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Concerning the oft forgotten wherefore of toxicology

And even in our times it is said, venomous animals
poison the water after the setting of the sun, so that the
good animals cannot drink of it, but in the morning after
the sunrise, comes the unicorn and dips his horn into the
stream driving away the poison from it . . . this I have
seen for myself.

—John of Hesse

Concerning the difficulty of coherently structuring information

One day the devil and a friend were taking a stroll when
they saw a man bend down and pick up something from
the ground. He looked at it carefully and put it away in
his pocket. The friend asked the devil, “What did that
man pick up?” “He picked up a piece of the Truth,”
answered the devil. “That is unfortunate for you,” said
his friend. “On the contrary,” the devil replied, “I am
going to let him organize it.”

—paraphrased from a talk given by Krishnamurti
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Foreword

Since the early 1960s, toxicology has evolved from a
stepchild of pharmacology to a full-fledged and robust
scientific discipline. Not only has its scientific basis
been strengthened, but there have been dramatic in-
creases in the numbers of toxicologists, research cen-
ters, laws and regulations, and books and other publi-
cations and in funding. Toxicology has matured from a
science once largely descriptive to one mechanistically
grounded. Society, too, has been transformed and, buf-
feted by technological innovation and controversy,
seeks ways to adjust. Toxicology’s roles related to hu-
man health and the environment are having a greater
impact on society than ever before.

Amid all this change, we who practice toxicology
and the many who depend on our studies are con-
stantly challenged with the need to find answers, data,
information. The current perception that the Internet
provides universal and complete access to information
is nowhere as fallacious as in toxicology. So much more
information is available—but where? How do we sift

xvii

out the good from the bad, the relevant from the irrel-
evant?

A solution has come in the form of a completely
revised and updated edition of Information Resources
in Toxicology. While devoting considerable attention to
itemizing and reviewing a core selection of the latest
resources available through the Internet, this book
serves as a broader, powerful tool for those seeking
a wider representation of information. From books,
newsletters, and journals to organizations and regula-
tions, separate chapters prepared by experts in toxicol-
ogy and information science address the full spectrum
of available information systems.

The earlier editions of this work were valuable. This
new edition is invaluable.

Shayne Cox Gad, Ph.D., DABT
Principal

Gad Consulting Services
Raleigh, North Carolina
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Preface to the Third Edition

The goal of this revised third edition is to provide
an up-to-date selective guide to sources of information
in all aspects of toxicology and ancillary fields, such
as environmental and occupational health and risk
analysis. The core of this reference work is an extensive
annotated bibliography of books categorized by sub-
ject. This is joined by listings of journals, organizations,
audiovisuals, popular works, and many other areas.
Perhaps the most obvious change in access to toxicol-
ogy information in the 10 years since the second edi-
tion has been the growth of electronic sources of infor-
mation and digital technologies to access it, sparked
by the pervasiveness of personal computers in office
and home and the still burgeoning Internet. It is, in
fact, ironic that despite this phenomenal transition in
scientific information-seeking behavior, we nonetheless
have a need for and joy in old-fashioned information-
rich paper products, such as books. That said, I
continue to harbor the hope that this book will one
day be joined, but not replaced, by an electronic
version.

The scope of toxicology has widened and its areas
of focus have shifted significantly in the last decade.
Whereas the subject breakdown of books is similar
to that in the second edition, there are an increasing
number devoted to biochemical, cellular, molecular,
and genetic aspects and more of an emphasis on both
mechanisms of action and risk assessment. There will
always be a chemical or topic of the hour, be it Agent
Orange or endocrine disruptors, to which it may seem
a disproportionate amount of attention is paid. We
have tried to include resources covering such subjects
if their significance is likely to endure.

It has become considerably more difficult to know
how to categorize items. There used to be a common
understanding of what the words ““book,” “journal,”
or “newsletter” meant, but with these formats and

xix

others, as understood traditionally, being replaced or
complemented by electronic versions, we in the infor-
mation fields find ourselves groping for the right word
to describe a resource. A database used to be a collec-
tion of information accessed directly over standard
phone lines. It still may be, although we now have the
much more multifaceted and versatile World Wide
Web and Internet. Databases can be PC-resident, net-
worked, on CD-ROMs, packaged with software that
““does”” something with or to the data and allows new
data tobeimported (e.g., modeling, structure—activity),
etc. Words such as “book,” “journal,” or “‘newsletter,”
though not likely to vanish any time soon, will proba-
bly become much more nuanced and ambiguous, re-
quiring clarification, perhaps, about whether one is
talking about content in hard-copy print or digital
form. We have thus, for want of good substitutes, used
many of the same format types from earlier editions.
There are many more cross-references, though, to
Web sites.

Each chapter retained from the second edition, some
renamed, has been considerably enlarged, and a num-
ber of new chapters have been added. The new chap-
ters cover publishers, grants and other funding oppor-
tunities, assessment of physical hazards, patent
literature, technical reports, an overview of interna-
tional activities, and the IUPAC glossary. Also contrib-
uted were new chapters describing toxicological activi-
ties in Russia and Paraguay. The addition of three
Associate Editors, each well versed in the intersection
of toxicology and information, has energized and
brought a fresh perspective to the text.

Many thanks to Tari Paschall, Destiny Irons, Kay
Sasser, and Joanna Dinsmore of Academic Press. Their
combined editorial and production skills have trans-
formed a loose jumble of chapters into a coherent and
logical whole.



XX Preface to the Third Edition

Disclaimer

I wrote this book in my capacity as a private citizen,
not as a government employee. The views expressed
are strictly my own. No official support or endorse-
ment by the U.S. National Library of Medicine or any

other agency of the U.S. Federal Government was pro-

vided or should be inferred.

Philip Wexler



Preface to the Second Edition

Since the first edition of this book five years ago,
the field of toxicology has continued to grow unabated.
This younger sibling of the more established sciences is
crossing more and more disciplinary boundaries while
gradually refining its scientific basis. Much fundamen-
tal research is still necessary. The excitement of toxicol-
ogy is based, in large measure, on the difficulty of
making predictions about the response of biological
systems to exogenous agents. Its challenge is to balance
technological and product innovation with the guaran-
tee for a reasonably safe and healthy environment.

This book considers toxicology primarily from the
perspective of the harmful effects of chemicals on bio-
logical systems. ““Harmful,”” of course, is a highly prob-
lematic word. “Harmful” may be on a clinical, patho-
logical, or biochemical level. It may change over time
in relation to advances in analytical instrumentation.
The Congress, regulatory agencies at all levels of gov-
ernment, the courts, and the public all have their own
ideas about what such words as “harmful,” ““hazard-
ous poisonous,” “toxic,” and “adverse” mean. I
will leave debate over these fine distinctions to others
and consider all the terms as roughly synonymous for
the purposes of this book.

