quality water is more than the dream of the conservationalists, more than

a political slogan: safe water, in the right quantity at the right place at the right

time, is essential to health, recreation, and economic growth.
—Edmund S. Muskie22

Background

Even though today’s chemically intensive agriculture is partly responsible for pro-

viding abundant low-cost supplies of food and fiber, it has also created water-quality

problems. When the chemical revolution first began there was little concern about

environmental consequences. Scientific testing indicated that DDT and other agricul-

tural chemicals were generally not harmful to humans if used as directed. By the

mid-1960s, however, there was a growing awareness that some agricultural chemicals

were damaging the environment, and possibly harming humans as well. Awareness
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that agricultural chemicals were not staying on the fields, but were being washed into

streams and rivers and seeping into groundwater, came about with the development

of sensitive chemical testing procedures. These procedures did not become available

for organochlorine pesticides (such as DDT, DDE, aldrin, dieldrin, heptachlor, and

chlordane) until the late 1960s. The DDT problem was known before that time

largely because of bioaccumulation, resulting in detectable levels in animals high in

the food chain. In addition, Rachel Carson’s book Silent Spring, released in 1962,

increased public awareness.

Today, pesticide levels in water are monitored routinely. Pesticide residues have

been found in groundwater, surface water, and rainfall. The EPA began to empha-

size groundwater monitoring for pesticides in 1979 following the discovery of

DBCP and aldicarb in groundwater in several states. DBCP and aldicarb are dan-

gerous because of their high toxicity. They are in the carbamate class and are nema-

tocides use to control nematodes or parasitic worms which live in water. DBCP

and aldicarb leach from agricultural soil into water. In 1985, thirty-eight states

reported that agricultural activity was a known or suspected source of groundwater

contamination within their borders.23 Since then, several federal and state agencies

have developed programs to sample water resources and test for the presence of ag-

ricultural chemicals. Results published to date have shown that chemicals used in

agricultural production have been found in groundwater, sometimes at levels

exceeding the EPA’s drinking-water criteria.24 Monitoring for pesticides in surface

water was frequent in the 1960s and 1970s as studies were conducted that led to

the banning of chlorinated hydrocarbon insecticides. Sampling in the 1980s and

1990s found that the four leading herbicides in use during that time—atrazine,

metolachlor, alachlor, and cyanazine—were frequently detected in surface waters in

agricultural regions.25 The highest levels of contamination occurred after planting

and during the early part of the growing season. Most of the pesticides commonly

used presently and in the past have also been found in the atmosphere, including

DDT, toxaphene, dieldrin, heptachlor, organophosphorous insecticides, triazine herbi-

cides, alachlor, and metolachlor.26 These airborne pesticides return to the ground with

rainfall and further contribute to water contamination. A recent survey by the U.S.

Geological Survey of pesticides in the nation’s waters concluded that pesticides were

common in surface and shallow groundwater in both urban and agricultural areas, but

investigators were not able to determine if contamination is lessening or worsening.27

Pesticides in the Aquatic Environment

Although certain characteristics of pesticides are well known, their final characteris-

tics after they reach a body of water are extremely difficult to estimate. It is necessary

to conduct both field studies and laboratory testing of soil and water environments.

Pesticide transport in soil and transfer to water together with probable impacts on

water quality are determined by conducting detailed field surveys and water residue

analyses.
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There are several factors that influence a pesticide’s potential to contaminate water:

¥ The ability of the pesticide to dissolve in water (solubility).

¥ Environmental factors, such as soil, weather, season, and distance to water sources.

¥ Application methods and other practices associated with the pesticide use.

Groundwater contamination is higher when there is no crop or a young crop. A

large, actively growing crop has the ability to reduce pesticide concentration through

a variety of mechanisms:

¥ Larger plants consume more water from the soil and therefore reduce the ability

of a pesticide to migrate through the soil and enter streams or groundwater.

¥ Larger plants can collect precipitation that prevents pooling of water and run-

off from the area.

¥ Root zones enrich the microbial community of the soil, which enhances biode-

gradation of the pesticide by bacteria.

The Safe Drinking Water Act sets standards for drinking water and mandates the

EPA set Maximum Contamination Levels (MCLs) for a number of pesticides in pub-

lic water supplies. Private water supplies are not monitored or regulated by this act

and must be arranged privately. Since pesticides are most prevalent in agricultural

areas where most residents obtain their drinking waster from private sources, it is up

to the consumer or well owner to monitor contaminant levels.28

Importance of Surface Waters

Streams and reservoirs supply approximately 50 percent of the nation’s drinking

water, primarily in urban areas. Streams, reservoirs, lakes, and downstream estuaries

are also vital aquatic ecosystems that provide important environmental and economic

benefits. Surface waters are particularly vulnerable to pesticide contamination because

runoff from most agricultural and urban areas, where pesticides are applied, drains

into streams. Pesticides may also enter streams through wastewater discharges, atmo-

spheric deposition, spills, and groundwater inflow. The uses and ecological signifi-

cance of surface water, combined with its vulnerability to contamination, make it

particularly important to understand the extent and significance of pesticides in this

part of the hydrologic system.29

Significance to Water Quality

Under provisions of the Safe Drinking Water Act, the EPA established MCLs for

concentrations of certain chemicals in drinking water. Of the currently used
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pesticides, only nine have established MCLs. Compliance with the Safe Drinking

Water Act is determined by the annual average concentration of a specific contami-

nant in drinking water, based on quarterly sampling. While MCLs do not directly

pertain to concentrations of pesticides in untreated surface waters, they provide

benchmark values for comparisons, and they facilitate perspectives on the significance

of the levels observed in surface waters.30

Pesticides in Wells

On a national scale, fewer than 2 percent of wells sampled in multistate studies

were found to have pesticide concentrations above the established MCL. Due to

repeated detection of various pesticides in U.S. wells, the EPA proposed a State Man-

agement Program that would control or ban those pesticides with the greatest poten-

tial to contaminate groundwater. Five pesticides were initially selected due to the

frequency of their occurrence: alachlor, atrazine, cyanazine, metolachlor, and sima-

zine. According to the EPA, they all have been detected in many states and have the

potential to reach levels that exceed health standards. They are all associated with seri-

ous health effects, including cancer.

The five selected pesticides are herbicides that are used to control broadleaf weeds

and grasses. The EPA estimates that between 200 and 250 million pounds of these

herbicides are applied annually in the United States. Atrazine, simazine, and cyana-

zine are applied to agricultural land before and after planting. Alachlor and metola-

chlor are applied to soil prior to plant growth.31

Historical Study Efforts

Several large national and multistate studies of pesticides in rivers and streams were

conducted between the late 1950s and the mid-1970s. These and most other studies

during this period focused on organochlorine insecticides, such as DDT and dieldrin;

a few phenoxy acid herbicides, such as 2,4-D; and organophosphorus insecticides,

such as diazinon, all in use at the time. Use of organochlorine insecticides declined

dramatically after the 1960s, while use of organophosphorus and carbamate

insecticides increased. In addition, agricultural use of herbicides increased dramati-

cally, from an estimated 84 million pounds in 1964 to more than 500 million

pounds in 1992.

In response to changes in pesticide use, the number of different types of pesticides

monitored in surface waters from the mid-1970s to the present has increased. The

scale of monitoring studies has changed as well. The national and multistate studies

conducted during the 1960s and 1970s have been largely replaced by state and local

surveys, or by regional studies directed at specific river basins. Recent studies have

been relatively short-term, and their geographic distribution is highly uneven. Iowa,

California, Florida, and the Great Lakes region have been the most frequently studied

areas. The most extensive regional studies have been conducted in the Mississippi
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River Basin. Overall, there has been a steady increase in monitoring of pesticides in

surface waters over the last several decades.

In recent years, the herbicides alachlor, atrazine, and simazine have frequently

exceeded their MCLs in individual samples. A number of studies have shown that

procedures commonly used at most water treatment plants have little effect on con-

centrations of these herbicides in water. Thus, drinking water derived from some sur-

face water sources in the central United States likely contains concentrations of one

or more of these compounds above the MCL for part of the year because of seasonal

patterns. Annual mean concentrations, however, rarely exceed the MCL.

Our ability to assess the occurrence of pesticides in surface waters is limited by sev-

eral factors. First, water quality criteria have not been established for most pesticides

and pesticide transformation products, and existing criteria may be revised as more is

learned about the toxicity of these compounds. Second, criteria are based on tests of

individual pesticides and do not account for possible cumulative effects if several dif-

ferent pesticides are present. Finally, many pesticides and most transformation prod-

ucts have not been widely monitored in surface waters. These factors, and the lack of

data about long-term trends, show significant gaps in our understanding of the extent

and significance of pesticide contamination on surface waters. The results of this anal-

ysis indicate a need for long-term monitoring studies using a consistent study design

and targeting more of the currently used pesticides and their transformation

products.32

The Atrazine Danger

Atrazine’s extensive use, persistence in soil, and mobility in water make it the most

frequently detected pesticide in ground and surface water across the United States. As

a result, drinking water is a common source of atrazine exposure, especially in agri-

cultural regions. For example, testing has found atrazine in finished water from 97

percent of surface water–supplied drinking-water systems in Iowa. In addition, a

recent survey of nearly 1,500 groundwater wells around the country detected atrazine

in 23 percent of the samples, and found it to be among the most common pollutants

detected.33

Health Effects of Atrazine

A growing body of toxicological and epidemiological evidence has raised concerns

that chronic atrazine exposure may cause a variety of adverse human health effects.

One epidemiological study found an association between maternal exposure to tri-

azine herbicides in drinking water and increased incidence of developmental effects in

newborns, including low birth weights. Reduced sperm counts, decreased sperm mo-

tility, and prostate inflammation have been observed in male laboratory rats exposed

to atrazine. Endocrine disruption by atrazine and other triazine herbicides has also

been reported in laboratory studies. Researchers have observed chromosomal damage
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in animal cell cultures exposed to atrazine in concentrations comparable to the federal

drinking-water standard.34

Certain Populations at Risk

Pesticides such as atrazine pose the greatest risk to the developing fetus, infants,

and children. Developing biological systems are more prone to chemical disruption,

and immature metabolic systems are less able to detoxify pesticides. Children may be

disproportionately exposed to atrazine because they drink more water than adults on

a body-weight basis. Epidemiological and laboratory animal studies suggest that pre-

natal and nursing exposure to atrazine can cause abnormalities in the developing fetus

and newborn offspring. These abnormalities can include intrauterine growth retarda-

tion, low birth weights, and higher rates of prostate inflammation in males.35

Regulation of Atrazine in Drinking Water

The EPA has set an MCL for atrazine in drinking water at 3 parts per billion

(ppb). Nevertheless, groundwater monitoring has detected the herbicide at concentra-

tions above the MCL in at least ten states. For public drinking-water supplies, regula-

tors determine compliance by averaging quarterly measurements. In agricultural

areas, however, this method can overlook spikes in atrazine levels that occur in spring

and summer and result in short-term exposures to levels significantly above the

standard.36

Factors that Affect the Fate of Pesticides in Water

Various processes affect the fate of pesticides following an application, disposal, or

spill. The two basic processes are those that transfer chemicals or influence their

movement, and those that degrade or break down chemicals. Water is involved in the

primary transfer processes of runoff and leaching, but is much less involved in the

degradation processes.

