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Handbook Introduction

The battle cry for sustainable development is persistent in all circles, gaining accept-
ance, worldwide, as the guiding rationale for activities or processes in the science—
technology—environment-economy—society interfaces targeting improvement and
growth. Such activities are expected to result in higher standards of living, leading
eventually to a better quality of life for our increasingly technology-dependent modern
society. Models of sustainable development and exemplary systems of sustainable
management are continually being developed and/or adapted and creatively applied,
taking into consideration human needs versus wants on the one hand, and long-
versus short-term benefits and tradeoffs on the other.

“Detergents” constitute a classic case study within this context: this is a multi-
dimensional systemic enterprise, operating within complex sociopolitical/technoeco-
nomical realities, locally and globally, reflecting in its development and contemporary
“state-of-affairs” the changing dynamic equilibria and interrelationships between
demands/needs, cost/benefits, gains/tradeofls, and social preferences. Interestingly, it
is not surprising, despite the overall maturity of the consumer market, that detergents
continue to advance more rapidly than population growth.

The soap and detergent industry has seen great change in recent years, respond-
ing to the shifts in consumer preferences, environmental pressures, the availability and
cost of raw materials and energy, demographic and social trends, and the overall
economic and political situation worldwide. Currently, detergent product design is
examined against the unifying focus of delivering to the consumer performance and
value, given the constraints of the economy, technological advancements, and
environmental imperatives. The annual 2-3% growth of the detergent industry and
a higher growth in personal care products reflect impressive developments in for-
mulation and application. The detergent industry is thus expected to continue steady
growth in the near future.

For the detergent industry, the last decade of the twentieth century has been one
of transformation, evolution, and even some surprises (e.g., the increase of heavy-duty
liquid detergents at the expense of powder detergent products). On both the supplier
and consumer market sides (both remain intensely competitive), the detergent industry
has undergone dramatic changes, with players expanding their offerings, restructuring
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divisions, or abandoning the markets altogether. This has resulted in the consolidation
of the market, especially in the last several years, and this trend appears to be gaining
momentum. The key concepts have been and still are innovation, consumer prefer-
ences, needs, multipurpose products, cost/benefit, efficiency, emerging markets,
partnership—cooperation—collaboration—-merging (locally, regionally, and globally),
and technological advancements. Although substantial gains and meaningful rapid
changes with respect to the preceding concepts have been experienced by the
surfactants/detergents markets, the same cannot be said for detergent/surfactant
technology itself. The $9-billion-plus detergent ingredients market has many
entrenched workhorse products. This may suggest that the supply of “solutions” to
most cleaning “problems” confronted by consumers in view of the increasing global
demand for a full range of synergistic, multifunctional detergent formulations having
high performance and relatively low cost, and the need for compliance with environ-
mentally oriented (green) regulation, may be based on modifications of existing
technologies. What does all this mean for the future of the detergent enterprise?
How will advances in research and development affect future development in detergent
production, formulation, applications, marketing, consumption, and relevant human
behavior as well as short- and long-term impacts on the quality of life and the
environment? Since new findings and emerging technologies are generating new issues
and questions, not everything that can be done should be done; that is, there should be
more response to real needs rather than wants.

Are all the questions discussed above reflected in the available professional lit-
erature for those who are directly involved or interested engineers, scientists, techni-
cians, developers, producers, formulators, managers, marketing people, regulators,
and policy makers? After a thorough examination of the literature in this and/or
related areas, I came. to the conclusion that a comprehensive series was needed that
focuses on the practical aspects of the topic and provides the detergent industry
perspective to all those involved and interested. The Handbook of Detergents is an up-
to-date compilation of works written by experts each of whom is heavily engaged in his
or her area of expertise, emphasizing the practical and guided by a common systemic
approach.