Nonchemical concerns of toxicology relate to the
effects of certain physical agents (e.g., radiation) and
complex biotoxins (e.g., snake venoms, aflatoxins) on
biological systems. Chemical, physical, and biological
agents may act not only upon living organisms but
upon atmospheric, terrestrial, and aquatic environ-
ments. Certain subjects are just beginning to gain a
foothold in the realm of the toxicological sciences. Bio-
technology, an explosively fertile field in its own right,
meets toxicology when studies of the adverse effects
of genetically engineered microorganisms are consid-
ered. The animal rights movement has made its pres-
ence strongly felt, and therefore alternatives to animal

1y s
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testing must be seriously examined by responsible toxi-
cologists. The sophistication of new computer systems
is allowing studies in such areas as structure-activity
relationships. Indeed, computers in general are aiding
experiments in direct measurement and analysis, as
well as data capture, manipulation, and retrieval.

Areas of toxicology that this book has not stressed
are management of hazardous wastes, aspects of pollu-
tion control, and engineering/equipment consider-
ations. Abuse of drugs, alcohol, and tobacco, while
also within the broad scope of toxicology, have gener-
ally not been treated here.

This book of “information resources” is addressed
to anyone who has a need to know where to look
for toxicology information. A library cataloger may
describe it as an annotated bibliography and directory.
I prefer to think of it as a sourcebook, a kind of “Whole
Toxicology Catalog.” The current edition is an ex-
panded and updated version of the first. The scope
has been widened as indicated above, and there has
been a finer subdivision of categories within toxicol-
ogy. This remains a selective list with no attempt made
to cover exhaustively all available materials. A selec-
tive list always assumes a certain presumptuousness
on the author’s part in judging some books more de-
serving than others. I have further risked charges of
audacity by highlighting the books that I deem espe-
cially noteworthy with an asterisk (*). I have no con-
crete criteria for these judgments other than my per-
sonal opinion in examining the texts. Nonasterisked
books may be just as, or more, valuable for certain
applications and no slight is intended toward any of
the authors. All quoted passages within annotations
are taken from the item cited or from promotional
literature. Book prefaces and the “Information for Au-
thors” section of periodicals were typical sources for
such quotations. This edition includes many new books
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and new editions of older works. Thus, there has been
a considerable increase in scope, size, and currency.

The other major change is the international coverage
of the current edition. The inclusion of countries out-
side the English-speaking world was necessary to
make this a thorough compendium. Unfortunately, I
was unable to obtain contributions from all of the coun-
tries I would have liked to include, and I regret these
omissions. Contributed chapters on the history of toxi-
cology and on regulatory information were supplied.
Also included are a variety of supplemental lists and
directories, such as the directory of mutagenicity test-
ing laboratories in the United States.

The organization of the book, an issue I struggled
with in the first edition, continued to plague me here.
The widely disparate nature of the form of material
(book, series, monographic series, handbook, book in
parts, etc.) and the interdisciplinary nature of the field
itself have made it difficult to impose a wholly coherent
and justifiable order on the work. It has not been easy
to reconcile the following two seemingly contradictory
facts: (a) organization of a combined directory /bibliog-
raphy is critical in providing efficient access to the
information contained therein; and (b) there is no per-
fect way to organize such a book. In the end, I hope
the organization selected, along with the indexes and
cross-references, will prove at least reasonable and con-
venient to use. The very best way to access information
in a book of this nature is to create an online searchable
computer version which should definitely be consid-
ered if future editions are contemplated. The other
frustration an online version would eliminate is the
difficulty of keeping up with new and changing infor-
mation. As the manuscript for this book leaves my

hands and makes it way to publication, over months,
new toxicology resources will come to light.

I am indebted to many individuals for their assis-
tance with this book. Certainly a sourcebook of this
magnitude would not have been possible without all
the fine contributions by my U.S. and international
colleagues. Dr. Jose Alberto Castro, of Argentina, was
particularly helpful in directing me to other interna-
tional contributors and sharing with me his keen in-
sight into toxicological information in developing
countries. I would like to extend special thanks to Drs.
Henry Kissman and George Cosmides for their many
helpful suggestions and to Mr. Bruno Vasta for his
encouragement of this project. I am equally grateful
to Mrs. Aurora K. Reich for her continued interest
and guidance. The valuable advice and good spirits of
Elsevier’s Yale Altman cannot be underestimated as
important factors in the successful completion of this
book. Christine Hastings, the book’s Desk Editor, mi-
raculously transformed the dishabille of my manu-
script into an elegantly tailored book. Finally, I am
thankful to my friends, parents, Yetty and Will, and
my wife, Susan, for more than I can express.

Disclaimer

I wrote this book in my capacity as a private citizen,
not a government employee. The views expressed are
strictly my own. No official support or endorsement
by the U.S. National Library of Medicine or any other
agency of the U.S. Federal Government was provided
or should be inferred.

Philip Wexler
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Although literature in toxicology is proliferating at
a phenomenal rate, and access to this literature by
use of computer data bases and other tools is fairly
adequate, there has as yet been no succinct guide di-
recting devotees of toxicology to the major sources of
information in the field. This guide is an attempt to
fill this void. It is a selective and annotated list of
information resources. I have tried to select material
that is or has the potential of being widely and fre-
quently used and is exceptional in its content and pre-
sentation. In addition, I have included material that
may not necessarily be of reference use but that is
representative of a subject or format. Both relatively
broad areas of toxicology and more specific fields of
interest have been covered.

Toxicology deals with chemical, physical, and bio-
logical (i.e., plant and animal toxins) hazards to man.
Chemicals have unavoidably been emphasized. The
large number of potentially dangerous commercial
chemicals and the large populations exposed to them
has resulted in a focus of attention on chemical hazards
in research, regulations, and press coverage. I have
tried to balance this emphasis by including substantial
resources on physical and biological hazards.

For the purposes of this guide, the following areas
are within the scope of toxicology: industrial and
household chemicals and substances, food, drugs, cos-
metics, gases, radiation and radioactive substances,
sound, heat light, laser, microwave, metals, minerals,
trace elements, biotoxins (mushrooms, plants, insect
stings, snake and marine life venoms), environmental
pollutants, pesticides, industrial hygiene and occupa-
tional medicine, analytical techniques, chemical and
forensic toxicology, epidemiology, contamination of
water and air, carcinogenesis, mutagenesis, teratogen-
esis and reproductive toxicology, behavioral toxicol-
ogy, toxicity testing, legislation, regulations, and soci-
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etal issues, veterinary toxicology, and target systems
toxicology. The concentration is that of health effects.
Therefore, topics such as management and storage of
wastes and waste disposal; engineering, equipment,
and monitoring aspects; mechanical aspects of pollu-
tion, and ecology and environmental impact where
man is not considered a key component of the bio-
sphere are peripheral to the scope of this guide. In
addition, the following topics have not been empha-
sized: alcohol and tobacco, drug abuse, allergy and
hypersensitivity, and mechanical and traffic hazards.

The materials chosen are in English and the organi-
zations are primarily within the United States. One
chapter provides a glimpse into international activities.

The chapter divisions devised for this guide are
somewhat arbitrary, although not indiscriminate.
Some of the materials in both the periodicals and books
sections, for instance, could have been merged into a
chapter on handbooks (e.g., RTECS, TOSCA Inventory,
etc.). Then, the associated problem of how to categorize
items that were partially handbooks of data and par-
tially expository prose, would have arisen. Directories,
on the other hand, for which there is a separate chapter,
could have been dispersed among the serials and
books. After much thought, I have settled on the orga-
nization that follows.

