
THE ROLE OF ENVIRONMENTAL
SCIENCE IN SOCIETY
We live in a time of great change and challenge. A quick read of
the headlines of any newspaper provides images of disease,
hunger, poverty, natural disasters, and pollution. Challenges,
however, are also opportunities. Opportunities exist because of
the changes the global society must make. Simply put, we can-
not continue with business as usual. Such a path is not sustain-
able. What does that mean? In short, we must do things
differently. For example, different farming practices will allow
crops to be raised with fewer chemicals and less water.
Buildings can be constructed with new, more sustainable meth-
ods. Transportation can be provided while using less energy. In
other words, we must think differently. Environmental science
is a discipline that fosters new ways of thinking. Environmental
science is an applied science designed to help address and solve
the challenges the world faces. It is also by its very nature a
global science. This text, for example, has been translated and
published in China and Korea. Therefore, students in Shanghai,
Seoul, or Seattle are learning the “how’s and why’s” involved in
thinking and acting sustainably. At the end of the day we all
share the same air, water, and one not-so-big planet. It’s impor-
tant for all of us to make it last.

WHY “A STUDY OF
INTERRELATIONSHIPS”?
Environmental science is an interdisciplinary field. Because envi-
ronmental problems occur as a result of the interaction between
humans and the natural world, we must include both scientific and
social aspects when we seek solutions to environmental problems.
Therefore, the central theme of this book is interrelatedness. It is
important to have a historical perspective, to appreciate economic
and political realities, to recognize the role of different social ex-
periences and ethical backgrounds, and to 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 information when discussing any environ-
mental issue.

WHAT MAKES THIS TEXT UNIQUE?
We present a balanced view of issues, diligently avoiding per-
sonal biases and fashionable philosophies.

It is not the purpose of this textbook to tell readers what to think.
Rather, our goal is to provide access to information and the concep-
tual framework needed to understand complex issues so that read-
ers can comprehend the nature of environmental problems and
formulate their own views. Two features of the text encourage read-
ers to think about issues and formulate their own thoughts.

• The Issues & Analysis box near the end of each chapter pre-
sents real-world examples of environmental problems and
prompts students to think about the issues involved and re-
spond to a series of questions.

• The new What’s Your Take? feature found at the end of each
chapter asks students to take a stand on a particular issue and
develop arguments to support their position.

We recognize that environmental problems are global in nature.

Three features of the text support this concern:

• Global Perspectives provide specific examples that ask stu-
dents to consider how problems might be viewed differently
in other countries, to compare approaches to environmental
problems, or to provide examples of environmental problems
not typical of North America.

• Real-world Case Studies provide examples of specific situa-
tions that allow students to see how the concepts discussed in
the chapter can be applied to everyday situations.

• The presence of easily accessible Foldout World Maps at the
back of the text allows students to quickly locate a country or
region geographically.

Two guest authors bring their special expertise to this edition of
the text.

Christopher J. Preston’s rewriting of Chapter 2, Environmental
Ethics, has broadened the coverage and given the chapter greater
force and clarity.

Christopher J. Preston is Visiting Assistant Professor in the
department of philosophy at the University of Montana, Missoula.
He has over a dozen publications in the areas of environmental
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philosophy, ethics, and the philosophy of mind. He teaches classes
in ethics, environmental ethics, ecofeminism, ecological citizen-
ship, and contemporary moral issues.

Jacob W. Van Houten’s knowledge of environmental regula-
tions and the handling of hazardous materials has greatly enhanced
Chapter 3, Environmental Risk: Economics, Assessment, and
Management, and Chapter 18, Environmental Regulations:
Hazardous Substances and Wastes.

Jacob W. Van Houten is an Associate Professor of biology at
Delta College. As the Environmental Technology Program
Coordinator, he is responsible for the development and implemen-
tation of the Environmental Technology curriculum, which prepares
students for careers as environmental health and safety profession-
als in industry and government. He also teaches Integrated Biology,
General Biology, and several field biology courses that involve stu-
dents in hands-on experiences in nature. In addition, he is an envi-
ronmental trainer for business and industry, most recently being
involved in training people who worked in the cleanup of New
Orleans following Hurricane Katrina.

NEW TO THIS EDITION
The eleventh edition of Environmental Science: A Study of
Interrelationships is the result of extensive analysis of the text and
the evaluation of input from environmental science instructors
who conscientiously reviewed chapters during the revision. We
have used the constructive comments provided by these profes-
sionals in our continuing efforts to enhance the strengths of the
text. The following is a list of global changes we have made, along
with a description of significantly revised chapters. To see a more
detailed list of chapter-by-chapter changes, please contact your
McGraw-Hill sales representative.

New Student Learning Tools

Two new features that promote active learning have been added at
the end of each chapter.

• The Experience This feature asks students to extend their
learning by undertaking simple activities that relate to the
content of the chapter.

• The What’s Your Take? feature asks students to reflect on
the content of the chapter by taking a position on an issue and
to prepare arguments to support their position.

Also in this edition, new and revised Case Studies provide
students with expanded treatment of specific examples that help to
show how the broad concepts presented in the chapter apply to
specific environmental issues.

Revised Art Program

Nearly 300 new photos have been added throughout the text to de-
pict real-life situations. Several illustrations, graphs, and charts are
new or revised to present detailed information in a form that is
easier to comprehend than if that same material were presented in
text form.

