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~— nvironmental science is an interdisciplinary field. Be-
—{ cause environmental disharmonies occur as a result of
_A__ the interaction between humans and the natural world,
we must include both when seeking solutions to environmen-
tal problems. It is important to have a historical perspective,
appreciate economic and political realities, recognize the role
of different social experiences and ethical backgrounds, and
integrate these with the science that describes the natural
world and how we affect it. Environmental Science: A Study
of Interrelationships incorporates all of these sources of infor-
mation when discussing any environmental issue. Further-
more, the authors have endeavored to present a balanced view
of issues, diligently avoiding personal biases and fashionable
philosophies.

Environmental Science: A Study of Interrelationships is
intended as a text for a one-semester, introductory course for
students with a wide variety of career goals. They will find it
interesting and informative. The central theme is interrelated-
ness. No text of this nature can cover all issues in depth. What
we have done is to identify major issues and give appropriate
examples that illustrate the complex interactions that are char-
acteristic of all environmental problems. There are many
facts—presented in charts, graphs, and figures—that help to
illustrate the scope of environmental issues. However, this is
not the core of the text, since the facts will change.

Organiza.’d on and Content

This book is divided into five parts and twenty chapters. It is
organized to provide an even, logical flow of concepts and to
provide clear illustrations of the major environmental issues
of today.

Part 1 establishes the theme of the book—in chapter 1—
by looking at the kinds of environmental issues typical of dif-
ferent regions of North America. In each region, the specific
issues selected involve scientific, social, political, and eco-
nomic components typical of environmental problems. Chap-
ter 2 focuses on the philosophical base needed to examine
environmental issues by discussing various ethical and moral
stands that shape how people approach environmental issues.
Chapter 3 introduces economic issues and the concept of risk
analysis. Both of these topics will be brought up at several
points later in the text.

Part 2 provides an understanding of the ecological prin-
ciples that are basic to organism interactions and the flow of
matter and energy in ecosystems. The nature of food chains
and how they affect the flow of matter and energy are dis-
cussed. Other topics included are the efficiency of energy

flow through ecosystems, the intricacies of organism-to-
organism interaction, and the creative role of natural selection
in shaping ecological relationships. Principles of population
structure and organization are also developed in this section,
with particular attention to the implications of these principles
to growth and impact of human populations.

Part 3 focuses on energy. A major emphasis is on the his-
torically important, nonrenewable fossil fuels that have stim-
ulated economic success of the developed economies of the
world. Renewable sources of energy are discussed, but with
the recognition that they currently are a small part of the
world energy picture. Weapons production and nuclear power
plants use enormous amounts of energy that can be released
from the nucleus of the atom. Both of these uses have caused
fear among the public related to the dangers of radiation and
the adequacy of waste disposal. These issues are discussed in
this section.

Part 4 emphasizes the impact of human activity on nat-
ural ecosystems. As human populations grow, and technology
changes, the magnitude of human actions becomes more ap-
parent. The natural ecosystems on land and water are modi-
fied to meet human needs. The heavy use of pesticides in
agriculture is discussed in this section.

Part 5 deals with the major types of pollution. Pollution
affects the health and welfare of humans and other organisms.
Air pollution, solid waste, and hazardous and toxic substances
are discussed in this section. The cost of pollution cannot al-
ways be measured in financial terms but may be reflected in
the mental and physical health of the populace. Ultimately,
governments must address environmental concerns and de-
velop policy to address the concerns. Increasingly, the con-
cerns are international in scope and require negotiations
between governments with very different economic condi-
tions and concerns.

New to this Edition

1. The text has been edited throughout and rewritten where
needed to include the most recent data and ways of think-
ing about environmental issues.

2. Many new illustrations were developed and many others
were modified to improve their ability to convey infor-
mation.

3. Several chapters have been substantially revised:

* Chapter 3, Risk and Cost: Elements of Decision Mak-
ing, has been moved near the front of the text. Since
economics and risk are integral parts of many kinds of
environmental discussions, several reviewers have
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suggested that this discussion should appear early in
the text. This chapter includes expanded coverage of
market-based instruments for addressing environmen-
tal issues and additional material on the concept of
sustainability.