The guide has been organized in a manner that
should be most convenient for scanning as well as for
accessing a particular item or class of items. The overall
organization, along with the indexes, should provide
sufficient access. I have avoided creating too many
categories and chapters as this tends to confound mat-
ters and create an extremely disjointed product in a
field where there is great overlap in subdisciplines.

There was a great temptation to make this guide
much larger than it is, since there is no shortage of
material. This, however, would have become unwieldy
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and defeated the purpose of providing a core list of
the most necessary and useful information.

All quoted passages within the annotations are
taken from the item cited—for serials this information
usually appears as scope notes or information for au-
thors; for books, the quoted sections have usually been
extracted from the preface.

This guide was compiled with the assistance of
many individuals and organizations. Holdings lists
of libraries, individual specialists’ recommendations,
reading lists for classes in toxicology, compilations
of materials used in the creation of data bases, and
library card catalogs were all consulted. The outstand-
ing facilities of the National Library of Medicine, the
Library of Congress, the National Institutes of Health
Library, as well as those of other Washington area
libraries, were utilized to examine virtually all of
the items.

Special thanks are owed to the following individ-
uals who provided valuable guidance and support
throughout this project: Arthur Wykes, Mel Spann,
Aurora K. Reich, Pat O’Brien, and Sally Moulton.

Since a guide such as this quickly becomes outdated
it is essential that revised editions be published period-
ically. Comments and suggestions from readers re-
garding the content and organization of the guide as
it exists, items omitted, those that seem unnecessary,
or alternate ways of presenting the material would be
greatly appreciated, as they will result in future edi-
tions of even greater value to the toxicologist.

The views expressed in this book are the personal
opinions of the author and should not be taken to
represent the views of any organization with which
he is or has been associated.

Philip Wexler



A N NEZX

Some Toxicological Abbreviations Used in

ADI
ALARA(P)

ATP
BAL
BATNEEC

BPEO

bw
DN,
EC

EC,

EDI
ED,

EEC
EED
EEL
EMDI
EQO
EQS
ERL
ETS
GAP
GLP
GMP
HQ

This Book

Acceptable daily intake
As low as reasonably achievable
(practicable)
In the United Kingdom, regulations
relating to worker exposure.
In the United States, the goal of risk

management (USNRC regulations).

Adenosine triphosphate

British anti-Lewisite

Best available technology not entailing
excessive cost

Best practicable environmental option
(United Kingdom)

Body weight

See ND,,

Enzyme classification number or
effective concentration

Median effective concentration to 7%
of a population

Estimated daily intake

Median effective dose to n% of a
population

Estimated exposure concentration

Estimated exposure dose

Environmental exposure level

Estimated maximum daily intake

Environmental quality objective

Environmental quality standard

Extraneous residue limit

Environmental tobacco smoke

Good agricultural practice

Good laboratory practice

Good manufacturing practice

Hazard quotient

HSG
IC
IDLHC

im
inhl
ip
IPD
I-TEF

iv
Koc
Kow
LC,

LD,

LEL
LOEL
LOAEL
LT,

LV
MAC
MCL

MCLG

MEL
MF
MOE
MRL
mRNA

Health and Safety Guide (IPCS)

Inhibitory concentration

Immediately dangerous to life or
health concentration

Intramuscular

By inhalation

Intraperitoneal

Individual protective devices

International toxicity equivalency
factor

Intravenous

Organic carbon partition coefficient

Octanol-water partition coefficient

Median concentration lethal to 1% of a
test population

Median dose lethal to n% of a test
population

Lowest effect level, same as LOEL

Lowest-observed-effect-level

Lowest-observed-adverse-effect-level

Median time for death of n% of a test
population

Limit value

Maximum allowable concentration

Maximum contaminant level (United
States: Safe Drinking Water Act)

Maximum contaminant level goal
(United States: Safe Drinking Water
Act)

Maximum exposure limit

Modifying factor

Margin of exposure

Maximum residue limit

Messenger ribonucleic acid
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MSDS
MTC
MTD

MTEL
NADP(H)

ND,

NEL
NOAEL
NOEL
OEL
OES
pc
PEL
PMR
po
Pow
PPD
PPE
PTWI
QSAR

RD

Some Toxicological Abbreviations Used in This Book

Material safety data sheet
Maximum tolerable concentration
Maximum tolerable dose; maximum
tolerated dose
Maximum tolerable exposure level
Nicotinamide adenine dinucleotide
phosphate (reduced)
Median dose narcotic to n% of a
population
No effect level, same as NOEL
No-observed-adverse-effect-level
No-observed-effect-level
Occupational exposure limit
Occupational exposure standard
Per cutim (Latin) = through the skin
Permissible exposure limit
Proportionate mortality rate, ratio
Per os (Latin) = by mouth
Octanol-water partition coefficient
Personal protective device
Personal protective equipment
Provisional tolerable weekly intake
Quantitative structure—activity
relationship
Rate difference

RfC
RfD
RME

RNA
RR
SAR
SC

SCE
SMR
SNARL
STEL
ti
TCDD
TDI
TEF
TEQ
TL,
TLV
TMDI
TSEL
TWA
TWAC
TWAE
UF

Reference concentration

Reference dose

Reasonable maximum exposure
(USEPA)

Ribonucleic acid

Rate ratio

Structure-activity relationship

Subcutaneous

Sister chromatid exchange

Standard mortality ratio

Suggested-no-adverse-response-level

Short-term exposure limit

Half-life

2,3,7,8-Tetrachlorodibenzo-p-dioxin

Tolerable daily intake

Toxicity equivalency factor

Toxicity equivalent

See LT,

Threshold limit value

Theoretical maximum daily intake

Tentative safe exposure level

Time-weighted average

Time-weighted average concentration

Time-weighted average exposure

Uncertainty factor



ACGIH

ACTS

ASHRAE

BCR

BIBRA

CCFA
CCOHS

CCPR
CDC
CEC
CERCLA
CFR
CHIP
CcoC
COM

COPR

COSHH
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Abbreviations of Some National and
International Organizations and
Miscellaneous Terms

American Conference of Governmental
Industrial Hygienists

HSE Advisory Committee on Toxic
Substances (United Kingdom)

American Society of Heating,
Refrigerating, and Air-Conditioning
Engineers (United States)

Bureau Communautaire de Référence
(Bruxelles)

British Industrial Biological Research
Association

Codex Committee on Food Additives

Canadian Centre for Occupational
Health and Safety

Codex Committee on Pesticide Residues

Cancer Detection Centre

Commission of the European
Communities

Comprehensive Environmental
Response, Compensation, and Liability
(United States)

Code of Federal Regulations

Classification, Hazard Information and
Packaging (United Kingdom)

Committee on Carcinogenicity (United
Kingdom)

Committee on Mutagenicity (United
Kingdom)

Control of Pesticides Regulations
(United Kingdom)