Several Significantly Revised Chapters

• Chapter 2, Environmental Ethics has been completely re-
vised and reorganized by guest author Christopher J. Preston.
New information has been added to reflect the history, develop-
ment, and maturation of thinking about environmental ethics.

• Chapter 3. Revised by guest author Jacob W. Van Houten, this
retitled chapter, Environmental Risk: Economics, Assessment,
and Management, has new sections on Risk Assessment and
Risk Management, and Risk Tolerance. Important implica-
tions of Risk-Based Corrective Action (RBCA), energy sav-
ings cost/benefit analysis, and the Great Lakes Resource
Management are topics addressed in this chapter through de-
tailed discussion and case studies. Also included are the most
current environmental liability protection issues and grants
through the new Environmental Protection Agency (EPA)
Small Business Liability Relief and Brownfield Revitalization
Act (SBLRBRA or “Brownfield Law”) as it relates to econom-
ics, assessment, and management.

• Chapter 7, Populations: Characteristics and Issues is the
result of the combination of two separate chapters from pre-
vious editions (chapters 7 and 8). In response to reviewer re-
quests, several sections such as those on carrying capacity,
limiting factors, and r- and K-strategists have been rewritten.

• Chapter 10, Nuclear Energy has been completely reorgan-
ized. New material has been added on the biological effects of
ionizing radiation, measuring radiation, radiation protection,
radioactive decay series, and dirty bombs.

• Chapter 18. Written by guest author Jacob W. Van Houten, this
retitled chapter, Environmental Regulations: Hazardous
Substances and Wastes has been thoroughly updated with two
new sections and information about recent changes in legislation.
Environmental site assessments, vital in determining current en-
vironmental conditions/liabilities associated with property, are
discussed. Specifically, topics such as the latest ASTM Phase I
Environmental Site Assessment Standard; the benefits of imple-
menting an Environmental Management System (ISO 14000);
and difficulties with determining cleanup criteria for hazardous
waste sites are also included. New case studies covering specific
issues affecting our environment and the regulated community
include pollution prevention in micro-scale chemistry and dioxin
contamination in a river/floodplain system.
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GLOBAL PERSPECTIVES

Ever wonder how environmental problems might be handled
in other countries? Global Perspectives compare different
approaches to environmental problems and provide examples
of environmental issues not typically found in North America.

CASE STUDIES

Case Studies, which are found in each chapter,
are an innovative way to learn about current,
global environmental issues.

CURRENT AND UP-TO-DATE COVERAGE—GUARANTEED!
The study of environmental science is an ever-changing field.
That’s why it is so important to be as current and up-to-date as
possible.

CASE STUDY 19.1

The Environmental Effects of Hurricane Katrina
Hurricane Katrina, which hit the Gulf
of Mexico coast of the United States
in the autumn of 2005, is perhaps
the worse environmental catastro-
phe ever to befall the country as a re-
sult of a natural disaster. The scope
and magnitude of the hurricane was
massive, and the environmental im-
pact will be felt for years to come.

According to U.S. Coast Guard
and EPA data there were 575
Katrina-related spills of petroleum or
hazardous chemicals reported. It is
estimated that the oil spills totaled
20 million liters.

It is also estimated that there
were 350,000 or more ruined auto-
mobiles and other vehicles dam-
aged by the flooding. The amount of
gasoline and hazardous fluids in
these vehicles could add another 12 million liters to the figure mentioned
previously. By comparison, some 40 million liters of oil were released in
the Exxon Valdez disaster.

At least four Superfund hazardous-waste sites in the New Orleans
area were hit by Katrina. Across the storm-ravaged areas of Louisiana,
Mississippi, and Alabama, dozens of other toxic waste sites, major indus-
trial facilities, ports, barges, and vessels that handle enormous quantities
of oil and hazardous chemicals took a direct blow from the hurricane. In
addition to oil and chemical spills, and potential releases from toxic waste
or industrial facilities, one major source of toxins is the stirring up of the
toxic sediment that has accumulated at the bottom of many of the lakes,
rivers, and streams in industrialized areas over many decades due to in-

1. Maintaining the integrity of
natural ecosystems should
be a priority: Indiscriminate
economic development and
ecologically destructive poli-
cies have left many communi-
ties more vulnerable to
disasters than they realize.
This, together with rapid pop-
ulation growth in vulnerable
areas, has contributed to
worldwide economic losses
from weather—related catas-
trophes totaling $567 billion
over the last 10 years, ex-
ceeding the combined losses
from 1950 through 1989.
Losses in 2004 exceeded
$100 billion for the second 

time ever, and a new record will certainly be set once Katrina’s dam-
ages are totaled.

2. Short-term thinking is a dangerous approach to policy. During the
past few years, the U.S. government has diverted funding from dis-
aster preparedness and has reduced protections for wetlands in
order to spur economic development. Both decisions are now ex-
acting costs that far exceed the money saved. Natural ecosystems
such as wetlands and forests are often more valuable when left in-
tact so as to protect communities from floods, landslides, drought,
and other natural occurrences. Failure to protect ecosystems con-
tributed to the massive loss of life when the tsunamis swept across
the Indian Ocean in 2004 and when Hurricane Mitch killed 10,000
people in Central America in 1998

The scope of devastation caused by Hurricane Katrina is difficult to
comprehend.

