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Preface

Principles of Environmental Engineering and Science is geared toward students taking an intro-
ductory, sophomore-level engineering course. The book’s material is also applicable for students
enrolled in upper level biology, chemistry, resource development, fisheries and wildlife, micro-
biology, and soil sciences courses. These students should already understand such calculus top-
ics as differentiation, integrations, and differential equations (at an introductory level).

Principles of Principles

Many of you are familiar with Introduction to Environmental Engineering by Mackenzie Davis and
David Cornwell. Although some of the content of that text is similar to Principles of Environmen-
tal Engineering and Science, they are two separate books with very different objectives. Principles
places more emphasis on scientific principles, ethics, and safety, and focuses less on engineering
design. This book exposes students to a broader range of environmental topics through separate
chapters on ecosystems, geological and soil resources, and agricultural effects.

True to its emphasis on an inclusive introduction to environmental topics, the first five chap-
ters of Principles present the background of the discipline from which the following chapters
spring. For example, Chapter 2 reviews chemistry topics essential for grasping the fundamentals
of environmental engineering.

Another hallmark feature of Principles is its integration of mass balance. Chapter 3 intro-
duces the concept of mass balance as a tool for problem solving and shows how it is applied in
hydrology conservative systems. From this point on, mass balance explains many key environ-
mental engineering concepts. For example, this approach illustrates conservation of soil and
geological resources in Chapter 7 and develops the DO sag curve in Chapter 8 (water quality).
The design equations for a completely mixed activated sludge system and a sludge mass balance
are developed in Chapter 10. Mass balance accounts for the production of sulfur dioxide from the
combustion of coal in Chapter 11. Finally, in Chapter 13, mass balance is used for waste auditing.

Supplements
Principles offers a Website stocked with tools for both students and instructors at:

www.mhhe.com/davismasten

Students find animations that put relevant chemistry and geology topics in motion, a glossary of
key terms, links to plant tours and other environmental engineering resources, and information
on Chem Skill Builder, a chemistry problem-solving application with more than 1500 algorith-
mically generated questions.

At the Principles Website, instructors will find a bank of book images, lecture slides, infor-
mation on Chem Skill Builder, and the Instructor’s Solutions Manual, featuring sample course
outlines and sample exams. Instructors can access these tools by contacting their local McGraw-
Hill sales representative for password information.

™
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WHAT IS ENVIRONMENTAL SCIENCE?

Natural Science

In the broadest sense, science is systematized knowledge derived from and tested by recognition
and formulation of a problem, collection of data throngh observation, and experimentation. We
differentiate between social science and natural science in that the former deals with the study of
people and how they live together as families, tribes, communities, races, and nations, and the
latter deals with the study of nature and the physical world. Natural science includes such diverse
disciplines as biology, chemistry, geology, physics, and environmental science.

Environmental Science

Whereas the disciplines of biology, chemistry, and physics (and their subdisciplines of micro-
biology, organic chemistry, nuclear physics, etc.) are focused on a particular aspect of natural sci-
ence, environmental science in its broadest sense encompasses all the fields of natural science.
The historical focus of study for environmental scientists has been, of course, the natural envi-
ronment. By this, we mean the atmosphere, the land, the water and their inhabitants as differen-
tiated from the built environment. Modern environmental science has also found applications to
the built environment or, perhaps more correctly, to the effusions from the built environment.

Quantitative Environmental Science

Science or, perhaps more correctly, the scientific method, deals with data, that is, with recorded
observations. The data are, of course, a sample of the universe of possibilities. They may be rep-
resentative or they may be skewed. Even if they are representative they will contain some random
variation that cannot be explained with current knowledge. Care and impartiality in gathering and
recording data, as well as independent verification, are the cornerstones of science.

When the collection and organization of data reveal certain regularities, it may be possible
to formulate a generalization or hypothesis. This is merely a statement that under certain cir-
cumstances certain phenomena can generally be observed. Many generalizations are statistical in
that they apply accurately to large assemblages but are no more than probabilities when applied
to smaller sets or individuals.

In a scientific approach, the hypothesis is tested, revised, and tested again until it is proven
acceptable.

If we can use certain assumptions to tie together a set of generalizations, we formulate a the-
ory. For example, theories that have gained acceptance over a long time are known as laws. Some
examples are the laws of motion, which describe the behavior of moving bodies, and the gas
laws, which describe the behavior of gases. The development of a theory is an important ac-
complishment because it yields a tremendous consolidation of knowledge. Furthermore, a theory
gives us a powerful new tool in the acquisition of knowledge for it shows us where to look for
new generalizations. “Thus, the accumulation of data becomes less of a magpie collection of
facts and more of a systematized hunt for needed information. It is the existence of classification
and generalization, and above all theory that makes science an organized body of knowledge.”[1]

Logic is a part of all theories. The two types of logic are qualitative and quantitative logic.
Qualitative logic is descriptive. For example we can qualitatively state that when the amount of
wastewater entering a certain river is too high, the fish die. With qualitative logic we cannot iden-
tify what “too high” means—we need quantitative logic to do that.

When the data and generalizations are quantitative, we need mathematics to provide a the-
ory that shows the quantitative relationships. For example, a quantitative statement about the
river might state that “When the mass of organic matter entering a certain river equals x kilo-
grams per day, the amount of oxygen in the stream is y.”

Perhaps more importantly, quantitative logic enables us to explore “What if?" questions
about relationships. For example, “If we reduce the amount of organic matter entering the stream,