Control of Substances Hazardous to
Health (United Kingdom)

XXVii

COT

CPL
CRISP

CSM
DART
DEA
DOD

EC
ECETOC
EEC

EIA
EINECS

EIS
EPA

FAC

FAO
FDA

FEMA

FONSI

Committee on Toxicity (United
Kingdom)

Classification, Packaging and Labeling

Computer Retrieval of Information on
Scientific Projects

Committee on Safety of Medicines
(United Kingdom)

Developmental and Reproductive
Toxicology

Drug Enforcement Agency

Department of Defense

European Community, European
Commission

European Chemical Industry Ecology
and Toxicology Centre

European Economic Community

Environmental Impact Assessment

European Inventory of Existing
Chemical Substances

Environmental Impact Statement

Environmental Protection Agency
(United States); same as USEPA

MAFF Foods Advisory Committee
(United Kingdom)

Food and Agricultural Organization

Food and Drug Administration (United
States)

Federal Emergency Management
Agency; also, Flavour and Extract
Manufacturers Association

Finding of No Significant Impact (United
States)
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FSC
GEMS

HSC
HSE

TAEA
IARC

ICRP

ICSU
IFCC

ILO
IPCS

IRIS
IRPTC
ISO
IUPAC

TUTOX
JECFA

JMPR
MAFF
MARC
NBS

NEHA

Abbreviations of Some National and International Organizations and Miscellaneous Terms

Food Safety Council, Washington, DC

Global Environmental Monitoring
System

Health and Safety Commission (United
Kingdom)

Health and Safety Executive (United
Kingdom)

International Atomic Energy Agency

International Agency for Research on
Cancer

International Commission on
Radiological Protection

International Council of Scientific Unions

International Federation of Clinical
Chemists

International Labour Office

International Programme on Chemical
Safety

Integrated Risk Information System
(United Kingdom)

International Register of Potentially
Toxic Chemicals

International Organization for
Standardization

International Union of Pure and Applied
Chemistry

International Union for Toxicology

Joint FAO/WHO Expert Committee on
Food Additives

Joint FAO/WHO Meeting on Pesticide
Residues

Ministry of Agriculture, Fisheries and
Food (United Kingdom)

Monitoring and Risk Assessment Centre
(United Kingdom)

National Bureau of Standards (United
States); now NIST

National Environmental Health
Association

NIH

NIOSH

NIST

NRC

NTIS
OECD

OMS

OSHA

PSPS

RSC

RCRA

SCOPE

SIS
TEHIP

TIR
TIRC
TRI
UNEP

USEPA

USNRC
WHO

National Institutes of Health (United
States)

National Institute of Occupational
Safety & Health (United States)

National Institute of Standards and
Technology (United States); formerly
NBS

National Research Council (United
States)

National Technical Information Service

Organization for Economic Cooperation
and Development

Organisation Mondiale de la Santé; same
as WHO

Occupational Safety and Health
Administration (United States and/or
United Kingdom)

Pesticides Safety Precautions Scheme
(United Kingdom)

The Royal Society of Chemistry (United
Kingdom)

Resource Concentration and Recovery
Act (United States)

Scientific Committee on Problems of the
Environment (ICSU)

Specialized Information Services

Toxicology and Environmental Health
Information Program

Toxicology Information Roundtable

Toxicology Information Resource Center

Toxic Chemical Release Inventory

United Nations Environment
Programme

United States Environmental Protection
Agency; same as EPA

U.S. National Research Council

World Health Organization; same as
OMS



CHAPTER

History

KATHERINE D. WATSON, PHILIP WEXLER, AND JANET M. EVERITT

A Il substances are poisons; there is none which is not a
poison. The right dose differentiates a poison and a remedy.

(Paracelsus)

HIGHLIGHTS IN THE HISTORY
OF TOXICOLOGY

KATHERINE D. WATSON

The science dealing with the harmful effects of
chemical agents on biological systems is called toxicol-
ogy, from the Greek word foxikon, a bow (to shoot
poisoned arrows) or a poison in which to dip arrow-
heads [1]. A poison, for which it has long been surpris-
ingly difficult to give an exact definition [2,3], may
generally be taken to be a substance that is capable of
destroying life or causing illness when introduced into,
or absorbed by, a living system in small quantities.
Toxicology is often considered to be a modern science
as, since 1900, it has undergone continuous expansion
and development by assimilating knowledge and tech-
niques from most branches of the physical and biologi-
cal sciences [4]. Its origins, however, lie in the earliest
history of poisons and poisoning. Historically, at-
tempts to both kill and cure with chemically active
preparations (poisons and drugs) have led to the evolu-
tion of toxicology, so that today it is a discipline of
diverse application and widespread importance.

It is likely that the history of toxicology is as old as
the history of the human race: early man must have
learned ‘to discriminate between things which were
good to eat and those that were not’ [5]. In exploring

INFORMATION RESOURCES IN TOXICOLOGY, THIRD EDITION

his environment and searching for food, he would have
observed the healing or harmful effects of plants and
minerals, and that the bites of certain insects and rep-
tiles caused illness or death. It would have been a
natural progression to use injurious substances for
hunting, against enemies in warfare, and for homicide
[6]. Arrow poisons were developed by ancient peoples
in all parts of the world (with the possible exception
of Australia and New Zealand), and many are still
in use [7]. Among the best known are the ‘calabash
curares’ (derived mainly from varieties of Strychnos in
South America), reptile poisons (venoms) from toads
and salamanders in Central and South America, and
ouabain, from African varieties of Acocanthera and Stro-
phanthus [8]. The science of pharmacology (which deals
with the preparation, uses, and effects of drugs) has
benefitted from knowledge of these poisons, and some
of the active agents derived from them are now used
therapeutically in Western medicine.

The earliest use of arrow poisons probably occurred
during the Mesolithic age, when arrows first began to
appear. The archaeological evidence does not permit
firm conclusions to be drawn, but it is possible that
Masai hunters who lived in Kenya 18,000 years ago
may have used poison. Other sites in Africa indicate
later use (3000-1700 BC), and in ancient Egypt and
Nubia poisoned arrows appear to have been used dur-
ing the period 3100-300 BC [7].

In China, arrow poisons have been known to the
Han and other peoples for at least 2500 years. They
were used for both hunting and warfare, and docu-
mentary evidence indicates that the principal source
of poison was Aconitum, the tubers of which yield acon-
itine [9]. The same poison was also used in ancient

Copyright © 2000 by Academic Press.
All rights of reproduction in any form reserved.
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India, where it was called visha and derived from a
plant known as Bish. In Sanskrit literature, we find
the term visha-kanya, or poison girl (maidens who had
slowly developed a tolerance for aconitine, so that cer-
tain death would result from their embrace). The leg-
end of using young girls as instruments of death origi-
nated in India and later spread into medieval European
literature via Greek and Arabic writings [10]. The
hymns of the Rg Veda and Atharva Veda (1200-900 BC)
show that poisoned arrows were used in war, and that
the tubers of Aconitum were the major poison source.
Later Buddhist and Sanskrit writings indicate the con-
tinued use of poisoned arrows (for hunting, warfare,
and clandestine purposes) and reveal that a second
source of poison was obtained from decomposing
snakes; the latter is confirmed by Diodorus Siculus
in his account of Alexander the Great’s campaign
(325 BC) in western India [11].