Runoff

Runoff occurs when water carries pesticides, either mixed in the water or bound to

eroding soil, to off-target points. Rain carries pesticides from plant leaves to foliage

near the ground and into the soil. The amount of pesticide runoff depends on the

grade or slope of an area, the erodibility and texture of the soil, the soil moisture con-

tent, the amount and timing of irrigation or rainfall, and the properties of the pesti-

cide. Agricultural runoff from crops is a concern because it may contain fertilizer and

pesticides. Agricultural runoff enters our water sources by seeping through the soil to

groundwater or entering streams as surface runoff.
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Leaching

Some pesticides move through the soil and leach into groundwater. Several factors

influence pesticide leaching. A pesticide that is easily dissolved in water moves with

the water as it seeps through the soil. Soil structure and texture influence the rate and

depth of pesticide leaching. Sandy and gravel soils have poor adsorption characteris-

tics and allow water and pesticides to leach through quickly. A heavy clay soil does

not allow for rapid leaching. Adsorption influences pesticide leaching because pesti-

cides that are strongly attached to soil particles leach less. Leaching of pesticides from

treated areas, mixing and rinsing sites, waste-disposal areas, and manufacturing facili-

ties is a major groundwater concern.

Most of our activities change the quality of the underground water sources. Polluted

water typically enters an aquifer in recharge water originating at the land’s surface. Pol-

lution can also be injected directly into an aquifer, for example, by back-siphoning

directly into a well.37

Groundwater Protection

Groundwater is an important and still relatively untapped natural resource in the

United States. Groundwater accounts for nearly all of our freshwater reserves, but

only 20 percent of total water consumption and 50 percent of drinking-water use.

However, groundwater contamination is rapidly becoming a serious and ubiquitous

environmental concern. While groundwater contamination may result from minerali-

zation or other natural processes, it is usually attributed to waste-disposal practices

and industrial and agricultural activities.

Management of groundwater aquifers to satisfy drinking-water standards is a for-

midable task. It is difficult to monitor the movement of groundwater, and there are

substantial time lags between emissions and detection of chemical residues. Once the

aquifer is contaminated, residues may remain in the groundwater for long periods,

and it is technically difficult and costly to treat the aquifer. At present, the best reme-

dial actions are filtration at the wellhead, which can be extremely costly if contamina-

tion is widespread, or the use of substitute drinking-water sources.

Generally speaking, the best strategy for protecting groundwater supplies is to con-

trol source emissions. In most cases, the elimination of source emissions will eventu-

ally mitigate groundwater pollution. However, such drastic measures are often not

necessary; it may be possible to meet groundwater quality standards without eliminat-

ing emissions. The problem policy makers face is establishing the relationship

between on-site emissions and groundwater contaminant concentrations. Lacking this

knowledge, state or local governments may lean toward a complete ban on a particu-

lar chemical. For example, when the pesticide aldicarb was detected in wells on Long

Island, New York, it was subsequently banned from use by farmers. Assuming the

drinking-water standard for aldicarb adequately protects consumers, it might be asked

whether a ‘‘safe’’ application rate could have been established for this pesticide.38
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Types of Groundwater Pollution

Under certain conditions, contaminants including soil nutrients, wastes, and chemi-

cals can migrate to groundwater sources. Pesticides applied directly to a site may be

moved downward with rain or irrigation water. This method of contamination is called

non-point source pollution. When pesticides enter a well directly from spillage or

back-siphonage and enter the groundwater directly, it is called point source pollution.

Twenty-two pesticides have been detected in U.S. wells, and up to eighty are esti-

mated to have the potential for movement to groundwater under favorable condi-

tions. More than half of the states have reported some pesticide contamination of

groundwater.

Because agricultural runoff is a diffuse source of pollution, it is hard to control. It

is the number-one category of non-point source pollution in rivers and lakes. Non-

point source is most simply defined in contrast to point source pollution, which

comes from a specific place such as a pipe or smokestack. Contaminant concentra-

tions arising from industrial or other point sources can easily be measured at the

‘‘end of the pipe.’’ Non-point source pollution is difficult to assess because the source

is spread over a large area, as in agricultural or mining regions.

Because groundwater moves slowly, contaminants do not spread quickly. After pes-

ticides reach groundwater, they may continue to break down, but at a much slower

rate because light, heat, and oxygen are less available. Thus, they can remain under-

ground in slow-moving columns for an indefinite period. When groundwater

becomes contaminated, the polluted water may eventually appear in the surface water

of streams, rivers, and lakes.

Although some organophosphorus compounds are highly toxic to humans, they

generally break down rapidly in the environment and rarely have been found in

groundwater. Another group that replaced the chlorinated hydrocarbons are carba-

mate pesticides, including aldicarb, carbofuran, and oxamyl. These compounds tend

to be soluble in water and weakly adsorbed to soil. Consequently, if not degraded in

the upper soil layers, they have a tendency to migrate to groundwater. The most sig-

nificant occurrences of groundwater contamination have been by carbamate pesti-

cides. Aldicarb has been detected in more than 2,000 wells on Long Island as well as

in twelve other states, including Maine and New Jersey. As awareness has grown of

the potential for pesticides to leach to groundwater, attention has focused on ways of

changing registration and monitoring requirements to prevent such contamination

from occurring in the future. Intensive studies have also been carried out in an

attempt to determine what levels of pesticides are acceptable in water supplies.39

Unacceptable Risks

The Safe Drinking Water Act charges the EPA to protect public health by estab-

lishing allowable levels of contaminants in drinking water. These include a Maximum

Contaminant Level Goal (MCLG) and an MCL for each regulated contaminant.
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The former is based on health concerns, while the latter is based on economic feasi-

bility and is the level that is enforceable by law. Currently, the EPA has set standards

for seventy-eight different contaminants, twenty-nine of which are pesticides. That

leaves another 271 pesticide ingredients for which no standards have been set.40

Even when MCLs have been established, the EPA does not base them on health

factors but rather on economics. As a result, health problems do occur when people

drink water contaminated with pesticides below the ‘‘acceptable’’ level. For instance,

researchers studied Iowa communities served by a reservoir that was contaminated

with 2 parts per billion of the herbicide atrazine, which is below the 3 ppb MCL set

by the EPA. Overall, researchers found twice as many birth defects in communities

that consume pesticide-contaminated water. Heart defects increased threefold, as did

defects of the urinary and genital systems. Limb-reduction defects, arms or legs that

do not develop to their normal length, increased almost sevenfold.41

Drinking-water standards also do not take into account health effects on the most

vulnerable populations, such as children, the elderly, or people with immune system

compromising diseases, such as AIDS. Moreover, drinking-water standards do not

account for the effects of chemicals in combination when evidence demonstrates that

mixtures of common pesticides—even at so-called low concentrations in drinking

water—are implicated in damage to the nervous, immune, and hormone systems.42

The point that should be stressed is that treatment of drinking water does not neces-

sarily solve the problem because the technology is designed to remove only certain

chemicals for which an MCL has been established.

Tracking Pesticide Use

In 1996, Congress amended the Safe Drinking Water Act to require the develop-

ment of Source Water Assessment Plans (SWAPs). The amendments were meant to

supplement the traditional approach of relying on water treatment with stronger

efforts to protect drinking-water quality at its source. The heart of the amendment

requires that states undertake more complete reviews of potential contaminants, and

also requires that communities take action to prevent pollution.

To inventory the potential contaminants within a source-water area as required by

SWAPs, communities need detailed information on which pesticides are used, and

where, when, and in what amounts. The information must be site-specific enough so

that water providers can target aggressive pollution prevention efforts to particular

places that are most vulnerable, such as areas with high runoff or with soils prone to

leaching. In turn, the pesticide-use data can help measure the effectiveness of efforts

to prevent pollution.

Detailed information on pesticide use will also help water-monitoring efforts. Water

providers need to know which pollutants to test for, such as pesticides that are used

heavily in a particular source-water area. Testing only for chemicals that have estab-

lished MCLs makes little sense in areas where other pesticides may be heavily used or

where waterways are especially vulnerable to pollution from a particular pesticide.
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Better information on pesticide use will also be extremely helpful in protecting pri-

vate domestic wells and other water systems that are not subject to current drinking-

water rules.

Prevention Is Key

The most complete story of trends in response to regulatory action and reduced pesti-

cide use is the decline in organochlorine pesticide concentrations that followed reduc-

tions in use during the 1960s and bans on uses in the 1970s and 1980s. Concentrations

of total DDT levels in fish, for example, decreased rapidly from the 1960s through the

1970s, and then more slowly during the 1980s and 1990s, as documented by data from

the U.S. Fish and Wildlife Service and the National Water Quality Assessment

(NAWQA) Program. Just as notable as the declines, however, is the finding that persis-

tent organochlorine pesticide compounds still occur at levels greater than benchmarks

for fish-eating wildlife in many urban and agricultural streams across the nation.

In contrast, NAWQA findings show that concentrations of relatively mobile and

short-lived pesticides in stream water respond more rapidly to changes in use than

the less mobile and more persistent organochlorine insecticides. For example,

increases in acetochlor and decreases in alachlor are evident in streams in the Corn

Belt, where acetochlor partially replaced alachlor for weed control in corn beginning

in 1994. The changes in use were reflected quickly in stream concentrations, gener-

ally within one to two years. Similarly, concentrations of diazinon decreased signifi-

cantly from 1998 to 2004 in five of seven urban and mixed-land-use streams sampled

in the Northeast, consistent with the EPA-mandated phase-out of nonagricultural

uses of diazinon that began in 2002.

Long-term and consistent data for assessing trends are essential for tracking water-

quality responses to changes in pesticide use and management practices, for providing

early warning of unanticipated problems, and for updating and improving models.

Long-term monitoring is particularly important for assessing the occurrence of pesti-

cides in groundwater and the occurrence of persistent compounds in streams because

concentrations change slowly, sometimes taking decades to respond to changes in use.43

There is one final caveat. The best protection against drinking-water contamina-

tion by pesticides is prevention.

Pesticides in the Soil

Sometimes I couldn’t stand how my eyes were watering and my throat hurt;

I couldn’t stand the gas. I would run outside the field to get some air. Now,

I can’t breathe well, and my vision is blurry.
—Jorge Fernandez44

Introduction

Pesticides are applied to the soil or to a crop. Many techniques can be used to

apply a pesticide depending on the type of formulation, the timing of application,
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the pest to be controlled, and other soil management considerations. A pesticide can

be injected into the soil as a fumigant, or into irrigation water, or it can be sprayed

onto the soil surface. Crops can be sprayed, for example, with boom sprayers or tun-

nel sprayers or by aerial application, or they can be treated with specific pesticides.