Biodiversity Issues 255

for the loss of biodiversity is greatest in tropical, developing
countries. Many biologists estimate that there may be as many
species in the tropical rainforests of the world as in the rest of
the world combined. Unfortunately, loss of biodiversity is not

a high priority for the general public in developing countries,
even though their national governments have ratified the bio-
diversity treaty. This difference in level of concern is under-
standable since the developed world has surplus food, higher

CASE STUDY 11.2

Millennium Ecosystem Assessment Report 
and the Millennium Declaration

In 2005 a major study called the Millennium Ecosystem Assessment (MA)
Synthesis Report was published. Involving some 1300 of the world’s lead-
ing experts, the MA is a partnership among several international organiza-
tions including the United Nations, the World Bank, and the International
Union for the Conservation of Nature (IUCN). The study was conducted
over four years and involved experts from 95 countries. The MA is recog-
nized by governments as a mechanism to meet part of the assessment
needs of four international environmental treaties—the UN Convention on
Biological Diversity, the Ramscar Convention on Wetlands, the UN
Convention to Combat Desertification, and the Convention on Migratory
Species. Following are highlights of the main findings of the report.

• Humans have changed ecosystems more rapidly and extensively in
the last 50 years than in any other period. This was done largely to
meet rapidly growing demands for food, freshwater, timber, fiber,
and fuel. More land was converted to agriculture since 1945 than in
the eighteenth and nineteenth centuries combined. Experts say that
this resulted in a substantial and largely irreversible loss in diversity
of life on Earth, with some 10 to 30 percent of the mammal, bird,
and amphibian species currently threatened with extinction.

• Ecosystem changes that have contributed substantial net gains in
human well-being and economic development have been achieved
at growing costs in the form of degradation of other services. Only
three ecosystem services have been enhanced in the last 50
years—increases in crop, livestock, and aquaculture production.
Two services—capture fisheries and freshwater—are now well be-
yond levels that can sustain current, much less future, demands.

• The degradation of ecosystem services could grow significantly
worse during the first half of this century. In all the plausible futures
explored by the scientists, they project progress in eliminating
hunger, but at a slower rate than needed to halve the number of
people suffering from hunger by 2015. Experts warn that changes
in ecosystems such as deforestation influence the abundance of
human pathogens such as malaria and cholera, as well as increas-
ing the risk from emerging new diseases.

• The challenge of reversing the degradation of ecosystems while
meeting increasing demands can be met under some scenarios with
significant policy and institutional changes. However, these changes
will be large and are not currently under way. The report mentions
options that exist to conserve or enhance ecosystem services that
reduce negative trade-offs or that will positively affect other services.
Protection of natural forests, for example, not only conserves wildlife
but also supplies freshwater and reduces carbon emissions.

The major conclusion of this assessment is that it lies within the power of
human societies to ease the strains we are putting on the nature services
of the planet, while continuing to use them to bring better living standards
to all. Achieving this, however, will require major changes in the way na-

ture is treated at every level of decision-making and new forms of coop-
eration between government, business and civil society.

Values Underlying the Millennium
Declaration
The Millennium Declaration—which outlines 60 goals for peace; develop-
ment; the environment; human rights; the vulnerable, hungry, and poor;
Africa; and the United Nations—is founded on a core set of values de-
scribed as follows:

“We consider certain fundamental values to be essential to interna-
tional relations in the twenty-first century. These include:

• Freedom. Men and women have the right to live their lives and raise
their children in dignity, free from hunger and from the fear of vio-
lence, oppression or injustice. Democratic and participatory gover-
nance based on the will of the people best assures these rights.

• Equality. No individual and no nation must be denied the opportu-
nity to benefit from development. The equal rights and opportunities
of women and men must be assured.

• Solidarity. Global challenges must be managed in a way that dis-
tributes the costs and burdens fairly in accordance with basic prin-
ciples of equity and social justice. Those who suffer or who benefit
least deserve help from those who benefit most.

• Tolerance. Human beings must respect one other, in all their diver-
sity of belief, culture and language. Differences within and between
societies should be neither feared nor repressed, but cherished as
a precious asset of humanity. A culture of peace and dialogue
among all civilizations should be actively promoted.

• Respect for nature. Prudence must be shown in the management
of all living species and natural resources, in accordance with the
precepts of sustainable development. Only in this way can the im-
measurable riches provided to us by nature be preserved and
passed on to our descendants. The current unsustainable patterns
of production and consumption must be changed in the interest of
our future welfare and that of our descendants.

• Shared responsibility. Responsibility for managing worldwide
economic and social development, as well as threats to international
peace and security, must be shared among the nations of the world
and should be exercised multi-laterally. As the most universal and
most representative organization in the world, the United Nations
must play the central role.”1

The Millennium Ecosystem Assessment Report is available at
http://www.maweb.org/en/Article.aspx?id�58

1. United Nations General Assembly, “United Nations Millennium Declaration,” Resolution 55/2, United
Nations A/RES/55/2, 18 September 2000, page x.

The Environmental Cost of Rapid Industrialization
In November 2005 an explo-
sion at a petrochemical plant
in China forced the evacuation
of 10,000 residents from the
town of Jilin City. About 100
metric tons of benzene, ani-
line, and nitrobenzene spilled
into the Songhua River, con-
taminating the drinking water
of thousands of people and
killing tens of thousands of
fish. The 80 km long chemi-
cal slick quickly moved down
river, past the town of Harbin,
crossing the international bor-
der into Russia two weeks
later. There it threatened the
drinking water in Khabarovsk,
a Russian town of 600,000.

