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Dear Student,

You are coming of age at a unique and momentous time in
history. Within your lifetime, our global society must chart a
promising course for a sustainable future. The stakes could
not be higher.

Today we live long lives enriched with astonishing tech-
nologies, in societies more free, just, and equal than ever
before. We enjoy wealth on a scale our ancestors could hardly
have dreamed of. However, we have purchased these wonder-
ful things at a steep price. By exploiting Earth’s resources and
ecosystem services, we are depleting our planet’s ecological
bank account. We are altering our planet’s land, air, water,
nutrient cycles, biodiversity, and climate at dizzying speeds.
More than ever before, the future of our society rests with how
we treat the world around us.

Your future is being shaped by the phenomena you will
learn about in your environmental science course. Environ-
mental science gives us a big-picture understanding of the
world and our place within it. Environmental science also
offers hope and solutions, revealing ways to address the prob-
lems we confront. Environmental science is more than just a
subject you study in college. It provides you basic literacy in
the foremost issues of the 21st century, and it relates to every-
thing around you throughout your lifetime.

We have written this book because today’s students will
shape tomorrow’s world. At this unique moment in history,
the decisions and actions of your generation are key to achiev-
ing a sustainable future for our civilization. The many envi-
ronmental challenges we face can seem overwhelming, but
you should feel encouraged and motivated. Remember that
each dilemma is also an opportunity. For every problem that
human carelessness has created, human ingenuity can devise
a solution. Now is the time for innovation, creativity, and the
fresh perspectives that a new generation can offer. Your own
ideas and energy can, and will, make a difference.

—Jay Withgott and Matthew Laposata

Preface

Dear Instructor,

You perform one of our society’s most vital functions by edu-
cating today’s students—the citizens and leaders of tomor-
row—on the processes that shape the world around them, the
nature of scientific inquiry, and the pressing environmental
challenges we face. We have written this book to assist you in
this endeavor because we feel that the crucial role of environ-
mental science in today’s world makes it imperative to
engage, educate, and inspire a broad audience of students.

In Environment: The Science Behind the Stories, we
strive to show students how science informs our efforts to
bring about a sustainable society. We also aim to encourage
critical thinking and to maintain a balanced approach as we
flesh out the vibrant social debate that accompanies environ-
mental issues. As we assess the challenges facing our civiliza-
tion and our planet, we focus on providing realistic,
forward-looking solutions, for we truly feel there are many
reasons for optimism.

In crafting the seventh edition of this text, we have incor-
porated the most current information from this dynamic disci-
pline and have tailored our presentation to best promote
student learning. We have examined every line of text and
every figure with great care to ensure that all content is accu-
rate, clear, and up-to-date. Moreover, we have introduced a
number of changes that are new to this edition.

New to This Edition

This seventh edition includes an array of revisions that
enhance our content and presentation while strengthening our
commitment to teach science in an engaging and accessible
manner.

» SUCCESS StOry This new feature highlights discrete
stories (one per chapter) of successful efforts to address
environmental problems, ranging from local examples
(such as prairie restoration in Chicago) to national and
global achievements (such as halting ozone depletion by
treaty or removing lead from gasoline). Our book has
always focused on positive solutions, but the new emphasis
these Success Stories bring should help encourage and
inspire students by demonstrating how sustainable solu-
tions are within reach. Students can explore data behind
these solutions with new Success Story Coaching Activities
in Mastering Environmental Science.

Preface



X

. _ This new and visually striking feature brings life

to key questions in environmental science by presenting
data in novel yet intuitive ways. The five DataGraphics
seek to strengthen student skills in analytical thinking by
fostering the ability to draw reasonable conclusions when
provided with relevant data. Each DataGraphic poses a
question, assembles an array of datasets, and leads to a
unifying conclusion, guiding students through a synthesis
of quantitative information in an inviting and appealing
manner.

* Chapter 8: Will Nigeria’s population overwhelm its
water supply?

* Chapter 10: Can we continue to reduce global hunger?
* Chapter 11: Can we save the world’s biodiversity?

* Chapter 16: How can we avoid choking the oceans
with plastic?

e Chapter 18: How can we stop global warming?

CENTRAL case study Seven Central Case Studies are
completely new to this edition, while several others have
been thoroughly reshaped to add exciting new angles. All
other case studies have been updated as needed to reflect
recent developments. These updates provide fresh stories
and new ways to frame emerging issues in environmental
science. Students will learn how Midwesterners are battling
an invasion of Asian carp, how Californian farmers are
helping pollinators, how Brazilians are struggling to save the
Amazon rainforest, how Texans are balancing water use with
oil and gas production, and how researchers are document-
ing the spread of plastic waste across the world’s oceans.
Readers will also encounter inspiring new stories of
Michigan students running sustainable food programs and of
young Americans going to court to challenge their govern-
ment to tackle climate change.

* Chapter 4: Leaping Fish, Backwards River: Asian Carp
Threaten the Great Lakes

* Chapter 7: Young Americans Take On Climate Change
in the Courts

» Chapter 9: Bees to the Rescue: By Helping Pollinators,
Farmers Help Themselves

* Chapter 10: Sustainable Food and Dining at the
University of Michigan

* Chapter 12: Saving the World’s Greatest Rainforest

* Chapter 15: Reaching the Tipping Point: Fracking and
Fresh Water in West Texas

* Chapter 16: A Sea of Plastic in the Middle of the Ocean

connect & continue Each chapter now concludes
with a brief section that provides late-breaking updates to
the Central Case Study and makes connections outward to
related themes, events, or locations, to facilitate further
discussion. This new Connect & Continue section
enhances our long-standing and well-received approach of
integrating each Central Case Study throughout its chapter.

Preface

« THE sCIENCE behind the story Fourteen Science

Behind the Story boxes are new to this edition. These new
boxes, along with others that have been updated, provide a
current and exciting selection of scientific studies to
highlight. Students will follow researchers as they discover
a global collapse in insect populations, track chemicals
hidden in the food we eat, reveal how global warming
creates extreme weather, and much more.

e Chapter 2: Are Yeast the Answer to Cleaning Up
Nuclear Waste?

e Chapter 4: How Do Asian Carp Affect Aquatic
Communities?

e Chapter 7: What Does the Science on Climate Change
Tell Us?

e Chapter 8: Measuring Our “Human Footprint”: A
Roadmap to Sustainability and Prosperity?

e Chapter 9: If We Help Pollinators, Will It Boost Crop
Production?

e Chapter 11: Are Insects Vanishing?

e Chapter 14: Are Endocrine Disruptors Lurking in Your
Fast Food?

e Chapter 14: What Role Do Pesticides Play in the
Collapse of Bee Colonies?

e Chapter 15: What’s Killing Smallmouth Bass in the
Potomac River Watershed?

* Chapter 16: Inventorying the Great Pacific Garbage
Patch

¢ Chapter 18: Why and How Does Global Warming Lead
to Extreme Weather Events?

e Chapter 21: How Well Do Wind and Solar Complement
One Another in Texas?

e Chapter 22: Can Campus Research Help Reduce
Waste?

e Chapter 23: Mapping Mountaintop Mining’s ‘“Footprint”
in Appalachia

New and revised DATA Q, FAQ, and Weighing the
Issues items Incorporating feedback from instructors
across North America, we have examined each example
of these three features that boost student engagement
and have revised them and added new examples as
appropriate.

Currency and coverage of topical issues To live up to
our book’s hard-won reputation for currency, we’ve
incorporated the most recent data possible throughout, and
we’ve enhanced coverage of emerging issues. As climate
change and energy concerns play ever-larger roles in
today’s world, our coverage has kept pace. This edition
highlights the tremendous growth and potential of renew-
able energy, yet also shows how we continue reaching
further for fossil fuels using ever more powerful technolo-
gies. The text tackles the complex issue of climate change
in depth, while connections to this issue proliferate among



topics in every chapter. And in a world newly shaken by
dynamic political forces amid concerns relating to globali-
zation, trade, immigration, health care, jobs, racial discrim-
ination, social justice, and wealth inequality, our
introduction of ethics, economics, and policy early in the
book serves as a framework to help students relate the
scientific knowledge they are learning to the complex
cultural aspects of the society around them.

* Enhanced style and design We have refreshed and
improved the look and clarity of our visual presentation
throughout the text. A more appealing layout, striking
visuals, and an inviting new style all make the book more
engaging for students. Over 50% of the photos, graphs, and
illustrations in this edition are new or have been revised to
reflect current data or for enhanced clarity or pedagogy.

Existing Features

We have also retained the major features that made the first
six editions of our book unique and that are proving so suc-
cessful in classrooms across North America:

* A focus on science and data analysis We have main-
tained and strengthened our commitment to a rigorous
presentation of modern scientific research while simultane-
ously making science clear, accessible, and engaging to
students. Explaining and illustrating the process of science
remains a foundational goal of this endeavor. We also
continue to provide an abundance of clearly cited data-rich
graphs, with accompanying tools for data analysis. In our
text, our figures, and our online features, we aim to
challenge students and to assist them with the vital skills of
data analysis and interpretation.

* An emphasis on solutions For many students, today’s
deluge of environmental dilemmas can lead them to feel
that there is no hope or that they cannot personally make
a difference. We have aimed to counter this impression
by highlighting innovative solutions being developed
around the world—a long-standing approach now
enhanced by our new Success Story feature. While taking
care not to paint too rosy a picture of the challenges that
lie ahead, we demonstrate that there is ample reason for
optimism, and we encourage action. Our campus
sustainability coverage (Chapter 1 and Central Case
Studies in Chapters 9 and 22) shows students how their
peers are applying principles and lessons from environ-
mental science to forge sustainable solutions on their
own campuses.

« Integration of a CENTRAL case study throughout
each chapter. We integrate each chapter’s Central Case
Study into the main text, weaving information and elabora-
tion throughout the chapter. In this way, compelling stories
about real people and real places help to teach foundational
concepts by giving students a tangible framework with
which to incorporate novel ideas. Students can explore the
locations featured in each Central Case Study with new Case
Study Video Tours in Mastering Environmental Science.

« THE sCIENCE behind the story Because we strive
to engage students in the scientific process of testing and
discovery, we feature The Science Behind the Story boxes
in each chapter. By guiding students through key research
efforts, this feature shows not merely what scientists
discovered, but how they discovered it.

. FAQ The FAQ feature highlights questions frequently
posed by students, thereby helping to address widely held
misconceptions and to fill in common conceptual gaps in
knowledge. By also including questions students some-
times hesitate to ask, the FAQs show students that they are
not alone in having these questions, which helps to foster a
spirit of open inquiry in the classroom.

 WEIGHING the iSSU€S These questions aim to help
develop the critical-thinking skills students need to navigate
multifaceted issues at the juncture of science, policy, and
ethics. They serve as stopping points for students to reflect
on what they have read, wrestle with complex dilemmas,
and engage in spirited classroom discussion.

* Diverse end-of-chapter features Reviewing Objectives
summarizes each chapter’s main points and relates them
to the chapter’s learning objectives, enabling students to
confirm that they have understood the most crucial ideas.
Seeking Solutions encourages broad creative thinking
that supports our emphasis on finding solutions. “Think
It Through” questions personalize the quest for creative
solutions by placing students in a scenario and empowering
them to make decisions. Calculating Ecological Footprints
enables students to quantify the impacts of their own
choices and measure how individual impacts scale up to
the societal level.