* Chapter 4, Interrelated Scientific Principles, has been
substantially rewritten. The section on the scientific
method was rewritten, the concepts of entropy and pH
were expanded, and a new table was added that de-
scribes the various subunits of matter.

e Chapter 5, Interactions: Environment and Organisms,
was rewritten to include significantly more material on
the concepts of evolution and natural selection and
how evolution relates to what is seen in ecosystems.
The material on nutrient cycles was extensively rewrit-
ten and several boxed readings have been incorporated
into the text to provide a better flow of ideas.

e Chapter 12, Human Impact on Resources and Ecosys-
tems, was substantially reorganized with more mean-
ingful headings. The material on minerals has been
reduced and the topic of speciation has been moved to
chapter 5.

e Chapter 13, Land-Use Planning, was completely
rewritten with expanded sections on land-use planning
principles, the causes and problems associated with ur-
ban sprawl, and redevelopment of inner cities.

e Chapter 17, Air Quality Issues, was substantially
rewritten with expanded coverage of climate change
and its effects, as well as steps that can be taken to re-
duce human impact on the global climate.

Many new topics or boxed readings have also been
added, or have replaced previous readings:

e Chapter 1 has new material on the harp seal hunt-
ing, and a new Environmental Close-Up on forest
management.

» Chapter 2 has expanded coverage of the topic of envi-
ronmental justice and a new Environmental Close-up
on illegal trade in rare species.

e Chapter 3 has a new Global Perspective—Wombats
and the Australian Stock Exchange and much new in-
formation on market approaches to managing environ-
mental problems.

* Chapter 4 has new material on subunits of matter, and
an expanded discussion of pH and of latent heat and
sensible heat.

e Chapter 5 has a new section on evolution and natural
selection that includes discussion of evolutionary
patterns and coevolution, and includes several new
examples. A new section on keystone species was
added.

» Chapter 8 has new material on total fertility rate and on
the importance of breastfeeding in population control.
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Additional material was also added on India as a major
force in human population growth.

* Chapter 9 has expanded coverage of OPEC, energy de-
velopment in China, and a new Environmental Close-
Up on hybrid vehicles.

* Chapter 10 has new material on the forces that cause
rising fuel prices, the potential for energy conserva-
tion, and expanded wind energy and biomass conver-
sion technologies. The status of the Three Gorges Dam
in China has also been updated.

e Chapter 12 contains a new Issues and Analysis case
study dealing with the use of fire as a forest manage-
ment tool, and a new figure on the impact of technol-
ogy on natural systems.

* Chapter 13 has major new sections on land-use plan-
ning principles, the cause and consequences of urban
sprawl, and a new figure related to flooding.

e Chapter 15 has added material on the efforts of the
World Wildlife Fund to ban DDT use worldwide. The
topics of precision agriculture and the controversy sur-
rounding the use of genetically modified crops are also
introduced.

» Chapter 17 has increased coverage of climate change
and its impacts, and a new section that deals with
strategies for addressing climate change.

e Chapter 19 has a new Environmental Close-Up on
computers a hazardous waste problem. There is also
expanded coverage of pollution prevention and inter-
national awareness of hazardous wastes as a problem.

e Chapter 20 has a new section on the cyanide poisoning
incident on the Danube River. In addition, there is ex-
panded coverage of current environmental policy and
environmental security.

Useful Ancillaries

l.

(39

An Instructor’s Manual accompanies the text and in-
cludes chapter outlines, objectives, key terms, a range of
test and discussion questions, suggestions for demonstra-
tions, and suggestions for audiovisual materials and other
teaching aids.

A set of one hundred transparencies is also available to
users of the text. The transparencies duplicate text figures
that clarify essential ecological, political, economic, so-
cial, and historical concepts.

Computerized Testing Software allows for easy test
generation using the questions found in the printed test
bank.

The Environmental Science Visual Resource Library
(VRL) is a dual platform CD-ROM that allows the user to
search with key words or terms and access hundreds of
images to illustrate classroom lectures, with just the click



of a mouse. It contains images from four McGraw-Hill
textbooks and over 400 additional photographs.

5. Visit our comprehensive online learning center at
http://www.mhhe.com/environmentalscience/ and dis-
cover a variety of valuable resources for both instructor
and student. Examples include chapter-by-chapter Inter-
net links (updated regularly) that correspond to each
chapter, laboratory exercises, case studies, classroom ac-
tivities, concept mapping exercises, current global envi-
ronmental events in the news, practice quizzing, career
information, and more.

6. Available on CD-Rom, or accessed via the Online Learn-
ing Center, the Environmental Science Essential Study
Partner is a complete, interactive study tool offering an-
imations and learning activities to help students under-
stand complex environmental science concepts. This
valuable resource also includes self-quizzing to help stu-
dents review each topic and provides hyperlinks to tutor-
ial sections for further review.

