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Preface

In recognition of the enormous advances in
biotechnology in recent years, we are pleased
to present this Second Edition of “Biotech-
nology” relatively soon after the introduction
of the First Edition of this multi-volume com-
prehensive treatise. Since this series was ex-
tremely well accepted by the scientific com-
munity, we have maintained the overall goal
of creating a number of volumes, each de-
voted to a certain topic, which provide scien-
tists in academia, industry, and public institu-
tions with a well-balanced and comprehensive
overview of this growing field. We have fully
revised the Second Edition and expanded it
from ten to twelve volumes in order to take
all recent developments into account.

- These twelve volumes are organized into
three sections. The first four volumes consid-
er the fundamentals of biotechnology from
biological, biochemical, molecular biological,
and chemical engineering perspectives. The
next four volumes are devoted to products of
industrial relevance. Special attention is given
here to products derived from genetically en-
gineered microorganisms and mammalian
cells. The last four volumes are dedicated to
the description of special topics.

The new “Biotechnology” is a reference
work, a comprehensive description of the
state-of-the-art, and a guide to the original
literature. It is specifically directed to micro-
biologists, biochemists; molecular biologists,
bioengineers, chemical engineers, and food
and pharmaceutical chemists working in indus-
try, at universities or at public institutions.

A carefully selected and distinguished
Scientific Advisory Board stands behind the

series. Its members come from key institu-
tions representing scientific input from about
twenty countries.

The volume editors and the authors of the
individual chapters have been chosen for
their recognized expertise and their contribu-
tions to the various fields of biotechnology.
Their willingness to impart this knowledge to
their colleagues forms the basis of “Biotech-
nology” and is gratefully acknowledged.
Moreover, this work could not have been
brought to fruition without the foresight and
the constant and diligent support of the pub-
lisher. We are grateful to VCH for publishing
“Biotechnology” with their customary excel-
lence. Special thanks are due to Dr. Hans-
Joachim Kraus and Karin Dembowsky, with-
out whose constant efforts the series could
not be published. Finally, the editors wish. to
thank the members of the Scientific Advisory
Board for their encouragement, their helpful
suggestions, and their constructive criticism.

H.-J.Rehm
G. Reed
A. Piihler
P. Stadler
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Introduction

JURGEN KLEIN

Essen, Germany

The use of biological processes for treat-
ment of liquid wastes from human activities is
an established technology dating back at least
4000 years. For more than a century natural
biochemical processes (nature’s self-cleaning
abilities) have been utilized to treat effluent,
and reactors and plant systems had been
adapted with increasing effect to cope with the
difficult conditions. The knowledge of the bio-
degradation mechanisms of organic pollutants
and especially of synthetic compounds, howev-
er, is more recent and has only been developed
in the second part of this century.

Over the past few decades environmental
protection has primarily meant protection of
air and water. Only with the increasing use of
land in industrialized societies and the high-
lighting of possible hazards from contaminat-
ed soil did the public become aware of soil
protection in the early 1980s. This has also
prompted industry to take up this market seg-
ment. Engineers and scientists have thus been
spurred on to look for technically optimized,
ecologically sound, and economically appro-
priate solutions.

The experience accumulated in biological
soil clean-up in the first few years was charac-
terized by both, success and failure, including

those of unprofessional suppliers. Initially,
therefore, acceptance of biological soil clean-
up was only limited. But now, due to intensive
and interdisciplinary work, impressive success
is in evidence. Consequently, biological soil
clean-up methods now enjoy a high technical
level and a broad acceptance.

The aim is to maintain and apply this level,
even if at present the prospects for soil clean-
up are seen from a more modest point of view.
The enthusiasm that has accompanied soil de-
contamination in the last few years has now
given way to a realistic attitude of more appro-
priate proportions. The discussion on the
equivalence of securing and decontamination
techniques must not lead to clean-up on a low
level, but rather to ecologically and economi-
cally appropriate solutions.

The original objective of multifunctional use
through the restoration of a “natural™ soil is
not feasible in most cases for technical and fi-
nancial reasons. In view of this, biological
clean-up techniques still have to be improved
and optimized in order to provide cost-effec-
tive, technically simple, and near-natural pro-
cesses.

In the First Edition of Biotechnology there
was no contribution regarding biological pro-



2 Introduction

cesses for the remediation of contamiinated
soil. But the increasing need of remediation
techniques and the increasing scientific and in-
dustrial interest in biological methods for soil
remediation generated the necessity of a spe-
cial volume on the topic: Environmental Pro-
cesses II — Soil Decontamination.

The field of biodegradation and thereby
bioremediation has experienced a dynamic ev-
olution and remarkable developments over
the past few years. It seems to have entered its
most interesting and intense phase yet. The
isolation and characterization of new micro-
organisms with novel catabolic activities con-
tinues unabated, and the use of plants and
plant-microbe associations in bioremediation
is expanding strongly. The continuously grow-
ing knowledge on catabolic pathways and crit-
ical enzymes provides the basis for the ration-
al genetic design of new and improved en-
zymes and pathways for the development of
more performant processes.

This volume Environmental Processes II
summarizes the state of the art of scientific re-
search in the field of biodegradation of xeno-
biotics, of transferring the knowlegde obtained
into commercial application, and the future
developments necessary to cope with the re-
quirements of sustainable strategies for eco-
logical, but ecomically appropiate solutions.

The first part is dedicated to more general
aspects of bioremediation: firstly, a survey on
the different international approaches of deal-
ing with soil contamination problems, then
elucidating inherent aspects of soil, i.e., geo-
chemical and hydrogeological features as well

as bioavailibility and humification processes
influencing the interaction between microor-
ganisms and contaminants in soil and methods
to assess the ecotoxic potential of contaminat-
ed and the treated soil.

The second part of this volume summarizes
the results of scientific research on the biodeg-
radation of those substance groups which
count as relevant in terms of contaminated
sites, e.g., aliphatic and aromatic hydrocarbons
and their halogenated derivatives, pesticides,
and nitro compounds.

In the third part the different commercially
methods of in situ and ex situ bioremediation
are described, including advanced strategies
proposing to use the abilities of plant-microbe
associations called phytoremediation, and the
enhancement of natural attenuation processes,
especially biostimulation and bioaugmenta-
tion, and, last but not least, the potential of ge-
netic modifications of the microorganisms ap-
plied. In the final chapter methods for reliable
and representative sampling and chemical
analysis of the processed samples are ex-
plained.

It is beyond the scope of any book to cover
all aspects of soil bioremediation and to have
considered all relevant results which are ob-
tained in the huge community of researchers
in science and industry. But the Volume Edi-
tor and the Series Editors hope that this book
will give sufficient, elucidating and stimulating
insight into the biology and technology of soil
decontamination processes.

Essen, November 1999 Jiirgen Klein
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