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FOREWORD

It gives me great pleasure to once again have the opportunity to introduce the Encyclopedia of Toxi-
cology to its users. The second edition is a worthy successor to the first, expanded and refined, which will serve
the toxicology community well. Particularly in these days when specialization tends to narrow the individual
focus, it brings a real understanding of the entire scope and function of the science of toxicology.

The changes evident at the publication of the first edition have continued at an accelerated pace. At that
time it was clear that toxicology, over a period of four or five decades, had changed from a largely descriptive
science based on in vivo toxicity to one that included all aspects of modern biology and chemistry, from
molecular biology to sophisticated instrumental analysis. The philosophical basis had shifted from routine
risk analysis based primarily on pathological or in vivo toxicological endpoints to one that emphasized
mechanisms of toxic action at the organ, cellulas, and molecular levels. All of this brought about an explosion
in the toxicological literature.

Since then, the techniques of molecular biology have played an increasing role in the elucidation of toxic
mechanisms, in the study of xenobiotic metabolism, in the development of safer and more useful drugs and
other chemicals, and in the development of biomarkers of exposure and effect, to mention only a few of the
more important aspects impacted by these techniques. Analytical chemistry has continued to develop to the
point that vanishing small quantities of xenobiotics can be detected, quantities so small that their toxicological
impact is likely to remain unknown for the immediate future. While the application of all of this new science to
risk assessment remains problematical, since the latter is still largely based on mathematical models rather than
toxicological science, progress in both human health risk assessment and environmental risk assessment is also
evident.

What has not changed, however, is the need for the toxicological literature to serve many masters. Given the
eclectic nature both of the methodological roots and the practical needs served by toxicology, general works
are needed more than ever. Works such as the Encyclopedia of Toxicology play a critical role at an important
intermediate level, more detailed than dictionaries while remaining accessible to the generalist in risk
assessment, regulation, teaching, and consultation as well as specialists seeking information beyond the narrow
confines of their specialty. It will also serve as an important role for nontoxicologists who need to know more
of the philosophy, methods, and uses of this science.

In summary, this is an important and outstanding contribution that no serious toxicologist or library serving
toxicologists can afford to be without.

Ernest Hodgson

William Neal Reynolds Professor
Environmental and Molecular Toxicology
North Carolina State University




PREFACE

Time passes, but the need for toxicological understanding persists. As much as we might wish for the end of
poverty, ignorance, hunger, and exposure to hazardous chemicals, and as much as we work toward these goals,
the challenges are formidable, and the end is not in sight. Chemicals and finished products made from
chemicals continue to play an ever-present part in our lives. Although it is not evident that the benefits of
chemicals always outweigh their risks, there is little doubt that a wide spectrum of chemicals and drugs has
enhanced both the duration and quality of our lives. That said, certain of them, in certain situations, are clearly
harmful to certain people. Among the fruits of toxicologists’ labors is information on how best to eliminate,
reduce, or prevent such harm.

The discipline of toxicology has made considerable strides in the 7 years since the first edition of this
encyclopedia was published. The understanding of molecular toxicology continues to advance rapidly. Indeed,
it is often much easier to generate the data than to find the time to adequately evaluate it. Genomic, proteomic,
and other ‘omic’ technologies are helping us unravel the complex connection between exposure to
environmental chemicals and susceptibility to disease. The US National Center for Toxicogenomics, dedicated
to research on informatics and computational toxicology, was established in 2000. As a result of this and other
research, much more sophisticated approaches are now available for ascertaining chemical safety, and
investigating structure—activity relationships. In addition, analytical instrumentation has become more highly
refined and sensitive, making it easier to detect and quantitate even smaller amounts of contaminants in
biological systems and the environment.

With greater consumer (especially Western) acceptance of complementary and alternative medicine, more
people than ever before are being exposed to a vast array of herbal and other plant-based medicinal products.
Although toxicologists have always recognized that ‘natural’ does not necessarily equate with ‘safe’, not much
has been done to assess the hazards of herbal supplements and their interactions with other chemicals. This is
beginning to change.

Chemical, biological, and nuclear warfare have always been subjects of interest, sometimes as practical
matters, and more often as academic ones. In the light of the events of September 11, 2001, there has been an
increased urgency in learning more about nonconventional warfare and its agents, how they operate, and how
to protect ourselves from their effects. Toxicology has found itself broadening its scope to deal with this
resurgent type of weaponry.

