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-·Preface 

Since completion of the fourth edition ofth.is textbook, the field of wastewater engineering 
has evolved at a rapid pace. Some ~f the more significant changes include: 

1. A new view of wastewater as a source of energy, nutrients, and potable water. 
2. More stringent discharge requirements related to nitrogen and phosphorus; 
3. Enhanced understanding of the fundamental microbiology and physiology of the 

microorganisms responsible for the removal of nitrogen and phosphorus and other 
constituents; 

4. An appreciatio.n of the importance of the separate treatment of return flows with 
respect to meeting more stringent standards for nitrogen removal and opportunities 
for nutrient recovery, .1 

5. Increased emphasis on the treatment of sludge and the management of biosolids; and 
6. Increased awareness of carbon footprint impacts and greenhouse gas emissions, and 

an emphasis on the development of energy-neutral or energy-positive wastewater 
plants through more efficient use of chemical and heat energy in wastewater. 

The 5th edition of this textbook has been prepared to address the significant changes cited 
above. Increased understanding of the importance of pre-treatment processes is addressed 
in Chap. 5. Advances in biological treatment are addressed in Chaps. 7 through 10. New 
developments in disinfection are considered in Chap. 12. The management of sludge and 
biosolids is now covered in Chaps. 13 and 14. Return flow treatment is considered in 
Chap. 15. Energy management is considered in Chap. 17. An emphasis of this fifth edition 
is to present practical design and operational data, while maintaining a solid theoretical 
discussion of the technologies and applications. Input from AECOM's process engineers 
and outside reviewers was sought to provide the user with a source of real-world practical 
information, the likes of which is not available in any single source. 

IMPORTANT FEATURES OF THIS BOOK 
In the 4th edition of this book, a separate chapter was devoted to the fundamentals of 
process analysis, including an introduction to the preparation of mass balances and 
reaction kinetics. Because introductory courses on process analysis and modeling are 
now taught at most colleges and universities, the material on the fundamentals of 
process analysis from the 4th edition has been condensed and is now included in 
Secs. 1-7 through 1-11 in Chap. 1. The material on process analysis has been retained 
as a reference source for students that have already had a: separate course on modeling 
and as an introduction to the s~bject for students who may not have had an introduc­
tory course. 

Following the.practice in the 4th edition, more than 150 example problems have been 
worked out in detail to enhance the readers' understanding of the basic concepts presented 
in the text. To aid in the planning, analysis, and design of wastewater management sys­
tems, design data and information are summarized and presented in more than 400 tables, 
most of which are new. To illustrate the principles and facilities involved in the field 
of wastewater management, over 850 individual illustrations, graphs, diagrams, and 

xx iii 
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photographs are included. An additional 120 drawings are included in tables. More than 
375 homework problems and discussion topics are included to help the readers of this 
textbook hone their analytical skills and enhance their mastery of the material. Extensive 
references are also provided for each chapter. 

The International System (SI) of Units is used in the 5th edition. The use of SI units 
is consistent with teaching practice in most US universities and in most countries through­
out the world. In general, dual sets of units (i.e., SI and US customary) have been used for 
the data tables. Where the use of double units was not possible, conversion factors are 
included as a footnote to the table. 

To further increase the utility of this textbook, several appendixes have been included. 
Conversion factors from International System (SI) of Units to US Customary Units and the 
reverse are presented in Appendixes A-1 and A-2, respectively. Conversion factors used 
commonly for the analysis and design of wastewater management systems are presented 
in Appendix A-3. Abbreviations for SI and US customary units are presented in Appen­
dixes A-4 and A-5, respectively. Physical characteristics of air and selected gases and 
water are presented in Appendixes B and C, respectively. The statistical analysis is 
reviewed in Appendix D. Dissolved oxygen concentrations in water as a function of tem­
perature are presented in Appendix E. Carbonate equilibrium is considered in Appendix F. 
Moody diagrams for the analysis of flow in pipes are presented in Appendix G. The 
analysis of nonideal flow in reactors is considered in Appendix H. Modeling nonideal flow 
in reactors is addressed in Appendix I. 

USE OF THIS BOOK 
Enough material is presented in this textbook to support a variety of courses for one or two 
semesters, or three quarters at either the undergraduate or graduate level. The book can be 
used both as a class textbook or class reference to supplement instructors' notes. The spe­
cific topics to be covered will depend on the time available and the course objectives. 
Suggested course outlines are presented below. 