7. BioCourse.com is an electronic meeting place for stu-
dents and instructors. Its breadth and depth goes beyond
our Online Learning Centers to offer six major areas of
up-to-date and relevant information: Faculty Club, Stu-
dent Center, News Briefing Room, BioLabs, Lifelong
Learning Warehouse, and R & D Center.

Related Titles

Field and Laboratory Exercises in Environmental Science
ISBN = 0-07-0290913-7

This lab manual provides hands-on experiences that are rele-
vant, easy to understand, and applicable to students’ lives. The
experiments are designed to be concise, unique, inexpensive,
and easily tailored to any course.

Online Taking Sides: Clashing Views on Controversial
Environmental Issues

ISBN = 0-07-243097-4 « www.dushkin.com/online

This debate-style reader is designed to introduce one to con-
troversies in environmental policy and science, and reflects a
variety of viewpoints staged as “pro” and “con” debates. Is-
sues are organized around four core areas: general philosoph-
ical and political issues, the environment and technology,
disposing of wastes, and the environment and the future.

Annual Editions: Environment 01/02

ISBN = 0-07-243359-0 « www.dushkin.com/online

A compilation of current articles from such sources as World
Watch, Audubon, The Atlantic Monthly, and Scientific Ameri-
can, this text explores the global environment, the world’s
population, energy, the biosphere, natural resources, and
pollution.

Sources: Notable Selections in Environmental Studies
ISBN = 0-07-303186-0 * www.dushkin.com/online

This volume brings together primary source selections of en-
during intellectual value—classic articles, book excerpts, and
research studies that have shaped environmental studies and
our contemporary understanding of it.

You Can Make a Difference: Be Environmentally Responsible
ISBN = 0-07-292416-0

This book is organized around the three parts of the biosphere:
land, water, and air.
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The features of this book are

The organization and principle features
of this book were planned with the stu-
dents’ wholistic learning and comprehen-
sion in mind:

WORLD MAP

A world map with political boundaries can be found
immediately following the preface. This will help the
reader to more fully understand and appreciate global
environmental issues.

Ob]'ech'ves

After reading this chapter, you should be
able to:

» Understand why environmental
problems are complex and interrelated.
Realize that environmental problems
involve social. ethical. political. and
economic issues, not just scientific
issues.

Understand that acceptable solutions to
environmental problems are not often
easy to achieve.

Understand that all organisms have an
impact on their surroundings.
Understand what is meant by an
ecosystem approach to environmental
problem solving.

Recognize that different geographic
regions have somewhat dif
anmental problems. but the
process To ving them is the same
and involves comproms

CHAPTER

Environmental
Interrel a’m’onships

'

Chapter Outline
The Field of Environmental Science
The Interrelated Nature of Environmental

Problems
Environmental Close-Up: Science
Versus Policy
Global Perspective: Fish. Seals, and
Jobs
An Ecosystem Approach
Regional Environmental Concerns
Environmental Close-Up: The Greater
Yellowstone Ecosystem
Envir I Close-Up: Head) s
Forest

The Wilderness North
The Agricultural Middle

The Dry West

The Forested West

The Great Lakes and Industrial Northeast
The Diverse South

xvi

INTRODUCTION

The five parts of the text each present an introduction
that places the upcoming chapters in context for the
reader by recalling previously discussed material and
by describing the organization of the chapters to
come.

LEARNING OBJECTIVES,
OUTLINE, CONCEPTUAL
DIAGRAM

Each chapter begins with a set of learning objectives,
an outline, and a conceptual diagram, all of which
give the student a broad overview of the interrelated
forces that are involved in the material to be dis-
cussed. Students are encouraged to refer to these re-
sources while reading and reviewing the chapter.
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Subunits

TABLES, CHARITS, GRAPHS, MAPS,
DRAWINGS, OR PHOTOGRAPHS —_|

To dramatize and clarify text material, each chapter
includes a number of tables, charts, graphs, maps,
drawings, or photographs. Every illustration has
been carefully chosen to provide a pictorial image
or an organized format for showing detailed informa-
tion, which helps the reader comprehend the chapter
material.

figure 4.2 Diagrammaiy
Atom Most oxygen atoms are compose
a nucleus containing eight positively
charged protons and eight neutrons without
charges. Eight negatively charged electrons
spin around the nucleus.

many plants such as tobacco, poison ivy.
and rhubarb leaves naturally contain
toxic materials, while the use of chemi-
cal fertilizers has contributed to the
health of major portions of the world
since their use accounts for about one-
third of the food grown in the world.
However, it is appropriate to question if
the use of agricultural chemicals is al-
ways necessary or if trace amounts of
specific agricultural chemicals in food
are dangerous. It is often easy to jump to
conclusions or confuse fact with hypoth-
esis, particularly when we generalize.