Seeds are sometimes treated with pesticides prior to planting. Pesticides also can be

incorporated into other materials so that release of the active ingredient occurs over a

longer period of time.

Soil fumigants are a special category of pesticides that are highly mobile in the

soil-water-air environment. Because of environmental and health concerns, several

fumigants, notably methyl bromide, have been banned during the last decade.

Pesticides also have the potential to damage important organisms in the soil.

Research has shown that less than 1 percent of pesticides that are applied to crops

actually reach their targets. The remainder can often, therefore, end up in soil.45

Although this problem has not been widely researched, it is known that pesticides

have the capacity to destroy earthworms, fungi, and bacteria. Soil organisms are vital

to the proper functioning of agricultural systems. Most importantly, earthworms and

microorganisms break down organic matter and make nitrogen and other nutrients

accessible to plants. Some earthworm species are particularly vulnerable to the toxic

effects of pesticides.46

Earthworms Are Beneficial

Although one acre of soil may hold up to 8 million earthworms, most people pay

little attention to these productive and beneficial animals. They mostly go unnoticed

from day to day, unless a heavy rain forces them to the surface of the soil, an angler

needs some bait, or their casts (fecal matter) disrupt a game of golf.

Earthworms benefit the soil in many ways, primarily due to the physical and

chemical effects of their casts and burrows. Earthworm casts, consisting of waste

excreted after feeding, are composed mostly of soil mixed with digested plant resi-

dues. Casts modify soil structure by breaking larger structural units (plates and

blocks) into finer, spherical granules. As plant material and soil passes through an

earthworm’s digestive system, its gizzard breaks down the particles into smaller frag-

ments. These fragments, once excreted, are further decomposed by other worms and

microorganisms. Earthworm casts can contribute up to 50 percent of the soil compo-

sition in some soils.

Many species of earthworms deposit their casts beneath the soil surface within their

burrows, where casts contribute to the formation and development of the soil. Species

that excavate permanent, vertical burrows, however, deposit their casts on the soil sur-

face, where they play a greater role in soil development. In addition to benefiting soil

structure, casts also provide nitrogen in a usable form for other organisms that

decompose organic matter on the soil surface.47

Earthworms are generally found in the top twelve to eighteen inches of soil because

this is where food is most abundant. Pesticides applied to control turf diseases or

Pesticides in the Air, Water, and Soil | 209



insect pests may severely affect earthworms. This can be avoided by accurately identi-

fying and assessing problems and, if a treatment is necessary, selecting products that

have the least detrimental effect. Products commonly used on turf areas vary greatly

in their toxicity to earthworms. Some pesticides can cause severe and long-term

reductions in earthworm numbers.48

Pesticide Breakdown (Degradation)

Pesticides degradation may cause special hazards in the environment. Some break

down into toxic compounds before degrading further. Others may fail to break down

because of unusual environmental conditions. All areas possess unique environmental

conditions that influence the way chemicals degrade. Some of these environmental

factors include soil texture, soil moisture, soil organic matter, air flow, temperature,

rainfall, and the presence of plants and animals. For example, some herbicide rates

must be adjusted according to the type of soil that they are applied to in order to be

effective, or in some cases, to prevent crop injury.49

Pesticide Residues

Poison sprays and synthetic fertilizers often kill bacteria that are necessary to

decompose organic wastes, which themselves create nutrient-rich soil. In addition, the

poisonous sprays sink deeply into soil and groundwater, polluting streams, lakes, and

aquatic life.

Large amounts of insecticides repeatedly sprayed on plants will eventually enter the

soil, killing living matter there. These organisms include invisible bacteria, fungi, and

algae, which break down plant residues to release minerals, carbon, and nitrogen.

These organisms also include insects, which break down plant matter into new soil,

and earthworms, which dig tunnels that aerate the soil. Pesticides can cause the soil

to become useless for cultivation.50

Improper use of pesticides can seriously affect the soil’s microbial community, with

the same results as repeated cultivation. A soil depleted of its microscopic flora and

fauna loses its ability to decompose organic matter and becomes less fertile. It will

have a poorer structure and porosity, and be less hospitable to plants than a soil rich

with life. A diversity of beneficial organisms can also help control organisms that

harm certain plants.51

Soil Properties and Leaching Potential

The following soil properties affect pesticide leaching:

Organic Matter. When plant and animal material decomposes in or on the soil, a

small amount of the material remains in the soil as very slowly degrading organic

matter. This organic matter binds most pesticides very effectively. The more organic

matter in the soil, the less likely a pesticide will leach through the soil.
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Texture. The percentage of sand, silt, and clay in a soil determines its texture. Soil

texture influences how fast water can move through it. The more sand there is in the

soil, the easier it is for water and any contaminants (that is, pesticides) to move into

groundwater.

Acidity (pH). Soil acidity, or pH, affects the chemical properties of many pesti-

cides. As soil pH decreases, pesticides bind more to the clay in the soil and are fil-

tered out of the percolating water. Also, pesticides are usually less soluble in water at

lower pH values. Acidity is more important with some types of pesticides than others,

but is less important overall than organic matter and texture.

Other geologic and environmental factors also affect pesticide leaching to ground-

water. Depth from the soil surface to groundwater is very important. The closer the

water is to the surface, the less chance there is for a pesticide to be filtered and broken

down in the soil. Weather also plays an important role in many ways. Pesticides de-

grade faster in warm, moist soil than in cooler or drier soil. If heavy rainfall or irriga-

tion occurs soon after a pesticide application, the percolating water can carry the

pesticide deep into the soil, where it breaks down more slowly. Also, types of tillage

practices can affect soil temperature, moisture, and water infiltration, all of which

have an impact on pesticide degradation and leaching.52

Adsorption. A soil-adsorbed pesticide is less likely to volatilize, leach, or degrade.

When pesticides are tightly bound to soil particles in highly adsorptive soil, they are

less available for absorption by plants and microorganisms. However, soil-adsorbed

pesticides can be lost by erosion. Understanding adsorption factors can reduce dam-

age to sensitive plants, leaching to groundwater, and the presence of illegal residues in

a food or in feed crops.

The behavior of pesticides under local environmental conditions is determined

with special reference to soil movement and persistence. Studies have shown that the

behavior of pesticides differs in various soils and under local conditions. It has been

shown, for example, that pesticides tend to move more readily in certain soils, and

extended half-lives of these compounds may be expected. Prolonged persistence of

soils combined with high soil mobility is indicative of greater pollution potential of a

pesticide.53

Pesticides Disrupt Agriculture

If pesticides interrupt or destroy the microbiotic activity in the soil, it becomes

merely an anchor for plant material. In this ‘‘conventional’’ method of agriculture,

which has been in use for only the past seventy-five years out of 10,000 years of

recorded agriculture, plants can receive only air, water, and sunlight from their envi-

ronment; everything else must be distributed to the plant by the farmer, often from

inputs transported thousands of miles to reach the farm. Plants are commonly fed

only the most basic elements of plant life and so are dependent on the farmer to fight

all of nature’s challenges: pests, diseases, and drought.
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Synthetic pesticides not only kill soil microbes and leave toxic residues on food,

they also threaten the health of farmworkers and disrupt natural ecosystems around

the farm.54

Microbial Degradation

Some pesticides in soils are destroyed by microbial degradation. This occurs when

microorganisms such as fungi and bacteria use a pesticide as food. Under the proper

soil conditions, microbial degradation can be rapid and thorough. Conditions that

favor microbial growth include warm temperatures, favorable pH levels, adequate soil

moisture, aeration, and fertility. Adsorption also influences microbial degradation

because adsorbed pesticides are less available to microorganisms, and therefore de-

grade slowly. Certain pesticides require higher application rates to compensate for

pesticide losses through microbial degradation. In an extreme case of accelerated mi-

crobial degradation, pesticides that are normally effective for weeks suddenly become

ineffective within days. In such a case, previous pesticide applications may have

stimulated the buildup of certain microorganisms that were effective in rapidly

degrading the pesticide.

Chemical Degradation

Chemical degradation is the breakdown of a pesticide by processes not involving a

living organism. The adsorption of pesticides to the soil, soil pH levels, soil tempera-

ture, and soil moisture contribute to the rate and type of chemical reactions that

occur. Many pesticides, especially OP insecticides, are susceptible to degradation by

fluid decomposition in highly acidic soils or spray mixes. Because the products of

chemical degradation are usually nontoxic or nonpesticidal, the amount of pesticide

is reduced, as is its potency.

Photodegradation

Photodegradation is the breakdown of pesticides by sunlight. Pesticides applied to

foliage, soil, or structures vary considerably in their stability when exposed to sun-

light. Like other breakdown processes, photodegradation reduces the amount of

chemicals present and lowers the level of pest control. Mechanical combination with

soil during or after application, or by irrigation or rainfall following application, can

reduce pesticide exposure to sunlight.55

Soil Fumigants

Fumigants are used on a wide range of annual and perennial crops, stored com-

modities, structures, and food-processing facilities to control insects, parasitic worms,

plant pathogens, and weeds. Millions of pounds of fumigants are used to produce
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these crops each year. Because of their high application rates, the most widely used

soil fumigants, methyl bromide, Telone, metam sodium, and chloropicrin, rank in

the top twenty pesticides based on pounds applied per year. In 2001, metam sodium

was the third most commonly used pesticide in the United States (57 to 62 million

pounds), methyl bromide was the seventh most commonly used pesticide (20 to 25

million pounds), Telone was the eighth most commonly used pesticide (20 to 25 mil-

lion pounds), and chloropicrin was the eighteenth most commonly used pesticide (5

to 9 million pounds).

Fumigants are needed in situations where the pest problem is so great that it would

otherwise be technically or economically infeasible to grow a crop without the use of

these chemicals. The largest uses of soil fumigants are in potatoes, tomatoes, tobacco,

carrots, and strawberries to control plant pathogens, parasitic worms, and weeds.

Fumigants are formulated and applied in several ways. Granule formulations such as

dazomet are applied to the soil surface and then watered into the soil or mechanically

distributed. Liquid fumigants can be applied by directly injecting them into the soil or

in some cases by injection into the irrigation system. Soil retention of the fumigant,

and control of emissions, is improved by the use of tarpaulins or water seals.

In addition to soil uses, fumigants have two other important functions. First, fumi-

gation prevents the introduction or spread of plant pests or noxious weeds into or

within the United States. Under regulation, certain plants, fruits, vegetables, and

other items must be treated before they may be moved into, or transported within,

the country. Next, commodities, structures, and food-processing facilities are fumi-

gated principally to control insects using the penetrating characteristics of gaseous

methyl bromide.56

Soil Fumigant Hazards

Each soil fumigant pesticide is different, but all have the potential to move off-site

following field applications. Surrounding air currents lead to the exposure of bystand-

ers near treated areas and people far away from treated areas. Use of soil fumigants

also results in exposure of those handling the pesticides or working in treated fields.

Acute inhalation exposures of bystanders and workers appear to present the greatest

concern.