The aim of this six-volume handbook (Properties, Environmental Impact,
Analysis, Formulation, Applications, and Production) is to reflect the above and to
provide readers who are interested in any aspect of detergents a state-of-the-art
comprehensive treatise, written by expert practitioners (mainly from industry) in the
field. Thus, various aspects involved—raw materials, production, economics, proper-
ties, formulations, analysis and test methods, applications, marketing, environmental
considerations, and related research problems—are dealt with, emphasizing the
practical in a shift from the traditional or mostly theoretical focus of most of the
related literature currently available,

The philosophy and rationale of the Handbook of Detergents series are reflected
in its title, its plan, and the order of volumes and flow of the chapters (within each
volume). The various chapters are not intended to be and should not necessarily be
considered mutually exclusive or conclusive. Some overlapping facilitates the pre-
sentation of the same issue or topic from different perspectives, emphasizing different
points of view, thus enriching and complementing various perspectives and value
judgments.
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There are many whose help, capability, and dedication made this project
possible. The volume editors, contributors, and reviewers are in the front line in this
respect. Many others deserve special thanks, including Mr. Russell Dekker and Mr.
Joseph Stubenrauch, of Marcel Dekker, Inc., as well as my colleagues and friends in
(or associated with) the detergent industry, whose dedication and invoivement
facilitated this work. My hope is that the final result will complement the tremendous
effort invested by all those who contributed; you the reader, will be the ultimate judge.

Uri Zoller
Editor-in-Chief



Preface

Regardless of the state-of-the-art and affairs in the detergent industry worldwide,
with respect to scientific, technological, economic, safety, and regulatory aspects of
detergent production, formulation, application, and consequently consumption,
their environmental impact constitutes and will continue to be an issue of major
concern. This is particularly so given the operating global free-market economy,
which is supposed to, and is expected to, ensure sustainable development. Avoidance
of detrimental environmental impact primarily requires prevention rather than
correction, which in turn should dictate what the detergent industry should do and
what needs to be accomplished in the future to ensure environmentally-oriented
sustainable development, given contemporary shifts in consumer preferences, the
availability and cost of raw materials and energy, demographic and social trends,
and the overall economical/political situation worldwide.

This second volume (Part B) of the six-volume series Handbook of Detergents
deals with the potential environmental impact of detergents—surfactants, builders,
and sequestering/chelating agents—as well as other components of detergent for-
mulations as a result of their production, formulation, usage/consumption, and
ultimate disposal into the various compartments of the environment, particularly
the aquatic compartment. Since commercial detergent formulations comprise many
homologs, oligomers/polymers, and isomers, their identification, quantification,
distribution, and persistence as well as specific and/or synergistic environmental
impact (toxicity, estrogenicity, health risk, exotoxicity, and other factors) should be
assessed, to be used as the solid and reliable scientific basis for action.

This volume is a comprehensive treatise on the multidimensional issues
involved, and represents an international industry—academia collaborative effort of
over 50 experts and authorities worldwide.

vii
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Part I, “The Multidimensionality of Detergent-Related Environmental Impact
and Its Assessment™ contains:

* A historical review of detergents and the environment

» A critical review and discussion of the distribution rate, effects, biodegradation,
toxicology, and ecotoxicology of surfactants and other components of detergent
formulations

* Risk assessment, life-cycle assessment, biodegradability, toxicity, and structure—
activity relationships of detergent components and their evaluation

¢ An examination of the environmental impact of detergent packaging

e Environmental safety legislation on detergents

The topics addressed in Part I1, “Environmental Behavior, Effects, and Impact
of Detergent Components,” include:

¢ The fate, effects, safety, survival, distribution, biodegradability, biodegradation,
ecology, and toxicology of anionic, cationic, and nonionic surfactants

¢ Environmental impact and ramifications of inorganic detergent builders,
chelating agents, bleaching activators, perborates, and other components of
detergent formulations ,

* Toxicology and ecotoxicology of minor components in personal care detergent
formulations

* Biodegradation of surfactants in sewage treatment plants and in the natural
environment

» Science versus politics in the environment-related regulatory process

All the above are accompanied and supported by extensive research-based
data, occasionally accompanied by a specific “‘representative” case study, the derived
conclusions of which are transferable.