Mastering™ Environmental
Science

With this edition we continue to offer expanded opportunities

through Mastering Environmental Science, our powerful yet
easy-to-use online learning and assessment platform. We have
developed new content and activities specifically to support
features in the textbook, thus strengthening the connection

between these online and print resources. This approach

encourages students to practice their science literacy skills in
an interactive environment with a diverse set of automatically
graded exercises. Students benefit from self-paced activities
that feature immediate wrong-answer feedback, while instruc-
tors can gauge student performance with informative diag-
nostics. By enabling assessment of student learning outside
the classroom, Mastering Environmental Science helps the
instructor to maximize the impact of in-classroom time. As a

result, both educators and learners benefit from an integrated
text-and-online solution.

. _ The five new DataGraphics from the text come
to life in the eText, allowing students to interact with the
data. These interactives are assignable in Mastering
Environmental Science.
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. These popular data analysis questions have been
moved to Mastering Environmental Science in this
edition to help students actively engage with graphs and
other data-driven figures and allow instructors to assign
these questions for practice or homework.

Graphlt activities help students put data analysis and science
reasoning skills into practice through a highly interactive
and engaging format. Each Graphlt prompts students to
manipulate a variety of graphs and charts, from bar graphs to
line graphs to pie charts, and develop an understanding of
how data can be used in decision making about environmen-
tal issues. Topics range from agriculture to fresh water to air
pollution. These mobile-friendly activities are accompanied
by assessment in Mastering Environmental Science.

Everyday Environmental Science videos highlight current
environmental issues in short (5 minutes or less) video
clips and are produced in partnership with BBC News.
These videos will pique student interest and can be used in
class or assigned as a high-interest out-of-class activity.

* Dynamic Study Modules help students study effectively on
their own by continuously assessing their activity and
performance in real time. Students complete multiple sets
of questions for any given topic, to demonstrate concept
mastery with confidence. Each Dynamic Study Module
question set concludes with an explanation of concepts
students may not have mastered. They are available as
graded assignments prior to class and are accessible on
smartphones, tablets, and computers.

Process of Science activities help students navigate the
scientific method, guiding them through in-depth explora-
tions of experimental design using The Science Behind the
Story features from the current and former editions. These
activities encourage students to think like a scientist and to
practice basic skills in experimental design.

e Interpreting Graphs and Data: Data Q activities pair with
the in-text Data Analysis Questions and coach students to
further develop skills related to presenting, interpreting,
and thinking critically about environmental science data.

“First Impressions” Pre-Quizzes help instructors determine
their students’ existing knowledge of environmental issues
and core content areas at the outset of the academic term,
providing class-specific data that can then be employed for

Preface

powerful teachable moments throughout the term. Assess-
ment items in the Test Bank connect to each quiz item, so
instructors can formally assess student understanding.

* Video Field Trips enable students to visit real-life sites
that bring environmental issues to life. Students can tour a
power plant, a wind farm, a wastewater treatment facility,
a site combating invasive species, and more—all without
leaving campus.

Environment: The Science Behind the Stories has grown
from our collective experiences in teaching, research, and
writing. We have been guided in our efforts by input from the
hundreds of instructors across North America who have
served as reviewers and advisers. The participation of so
many learned, thoughtful, and committed experts and
educators has improved this volume in countless ways.

We sincerely hope that our efforts are worthy of the
immense importance of our subject matter. We invite you to
let us know how well we have achieved our goals and where
you feel we have fallen short. Please write to us in care of our
content analyst, Thomas Hoff (thomas.hoff @pearson.com), at
Pearson Education. We value your feedback and are eager to
learn how we can serve you better.

—Jay Withgott and Matthew Laposata

Instructor Supplements

A robust set of instructor resources and multimedia accom-
pany the text and can be accessed through Mastering Envi-
ronmental Science. Organized chapter-by-chapter, everything
you need to prepare for your course is offered in one conveni-
ent set of files. Resources include the following: Video Field
Trips, Everyday Environmental Science Videos, PowerPoint
Lecture presentations, Instructor’s Guide, Active Lecture
“clicker” questions to facilitate class discussions (for use with
or without clickers), and an image library that includes all art
and tables from the text.

The Test Bank files, offered in both Word and TestGen
formats, include hundreds of multiple-choice questions plus
unique graphing and scenario-based questions to test students’
critical-thinking abilities. The Mastering Environmental
Science platform is the most effective and widely used online
tutorial, homework, and assessment system for the environ-
mental sciences.



Getting Students to See the Data, Connections,

and Solutions behind Environmental Issues

Environment: The Science Behind the Stories is known for its
student-friendly narrative style, its integration of real stories and case
studies, and its presentation of the latest science and research.
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Engage Students with

CENTRAL
case study

Costa Rica Values
Its Ecosystem Services

UPDATED! Central Case Studies
begin and are woven throughout the chapter,
drawing students into learning about the

o real people, real places, and real data
s : behind environmental issues. These provide

A ictisioitn a contextual framework to make science
memorable and engaging.

conservation successatories of \/ ery few nations have transformed their path of

the last decade. development in just decades—but Costa Rica
Stefano Pagiol, The Worid Bank has. In the 1980s, this small Central American

country was losing its forests as fast as any place on

Inthelast25 years,myhome  Earth. Today, this nation of 5 milion people has
country hastripled itsGDP  oqqineg much of its forest cover, boasts a world-
while doubling the 5':“’;“ class park system, and stands as a global model for
Energy and the Environment, Csta Rice Costa Rica took many steps on this impressive
road to success. One key step was to begin paying

landholders to conserve forest on private land, in a

Upon completing this
chapter, you will be able to:

+ Describe how culture and

worldview influence the choices
people make

“

Discuss the nature and historical
expansion of environmental
ethics in Western culture

+ Compare and contrast major
approaches in environmental
ethics

+ Explain how our economies exist
within the environment and rely
on ecosystem services

o

Identify principles of classical
and neoclassical economics, and
summarize their implications for
the environment

s

Describe aspects of

environmental economics and

ecological economics, including

valuation of ecosystem services

and full cost accounting

+ Discuss how individuals and
businesses can help move our
economic system in a sustainable
direction

+ Define sustainable development,

explain the “triple bottom line;”

novel government program called Pago por Servicios Ambientales (PSA)—Payment for Envi-
ronmental Services.

Nature provides ecosystem services (pp. 4, 120-121) such as air and water purification,
climate regulation, and nutrient cyciing. For example, forests in Costa Rica’s mountains cap-
ture rainfall and provide clean drinking water for farms, towns, and cities below. Ecosystem
services are vital for our lives, but historically we have tended to take them for granted, and
rarely do we acknowledge their value by paying for them in the marketplace. As a result,
these services have diminished as we degrade the natural systems that provide them. For
these reasons, many economists believe that it is important to create financial incentives for
conserving ecosystem services.

In Costa Rica, which had lost more than three-fourths of its forest, political leaders
created financial incentives for conserving ecosystem services through the PSA
program—established as part of Forest Law 7575, passed in
1996. Since then, the Costa Rican govemment has been
paying farmers and ranchers to preserve forest on their
land, replant cleared areas, allow forest to regenerate
naturally, and establish sustainable forestry systems.
Payments are designed to approximate potential
profits from farming or cattle ranching, and in
recent years, these payments have averaged
$78/hectare (ha)/yr ($32/acre/yr).

The PSA program recognizes four ecosys-
tem services that forests provide:

« Watershed protection: Forests cleanse water
by filtering pollutants, and they conserve water
and reduce soil erosion by slowing runoft

development s pursued
worldwide

« Biodiversity: Tropical forests such as Costa Rica’s
are especially rich in life.

< A Costa Rican banana plantation A Akeel-billed toucan, one of
many species relying on
Costa Rica's forests

NEW! Connect & Continue
brings the Central Case Study
in each chapter full circle by
revisiting it at the end of the
chapter and offering specific
activities related to the case
study. The Case Study Solutions
activity encourages students

to think about possible ways

to address the featured
environmental issue. The Local
Connections activity allows
instructors to relate the case
study to their students’ local
area. And the new Explore

the Data links to assignable
coaching activities on Mastering
Environmental Science.

- CENTRAL CASESTUDY
connect & continue

P. 133

TODAY, the concept of paying for ecosystem services has
gone global, as Costa Rica’s pioneering PSA program has
inspired similar approaches throughout the world. In Mexico,
Australia, Tanzania, China, Indonesia, Vietnam, and many other
nations, these programs are gaining ground as people begin
to better appreciate the contributions of ecological systems to
human economies. By 2018, according to one scientific assess-
ment, more than 550 active programs were operating in more
than 60 nations, involving between $36 billion and $42 billion in
transactions annually. These programs are varied but can be
broken into three main types: (1) government-financed pro-
grams like Costa Rica’s and similar ones in China to pay land-
owners for forest conservation and replanting, (2) user-financed
programs whereby users of services pay landholders (e.g.,
hydroelectric dam operators paying upstream landholders to
preserve forest in the watershed), and (3) programs in which
regulated entities compensate other parties for conserving
ecosystem services for them (e.g., developers paying mitigation
fees for wetland restoration or emitters in carbon-trading
markets paying carbon offsets for forest conservation).

One example of payments for ecological services in the
United States is the federal government’s Conservation
Reserve Program (p. 236). This program, reauthorized every
five years in the Farm Bill, pays farmers to retain natural veg-
etation on portions of their land to prevent erosion, conserve
soil, enhance wildlife habitat, and reduce water pollution.
Farmers are thereby compensated for land they do not put
into crop production while they (and society as a whole) also
benefit from the conservation of ecosystem services. Like
Costa Rica’s PSA program, the Conservation Reserve Pro-
gram seeks to defuse a dilemma facing many rural landhold-
ers, who often feel short-term economic pressure to clear
natural land for agriculture even though they may have an
ethical concern for the land’s flora and fauna.

In Costa Rica, policymakers have responded to
researchers’ suggestions and have enhanced the PSA pro-
gram with the help of funding from new tariffs and fees and

by 2021. The country already
gets 99% of its electricity from
renewable sources, and it hopes
that carbon dioxide stored by
newly conserved forests will help
cancel out carbon dioxide emissions
from gasoline-burning vehicles. “We are the

heirs of a beautiful tradition of innovation and change,” Costa
Rican President Carlos Alvarado Quesada told Stanford Uni-
versity scientists who are helping his government study and
place values on its natural capital. “That’s why we’re doing
this: not because it’s fashionable, but because it’s an ethical
responsibility.” In Costa Rica and many other places around
the world today for reasons of ethics, economics, and sus-
tainability, public and private parties are engaged in a wide
variety of economic transactions that explicitly recognize the
importance of natural resources and ecosystem services.

* CASE STUDY SOLUTIONS Suppose you are a Costa Rican
farmer who needs to decide whether to clear a stand of for-
est or apply to receive payments to preserve it through the
PSA program. Describe all the types of information you would
want to consider before making your decision. Now describe
what you think each of the following people would recom-
mend to you if you were to go to them for advice: (a) a preser-
vationist, (b) a conservationist, (c) a neoclassical economist,
and (d) an ecological economist.