The Structure of

Exposure to Toxins

We are all exposed to materials that are potentially harmful. The
question is, at what levels is such exposure harmful or toxic? One
measure of toxicity is LDy, the dosage of a substance that will kill
(lethal dose) 50 percent of a test population. Toxicity is measured in
units of poisonous substance per kilogram of body weight. For ex-
amplc. the deadly chemical that causes botulism, a form of food
poisoning, has an LDy in adult human males of 0.0014 milligrams
per kxlogram This means that if each of 100 human adult males
a dose of only 0.14 mil-
hgrams-——abaut the equivalent of a few grains of table salt—
approximately 50 of them will die.

Lethal doses are not the only danger from toxic substances.
During the past decade, concern has been growing over minimum
harmful dosages, or threshold dosages, of poisons, as well as their
sublethal effects.

The length of exp further the d
of toxicity values. Acute refers to a single last-
ing from a few seconds to a few days. Chronic exposure refers to
continuous or repeated exposure for several days, months, or even
years. Acute exposure usually is the result of a sudden accident.
such as the tragedy at Bhopal, India, mentioned at the beginning of

a wide variety of pollutants. Many deaths attributed to heart failure
or such diseases as emphysema may actually be brought on by a

atte

ciation for

ime 1o ex-
1§ and theo-
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er is any-
has mass.
I gold are
tral theory
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cular the-
| matier is

Category of Matter

Subatomic Particles protons

Positively charged

Located in nucleus of the atom

Have no charge

Located in nucleus of the atom

Negatively charged

Located outside the nucleus of the atom

Atoms of an element are composed of specific

arrangements of protons, neutrons, and electrons.

Atoms of different elements differ in the number of

neutrons

clectrons
Elements atoms.
Compounds

protons, neutrons, and electrons present
of of two or

more atoms chcmlcally bonded together

Molecules of different compounds contain different

atoms or different proportions of atoms.

stant motion. Although different kinds
of matter have different properties, they
are similar in one fundamental way.
They are all made up of one or more
kinds of smaller subunits called atoms.

Atomic Structure

| 1 <ub

Atoms are the fi s of

of mixtures are not chemically bonded to
each other.

‘The number of each kind of molecule present

is variable.

figure 4.2.) (Appendix 3 contains a peri-
odic table of the elements.) All atoms of
an element always have the same num-
ber of protons and electrons, but the
number of neutrons may vary from one
atom to the next. Atoms of the same ele-
ment that differ from one another in the
number of neutrons they contain are
called i

matter. They in turn are made up of pro-
tons, neutrons, and electrons. There are
92 kinds of atoms found in nature. Each
kind forms a specific type of matter
known as an element. Gold (Au), oxy-
gen (O), and mercury (Hg) are examples
of elements. All atoms are composed of
a central region known as a nucleus,
which is composed of two kinds of rela-
tively heavy particles: positively charged
particles called protons and uncharged
particles called neutrons. Surrounding
the nucleus are clouds of relatively light-
weight, fast-moving, negatively charged
particles called electrons. As mentioned
earlier, each kind of element is
composed of a specific kind of atom.
The atoms of different kinds of elements
differ from one another in the number of
protons, neutrons, and electrons present.

For example, a typical atom of mercury
inc 90 & aid 20 a1

Molecules and Mixtures

Atoms can be attached to one another
into stable units called molecules. When
two or more different kinds of atoms are
attached to one another, the kind of mat-
ter formed is called a compound. While
only 92 kinds of atoms are commonly
found, there are millions of ways atoms
can be combined to form compounds.
Water (H,0). sugar (CoH,;04). salt
(NaCl), and methane gas (CH,) are ex-
amples of compounds.

Many other kinds of matter are mix-
tures, variable combinations of atoms or
molecules. Honey is a mixture of several
sugars and water; concrete is a mixture
of cement, sand, gravel, and reinforcing
rods; and air is a mixture of several gases

of which the most common are nitrogen
1 Tabla 4 1 i 2k,

lifetime of exposure to sublethal amounts of pollutants in the air.

other fish-eating carnivores failed to re-
produce. Once these substances are
identified as toxic, their use is regulated.
Countries contemplat
hazardous and toxic materials and
wastes must consider not only how toxic
each one is but also how flammable,
corrosive, and explosive it is, and
whether it will produce mutations or
cause cancer.