This resource contains more than 2300 cited works and is aimed to serve as a
practical reference for environmental, surfactant, chemical/biochemical, toxicolog-
ical/ecotoxicological scientists and engineers, regulators, and policy makers associ-
ated with the detergent industry. I thank all the contributors who made the
realization of this volume possible.

Uri Zoller



©oNoo

10.

11.

12.

13.
14.
15.

16.
17.

18.

19.
20.
21.

22.
23.
24,
25.

26.
27.

28.

29.
30.

31.

32.

. Nonionic Surfactants, edited by Martin J. Schick (see also Volumes 19, 23,

and 60)

Solvent Properties of Surfactant Solutions, edited by Kozo Shinoda (see Volume

55)

Surfactant Biodegradation, R. D. Swisher (see Volume 18)

Cationic Surfactants, edited by Eric Jungermann (see also Volumes 34, 37,
and 53)

Detergency: Theory and Test Methods (in three parts), edited by W. G. Cutler
and R. C. Davis (see also Volume 20)

Emulsions and Emulsion Technology (in three parts), edited by Kenneth J. Lissant
Anionic Surfactants (in two parts), edited by Warner M. Linfield (see Volume 56)

Anionic Surfactants: Chemical Analysis, edited by John Cross

Stabilization of Colloidal Dispersions by Polymer Adsorption, Tatsuo Sato
and Richard Ruch

Anionic Surfactants: Biochemistry, Toxicology, Dermatology, edited by
Christian Gloxhuber (see Volume 43)

Anionic Surfactants: Physical Chemistry of Surfactant Action, edited by
E. H. Lucassen-Reynders

Amphoteric Surfactants, edited by B. R. Bluestein and Clifford L. Hilton
(see Volume 59)

Demulsification: Industrial Appiications, Kenneth J. Lissant
Surfactants in Textile Processing, Arved Datyner

Electrical Phenomena at interfaces: Fundamentals, Measurements,
and Applications, edited by Ayao Kitahara and Akira Watanabe

Surfactants in Cosmetics, edited by Martin M. Rieger (see Volume 68)

Interfacial Phenomena: Equilibrium and Dynamic Effects, Clarence A. Miller
and P. Neogi

Surfactant Biodegradation: Second Edition, Revised and Expanded,
R. D. Swisher

Nonionic Surfactants: Chemical Analysis, edited by John Cross
Detergency: Theory and Technology, edited by W. Gale Cutler and Erik Kissa

Interfacial Phenomena in Apolar Media, edited by Hans-Friedrich Eicke
and Geoffrey D. Parfitt

Surfactant Solutions: New Methods of Investigation, edited by Raoul Zana
Nonionic Surfactants: Physical Chemistry, edited by Martin J. Schick
Microemulsion Systems, edited by Henri L. Rosano and Marc Clausse

Biosurfactants and Biotechnology, edited by Naim Kosaric, W. L. Cairns,
and Neil C. C. Gray

Surfactants in Emerging Technologies, edited by Milton J. Rosen

Reagents in Mineral Technology, edited by B Somasundaran
and Brij M. Moudgil

Surfactants in Chemical/Process Engineering, edited by Darsh T. Wasan,
Martin E. Ginn, and Dinesh O. Shah

Thin Liquid Films, edited by I. B. lvanov

Microemulsions and Related Systems: Formulation, Solvency, and Physical
Propetrties, edited by Maurice Bourrel and Robert S. Schechter

Crystallization and Polymorphism of Fats and Fatty Acids, edited by
Nissim Garti and Kiyotaka Sato

Interfacial Phenomena in Coal Technology, edited by Gregory D. Botsaris
and Yuli M. Glazman



33.

