of
Agricultural

Chemicals




Clinical Toxicology
of
Agricultural Chemicals

by
Sheldon L. Wagner, M.D.

Environmental Health Sciences Center
Oregon State University

NOYES DATA CORPORATION
Park Ridge, New Jersey, US.A.
1983



Library of Congress Catalog Card Number: 82-14421
ISBN: 0-8155-0930-8
Printed in the United States

Published in the United States of America by
Noyes Data Corporation
Mill Road, Park Ridge, New Jersey 07656

10987654321

Library of Congress Cataloging in Publication Data

Wagner, Sheldon L.
Clinical toxicology of agricultural chemicals.

Includes bibliographies and index.

1. Agricultural chemicals--Toxicology. 2. Agricul-
tural chemicals--Environmental aspects. 1. Title.
[DNLM: 1. Chemistry, Agricultural. 2. Pesticides--
Adverse effects. WA 240 W135c]

RA1270.A4W33 1983 615.9'02 82-14421
ISBN 0-8155-0930-8




CLINICAL TOXICOLOGY
OF AGRICULTURAL CHEMICALS



Foreword

The clinical toxicology of agricultural chemicals and the environmental
issues which have arisen as a result of the use of these chemicals are presented
in this book. The subject is viewed from the social, economic, and scientific
standpoints.

Agricultural chemicals—pesticides, herbicides, and other related chemicals—
play a key role in maintaining the strength of the U.S. economy, since agricul-
ture is a major U.S. industry and the U.S. is a prime exporter of food and
foodstuffs, These facts underscore the continuing need for agricultural research.
However, this need for new and effective chemicals must be balanced against
the possible long-term detrimental effects to the environment. The issues are
complex, and the book presents an overview of the problem, with the major
thrust on scientific background and practical clinical toxicology.

The book is divided into two parts. Part I provides background information
on the extensive use of agricultural chemicals and discusses some of the major
environmental issues which have arisen as a result of their use. Understanding
some of the basic concepts of this field may give the reader insight into the
scope of the problems in determining possible genetic defects from exposure
to any number of possible genetic insults, including chemicals. Laboratory
methods and tests are described, and the role of regulatory agencies is discussed.
Part II deals with the basic and clinical toxicology of selected agricultural chem-
icals, which have been classified according to chemical structure. Where possible,
the discussion has included sections on basic chemistry, basic toxicology, molec-
ular biology issues (teratogenicity, mutagenicity, carcinogenicity), environmen-
tal fate, potential human exposure, symptoms and signs of intoxication, and
diagnosis and treatment.

The information in the book is from Clinical Toxicology of Agricultural
Chemicals (PNRC Report 841-9) by Sheldon L. Wagner, M.D., of the Environ-
mental Health Sciences Center, Oregon State University, prepared for the
Pacific Northwest Regional Commission, August 1981.

The extensive table of contents provides easy access to the information
contained in the book. An alphabetical list of the chemicals discussed is in-
cluded, and the book is indexed.

Advanced composition and production methods
developed by Noyes Data are employed to bring
this durably bound book to you in a minimum of
time, Special techniques are used to close the gap
between ‘“manuscript” and “completed book.” In
order to keep the price of the book to a reasonable
level, it has been partially reproduced by photo-
offset directly from the original report and the
cost saving passed on to the reader. Due to this
method of publishing, certain portions of the book
may be less legible than desired.



Notice

This project was accomplished through funding pro-
vided by the Pacific Northwest Regional Commission,
The statements, findings, conclusions, recommenda-
tions, and other data are solely those of the grantee-
contractor, Environmental Health Sciences Center,
Oregon State University and do not necessarily reflect
the view of the Pacific Northwest Regional Commis-
sion. Funds for this publication were also provided
by Oregon State University’s Environmental Health
Sciences Center through N.LLE.H.S. Grant ES 00210.
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Preface

This book, written from a sense of perceived need, is offered in the hope
that it will be useful to people of various interests and different training. Agri-
cultural chemicals are a fact of life in this world and their universality has be-
come controversial. There are many issues: social, economic, scientific and
others. They are never addressed together yet the undertones of each are always
present in any open meeting on any aspect of the subject. The issues, of course,
are all complex but such complexity does not mean that they cannot, nor should
not, be addressed even though the emotions may be intense and labile. It is
hoped that this book will present a part of all aspects although it is not an in-
depth analysis of each issue and the major thrust is the background and the
practical clinical toxicology of these chemicals. For those interested in further
reading, the chapters are followed by key references but are not meant to be
complete bibliographies. Other sources of information are also listed. Although
the book is written particularly for physicians, I believe that it should be useful
to the understanding of various viewpoints by other disciplines and by the public
at large. If such furthering of mutual understanding leading to increased com-
munication occurs, the book will have, in my mind, achieved one of its major
objectives.