The river systems in
China are increasingly polluted
with industrial chemicals.
China has built 16 petrochem-
ical plants on the Songhua
alone. Rapid industrialization in support of a booming economy has cre-
ated mixed blessings. While there have been dramatic improvements in
standards of living over a very short period of time, these improvements

have come at enormous
cost to China’s natural
environment. The country
has a poor track record of
industrial accidents as well
as dangerous levels of air
and water pollution. In-
creased automobile usage
has combined with indus-
trial pollution to darken
the skies of many of
China’s big cities. In the
race to create competi-
tive global industries,
Chinese authorities have often turned a blind eye to responsible busi-
ness practices. Some observers directly blame the lax regulations of
China’s increasingly pro-business climate for accidents like the benzene
spill in the Songhua.

On November 26, less than two weeks after the Songhua disaster,
another explosion at a second chemical plant in China spilled toxic
chemicals into the Yangtze River. The Chinese government is now under
increasing pressure from its citizens and from the international commu-
nity to more strictly regulate its businesses.

Is pollution an inevitable cost of industrial production that should be
accepted alongside modern standards of living? Is it necessary to pollute
to make a profit? Should pollution prevention programs be voluntary or
imposed by regulatory authorities?

Residents of the town of Harbin collecting
drinking water after the spill.

China’s Songhua River was contaminated
with benzene. 

xviii
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CRITICAL THINKING—AN IMPORTANT LEARNING GOAL!
Critical thinking skills will be improved by taking part in the in-text activities
and end-of-chapter questions and readings.

ISSUES & ANALYSIS READINGS

Issues & Analysis boxed readings present real-world
examples of environmental problems and prompt
students to think about the issues involved and
respond to a series of questions.

CRITICAL THINKING QUESTIONS

Critical Thinking questions can be found in every chapter of
Environmental Science. By answering these questions, students will be-
come better at evaluating information, opinions, and arguments so they
can learn to recognize bias, characterize the assumptions behind argu-
ments, and avoid jumping to conclusions.

WHAT’S YOUR TAKE?
By having students take stands on issues and develop arguments
to support their positions, this tool will allow students to develop
and enhance their critical thinking skills.

The Problem of Image
When we think of endangered species, we almost always visualize a
mammal or a bird. In North America, we identify wolves, grizzly bears,
various whales, bald eagles, whooping cranes, and similar species as en-
dangered. We rarely think about clams, fish, plants, or insects. Because
certain species are able to grab the attention of the public, they are called
charismatic species. In addition, most of the charismatic species are car-
nivores at high trophic levels. Groups of people will organize to save the
whales, whooping cranes, elephants, or osprey, but little interest is gener-
ated to save the Tar River spiny mussel, cave crayfish, or San Diego fairy
shrimp. The graph shows the percentage of species in selected groups that
are in various categories of concern in the United States. By far the most

vulnerable category of organisms consists of freshwater species of mus-
sels (clams), crayfish, fish, and stoneflies. The least vulnerable are birds
and mammals, yet they capture most of the public’s interest and are high-
lighted by the U.S. Fish and Wildlife Service on its endangered species
website.

• What factors cause us to rank birds and mammals higher than clams
and crayfish?

• Should we spend as much money to save the Tar River spiny mussel
as we are spending on wolves or California condors?

• Since money is limited, how would you decide which species to
spend limited resources on?

Issues & Analysis
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WHAT’S YOUR TAKE?

The grizzly bear (Ursus arctos horribilis) has been receiving federal pro-
tection under the U.S. Endangered Species Act for over 30 years. The fed-
eral government has now proposed removing that protection on the basis
of increasing numbers of bears in the Greater Yellowstone Ecosystem and
elsewhere. There is considerable disagreement among conservation biol-
ogists about how many bears are needed for the species to be “recovered.”

When a species is delisted, management is handed over to individual
states. If it proposes an acceptable plan, a state may introduce a manage-
ment plan that includes the hunting of the previously listed species. What
kind of ethic underlies the Endangered Species Act? What kind of ethic
underlies a management plan that includes hunting? Develop an ethical
argument for or against the delisting of the grizzly bear.

REVIEW QUESTIONS

1. Why does the environmental crisis demand a new ethic?
2. What is the relationship between ethics and law?
3. Describe three types of environmental ethics developed by

philosophers.
4. Describe three common attitudes toward the environment found in

modern society.
5. Why is environmental justice part of the environmental movement?

6. What are the conflicts between corporate behavior and environmen-
tal ethics?

7. How can individuals direct business toward better environmental
practices?

8. How can individuals implement environmental ethics in their own
lives?

9. Where does global environmental ethics fit in the broad scheme of
environmental protection?

CRITICAL THINKING QUESTIONS

1. Give three different ethical justifications for protecting a forest using
an anthropocentric, a biocentric, and an ecocentric viewpoint.

2. Which approach to the environment—development, preservation, or
conservation—do you think you adopt in your own life? Do you
think it appropriate for everybody in the world to share the same at-
titude you hold?

3. What ethical obligations do you personally feel toward wolves and
whales? What ethical obligations do you feel toward future genera-
tions of people? What ethical obligations do you feel toward future
generations of wolves and whales?

4. Until recently, it was generally believed that growth and development
were unquestionably good. Now, at the beginning of the twenty-first
century, some are beginning to question that belief. Are those questions
appropriate ones to address to a citizen of the developing world? Would
you ever make the argument that development has gone far enough?