34.
35.
36.
37.

38.

39.
40.
41.

42.
43,

44,

45.
46.
47,

48.
49.
50.
51.

52.
53.

54.
55.

56.
57.

58.
59.
60.

61.
62.
63.
64.
65.
66.

67.
68.

Surfactant-Based Separation Processes, edited by John F. Scamehorn
and Jeffrey H. Harwell

Cationic Surfactants: Organic Chemistry, edited by James M. Richmond
Alkylene Oxides and Their Polymers, F. E. Bailey, Jr., and Joseph V. Koleske
Interfacial Phenomena in Petroleum Recovery, edited by Norman R. Morrow

Cationic Surfactants: Physical Chemistry, edited by Donn N. Rubingh
and Paul M. Holland

Kinetics and Catalysis in Microheterogeneous Systems, edited by M. Grétzel
and K. Kalyanasundaram

Interfacial Phenomena in Biological Systems, edited by Max Bender
Analysis of Surfactants, Thomas M. Schmitt (see Volume 96)

Light Scattering by Liquid Surfaces and Complementary Techniques, edited by
Dominique Langevin

Polymeric Surfactants, /rja Piirma

Anionic Surfactants: Biochemistry, Toxicology, Dermatology. Second Edition,
Revised and Expanded, edited by Christian Gloxhuber and Klaus Kinstler

Organized Solutions: Surfactants in Science and Technology, edited by
Stig E. Friberg and Bjérn Lindman

Defoaming: Theory and Industrial Applications, edited by P R. Garrett
Mixed Surfactant Systems, edited by Keizo Ogino and Masahiko Abe

GCoagulation and Flocculation: Theory and Applications, edited by
Bohuslav Dobids

Biosurfactants: Production Properties Applications, edited by Naim Kosaric
Wettability, edited by John C. Berg
Fluorinated Surfactants: Synthesis Properties Applications, Erik Kissa

Surface and Colloid Chemistry in Advanced Ceramics Processing, edited by
Robert J. Pugh and Lennart Bergstrom

Technological Applications of Dispersions, edited by Robert B. McKay

Cationic Surfactants: Analytical and Biological Evaluation, edited by John Cross
and Edward J. Singer

Surfactants in Agrochemicals, Tharwat F. Tadros

Solubilization in Surfactant Aggregates, edited by Sherril D. Christian
and John F. Scamehorn

Anionic Surfactants: Organic Chemistry, edited by Helmut W. Stache

Foams: Theory, Measurements, and Applications, edited by
Robert K. Prud’homme and Saad A. Khan

The Preparation of Dispersions in Liquids, H. N. Stein
Amphoteric Surfactants: Second Edition, edited by Eric G. Lomax

Nonionic Surfactants: Polyoxyalkylene Block Copolymers, edited by
Vaughn M. Nace

Emulsions and Emulsion Stability, edited by Johan Sjéblom

Vesicles, edited by Morton Rosoff

Applied Surface Thermodynamics, edited by A. W. Neumann and Jan K. Spelt
Surfactants in Solution, edited by Arun K. Chattopadhyay and K. L. Mittal
Detergents in the Environment, edited by Milan Johann Schwuger

Industrial Applications of Microemulsions, edited by Conxita Solans and
Hironobu Kunieda

Liquid Detergents, edited by Kuo-Yann Lai

Surfactants in Cosmetics: Second Edition, Revised and Expanded, edited by
Martin M. Rieger and Linda D. Rhein



69.

70.

71,
72.
73.

74.
75.
76.
77.
78.

79.

80.
81.

82.

83.

84,
85,
86.
87.

88.
89.

90.
91.

92.

93.
94,

95.

96.

97.

98.
99.