Many thoughts and kind words of consideration are due to many people.
I have learned much from many colleagues at Oregon State University, and in
particular, I wish to thank Drs. Virgil Freed, Frank Dost and James Witt who
have been, and always are, a great help in understanding this subject. I am also
indebted to the following for their helpful review and comments on the rough
draft of this material: Jack Allard, Eric Deck, Richard Ellerby, William Kosesan,
Hershell Pendell, Nancy Stouffer, and Warren Westgarth.

Most significantly, I am indebted to, and this book would not have been
possible without, the untiring efforts and enthusiasm of Carol McLaren. In
addition to her multiple hours of hard work in helping at every level, her op-
timism, encouragement and even-keeled temperament will always be appre-
ciated.

Sheldon L. Wagner, M.D.

Oregon State University
March 1981
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Introduction

A common misconception held by the public is that the
United States' major strength in the field of industry is
related in some way to mechanization. The United States
is known historically as the founder of the industrial
and mechanical revolution and the conception of many peo-
ple is that this reliance upon mechanics is the principal
source of economic strength in this country. The follow-
ing statements made by Press (1978) may therefore be
rather surprising: 1) agriculture is this country's
largest industry, with assets of over $531 billion; 2)
the food and fiber industries are the nation's biggest
employers, with between 14 and 17 million people working
in some phase of them from growth to sales; 3) since
1971, U.S. agricultural exports have tripled to a record
$24 billion in 1977 resulting in a net contribution of
$10 billion to our balance of payments; 4) the United
States supplies about half of the grain that moves in
world trade and three-fourths of the soybeans. It pro-
duces about 70% of all the food aid to the world.

Conversely, again from Press, most nations in this
world are chronic importers of food and the situation is
growing worse. In 1950, some 45 nations exported food or
were self sufficient but by 1974, only 19 nations did so.
Only four countries, including the United States, ac-—
counted for more than 907 of the exports. The demand for
food in 80% of the entire Third World's population is in
excess of its supply.

These facts underscore the importance of agriculture
not only to this nation but to other nations of the
world. The need for continued agricultural research in
order to increase the yield of food available is of
major importance for the future. Agricultural chemicals,
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4 Clinical Toxicology of Agricultural Chemicals

including pest and weed control types, as well as other
related chemicals, play an important role in maintaining
the strength of this part of our economy. There is no
question that many of these chemicals have a significant
level of toxicity, particularly when applied or used in-
correctly or inappropriately. Everyone is, therefore,
aware of the necessity of balancing the need for chemi-
cals against the possible long-term detrimental effects
to our environment. The magnitude of assessing toxicity
of all chemicals is a continuing and impossible job. If
one recognizes that all chemicals are toxic given in in-
appropriate dose, route, and so on, then when one consid-
ers that there are now over four million known chemicals
with the number growing at approximately six thousand per
week and that there are now approximately 63 thousand
chemicals which are in common use, one can appreciate the
magnitude of the problem.

Recognizing that environmental factors probably play a
major role in the state of human health, the continued
surveillance and investigation into the relationship of
chemicals to health remains a major priority. A princi-
pal controversy with many agricultural chemicals has
been with respect to their long-term accumulation in the
environment, such as with DDT, and their potential as
possible agents to cause delayed health effects such as
birth defects, cancer, or genetic changes of future gen-
erations. We should recognize, however, that during the
past 25 years, certain diseases have decreased consider-
ably in spite of, or perhaps because of, the introduction
of chemicals into our environment. For example, during
the past 25 years, heart disease, our major killer, has
decreased by more than 247%; stroke has dropped 32.5%;
deaths due to hardening of the arteries have decreased
53%. Other improvements could be cited. The above stat-
istics are not meant to minimize the importance of chemi-
cally related health problems but simply cited to note
that a number of health parameters in addition to life
expectancy are continuing at this time to improve. Fur-
thermore, many problems of health could be significantly
decreased if the public took on more of its own share of
responsibility in attempting to reduce actual self-in-
flicted diseases such as those associated with cigarette
smoking, alcohol, and other drugs.

Part I of this book is intended to provide readers
with information about the extensive and wide use of
agricultural chemicals and to discuss some of the major
environmental issues which have arisen as the result of