Strawberries and Tomatoes

Strawberries and tomatoes are two crops with the most intensive use of soil fumi-

gants because they are particularly vulnerable to several types of disease agents,

insects, parasitic worms, and mites that conventional farmers largely control with

fumigants. These crops also use the greatest amount of methyl bromide, an ozone-

depleting chemical. In California alone in 2003, 3.7 million pounds of metam so-

dium were used on tomatoes. Yet other farmers have demonstrated that it is possible
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to farm strawberries and tomatoes in a cost-effective way without the use of these

harmful chemicals.57

Persistence Factors

Persistence is an important part of pest control, since successful pest control

requires knowledge of the persistence period to make subsequent applications. A per-

sistent chemical is advantageous for long-term pest control because fewer applications

are needed.

Commercial applicators must be familiar with the persistence of each pesticide that

may be applied to soil, especially where adjacent areas may be affected or where

treated soil is used to grow other plants. When different plants are rotated in the

same soil, phytotoxicity, or unintentional pesticide damage to plants, can be a prob-

lem. This is because a pesticide used to control some pests on one plant may leave

residues in the soil that will damage or kill another plant. Information on the persist-

ence of a given pesticide can be found on its product label.

Phytotoxicity results in abnormal growth, leaf burn and drop, and discolored,

curled, and spotted leaves. If phytotoxicity is severe, the plant may die. Phytotoxicity

often resembles other problems such as insect damage, plant disease, and poor grow-

ing conditions such as insufficient moisture and improper fertilization. As with phy-

totoxicity, pesticide persistence beyond the intended period of pest control

contributes to accidental plant injury.58

An Important Enzyme Discovery

Researchers at the University of North Carolina at Chapel Hill have found that an

enzyme (CaaD) inside a bacterium that grows in the soil of potato fields can—in a

split second—break down residues of a common powerful pesticide, 1,3 dichloropro-

pene, used for killing worms on potatoes.

Although it is expensive for farmers, if this particular enzyme were not in the soil, it

would take 10,000 years for just half of the widely used pesticide to decompose. Also,

the chemical would remain in the soil of the potato fields where it is now used in huge

amounts, contaminating groundwater and posing a threat to human and animal health.

An unusual collaboration between an undergraduate student and a distinguished

biochemistry professor at the university resulted in this important discovery. Dr.

Richard V. Wolfenden, Alumni Distinguished professor of biochemistry and biophys-

ics at the University of North Carolina School of Medicine, stated: ‘‘The half-life of

the pesticide is longer, by several orders of magnitude, than the half-lives of other

known environmental pollutants in water. The half lives of atrazine, aziridine, para-

oxon, and 1,2-dichloroethane, for example, are five months, fifty-two hours, thirteen

months, and seventy-two years, respectively.’’ In contrast, he noted, the half-life of

the potato pesticide residue, chloroacrylate, is 10,000 years, the same as the half-life

of plutonium-239, the hazardous isotope produced in nuclear power plants.59
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The Present State of Affairs

Plants draw minerals and other nourishment from the soil up through their roots,

and these minerals are deposited in the body, fruit, and seeds of the plant. Plants then

use these nutrients to manufacture the vitamins and nutrients humans consume from

plants. Historically, farmers carefully tended and fed the soil through a variety of nat-

ural methods to keep it vital and healthy and to replenish the nutrients used by each

crop. This rich soil in turn produced vital, healthy, nutrient-rich plants. With the

advent of pesticides, natural soil feeding and tending declined markedly, and, as a

result, there is little nourishment left in soil for plants to absorb. This has led to a

marked reduction in the nutrient content of our food.

Pesticides kill not only insects that are regarded as a nuisance, but also beneficial

insects that eat crop-destroying insects, as well as insect-eating birds and fish. Addi-

tionally, pesticides destroy the beneficial bacteria, insects, and worms that live in soil.

These important organisms keep the soil vibrant and alive and enable strong, healthy

plants to grow and flourish. Compromised soil leads to weak, unhealthy plants that

have poor resistances to insects and diseases. The 1992 Earth Summit reported that

the United States now has the worst soil on the planet. Eighty-five percent of our soil

has been depleted to the point that it can no longer nourish healthy plants, and this

has led to the problem of vanishing nutrients.60

Insects are extremely adaptable. Unlike humans, insects have brief life spans and

reproduce prolifically, allowing them to quickly accommodate changes in their exter-

nal environment though genetic mutations. As a result, insects have successfully sur-

vived numerous catastrophic planetary changes that wiped out other species. Our

actions have also given them a competitive edge.
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S e v e n

International Trade in Pesticides

Some pesticides are just too dangerous to be used safely under the conditions

of use in many developing countries.

—Professor Hermann Waibel1

Background

The expansion of free trade among nations has focused attention on issues related to

the export and import of pesticides, especially when the pesticide in question is not

registered for use within the United States. The export and import of pesticides is

addressed in Section 17 of FIFRA, and labels of pesticide products exported but not

registered for use within the United States must include the statement ‘‘Not Regis-

tered for Use in the United States of America.’’ When food products that have been

treated with such exported products are imported back into the United States, the

cycle is often termed the ‘‘circle of poison.’’ In practice, the frequency of imported

food products that have been treated in conflict with EPA registrations or FDA toler-

ances is relatively low. The major problem is differences in standards established by

different countries, since the United States has one system of standards, while most

other countries follow an international standard established by the Codex Alimentar-

ius Commission (a joint commission under the Food Agriculture Organization

[FAO] and World Health Organization [WHO], both agencies of the United

Nations). Thus, the primary challenge is coordinating standards applicable to pesti-

cide residues allowed in treated food products.

The fact of the matter is that the United States has shown minimal interest in

advancing efforts to mitigate the harm caused by pesticides traded in the global mar-

ketplace. In 1993, the EPA issued the U.S. pesticide export policy (hereafter referred

to as the 1993 policy), which is essentially a plan of noninterference: it allows U.S.

pesticide producers to sell their products abroad with few procedural restrictions.

Presently, the 1993 policy gives special treatment to ‘‘unregistered pesticides.’’ This



class includes both those pesticides that the EPA has banned from domestic use and

those which have never been submitted for EPA evaluation. The 1993 policy allows

U.S. companies to produce and export both types of unregistered pesticides to any

country so long as they are labeled ‘‘unregistered’’ and the importer is notified of this

classification.

Developing countries that import unregistered pesticides suffer immeasurable dam-

ages from these products. Further, it is commonly understood that developing coun-

tries allow the importation of unregistered pesticides only because they, unlike the

developed countries that produce those pesticides, lack a regulatory infrastructure that

would enable them to make sound risk/benefit analyses regarding the use of such

products. Some observers claim it is wrong for developed countries to continue to

‘‘push’’ their unregistered pesticides on their less-sophisticated and more-desperate

neighbors. The 1993 policy tacitly endorses this ‘‘pushing.’’2

The Scope of Pesticide Exports

The United States is a major exporter of pesticides. Nearly 3.2 billion pounds of

pesticide products were exported from U.S. ports between 1997 and 2000, according

to an analysis of U.S. Customs records. This average rate of almost 2.2 million

pounds per day—or forty-five tons per hour—represents a 15 percent increase over

the average rate of 936 tons per day documented for the years 1992–1996. Between

1997 and 2000, the United States exported nearly 65 million pounds of pesticides

that are banned or severely restricted domestically.

Ominously, the United States exported nearly 1.1 billion pounds of pesticides that

have been identified as known or suspected carcinogens, an average rate of almost six-

teen tons per hour.

The data were gathered using commercial transcriptions of U.S. Customs records

of shipments from U.S. ports. Although this is the most comprehensive source of

export information available in the public record, it remains only a partial source of

production and trade information since many details are protected as trade secrets.3

International Regulation

The problems of pesticide use in developing countries are widely acknowledged by

governments and international agencies. Since the 1980s a number of initiatives have

been developed to reduce the risks. These include:

International Code of Conduct on the Distribution and Use of Pesticides

The Code of Conduct is addressed to importing and exporting governments, and

to industry and public interest groups. It was negotiated by governments through

the FAO of the United Nations and ratified in 1985. A 1994 survey carried out on

the effectiveness of the code found that health issues caused by pesticides had not

been reduced, and that environmental problems appeared to have worsened, though
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this may also reflect increased consciousness of environmental hazards related to

pesticides.

The Rotterdam Convention on Prior Informed Consent

In industrialized countries, governments are able to test and assess pesticide hazards

and risks and may ban or restrict those suspected of causing unacceptable health or

environmental harm. Developing countries need early-warning systems to alert them

to these actions. The 1992 Earth Summit recommended that the voluntary Prior

Informed Consent (PIC) clause in the FAO Code become an international conven-

tion; it was ratified in September 1998. PIC covers pesticides that are banned or

severely restricted for health or environmental reasons. Once included, governments

must indicate whether they prohibit or consent to import. If they do not respond, it

will be assumed that importation is not permitted.

PIC remained a voluntary procedure until Armenia ratified the convention on No-

vember 26, 2003, completing the fifty-nation ratification requirement, bringing the

PIC treaty into force on February 24, 2004, ninety days after ratification. This means

that the PIC treaty is a legally binding law.

Pesticides banned or severely restricted due to their health or environmental

impacts can be included in the PIC procedure by the participating governments.

Besides this, severely hazardous and acutely toxic pesticides (WHO Class 1a) that are

a threat under the conditions of use in developing countries or countries with econo-

mies in transition may also be included.

The ratification of the PIC treaty is a significant event toward better protection of

human health and the environment. This is an indication of a move toward a more

precautionary approach in managing hazardous chemicals. The new legal strength of

the treaty should concern all those involved in the production, distribution, and use

of hazardous chemicals, especially pesticides. Although the treaty addresses chemicals

in general, out of the thirty-two enlisted chemicals, twenty-seven are pesticides.4

Persistent Organic Pollutants

Since chemicals are so highly persistent in the environment that they cross national

boundaries, moving from tropical regions to build up in the northern temperate

areas, they also build up in the food chain and the fatty tissue of animals, including

mammals. Nine of the twelve Persistent Organic Pollutants (POPs) identified so far

are pesticides. These include DDT, still in use against mosquitoes, though most other

POP pesticides are no longer available. Governments are negotiating a convention to

phase out the production and use of POPs.5

Incomplete Records

There are indications that trade agreements are creating pressure for developing

countries to increase their use of outdated, inexpensive, and hazardous products. The

ongoing liberalization of trade has caused an influx of hazardous pesticides into
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developing countries. Trans-shipments have made it very difficult to know exactly

where pesticides trade originates. For example, some of the products from the United

States may come through European countries.

The U.S. government does not maintain complete records of pesticide shipments,

and there are many data gaps. For instance, between 1992 and 1996, more than 2

billion pounds of pesticides left U.S. ports with their specific chemical names omitted

from publicly accessible shipping records. The practice of manufacturers hiding their

identity on exported products to prevent competitors from receiving confidential

marketing information is legal in the United States, but creates an obstacle for devel-

oping countries and special-interest groups trying to expose the risks posed by the

careless use of pesticides. Masking the identity of pesticides in customs records is a

common illegal practice.6

Consequences of Lack of Awareness

Many pesticides used in developing countries are banned or severely restricted in

the industrialized world because of safety concerns. These concerns are generally not

shared by pesticide users in the developing world, due to a widespread lack of aware-

ness of the hazards of pesticide exposure. Pesticide labels leave much to be desired.