Enzymes in Detergency, edited by Jan H. van Ee, Onno Misset,
and Erik J. Baas

Structure-Performance Relationships in Surfactants, edifed by Kunio Esumi
and Minoru Ueno

Powdered Detergents, edited by Michael S. Showell
Nonionic Surfactants: Organic Chemistry, edited by Nico M. van Os

Anionic Surfactants: Analytical Chemistry, Second Edition, Revised
and Expanded, edijted by John Cross

Novel Surfactants: Preparation, Applications, and Biodegradability, edited by
Krister Hofmberg

Biopolymers at Interfaces, edited by Martin Malmsten

Electrical Phenomena at Interfaces: Fundamentals, Measurements,
and Applications, Second Edition, Revised and Expanded, edited by
Hiroyuki Ohshima and Kunio Furusawa

Polymer-Surfactant Systems, edited by Jan C. T. Kwak

Surfaces of Nanoparticles and Porous Materials, edited by James A. Schwarz
and Cristian I. Contescu

Surface Chemistry and Electrochemistry of Membranes, edited by
Torben Smith Serensen

Interfacial Phenomena in Chromatography, edited by Emile Pefferkorn
Solid-Liquid Dispersions, Bohuslav Dobids, Xueping Qiu,
and Wolfgang von Rybinski

Handbook of Detergents, editor in chief: Uri Zoller
Part A: Properties, edited by Guy Broze

Modern Characterization Methods of Surfactant Systems, edited by
Bernard P, Binks

Dispersions: Characterization, Testing, and Measurement, Erik Kissa
Interfacial Forces and Fields: Theory and Applications, edited by Jyh-Ping Hsu
Silicone Surfactants, edited by Randal M. Hill

Surface Characterization Methods: Principles, Techniques, and Applications,
edited by Andrew J. Milling

Interfacial Dynamics, edited by Nikola Kallay

Computational Methods in Surface and Colloid Science, edited by
Malgorzata Boréwko

Adsorption on Silica Surfaces, edited by Eugéne Papirer

Nonionic Surfactants: Alkyl Polyglucosides, edited by Dieter Balzer
and Harald Liders

Fine Particles: Synthesis, Characterization, and Mechanisms of Growth, edited
by Tadao Sugimoto

Thermal Behavior of Dispersed Systems, edited by Nissim Garti

Surtace Characteristics of Fibers and Textiles, edited by Christopher M. Pastore
and Paul Kiekens

Liquid Interfaces in Chemical, Biclogical, and Pharmaceutical Applications,
edited by Alexander G. Volkov

Analysis of Surfactants: Second Edition, Revised and Expanded,
Thomas M. Schmitt

Fluorinated Surfactants and Repellents: Second Edition, Revised
and Expanded, Erik Kissa

Detergency of Specialty Surfactants, edited by Floyd E. Friedli
Physical Chemistry of Polyelectrolytes, edited by Tsetska Radeva



100.
101.

102.
103.
104.

105.

106.
107.
108.

109.

110.

111,

112.

113.

114.

115.

116.

117.

118.
119,

120.
121.

122.

123.

124.

Reactions and Synthesis in Surfactant Systems, edited by John Texter

Protein-Based Surfactants: Synthesis, Physicochemical Properties,
and Applications, edited by Ifendu A. Nnanna and Jiding Xia

Chemical Properties of Material Surfaces, Marek Kosmulski
Oxide Surfaces, edited by James A. Wingrave

Polymers in Particulate Systems: Properties and Applications, edited by
Vincent A. Hackley, P Somasundaran, and Jennifer A. Lewis

Colloid and Surface Properties of Clays and Related Minerals,
Rossman F. Giese and Carel J. van Oss

Interfacial Electrokinetics and Electrophoresis, edited by Angel V. Delgado
Adsorption: Theory, Modeling, and Analysis, edited by Jozsef Toth

Interfacial Applications in Environmental Engineering, edited by
Mark A. Keane

Adsorption and Aggregation of Surfactants in Solution, edited by K. L. Mittal
and Dinesh O. Shah