Setting Exposure Limits

Even after a material is identified as
hazardous or toxic, there are problems
in determining appropriate exposure
limits. Nearly all substances are toxic in
sufficiently high doses. The question is,
When does a chemical cross over from
safe to toxic? There is no easy way to
establish acceptable levels. For any new
compounds that are to be brought on the
market, extensive toxicology studies
must be done to establish their ability to
do harm. Usually these are tests on ani-
mals. (See Environmental Close-Up:

g regulation of

of exposure at which none of the test an-
imals is affected (threshold level) and
then set the human exposure level lower
to allow for a safety margin. This safety
margin is important because it is known
that threshold levels vary significantly
among species, as well as among mem-
bers of the same species. Even when
concentrations are set, they may vary
considerably from country to country.
For example, in the Netherlands, 50 mil-
ligrams of cyanide per kilogram of
waste is considered hazardous: in neigh-
boring Belgium, the toxicity standard is
fixed at 250 milligrams per kilogram.

Acute and Chronic Toxicity

Regulatory agencies must look at both
the effects of one massive dose of a sub-
stance (acute toxicity) and the effects of
exposure to small doses over long peri-
ods (chronic toxicity). Acute toxicity is
readily apparent because organisms re-
spond to the toxin shortly after being ex-
posed. Chronic toxicity is much more

an acute exposure may make an organ-
ism ill but not kill it, while chronic expo-
sure to a toxic material may cause death.
A good example of this effect is alcohol
toxicity. Consuming extremely high
amounts of alcohol can result in death
(acute toxicity and death). Consuming
moderate amounts may result in illness
(acute toxicity and full recovery). Con-
suming moderate amounts over a num-
ber of years may result in liver damage
and death (chronic toxicity and death).
Another example of chronic toxic-
ity involves lead. Lead has been used in
paints, in gasoline, and in pottery glazes
for many years, but researchers discov-
ered that it has harmful effects. The
chronic effects on the nervous system
are most noticeable in children. particu-
larly when children eat paint chips.

Synergism

Another problem in regulating haz-
ardous materials is assessing the effects
of mixtures of chemicals. Most toxico-

BOX READINGS

Each chapter also includes boxed readings. These
provide an in-depth consideration of a specific situa-
tion that is relevant to the content, an alternative view-
point, or a wider worldview of the issues discussed in
the chapter.
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WEB INTEGRATION

Chapters conclude with an “Issues and Analysis”
case study, a summary, a list of key terms, review
questions, and critical thinking questions, and a list
of articles and animations available on the accompa-
nying website. The case studies, articles, and anima-
tions have been specifically selected to allow the
reader to apply the chapter concepts to actual situa-
tions. All material in light blue reflects a direct con-
nection to much more information available via the
online learning center.

Check out the website at

http://www.mhhe.com/environmentalscience

and click on the cover of this textbook for interactive

versions of the fo”owing:

activated-sludge sewage treatment 359
aquiclude 34/

aquifer 347

aquitard 347

artesian well 342

biochemical oxygen demand (BOD) 349
confined aquifer 34/

hydrologic

irrigation 345

domestic water 344 point source 350

eutrophication 350 porosity 342
evapotranspiration 34/
fecal coliform bacteria 35/

groundwater 34/ runoff 34/

Supposedly, the importance of wetlands is understood, but the

Normal rainfall is neutral.
in an adjacent area? Now is your chance to stu\ly When is the
Check out the @ Deoxygenation of Lakes anknation for a better I
understanding of the process.

Review Questions

@ Critical Thinking Questions

Leakage from freshwater distribution systems accounts for 4
significant losses. Is water so valuable that governments
should require systems that minimize leakage in order to pre
serve the resource? Under what conditions would you change
your evaluation? 5.
. Do non-farmers have an interest in how water is used for irri-
gation? Under what conditions should the general public be
involved in making these decisions along with the farmers
who are directly involved?
3. Should the United States allow Mexico to have water from
the Rio Grande and the Colorado Rivers. both of which orig-
inate in the United States and flow to Mexico?

should be promoted as

decision?

™

. right? What causes acid rain?
ct of acid rain most apparent? Study the @ Acid
animation for answers to these questions and to see how acid
rain affects aquatic ecosystems such as lakes.

8. How are most industrial wastes disposed of? How has this

Describe primary. secondary. and tertiary sewage treatment
What are the types of wastes associated with agriculture?

