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Preface

Purpose of the Book

The subject of the book is the ‘integrated application of activated carbon adsorption
with biological processes in water and wastewater treatment.” The enhancement of
biological mechanisms by activated carbon adsorption merits serious study since it
has been shown to be an effective method for the elimination of various organic
and inorganic environmental pollutants.

During my studies over many years on adsorption and biodegradation, alone or
together with my students, I realized with some surprise that the existing books on
these subjects were either addressing activated carbon adsorption or biological
treatment, but not both together in an integrated manner. I also realized that few
books contained single chapters that dealt with either PACT or BAC processes. While
invaluable work had been published in the form of papers or chapters, all these
addressed some specific aspect of integrated treatment, and there was no compre-
hensive book that gave a detailed account of the different aspects of integrated
adsorption and biological treatment. Thus, my idea to write this book originated from
my own needs, and the idea was then supported by the book’s co-author, Ozgiir
Aktas. Our goal in writing the book is to provide the reader with a document that
attempts to present in a unified way most of the material to date on this subject.

The project necessitated an extensive literature survey spanning a period of
approximately 40 years, from the beginning of integrated treatment in the 1970s to
the present day. As a result, the book was inevitably expanded to include a wide
range of topics. It covers the positioning of various integrated adsorption and
biological removal treatment systems within the water and wastewater treatment
train, describes how various pollutants can be removed, highlights the mechan-
isms that underlie the improved performance in small- and full-scale integrated
systems, and extensively discusses to what extent pollutants can be eliminated
from water or wastewater and what other side advantages are to be expected.
However, for a full understanding, only to look at the underlying mechanisms and
extent of removal would be inadequate. Therefore, we have also attempted to
describe and analyze suspended- or attached-growth reactors involving PAC or
GAC in mathematical terms. In this context, models pertaining to integrated water
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Preface

and wastewater treatment systems are also discussed. Results from small- and full-
scale water and wastewater treatment are best understood if mechanisms and
mathematical analyses of integrated adsorption and biological treatment systems
are considered jointly.

In preparing this book, the assumption was made that the reader is equipped
with basic knowledge of environmental science and technology, particularly the
basics of adsorption and biological treatment. Thus, the book is not an elementary
textbook, but is intended for people who are already involved with adsorption and/
or biological processes. The principal readership of this book will be in the aca-
demic community, to whom the book will hopefully be useful. Some parts of the
book may also be used for teaching of graduate level courses in environmental and
chemical engineering.

The hope is that the book will appeal to people from both science and engineering
disciplines. For scientists, who generally deal with fundamentals, it may be of
interest to see the true value of integrated processes in practice. To practicing
people, such as engineers operating water or wastewater treatment plants, who
are mostly concerned with results, the book should provide a fundamental under-
standing of the main mechanisms in integrated adsorption and biotreatment. It
should also serve as a work of reference for all those engaged in institutions relating
to water quality, activated carbon production, and activated carbon adsorption.

Organization of the Book

Chapter 1 provides a brief overview of the history of activated carbon and its use in
the water and wastewater treatment sector, and also gives a brief introduction to
integrated adsorption and biological treatment.

Chapter 2 is an introductory chapter covering the fundamentals of adsorption
and adsorption systems used in water and wastewater treatment. Since the basics
of adsorption and adsorber systems are well explained in the existing literature, the
chapter focuses on the main aspects of adsorbers that are also integrated into
biological systems.

Chapters 3-7 are mainly devoted to the integration of activated carbon adsorp-
tion with biological processes in wastewater treatment.

Chapter 3 addresses the integration of activated carbon in biological wastewater
treatment. It first highlights the progression from adsorption to concurrent
adsorption and biological removal in wastewater treatment. The basic idea in this
chapter is to give a clear idea of the main mechanisms underlying the observed
positive effects in integrated systems. After this, the improvement of organics
removal, removal of volatile pollutants, nitrification, denitrification, and anaerobic
digestion in integrated systems are discussed. The chapter also includes the
impact of activated carbon on biological sludge. Following the basic mechanisms,
two basic processes are discussed that currently integrate the merits of activated
carbon adsorption and biological removal in a single unit: the suspended-growth
PACT process and the attached-growth biological activated carbon (BAC) process.
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Another specific application, the coupling of membrane bioreactors (MBRs) with
activated carbon, is also considered.

Chapter 4 concentrates on the effect of activated carbon in biological removal of
pollutants. This chapter focuses on the removal of specific compounds as well as
the extent of pollutant reduction in various types of wastewater, such as industrial
wastewaters and landfill leachates, which contain many inhibitory, toxic, slowly
degradable or nonbiodegradable pollutants.