LOCAL CONNECTIONS Costa Rica isn’t the only place where
forests are threatened, and it isn’t the only place where pro-
grams have been established to pay people for conserving eco-
logical services. Name and describe several natural resources
and ecosystem services that are important in your region. For
each of these resources and services, assess whether it is being
sustained or whether it is being degraded. How do you think
each resource or service could best be conserved? Would you
recommend a program of payments to provide incentives for
conservation? Why or why not? What other steps might be

P. 157



Interactive Data & Stories

SUCCESS
story

The Chesapeake Bay offers a case study

that illustrates the importance of under-
standing systems, chemistry and the need for taking a
systems-level approach to restore ecosystems degraded by
human activities. Tools such as landscape ecology, GIS, and
ecological modeling aid these efforts by providing a broad
view of the Chesapeake Bay ecosystem and how it may react
to changes in nutrient inputs and restoration efforts. The
Chesapeake Bay Foundation’s most recent “State of the Bay”
report concluded that the bay’s health rating in 2018 was the
highest it had been since CBF’s founding in 1964, with mean-
ingful improvements in pollution reduction, fisheries recovery,
and the restoration of natural habitats in and around the bay
(see Figure 5.1, p. 106).

Considering Cost When Saving the Bay

One reason for the recent
success is that farmers, residents,
resource managers, and local,
state, and federal government agen-
cies have embraced a variety of
approaches to reduce nutrient
inputs into the bay. By educating
people about the many inexpen-
sive yet effective steps that can
be taken in yards, farms, businesses, and local communities to
reduce nutrient inputs into the Chesapeake Bay, saving the bay
became something for which everyone can do his or her part.

A forested buffer lining a
waterway on agricultural
land in Maryland.

=) Explore the Data at Mastering Environmental Science

P. 124

E . . . . . .
SUCCESS Family Planning without Coercion: Thailand’s Population Program
story
The government of Thailand, facing 7 -

. Imany of the same popglation challenges .- China’s “one-child” m= China
as its populous neighbor to the north, instituted a compre- policy begins (1970) mm Thailand
henswel population program in 10971 . At the tlnl”ne,‘Thalland S % 5 Thailand]s popliation
population growth rate was 2.3%, and the nation’s TFR was - program begins (1971)

5.4. But unlike the Chinese reproductive program, Thais % 44

were given control over their own reproductive choices, pro- 9 3

vided with family-planning counseling and modern contra- ©

ceptives, and supported by an engaging public education P2

campaign. Aided by a relatively high level of women’s rights 14

in Thai society, Thailand’s population program—and the fer-

tility reductions that accompanied the nation’s economic 0 T T T T T T T T T T T

development over the past 47 years—reduced its popula- 1960 1970 1980 1990 2000 2010
Year

tion growth rate to 0.2%, with a TFR of 1.5 children per
woman in 2018. The success of this program, and similar
initiatives in nations such as Brazil, Cuba, Iran, and Mexico,
show that government interventions to reduce birth rates
need not be as intrusive as China’s to produce similar
declines in population growth.

China and Thailand instituted population control programs
at roughly the same time and showed similar patterns in
fertility declines over the subsequent 45 years, despite
utilizing very different approaches. Data from World Bank,
2017, http://data.worldbank.org.

=) Explore the Data at Mastering Environmental Science

P. 203

Success Stories, one in every chapter, highlight forward-thinking solutions and successful efforts
to address environmental issues. Each Success Story links to new data-analysis activities on Mastering
Environmental Science that are available for assignment and grading.
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Increase Students’ Scientific Literacy

NEW! DataGraphics are Infographic-style
illustrations that enable students to see the
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Due to predicted higher human populations and
growing affluence, more plastic is expected
to enter oceans in 2050 than today.

Most plastics produced
float in seawater, where
they can entangle wildlife or
where they can fragment and
enter the food web.

60% . of plastics float

tics sink

v

If Nigeria cannot reduce its projected population growth, water scarcity could s(

economic growth and adversely affect the well-being of its people.

Plastics entering oceans

Each box represents
1 million

metric ton:>
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Plastics degrade slowly in seawater. It can take decades,
even centuries, before the combined actions of sunlight, waves, and
biological activity breaks them down completely.

Styrofoam cup [l 50 | |
Plastic straw [N 200 |
Plastic bottle [N 450

Fishing line NG 600
Years to degrade a M

(projected) I

2050

Keeping plastics out of the ocean is the first step towards recovery:

We can eliminate our use of We can enact bans or taxes on plastic grocery
single-use plastic products, bags, which easily wash or blow into waterways.
such as straws and cups.

Some U.S. states charge

a refundable deposit

on plastic drink bottles. This
drastically increases

DataGraphics include:

Locations with bans or taxes on plastic bags, as of 2020

* Will Nigeria’s population overwhelm its o e e - . &
water Supp|y7 plastics out of . = WA ;&&. Rox

the oceans

1]%] s ____ ” )

) &

e Can we continue to reduce global
hunger?

£

I . . . MEVT-CT-MANY-HHAS¢ OR Switch to Fabricate single-use .
e Can we save the world’s biodiversity? e d\“,. reussble products out of
m containers  paper, which readily *Canada has announced plans to ban single-use plastics

e How can we avoid choking the oceans
with plastic?
¢ How can we stop global warming?

degrades in seawater by the year 2021.

Trends suggest that marine plastic pollution will get worse before it gets better, but by embracing

approaches to reuse, recycle, and reduce disposal of plastic items, we can help address plastic
pollution in the oceans.

P. 434



The Science behind the Stories

THE SC\E.NCE
behind
the story

Costa Rica's program to pay for
cosystem services has garmered
intemational praise and has inspi
other nations to implement similar pro.
rams, but have Costa Fica's pay-
ments actually been effective in
preventing forest 0ss? A
of rese s have ~nugm
o anewer e soprsngy o
cult question by analyzing data
m the PSA program.
Some eary studies were
quick o credit the PSA program
for savng forests. A 2000 stucy
conducted for FONAFIFO, the
agency administering m program,
concluded that PSA payments in the
central region of the country had
prevented 108,000 ha (267,000
acres) of deforestation—38% of the
rea under contract. Indeed, defor-
estation rates fell as the prograr
roceeded; rates of forest clearance
during the period 1997-2000 were half what they were in the
precedng decace

CostaRican farmers
judging whether to
clear forest

lowever, some researchers hypothesized that PSA pay-
ents wer ot responi o s decn and tatdoreta
tion would have siowed anyway because of other factors. To
test tis hypothesis, a team e by G. Aruro Sanchez-Azoeia
of the University of Aberta and Alexander Palf of Duke Univer
sity worked with FONAFIFO's payment data, as well as data on
land use and forest cover from satelite surveys. They layered
these data onto maps using a geographic information system
(GIS) (p. 119) and then explored the pattems revealed
1n 2007 in the journal Conservation Biology, the researchers
reported that only 7.7% of PSA contracts were located within
1 km of regions where forest was at greatest risk of clearance.
PSA contracts were only slightly more likel to be near such a
region than far from i, which meant, they argued, that PSA con-
tracts were not being targeted to regions where they could have
the most impact,
reover, because envoliment was voluntary, most land
owners applying for payments lkely had land unpvu'\l(‘mg for
were not planning to clear forest for
purpose (FIGURE 1. In a 2008 paper, these researchers com:
pared lands under PSA contracts with simiar lands not under
contracts. PSA lands experienced no forest loss, whereas the

Do Payments Help Preserve Forest?

Geforestation rate on non-PSA lands was 0.21%/yr. However,
their analyses indicated that PSA lands stood only a 0.08%#r
likelhood of being cleared in the first place, sugge:
ogram prevented only 0.08%/yr of forest loss, not 0.21%Ay.
Other research was bearing out this finding; at least two stud-
fes found that many PSA participants, when interviewed, said
they would have retained their forest even without the PSA
program.
Thess researchers argued that Costa Rica's success in
halting forest loss was likely due to other factors. In particular,
Forest Law 7575, which had established the PSA system, had
also banned forest clearing nationwide. This top-down govern
ment mandte, assuming it was enforceable, in theory made
PSA payments unnecessary. However, the PSA program
made the mandate far more palatabe to legislators, and Tt
Law 7575 might never have passed had it not included the
PSA payments.

Despite the PSA program’s questionable impact on pre:
serving existing forest, scientifc studies show that it has been
effective in regenerating new forest. In Costa Rica’s Osa Pen
insula, Rodrigo Sierra and Eric Russman of the University of

Percentage of parcels enrolled

00%  00%
005 1530 3045 4560 6075
Probabilty of deforestation (percentage)

FIGURE 1 In areas at greater risk of deforestation, lower
percentages of land parcels were enrolied in the PSA
Program than in areas of lesser risk. This ifference s because
Jnd rsproftbefor arcutur wasles e arvked 1 he
oA o . ot 208 o

i Waing o S SAIDS 0.
of Publc Py, Duke Universiy

Texas at Austin found in 2006 that PSA farms had five times
more regrowing forest than did non-PSA farms. Interviews with
farmers indicated that the program encouraged them 1o let
land grow back into forest if they cid not soon need it for
production.

In the nation's northern Cariobean pain, a team led by Wayce
Morse of the University of Idaho cormbined satelite data with on-
the-ground interviews, finding that PSA payments plus the
clearance ban had reduced deforestation rates from 1.43%/yr
0.10%/yr and that the program encouraged even more forest
regrowth. Meanwhile, research by Rodrigo Ariagada of
Santiago, Chile, indicated that the regeneration of new forest
the PSA program's major effect at the national

e today hold that Costa Rica's forest recov-
esults from a long history of conservation poiiies and eco-
nomic. developments. Indeed, deforestation rates had been
dropping steeply before the PSA  program
(FIGURE 2), for several major reast

vas infiated

 Earlier policies (tax rebates and tax credits for timber pro-

duction) encouraged forest ool

The rtaton of o parke o a boom i ecoloure, 50

Costa Ricans saw how consening natural areas could

bring economic benefis.

« Faling market prices for meat discouraged ranching

 After an economic crisis roiled Latin America in the 1980s,
Costa Rica ended subsidies that had

14
PSA program
12 introduced,
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8
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Deforestation period

FIGURE 2 Forest recovery was underway in Costa Rica
before the PSA program began. Deforestaion rates had aeacly
indicating that

9
6, G ot a, 2007, Costa Rca's payment or
c: tton, implemer

5

anctimpe

osts low while the auction system could make differential pay-
ments poliically acceptable

The Costa Rican govemment has responded o sugges-
tions from researchers by aiming PSA payments toward regions

‘and farmers to expand into forested areas.

To help the PSA program make better use of its money,
many researchers argued that PSA payments shoud be tar
geted. Instead of paying equal amounts to anyone who applies,
FONAFIFO should priortize applicants, or pay more money, in
regions that are ecologically most valuabe or that are at great-
est rsk of deforestation.

In a 2008 paper in the joual Ecological Economics,
Tobias Wanscher of Bonn, Germany, and colisagues modeled
and tested seven possiole ways to target the payments, using
data from Costa Rica’s Nicoya Peninsula. They found that al
seven approaches would improve on the existing program.
The best approach paid some landowners more than othe
while selecting sites based on the percelved value of their eco-
logical services and the apparent risk of deforestation. This
approach more than doubled the economic efficiency of the
program.

