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This book is dedicated to microbes—they're everywhere and I believe they are smarter than we think.
Ian L. Pepper

This book is dedicated to my wife and sons Peter and Phillip for all their support.
Charles P. Gerba



Historically, environmental microbiology can be traced to
studies of municipal waste treatment and disposal. In the
first Edition of Environmental Microbiology, we recog-
nized that this field had expanded to the study of earth,
water, and air systems, including the interaction of indig-
enous microbes with organic and inorganic pollutants,
behavior of pathogens introduced into these systems, and
the discovery and application of new microbes and their
products to benefit human health and welfare. In the inter-
vening years since, there has been a virtual explosion of
knowledge on microbial diversity and communities in
various environments. As a result, in the second edition of
Environmental Microbiology we have added chapters on
extreme environments, as well as microbial communities
and communication among microorganisms. Similarly, in
recognition of ever-increasing human population pressures
and climate change, we have added chapters on domes-
tic microbiology, bioterrorism, and the impact of global
change on microbial infectious disease.

Microbes are everywhere, all over the world and in
every imaginable environment. For example in soil, just
one gram contains billions of microorganisms and all their
associated activities. Imagine the challenge of studying
all the major groups of -microbes found in each of earth’s
biomes given the magnitude of their immense diversity.
Imagine then the challenge of developing strategies to
harness and manipulate their activities. That is what envi-
ronmental microbiology is about. We invite you to use
this text to begin the exciting adventure of understanding
microorganisms in their many environments.

This text has eight subject areas presented in a logical
progression: (i) foundation chapters to provide an adequate
background for the advanced material presented in subse-
quent chapters; (ii) chapters on microbial environments,
including earth, aquatic, and atmospheric; (iii) chapters
on detection and quantitation of microbial activity, includ-
ing cultural, microscopic, physiological, molecular, and
immunological approaches; (iv) chapters on microbial

interactions with their environment from element cycling
to microbial communication to development and move-
ment of bacterial communities, (v) chapters on microbial
remediation of organic and metal pollutants, (vi) chap-
ters on water and food-borne pathogens, (vii) chapters
on waste treatment and drinking water, and finally,
(viii) chapters on urban issues including domestic and indoor
microbiology, bioterrorism, and risk assessment. This text-
book is designed for a senior-level undergraduate class or a
graduate-level class in environmental microbiology and to
serve as a reference for scientists and engineers interested
in this field. The overall objectives of the text are to define
the important microbes involved in environmental micro-
biology, the nature of the different environments in which
the microbes are situated, and the methodologies used to
monitor the microbes and their activities and, finally, to
evaluate the effects of these microbes on human activities.
This book represents a joint effort led by three authors who
have diverse yet complementary backgrounds in environ-
mental microbiology. The authors are close colleagues at
the University of Arizona and all have large and active
research programs. They have worked together exten-
sively on a variety of practical problems using advanced,
interdisciplinary approaches. Examples include microbiol-
ogy of extreme environments, biotechnology applications
of microbial surfactants, molecular detection of emerging
pathogens, transport of microbes and DNA through soil,
and microbial risk assessment. Their extensive research
programs have provided a number of the examples used in
this text to illustrate important learning points. Key contri-
butions to this text were also made by eleven colleagues
who collaborate with the authors at the University of
Arizona. This group has worked closely together, result-
ing in a textbook that has continuity in depth and style, and
that is state-of-the-art at the time of press.

Raina Maier, Ian Pepper and Charles Gerba
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