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PREFACE

Following the format of previous editions, the fourth edition of Introduction to Envi-
ronmental Engineering is designed for use in an introductory sophomore-level engi-
neering course with sufficient depth to allow its use in more advanced courses. The
book covers the basic, traditional subject matter that forms the foundation of more ad-
vanced courses. As such, it provides the fundamental science and engineering princi-
ples that instructors in more advanced courses may assume are common knowledge for
an advanced undergraduate. In the more than 60 offerings of this course, we have
found that mature college students in allied fields—such as biology, chemistry, re-
source development, fisheries and wildlife, microbiology and soils science—have no
difficulty with the material.

We have assumed the students using this text have had courses in chemistry,
physics, and biology as well as sufficient mathematics to understand the concepts of dif-
ferentiation and integration. Basic and environmental chemistry concepts are introduced
at the beginning of the chapters in which they are relevant. This format integrates the
chemistry fundamentals with their application to the subject matter of the chapter.
It provides the student with the tools to analyze and understand the environmental engi-
neering issues described in the chapter, in addition to providing an immediate feedback
of the relevance of the basic chemistry. There are over 100 end-of-chapter chemistry-
related problems spread throughout the text. In a similar manner, the fundamental con-
cepts of microbiology are introduced as an introduction to biological treatment of
wastewater. In the mathematical presentations, we have provided only a few derivations.
In our experience, the more rigorous approach of derived mathematics may yield a
result that is not more but less demonstrative—and even confusing—to the beginning
engineering student. ‘

Two themes are carried through the text. The first is an introduction to the concept
of materials and energy balance as a tool for understanding environmental processes
and solving environmental engineering problems. This concept is introduced in a new
stand-alone chapter and then applied for conservative systems in hydrology (hydro-
logic cycle, development of the rational formula, and reservoir design). This theme is
expanded to include sludge mass balance in Chapter 4, and the DO sag curve in Chap-
ter 5. The design equations for a completely mixed activated sludge system and a more
elaborate sludge mass balance are developed in Chapter 6. Mass balance is used to
account for the production of sulfur dioxide from the combustion of coal and in the
development of absorber design equations in Chapter 7. In Chapter 10, a mass balance
approach is used for waste audit. There are over 100 materials and energy balance end-
of-chapter problems spread throughout the text.

The second theme of the book is the concept of sustainability. First introduced in
Chapter 1, the methods of waste minimization are discussed in each succeeding chap-
ter under the topics of water conservation, sludge minimization in water treatment,
land treatment of wastewater, protection of the ozone layer, global warming, resource
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conservation and recovery of solid waste, hazardous waste management, and reduction
of the volume of radioactive waste.

Each chapter concludes with a list of review items, the traditional end-of-chapter
problems, and, perhaps less traditional, discussion questions. The review items have
been written in the “objective” format of the Accreditation Board for Engineering and
Technology (ABET). Instructors will find this particularly helpful for directing student
review for exams, for assessing continuous quality improvement for ABET and for
preparing documentation for ABET curriculum review. We have found the discussion
questions useful as a “minute check” or spot quiz item to see if the students understand
concepts as well as number crunching.

The fourth edition has been thoroughly revised and updated. With the addition of
222 new end-of-chapter problems there are now a total of 650 problems. Sixty-six of
the problems have been set up for spreadsheet solutions. The following paragraphs
summarize the major changes in this edition.

* A discussion of sustainability and a discussion of the process by which laws and
regulations are developed has been added to the first chapter. The discussion of
ethics has been expanded. :

* A new, stand-alone chapter on material and energy balances has been added.
* The hydrology chapter has been reorganized and slimmed down.

» The water treatment chapter has been revised to include a new treatment of
Henry’s law, new material on waterborne disease and arsenic, updated water
quality standards, an updated technique for design of mixing systems, a new dis-
cussion of membrane treatment technology, and a revised and expanded discus-
sion of ultraviolet disinfection. Two new example problems have been added.

* The water quality management chapter has been expanded to include discussions
of endocrine disrupting compounds (EDCs), total maximum daily load (TMDL),

~ water quality management in estuaries, and groundwater quality, including un-
controlled releases of contaminants and saltwater intrusion into aquifers.

* A new introduction, a new section on treatment standards, and a new section on
membrane treatment have been added to the wastewater chapter. In addition, the
chapter has been rearranged to place the microbiology review closer to the appli-
cation of microbiology to activated sludge treatment.

* The air pollution standards have been updated and new material on mercury,
lead, and PM,; 5 has been added to the air pollution chapter. In addition, the sec-
tions on origin and fate, indoor air, acid rain, ozone depletion, global warming,
and control of automobile emissions have been updated. New discussions on cat-
alytic combustion, baghouses, and mercury control have been added. Two new
example problems on catalytic combustion and baghouse design have been
added.