To determine how much money to offer each landowner,
Wiinscher's team suggested using auctions, in which applicants
for PSA funds put in bids stating how much they were request-
ing. Because applicants have outnumbered avalable contracts
three to one, FONAFIFO could favor the lower bids to keep

ofg
acessible to smal low-income farmers in undeveloped regions.
The government has also raised the payment amounts consid-
erably. These actions have had some results; for instance,
between 2008 and 2014, the number of smal- and medium-
sized landholders in the program more than doubled. Following
these changes, however, researchers such as David Lansing of
the University of Manyiand, Baltimore County, noted that even
among the new smaler landholders, it was often the older,
‘wealthier indviduals with outside sources of income who tended
to register for the program, raising the question of how well the
program is truly serving the rural poor.

‘Aniagada surveyed landholders registered in the program
and reported in 2015 that they had reduced the number of cat:
e they grazed and their amount of labor and that they fet they
had roughy the same economically and in qualty of ffe as
before. These landholders all chose (o renew their participation
in the program after five years, showing that they were satisfied
wih it Many reported feeling more secure about their land ten-
ure than previously and proud to be consening forests. As
Costa Rica's PSA program continues 10 evolve, researchers—
and other nations —wil be watching closely to see what lessons
they can derie.

New Topics Include:

P. 144

Are Endocrine Disruptors Lurking in Your Fast Food?
What Role Do Pesticides Play in the Collapse of Bee Colonies?

Inventorying the Great Pacific Garbage Patch

UPDATED! The
Science behind
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Fast food may expose people
riaper v of andoare denrors
than other of food. A 2016
udy, ooy oy . i Zota of
George Washington University and
published in the joumal Envion-
mental  Health  Perspective
rbraced an eprdemologal
app answer a simple
o Do peapc wo rad
recently eaten fast
higher levels of BPA and prtha\
in their humm than people
who had not recently eat food?
o ot o toam dov o 2
treasure trove of data, the National

o ni 20 Hosn s ot St S
G” mi W‘a;\ vey (NHANES). This survey, con-
Seorae Washnglon  ciod o woyoarsy hoGrtors

for Disease Control and Prevention
(CDC), gathers detailed information from people across the
United States by asking partcipants to undergo a physical exam-
ination by a medical professional, providing blood and urine sar

oo and competin  detaled cunatonraro st h oo

“The team scoured the surveys from 2003 to 2010 and found
that approximately one-third of participants reported having
eaten fast food in the 24 hours preceding their examination
{For the sake of the study, fast food was defined as food from

them by preparing ourselves with emergency plans and avoid-
ine prcies that make us wlnumn to certain physical haz-

For cxample, scientists c: geologic faults to
dc!e]mme areas at risk of mnl\quake~ rm,u\e s can design
buildings 1o resist d ‘governments and individuals
can create emergency pl.m~ o prepare for a quake’s aftermath,

Chemical hazards Some of the synthetic chemicals that
humanity manufactures, such as pharmaceuticals, disinfec-
tnts, and pesticides, are categorized as chemical hazards
(AR 1430 Some substnces praduced maully by
organisms, such as venoms, also can be chemically hazard-
ous, can mny sbstances tha we iod n e and e
process for our use, such as hydrocarbons, lead, estos.
Following our overview of environmenal helth, much of
this chapter will focus on chemical health hazards and the
ways we study and regulate them

Biological hazards Biological hazards result from colog-
cal interactions among organisms that cause harm to people

Are Endocrine Disruptors Lurking
in Your Fast Food?

taurants that lac camyout and cod
options, and pizza. )Thetsam hsn used a consiatonal apmacn
o look for relationships eported consumtion of
fast food and thelr urinary concemva! ions of BPA and two types
of phihalates used in «m packaging and  processing:
NP)
After analyzing more o s o s
found a positive corelation between the consumption of fast
food and urinary concentrations of both types of phihalate
demonsrating that people who had recently eaten fast food had
measurably higher levels of phihalates than peopie who had not
eaten fast food (FIGURE 1). The quantity of fast food eaten was
also reated to conentrations of the two phthalates in subjects.
People who consurmed less than 35% of their calores from fast
food (low consumers") had DEHP levels 15% higher than peo-
ple who had not eaten fast food (nonconsumers”), whie those
who Gonsumed more than 35% of their calories from fast food
(high consumers”) had DEHP levels 23% higher than people
who had not eaten fast food. Simiar results were observed for
DINP, where low consumers and high consumers had urinary
concentrations 24% and 39% higher, respectivel, than non:
consumers. The researchers hypothesized that pastics in
gloves from people prepaing fast-food meals and from food:
processing equipment were releasing phihalates into foods,
particularly hot foods and foods that contain high levels of fat to
which phthalates can bind. Unlike phthalates, BPA did not show
a statisticall significant correlation with fast-food consumption.
esearchers hypothesize that BPA exposure from fast-food
consumption may be minor relative 1o exposure from other

(FIGURE 14.3). When
infection, or other pathogen, we are suffering parasitism
(p. 79). This is what we call infectious disease. Some infec-
tous discses are spread when pathogeric microes tack us
directly. With others, infection occurs through a vector, an
organism, such 1 3 mosgio, it ansters e pathogen (0
the host. Infectious diseases such . HIV,
indinfinza (o re major bm\op« A hasards, cpecilly n
developing nations with widespread poverty and limited
et care. As with physicl and chomical hasards, i s
possible for us to avoid risk from biologic
pletely, but through monitoring, sanitation, and medical treat-
ment we can reduce the likelihood and impacts of infection.

become sick from a virus, bacterial

hazards com-

Cultural hazards Risks posed to our life and health from
our place of residence, the circumstances of our socioect
nomic status, our oceupation, or our behavioral choices can
be thought of as cultural hazards, or lifestyle hazards. W

ne of these cultural hazards, whereas

‘minimize or prevent som
others may be beyond our control. For instance, people can
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quﬂm'vﬂy iferent 1t oups ot it e sl oty i s ech of e e e parts
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sources of BPA, such as eating canned foods and drinking bev-
erages from cans and bottles, resuling in any added BPA flom
fast-food items simply being “washed out” by larger exposures.
from other sources.

Industry groups such as the National Restaurant Associa-
tion and the American Chermistry Counci point ot that the con:
centrations of phthalates detected in subjects were below the
evlsdesmed dangerous for humrs b and argue
n 't phthalate exposures from fast food pose no risk to human

ealth. Critcs counter that the quidelines estabiished by the
o v pite recent research

choose whether or not 1o smoke cigarettes (FIGURE 14.3d), but
exposure to secondhand smoke in the home or workplace
may be beyond one’s control. Much the same might be said
for diet and nutrition, workplace conditions, and drug use,
Environmental justice advocates (pp. 139-141) argue that
“forced” risks from cultural hazards, such as living near a
hazardous waste site, are often elevated for people with fewer
economic resources or less political clout.

Toxicology is the study of chemical
hazards

Although most indicators of the state of overall human health
are improving as the world’s wealth increases, modern soci-
is exposing us 1o more and more synthetic chemicals.
Some of these substances posc threas 10 human health, but
figuring out which of them do—and how, and to what
degree—is a complicated ientiic ndeavor Toxicology 1
the science that examines the effects of poisonous substances
on humans and other organisms. Toxicologists assess and

showing impacts on reproductive and deve\upwvema\ systems
atlevels similar to those seen in the.

The reguiation of chemicals. e operst at exvemely fow
concentrations, such as phthalates, wil continue to pose fegu:
\muw chalengea. Sudes ach 3 this one condetad by

her team, however, can identify major sources of
éxnuauvs o phihalates people may experience and prompt
further study and action by scientists, government reguiators,
‘and fast-food companies 10 reduce such exposures—and safe-
guard human health from the far-reaching heatth impacts of
endocrine-disrupting chemicals

compare substances to determine their to ¢ of
harm a chemical substance can inflict. A toxic substance, ot
poison, is called a toxicant, but any chemical substance may
exert negative impacts if e ingest or expose ourselves to
enough of it. Conversely, if the quantity is small enough, a
fovcant may pose o el sk at . Thesefets r ofen
ed in the catchphra e makes the

i other words, 3 substance's toxiity depends not oty on s
chemical propertics but also on its quantity.

T recent decades, our abilty to produce new chemicals has
led, concentrations of chemical contaminants in the
ronment v incressd. and public concem o helth and the
environment has gro rends have driven the rise of
amironmentl oxicooss; ety am specifically with toxic

substances that come from or are discharged into the enviro
ment. Toxicologists generally focus on human health,
organisms as models and test subjects. Environmental toxicolo-

of oxic substances and to s whether other organisms can serve
as indicators of health threats that could soon affect people.
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Graphlt! Coaching Activities help students read, interpret, and create graphs that
explore real environmental issues using real data.



Engage Students with Active Learning

Learning Catalytics enables you
loarninig [ORNINNRES - to hear from every student in real-time,
— when it matters most. Choose from
a variety of question types that help
students recall ideas, apply concepts, and
develop critical-thinking skills. Students
answer on their own device. Instructors
receive analytics in real-time to find out
what their students know and don’t
know and how peer-to-peer learning can
be facilitated to help students engage
and stay motivated.

Process of Science

Before Class After Class

Baview
In-Clasy Acthries
In-Class Assessment
Clickers aod Learnig
Satabia™

Addlitional Resoures

Review

The following provides a list of possible misconceptions and pitfalls that students may encounter when
learning about the process of science. During class, you can help students with these particular areas by
having students discuss Learning Catalytics™ questions or clicker questions in small groups and then answer
questions. Review any remaining misconceptions.

L8

To-Go Teaching Modules help instructors make use of teaching tools before, during, and
after class, including new ideas for in-class activities. The modules incorporate the best that the
text, Mastering, and Learning Catalytics have to offer. These can be accessed through the Instructor
Resources area in Mastering Environmental Science.



A Whole New Reading Experience

Pearson eText is a simple-to-use, mobile-

optimized, personalized reading experience
& B available within Mastering Environmental
Science. It allows students to easily highlight,
take notes, and review key vocabulary all in
one place—even when offline. Seamlessly
integrated videos and other rich media engage
students and give them access to the help they
need, when they need it.

14.4: Responging To Climate Change

Responding to Climate Change

Watch Video Field Trip: Carbon Neutrality on Campus.

From this point onward, our society will be focusing on how best 1o respond to the challenges of =l
climate change. The good news is that everyone can play a part in this all-important search for
solutions—not just leaders in government and business, but people from all walks of life, and

Recall this inform:
exam on Friday

especially today’s youth. Already we have made progress: Greenhouse gas emissions globally may
be finally reaching a peak, and in the United States they have begun to decline.

Share @

6.1: Cur Worid At Seven Billion

Figure 6.4 Population growth rates vary greatly from place to place.

+ Which world region has the highest popalation growth rates?
+ Which werld region has the lowest population growth rates?

Go to Interpreting Graphs & Data on Mastering Environmental Science

Is There a Limit to Human Population
Growth?