Complementary to Chapter 4, which discusses the results and experiences from
laboratory- and pilot-scale studies, Chapter 5 provides examples of full-scale PACT
and BAC applications in wastewater treatment.

Chapter 6 addresses the modeling of combined adsorption and biological was-
tewater treatment systems. Relevant background information on mass transport,
biodegradation, and adsorption processes is discussed in order to throw light on
the complex interactions between adsorption and biological removal. The chapter
then looks at the basic models that have been developed for attached-growth (BAC)
and suspended-growth (PACT) systems.

Chapter 7 deals with bioregeneration of activated carbon, a very important phe-
nomenon in all integrated systems. Bioregeneration is defined as the renewal of the
adsorptive capacity of activated carbon by microorganisms in order to provide fur-
ther adsorption. This chapter provides a comprehensive analysis of various aspects
of GAC and PAC bioregeneration and the models describing bioregeneration.

The second part of the book, extending from Chapter 8 to 11, focuses on issues
related specifically to drinking water treatment and addresses the integration of
activated carbon adsorption with biological removal in this field.

Chapter 8 addresses the rationale for the introduction of biological processes
into water treatment in general, highlighting the development and role of Biolo-
gical Activated Carbon (BAC) Filtration. The significance of Natural Organic
Matter (NOM) in drinking water treatment is discussed. This chapter also includes
detailed information about the importance of ozonation, a treatment step that
often precedes BAC filtration. The adsorption and biodegradation potential of raw
and ozonated waters are discussed, as these properties have a strong influence on
subsequent BAC filtration.

Chapter 9 deals with the removal of NOM, nutrients, and various organic and
inorganic micropollutants in BAC filtration. Both removal mechanisms and the
extent of removal are discussed. The chapter also includes a section on the char-
acteristics and determination of biomass in BAC filters and on the safety of fin-
ished water.

Chapter 10 addresses the full-scale application of BAC filtration of drinking
water. The chapter first discusses the limits set for the re-growth potential of water.
It covers experiences from different water treatment plants and exemplifies the
extent of the reduction of organic and inorganic pollutants that can be achieved.

Chapter 11 addresses the modeling of BAC filtration in drinking water treat-
ment. Since the fundamentals of mass transport, biodegradation, and adsorption
are discussed in Chapter 6, the only issues covered in this chapter are those per-
taining specifically to drinking water treatment. The chapter provides an overview
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of drinking water biofiltration models that have been developed to describe NOM
and micropollutant removal.

Chapter 12 provides an overview of some of the issues discussed in the book,
and highlights the need for further research on integrated adsorption and biolo-
gical removal in water and wastewater treatment.

Suggestions for the Reader

In writing this book, the attempt was made to treat each chapter as a stand-alone
topic while at the same time not impairing the cohesiveness of the whole subject.
Therefore, in almost all chapters, frequent cross-referencing to other chapters is
provided.

Bearing in mind that not all chapters are necessary for every reader, the fol-
lowing suggestions are made:

For a reader who wants to acquire a general idea about adsorption and its his-
torical evolution in combination with biological processes in water and wastewater
treatment, it may be sufficient to concentrate on Chapter 1.

Chapter 2 presents the fundamentals of adsorption and the use of adsorbers in
the water/wastewater field. It can be read independently of other chapters and is
perfectly suited to a reader who is interested in adsorption only, and not in bio-
logical processes.

Chapter 3 is the key to the comprehension of the chapters that follow, and the
reader who wishes to gain a fundamental understanding of the mechanisms and
synergism associated with integrated adsorption and biological removal is strongly
advised to study it.

The reader who is only interested in wastewater treatment and wants to focus on
operational and practical aspects of integrated adsorption and biological removal
needs to read Chapters 2, 3, 4 and 5 only.

To acquire further insight into the mechanism and mathematical description of
integrated adsorption and biological removal, the reader is advised to refer also to
Chapters 6 and 7, which address modeling of integrated systems and bior-
egeneration of activated carbon, respectively.

In general, the reader who is interested in the combination of activated carbon
adsorption with biological processes in drinking water treatment should refer to
Chapters 8 to 11. For this reader it would also be helpful to read Chapter 3 first.
Chapter 8 provides general information on BAC filtration in drinking water treat-
ment, and detailed information on this subject is provided in Chapter 9. The reader
who is interested in practical aspects of BAC filtration and wants to learn about
possible full-scale applications of the process should refer to Chapter 10, while the
reader who is interested in the mathematical formulation of BAC filtration of
drinking water is advised to examine the models presented in Chapter 11, but,
before this, it would be most useful to read Chapter 6.

Ferhan Cegen
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