The scope of what constitutes hazards waste, an ever-present downside of the benefits we derive from the
-manufacture, processing, and use of chemicals and their products, continues to expand as technology moves
forward. In the US two million tons of electronic products, including 50 million computers and 130 million
cellphones, are disposed of every year. According to the International Association of Electronic Recylers, this
number will more than triple by 2010. With such quantities in landfills and rivers, there are bound to be
consequences for our air and water. Potential toxicants include lead, cadmium, and beryllium.

Alternatives to animal studies no longer represent a toxicological sideline. While whole animal testing is
unlikely to disappear soon, if ever, other methods of determining hazard and safety are increasingly being
embraced by the toxicology community and becoming part of mainstream chemical evaluations. I vitro
approaches (e.g., using cell culture or skin irritation potential) and iz silico approaches (i.e., using computer
programs to estimate toxic properties based on existing data for similar chemicals with or without supplemental
chemical and physical property data) are both generating increasing amounts of toxicity information.

The marketplace is seeing an increase in products utilizing nanotechnologies, and nanotechnology research
and development is on the upswing. The United States has had an official National Nanotechnology Initiative
since 2001. A start has also been made by federal agencies and universities in assessing the environmental and
health effects of nanomaterials.

Greater insight into chemical exposures, both actual and anticipated, is helping to develop a more focused
picture of the risks these exposures present to humans and the environment. Growing cooperation between
toxicologists and exposure assessors is proving vital to strengthening the scientific basis of risk assessment, thus
giving risk assessors and managers more credible tools to address the control of chemical hazards.
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At the global level, there have been important strides in the control and management of chemicals. The 10-
year followup to the Rio Earth Summit, the World Summit on Sustainable Development, was held in 2002 in
Johannesburg, South Africa. Among the targets it set was to use and produce chemicals by 2020 in ways that
do not lead to significant adverse effects on human health and the environment.

The Stockholm Convention to protect human health and the environment from persistent organic pollutants
(POPs) became binding on May 17, 2004. POPs tend to be toxic, persistent, accumulative, and capable of
traveling long distances in the environment. This Convention seeks to eliminate or restrict the production and
use of such chemicals. The Kyoto Protocol, designed to decrease greenhouse gas emissions, has now become an
international law, despite the resistance of several countries.

The United States hosts a vibrant and growing community of toxicology professionals who perform
innovative toxicological research, and scientists in other countries are making their presence felt equally.
Global information sharing and collaborations among these investigators are growing, facilitated by the
increased accessibility of the Internet and its enhanced technologies. Significant work is proceeding under the
auspices of multinational bodies such as Organisation for Economic Co-operation and Development, the
European Commission, and the International Program on Chemical Safety.

Efforts to harmonize and link data and information on toxic chemicals throughout the world have been
multiplying, The Globally Harmonized System (GHS) of classification and labeling of chemicals has been
adopted and is ready for implementation. This will provide a consistent and coherent approach to identifying
hazardous chemicals, as well as provide information on such hazards and protective measures to exposed
populations. Meanwhile in the European Union, a regulatory framework known as REACH (Registration,
Evaluation and Authorization of Chemicals) has been proposed for the registration of chemical substances
manufactured or imported in quantities greater than one ton per year.

Last, but not least, the role that poisons played in personal and political intrigues and vendettas, although it
may have peaked with Borgias, by no means ended there. A case in point was the 2004 presidential elections in
Ukraine. After a bitterly contested battle for the presidency of Ukraine, Viktor Yushchenko emerged victorious
and was inaugurated in January 2005, a happy day for democracy, but with a toxic twist. Yushchenko,
according to physicians, suffered severe facial disfigurement (chloracne) and other ailments by being poisoned
with large dose of dioxins, allegedly mixed in some soup he consumed. Fortunately he is recovering gradually.
Although the full story has not yet emerged, political motivations are suspected.