5. Imagine you are a business executive who wants to pursue an envi-
ronmental policy for your company that limits pollution and uses
fewer raw materials but would cost more. What might be the discus-
sion at your next board of directors meeting? How would you make
your case to your directors and your shareholders? 

6. In 1997 Ojibwa Indians in northern Wisconsin sat on the railroad
tracks to block a shipment of sulfuric acid from crossing their reser-
vation on its way to a controversial copper mine in Michigan. Try to
put yourself in their position. What values, beliefs, and perspectives
might have contributed to their actions? Was it the right thing to do?
How would you try and mediate a heated conversation between an
Ojibwa protestor and a Michigan copper miner?

7. Wangari Maathai led a protest movement against the stripping of
African forests. Are environmental issues important enough for citi-
zens to become activists and perhaps break the law? How could an
environmental activist respond to the pro-development position that it
is more important to feed people and lift them out of poverty than it
is to save a few trees? Are there any ethical principles that you think
an environmental activist and a pro-development advocate share?

8. Reread the Case Study about early philosophers of nature. Is the en-
vironmental crisis in certain respects a problem in ethics? Does phi-
losophy have a role to play in helping to solve the problem? Should
scientists, business leaders, and politicians study environmental
ethics? What role is environmental ethics going to play in your own
life from this point on?  

xix

Diesel Engine Trade-offs
In the United States nearly all automobiles have gasoline engines. Only
about 1 percent have diesel engines. In Europe about 50 percent of new
automobiles sold have diesel engines. Automobile diesel engines are
much more efficient than gasoline engines. They have an efficiency of 35
to 42 percent compared to gasoline engines with an efficiency of 25 to
30 percent. This means that they go
much farther on a liter of fuel than
do equivalent gasoline engines.
Furthermore diesel engines last
longer than gasoline engines.

Since gasoline engines are less
efficient than diesel engines, gaso-
line engines produce 20 to 40 per-
cent more carbon dioxide than diesel
engines for the same distance driven.
Increased carbon dioxide is known
to cause a warming of the Earth’s at-
mosphere. One of the reasons for the
popularity of diesel engines in
Europe is concern about the effect of
carbon dioxide on global climate.

Current diesel engines produce more particulate matter and nitrogen
oxides than do gasoline engines. However, current air quality guidelines
for particulate matter and nitrogen oxides in Europe are more stringent
than those in the United States. The World Health Organization has esti-
mated that thousands of people die each year because of particulate air

pollution. Changes are being made in
fuels, engine design, and pollution
control devices that reduce the amount
of particulate matter and nitrogen ox-
ides produced.

• Should U.S. automakers switch to
diesel engines as the Europeans
have?

• Is global climate change an im-
portant reason to use diesel en-
gines?

• Should problems with particulate
emissions prevent the develop-
ment of diesel engines for pas-
senger vehicles? 

Issues & Analysis

Phosphate Mining in Nauru
The mining of phosphate on the island of Nauru, located in a remote cor-
ner of the Pacific Ocean, has devastated the island environmentally and
has created financial, legal, and cultural problems for the islanders. The
phosphate deposits found on Nauru and a few other Pacific Islands are a
combination of limestone and guano from nesting seabirds that have ac-
cumulated for thousands of years. Nauru’s phosphate is the only resource
with which the island can sustain an economy. Nauru produces about two
million metric tons of phosphate per year. Most of this is exported to
Australia, where it is used as fertilizer.

Phosphate mining on Nauru generally occurs in the interior of the is-
land. The phosphate is actually a composite of two materials that have com-
bined and solidified over time: decayed oceanic microorganisms and bird
droppings. These elements, intertwined with the coral and limestone that
form the island, and extraction of the phosphate have left behind deep pits
and tall pillars, some as high as 35 meters (115 feet). This creates a moon-
like scene, which contributes to the uninhabitable atmosphere. Four-fifths of
the island is a barren wasteland.

As a result of the mining, the vast majority of soil and vegetation has
been stripped away. This prevents agriculture from taking place and makes it
very difficult for a viable ecosystem to establish itself and flourish. In addi-
tion, the combination of a pillar-and-pit landscape and the loss of vegetation
creates a very hot interior, such that rising hot air prevents rain clouds from
settling over the island. This contributes to frequent droughts on the island.

The mining that has taken place on Nauru for the past 90 years has had
a physical toll on the islanders. Because of the lack of soil and vegetation, the
Nauruans have been forced to import nearly all of their food. The result of
eating processed, fatty foods has been an increase in the occurrence of high
blood pressure, diabetes, and obesity. These problems have led to a decrease
in the life expectancy of the islanders, which is between 50 and 60 years.

Nauru’s problems are becoming increasingly acute, as the phosphate on
the island has been nearly exhausted and mining has virtually ceased. Thus,
the government of Nauru is looking into the question of responsibility for the
ecological disaster and seeking ways to rehabilitate the island.

The Nauruans live on a strip of land along the coast, and with the pop-
ulation expanding, they need more living space. The population has in-
creased from 2000 in 1968 to over 6000 by 2004. What the island also needs
is new construction, most notably a hospital, schools, and government build-
ings. This development can only occur in the central part of the island, which
is currently a wasteland of limestone and coral.

