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Increased industrial and agriculeural activity this century has led to vast quantities of the earth’s soil
and groundwater resources becoming contaminated with hazardous chemicals. Bioremediation provides
a technology based on the use of living organisms, usually bacteria and fungi, to remove pollutants
from soil and water, preferably #n situ. This approach, which is potentially more cost-effective than
traditional techniques such as incineration of soils and carbon filtration of water, requires an
understanding of how organisms transform chemicals, how they survive in polluted environments and
how they should be employed in the field. This book examines these issues for many of the most
serious and common environmental contaminants, resulting in a volume which presents the most
recent position on the application of bioremediation to the cleanup of polluted soil and water.
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Preface

Bioremediation is not a new concept in the field of applied microbiology.
Microorganisms have been used to remove organic matter and toxic chemicals from
domestic and manufacturing waste effluents for many years. What is new, over the
past few decades, is the emergence and expansion of bioremediation as an industry,
and its acceptance as an effective, economically viable alternative for cleaning soils,
surface water, and groundwater contaminated with a wide range of toxic, often
recalcitrant, chemicals. Bioremediation is becoming the technology of choice for
the remediation of many contaminated environments, particularly sites contaminated
with petroleum hydrocarbons.

Bioremediation has also become an intensive area for research and development
in academia, government, and industry. Partly because of new laws requiring
stricter protection of the environment and mandating the cleanup of contaminated
sites, funding for both basic and applied research on bioremediation by government
agencies, as well as by private industry, has increased dramatically over the past
decade. As a result, rapid progress has been made in developing effective,
economical microbial bioremediation processes. In an even broader sense, this
increased activity has led to a surge of interest in ‘environmental microbiology’, a
field covering a spectrum of disciplines, including microbial physiology and
ecology, molecular genetics, organic chemistry, biochemistry, soil and water
chemistry, geology, hydrology, and engineering. In the academic research
environment, bioremediation has, in effect, become so scientifically broad and
complex in both its basic and applied aspects that it has of necessity evolved into a
multidisciplinary field that requires a ‘research center’ approach. At the University
of Idaho, as just one example, we have built our multidisciplinaty environmental
remediation research program within the University of Idaho Center for Hazardous
Waste Remediation Research. While difficult to quantify, the total amount of
research funding now being devoted to bioremediation is quite substantial. A
recent estimate suggests that in 1997, industry will spend over $4 billion on

Xi
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Preface

designing, engineering, constructing, and equipping wastewater systems (HazTech
News, May 11, 1995, p. 72).

It is a challenge for researchers to stay abreast of this rapidly advancing field,
particularly in light of the diversity of environments and contaminants, as well as
the varied approaches to bioremediation that have emerged in recent years. It is
even more challenging to predict where the field is headed in the future, an
important consideration for staying on the leading edge technologically. Indeed,
perhaps even more than in other areas of scientific endeavor, it is easier to become a
follower than it is to be a leader in research in bioremediation. Many scientists jump
on a specific bandwagon and embrace their favorite approach to bioremediation —
the ‘intrinsic’, the genetic engineering, the i7 situ approach. As a result, much
repetitive research takes place, at considerable cost. The bioremediation field needs
more scientists who understand the broader implications of various approaches, and
who can work with colleagues in a multidisciplinary environment to advance both
the basic and applied science of bioremediation.

In this book, we have attempted in several ways to broaden the perspectives of
students and scientists working on bioremediation. First, since we wanted to review
the principal topics relevant to bioremediation of contaminated soils, sediments,
surface waters, and aquifers, we asked eachauthor to provide, in effect, a status report
on current research and development in his or her topic area. However, in such a
rapidly changing field, even the best reviews become historic within a few years.
Therefore, we also asked our authors to offer some thoughts on what knowledge is
lacking within their specific researchareas, and to comment on where future research
empbhasis should be placed. Finally, we asked them to be forward looking and offer
some conjecturesabout the potential utility of bioremediation in their specificarea of
expertise. We think that our authors have accomplished these goals, producing a
book that will be particularly useful to teachersand thesisadvisors, as well as offering
a predictive, paradigm-challenging resource for bioremediation researchers. We
hope that the words of our authors will help generate new ideas and approaches to
research and development in the field of bioremediation.

We appreciate the hard and thorough work of the authors of the chapters in this
book. Thanks for a job well done. Also, we thank Ms. Connie Bollinger at the
University of Idaho for the considerable effort she put into preparing the
manuscripts as they arrived. She helped us greatly by taking care of the necessary
details before the manuscripts were submitted to the publisher. We thank the
editors at Cambridge University Press who have been involved in this book — Dr.
Robert M. Harington, who got the project underway; Dr. Alan Crowden, who gave
us valuable advice on preparing the manuscripts, and Dr. Maria Murphy, who saw
the book to completion. Finally, we would like to thank Professor James M. Lynch
of the University of Surrey, who first convinced us that this book would be a
worthwhile project. His encouragement is deeply appreciated.

Don L. Crawford Ronald L. Crawford June 1995
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