For a one semester introductory course on wastewater treatment, the following mate­
rial is suggested. 

Introduction to wastewater treatment 1-1 tol-6 

Wastewater characteristics 2 All 

Wastewater Rowrates and constituent loadings 3 All 

Physical unit processes 5 5-1 to 5-8 

Chemical unit processes 6 6-1 to 6-3 

Introduction to biological treatment of wastewater 7 All 

Disinfection 12 12-1 to 12-5, 12-9 

Biosolids management 13, 14 All 

Process selection, design, and implementation 4 All 

Advanced treatment processes (optional) 6, 11 6-7, 6-8, 11-5 to 11-7 
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For a two semester course on wastewater treatment, the following material is suggested. 

Introduction to wastewater treatment 1-f tol-6 

Wastewater characteristics 2 All 

. Wastewater flowrates and constituent loadings 3 All 
-. .. · 

Process selection, design, and implementation 4 4-1 to 4-5 

Physical unit operations 5 All 

Chemical unit operations 6 All 

Introduction to biological treatment of wastewater 7 All 

Suspended growth biological treatment processes 8 All 

Attached growth and combined 9 9-1 to 9-5 

biological treatment processes 

Anaerobic treatment processes 10 10-1 to 10-5 

Disinfection 12 All 

Sludge Management 13 All 

Biosolids management 14 All 

Treatment of return flows 15 All 
~~ ~~ 

For a one semester course on biological wastewater treatment, the following material is 
suggested. 

Introduction to wastewater treatment l 1-1 to 1-6 

Wastewater characteristics 2 All 

Process selection, design, and implementation 4 4-2,4-4,4-5 

Introduction to biological treatment of wastewater 7 7-1 to 7-8 

Suspended growth processes 8 8-1 to 8-3 

Attached growth biological treatment processes 9 All 

Anaerobic treatment processes 10 10-1 to 10-5 

Anaerobic sludge treatment 13 13-9, 13-10 

~--

For a one semester course on physical and chemical unit processes, the following material 
is suggested. It should be noted that material listed below could be supplemented with 
additional examples from water treatment. 
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Topic 
' ·. Cha·pter Se(tions 

Process selection, design, and implementation 4 4-1 to 4-4 

Introduction to physical unit processes 

Mixing and flocculation 5 5-3 

Sedimentation 5 5-4, 5-6, 5-7, 

Gas transfer 5 5-10, 5-11 

Filtration (conventional depth filtration) 11 11-3, 11-4, 11-6 

Membrane filtration 11 11-7 

Adsorption 11 11-9 

Gas stripping 11 11-10 

UV disinfection 12 12-9 

Introduction to chemical unit processes 6-2 

Coagulation 6 6-2 

Chemical precipitation 6 6-3,6-4, 6-6 

Ion exchange 11 11-11 

Water stabilization 6 6-10 

Chemical oxidation (conventional) 6 6-7 

Advanced oxidation processes 6 6-8 

Photolysis 6 6-9 



· -. .. · This textbook is a tribute to the engineers and scientists who continue to push forward the 
practice and technologies of the wastewater industry. These advances continue to offer the 
world cleaner water resources and sustainable water supplies. The book could not have 
been written without the efforts of numerous individuals including the primary writers, 
contributing authors, individuals with specialized skills, technical reviewers, outside 
reviewers, and practitioners who contributed real life experiences. 

Contributing authors from AECOM included: Dr. Mohammad Abu-Orf who revised 
and updated Chaps. 13 and 14, Dr. Gregory Bowden who wrote Chap. 15, and Mr. William 
Pfrang who revised and updated Chap. 5. Their assistance is acknowledged gratefully. 
Dr. Harold Leverenz of the University of California at Davis, is singled out for special 
acknowledgment for extraordinary contributions to the development of the graphics used 
throughout the text, the revision of Chap. 6, and individual section write ups. Others 
deserving special acknowledgment, in alphabetical order, are: Mr. Russel Adams an envi­
ronmental consultant provided comprehensive reviews of Chaps. 3, 11, and 12; Dr. Heidi 
Gough of the University of Washington wrote the molecular biology section of Chap. 7; 
Dr. April Gu of Northeastern University who helped write and provided material for Chap. 
9; Ms. Emily Legault of HDR Engineers provided thoughtful and comprehensive reviews 
of Chaps. 2, 3, 7, 8, 11, and 12; Mr. Mladen Novakovic of AECOM contributed to the 
development of Chap. 5; Mr. Terry Goss of AECOM contributed extensively to the devel­
opment of Chaps. 13 and 14; and Mr. Dennis Totzke of Applied Technologies had signifi­
cant involvement in the development of Chap. 10. 