Biopolymers at Interfaces: Second Edition, Revised and Expanded, edited by
Martin Malmsten

Biomolecular Films: Design, Function, and Applications, edited by James F.
Rusling

Structure—Performance Relationships in Surfactants: Second Edition, Revised
and Expanded, edited by Kunio Esumi and Minoru Ueno

Liquid Interfacial Systems: Oscillations and Instability, Rudoiph V. Birikh,
Viadimir A. Briskman, Manuel G. Velarde, and Jean-Claude Legros

Novel Surfactants: Preparation, Applications, and Biodegradability: Second
Edition, Revised and Expanded, edited by Krister Holmberg

Colloidal Polymers: Synthesis and Characterization, edited by
Abdelhamid Elaissari

Colloidal Biomolecules, Biomaterials, and Biomedical Applications, edited by
Abdelhamid Elaissari

Gemini Surfactants: Synthesis, Interfacial and Solution-Phase Behavior,
and Applications, edited by Raoul Zana and Jiding Xia

Colloidal Science of Flotation, Anh V. Nguyen and Hans Joachim Schulze

Surface and Interfacial Tension: Measurement, Theory, and Applications,
edited by Staniey Hartland

Microporous Media: Synthesis, Properties, and Modeling, Freddy Romm

Handbook of Detergents, editor in chief: Uri Zoller
Part B: Environmental impact, edited by Uri Zoller

Lumincus Chemical Vapor Deposition and Interface Engineering,
Hirotsugu Yasuda

Handbook of Detergents, editor in chief: Uri Zoller Part C: Analysis, edited by
Heinrich Waldhoff and Ridiger Spilker

Mixed Surfactant Systems: Second Edition, Revised and Expanded, edited by
Masahiko Abe and John F. Scamehorn

ADDITIONAL VOLUMES IN PREPARATION



Contributors

Walter Aulmann Cognis Deutschland GmbH & Co. KG, Diisseldorf, Germany
I. J. A. Baker Kodak (Australasia) Pty Ltd., Coburg, Victoria, Australia

Harald P. Baver Division of Pigments and Additives, Clariant GmbH, Hiirth,
Germany

Scott Belanger Miami Valley Laboratories, The Procter & Gamble Company,
Cincinnati, Ohio, U.S.A.

José Luis Berna Research and Development, Petresa, Madrid, Spain

Geert Boeije European Technical Center, The Procter & Gamble Company,
Brussels, Belgium

Luciano Cavalli* Sasol Italy, Milan, Italy

Y. Chen Department of Soil and Water Sciences, The Hebrew University of
Jerusalem, Rehovot, Israel

Christina Cowan-Elisherry Miami Valley Laboratories, The Procter & Gamble
Company, Cincinnati, Ohio, U.S.A.

Vince Croud’ Advanced Technologies Division, Warwick International Ltd.,
Holywell, Flintshire, United Kingdom

Andreas Domsch Degussa Goldschmidt Personal Care, Essen, Germany

*Current affiliation: UNICHIM, Milan, Italy.
YCurrent affiliation: Antec International Ltd., Sudbury, Suffolk, United Kingdom.

xiii



xiv Contributors

C. J. Drummond CSIRO Molecular Science, Clayton South, Victoria, Australia

Shinya Ebata Human Safety Evaluation Center, LION Corporation, Kanagawa,
Japan

Tom Feijtel European Technical Center, The Procter & Gamble Company,
Brussels, Belgium

K. K. Fox Department of Civil and Structural Engineering, University of Sheffield,
Sheffield, United Kingdom

Marcel Friedman Research and Development, Neca-Agis Group, Petach-Tikva,
Israel

D. N. Furlong Applied Chemistry, RMIT University, Bundoora, Victoria,
Australia

Ester Gorelik Zohar Dalia, Kibbutz Dalia, Israel

F. Grieser School of Chemistry, University of Melbourne, Melbourne, Victoria,
Australia

Otto Grundler BASF Aktiengesellschaft, Ludwigshafen, Germany

Bent Halling-Sorensen Department of Analytical Chemistry, The Danish Uni-
versity of Pharmaceutical Sciences, Copenhagen, Denmark

John E. Heinze Executive Director, Environmental Health Research Foundation,
Manassas, Virginia, U.S.A.