This second edition has grown from 749 entries submitted by 200 anthors to 1057 entries contributed by 392
authors. Virtually all the entries from the first edition have been updated and in some cases entirely new versions
of these entries have been written. Among the 308 topics appearing for the first time in this edition are avian
ecotoxicology, benchmark dose, biocides, computational toxicology, cancer potency factors, metabonomics,
chemical accidents, Monte Carlo analysis, nonlethal chemical weapons, invertebrate ecotoxicology, drugs of
abuse, cancer chemotherapeutic agents, and consumer products. Many entries devoted to specific chemicals are
also brand new to this edition and the international scope of organizations included has been broadened. Entries
describing a number of well-known toxin-related incidents, e.g., Love Canal, Times Beach, Chernobyl, and
Three-Mile Island, have been added. In addition to the scientific-based entries, others focus on the societal
implications of toxicological knowledge. Among them are Toxicology in Culture, Environmental Crimes,
Notorious Poisoners and Poisoning Cases Chemical and Biological Warfare in Ancient Times, and a History of
the US Environmental Movement. Thus, this new edition has been expanded in length, breadth, and depth and
provides an extensive overview of the many facets of toxicology.

Philip Wexler



PREFACE TO THE FIRST EDITION

There are many fine general and specialized monographs on toxicology, most of which are addressed to
toxicologists and students in the field and a few to laypeople. This encyclopedia of toxicology does not
presume to replace any of them but rather is intended to fulfill the toxicology information needs of new
audiences by taking a different organizational approach and assuming a middle ground in the level of
presentation by borrowing elements of both primer and treatise.

The encyclopedia is broad-ranging in scope, although it does not aspire to be exhaustive. The idea was to
look at basic, critical, and controversial elements in toxicology, which are those elements that are essential to
an understanding of the subject’s scientific underpinnings and societal ramifications. As such, the encyclopedia
had to cover not only key concepts, such as dose response, mechanism of action, testing procedures, endpoint
responses, and target sites, but also individual chemicals and classes of chemicals. Despite the strong chemical
emphasis of the book, we had to look at concepts such as radiation and noise, and beyond the emphasis on
the science of toxicology, we had to look at history, laws, regulation, education, organizations, and databases.
The encyclopedia also needed to consider environmental and ecological toxicology to somewhat counter-
balance the acknowledged emphasis on laboratory animals and humans because, in the end, all our
connections run deep.

In terms of the chemicals, we the editors of this book made a personal selection based on our own
knowledge of those with relatively high toxicity, exposure, production, controversy, newsworthiness, or other
interest. The chemicals do not represent a merger of regulatory lists or databases of chemicals; they are what
we consider to be, for one reason or another, chemicals of concern to toxicology. The book was not intended as
a large-scale compendium of toxic chemicals, several of which already exist.

In the tradition of many standard encyclopedias, scientific and otherwise, the encyclopedia is organized
entirely alphabetically. Other than in a few useful but smaller scale dictionaries, this style of arrangement has
not been done before for toxicology. This organization, along with a detailed index and extensive cross-
references, should help the reader quickly arrive at the needed information.

Next, although this book should be of use to the practicing toxicologist, it is geared more to others who, in
the course of their work, study, or for general interest, need to know about toxicology. This would include the
scientific community in general, physicians, legal and regulatory professionals, and laypeople with some
scientific background. Toxicologists needing to brush up on or get a quick review of a subject other than their
own specialty would also benefit from it, but toxicologists seeking an in-depth treatment should instead
consult a specialized monograph or journal literature.

The encyclopedia is meant to give relatively succinct overviews of sometimes very complex subjects. Formal
references and footnotes were dispensed with because these seemed less relevant to the encyclopedia’s goals than
a simple list of recommended readings designed to lead the reader to more detailed information on a particular
subject entry. The entry on Information Resources leads readers to print and electronic sources of information in
toxicology.

First and foremost, thanks go to the Associate Editors and contributors, whose efforts are here in print. Yale
Altman and Linda Marshall, earlier Acquisitions Editors for the books, were of great assistance in getting the
project off the ground. Tari Paschall, the current Acquisitions Editor, and Monique Larson, Senior Production
Editor, both of Academic Press, have with great expertise and efficiency brought it to fruition. Organization
and formatting of the original entry manuscripts were handled with skill, patience, and poise by Mary Hall
with the help of Christen Bosh and Jennifer Brewster.

My work on the Encyclopedia of Toxicology was undertaken as a private citizen, not as a government
employee. The views expressed are strictly my own. No official support or endorsement by the US National
Library of Medicine or any other agency of the US Federal Government was provided or should be inferred.

Philip Wexler