They are commonly unclear, written in a foreign language, lack clear health warnings,

or are difficult or impossible to comprehend, especially by farmers, many of whom

have poor English literacy. Recommended safety measures are often not employed.

The use of protective masks, gloves, and boots is often impractical or simply unaf-

fordable. Pesticides are frequently mixed, stored, or disposed of in a dangerous fash-

ion, and are often applied too frequently or at too high a concentration.

Foreign farmers are na€ıve and will assume that any chemical coming from the

United States must be relatively benign, despite the fact that most pesticides registered

in this country would be too toxic to license if the EPA did not restrict their use.7

Small Pesticide Vendors

Small vendors are often ignorant of pesticide dangers because they have little work-

place training. They fail to protect both themselves and their staff. They rarely pro-

vide workers with protective equipment, and often leftover pesticides are simply

spilled onto the streets or into their backyards. Some pesticide distributors have credit

systems that they offer to farmers to distribute and promote sales of pesticides. Com-

peting pesticide distributors have their own extension agents whose sole purpose is to

sell pesticides. Since the income of the pesticide salespersons depends on quantities

they sell per season or day, each seller strives to be the top salesperson. In the process,

pesticides are often misused and accumulate in the environment. Pesticide containers

prove to be equally as dangerous as the pesticides themselves. In many countries,

farmers are advised by pesticide distributing agents to bury containers in their back-

yards. Unfortunately, most of them end up for domestic use either as water containers

or for food storage.8
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Pesticide Exposure Numbers

As is obvious, pesticide poisoning in developing countries is quite frequent. In

2004, the UN and WHO estimated that 1 million to 5 million cases of pesticide poi-

sonings occur each year, resulting in several thousand fatalities, including children.

Most of the poisonings take place in rural areas, where safeguards are typically inad-

equate or nonexistent. Although developing countries use 25 percent of the world’s

pesticides production, they experience 99 percent of the resultant deaths.

Children are at higher risk because they are more susceptible than adults to pesti-

cide exposure. Children’s behavior, playing, and ignorance of risks result in greater

potential for exposure. Malnutrition and dehydration also increase their sensitivity to

pesticides. The levels of pesticides that persons in industrialized nations are exposed

to are considerably lower than the levels in those who grow food for them, and their

families, are exposed to.9

‘‘Safe Use’’ versus ‘‘Safer Use’’

The ‘‘safe pesticide use’’ slogan, particularly as promoted by pesticide manufac-

turers, has been the feature of a common approach toward mitigating the health

problems caused by pesticides. Invariably, however, ‘‘safe use’’ neglects to describe the

many alternatives available to farmers, choices including pesticides but not limited to

them. Rather, the approach focuses only on pesticide-related matters, such as pesti-

cide selection, new and correct application techniques and methodologies, registration

issues, and the use of personal protective equipment such as masks and clothing.

Consequently, many pesticide users, whatever their education, view pesticides as the

crop protection method of choice, a ‘‘silver bullet,’’ so to speak, when, in fact, there

may be many less-toxic choices that are never even considered.

In reality, overwhelming evidence from the developing world demonstrates that ‘‘safe

pesticide use’’ programs are not wholly successful. This is true whether or not studies

measure utilization of safety gear and practices or rates of exposure. Of particular con-

cern is the paradoxical fact that the use of protective equipment often increases personal

exposure to pesticides. Poor user habits due to lack of water, soap, or initiative enable

pesticides to accumulate in protective clothing and masks. Users are then subject to

more exposure and higher doses with each ‘‘safety equipment’’ use.

Most farmers do not use safety equipment or gloves when applying pesticides.

Even if they do, toxic residues remain from previous sprayings because they have too

little water for cleaning and lack cautionary training. They also usually do not know

how to adjust the sprayers properly in order to apply the correct amount of pesticide.

As a result, too much is applied, wasting the pesticide and heightening the danger to

people and the environment.

On the other hand, the new focus on ‘‘safer pesticide use’’ promotes the principle

that all options for pest management should be considered, tested, and integrated

into strategies for sustainable and environmentally sound crop production. A longer-

term view of production and pest management is favored over the short-term reactive
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view. IPM provides farmers with the most choices and recognizes that pesticides may

be effective in short-term or emergency situations, but maintains that they should be

a tool of last resort due to their many unintended effects on health and the environ-

ment. The challenge is to maximize their effectiveness when they do have to be used,

while reducing the risks of damage to human and environmental health as much as

possible.10

Misuse of Pesticides

The FAO reported the widespread misuse of pesticides in the Third World. These

unsafe practices were primarily associated with applicator exposure and the result of

poor application equipment, but also suggested that environmental damage, pesticide

waste, and excessive pesticide residues on foods were serious concerns. The FAO

stressed the need for minimum standards for the safe and efficient application of agri-

cultural chemicals and indicated that improvements in equipment quality and better

training for farmers/applicators would dramatically improve the situation.

Farmers and applicators generally do not have sufficient knowledge about the pesti-

cides or application techniques to use chemical technology safely. Many farmers believe

that high spray-carrier volumes, high pressures, and high application doses are the cor-

rect way to use pesticides. Application equipment is not maintained, nozzles are not

replaced, and hoses leak, resulting in environmental and applicator contamination.

Fifty percent of the pesticides applied in Pakistan were wasted due to poor applica-

tion equipment and inappropriate use. India has levels of pesticide residues in food

crops much higher than the world average, thus indicating incorrect use of agrochem-

icals. Thailand is reported to have little training on pesticide use and consequently

farmers give little attention to the proper use of pesticides. Indonesian farmers use

manual spray equipment in which 58 percent of the equipment leaks.11

An Ill-Fated Legislative Effort

Rigid laws exist concerning pesticide use in the United States, yet there are virtu-

ally no regulations for the exportation of banned or unregistered pesticides. Pesticide

manufacturers spend years and millions of dollars testing their products before ap-

proval and registration. When these pesticides are not approved, U.S. manufacturers

often export them to Third World countries with more lenient restrictions on pesti-

cide use. As a result, twenty-six pesticide ingredients banned from use in the United

States are exported to developing countries, and six of them are used in Mexico.12

The problem is twofold: first, toxicity threatens U.S. consumers in the ‘‘circle-of-

poison’’ effect, in which unregistered or banned pesticides are exported to a develop-

ing country and sprayed on crops whose produce is then exported back to the United

States. The EPA ranks pesticide residues as one of the leading health problems in the

United States. A study conducted by the National Academy of Science estimated that

in the next seventy years, one million additional cases of cancer in the United States

will be caused by pesticide residues.13
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In the early 1980s, 15 percent of beans and 13 percent of peppers imported from

Mexico exceeded FDA limitations for pesticide residues. Recent FDA tests on

imported foods reveal that contamination by illegal pesticides account for only 5 per-

cent of imports; however, contamination rates are higher for imported carrots, pine-

apples, rice, peas, and pears. Moreover, the FDA only tests 1 or 2 percent of imports

while the rest wind up in U.S. grocery stores.14

In June 1990, the U.S. Senate Agricultural Committee voted to ban the export

of unsafe pesticides. The panel adopted this legislation as part of the 1990 farm bill

and hoped that the House of Representatives would address the issue. Strong objec-

tion to the bill came from the National Agricultural Chemicals Association, a trade

group consisting of pesticide manufacturers, whose 1989 export sales totaled $2.2

billion. The bill was never enacted and, although the issue continues to be debated,

it has been largely ignored.15

Critics argue that most pesticide exports are merely unregistered in the United

States rather than banned. Many pesticides formulated in the United States are never

tested for approval because they are of no use to U.S. agricultural needs. Instead they

are exported directly to countries with suitable soils or who grow produce that can

utilize the chemicals. Critics also argue that, with a ban, countries will seek out other

nations who are willing to supply the banned pesticides.16

It should be stressed that the exportation of banned pesticides to the Third World

is not an isolated issue confined to the United States, for it has been documented that

many European countries also export banned pesticides.

Banned Pesticides—A Complex Picture

Most countries now operate a pesticide registration program, or a ‘‘positive’’ list of

pesticides allowed to be used, though implementation frequently presents problems.

A general perception prevails that many pesticides are banned in Europe, North

America, or other industrialized countries, and then exported to developing countries.

In fact, a relatively small number of pesticides are completely banned. An analysis of

the regulatory actions taken in Costa Rica, Tanzania, and Vietnam and the European

Union against the thirty-nine pesticides identified as most targeted indicates a more

complicated situation. For example:

¥ Aldicarb is banned in Tanzania and not registered in Vietnam, but is still regis-

tered in ten EU countries and in Costa Rica.

¥ Monocrotophos, parathion, and parathion methyl are registered in many Euro-

pean countries, but all are banned, severely restricted, or not registered in Tan-

zania, Vietnam, and Costa Rica.

¥ Chlorobenzilate, chlorpropham, fluoroacetamide, and 2,4,5-T are still registered

in some EU countries, but are banned or not registered in Tanzania, Vietnam,

and Costa Rica.
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¥ Aldrin, chlordane, DDT, EDB, dieldrin, heptachlor, and HCH are banned in

the EU, Costa Rica, and Vietnam, but Tanzania allows restricted or severely re-

stricted use of these products.17

A global ban on some pesticides is urgently required, but will inevitably move

slowly and cover a limited number (at present only the nine POPs pesticides may

find agreement for a global ban and phase out on production and use) and even

among these some exemptions may apply. Developing nations need good information

about regulatory actions taken by governments with more resources to assess pesti-

cides. It is important that they receive help in developing the capacity to implement

regulation—including the ability to prevent import of pesticides that they have ban-

ned—and access to more and safer alternatives.

The Picture in Asia

More than $30 billion is spent on pesticides annually. A quarter of this total is

spent in Asia, where sales increased by more than 10 percent in 2000. Thailand is

the biggest spender in the South Asia Region, with pesticide sales equaling $247 mil-

lion. Across Asia, however, there are more than 800 million people living in poverty.

Out of desperation, farmers trust the sellers and promoters of the chemicals, those

convincing them that pesticides will keep insects and weeds from destroying their

crops, often the farmers’ only means of income.

The Asia Crop Protection Association (APCPA), which represents such multina-

tionals as Bayer, Cyanamid, Dow AgroSciences, DuPont, Novartis, and Zeneca, claim

their products are reducing famine by minimizing crop damage by insects and weeds,

and that they are saving lives through controlling disease-carrying insects. The global

pesticide market is dominated by ten companies, which between them take 80 per-

cent of more than $30 billion worth of sales.

There are many loopholes in the regulatory system. According to European legisla-

tion, only end products permitted in Europe can be exported. However, it is legal to

export the starting product, the active ingredient of which is then manufactured into

the end product in developing countries.