« A revised introduction to the noise pollution chapter includes the impact of hear-
ing loss on people, as well as the economic impact of noise pollution on civil en-
gineering projects and businesses. A new discussion of the Ly, concept and a



complete revision of the method of calculating airborne transmission to reflect
the ISO calculation procedure are included in the noise pollution chapter.

¢ The solid waste chapter introduction and discussion of collection methods has
been updated. A new section on bioreactor landfills has been added. All cost data
have been updated.

» In the hazardous waste chapter, the section on risk assessment has been updated.
The discussions on generator requirements, transporter regulations, and under-
ground storage tanks have been slimmed down and updated. Two new sections
and example problems, on retardation of uncontrolled releases into the ground-
water and on pump and treat, have been added.

» The chapter on ionizing radiation has been revised to conform to the SI units of
notation. Three new example problems have been added. The discussion of ra-
dioactive waste management has been updated.

As it stands in the curriculum at Michigan State University (MSU), the course

bearing the title of this book provides the foundation for four follow-on senior level en-
vironmental engineering courses. The initial portions of selected chapters (hydrology,
materials and energy balances, water treatment, water quality, wastewater treatment,
air pollution, noise pollution, and solid waste) are included in the introductory course.
Advanced material, including most of the design concepts, are covered in the upper
level courses (hydrology, water and wastewater treatment plant design, solid and haz-
ardous waste management). Some of the material is left for the students to pursue on
their own (environmental legislation, ionizing radiation).

An instructor’s manual and set of PowerPoint® slides are available online for qual-
ified instructors. Please inquire with your McGraw-Hill representative for the neces-
sary access password. The instructor’s manual includes sample course outlines, solved
example exams, and detailed solutions to the end-of-chapter problems. In addition,
there are suggestions for using the pedagogic aids in the next.

Numerous MSU alumni have indicated that Introduction to Environmental Engi-
neering is an excellent text for review and preparation for the Professional Engineers
examination. It is not only readable for self-study but also provides sufficient example
problems and data for practical application in the exam. Many have taken it to the
exam as one of their reference resources. And they have used it!

. As always, we appreciate any comments, suggcstlons corrections, and contribu-
tions for future revisions.

Mackenzie L. Davis
David A. Cornwell
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2 INTRODUCTION TO ENVIRONMENTAL ENGINEERING

1-1 WHAT IS ENVIRONMENTAL ENGINEERING?

Professions, Learned and Otherwise

Webster’s dictionary defines the learned professions as law, medicine, and theology.
It has been suggested that engineers may not be learned enough to rank among these
because the study of law, medicine, or theology requires considerably more than four
years of undergraduate work. There was a time, some hundred years ago, when the
four-year engineering program was two years longer than those of the learned pro-
fessions! At any rate, Webster’s is willing to concede that engineering, along with
teaching and writing, is a profession even if it is not “learned.” At a minimum, a pro-
fession is an occupation that requires advanced training in the liberal arts or sciences
and mental rather than manual work.

But being a professional is more than being in or of a profession. True profession-
als are those who pursue their learned art in a spirit of public service (ASCE, 1973).
True professionalism is defined by the following seven characteristics:

1. Professional decisions are made by means of general principles, theories, or
propositions that are independent of the particular case under consideration.

2. Professional decisions imply knowledge in a specific area in which the person
is expert. The professional is an expert only in his or her profession and not an
expert at everything.

3. The professional’s relations with his or her clients are objective and indepen-
dent of particular sentiments about them.

4. A professional achieves status and financial reward by accomplishment, not
by inherent qualities such as birth order, race, religion, sex, or age or by mem-
bership in a union.

5. A professional’s decisions are assumed to be on behalf of the client and to be
independent of self-interest.

6. The professional relates to a voluntary association of professionals and accepts
only the authority of those colleagues as a sanction on his or her own behavior.

7. A professional is someone who knows better what is good for clients than do
the clients. The professional’s expertise puts the client into a very vulnerable
position. This vulnerability has necessitated the development of strong pro-
fessional codes and ethics, which serve to protect the client. Such codes are
enforced through the colleague peer group (Schein, 1968).

The branch of engineering called civil engineering, from which environmental en-
gineering is primarily, but not exclusively, derived, has an established code of ethics
that embodies these principles. The code is summarized in Figure 1-1.

And What Is Engineering?

Engineering is a profession that applies mathematics and science to utilize the properties
of matter and sources of energy to create useful structures, machines, products, systems,
and processes.