1. Describe the hydrologic cycle.
2. Distinguish between withdrawal and consum! changed over the past 25 years?
3, What are the similarities hetween domestic and industrial wa- 9. What is thermal pollution? How can it be controlled?
ter use”? How are they different from in-stream use? 10.
4. How is land use related to water quality and quantity? Can 1.
you provide local examples? 12. Why is storm-water management more of a problem in an ur-
5. What is biochemical oxygen demand? How is it related to wa ban area than in a rural area?
ter quality? 13. Define groundwater mining
6. How can the addition of nutrients such as nitrates and phos- 14. How does irrigation increase salinity?
phates result in a reduction of the amount of dissolved oxygen
in the er?
7. Differentiate between point and nonpoint sources of water
pollution

Do you believe that large scale hydroelectric power plants
renewable alternative to power
plants that burn fossil fuels? What criteria do you use for this

1 reading the Issues and Analysis concerning the Califor-
nia Water Plan, do you believe water should be diverted from
northern California to southern California?

ion continue. Check out the history
Hs protection. @ Stronger Wetland
d and @ The Prairic Wetlands of

| drinking water comes from? Is your
be water? A detailed explanation of
essee’s waler supply is provided in
Ils. Not from the River.

lcting groundwater from contamina-
rotecting Groundwater Resources

ning of groundwater, and politically
ks when water is a scarce

limiting factor 350

potable waters 340
primary sewage treatment 358

groundwater mining 36/
cle 341
industrial water use 346
in-stream water use 347

nonpoint source 350

salinization 367

secondary sewage treatment 358
sewage sludge 359

storm-water runofl’ 356

tertiary sewage treatment 360
thermal pollution 353

trickling filter system 358
unconfined aquifer 34/

vadose zone 34/

water diversion 357
water table 34/
@ On-line Flasheards
© Electronic Glossary

Water Disputes in the Middle East to learn more about conflicts
that result from the lack of water. Although water is not scarce in
the Great Lakes region, see why @) Low Water Levels in the
Great Lakes are causing concerns in this area

Restoration projects, protection, and funding for cleanup ac-
tivities are just a few examples. Check out Everglades
Restoration: Greatest Restoration, Yet, or Just More of the
Same? for an example of a restoration project.

A variety of ways to clean up and improve water quality can
be found in the following stori ational Accord fo
Clean Up the RHine Riven and € [ W ontro} of Pri-
mary Production in Lakes 4,

Another way to improye water quality is to support local con-
servation Look over € Amerigan Heritage River

coordinate efforts to improve water quality.

tem Created for details on how this program aims to

)
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APPENDICES

The text concludes with several appendices that deal
with critical thinking. the metric system, the periodic
table of the elements, some thoughts on what you can
do to make the world a better place in which to live,
and how to write to public officials. In addition, there
is a complete glossary and index.

We live in an age of information. Com-
puters, e-mail, the Internet, CD-ROMs,
instant news, and fax machines bring us
information more quickly than ever be-
fore. A simple search of the Internet will
provide huge amounts of information.
Some of the information has been sub-
jected to scrutiny and is quite valid,
some is well-informed opinion, some is
naive misinformation, and some is even
designed to mislead. How do we criti-
cally evaluate the information we get?
Critical thinking involves a set of
skills that help us to evaluate informa-
tion, arguments, and opinions in a sys-
tematic and thoughtful way. Critical
thinking also can help us better under-
stand our own opinions as well as the
points of view of others. It can help us
evaluate the quality of evidence, recog-
nize bias, characterize the assumptions
behind arguments, identify the implica-
tions of decisions, and avoid jumping to

A

abiotic factors  Nonliving factors that

influence the life and activities of an

organism.

abyssal ecosystem  The collection of
organisms and the conditions that exist in
the deep portions of the ocean.

acid  Any substance that, when dissolved
in water, releases hydrogen ions.

acid deposition  The accumulation of
potential acid-forming particles on a
surface.

mine drainage A kind of pollution,
associated with coal mines, in which bac-
teria convert the sulfur in coal into com-
pounds that form sulfuric acid.

acid rain (acid precipitation) The depo-
sition of wet acidic solutions or dry
acidic particles from air,

activated sludge sewage treatment
Method of treating sewage in which
some of the sludge is returned to aeration
tanks, where it is mixed with incoming

stewater 1o encourage degradation of
the wastes in the sewage.

activation energy  The initial energy
input required to start a reaction

active solar system A system that traps
sunlight energy as heat energy and uses
mechanical means 1o move it to another
location.

acute toxicity A serious effect, such as a
burn, illness, or death, that occurs shortly
after exposure 10 a hazardous substance.

age distribution  The comparative per-
centages of different age groups within a
population.

agricultural products  Any output from
farming: milk, grain, meat, etc.