In places like Cambodia, struggling to rebuild its society after decades of civil war,

the government is unable to regulate the flow of pesticides. Corporations such as the

German company Bayer say it is their policy not to export dangerous chemicals to

countries lacking proper regulation. Bayer also claims it abides by the laws of the

importing country and ensures that it does not export products that are outlawed in

those countries. However, one may ask, how are banned category 1a chemicals still

available across Asia? Evidently conditions already described in most developing

countries make it practically impossible to guarantee appropriate pesticide usage.

Seventy-three percent of imports into Thailand are WHO categories 1a and 1b,

extremely toxic and highly toxic. In Cambodia, 84 percent of pesticides are moder-

ately to extremely hazardous to human health. In developed countries these chemicals
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are either banned or they can be used only by licensed specialists, who must enforce

a number of stringent precautions. In Southeast Asia, however, these chemicals are

freely used without precautions. Labels, along with being written in a foreign lan-

guage, fail to provide data on the active ingredient, application, date of manufacture,

or safe handling of the chemical.

Methyl parathion is officially banned or restricted in Cambodia, China, Japan,

Malaysia, Bangladesh, Indonesia, and Sri Lanka. However, in some Asian countries, it

is widely used on a frequent basis. Folidol, Bayer’s brand name for methyl parathion, is

possibly the most popular insecticide on the Cambodian market. Cambodia has more

than fifty kinds of dangerous pesticides: organophosphorus compounds such as methyl

parathion, mevinphos, methamidophos, and moncrotophos are being illegally exported

to Cambodia through Thailand and Vietnam. Cambodia serves as a dumping ground

for products that cannot be sold in its neighboring countries. The multinational firms

that manufacture the chemicals claim that they are not responsible because they do not

directly market to Cambodia. Methamidophos, a WHO category 1a, can be fatal if

swallowed, inhaled, or absorbed through the skin. Manufactured by Bayer and mar-

keted as Monitor, methamidophos is a restricted chemical in the United States and

New Zealand, but is still a favorite of Cambodian farmers.

Product Stewardship

Major manufacturers say they try very hard to encourage responsible use of the

chemicals; they call it ‘‘product stewardship.’’ There have been a number of global

industry initiatives—including the Safe Use Campaign and the Responsible Care Initia-

tive. Both aim to raise standards of understanding and practice throughout the distribu-

tion chain, from production to disposal. However, the highly toxic nature of some of

the chemicals and conditions for users in developing countries render both of these ini-

tiatives inadequate. If international efforts to control pesticides are to have a significant

impact then governments will need to start agreeing on targets and strategies to reduce

pesticide use and to invest in sustainable pest control methods like IPM.18

The pesticide industry should be held responsible not only for their exports, but

also for the way their products are used. Chemical companies say that it is not their

responsibility if there are lax safety conditions in the countries that use their products.

The multinationals blame small regional producers making generic versions of their

products with little to no safety training and also resellers who smuggle products over

the border from Thailand. While officials and corporations argue about who is re-

sponsible, pesticides continue to flow, poisoning millions of farmers, their families,

and their environment.

The Costa Rican Experience

One of the most striking aspects of Central America’s pesticide tragedy is the

improvements that could be attained if the responsible parties were willing to take

relatively modest corrective steps.
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Costa Rica’s regulatory system is widely viewed as the most advanced in the region,

but this is not much of a claim. The country has a tiny, inadequately trained, and

poorly equipped staff to oversee pesticide use. To compensate for its lack of toxicolo-

gists and biologists, Costa Rica, like its neighbors, looks to the north for guidance.

Because many U.S. and European companies have exported pesticides that they are

not allowed to sell at home, Costa Rican law required imported pesticides be

approved for use in the country of origin. In practice, however, what sometimes

passes for the country of origin is nothing more than a trans-shipment point. A pesti-

cide banned for use in the United States can be shipped to an intermediary country

to circumvent these restrictions. For example, U.S.-made haloxyfop has entered Costa

Rica through Colombia.

Because they lack resources, Central American regulators typically resort to copycat

pesticide restrictions. If the EPA bans a pesticide, for instance, it catches the attention

of Costa Rican regulators, especially if it is a pesticide that the U.S. FDA spot-checks

at the border. For example, U.S. regulators rejected shipping containers of Costa

Rican produce for having illegally high residues of aldicarb. But these regulators do

not check for many dangerous U.S.-made pesticides used in Costa Rica.

The 1991 incident just described shows that Costa Rican regulators can crack

down on a pesticide almost overnight. There is something inexplicable, however, in

the fact that they will do so in response to market pressure but not in response to the

death of Costa Rican workers.

Another serious problem involves pesticides not prohibited outright in the United

States, but subject to strict controls. These controls typically get lost in translation to

the developing world. This is the case with many dangerous pesticides that, typically

under industry pressure, are authorized for restricted use in the United States by spe-

cially trained workers who must follow specified safety conditions. While these stipu-

lations and conditions may provide some measure of protection within the United

States, they keep the door open to abuse in the developing world, where the stipu-

lated safety requirements are not met in practice. Monsanto’s alachlor (Lasso), for

example, poses such an elevated cancer risk that it can only be applied in the United

States by workers operating from inside sealed cabins. Such equipment is nonexistent

in all but a few Costa Rican plantations.19

The Human Costs

Up to date global estimates are lacking, but there are 1.2 billion agricultural work-

ers worldwide and it is likely that millions of pesticide poisoning cases still occur each

year. In 2000, Brazil’s Ministry of Health estimated the country had 300,000 poison-

ings a year and 5,000 deaths from agricultural pesticides, many of them imported.20

In an Indonesian study, 21 percent of spray operations resulted in three or more neu-

robehavioral, respiratory, and intestinal signs of symptoms.21 In a United Nations

survey, 88 percent of pesticide-using Cambodian farmers had experienced symptoms

of poisoning.22
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Many of these problems are precisely those that the FAO Code and the PIC provi-

sions were designed to minimize. Yet the pesticides implicated in these poisonings of-

ten remain outside the international regulatory systems.

Specific Poisoning Cases

In October 1991, it was reported that 350 people, thirty-one of whom died, were

poisoned by endosulfan in Sudan when they ate bread made from contaminated

maize flour. The manufacturers, Hoechst, argued that although endosulfan has high

acute toxicity, its hazards can be overcome if the compound is used with proper care.

Yet in 2000, a report from Benin showed the havoc that endosulfan is still causing to

farming communities.

In June 1992, research compiled in Central America and Malaysia demonstrated

how paraquat under conditions of use in these countries is a major occupational haz-

ard for plantation workers. In June 1996, a study estimated that in the previous year

there were 15,300 cases of pesticide poisoning in China, 91 percent involving or-

ganophosphate insecticides. In March 2000 a report on the Del Monte Kenya pine-

apple plantation revealed that pesticides recommended by the FAO as too dangerous

to use in developing countries are used on the plantation. There appeared to be no

training for workers, yet the company claims to take part in a program for the re-

sponsible use of pesticides run by the Global Crop Protection Federation.23 Another

account describes how Africans fishing on Ghana’s Lake Volta discovered that if they

dumped the insecticide Gammalin 20, imported for use by cocoa farmers, into the

lake, many fish died and floated to the top for easy retrieval. These fish were then

eaten by villagers or sold. The people began suffering dizziness, headaches, vomiting,

and diarrhea—the first symptoms of poisoning by lindane, the active ingredient in

Gammalin 20. Convulsions, brain disturbances, and liver damage followed. The fish

population declined by up to 20 percent. The fishermen did not link the pesticide to

the damage done to their health and their fishing until a private aid agency noted the

connection.24

Corporate Accountability

During the 2003 annual meeting season, shareholders demanded that two of the

three largest agrochemical companies acknowledge the environmental and health risks

of their products. Led by socially responsible investment firms, shareholders at Bayer

and Monsanto requested detailed information about the handling of dangerous pesti-

cides and by-products and the possibility of costly lawsuits. Although not legally

required, this information helps investors to assess their risk and promotes a corpo-

rate commitment to environmental health and safety. Bayer shareholders, meanwhile,

highlighted the board’s insufficient response to a tragic poisoning in Peru.

Investors at Monsanto’s annual meeting in April 2003 expressed concern about the

company’s handling of unregistered carcinogenic and obsolete pesticide stocks. A

resolution submitted by Harrington Investments, Inc., called on Monsanto to disclose
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its policies and procedures for exporting probable or likely carcinogens and pesticides

not registered in the United States to developing countries. Since training and safety

equipment are often limited or unavailable in these countries, Harrington Invest-

ments also requested disclosure of training and educational information Monsanto

provides to farmers and farmworkers using these dangerous pesticides. The resolution

garnered support from 13.32 percent of the voting shareholders.

German-based Bayer was the other company to come under fire as Luis Gomero

of the Pesticide Action Newark–Peru appeared before the board in late May 2003

to demand justice for the victims of the 1999 Folidol (methyl parathion) poisoning

in Tauccamarca, Peru. Folidol, a pesticide produced by Bayer, killed twenty-four

schoolchildren and badly poisoned eighteen others after it was mistaken for milk

powder at a local school. Bayer had marketed the pesticide, a white powder with no

strong odor, in small plastic bags labeled in Spanish and without any appropriate

pictograms to indicate its use or danger. The Spanish text was of little help to local

farmers, most of whom speak Quechua dialect and are illiterate. Citing these fail-

ures, a Peruvian congressional subcommittee found Bayer criminally responsible for

the poisonings in 1999.

In order to ensure justice for the Tauccamarca victims, Gomero would like the

Dow board to accept responsibility for the poisoning; provide medical monitoring,

care, and special education for the surviving children as necessary; establish a func-

tioning health post in the village; and recognize the families’ suffering, in part

through financial compensation.

In his response to Gomero’s testimony, Bayer chairman Werner Wenning asserted

that the pesticide that poisoned the Tauccamarca children was not a Bayer product,

and the Peruvian court dismissed any claims against Bayer. However, representatives of

the Tauccamarca families pointed out that Bayer had registered both pesticides impli-

cated in the case (methyl parathion and ethyl parathion) for use in Peru, and the Peru-

vian court had not received all relevant documents and had not ruled in the case.

Gomero’s appearance was coordinated by the German group Coordination gegen

BAYER-Gefahren (CBG, or the Coalition Against Bayer Dangers) using Bayer shares

held by Pesticide Action Network Germany. CBG has been working since 1978 to

increase Bayer’s transparency, publicize its global abuses and violations, and ensure

appropriate responses and compensation.

The impact of these recent shareholder actions remains uncertain, but as John Har-

rington reminds investors: ‘‘Companies with greater corporate responsibility and

transparency prosper long term.’’25

Arguments Pro and Con

Pesticide manufacturers in the United States generally argue that additional restric-

tions on exports are unnecessary because they claim they do not manufacture and

export pesticides that have been denied registration in the United States. They con-

tend that more stringent export controls for unregistered pesticides (for example,
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pesticides for which U.S. registration was not sought) could unfairly prohibit the

export of products for which there is little evidence of environmental risk. Pesticides

may not be registered simply because manufacturers do not wish to sell them in the

United States, and some may be approved by regulatory agencies in other countries.