Available for download in the
app store for approved devices

Our spectacular growth in numbers has resulted largely from technological innovations, improved

sanitation, better medical care, increased agricultural outpul, and other factors that have brought
down death rates. Birth rates have not declined as much, so births have outpaced deaths for many
years now, leading to population growth. But can the human population continue to grow

indefinitely?
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“Supertrees”—decorative vertical gardens that collect rain-
water and generate renewable solar energy—tower over the
Gardens by the Bay park in Singapore. A tiny and densely
populated island city-state in Southeast Asia, Singapore has
become a model of urban sustainability, leading the drive to
design clean, healthy cities that conserve resources and enrich
the lives of their residents. Rigorous central planning has cre-
ated a city that boasts affordable housing, efficient mass-transit,
and a high quality of life. Natural areas are an integral part of
this planning: Gardens adorn roofs and balconies, green spaces
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crisscross the city, and incentives promote the incorporation of
plant life into new construction. Singapore is even innovating
the growth of food in vertical indoor farms. As our population
grows and more people move to urban areas, creating sustaina-
ble cities is one of humanity’s great challenges, intertwined with
pressing issues of health, food security, biodiversity conserva-
tion, and energy use in a world of changing climate. Join us in
this seventh edition of Environment: The Science Behind the
Stories, as we discover success stories and creative solutions
while exploring the frontiers of environmental science.

About the Cover

XXV



This page intentionally left blank



PART

Foundations of
Environmental Science




CHAPTER

c Science and
Sustainability

An Introduction to Environmental Science




Upon completing this
chapter, you will be able to:

+ Describe the field of
environmental science

+ Explain the importance of natural
resources and ecosystem services
to our lives

+ Discuss population growth,
resource consumption, and their
consequences

+ Explain what is meant by an
ecological footprint

+ Describe the scientific method
and the process of science

+ Apply critical thinking to judge
the reliability of information
sources

+ Identify major pressures on the
global environment

+ Discuss the concept of
sustainability, and describe
sustainable solutions being
pursued on campuses and across
the world

Our Island, Earth

Viewed from space, our home planet resembles a small blue marble suspended in a vast
inky-black void. Earth may seem enormous to us as we go about our lives on its surface,
but the astronaut’s view reveals that our planet is finite and limited. With this perspective,
it becomes clear that as our population, technological power, and resource consumption
all increase, so does our capacity to alter our surroundings and damage the very systems
that keep us alive. Learning how to live peacefully, healthfully, and sustainably on our
diverse and complex planet is our society’s prime challenge today. The field of environ-
mental science is crucial in this endeavor.

Our environment surrounds us

A photograph of Earth from space offers a revealing perspective, but it cannot convey the
complexity of our environment. Our environment consists of all the living and nonliving
things around us. It includes the continents, oceans, clouds, and ice caps you can see in a
photo from space, as well as the fields, forests, plants, and animals of the landscapes in
which we live. In a more inclusive sense, it also encompasses the towns, cities, farms,
buildings, and living spaces that people have created. In its fullest sense, our environment
includes the complex webs of social relationships and institutions that shape our daily lives.

People commonly use the term environment in the narrowest sense—to mean a non-
human or “natural” world apart from human society. This is unfortunate, because it
masks the vital fact that all of us exist within the environment and are part of nature. As
one of many species on Earth, we share dependence on a healthy, functioning planet. The
limitations of language lead us to speak of “people and nature” or “humans and the envi-
ronment” as though they were separate and did not interact. However, the fundamental
insight of environmental science is that we are part of the “natural” world and that our
interactions with the rest of it matter a great deal.

Environmental science explores our interactions with
the world

Understanding our relationship with the world around us is vital because we depend on our
environment for air, water, food, shelter, and everything else essential for living. Through-
out human history, we have modified our environment. By doing so, we have enriched our
lives, improved our health, lengthened our life spans, and secured greater material wealth,
mobility, and leisure time. Yet many of the changes we have made to our surroundings have
degraded the natural systems that sustain us. We have brought about air and water pollu-
tion, soil erosion, species extinction, and other environmental impacts that compromise our
well-being and jeopardize our ability to survive and thrive in the long term.

Environmental science is the scientific study of how the natural world works, how
our environment affects us, and how we affect our environment. Understanding these
interactions helps us devise solutions to society’s many pressing challenges. It can be
daunting to reflect on the number and magnitude of dilemmas that confront us, but these
problems also bring countless opportunities for creative solutions.

Environmental scientists study the issues most centrally important to our future.
Right now, global conditions are changing more quickly than ever. Right now, we are
gaining scientific knowledge more rapidly than ever. And right now, there is still time to
tackle society’s biggest challenges. With such bountiful opportunities, this moment in
history is an exciting time to be alive—and to be studying environmental science.

Our island, Earth
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FIGURE 1.1 Natural resources may be renewable or nonrenewable. Perpetually renewable, or inexhaustible,
resources such as sunlight and wind energy (a) will always be there for us. Renewable resources such as timber,
soils, and fresh water (b) are replenished on intermediate timescales, if we are careful not to deplete them.
Nonrenewable resources such as minerals and fossil fuels (c) exist in limited amounts that could one day

be gone.

We rely on natural resources

Islands are finite and bounded, and their inhabitants must
cope with limitations in the materials they need. On our
island—planet Earth—there are limits to many of our
natural resources, the substances and energy sources from
our environment that we rely on to survive (FIGURE 1.1).

Natural resources that are replenished over short peri-
ods are known as renewable natural resources. Some
renewable natural resources, such as sunlight, wind, and
wave energy, are perpetually renewed and essentially inex-
haustible. Others, such as timber, water, animal popula-
tions, and fertile soil, renew themselves over months, years,
or decades. These types of renewable resources may be
used at sustainable rates, but they may become depleted if
we consume them faster than they are replenished.
Nonrenewable natural resources, such as minerals and fos-
sil fuels, are in finite supply and are formed far more slowly
than we use them. Once we deplete a nonrenewable
resource, it is no longer available.

We rely on ecosystem services

If we think of natural resources as “goods” produced by
nature, we soon realize that Earth’s natural systems also pro-
vide “services” on which we depend. Our planet’s ecological
systems purify air and water, cycle nutrients, regulate climate,
pollinate plants, and recycle our waste. Such essential ser-
vices are commonly called ecosystem services (FIGURE 1.2).
Ecosystem services arise from the normal functioning of nat-
ural systems and are not meant for our benefit, yet we could
not survive without them. The ways that ecosystem services
support our lives and civilization are countless and profound
(pp- 120-121, 149, 280).

Just as we sometimes deplete natural resources, we
often degrade ecosystem services when, for example, we
destroy habitat or generate pollution. The degradation of
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ecosystem services can have stark economic consequences.
For instance, if a community’s drinking water source
becomes polluted, it may require a great deal of money to
clean up the pollution, restore the water quality, and deal
with the health impacts on community members. In recent
decades, our depletion of nature’s goods and our disruption
of nature’s services have intensified, driven by rising
resource consumption and a human population that grows
larger every day.
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FIGURE 1.2 We rely on the ecosystem services that natural
systems provide. For example, forested hillsides help people
living below by purifying water and air, cycling nutrients, regulating
water flow, preventing flooding, and reducing erosion, as well as by
providing game, wildlife, timber, recreation, and aesthetic beauty.
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FIGURE 1.3 The global human population increased after
the agricultural revolution and then skyrocketed following
the industrial revolution. Note that the tear in the graph
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Population growth amplifies our impact

For nearly all human history, fewer than a million people pop-
ulated Earth at any one time. Today, our population is
approaching 8 billion people. For every one person who
existed more than 10,000 years ago, several thousand people
exist today! FIGURE 1.3 shows just how recently and suddenly
this monumental change has taken place.

Two phenomena triggered our remarkable increase in
population size. The first was our transition from a hunter-
gatherer lifestyle to an agricultural way of life. This change
began about 10,000 years ago and is known as the
agricultural revolution. As people began to grow crops,
domesticate animals, and live sedentary lives on farms and in
villages, they produced more food to meet their nutritional
needs and began having more children.

The second phenomenon, known as the industrial
revolution, began in the mid-1700s. It entailed a shift from rural
life, animal-powered agriculture, and handcrafted goods toward
an urban-centered society provisioned by the mass production
of factory-made goods and powered by fossil fuels (nonrenew-
able energy sources including oil, coal, and natural gas; pp.
529-531). Industrialization brought dramatic advances in tech-
nology, sanitation, and medicine. It also enhanced food produc-
tion through the use of fossil-fuel-powered equipment and
synthetic pesticides and fertilizers (pp. 215, 246).

The factors driving population growth have brought us
better lives in many ways. Yet as our world fills with people,
population growth has begun to threaten our well-being. We
must ask how well the planet can accommodate the nearly
10 billion people forecast by 2050. Already our sheer num-
bers are putting unprecedented stress on natural systems and
the availability of resources.

CHAPTER 1

Resource consumption exerts social
and environmental pressures

Besides stimulating population growth, industrialization
increased the amount of resources each of us consumes. By
mining energy sources and manufacturing more goods, we
have enhanced our material affluence—but have also con-
sumed more and more of the planet’s limited resources.

One way to quantify resource consumption is to use the
concept of the ecological footprint, developed in the 1990s by
environmental scientists Mathis Wackernagel and William
Rees. An ecological footprint expresses the cumulative area
of biologically productive land and water required to provide
the resources a person or population consumes and to dispose
of or recycle the waste the person or population produces
(FIGURE 1.4). It measures the total area of Earth’s biologically
productive surface that a given person or population “uses”
once all direct and indirect impacts are summed up.

For humanity as a whole, Wackernagel and his col-
leagues at the Global Footprint Network calculate that we are
now using 69% more of the planet’s renewable resources than
are available on a sustainable basis. In other words, we are
depleting renewable resources by using them 69% faster than
they are being replenished. To look at this in yet another way,
it would take 1.69 years for the planet to regenerate the
renewable resources that people use in just 1 year. The prac-
tice of consuming more resources than are being replenished

Carbon (59.9%):
forest land needed to
absorb CO, emissions
from burning
fossil fuels

Fishing grounds (3.3%): /
for seafood

Pasture (5.1%):
for animal products

Forest (10.0%):
for wood products

" Built-up land (2.3%):
for housing,
transportation,
commerce, etc.

Cropland (19.4%):
for food and fiber

FIGURE 1.4 An ecological footprint shows the total area of
biologically productive land and water used by a given person
or population. Shown is a breakdown of major components of the
average person’s footprint. Data from Global Footprint Network, 2019.
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is termed overshoot because we are overshooting, or surpassing,
Earth’s capacity to sustainably support us (FIGURE 1.5).

Scientists debate how best to calculate footprints and
measure overshoot. Yet some things are clear; for instance,
people from wealthy nations such as the United States have
much larger ecological footprints than do people from poorer
nations. Using the Global Footprint Network’s calculations, if
all the world’s people consumed resources at the rate of
Americans, humanity would need the equivalent of almost
five planet Earths!

We can think of our planet’s vast store of resources and
ecosystem services—Earth’s natural capital—as a bank
account. To keep a bank account full, we need to leave the
principal intact and spend just the interest so that we can con-
tinue living off the account far into the future. If we begin
depleting the principal, we draw down the bank account. To
live off nature’s interest—the renewable resources that are
replenished year after year—is sustainable. To draw down
resources faster than they are replaced is to eat into nature’s
capital, the bank account for our planet and our civilization.
Currently we are drawing down Earth’s natural capital—and
we cannot get away with it for long.

Environmental science can help us
learn from mistakes

Historical evidence suggests that civilizations can crumble
when pressures from population and consumption overwhelm
resource availability. Historians have inferred that environmen-
tal degradation contributed to the fall of the Greek and Roman
empires, the Angkor civilization of Southeast Asia, and the
Maya, Anasazi, and other civilizations of the Americas. In
Syria, Iraq, and elsewhere in the Middle East, areas that in
ancient times were lush enough to support thriving ancient
societies are today barren desert. Easter Island has long been
held up as a society that self-destructed after depleting its
resources, although new research paints a more complex pic-
ture (see THE SCIENCE BEHIND THE STORY, pp. 8-9).