Among the peoples of the ancient Middle and Near
East, the Egyptians, Assyrians, Sumerians, and He-
brews all had some knowledge of poisons, from which
they developed a primitive pharmacology. Much of
their experience was bound up with mysticism and
the supernatural, and many details remain unclear.
However, where it has been possible to identify indi-
vidual items of the ancient pharmacopoeia, modern
practice indicates that some remedies could have been
extremely effective [12]. The Bible, where most refer-
ences are to venoms (as in the Midrash and Talmud),
does not contain a list of poisons or allude to their
deliberate use [13]. In all likelihood, the Hebrew people
acquired much of their information about poisons in
Egypt, where they not only endured a captivity near
the end of the second millenium, but are also known
to have established a vibrant community after the de-
struction of Jerusalem in the sixth century BC.

Egyptian knowledge of poisons appears to have
been highly advanced [14]. Originally divided into two
kingdoms, Upper and Lower Egypt, the land was
united under the first pharaoh (or king), Menes, in
about 3000 BC. He is said to have cultivated and stud-
ied poisonous and medicinal plants, but there is no
detailed description of his activities [5,13]. Following
his reign, much information about animal, vegetable,
and mineral poisons was accumulated in Egypt, and
the discovery in 1872 of a complete medical text
showed the extent of Egyptian learning. Named in
honor of its discoverer, the German Egyptologist Georg
Ebers (1837-1898), the Papyrus Ebers, written about
1550 BC, is a compilation of medical prescriptions de-
rived from a number of much earlier sources. There
are in total 829 prescriptions, of which 72% are quanti-
fied and a few are duplicated; spells and incantations

are included throughout. The text lists many possibly
active drugs, including [12]:

Sulphate, oxide, and other salts of lead used as as-
tringents and demulcents; pomegranate and acanthus
pith as vermifuges; sulphate and acetate of copper;
magnesia, lime, soda, iron, and nitre; oxide of anti-
mony, sulphide of mercury; peppermint, fennel, ab-
sinth, thyme, cassia, coriander, carraway, juniper, ce-
dar wood oil, turpentine, and many other essential
oils; gentian and other bitters; mandrake, hyoscyamus,
opium with other hypnotics and anodynes; linseed,
castor oil, squills, colchicum, mustard, onion, nastur-
tium, tamarisk, frankincense, myrrh, and yeast.

Of the vegetable and mineral substances cited, some
were, clearly, poisonous. Another papyrus provides
an early record of the preparation of a poison, as it
records the following warning;:

Pronounce not the name of I.A.O. under the penalty of the
peach.

C. J. S. Thompson suggests that the Egyptians may
have been able to distill a weak solution of hydrocyanic
acid from peach kernels; I.A.O. is, possibly, a represen-
tation of the ancient Hebrew name for God [15].

The literature of ancient Greece contains many refer-
ences to poisons and their use [16], none more famous
than Plato’s account of the death of Socrates. Con-
demned to death for impiety and corruption of youth,
the Athenian philosopher swallowed a fatal dose of
hemlock in 399 BC. This was the state method of execu-
tion, the poison being derived from the tubers of Co-
nium maculatum (the ‘spotted hemlock’ or “poison hem-
lock’); for quicker effect, it may have been mixed with
opium [17]. Other poisonous plants known to the
Greeks were mentioned in the ninth (probably spuri-
ous) book of the De Historia Plantarum of Theophrastus
(371-287 BC), and included aconite, hellebore, man-
drake and henbane [18]. The writings attributed to
Hippocrates (460— c.375-350 BC), the ‘father of medi-
cine,” mentioned (among other things) about 400 drugs
of mainly plant origin and suggested methods for the
management of poisoned patients that relied primarily
on limiting the absorption of toxic agents [13]. During
the reign of Attalus III, the last king of Pergamon in
Asia Minor (reigned 138-133 BC), poisonous plants
were cultivated and experiments made on condemned
prisoners by Attalus and, probably, others in his court.
Rulers lived in fear of poison, and Mithridates VI Eupa-
tor, king of Pontus (reigned 120-63 BC), spent years
searching for a universal antidote to all poisons; he has
been called the first experimental toxicologist. [13,19].
After investigating individual venoms, poisons, and
antidotes, he combined all of the effective substances
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into one antidote, which he took daily to obtain, report-
edly successfully, immunity to poison. His formula,
called Mithridatium, underwent considerable revision
but survived in various forms until the nineteenth cen-
tury. A variant derived from poisonous reptiles be-
came known as theriac, and was equally long-lived in
European pharmacopoeias [20].

Theriac—a term derived from the word theria (dan-
gerous or poisonous beasts)—became famous as a re-
sult of its association with the earliest extant work on
poisonous animals, The Theriaca of Nicander of Colo-
phon (second century BC). Also author of a shorter
poem, the Alexipharmaca, Nicander is the best cohesive
source for classical toxicology [21]. His poems describe
venomous animals (snakes, scorpions, spiders, insects,
and myriapods) and their bites and prescribe specific
remedies; poisonous plants are also treated [22]. Work-
ing in the intellectual atmosphere created by Attalus
III, Nicander was a poet of nature who was, quite
possibly, ignorant of his subject: he has been tradition-
ally considered to have taken his information directly
from a lost work of Apollodorus of Alexandria, the
Peri therion (On Poisonous Animals), of the third century
BC [22]. Despite varying opinion on the originality of
Nicander’s work, it seems that he was widely influen-
tial [23]. Successive Greek and Roman authors (includ-
ing Scribonius Largus, Celsus, Pliny, Galen, Philu-
menus, and Oribasius) took much of their information
on toxicology from him; he was read and cited for
many centuries [24].

Following the work of Nicander, in which lay the
beginnings of a scheme for identifying toxic agents
by means of the symptoms they produce in human
victims, a system of toxicology based on this principle
developed between the second century BC and the first
century AD [25]. The Roman naturalist and historian
Pliny the Elder (23/24-79 AD), a great compiler of
information, described the biological effects of poison-
ous plants and animals in his Historia Naturalis. In
the works attributed to his contemporary, Pedanius
Dioscorides (first century AD), there is a classification
of poisons based on their origin (animal, vegetable,
mineral) that remains convenient to this day [26].
Known as the father of materia medica, Dioscorides is
generally thought to have been a physician in the ser-
vice of the Roman legions. He studied the medicinal
properties of plants and minerals, and provided de-
scriptions of about 600 plants and 1000 simple drugs,
with the diseases they might cure, in his Materia Medica,
the leading text in pharmacology for 16 centuries. Later
Greek and Byzantine physicians transmitted the estab-
lished information, the last being Paul of Aegina (fl. c.
645 AD): Book 5 of his Epitome deals with toxicology,

specifically bites and wounds of venomous animals
[13].