Other pesticides may not be registered for economic or marketing reasons or because

target pests are not a problem on crops grown in this country. The global nature of

pesticide production and distribution further complicates the issue: a U.S. law cannot

prevent the manufacture and use of pesticides in other countries. U.S. manufacturers

might simply relocate production facilities, or production by foreign manufacturers

might increase.

Environmentalists argue that any pesticide product not registered in the United

States has not been approved by the EPA and is potentially unreasonably harmful.

Thus, they support proposals to prohibit exports of unregistered pesticides as a means

of protecting the global environment. They also believe it would protect American

consumers from unsafe pesticide residues on imported foods.26

Concluding Observations

In the Third World, often both adults and children are involved in the application

of pesticides; many mix pesticide formulations with their hands and must work the

fields in bare feet. In addition to exposure during the direct application of pesticides,

farmers and agricultural workers face exposure when they re-enter sprayed fields for

crop management and harvesting activities. Moreover, contamination of water sour-

ces, proximity to aerially sprayed fields, inadequate storage facilities, and the reuse of

pesticide containers can affect entire families or communities. Not even unborn chil-

dren are safe: exposure to chemicals, especially endocrine disrupters, during fetal de-

velopment can cause permanent damage.

For farmers in the tropics, fully protective garb is too hot and costly to maintain;

farmers there accept illness as a necessity. Integrated Pest Management has previously

been demonstrated to reduce pesticide use with no loss of crop yield. The frequency

of spraying should be reduced through widespread training in IPM.27

Governments in developing countries need to invest more in the skills required to

interpret scientific and technical data and use it to make sound local risk assessments

and to implement regulations. Resources for raising awareness are equally crucial:

most users of pesticides in developing countries not only have limited perceptions of

the risks, but also a high acceptance of risks due to competing priorities essential for

survival.

The most effective controls over pesticides are good national registration schemes

that require tests backed by solid information appropriate for the local conditions.

Each different pesticide mixture or formulation should be registered for use on each

crop on which it is intended to be used. Aided by the FAO, many developing coun-

tries have now introduced pesticide registration programs. The problem is they do

not have the capacity to implement these regulations.
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Many developed countries permit the export of pesticides that are banned, re-

stricted, or unregistered within their own borders. This practice raises many ethical

issues as well as economic, social, political, and public health issues.28

Corporations and their executives, accustomed to getting away with exporting

domestically banned pesticides and causing detrimental health and environmental

effects in developing countries, will change only if the costs of this activity outweigh

the benefits. Multinational corporations have the power to co-opt Third World gov-

ernments, and only a strong international code which is well enforced and costly to

disobey can prevent these types of unethical practices. Those injured by hazardous

pesticides will not be protected from an alliance of corporations seeking to continue

exporting domestically banned pesticides in the name of free trade unless citizens

organize and demand the WTO not allow corporations to export domestically

banned pesticides as prohibited by the PIC agreement of the FAO. The fight for cor-

porate responsibility will not be a top-down fight but a bottom-up struggle.
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E i g h t

Remedies and Reflections

We should no longer accept the counsel of those who tell us that we must fill

our world with poisonous chemicals; we should look about and see what

other course is open to us.

—Rachel Carson, Silent Spring1

Necessary Policy Reforms

The newly discovered connections between pesticides and disease just begin to scratch

the surface of the potential impact of chemicals on public health. Tens of thousands

of industrial chemicals on the market have not been tested for developmental health

effects at low doses. No public health information exists for close to half of the high

production-volume pesticides. Moreover, where significant evidence of harm to public

health already exists, inadequate resources and legal authority often prevent regulatory

agencies from taking preventative actions.

In order to protect the public from toxic exposures, we must take firm steps to

remedy the ignorance about health effects of widely used pesticides and empower reg-

ulatory agencies to ensure that consumer products do not contain dangerous pesti-

cides. These steps include:

1. Phasing out pesticides that persist in the environment, accumulate in organ-

isms, or for which evidence of potential harm to human health exists from

exposure.

2. Requiring pesticide manufacturers to develop analytical techniques to detect

the chemicals they produce, and relevant breakdown products, in the environ-

ment and organisms, and to submit these techniques to the state. Taxpayers

currently pay scientists to guess at what emerging pesticide threats may be pres-

ent in our environment and bodies and then develop the testing methods to

detect them. This causes significant delays in determining which pesticides

pose the greatest threat to public health.



3. Requiring pesticide manufacturers to supply the state and federal government

with toxicity data for their products, including low-dose effects (it has recently

been revealed that low-dose exposures of certain pesticides are more dangerous

than those at higher doses) on development and reproduction.2

Policy makers are faced with what to do about suspected toxins when there is

uncertainty or ambiguity in the science used to judge risk. Industry members con-

tinue to argue that it is irresponsible to sacrifice new products and undermine fiscal

prosperity by halting product development before the data conclusively indicate dan-

ger. The precautionary principle should prevail: when society is faced with devastat-

ing health problems as a result of using potentially toxic chemicals, those chemicals

should be held in abeyance until they are proven safe.

The Precautionary Principle

One of the most quoted definitions of the precautionary principle is the Wing-

spread Statement, produced by a gathering of scientists, philosophers, lawyers, and

environmental activists in the United States in 1998. It pronounces that ‘‘when an ac-

tivity raises threats of harm to the environment or human health, precautionary

measures should be taken even if some cause-and-effect relationships are not fully

established scientifically.’’3

The substance of the precautionary principle is not really new. The essence of the

principle is captured in such cautionary clich�es as ‘‘An ounce of prevention is worth a

pound of cure,’’ ‘‘Better safe than sorry,’’ and ‘‘Look before you leap.’’ The precau-

tionary principle may be interpreted as a generalization of the ancient medical princi-

ple associated with Hippocrates: ‘‘First, do no harm.’’ The essence of the principle is

the idea that if the consequences of an action are potentially severe or irreversible, the

absence of full scientific certainty should not be used to prevent action. In other

words, the onus should be on pesticide manufacturers to demonstrate beyond reason-

able doubt that their products will not harm people or wildlife before these products

are approved for use.

Cosmetic Pesticides Are Harmful

In the United States, we are enthralled by the sight of a picture-perfect lawn or

garden, for which credit is given to the application of large doses of dangerous pes-

ticides. Canada is head and shoulders above us in their treatment of these chemical

threats. More than seventy Canadian municipalities, including Toronto, Quebec,

and Halifax, have taken action to reduce or ban cosmetic (or ‘‘aesthetic’’) use of

pesticides on both public and private property. Most of these bans are being phased

in over a few years. The sales of pesticides have not been completely banned,

though. For this reason, other cities, such as Vancouver, have opted against a legis-

lative approach and instead are trying to educate consumers on why they should

not use pesticides and to try safer alternatives instead. Canadian public health

236 | Pesticides



officials are working to keep pesticides off lawns and gardens.4 We could do worse

than to emulate their actions.

Multiple Chemical Sensitivity

Another area that does not receive the attention it deserves concerns the plight of

persons who are afflicted with multiple chemical sensitivities. These people include

those with asthma or allergies, as well as individuals with chemical sensitivities who

suffer the effects of pesticide exposure more severely than those without. But how do

some people become so sensitive to begin with? Is it because of multiple exposures

they’ve received throughout their fetal development and adult lives? For such people,

day-to-day living can present challenges, for there is often nowhere to hide from the

widespread and persistent use of these toxins.

Changes in Agriculture

In Chapter Two, pesticide use in U.S. agriculture was examined since it is the locus

of the heaviest pesticide utilization. Many changes have occurred in agriculture in the

past few decades. During the 1950s and 1960s American farmers depended on cheap

energy, plentiful water supplies, and extensive use of chemical fertilizers and pesticides

to produce high yields with decreasing labor on reduced amounts of land. In recent

years the costs of fuel and chemicals have increased sharply, the high use of pesticides

has led to resistance in many pest species, and concern has developed over environ-

mental contamination from fertilizers and pesticides. Increasing attention, therefore,

is being given to means of reducing the reliance of American farmers on highly chem-

ical means of production. To produce high yields, protect soil productivity, and

maintain environmental quality, farming must be based on an understanding of how

water and dissolved chemicals move through the plant-soil-groundwater system. A

small but growing percentage of farmers are farming with no pesticides, and many

others are reducing their overall chemical use. Agricultural research has begun to

focus on ways of maintaining environmental quality while producing acceptable crop

yields. One example is Integrated Pest Management, aimed at controlling pests

through a combination of methods that minimize undesirable ecological effects. Con-

tinuing research and education need to be conducted on farming practices that pro-

duce profitable yields while maintaining environmental quality and the long-term

productivity of the land.

A Long Way To Go

Opposition to the use of pesticides has been most successful in wealthy countries

such as Canada and the United States. Many communities have passed restrictive

legislation, mostly pertaining to cosmetic use of pesticides. While this has been

rightly hailed as a major step forward for the environmentally sensitive and for the

protection of community health, there remains the larger question of how to protect

the young and the poor from excessive exposures. While it’s nice that alternatives are
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being promoted, there is still a long way to go until the public knows the hazards of

pesticides. While tanker trucks spewing clouds of poisons are an obvious menace, the

larger issue of home and institutional treatments has not been so widely discussed.

The opposition to indiscriminate use of pesticides brings up many questions about

our role in nature, and what exactly constitutes a pest. As a new generation confronts

the greater problems of ecological degradation, pesticide use will continue to attract

activists. The rest of us owe these people a debt of gratitude, because like all responsi-

ble, ecologically minded individuals, they are taking charge of the health and well-

being of our communities. They refuse to accept the assurances of public officials that

public health is being protected. They also refuse to accept the belief that we can do

whatever we want with nature with no regard for the consequences.

IPM and Sustainable Agriculture

It is important to note that farmers generally use pesticides very judiciously. Chem-

icals are one of the most expensive inputs that a farmer can use. IPM and sustainable

agriculture provide alternative technologies that allow farmers to reduce pesticide

usage while maintaining productivity and profitability. IPM integrates all pest man-

agement techniques into one crop management strategy. Pesticides may be used to

control a pest only when the pest is threatening economic losses to a crop. IPM pro-

grams rely on biological control, scouting of crops, and other cultural practices as

well as reduced chemical inputs.

Sustainable agriculture is farming practices that preserve and protect the future

productivity and health of the environment. Sustainable agriculture is, however, a

broader topic than organic farming. The way food is processed, packaged, and trans-

ported may pose a threat to the environment, even when the food was cultivated

organically. For example, pretzels may be organic—meaning 95 percent of their ingre-

dients are organically grown—but in reality, they have been produced from highly

refined flour processed using energy-wasting machinery, packaged in non-recyclable

plastic, and shipped around the world using large amounts of fossil fuel. Growing foods

organically is, therefore, only the first step in achieving sustainable agriculture. Most

environmentalists and ecologists and many individuals involved in the production of

organic foods believe that sustainable agriculture is necessary if we are to reach the

long-term goals of personal health and ecological balance.