The review of the manuscript was critical to maintain the quality of the text. Outside 
reviewers, arranged alphabetically, who provided critical reviews included: Dr. Onder 
Caliskaner of Kennedy/Jenks Consultants reviewed portions of Chap. 11; Dr. Robert Cooper 
of BioVir laboratories reviewed the section on microbiology in Chap. 2; Ms. Libia Diaz of 
the University of California at Davis reviewed the homework problems; Dr. Robert Emerick 
of Stantec Engineers, reviewed the section on UV disinfection in Chap. 12; Dr. David 
Hokanson of Trussell Technologies reviewed portions of Chap. 11; Ms. Amelia Holmes of 
University of California at Davis reviewed the homework problems; Dr. Kurt Ohlinger of 
Sacramento Regional County Sanitation District provided review for phosphorus recovery. 
Dr. Edward Schroeder professor emeritus of the University of California at Davis reviewed 
portions of Chaps. 1 and 2. 

A number of current and former AECOM engineers contributed to the development 
of the manuscript by providing design information and by reviewing specific portions of 
the text. Listed in alphabetical order they are: 

Mr. Michael Adkins Mr. Joerg Blischke Dr. Patrick Coleman 

Mr. David Ammerman Mr. Gary Breilwisch Mr. Nicholas Cooper 

Ms. Jane Atkinson Dr. Dominique Brocard Mr. Grant Davies 

Mr. Simon Baker Mr. Nathan Cassity Mr. Daniel Donahue 

Dr. William-Barber Mr. Chi Yun Chris Chen Mr. Ralph Eschborn 

Mr. David Bingham Mr. William Clunie Mr. Bryce Figdore 
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Finally, the production of this textbook could not have been completed without the 
guidance and assistance of the following individuals. Mr. William Stenquist, Executive 
Editor and Ms. Lorraine Buczek, Development Editor of the McGraw Hill Book Company. 
Ms. Rose Kernan and Ms. Erin McConnell of RPK Editorial Services, Inc. provided ser­
vice above and beyond in working with the authors to produce the textbook. The collective 
efforts of these individuals were invaluable and greatly appreciated. 

George Tchobanoglous 
H. David Stensel 
Ryujiro Tsuchihashi 
Franklin Burton 



One hundred years have passed since the three-volume "American Sewerage Practice" 
treatise was published in 1914-1915 by Leonard Metcalf and Harrison P. Eddy. The initial 
publication quickly became the standard of care and established the foundation for modern 
wastewater treatment. The original concept of combining theory with a strong compliment 
of practical data and design guidance continues on in the fifth edition. The wealth of prac­
tical information continues to be a cornerstone of Metcalf & Eddy publications, and has 
led to its reputation as the number one wastewater practice textbook. In this fifth edition 
over 150 example problems and over 375 homework problems are provided. 

The textbook has become a widely used teaching resource for universities and col­
leges and a reference for engineering firms throughout the world and is now published in 
Chinese, Greek, Italian, Japanese, Korean, and Spanish. 

New advances in technology continue to occur at a record pace in all fields including 
wastewater treatment. As a result this fifth edition includes numerous advances and repre­
sents the current state of the art information. AECOM takes great pride in presenting this 
Metcalf & Eddy textbook, a comprehensive compilation of the best wastewater practices 
in use today. 

The manuscript was developed by a team of primary writers including Dr. George 
Tchobanoglous, Dr. H. David Stensel, Dr. Ryujiro Tsuchihashi, Dr. Mohammad Abu-Orf, 
Mr. William Pfrang and Dr. Gregory Bowden. In addition to our primary authors, over 55 
AECOM employees and outside technical specialists contributed in reviews and provided 
practical data and guidance. 

I would also like to acknowledge Mr. Bill Stenquist, Executive Editor, McGraw-Hill, 
who was instrumental in bringing the resources of McGraw-Hill to this project. 

The fifth edition textbook could not have been developed without the enthusiastic 
support of AECOM. I thank Mr. John M. Dionisio, Chairman and Chief Executive Officer, 
Mr. Robert Andrews, Chief Executive, Water, and Mr. James T. Kunz, Senior Vice 
President-Program Director. 

Jekabs P. Vittands 
Senior Vice President 
AECOM 
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