agricultural runoff  Surface water that
carries soil particles, nutrients, such as
phosphate, nitrates, and other agricultural
chemicals, as it runs off agricultural land
10 lakes and streams.

air stripping  The process of pumping air
through water to remove volatile materi-
als dissolved in the water.

alpha radiation A type of radiation
consisting of a particle with two neutrons
and two protons.

aquiclude An impervious confining layer
of an aquifier.

aquifer A porous layer of carth material
that becomes saturated with water.

aquitard A partially permeable layer in
an aquifer.

sian well  The result of a pressurized
aquifer being penetrated by a pipe or
conduit, within which water rises without
being pumped.

atom  The basic subunit of elements, com-
posed of protons, neutrons, and electrons.

auxin A plant hormone that stimulates
growth,

B

base Any substance that, when dissolved
in water, removes hydrogen ions from so-
lution; forms a salt when combined with
an acid.

benthic  Describes organisms that live on
the bottom of marine and freshwater
ecosystems.

benthic ecosystems A type of marine or
freshwater ecosystem consisting of or-
ganisms that live on the bottom.

beta radiation A type of radiation con-
sisting of electrons released from the nu-
clei of many fissionable atoms.

bioaccumulation  The buildup of a mater-
ial in the body of an organism.

biocentric  Life-centered, a theory of
moral responsibility that states that all
forms of life have an inherent right to
exist.

biochemical oxygen demand (BOD)
The amount of oxygen required by mi-
crobes 1o degrade organic molecules in
aquatic ecosystems.

biocide A kind of chemical that kills
many different types of living things.

biodegradable Able to be broken down
by natural biological processes.

biodiversity A measure of the variety
of kinds of organisms present in an
ecosystem.

biomagnification The increases in the
amount of a material in the bodies of or-
ganisms at successively higher trophic
levels.

conclusions.

Characteristics of
Critical Thinking

Critical thinking involves sKills that al-

biotic factors  Living portions of the
environment.

biotic potential  The inherent reproduc-
tive capacity.

birthrate The number of individuals born
per thousand individuals in the popula-
tion per year.

black lung disease A respiratory condi-
tion resulting from the accumulation of
large amounts of fine coal dust particles
in miners” lungs.

boiling-water reactor (BWR) A type of
light water reactor in which steam is
formed directly in the reactor, which is
used to generate electricity.

boreal forest A broad band of mixed conif-
erous and deciduous trees that stretches
across northern North America (and also
Europe and Asia northernmost edge is
integrated with the arctic tundra.

brownfields Buildings and land that have
been abandoned because they are con-
taminated and the cost of cleaning up the
site is high,

brownfields development  The concept
that abandoned contaminated sites can be
cleaned up sufficiently to allow some
specified uses without totally removing
all of the contaminants

C

carbamate A class of soft pesticides that
work by interfering with normal nerve
impulses.

carbon absorption  The use of carbon
particles to treat chemicals by having the
chemicals attach to the carbon particles.

carbon cycle The cyclic flow of carbon
from the atmosphere 1o living organisms
and back to the atmospheric reservoir.

carbon dioxide (CO,) A normal compo-
nent of the Earth’s atmosphere that in el-
evated concentrations may interfere with
the Earth’s heat budget.

carbon monoxide (CO) A primary air
pollutant produced when organic materi-

Is. such as gasoline, coal. wood. and

are incompletely burned.

carcinogen A substance that causes
cancer.

a meaning-
or useless
izing that
ey compo-

context. All
r\in assump-

CRITICAL THINKING

tions. It is important to recognize what
those assumptions are. Critical thinking
involves looking closely at an argument
or opinion by identifying the historical,
social, political, economic, and scien-
tific context in which the argument is
being made. It is also important to un-
derstand the kinds of bias contained in
the argument and the level of knowledge
the presenter has.

Consider alternative views. A critical
thinker must be able to understand and
evaluate different points of view. Often
these points of view may be quite var-
ied. Itis important to keep an open mind
and to look at all the information objec-
tively and try to see the value in alterna-
tive points of view. Often people miss
obvious solutions to problems because
they focus on a certain avenue of think-
ing and unconsciously dismiss valid al-
ternative solutions.

Expect and accept mistakes. Good crit-
ical thinking is exploratory and spec-
ulative, tempered by honesty and a
recognition that we may be wrong. It
takes courage to develop an argument,
engage in debate with others, and admit
that your thinking contains errors or il-
logical components. By the same token,
be willing to point out what you per-
ceive to be shortcomings in the argu-
ments of others. It is always best to do
this with good grace and good humor.