Mineral poisons were also well known in the ancient
world. In particular, the ores and compounds of arse-
nic, antimony, copper, mercury, and lead were familiar
to many cultures. Pseudo-Dioscorides detailed the poi-
sonous effects of arsenic (meaning sometimes the sul-
phide, sometimes the white oxide), litharge (red lead
or lead oxide), cinnabar (mercuric sulphide), and white
lead (lead acetate) [6]. Hippocrates, Nicander, Dioscor-
ides, Galen, and Paul of Aegina wrote clinical accounts
of lead poisoning, of which there were occasional epi-
demics [27,28], and miners were known to be at risk
from the fumes created by smelting processes [29].
After the third century AD and the synthesis by Galen
[30], few if any additions were made to the information
presented by Pseudo-Dioscorides [26], and a passage
from Galen suggests that it would have been impru-
dent to do so because of the risk of encouraging
crime [6].

The chronicles of ancient Greece contain few refer-
ences to cases of criminal poisoning, but the fact that
Hippocrates required his students to swear that they
would ‘give no deadly medicine to any one if asked,
nor suggest any such counsel’ [31] implies that it was
a problem. Suicide by poison was fairly common; the
state would give permission and provide a lethal dose
of hemlock [6,32]. In the Roman Republic, however,
criminal poisoning reached epidemic proportions. In
his History of Rome, Livy (59 BC-17 AD) recorded the
details of an event that was supposed to have occurred
in 331 BC: a series of deaths initially attributed to pesti-
lence were found to be the result of poisoning. A slave
informed the authorities that leading citizens who had
all died of the same mysterious malady had in fact
been poisoned by a group of matrons. A search of
the women’s houses yielded concoctions which they
declared to be medicines; when required to drink the
potions to prove their claim, they all perished. Further
investigation disclosed 170 accomplices, who were
tried and found guilty. According to Livy, there had
never before been a trial for poisoning in Rome [33].

At the time of the civil wars in Rome, poisoning
had become so common that the dictator Sulla issued
the Lex Cornelia in 82 BC. This was the first legislative
attempt to prevent poisoning, and it carried harsh pen-
alties: banishment and confiscation of property if an
offender was of noble birth, exposure to wild animals
if of low status. Later interpretations made the law
applicable to careless preparers of drugs [6]. Despite
this edict, however, homicidal poisoning continued to
plague Rome, where according to Tacitus, Juvenal, and
Suetonius, a class of professional poisoners arose and
practiced their skills with impunity [34]. During the
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first century AD, the worst offenders were members
of the ruling family, particularly Nero and his mother
Agrippina, who used poison as a political tool. Both
employed a Gallic woman named Locusta, who had
been convicted of poisoning but pardoned and taken
into imperial service. She used a variety of poisons,
probably aconite, henbane, belladonna, arsenic, and
poisonous fungi, and is reputed to have performed
experiments on slaves supplied for the purpose [5,6].

The death of Galen circa 216 AD marked the begin-
ning of a long period of transition in Western (i.e.,
Greek) medicine, during which what is usually called
monastic medicine gradually emerged. From about 500
to 1130, medical practice and writing resided in the
hands of monks, where it was merely complementary
to their divine mission [31]. The study of toxicology
as a system of knowledge came to a halt in the Christian
world and was not taken up again until after the rise
of the school of Salerno in twelfth century Italy [35].
It was no coincidence that Salerno was close to Arab
Sicily because, following the rise of Islam in the seventh
century, scholarship shifted to Muslim centers, where
Arab and Persian physicians dominated medical learn-
ing. They discovered Greek medicine through transla-
tions made from Byzantine manuscripts and contrib-
uted their own original observations to the subject.
Similarly, medical texts written in India were made
available in translation.

Several Indian medical texts containing information
about poisons, together with the works of Greek au-
thors, became key sources of information for Arab toxi-
cologists. The most important Indian works were those
of Charaka (second century AD), Susruta (about
500 AD), and Shanaq (slightly later). The most com-
plete Arabic works on toxicology still extant are the
Book on Poisons of ibn Jabir (ninth century), the Paradise
of Wisdom of al-Tabari (born ca. 810), and the Book on
Poisons of ibn Wahshiya (fl. late ninth century). Por-
tions of the Liber continens of al-Razi (860-932) and
the Canon Medicinae of ibn Sina (980-1037) consider
poisons. There were in addition numerous other medi-
cal texts on poisons and poisoning, but many are now
lost [36]. The Canon of ibn Sina, or Avicenna, and the
Treatise on Poisons and Their Antidotes of Moses Mai-
monides (1135-1204) were particularly well known in
medieval European universities and medical schools,
where works written in Greek and Arabic were made
available in Latin translation after the eleventh century.

The few new contributions made to knowledge of
poisons during the Middle Ages came primarily from
the physicians and alchemists of the Islamic world.
They were the first to note the toxic properties of corro-
sive sublimate (mercuric chloride), and ibn Sina de-
scribed the foul odor exhaled by victims of mercury

poisoning. The replacement of arsenic trisulphide by
white arsenic (arsenic trioxide) in poisonous prepara-
tions had a profound influence on the history of toxicol-
ogy, as it became one of the most versatile and widely-
used poisons ever known [6,13,35]. The medical works
of Maimonides, a Jewish philosopher and physician in
the service of the Sultan of Egypt, are still seen as
modern in their approach to illness; his book on poi-
sons contained original experiments, treatments, and
views. The first part of the book discussed the bites of
snakes and other animals, while the second considered
poisoning with vegetable and mineral substances. For
the former, he advised drawing the poison from the
wound (sucking, cupping glasses, plasters) and anti-
dotes (including theriac and Mithridatium); for the lat-
ter, vomiting and purging by means of various agents.
Some of his suggestions—suitable diet, keeping the
patient awake, sedatives applied to the affected spot
or taken internally—hold true today. So, too, the com-
position of some of his medicinal recipes and their use
according to the age of the patient [37].

One century later, the professor of medicine at the
University of Padua, Petrus of Abano (1250-1316),
wrote a book on poisons that was based upon his
reading of Greek and Arabic works. His De Venenis
classified poisons as vegetable, mineral, and animal,
and listed all known poisonous agents with their symp-
toms and treatment. It also suggested methods for
avoiding the ingestion of poison and for neutralizing
it if taken [38]. This may explain the wide popularity
of the book, which went through 14 editions after its
first printing in 1472: the later Middle Ages and Renais-
sance were, in Italy, periods in which poison was fre-
quently used to accomplish murder and political assas-
sination. Schools of poisoning arose in Rome, Naples,
and Florence and flourished until the beginning of the
eighteenth century. In Venice, poison was recognized
officially as a means of furthering policy: the records
of the infamous Council of Ten list, among other infor-
mation, intended victims and the fees paid to poison-
ers for their services. By the seventeenth century, the
activities of Italian poisoners had been redirected to-
wards social, marital, and financial objectives. In Na-
ples, Giulia Toffana (ca. 1635-1719) sold arsenical
solutions under the name of Acquetta di Napoli and is
supposed to have poisoned over 600 people; in Rome,
Hieronyma Spara conducted a similarly lucrative busi-
ness (ca. 1659), her clients being primarily young mar-
ried women [5,6,34]. Both were executed for their
crimes.

