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To our students,
who make it worthwhile



PREFACE

This text is for use in an introductory sophomore level engineering course. It is
written in a language and style that will appeal to sophomores. (Some pundits
claim it is puerile; we claim that it is at least sophomoric.) We assume that the book
will be used in one of the first engineering courses encountered by the student.
Over the 36 offerings of the course material in this format, we have found that
mature college seniors in allied fields—such as biology, chemistry, resource de-
velopment, fisheries and wildlife, microbiology, and soils science—have no diffi-
culty with the material. Likewise, we suspect that any bright science/mathematics-
oriented high school senior would find the material easy to master. Senior level
engineering students will find the material a snap, and perhaps beneath their dig-
nity.

We have emphasized concepts, definitions, descriptions, abundant illustra-
tions (to the horror of our beloved publisher), and a tad of humor. In the mathemat-
ical presentations we have provided only a few derivations. Engineering professors
will complain (it must be confessed with justice) of insufficient rigor. But to this
question there are two sides; however important it may be to maintain a uniformly
high standard in pure mathematics, the engineering professional may occasion-
ally do well to rest content with the result of the argument. To our minds, the
more stringent procedures of the pure mathematician may yield a result that is not
more but less demonstrative—and even confusing—to the beginning engineering
student. And to insist on the highest standard would mean exclusion of many
important subjects altogether in view of the space that would be required.

Two themes are carried through the text. The first is an introduction to the
concept of mass balance as a tool for problem solving. The concept is introduced
in the first chapter and then applied for conservative systems in hydrology (hy-
drologic cycle, development of the rational formula, and reservoir design). This
theme is expanded to include chemical reaction kinetics, reactor design, and sludge
mass balance in Chapter 3. The DO sag curve is developed using a mass balance
approach. The design equations for a completely mixed activated sludge system
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and a more elaborate sludge mass balance are developed in Chapter 5. 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 6. In
Chapter 9, a mass balance approach is used for waste audit.

The second theme is the concept that pollution control begins with the min-
imization of the generation waste. This is introduced in Chapter 2 under the
heading of water conservation. It is addressed again in the sludge management
section of the water treatment chapter, in air pollution control, resource conser-
vation and recovery in solid waste management, and the reduction of hazardous
waste generation rates.

A solution manual and computer disk are available for qualified instruc-
tors. Please inquire with your McGraw-Hill representative. We appreciate any
comments, suggestions, corrections, and contributions of problems for future re-
visions.

As it stands in the curriculum at Michigan State University, the course bear-
ing the title of this book provides the foundation for four follow-on senior level
environmental engineering courses. We believe in and support the philosophy of
the Association of Environmental Engineering Professors that the undergraduate
environmental engineering curriculum must be expanded if we are to maintain
modern, rigorous graduate programs. The fact that our better high schools pro-
vide opportunities for first-year calculus and college level chemistry, physics, and
computer courses allows us to push advanced undergraduate courses down to the
introductory level. And we can thus push introductory graduate courses into the
undergraduate curriculum to make room for more advanced and more rigorous
graduate courses. If future generations are to advance our civilization and redeem
the sins of their forbears, this must be done.
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