Several ideas have been discussed regarding the future of the island.
One solution is to crush the pillars and import topsoil, humus, and other nu-
trients, thus beginning the long process of rebuilding the ecosystem. This
would be very expensive and could take more than 30 years. Creating an
area for agriculture is paramount, and the island, for reasons of at least min-
imal self-sufficiency, must consider a water filter, fish and pig farms, and
tree plantations. Another option is more drastic. It calls for the total removal
of the population to another island. This solution is considered because the
present island of Nauru is so damaged, and there are no other economically
viable industries except the phosphate, which is now almost gone. This
rather hopeless situation leads many to believe that evacuating the Nauruans
to some other Pacific island is the only choice.

• Do you think the island can be rehabilitated?
• Should the countries that benefited from the phosphate mining be

expected to rehabilitate the island?
• Since the cost of rehabilitating the island would be huge, is evacuat-

ing the island the only viable option?
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NEW! MORE REALISTIC ART

New multidimensional images offer students
a more-detailed level of instruction.

xx

Bass

Trout
Catfish

Figure 5.3 Limiting Factors In aquatic habitats, the
amount of oxygen dissolved in the water is often a limiting factor for
many species of fish. Cool, highly oxygenated water, which is typical of
the rapidly flowing upper sections of a river system, supports trout, but
warmer, less oxygenated water is unsuited for trout. Other fish, which are
more tolerant of low levels of oxygen, such as bass, catfish, bullheads,
and carp, occupy the lower sections of the river, where the water is
warmer, has less oxygen, and contains much silt and other soil particles.

INSTRUCTIONAL ART—PAINTING CONCEPTUAL PICTURES

FOR STUDENTS!
Enger/Smith’s revised and improved art program offers students
another way to study the many concepts of environmental science.

COMBINATION PHOTOS

Five is better than one! Challenging concepts are il-
lustrated with collages of photos to strengthen stu-
dents’ understanding.
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Figure 6.11 Temperate Grassland (a) Climagraph for Tehran, Iran. (b) Grasses are better able to with-
stand low water levels than are trees. Therefore, in areas that have moderate rainfall, grasses are the dominant plants. (c
& d) Pronghorns and grasshoppers are common herbivores and (e) meadowlarks are common consumers of insects in
North American grasslands.

(d) Grasshopper

(c) Pronghorn

(e) Meadowlark
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Figure 4.13 Second Law of Thermodynamics Whenever energy is converted
from one form to another, some of the useful energy is lost, usually in the form of heat. The con-
version of fuel to electricity produces heat, which is lost to the atmosphere. As the electricity
moves through the wire, resistance generates some additional heat. When the electricity is con-
verted to light in a lightbulb, heat is produced as well. All of these steps produce low-quality heat
in accordance with the second law of thermodynamics.
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Figure 4.9 Photosynthesis This reaction is an example of one that requires an input of energy (sunlight) to combine low-energy molecules (CO2
and H2O) to form sugar (C6H12O6) with a greater amount of chemical bond energy. Molecular oxygen (O2) is also produced.
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Figure 4.10 Respiration Respiration involves the release of energy from organic molecules when they react with oxygen. In addition to provid-
ing energy in a usable form, respiration produces carbon dioxide and water.
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TEACHING AND LEARNING SUPPLEMENTS

McGraw-Hill offers various tools and technology products to support
Environmental Science. Students can order supplemental study mate-
rials by contacting their local bookstore or by calling 800-262-4729.
Instructors can obtain teaching aids by calling the Customer Service
Department at 800-338-3987, visiting the McGraw-Hill website
at www.mhhe.com, or by contacting their local McGraw-Hill sales
representative.

Teaching Supplements for Instructors

McGraw-Hill’s ARIS—Assessment,
Review, and Instruction System
(http://www.mhhe.com/enger11e) for
Environmental Science is a complete,
online tutorial, electronic homework,

and course management system, designed for greater ease of use than any
other system available. Instructors can create and share course materials
and assignments with colleagues with a few clicks of the mouse. All
PowerPoint lectures, assignments, quizzes, tutorials, and interactives are
directly tied to text-specific materials in Environmental Science, but in-
structors can also edit questions, import their own content, and create an-
nouncements and due dates for assignments. ARIS has automatic grading
and reporting of easy-to-assign homework, quizzing, and testing. All stu-
dent activity within McGraw-Hill’s ARIS website is automatically
recorded and available to the instructor through a fully integrated grade-
book that can be downloaded to Excel.

ARIS Presentation Center (found at www.mhhe.com/enger11e)
Build instructional materials where-ever, when-ever, and how-ever you want!
Aris Presentation Center is an online digital library containing assets
such as photos, artwork, animations, PowerPoints, and other media
types that can be used to create customized lectures, visually enhanced
tests and quizzes, compelling course websites, or attractive printed sup-
port materials.

Access to your book, access to all books!
The Presentation Center library includes thousands of assets from many
McGraw-Hill titles. This ever-growing resource gives instructors the
power to utilize assets specific to an adopted textbook as well as content
from all other books in the library.

Nothing could be easier!
Accessed from the instructor side of your textbook’s ARIS website,
Presentation Center’s dynamic search engine allows you to explore by
discipline, course, textbook chapter, asset type, or keyword. Simply
browse, select, and download the files you need to build engaging course
materials. All assets are copyright McGraw-Hill Higher Education but
can be used by instructors for classroom purposes.