In today’s globalized society, the stakes are higher than
ever because our environmental impacts are global. If we can-
not forge sustainable solutions to our problems, the resulting
societal collapse will be global. Fortunately, environmental
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FIGURE 1.5 Analyses by the
leading research group into
ecological footprints indicate
that we have overshot Earth’s
biocapacity —its capacity to
support us—by 69%. We are
using renewable natural resources
69% faster than they are being
replenished. Data from Global Footprint
Network, 2019.
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science holds keys to building a better world. Studying envi-
ronmental science will help you learn to evaluate the whirl-
wind of changes taking place around us and to think critically
and creatively about ways to respond.

Environmental Science

Environmental scientists examine how Earth’s natural sys-
tems function, how these systems affect people, and how we
influence these systems. Many environmental scientists are
motivated by a desire to develop solutions to environmental
problems. These solutions (such as new technologies, policies,
or resource management strategies) are applications of envi-
ronmental science. The study of such applications and their
consequences is, in turn, also part of environmental science.

Environmental science is
interdisciplinary

Studying our interactions with our environment is a complex
endeavor that requires expertise from many academic disci-
plines, including ecology, earth science, chemistry, biology,
geography, economics, political science, demography, and
ethics. Environmental science is interdisciplinary, bringing
techniques, perspectives, and research results from multiple
disciplines together into a broad synthesis (FIGURE 1.6).

Traditional established disciplines are valuable because
their scholars delve deeply into topics, developing expertise in
particular areas and uncovering new knowledge. In contrast,
interdisciplinary fields are valuable because their practitioners
consolidate and synthesize the specialized knowledge from
many disciplines and make sense of it in a broad context to bet-
ter serve the multifaceted interests of society.

Environmental science is especially broad because it
encompasses not only the natural sciences (disciplines that
examine the natural world) but also the social sciences (disci-
plines that address human interactions and institutions). Most
environmental science programs focus more on the natural
sciences, whereas programs that emphasize the social sci-
ences often use the term environmental studies. Whichever
approach one takes, these fields bring together many diverse
perspectives and sources of knowledge.

Science and Sustainability: An Introduction to Environmental Science
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FIGURE 1.6 Environmental science is an interdisciplinary
pursuit. It draws from many different established fields of study
across the natural sciences and social sciences.

Environmental science is not the
same as environmentalism

Although many environmental scientists are interested in solv-
ing problems, it would be incorrect to confuse environmental
science with environmentalism or environmental activism.
They are very different. Environmental science involves the
scientific study of the environment and our interactions with it.
In contrast, environmentalism is a social movement dedicated
to protecting the natural world—and, by extension, people—
from undesirable changes brought about by human actions.

Of course, like all human beings, scientists are motivated
by personal values and interests—and, like any human
endeavor, science can never be entirely free of social influence.
However, whereas personal values and social concerns may
help shape the questions scientists ask, scientists strive to keep
their research rigorously objective and free from advocacy.
Researchers do their utmost to carry out their work impartially
and to interpret their results with wide-open minds, remaining
open to whatever conclusions the data demand.

The Nature of Science

Science is a systematic process for learning about the world
and testing our understanding of it. The term science is also
used to refer to the accumulated body of knowledge that
arises from this dynamic process of observing, questioning,
testing, and discovery.

Knowledge gained from science can be applied to address
society’s needs—for instance, to develop technology or to
inform policy and management decisions (TABLE 1.1). From
the food we eat to the clothing we wear to the health care we
depend on, virtually everything in our lives has been improved
by the application of science. Many scientists are motivated by
the potential for developing useful applications. Others are
inspired simply by a desire to understand how the world works.

Scientists test ideas by critically
examining evidence

Science is all about asking and answering questions. Scien-
tists examine how the world works by making observations,
taking measurements, and testing whether their ideas are
supported by evidence. The effective scientist thinks criti-
cally and does not simply accept conventional wisdom from
others. The scientist becomes excited by novel ideas but is
skeptical and judges ideas by the strength of evidence that
supports them.

TABLE 1.1 Examples of Societal Applications of Science

Science enhances our health
and well-being. Treatments for

gies for better health care (here,
ultrasound imaging for assess-
ing fetal development)—indeed,
all aspects of medicine—rely on
scientific research.

By revealing our impacts on the

® atmosphere and climate, scien-

- tific research has led to policies
to fight climate change and to
| technology for producing clean
- renewable energy, such as these
offshore wind turbines.

illness, cures for disease, technolo-

B Scientific study leads to
advances in engineering and
technology. Energy-efficient
vehicles such as electric cars
are made possible by research
and development in materials
science and energy efficiency.

Science can help us reduce

" environmental impacts. The

| pursuit of ecological restoration—
restoring disturbed areas to an

. earlier, more natural state—is

{ a common land management
practice informed by ecological
research.
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THE SCIENCE

behind
the story

A mere speck of land in the vast
Pacific Ocean, Easter Island is one
of the most remote spots on the
globe. Yet this far-flung island—
called Rapa Nui by its inhabitants—
has been the focus of an intense
debate among scientists seeking
to solve its mysteries and deci-
pher the lessons it offers. The
debate shows how, in science,
new information can challenge
existing ideas—and also how
interdisciplinary research helps
us tackle complex questions.

Ever since European explor-

ers stumbled upon Rapa Nui on
Easter Sunday in 1722, outsiders
have been struck by the island’s barren
landscape. Early European accounts
suggested that the 2000 to 3000 peo-
ple living on the island at the time
seemed impoverished, subsisting on a
few meager crops and possessing only
stone tools. Yet the forlorn island also featured hundreds of
gigantic statues of carved rock (FIGURE 1). How could people
without wheels or ropes, on an island without trees, have
moved 90-ton statues 10 m (33 ft) high as far as 10 km (6.2
mi) from the quarry where they were chiseled to the sites
where they were erected? Apparently, some calamity must
have befallen a once-mighty civilization on the island.

Researchers who set out to solve Rapa Nui's mysteries
soon discovered that the island had once been lushly forested.
Scientist John Flenley and his colleagues drilled cores deep
into lake sediments and examined ancient pollen grains
preserved there, seeking to reconstruct, layer by layer, the his-
tory of vegetation in the region. Finding a great deal of palm
pollen, they inferred that when Polynesian people colonized
the island (a.D. 300-900, they estimated), it was covered with
palm trees similar to the Chilean wine palm—a tree that can
live for centuries.

By studying pollen and the remains of wood from charcoal,
archaeologist Catherine Orliac found that at least 21 other plant
species—now gone—had also been common. Clearly the
island had once supported a diverse forest. Forest plants would
have provided fuelwood, building material for houses and
canoes, fruit to eat, fiber for clothing, and, researchers guessed,
logs and fibrous rope to help move statues.

But pollen analysis also showed that trees began declining
after human arrival and were replaced by ferns and grasses.
Then between 1400 and 1600, pollen levels plummeted. Char-
coal in the soil proved that the forest had been burned, likely in
slash-and-burn farming. Researchers concluded that the

Terry Huntand
Carl Lipoon
Easter Island
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What Are the Lessons of Easter Island?

islanders, desperate for forest resources and cropland, had
deforested their own island.

With the forest gone, soil eroded away —data from lake bot-
toms showed a great deal of accumulated sediment. Erosion
would have lowered yields of bananas, sugarcane, and sweet
potatoes, perhaps leading to starvation and population decline.

Further evidence indicated that wild animals disappeared.
Archaeologist David Steadman analyzed 6500 bones and found
that at least 31 bird species had provided food for the islanders.
Today, only one native bird species is left. Remains from char-
coal fires show that early islanders feasted on fish, sharks, por-
poises, turtles, octopus, and shellfish—but in later years they
consumed little seafood.

As resources declined, researchers concluded, people fell
into clan warfare, revealed by unearthed weapons and skulls
with head wounds. Rapa Nui appeared to be a tragic case of
ecological suicide: A once-flourishing civilization depleted its
resources and destroyed itself. In this interpretation—
advanced by Flenley and writer Paul Bahn, and popularized by
scientist Jared Diamond in his best-seling 2005 book
Collapse —Rapa Nui seemed to offer a clear lesson: We on our
global island, planet Earth, had better learn to use our limited
resources sustainably.

When Terry Hunt and Carl Lipo began research on Rapa
Nui in 2001, they expected simply to help fill gaps in a well-
understood history. But science is a process of discovery,
and sometimes evidence leads researchers far from where
they anticipated. For Hunt, an anthropologist at the University
of Hawai'i at Manoa, and Lipo, an archaeologist at California
State University, Long Beach, their work led them to con-
clude that the traditional “ecocide” interpretation didn’t tell
the whole story. First, their radiocarbon dating (dating of
items using radioisotopes of carbon; p. 26) indicated that
people had not colonized the island until about A.0. 1200,
suggesting that deforestation occurred rapidly after their
arrival. How could so few people have destroyed so much
forest so fast?

Hunt and Lipo’s answer: rats. When Polynesians settled
new islands, they brought crop plants, as well as chickens and
other domestic animals. They also brought rats—intentionally as
a food source or unintentionally as stowaways. In either case,
rats can multiply quickly, and they soon overran Rapa Nui.

Researchers found rat tooth marks on old nut casings, and
Hunt and Lipo suggested that rats ate so many palm nuts and
shoots that the trees could not regenerate. With no young trees
growing, the palm went extinct once mature trees died.

Diamond and others counter that plenty of palm nuts on
Easter Island escaped rat damage, that most plants on other
islands survived rats introduced by Polynesians, and that more
than 20 additional plant species went extinct on Rapa Nui.
Moreover, people brought the rats, so even if rats destroyed the
forest, human colonization was still to blame.
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Despite the forest loss, Hunt and Lipo argue that islanders
were able to persist and thrive. Archaeology shows how island-
ers adapted to Rapa Nui's poor soil and windy weather by
developing rock gardens to protect crop plants and nourish the
soil. Hunt and Lipo contended that tools viewed by previous
researchers as weapons were actually farm implements, that
lethal injuries were rare, and that no evidence of battle or defen-
sive fortresses was uncovered.

Hunt, Lipo, and others also unearthed old roads and inferred
how the famous statues were transported. It had been thought
that a powerful central authority must have forced armies of
laborers to roll them over countless palm logs, but Hunt and
Lipo concluded that small numbers of people could have moved
them by tilting and rocking them upright—much as we might
move a refrigerator. Indeed, the distribution of statues on the
island suggested the work of family groups. Islanders had
adapted to their resource-poor environment by becoming a
peaceful and cooperative society, Hunt and Lipo maintained,
with the statues providing a harmless outlet for competition over
status and prestige.

Altogether, the evidence led Hunt and Lipo to propose that
far from destroying their environment, the islanders had acted
as responsible stewards. The collapse of this sustainable civili-
zation, they argue, came with the arrival of Europeans, who
unwittingly brought contagious diseases to which the islanders
had never been exposed. Indeed, historical journals of sequen-
tial European voyages depict a society falling into disarray as if
reeling from epidemics.

