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Preface to First Edition

This book is intended to be a companion volume to Principles of Ecotoxicology,
first published in 1996 and now in its second edition. Both texts have grown out of
teaching material used for the M.Sc. course, Ecotoxicology of Natural Populations,
taught at Reading University between 1991 and 1997. At the time that both of these
books were written, a strong driving force was the lack of suitable teaching texts in
the respective areas. Although this shortcoming is beginning to be redressed in the
wider field of ecotoxicology, with the recent appearance of some valuable new teach-
ing texts, this is not evident in the more focused field of the ecotoxicology of organic
pollutants viewed from a mechanistic biochemical point of view. Matters are further
advanced in the field of medical toxicology, where there are now some very good
teaching texts in biochemical toxicology.

Principles of Ecotoxicology deals in broad brush strokes with the whole field,
giving due attention to the top-down approach—considering adverse changes at the
levels of population, community, and ecosystem, and relating them to the effects of
both organic and inorganic pollutants. The present text gives a much more detailed
and focused account of major groups of organic pollutants, and adopts a bottom-
up approach. The fate and effects of organic pollutants are seen from the point of
view of the properties of the chemicals and their biochemical interactions. Particular
attention is given to comparative metabolism and mechanism of toxic action, and
these are related, where possible, to consequent ecological effects. Biomarker assays
that provide measures of toxic action are given some prominence, because they have
the potential to link the adverse effects of particular types of pollutant at the cellular
level to consequent effects at the levels of population and above. In this way the top-
down approach is complementary to the bottom-up approach; biomarker assays can
provide evidence of causality when adverse ecological effects in the field are associ-
ated with measured levels of pollutants. Under field conditions, the discovery of a
relationship between the level of a pollutant and an adverse effect upon a population
is no proof of causality. Many other factors (including other pollutants not deter-
mined in the analysis) can have ecological effects, and these factors may happen to
correlate with the concentrations of pollutants determined in ecotoxicological stud-
ies. The text will also address the question “To what extent can ecological effects be
predicted from the chemical properties and the biochemistry of pollutants?,” which
is relevant to the utility, or otherwise, of the use of Quantitative Structure Activity
Relationships (QSARS) of chemicals in ecotoxicology.

The investigation of the effects of chemicals upon the numbers and genetic com-
position of populations has inevitably been a long-term matter, the fruits of which
are now becoming more evident with the passage of time. The emergence of resistant
strains in response to the selective pressure of pesticides and other pollutants has
given insights into the evolutionary process. The evolution of detoxifying enzymes
such as the monooxygenases, which have cytochrome P450 at their active center, is
believed to have occurred in herbivores and omnivores with their movement from
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xiv Preface to First Edition

water to land. The development of detoxifying mechanisms to protect animals
against plant toxins is a feature of plant-animal “warfare,” and is mirrored in the
resistance mechanisms developed by vertebrates against pesticides. In the present
text, the ecological effects of organic pollutants are seen against the background of
the evolutionary history of chemical warfare.

The text is divided into three parts. The first deals with the basic principles
underlying the environmental behavior and effects of organic pollutants; the sec-
ond describes the properties and ecotoxicology of major pollutants in reasonable
detail; the last discusses some issues that arise after consideration of the material
in the second part of the text, and looks at future prospects. The groups of com-
pounds represented in the second part of the book are all regarded as pollutants
rather than simply contaminants, because they have the potential to cause adverse
biological effects at realistic environmental levels. In most cases these effects have
been well documented under environmental conditions. The term adverse effects
includes harmful effects upon individual organisms, as well as effects at the level of
population and above.

The layout of Chapters 5 through 12, which constitute Part 2, follows the structure
of the text as far as possible. Where there is sufficient evidence to do so, the presenta-
tions for individual groups of pollutants are arranged as follows:

Layout in present text Book divisions in Principles of Ecotoxicology
1. Chemical properties 1. Pollutants and Their Fate in Ecosystems

2. Metabolism

3. Environmental Fate

4. Toxicity 2. Effects of Pollutants on Individual Organisms
5. Ecological effects 3. Effects on Populations and Communities

C. H. Walker
Colyton



Preface to Second Edition

The first edition of this text was written as a companion volume to Principles of
Ecotoxicology, first published in 1996 and now in its third edition. Both books grew
out of an M.Sc. course, Ecotoxicology of Natural Populations, taught at Reading
University between 1991 and 1997. The aim of the first edition was to deal in greater
depth and detail with mechanistic aspects of ecotoxicology than had been appropri-
ate for the broad introduction to the subject given in Principles of Ecotoxicology.

This second edition has retained the overall structure of the original text and is
intended to be acompanion volume for the third edition of Principles of Ecotoxicology.
In producing it there have been two major aims. First, the entire text has been updated
to take into account recent developments in the field. Secondly, the third part of the
text has been considerably expanded: this section deals with the problems of com-
plex pollution and the exploitation of recent scientific and technological advances
to investigate them. In the first edition, the main focus was upon the environmental
effects caused by major groups of pollutants, which were described in the second
part of the text. More complex pollution patterns were dealt with only briefly, in the
third part of the text. Here, two new chapters have been added to strengthen Part 3 of
the text, “Endocrine-Disrupting Chemicals and Their Environmental Impacts” and
“Neurotoxicity and Behavioral Effects,” as well as expanding Chapters 13 and 17.

Professor Charles Tyler has made an important contribution to this text—first by
writing, in collaboration with his colleague R. W. Goodhead, a new chapter on endo-
crine disruptors, which greatly strengthens the third part of this book, but also by
giving much valuable discussion and advice on other aspects of the subject relevant
to the present book. He is head of a research group at the University of Exeter that
investigates endocrine disruption in fish and is particularly well qualified to make
this contribution because, as well as being at the cutting edge of this area of research,
he runs a course in ecotoxicology for final year undergraduates at the University of
Exeter. I am also very grateful to my former colleague at Reading University, Dr.
Richard Sibly, for much valuable discussion on population biology and the employ-
ment of new techniques, including those of genomics, in studies on the population
effects of pesticides and other pollutants.

It is hoped that this text will prove useful to final-year undergraduates, higher
degree students, and to researchers in the field of ecotoxicology.

C. H. Walker
Colyton
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Part 1

Basic Principles

The first part of the book will deal with the basic principles that determine the envi-
ronmental distribution and toxic effects of organic pollutants in order to set the stage
for Part 2, which describes the properties and behavior of major groups of com-
pounds that fall into this category. The first chapter puts this issue into evolutionary
perspective. From a toxicological point of view, organisms have been exposed to
toxic xenobiotics for much of the evolutionary history of this planet—much longer
than they have encountered human-made organic pollutants, which are the main
subject of this book. Indeed, many such compounds have functioned as chemical
weapons of both defense and attack, and animals have been found to possess detoxi-
cation systems for them, which also work against products of the chemical industry
to which they could have had no previous exposure. Also, natural products with
“biological activity” have often been used as models in the development of new
pesticides and drugs.

Following this introduction, the next three chapters will describe the principles
and processes that determine the fate and behavior of organic pollutants in the natu-
ral environment. Throughout, emphasis will be given to the importance of the physi-
cal, chemical, and biological properties of the compounds themselves in determining
their fate and behavior. Chapter 2 is concerned with the factors that determine the
distribution and toxicity of these compounds in individual organisms. Chapter 3 will
describe the factors that determine the distribution of chemicals through the major
compartments of the gross environment and attempts to develop descriptive and pre-
dictive models for this. Chapter 4 will focus on distribution and effects in communi-
ties and ecosystems.
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