Instructors will find the following digital assets for Environmental
Science at ARIS PrepCenter:

• Color Art Full-color digital files of ALL illustrations in the text can
be readily incorporated into lecture presentations, exams, or custom-
made classroom materials. These include all of the 3-D realistic art
found in this edition, representing some of the most important con-
cepts in environmental science.

• Photos Digital files of ALL photographs from the text can be repro-
duced for multiple classroom uses.

• Additional Photos 317 full-color bonus photographs are available in
a separate file. These photos are searchable by content and will add
interest and contextual support to your lectures.

• Tables Every table that appears in the text is provided in electronic
format.

• Videos This special collection of 84 underwater video clips displays
interesting habitats and behaviors for many animals in the ocean.

• Animations 99 full-color animations that illustrate many different
concepts covered in the study of environmental science are available
for use in creating classroom lectures, testing materials, or online
course communication. The visual impact of motion will enhance
classroom presentations and increase comprehension.

• Global Base Maps 88 base maps for all world regions and major
subregions are offered in four versions: black-and-white and full-
color, both with labels and without labels. These choices allow in-
structors the flexibility to plan class activities, quizzing opportunities,
study tools, and PowerPoint enhancements.

• PowerPoint Lecture Outlines Ready-made presentations that com-
bine art and photos and lecture notes are provided for each of the 19
chapters of the text. These outlines can be used as they are or tailored
to reflect your preferred lecture topics and sequences.

• PowerPoint Slides For instructors who prefer to create their lectures
from scratch, all illustrations, photos, and tables are preinserted by
chapter into blank PowerPoint slides for convenience.

Earth and Environmental
Science DVD by Discovery
Channel Education (ISBN:
978-0-07-352541-9; MHID:
0-07-352541-3)
Begin your class with a quick peek at
science in action. The exciting NEW
DVD by Discovery Channel Education
offers 50 short (three- to five-minute)
videos on topics ranging from conserva-
tion to volcanoes. Search by topic and
download into your PowerPoint lecture.

McGraw-Hill’s Biology Digitized Videos 
(ISBN: 978-0-07-312155-0; MHID: 0-07-312155-X)
Licensed from some of the highest quality life-science video producers in
the world, these brief video clips on DVD range in length from 15 sec-
onds to two minutes and cover all areas of general biology, from cells to
ecosystems. Engaging and informative, McGraw-Hill’s digitized biology
videos will help capture students’ interest while illustrating key biologi-
cal concepts, applications, and processes.

Instructor’s Testing Resource CD-ROM
This CD-ROM contains a wealth of cross-platform (Windows and
Macintosh) resources for the instructor. Supplements featured on this
CD-ROM include a computerized test bank, which utilizes EZ-Test
software for quickly creating customized exams. This flexible and user-
friendly program allows instructors to search for questions by topic, for-
mat, or difficulty level and edit existing questions or add new ones.
Multiple versions of the test can be created, and any test can be exported
for use with course management systems such as WebCT, Blackboard,
or PageOut. Word files of the test bank are included for those instruc-
tors who prefer to work outside of the test-generator software. Other as-
sets on the Instructor’s Testing and Resource CD-ROM are grouped
within easy-to-use folders.
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Exploring Environmental Science with GIS by
Stewart, Cunningham, Schneiderman, and Gold
(ISBN: 978-0-07-297564-2; MHID: 0-07-297564-4)
This short book provides exercises for students and instructors who
are new to GIS but are familiar with the Windows operating system.
The exercises focus on improving analytical skills, understanding spa-
tial relationships, and understanding the nature and structure of envi-
ronmental data. Because the software used is distributed free of
charge, this text is appropriate for courses and schools that are not yet
ready to commit to the expense and time involved in acquiring other
GIS packages.

Annual Editions:
Environment 06/07 by Allen
(ISBN: 978-0-07-351542-7; 
MHID: 0-07-351542-6)
This twenty-fifth edition is a compi-
lation of current articles from the
best of the public press. The selec-
tions explore the global environ-
ment, the world’s population, energy,
the biosphere, natural resources, and
pollutions.

Taking Sides: Clashing
Views on Environmental Issues,
Eleventh Edition
Expanded by Easton 
(ISBN: 978-0-07-351441-3; 
MHID: 0-07-351441-1)
This book represents the arguments of
leading environmentalists, scientists,
and policy makers. The issues reflect a
variety of viewpoints and are staged as
“pro” and “con” debates. Issues are or-
ganized around four core areas: general
philosophical and political issues, the
environment and technology, disposing
of wastes, and the environment and the
future.

Global Studies: The World 
at a Glance, Second Edition
by Tessema 
(ISBN: 978-0-07-340408-0;
MHID: 0-07-340408-X)
This book features a compilation of up-
to-date data and accurate information
on some of the important facts about
the world we live in. While it is close
to impossible to stay current on  every
nation’s capital, type of government,
currency, major languages, population,
religions, political structure, climate,

economics, and more, this book is intended to help students to under-
stand these essential facts in order to make useful applications.

Transparencies (ISBN: 978-0-07-305031-7; 
MHID: 0-07-305031-8)
A set of 100 overhead transparencies includes key illustrations and tables
from the text. The images are printed for great visibility and contrast, and
labels are large and bold for clear projection.

eInstruction
This classroom performance system (CPS) utilizes wireless technology to
bring interactivity into the classroom or lecture hall. Instructors and stu-
dents receive immediate feedback through easy-to-use wireless response
pads that engage students. eInstruction can assist instructors by:

• Taking attendance

• Administering quizzes and tests

• Creating a lecture with intermittent questions

• Using the CPS gradebook to manage lectures and student comprehension

• Integrating interactivity into PowerPoint presentations

Contact your local McGraw-Hill sales representative for more information.