Louis Ho Tan Tai Consultant, Lambersart, France

M. S. Holt European Center for Ecotoxicology and Toxicology of Chemicals,
Brussels, Belgium

Hans-Ulrich Jdger BASF Aktiengesellschaft, Ludwigshafen, Germany
Klaus Jenni Degussa Goldschmidt Personal Care, Essen, Germany

Kristine A. Krogh Department of Analytical Chemistry, The Danish University
of Pharmaceutical Sciences, Copenhagen, Denmark

Zenon tukaszewski Institute of Chemistry, Poznan University of Technology,
Poznan, Poland

Torben Madsen Department of Ecotoxicology, DHI Water and Environment,
Horsholm, Denmark



Contributors XV

Horst Messinger Cognis Deutschiland GmbH & Co. KG, Diisseldorf, Germany

Betty B. Mogensen Department of Atmospheric Chemistry, National Environ-
mental Research Institute, Roskilde, Denmark

Carter G. Naylor* Consultant, Austin, Texas, U.S.A.

D. Prats Department of Chemical Engineering, University of Alicante, Alicante,
Spain

David W. Roberts Safety and Environmental Assurance Center (SEAC), Unilever
R&D, Sharnbrook, Bedford, United Kingdom

M. Rodriguez Department of Chemical Engineering, University of Alicante,
Alicante, Spain

Erwan Saouter The Procter & Gamble Company, Petit Lancy, Switzerland

Susan E. Selke School of Packaging, Michigan State University, East Lansing,
Michigan, U.S.A.

John Solbé Consultant, Denbighshire, North Wales, United Kingdom

Yutaka Takagi Human Safety Evaluation Center, LION Corporation, Kana-
gawa, Japan

Toshiharu Takei Human Safety Evaluation Center, LION Corporation, Kana-
gawa, Japan

J. Tarchitzky Israeli Ministry of Agriculture, Bet-Dagan, Israel

Karen L. Thorpe' School of Biological Sciences, The Hatherley Laboratories,
Exeter University, Exeter, Devon, United Kingdom

Charles R. Tyler School of Biological Sciences, The Hatherley Laboratories,
Exeter University, Exeter, Devon, United Kingdom

C. G. van Ginkel Akzo Nobel Chemicals Research Arnhem, Arnhem, The
Netherlands

Gert van Hoof The Procter & Gamble Company, Strombeek-Bever, Belgium

Oded Vashitz Zohar Dalia, Kibbutz Dalia, Israel

*Retired from Huntsman Corporation, Austin, Texas, U.S.A.
iCurrent affiliation: AstraZeneca UK Limited, Brixham, Devon, United Kingdom.



xvi Contributors

Karl V. Vejrup Department of Atmospheric Chemistry, National Environmental
Research Institute, Roskilde, Denmark

Donald Versteeg Miami Valley Laboratories, The Procter & Gamble Company,
Cincinnati, Ohio, U.S.A.

Peter White The Procter & Gamble Company, Newcastle upon Tyne, United
Kingdom

Andreas Willing Cognis Deutschland GmbH & Co. KG, Diisseldorf, Germany
Helmut Witteler BASF Aktiengesellschaft, Ludwigshafen, Germany

Guang-Guo Ying Adelaide Laboratory, CSIRO Land and Water, Glen Osmond,
Australia

Uri Zoller Faculty of Science and Science Education-Chemistry, Haifa University—
Oranim, Kiryat Tivon, Israel