Italian refinements to the ‘art’ of poisoning are said
to have been introduced to France by Catherine de
Medici in the sixteenth century. Favored poisons in-
cluded arsenic mixed with the decomposition prod-
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ucts of an animal to which it had been administered
(corrosive sublimate was sometimes substituted),
cantharides, and mixtures of arsenic, aconite, bella-
donna, and opium. Poisoning became a public menace,
and in 1662 Louis XIV issued a decree forbidding
apothecaries to sell poisons to anyone unknown to
them and requiring purchasers to sign a register. Pro-
fessional poisoners thus had more incentive to ply their
trade, but a series of scandals soon brought about their
downfall. In 1676, the Marquise de Brinvilliers was
executed for the murders of her father, brothers, and
husband; she had been aided by a poisoner named
Sainte-Croix, who died as a result of one of his own
experiments. In 1679, the Chambre Ardente was ap-
pointed to investigate suspected poisoning cases, and
within three years it had brought charges against 442
people. Many of the worst offenders were influential
enough to escape trial; others were less fortunate. Of
those executed, the most notorious was Catherine
Deshayes, known as La Voisin: she was convicted of
many murders, including those of 2000 infants. When
it was revealed that she had sold poisons to the king’s
mistress, Madame Montespan, the court was sum-
marily dismissed [6,39].

The ‘Affaire des Poisons’ represented the culmina-
tion of the period of professional poisoners in France,
but the fact that the crimes were brought to light owed
more to the use of torture to extract confessions than to
the ability of doctors or chemists to detect and identify
poisons. It was not until the nineteenth century that
experimental toxicology became sufficiently devel-
oped to make such practices far more risky for the
poisoner, but the foundations of this progress were
laid much earlier, during the sixteenth century. The
key figure at the time when traditional lore began to
give way to objective investigation in science and medi-
cine was Paracelsus (1493-1541), a controversial but
influential physician, alchemist, and scientist. Despite
the fact that his science was mixed with mysticism and
astrology, his contributions to medicine were revolu-
tionary. Paracelsus rejected the medical theories per-
petuated by the Greco-Arabic classics, insisted on the
value of experimentation (including the use of animal
tests), and developed the idea that minerals and chemi-
cals could have medicinal applications (iatrochemis-
try). His use of mercury preparations in the treatment
of syphilis led to accusations of poisoning, to which
Paracelsus replied by writing the Third Defense. It con-
tains the following important statement:

What is there that is not poison? All things are poison and
nothing (is) without poison. Solely the dose determines that
a thing is not a poison.

Consequently, toxicologists give credit to Paracelsus
for stating one of the basic concepts in toxicology, that

of dose-dependency [40]. Paracelsus was the first to
express the view that drugs and chemicals have effects
on specific organs of the body (target organ toxicity),
a concept which was further developed in the work of
Felice Fontana (1730-1805) [13]. In his experimental
studies of the venom of the European viper and its
effects on animals, Fontana discovered that the symp-
toms of poisoning caused by a bite were attributable
to the direct action of venom on the blood [41]. His
findings contributed to the ongoing debate about
whether drugs and poisons acted through the nerves
or by a process of absorption and transport in the
blood. This question arose during the seventeenth cen-
tury, when iatrochemists attempted to explain physio-
logical and pathological phenomena in chemical terms.
The debate stimulated chemical and physiological re-
search throughout the seventeenth and eighteenth cen-
turies, while the advances made in chemistry near the
end of the eighteenth century inspired increasingly
sophisticated analyses of animal and plant substances.
These factors, together with a mounting acceptance
of animal experimentation, led to the development of
experimental toxicology as a distinct scientific disci-
pline during the nineteenth century [42].

The contribution made by physiology to toxicology
is exemplified by the work of Frangois Magendie
(1783-1855), the first great experimental physiologist
of the nineteenth century. He laid the foundation for
the systematic study of the mechanisms by which
poisons act in the body with his investigation of the
Javanese arrow poison Upas tieuté, which was later
shown to contain strychnine [43]. His pupil and succes-
sor at the College de France, Claude Bernard (1813—
1878), studied the nature of the action of curare on
neuromuscular transmissions, effectively using a poi-
son as an instrument for resolving important physio-
logical problems [44]. In addition, Bernard suggested
that carbon monoxide poisoning occurs as a result of
tissue asphyxiation caused by an irreversible combina-
tion with hemoglobin, which prevents the effective
transport of oxygen to body tissues [6]. Another of
Magendie’s students, James Blake (1815-1893), found
that there is often a relationship between the chemical
structure of a drug and its biological activity, thus
implying the concept of target organ toxicity [45].
There was subsequently a great deal of British research
in the area of structure-activity relationships, perhaps
the most sophisticated being that of Alexander Crum
Brown (1838-1922) and Thomas Fraser (1841-1920) on
organic alkaloids [46,47]. The successes of the experi-
mental method in physiology, combined with notable
advances in analytical chemistry, stimulated the devel-
opment of pharmacology [31]. The complementary na-
ture of toxicological and pharmacological research dur-
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ing the nineteenth century was embodied in the work
of the Germans Rudolf Kobert (1854-1918), who stud-
ied the digitalis glycosides and the ergot alkaloids, and
Louis Lewin (1850-1929), who became an expert on
narcotics, alcohols, poisonous gases, and arrow poi-
sons [48].

The chemical approach to the study of poisons was
pioneered by the work of a man who has long been
considered the founder of modern toxicology, Mathieu
Joseph Bonaventura Orfila (1787-1853) [49]. A Span-
iard who made his career in Paris, Orfila established
toxicology on a firm quantitative basis by introducing
new, primarily chemical, experimental methods for
proving lethal intoxications; diagnoses of that kind had
previously been made solely on the basis of observed
features. A trained chemist and physician, he per-
formed experiments on thousands of dogs to gather
the necessary data, and in 1814-15 he published a
monumental work in two volumes: Traité des poisons
tirés des régnes minéral, végétal et animal, ou toxicologie
générale, considérée sous les rapports de la physiologie, de
la pathologie et de la médecine légale (Paris: Crochard).
The book examined the physiological and pathological
effects of poisons, the symptoms of poisoning, anti-
dotes, the chemical properties of poisons, and analyti-
cal methods for detecting them [50]. This was the first
systematic attempt to correlate chemical and biological
information concerning known poisons and was
unique in combining the use of postmortem examina-
tion with analytical chemistry [13,51].

As the leading medicolegal expert of his time, Orfila
made considerable contributions to legal (forensic)
medicine. He made the important discovery that poi-
sons are absorbed from the gastrointestinal tract and
then accumulate in tissues specific to each poison, a
finding that did much to further the progress of foren-
sic toxicology. Previously, a chemist or a physician
who found nothing in the stomach would not have
troubled to examine the other organs of the body [34].
In Britain, the development of forensic toxicology was
stimulated by the work of one of Orfila’s pupils, (Sir)
Robert Christison (1797-1882), a native of Edinburgh
who became professor of medical jurisprudence and
of materia medica at the university there. His A Treatise
on Poisons in relation to medical jurisprudence, physiology
and the practice of physic (Edinburgh: A. Black, 1829) was
the first textbook of its kind to be written in English. He
regarded toxicology as the principal branch of medical
jurisprudence, its object being to unite evidence from
four sources (pathology, chemistry, physiology, and
visible symptoms) in order to detect crime [52].