Organic Agriculture

In the United States, organic agriculture is expanding, while conventional agricul-

ture is in decline or at best stagnant. But the organic method of farming is still

viewed with suspicion by many U.S. farmers who are used to getting advice from

chemical company salespeople or from university agriculture departments that are

heavily endowed and influenced by chemical companies and bioengineering firms.

Unfortunately most organic certifiers and other pro-organic organizations don’t

have well-developed programs for encouraging conventional farmers to make the
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transition from chemical to organic farming. As a result, many farmers don’t have the

information they need to evaluate whether going organic makes sense for them. The

USDA’s Coop Extension Service should be encouraging the transition to organics,

but it is not. In the entire USDA bureaucracy there is only one extension agent who

is a qualified expert in organic agriculture. Predictably, he’s located in Santa Cruz,

California.

Farming is hard work, and in many cases farming organically is even harder.

Weeds, harmful insects, fungi, and other pests must be monitored and managed

much more painstakingly, while beneficial insects and soil organisms are encouraged.

Organic growers must keep up with research about alternative methods of pest con-

trol and apply the results on their farms. They must learn to control pests using an

ecosystem approach that requires patience because sometimes it takes several years to

produce satisfactory results. Even more important, organic farmers must care for and

enrich their soil with organic matter and non-chemical sources of the nutrients their

crops require. This is often much more labor intensive that the yearly applications of

fertilizers and pesticides that conventional farmers use.

But organic agriculture is viable and practical for most crops, and farmers who

are motivated can, without too much trouble, find the information and resources

they need to successfully transition more farm operations—such as grains, vegeta-

bles, livestock, eggs, and herbs—to organic methods. In fact, as the success of the

organic agriculture movement has proven, synthetic chemical pesticides are prob-

ably far less necessary than we have been led to believe by their producers. More-

over, the reality is such that chemical pesticide use is almost always harmful to

someone or something, whether farmworkers, consumers, non-target organisms,

or the rest of the environment.5

The Body Burden

Toxic chemicals, both naturally occurring and man-made, often enter the human

body. We may inhale them, swallow them in contaminated food or water, or, in some

cases, absorb them through our skin. A woman who is pregnant may pass chemicals

to her developing fetus through the placenta. The term ‘‘body burden’’ refers to the

total amount of these chemicals that are present in the human body at a given point

in time. Sometimes it is also useful to consider the body burden of a specific, single

chemical, such as, for example, lead, mercury, or dioxin.

Some chemicals or their breakdown products (metabolites) lodge in our bodies for

only a short time before being excreted, but continuous exposure to such chemicals

can create a persistent body burden. Arsenic, for example, is mostly excreted within

seventy-two hours of exposure. Other chemicals, however, are not so readily excreted

and can remain for years in our blood, adipose (fat) tissue, semen, muscle, bone,

brain tissue, or other organs. Chlorinated pesticides such as DDT can remain in the

body for fifty years. Whether chemicals are quickly passing through or are stored in

our bodies, body burden testing can reveal an individual’s unique chemical load and
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can highlight the kinds of chemicals we are exposed to as we live out each day of our

lives. Of the tens of thousands of chemicals that are used in the United States, we do

not know how many can become a part of our body burden, but we do know that

several hundred of these chemicals have been measured in people’s bodies around the

world.

Scientists estimate that everyone alive today carries within her or his body at least

700 contaminants, many being pesticides, most of which have not been well stud-

ied.6 This is true whether we live in a rural or isolated area, in the middle of a large

city, or near an industrialized area. Because many chemicals have the ability to

attach to dust particles and/or catch air and water currents and travel far from

where they are produced or used, the globe is bathed in a chemical soup. Our

bodies have no alternative but to absorb these chemicals and sometimes store them

for long periods of time. Wherever we live, we all live in chemically contaminated

neighborhoods.

The fact that we have residues of hundreds of industrial and agricultural chemicals

in our bodies is a direct invasion of our most private property. Pesticides that present

serious health risks should simply be banned from use. Under such a policy, research

would focus only on detecting those pesticides that cause such problems. This would

eliminate the task of developing tolerance levels and eliminate risk rather than

attempting but failing to manage it. Effective alternatives currently exist for most pes-

ticides. The social costs of continuing their use outweigh the short-term economic

gains they provide to the pesticide and food companies.

Although organic food is more expensive than crops grown with pesticides, the

external costs of pesticides are not included in the price of commercially grown food.

It has been very roughly estimated that a direct investment of $4 billion in pesticides

saves about $16 billion in crop losses, but causes an estimated $8 billion in environ-

mental and health costs to society. Five billion dollars of that is paid for by society

and not by pesticide manufacturers or direct users.7 Buying organic food from local

farms not only enhances our own health and that of future generations, but also ben-

efits us as it decreases pollution; supports local, small-scale farmers; and makes farm-

ing itself more sustainable in the long run.

Pesticides have been in existence for only about sixty years. Gardeners, farmers,

and foresters have always had to control pests using methods such as crop rotation,

companion planting, and biological controls. Pest management has only recently

become virtually synonymous with the use of pesticides. We must reverse this unsus-

tainable trend.

Pesticide manufacturers should be required to submit safety data that cover all

the likely combinations affecting the human body. Safety data should be required

on possible impacts on the most vulnerable—the elderly, infants, and young chil-

dren. Safety data should specifically cover individuals most likely to receive excep-

tionally high does of pesticides and similar chemicals, such as bystanders who are

also farmworkers, those who also use pesticides in their gardens, and those who do

not peel their fruit.
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Protect Our Children

Children must be better protected from both new and existing pesticides that are

known or possible toxins. To protect children from existing toxins, the EPA and

FDA need more authority and resources to regulate and reduce emissions and expo-

sures. Under the current system, efforts to tighten regulations to protect children

from known toxins are costly and protracted. Indeed, countless communities across

the globe suffer from widespread environmental contamination. If there is any lesson

from our experience with environmental toxins, it is that we need to identify pesti-

cides that are toxic before they are marketed or widely disseminated.

For all new chemicals, including pesticides, extensive pre-market testing should be

required in multiple animal species of both sexes and at different developmental

stages. These tests should be designed to have adequate statistical power to detect

subtle differences within the ranges of exposure that occur in human populations. If

implemented, these testing requirements would represent a dramatic departure from

existing regulations, while providing a powerful incentive for industry to develop less-

toxic chemicals.

Toxicity testing in animals is essential but insufficient to protect pregnant women

and children. For one thing, uncertainties about the safety of a chemical for humans

will persist even after toxicity testing in animals is successfully completed. One addi-

tional safeguard that deserves further debate is whether prevalent environmental

chemicals to which children could be exposed should undergo more extensive testing

in human trials before they are marketed. If done, these trials should examine expo-

sure, uptake, and adverse effects among children or other populations only when the

product is used as intended. For example, once animal toxicity testing of a residential

pesticide is complete, including developmental neurotoxicity and reproductive toxic-

ity testing, a pesticide could undergo further testing in the home environment. Using

an experimental group and a control group, researchers would compare levels of pes-

ticides found in settled dust, on children’s hands, and in their blood, urine, or hair.

Children would be followed, when indicated, to ensure that an excess of neurobeha-

vioral problems or other relevant outcomes did not develop among those whose

homes received pesticide applications.

The Pesticide Applicator’s Plight

One important fact should not be overlooked. Pesticides are widely used on urban

landscapes as well as in agriculture. Consequently, pesticide applicators are on the

front lines, facing multiple potential routes of exposure to these toxic chemicals.

While the use of protective equipment is important, even gloves, masks, and full-

body protective clothing do not completely eliminate exposure.

Pesticide exposure can cause lost workdays for an applicator, or, in the worst cases,

permanent injury, disease, or even death. Exposure can also affect the health of an

applicator’s offspring, and even low-level exposures can cause harm. Other family

members can be exposed to residues brought home on work shoes and clothing.

Remedies and Reflections | 241



For the sake of their own health and that of their children and families, applicators

should want to find ways to reduce their exposure to pesticides. The most effective

way to reduce exposure is to avoid the use of pesticides. Fortunately, safer methods

are available for controlling many pests. It is important for applicators to educate

their employers or clients about the hazards of pesticides and encourage them to use

non-chemical pest control methods.

It took decades for science to establish a firm causal link between smoking and

lung cancer. It will undoubtedly take many more years for research to conclusively

demonstrate links between pesticide exposure and cancer and other chronic diseases.

But enough is known now to raise strong suspicions, and the acute exposure hazards

are clear. Why take chances with people’s health?

Public Consciousness Is Awakening

Pesticides are used worldwide in agriculture, industry, public health, and domestic

applications; as a consequence, a great part of the population may be exposed to these

compounds. In spite of this extensive use, knowledge of the health risks associated

with prolonged exposure is rather poor, and major uncertainties still exist. Epidemio-

logical observations in man have so far produced little conclusive information, mainly

because of weaknesses in exposure assessment.

Pesticides are the only class of toxic materials intentionally introduced into the

environment to kill or damage living organisms. Currently, people are exposed with-

out their knowledge to pesticides whose human health effects are largely unknown.

To protect our health and help safeguard our water and food from contamination,

we need better information about pesticide use, whether on golf courses, at schools,

in homes, on farms, or on suburban lawns and gardens.

Being educated about pesticides is a basic right. Knowing what toxic substances are

in one’s environment is a matter of fundamental fairness and is an essential part of a

democratic society. Information about pesticide use can help individuals make choices

and take action to limit their exposure.

It is extremely difficult, if not impossible, to prove that a particular chemical

caused a person to become chemically sensitized, a tumor to form, a miscarriage to

occur, or brain damage to happen. After all, we live in a society that does not tolerate

dangerous experimentation on humans. However, based on the growing body of evi-

dence from laboratory research, wildlife studies, and accidental human exposures, it

is very clear that currently used chemical pesticides pose serious threats to human

health.

Pesticide reporting data once again confirm our addiction to these hazardous

chemicals. These findings arrive at a key point in time, when a steady drumbeat in

the media has raised public consciousness of pesticide risks, prompting new questions

from an ever-broader cross-section of citizens and policy makers. As never before,

people are recognizing that pesticides are not silver bullets, but clumsy, non-specific

poisons that leave an inevitable trail of contamination in their wake and do
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predictable harm. Continued reliance on pesticides puts citizens at unnecessary risk.

The time is ripe for our policy makers to reverse course, to reject the risks and finan-

cial burdens foisted upon society by pesticide manufacturers—who employ battalions

of lobbyists and a vast public relations machine to impede reform at every level—and

make pesticide alternatives the norm.

The tide is turning. The public is becoming better informed and taking control of

its health and food. New pesticide-free farming and gardening methods are being

announced. These new methods are what your grandparents and great-grandparents

used. While the pesticide industry might have powerful lobbying firms in Washing-

ton, D.C., public education about this subject will ultimately prevail. History has

taken us far past the point where we could envision living without some of the ser-

vices synthetic pesticides provide, but it has also taken us to the point where we can

no longer shrug off these warnings.
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