Peruvian ships then began raiding Rapa Nui and taking
islanders away into slavery. Foreigners acquired the land, forced
the remaining people into labor, and introduced thousands of
sheep, which destroyed the few native plants left on the island.
Thus, the new hypothesis holds that the collapse of Rapa Nui's
civilization resulted from a barrage of disease, violence, and
slave raids following foreign contact. Before that, Hunt and Lipo
say, Rapa Nui’s people boasted 500 years of a peaceful and
resilient society.

Hunt and Lipo’s interpretation, put forth in a 2011 book, The
Statues That Walked, would represent a paradigm shift (p. 14) in
how we view Easter Island. Debate between the two camps
remains heated, however, and interdisciplinary research contin-
ues as scientists look for new ways to test the differing hypoth-
eses. This is an example of how science advances, and in the
long term, data from additional studies should lead us closer
and closer to the truth.

Like the people of Rapa Nui, we are all stranded together on

an island with limited resouregsfwwrﬁt\fis“?ﬁe ster

island population must learn ‘fly/@ w

e in its means,LLbut
care and ingenuity, there is hope that we N

\

fivcd

Island for our global island, Ezaﬁh? Perhaps there arﬁ%%: m
it

FIGURE 1 Were the haunting statues of Easter Island (Rapa Nui) erected by a civilization that collapsed
after devastating its environment or by a sustainable civilization that fell because of outside influence?

CHAPTER 1

Science and Sustainability: An Introduction to Environmental Science

9



10

A great deal of scientific work is descriptive science,
research in which scientists gather basic information about
organisms, materials, systems, or processes that are not yet
well known. In this approach, researchers explore new fron-
tiers of knowledge by observing, recording, and measuring
phenomena to gain a better understanding of them.

Once enough basic information is known about a subject,
scientists can begin posing questions that seek deeper expla-
nations about how and why things are the way they are. At
this point scientists may pursue hypothesis-driven science,
research that proceeds in a more targeted and structured man-
ner, using empirical observations or controlled experiments to
test hypotheses within a framework traditionally known as
the scientific method.

The scientific method is a traditional
approach to research

The scientific method is a technique for testing ideas with
observations. There is nothing mysterious about the scientific
method; it is merely a formalized version of the way any of us
would naturally use logic to resolve a question. Because sci-
ence is an active, creative process, innovative researchers may
depart from the traditional scientific method when particular
situations demand it. Moreover, scientists in different fields
approach their work differently because they deal with dis-
similar types of information. Nonetheless, scientists of all
persuasions broadly agree on fundamental elements of the
process of scientific inquiry. As practiced by individual
researchers or research teams, the scientific method
(FIGURE 1.7) typically follows the steps outlined next.

Make observations Advances in science generally begin
with the observation of some phenomenon that the scientist
wishes to explain. Observations set the scientific method in
motion by inspiring questions—and observations also play a
role throughout the process.

Ask questions Curiosity is in our human nature. Just observe
young children exploring a new environment—they want to
touch, taste, watch, and listen to everything, and as soon as they
can speak, they begin asking questions. Scientists, in this respect,
are kids at heart. Why is the ocean salty? Why are storms becom-
ing more severe? What is causing algae to cover local ponds?
When pesticides poison fish or frogs, are people also affected?
How can we help restore populations of plants or animals? All
these are questions environmental scientists ask.

Develop a hypothesis Scientists pursuing hypothesis-
driven science address their questions by devising explana-
tions that they can test. A hypothesis is a statement that
attempts to explain a phenomenon or answer a scientific
question. For example, a scientist wondering why algae are
growing excessively in local ponds might observe that chemi-
cal fertilizers are being applied on farm fields nearby. The sci-
entist might then propose a hypothesis as follows:
“Agricultural fertilizers running into ponds cause the amount
of algae in the ponds to increase.”

CHAPTER 1

Scientific method
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FIGURE 1.7 The scientific method is the traditional experi-
mental approach scientists use to learn how the world works.

Make predictions The scientist next uses the hypothesis to
generate predictions, specific statements that are logical conse-
quences of the hypothesis and that can be directly and unequiv-
ocally tested. In our algae example, a researcher might predict
the following: “If agricultural fertilizers are added to a pond,
the quantity of algae in the pond will increase.”

Test the predictions Scientists test predictions by gather-
ing evidence that could potentially refute the predictions and
thus disprove the hypothesis. The strongest form of evidence
comes from experiments. An experiment is an activity
designed to test the validity of a prediction or a hypothesis.

An experiment involves manipulating variables, or con-
ditions that can change. For example, a scientist could test the
prediction linking algal growth to fertilizer by selecting two
identical ponds and adding fertilizer to one of them. In this
example, fertilizer input is an independent variable, a vari-
able the scientist manipulates, whereas the quantity of algae
that results is the dependent variable, a variable that depends
on the fertilizer input. If the two ponds are identical except
for a single independent variable (fertilizer input), any differ-
ences that arise between the ponds can be attributed to the
independent variable. Such an experiment is known as a
controlled experiment because the scientist attempts to con-
trol for the effects of all variables except for the one that he or
she is testing. In our example, the pond left unfertilized serves
as a control, an unmanipulated point of comparison for the
manipulated treatment pond.

Whenever possible, it is best to replicate one’s experiment—
that is, to perform multiple tests of the same comparison.

Science and Sustainability: An Introduction to Environmental Science



Our scientist could perform a replicated experiment on, say,
10 pairs of ponds, adding fertilizer to one of each pair.

An experiment in which the researcher actively chooses
and manipulates the independent variable is known as a manip-
ulative experiment. A manipulative experiment provides strong
evidence because it can reveal causal relationships, showing
that changes in an independent variable cause changes in a
dependent variable. In practice, however, we cannot run manip-
ulative experiments for all questions, especially for processes
involving large spatial scales or long timescales. For example,
to study global climate change (Chapter 18), we cannot run a
manipulative experiment adding carbon dioxide to 10 treatment
planets and 10 control planets and then compare the results!
Thus, it is common for researchers to run natural experiments,
which compare how dependent variables are expressed in natu-
rally occurring, but different, contexts. In such experiments, the
independent variable varies naturally, and researchers test their
hypotheses by searching for correlation, or statistical associa-
tion among variables. For instance, let’s suppose our scientist
studying algae surveys 50 ponds, 25 of which happen to be fed
by fertilizer runoff from nearby farm fields and 25 of which are
not. Let’s say the scientist finds seven times more algal growth
in the fertilized ponds. The scientist may conclude that algal
growth is correlated with fertilizer input—that is, that one tends
to increase along with the other.

Evidence based on correlation alone is not as strong as
the causal evidence that manipulative experiments can pro-
vide, but often a natural experiment is the only feasible
approach. Because many questions in environmental science
are complex and exist on large scales, they must be addressed
with correlative data. One benefit of natural experiments is
that they preserve the real-world complexity that manipula-
tive experiments often sacrifice. When possible, scientists
often try to integrate natural and manipulative experiments to
gain the advantages of each.

Analyze and interpret results Scientists record data, or
information, from their studies (FIGURE 1.8). Researchers par-
ticularly value quantitative data (information expressed using
numbers), because numbers provide precision and are easy to
compare. The scientist conducting the fertilization experi-
ment, for instance, might quantify the area of water surface
covered by algae in each pond or might measure the dry
weight of algae in a certain volume of water taken from each.
It is vital, however, to collect data that are representative.
Because it is impractical to measure a pond’s total algal
growth, our researcher might instead sample from multiple
areas of each pond. These areas must be selected in a random
manner; choosing areas with the most growth or the least
growth, or areas most convenient to sample, would not pro-
vide a representative sample.

Even with the precision that numerical data provide,
experimental results may not be clear-cut. Data from
treatments and controls may vary only slightly or replicates
may yield different results. Researchers must therefore ana-
lyze their data using statistical tests. With these mathematical
methods, scientists can determine objectively and precisely
the strength and reliability of patterns they find.
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FIGURE 1.8 Researchers gather data to test predictions in
experiments. Here, a scientist samples algae from a pond.

If experiments disprove a hypothesis, the scientist will
revise the hypothesis or may formulate a new hypothesis to
replace it. If experiments fail to disprove a hypothesis, such
failure lends support to the hypothesis but does not prove

that the hypothesis is correct.
The scientist may choose to
generate new predictions to test
the hypothesis in different
ways and further assess its like-
lihood of being valid. In this
way, the scientific method
loops back on itself, giving rise
to repeated rounds of hypothe-
sis revision and experimenta-
tion (see Figure 1.7).

If repeated tests fail to
reject a hypothesis, evidence in
favor of it accumulates, and the
researcher may eventually con-
clude that the hypothesis is well
supported. Ideally, the scientist
would want to test all possible
explanations. For instance, our
algae researcher might formu-
late an additional hypothesis,
proposing that algae increase in
fertilized ponds because chemi-
cal fertilizers diminish the num-
bers of fish or invertebrate
animals that eat algae. It is pos-
sible, of course, that both
hypotheses could be correct and
that each may explain some
portion of the initial observation
that local ponds were experi-
encing algal blooms.

FAQ

Can science prove that an
ideais correct?

Technically speaking, science
never “proves” an idea to be
correct. By following the method
and process of experimental
scientific research, a scientist
may disprove a hypothesis, or
the scientist may find support
for the hypothesis by testing it
and failing to falsify it. But even
if a hypothesis attains strong
and repeated support from
extensive research, it could
potentially be shown to be
incorrect in the future as a result
of newly discovered evidence

or of research that is more
thorough or better informed. The
fact that scientific explanations
are always subject to revision,

if needed, demonstrates

the strength of the scientific
process. Unlike opinion or
ideology, science is open-ended
and tends to be self-corrective
and ever-improving, bringing us
closer and closer over time to
full and accurate understanding.
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Scientists use graphs to represent
data visually

To summarize and present the data they obtain, scientists
often use graphs. Graphs help make patterns and trends in the
data visually apparent and easy to understand. FIGURE 1.9
shows a few examples of how different types of graphs can be
used to present data. Each of these types of graphs is illus-
trated clearly and explained further in APPENDIX A: HOW TO
INTERPRET GRAPHS at the back of this book. The ability to
interpret graphs is a skill you will find useful throughout your
life. We encourage you to consult Appendix A closely as you
begin your environmental science course.
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You also will note that many of the graphs in this book
are accompanied by DATA Q questions that you can find
online at Mastering Environmental Science. These ques-
tions are designed to help you interpret scientific data and
build your graph-reading skills. You can check your answers
to these questions in Mastering Environmental Science.