The works of Orfila and Christison, which were
widely read and translated, laid the foundation for the
development of forensic toxicology during the nine-

teenth century. At a time when arsenic was easily avail-
able and widely used in criminal poisonings, Orfila
was the first (1839) to extract it from human organs
other than gastrointestinal tissue; in 1840, his analysis
of organ samples resulted in the conviction of Marie
Lafarge for the murder of her husband. The method
used was a variation of that devised by James Marsh
(1794-1846) in 1836, which was based upon Scheele’s
discovery (1775) that when zinc and acid act on arsenic
salts, a gaseous compound (arsine) is evolved, that,
when burned, deposits metallic arsenic. This test,
which gave only qualitative results, marked the begin-
ning of important stages in the development of chemi-
cal toxicology [53]. A modification introduced by Ber-
zelius in 1837 allowed quantitative evaluation by
ensuring that the mirrors of arsenic formed by reduc-
tion were deposited in a glass tube. The device that
he used became known as the Marsh-Berzelius appara-
tus. A further refinement was made in 1841 by Hugo
Reinsch, who deposited arsenic on copper foil from
solutions of hydrochloric acid; the test was useful for
its easy manipulation and quick results [54]. Three
years later, Fresenius and von Babo devised a method
for the systematic search for all mineral poisons, using
wet ashing with chlorine (a technique described by
Duflos in 1838) [6,35]. The first quantitative determina-
tion of metals in organs began about 1850, when they
were weighed as a sulphate or oxide; electrolytic depo-
sition was introduced in 1862.

New and precise methods of chemical analysis per-
mitted the isolation of the major alkaloids from crude
drug preparations [55]. By 1833, aconitine, atropine,
codeine, hyoscyamine, morphine, nicotine, and strych-
nine had been isolated from plants by methods which
were later (1850) modified by the Belgian chemist J. S.
Stas (1813-1891) to achieve their isolation from human
tissue samples. His process was adapted by F. ]J. Otto
in 1856, who was able to obtain a purer alkaloidal
residue and to remove more organic impurities. The
modification became known as the Stas-Otto method.
In 1874, Selmi discovered the first cadaveric alkaloid,
a morphine-like ptomaine. Color tests for alkaloids
were developed between 1861 and 1882; by 1890 quan-
titative methods for analyzing them had come into use.
Physiological tests for alkaloids, particularly strych-
nine, were first used in 1856 and continued to be recom-
mended well into the twentieth century [56]. Tests for
alcohol were devised by Lieben (iodoform crystal test,
1870) and others (chromic acid reduction method,
1852-1883), and later perfected to allow the quantita-
tive analysis of alcohol in body fluids and tissues. Qual-
itative tests for carbon monoxide in the blood origi-
nated in the work of Hoppe Seyler (spectroscopic),
Salkowski (alkali), and Stopczanski (dilution and tan-
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nic acid precipitation) between 1865 and 1889. In 1880,
Fodor’s palladium chloride reduction method allowed
the quantitation of carbon monoxide in blood [6,35,53].

Textbooks of forensic medicine and toxicology pro-
liferated throughout the nineteenth century. In Britain,
the work of Christison was complemented by that of
Alfred Swaine Taylor (1806-1880), an eminent medico-
legal expert who wrote extensively on medical juris-
prudence and toxicology. His books, which were based
on his own experiences and incorporated legal prece-
dents and judicial rulings, became standard texts
which passed through numerous editions; the most
recent (the thirteenth edition of A Manual of Medical
Jurisprudence) appeared in 1984 [57]. A. W. Blyth’s Poi-
sons: Their Effects and Detection (1884) represented a
valuable addition to the literature on analytical toxicol-
ogy. In the United States, the first book pertaining to
the symptoms and treatment of poisoning appeared
in 1848: A Practical Treatise on Poisons, by O. H. Costill.
In 1867, Theodore Wormley (1826—-1897) published the
first American text devoted exclusively to the experi-
mental detection of poisons in organic mixtures, The
Micro-chemistry of Poisons, which included the results
of his original research. Within a few years, the profes-
sor of medical jurisprudence at the University of Penn-
sylvania, John Reese, produced a similar book (Manual
of Toxicology, 1874), which he followed up a decade
later with A Text Book of Medical Jurisprudence and Toxi-
cology (1884) [13,18,35]. During the later decades of the
nineteenth century and those of the early twentieth
century, a great amount of toxicological data was pre-
sented in the thorough textbooks of German scientists,
particularly Kobert (Compendium der praktischen Toxiko-
logie, 1887) and Lewin (Gifte und Vergiftungen, 1929)
[58]. The latter is today especially remembered as the
author of a toxicologist’'s view of world history: Die
Gifte in der Weltgeschichte (1920).

The early part of the twentieth century is generally
considered to mark the beginning of the development
of the modern science of toxicology. However, the most
rapid growth of the discipline occurred after the Sec-
ond World War, as the production of organic molecules
for use as drugs, pesticides, and industrial chemicals
began to increase at an exponential rate [59]. Today,
toxicology is concerned with the many chemicals (there
are now about 100,000 substances to which people
could be exposed) that may be responsible for house-
hold, environmental, or industrial poisoning. While
forensic and analytical toxicology continue to occupy
an important position within the wider discipline,
more and more attention has in recent years been paid
to the biochemistry of toxin action, in an attempt to
develop specific chemical antidotes. Modern toxicol-
ogy utilizes skills and knowledge derived from pathol-

ogy, pharmacology, physiology, biochemistry, chemis-
try, and statistics in order to study the quantitative
effects of chemicals on living tissue [60,61].

Research on anesthetic gases during the nineteenth
century facilitated the development and use of poison-
ous war gases in the twentieth [45]. Consequently, at-
tempts to counteract the effects of chemical warfare
agents and other toxic compounds—particularly ar-
senicals, introduced by Paul Ehrlich (1854-1915) for
the treatment of syphilis—stimulated toxicological re-
search after the First World War. This resulted in the
synthesis of the first specific chemical antidote, British
anti-Lewisite (BAL), which was developed in 1945 by
R. A. Peters, L. A. Stocken, and R. H. S. Thompson
in Oxford. In a related development, the mechanistic
studies which led to a better understanding of how
chemicals exert toxic effects proved to be the basis for
the synthesis of effective insecticides. During the 1940s,
the Swiss chemist Paul Miiller discovered a compound,
now known as DDT, that poisons insects when they
come into direct contact with it. Some of the organo-
phosphorus compounds developed for use as insecti-
cides by Willy Lange and Gerhard Schrader during
the 1930s and 1940s were so toxic that they are now
classed as chemical warfare agents [58,62].

With the use 