Have clear goals. When analyzing an
argument or information, keep your

goals clearly in mind. It is often easy to
get sidetracked. A clear goal will allow
you to quickly sort information into that
which is pertinent and that which may
be interesting but not germane to the
particular issue you are exploring.

Evaluate the validity of evidence. Infor-
mation comes in many forms and has
differing degrees of validity. When eval-
uating information, it is important to un-
derstand that not all the information
from a source may be of equal quality.
Often content about a topic is a mix of
solid information interspersed with less
certain speculations or assumptions. Ap-
ply a strong critical attitude to each sep-
arate piece of information. Often what
appears to be a minor, insignificant error
or misunderstanding can cause an entire
argument to unravel.

Critical thinking requires practice. As
with most skills, you become better if
you practice. At the end of each chapter
in the text, there are a series of questions
that allow you to practice critical think-
ing skills. Some of these questions are
straightforward and simply ask you to re-
call information from the chapter. Others
ask you to apply the information from the
chapter to other similar contexts. Still
others ask you to develop arguments that
require you to superimpose the know-
ledge you have gained from the chapter
on quite different social, economic, or
political contexts from your own.

Practice, Practice, Practice.




Visual Resource

Library CD-ROM

A VRL is an electronic library of educational presentation resources that instructors can use to enhance their lec-
tures. View, sort, search, and print catalog images, play chapter-specific slideshows using PowerPoint, or create
customized presentations when you:

e Find and sort thumbnail image records
by name, type, location, and user-
defined keywords

e Search using keywords or terms

* View images at the same time with
the Small Gallery View

ENVIRONMENTAL
SCIENCE

Second Edition

luding Catal of | PowerPoint Presentations,
and Web Sites (Windows® only),
for a variety of McGraw-Hill environmental science textbooks;
Content List, Optional Installations, and User's Guide

Select and view images at full size

Display all the important file
information for easy file
identification

* Drag and place or copy and paste
into virtually any graphics, desk-
top publishing, presentation,
or multimedia application

System Requirements:

Windows: 486/DX33 or better,

Win95/98 or NT 4.0, 32 MB RAM VISUAL

or greater, 5 MB hard drive

space, 640x480x256 color

monitor, CD-ROM drive (transfer RESOU RCE
rate of 300 kbs or greater)

SoundBlaster compatible audio

LIBRARY 2.1

Macintosh: 68030 or better,
System 7.1 or newer, 32 MB |
RAM or greater, 5 MB hard drive
space, 640x480x256 color

monitor, CD-ROM drive, mouse

The Environmental Science
Visual Resource Library
CD-ROM

This helpful CD-ROM contains
illustrations from this book, plus four
other texts in environmental science

and ecology. Hundreds of exclusive
photographs are also included. You'll

be able to create interesting multimedia
presentations with the use of these
images, and students will have the ability
to easily access the same images in their
texts to later review the content covered
in class

Copyright © 2002 McGraw-Hill Companies, Inc.
All rights reserved.

Contact your McGraw-Hill sales
representative for more information
or visit www.mhhe.com.




The Online Learnin
Center with Essentia

S’cucly Partner 2.0

www.mhhe.com/environmentalscience

Imagine the advantages of having so many learning and teaching
tools all in one place—all at your fingertips.

Students, you'll appreciate exten-
sive self-quizzing opportunities;
interactive activities; case studies; and
related web links in addition to the
new Essential Study Partner 2.0—a
web-based student tutorial of major e
environmental science topics—hosted he Learning Center

Online Learning Center

on this site. Environmental Science: A Study of Interrelationships, Be

Eidon Enger, Defta College
Bradley F. Smith, Westem Washington University

Instructors, you'll want to take ———
advantage of our electronic illustra-
tions from the text; classroom activi-

. . of mfe envire 551 s
ties; corporate annual environmental s el ey s, oMty Syotes pitont bisess
science reports, Global Environmental By e e b o b earing and

mformative. The central theme is interrelatedness. No text of this nature can cover all issues m

depth. What we have done is to identify major issues and give appropnate examples that ilustrate

Issues, Case Studies and access to the ol et ok e o e e T 1 s
3 . However, this is not the core of the text, smee the facts will change.

PageOut: Course Website Develop-

ment Center—All available anytime

you want them.

Environmental Science
Essential Study Partner 2.0

Topics

START HERE

n.mmf-

featuras and functionsiity
of the Essential Swudy
Portner.

Environmental Science

Essential Study Partner M.
.ﬁ'

Contact your McGraw-Hill sales
representative for more information
or visit www.mhhe.com
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