Course Delivery Systems
With help from WebCT, Blackboard, and other course management sys-
tems, professors can take complete control of their course content. Course
cartridges containing website content, online testing, and powerful student
tracking features are readily available for use within these platforms.

Learning Supplements for Students

ARIS (http://www.mhhe.com/enger 11e)
McGraw-Hill’s ARIS—Assessment, Review and Instruction System—for
Environmental Science offers access to a vast array of premium online
content to fortify the learning experience.

• Text-Specific Study Tools—The ARIS site features quizzes, study tools,
and other features tailored to coincide with each chapter of the text.

• Course Assignments and Announcements—Students of instructors
choosing to utilize McGraw-Hill’s ARIS tools for course administration
will receive a course code to log into their specific course for assignments.

Field & Laboratory Exercises in Environmental
Science, Seventh Edition by Enger and Smith 
(ISBN: 978-0-07-290913-5; MHID: 0-07-290913-7)
The major objectives of this manual are to provide students with hands-
on experiences that are relevant, easy to understand, applicable to the stu-
dent’s life, and presented in an interesting, informative format. Ranging
from field and lab experiments to conducting social and personal assess-
ments of the environmental impact of human activities, the manual pre-
sents something for everyone, regardless of the budget or facilities of
each class. These labs are grouped by categories that can be used in con-
junction with any introductory environmental textbook.

Interactive World Issues 
CD-ROM (ISBN:
978-0-07-255648-3;
MHID: 0-07-255648-X)
This two-CD set for students ex-
plores controversial issues in water
rights (Columbia River); migration
(Mexico); urban spread (Chicago); population
(China); and sustainability (South Africa).
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Sources: Notable Selections in
Environmental Studies,
Second Edition by Goldfarb
(ISBN: 978-0-07-303186-6; 
MHID: 0-07-303186-0)
This volume brings together primary
source selections of enduring intellectual
value—classic articles, book excerpts,
and research studies—that have shaped
environmental studies and our contempo-
rary understanding of it. The book in-
cludes carefully edited selections from
the works of the most distinguished environmental observers, past and pres-
ent. Selections are organized topically around the following major areas of
study: energy, environmental degradation, population issues and the envi-
ronment, human health and the environment, and environment and society.

Student Atlas of Environmental
Issues by Allen 
(ISBN: 978-0-69-736520-0;
MHID: 0-69-736520-4)
This atlas is an invaluable pedagogical
tool for exploring the human impact on
the air, waters, biosphere, and land in
every major world region. This informa-
tive resource provides a unique combina-
tion of maps and data that help students
understand the dimensions of the world’s
environmental problems and the geo-
graphical basis of these problems.

xxiii

eng50288_FM.qxd  8/23/06  1:52 PM  Page xxiii



xxiv

We live in an age of information. Computers, e-mail, the
Internet, CD-ROMs, instant news, and fax machines
bring us information more quickly than ever before. A

simple search of the Internet will provide huge amounts of infor-
mation. Some of the information has been subjected 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 critically evaluate the information we get?

Critical thinking involves a set of skills that helps us to eval-
uate information, arguments, and opinions in a systematic 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, recognize bias, char-
acterize the assumptions behind arguments, identify the implica-
tions of decisions, and avoid jumping to conclusions.

CHARACTERISTICS 
OF CRITICAL THINKING
Critical thinking involves skills that allow us to sort information
in a meaningful way and discard invalid or useless information
while recognizing that which is valuable. Some key components
of critical thinking are:

RECOGNIZE THE IMPORTANCE OF CONTEXT

All information is based on certain assumptions. It is important to
recognize what those assumptions are. Critical thinking involves
looking closely at an argument or opinion by identifying the his-
torical, social, political, economic, and scientific context in which
the argument is being made. It is also important to understand the
kinds of bias contained in the argument and the level of knowl-
edge the presenter has.

CONSIDER ALTERNATIVE VIEWS

A critical thinker must be able to understand and evaluate differ-
ent points of view. Often these points of view may be quite varied.
It is important to keep an open mind and to look at all the infor-
mation objectively and try to see the value in alternative points of
view. Often people miss obvious solutions to problems because

they focus on a certain avenue of thinking and unconsciously dis-
miss valid alternative solutions.

EXPECT AND ACCEPT MISTAKES

Good critical thinking is exploratory and speculative, 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 illogical components. By the
same token, be willing to point out what you perceive to be short-
comings in the arguments 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 particu-
lar issue you are exploring.

EVALUATE THE VALIDITY OF EVIDENCE

Information comes in many forms and has differing degrees of va-
lidity. When evaluating information, it is important to understand
that not all the information from a source may be of equal quality.
Often content about a topic is a mix of solid information inter-
spersed with less certain speculations or assumptions. Apply a
strong critical attitude to each separate piece of information. Often
what appears to be a minor, insignificant error or misunderstand-
ing 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 is a series of questions that allow
you to practice critical thinking skills. Some of these questions are
straightforward and simply ask you to recall 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 knowledge you have gained
from the chapter on quite different social, economic, or political
contexts from your own.

Practice, practice, practice.
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