The scientific process continues
beyond the scientific method

Scientific research takes place within the context of a commu-
nity of peers. To have impact, a researcher’s work must be pub-
lished and made accessible to this community (FIGURE 1.10).
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Unfertilized
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(b) Bar chart of mean algal density in several fertilized
treatment ponds and unfertilized control ponds

Algal
species #1
(32%)

Algal
species #5
(11%)

Algal
species #3
(18%)

(d) Pie chart of species of algae in a sample of pond water

FIGURE 1.9 Scientists use graphs to present and visualize their data. For example, in (a), a line graph shows
how the amount of algae increased when fertilizer was added to a treatment pond in an experiment yet stayed the
same in an unfertilized control pond. In (b), a bar chart shows how fertilized ponds, on average, have several times
more algae than unfertilized ponds. In (c), a scatter plot shows how ponds with more fertilizer tend to contain more
algae. In (d), a pie chart shows the relative abundance of five species of algae in a sample of pond water. See
APPENDIX A to learn more about how to interpret these types of graphs.
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Scientific process (as practiced by scientific community)

FIGURE 1.10 The scientific method that
many research teams follow is part of a
larger framework —the overall process

of science carried out by the scientific
community. This process includes peer
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Peer review Once a researcher’s work is complete, he or
she writes up the findings in a research paper and submits the
manuscript to a journal (a scholarly publication in which sci-
entists share their work). The journal’s editor asks several
other scientists who specialize in the subject area to volunteer
their time to examine the manuscript, provide comments and
criticism (generally anonymously), and judge whether the
work merits publication in the journal. This procedure, known
as peer review, is an essential part of the scientific process.
Peer review is a valuable guard against faulty research
contaminating the literature (the body of published studies)
on which all scientists rely. It is what makes scientific research
papers so much more accurate and reliable than many other
forms of publication. Of course, scientists are human, so per-
sonal biases and politics can sometimes creep into the review
process. Fortunately, just as individual scientists strive to
remain objective in conducting their research, the scientific
community does its best to ensure fair review of all work.

Conference presentations Scientists frequently present
their work at professional conferences, where they interact
with colleagues and receive feedback on their research. Such
interactions can help improve a researcher’s work and foster
collaboration among researchers, thus enhancing the overall
quality and impact of science.

Grants and funding To fund their research, most scientists
need to spend a great deal of time and effort requesting money

CHAPTER 1

from private foundations or from government agencies such
as the National Science Foundation. Grant applications
undergo peer review just as scientific papers do, and competi-
tion for funding is generally intense.

Scientists’ reliance on funding sources can occasionally
lead to conflicts of interest. A researcher who obtains data
showing his or her funding source in an unfavorable light may
become reluctant to publish the results for fear of losing fund-
ing. This situation can arise, for instance, when an industry
funds research to test its products for health or safety. Most
scientists resist these pressures, but when you are assessing a
scientific study, it is always a good idea to note where the
researchers obtained their funding. Because of the potential
conflicts of interest that can sometimes arise from private
funding, it is important for our society that scientists have
access to adequate levels of funding from impartial public
sources such as government science agencies.

Repeatability The careful scientist may test a hypothesis
repeatedly in various ways. Following publication, other scien-
tists may attempt to reproduce the results in their own experi-
ments. Scientists are inherently cautious about accepting a novel
hypothesis, so the more a result can be reproduced by different
research teams, the more confidence scientists will gain that it
provides a correct explanation.

Theories If a hypothesis survives repeated testing by numer-
ous research teams and continues to predict experimental

Science and Sustainability: An Introduction to Environmental Science

13



WEIGHING
the [SSues

Follow the Money

Let us say you are a scientist
wanting to study the impacts of
chemicals released into lakes by
pulp-and-paper mills. Obtaining
research funding has been
difficult. Then a large pulp-and-
paper firm contacts you and offers
to fund your research examining
how the company’s chemical
effluents affect water bodies.
What do you think the benefits
and drawbacks of such an offer
would be? Would you accept the
offer? Why or why not?

outcomes and  observations
accurately, it may be incorpo-
rated into a theory. A theory is a
widely accepted, well-tested
explanation of one or more
cause-and-effect  relationships
that has been extensively vali-
dated by a great amount of
research. Whereas a hypothesis
is a simple explanatory state-
ment that may be disproven by a
single experiment, a theory con-
solidates many related hypothe-
ses that have been supported by
a large body of data.

Note that scientific use of
the word theory differs from
popular usage of the word. In
everyday language, if we say

something is “‘just a theory,” we are suggesting it is a specula-
tive idea without much substance. However, scientists mean
exactly the opposite when they use the term. In a scientific
context, a theory is a conceptual framework that explains a
phenomenon and has undergone extensive and rigorous test-
ing, such that confidence in it is extremely strong. For exam-
ple, Darwin’s theory of evolution by natural selection
(pp- 50-51) has been supported and elaborated by many thou-
sands of studies over 160 years of intensive research. Obser-
vations and experiments have shown repeatedly and in great
detail how plants and animals evolve over generations, attain-
ing characteristics that best promote survival and reproduc-
tion. Because of its strong support and explanatory power,
evolutionary theory is the central unifying principle of mod-
ern biology. Other prominent scientific theories include
atomic theory, cell theory, big bang theory, plate tectonics,

and general relativity.

Paradigm shifts occur

As the scientific community accumulates data in an area of
research, interpretations sometimes may change. Thomas
Kuhn’s influential 1962 book, The Structure of Scientific
Revolutions, argued that science goes through periodic
upheavals in thought in which one scientific paradigm, or
dominant view, is abandoned for another. For example, before
the 16th century, European scientists believed Earth was at
the center of the universe. Their data on the movements of
planets fit that concept somewhat well—yet the idea eventu-
ally was disproved after Nicolaus Copernicus showed that
placing the sun at the center of the solar system explained the

data much better.

Another paradigm shift occurred in the 1960s when geol-
ogists came to accept plate tectonics (pp. 35-37). By this
time, evidence for the movement of continents and the action
of tectonic plates had accumulated and become overwhelm-
ingly convincing. Paradigm shifts demonstrate the strength
and vitality of science, showing science to be a process that
refines and improves itself through time.
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Understanding how science works is vital to assessing
how scientific interpretations progress through time as infor-
mation accrues. This is especially relevant in environmental
science—a young field that is changing rapidly as we obtain
vast amounts of new information, as human impacts on our
planet multiply, and as we gather lessons from the conse-
quences of our actions.

How can we judge the reliability
of information?

Even if you are not a scientist, every one of us in our every-
day lives can benefit from using the type of careful, logical,
critical thinking that scientists use. In fact, developing critical
thinking skills might well be the single most important thing
a student can do to prepare for a lifetime of navigating our
society—a society in which far too many uninformed and
unscrupulous interests act to confuse, manipulate, and mis-
lead us by distorting information.

In our society today, we are awash in information—and
misinformation—from all kinds of sources. To get the day’s
news, for instance, we can tune into a diversity of television
and radio stations, or check countless online websites, or
receive social media news feeds, or even open up a good old-
fashioned print newspaper. When it comes to news about sci-
ence, some popularized news coverage is excellent, but some
is sorely lacking. And when it comes to coverage of environ-
mental issues, we may receive very different messages from
sources with differing political viewpoints.

At a time when some politicians try to discredit any infor-
mation they do not like as “fake news” and armies of bots and
hackers regularly manipulate information online, it can be chal-
lenging to know what to trust. However, we know that
science—including all the understanding it can bring us—is
too valuable to ignore or discard. How, then, can a person find
reliable information about scientific research? How can we
know which sources to trust and which to be skeptical of?

One key criterion in evaluating the reliability of a source
is to determine whether or not the information it offers is sol-
idly based in evidence. It is not always easy to ascertain
whether a source is objective, unbiased, and evidence-based,
but one can look for a number of clues. TABLE 1.2 walks you
through a checklist of questions to ask yourself whenever you
are assessing a source for reliability—for information on
science or on anything else.

One question to ask when evaluating sources of informa-
tion about a scientific matter is how many steps removed
from the original research a source is. A person can get the
most accurate understanding of a scientific question by read-
ing the scientific literature directly. Your college or university
library will have scientific journals full of research papers that
are current and peer-reviewed. However, reading original
research papers in scientific journals requires a level of spe-
cialized education that most of us lack. Thankfully, many of
the most prestigious journals, such as Science and Nature,
also feature articles written by their staff that explain the
results and relevance of their most groundbreaking and
socially relevant papers in language we all can understand.
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Another way to learn about important scientific advances
is to read articles by science writers published in media outlets
that have built solid reputations over years or decades. Maga-
zines like Scientific American, National Geographic, and New
Scientist are examples, as are newspapers such as The New
York Times, Los Angeles Times, and Wall Street Journal—all
of which are accessible online as well as in print (and are
likely available for free in your campus library). Websites like
Science News and Science Daily and podcasts, videos, televi-
sion programs, and radio broadcasts from proven media out-
lets like PBS’s NOVA and NPR'’s Science Friday are excellent
as well. Science journalists inform their articles and broad-
casts by reading original research papers, interviewing the sci-
entists who conducted the work, and speaking with other
scientists for context and criticism. Most science journalists
are trained in science and steeped in their areas of expertise
but are also skilled at communicating with a broad audience.
They often are able to explain research and bring the wonders
of science to life in a way that most scientists cannot.

An original scientific research paper in a journal is an
example of a primary source, a source that presents novel
information and stands on its own. Articles or broadcasts pro-
duced by others about the contents of a primary source are
examples of a secondary source. Secondary sources are often
easier to read and understand than primary sources, but as one
moves further from the primary source, there is more and more
risk of inaccurate information being introduced. Material that
has “gone viral” through social media is often the most unreli-
able because information can easily become altered, just as it is
in the classic “telephone game” in which a sentence is whis-
pered from person to person around a circle.

These days the internet is awash in accounts from second-
ary sources that are distant from the actual research or are not
wholly reliable. Writers and broadcasters with little knowledge
of science may nonetheless need to produce a news piece on
deadline about some new advance. Bloggers who love commu-
nicating with their readers and are skillful writers may inadver-
tently pass along information that is inaccurate.

TABLE 1.2 Questions to Ask When Evaluating a Source for Reliability

WHO is presenting the information?

What are the presenter’s profession, credentials, and qualifications?

What are the presenter’s organizational affiliations?

What person or institution is financially supporting presentation of the information
(e.g., university, private company, government agency, non-profit organization)?

Does the website URL reveal anything about the source (e.g., .com, .org, .edu, .gov)?

WHY is the information being presented?

Does the presenter or sponsor make his or her motivations clear?

Is the presenter trying to teach and inform or to persuade and sell?

Are there advertisements related to the content?

Could the presenter have a financial interest or other vested interest in promoting the argument being made?

HOW reliable is the information?

Is the information based on factual evidence?

Does the source cite its sources or explain where its information is coming from? (Original research? Personal experience? Other sources?)

Can you find, examine, and verify the information elsewhere?

Do the language and tone seem unbiased and free of emotion?

If an opinion is being expressed, are reasons given to back up the opinion?

Are there spelling, grammar, or typographical errors?

Has the information been reviewed or refereed?

Can you detect political, ideological, cultural, religious, institutional, or personal biases?

Is the information current? When was the information created or last updated?

Have you looked at and compared a variety of sources before choosing this one?

Some table items are based on those in Blakeslee, S., 2010. Evaluating information—Apply the CRAAP test. Meriam Library, California State Library, Chico.
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FAQ

What about Wikipedia?

Wikipedia can be a tremendous
source of information as long
as one keeps in mind the way
it is created. Wikipedia is a
crowd-sourced online encyclo-
pedia whose entries are written
by volunteers, and the entries
are peer-reviewed by other
volunteers. Entries on popular
topics that many people with
expertise have contributed to
are often comprehensive and
accurate, but entries on obscure
topics that have received less
critical attention can sometimes
contain unreliable informa-

tion. Examining the number
and quality of sources cited at
the end of a Wikipedia entry is
one good way to assess the
strength of the entry. In fact, a
Wikipedia page can often be a
helpful way to begin research-
ing a topic because it generally
provides citations of some of the
most relevant primary sources,
which you can then check on
your own.

Of most concern is that peo-
ple with financial conflicts of
interest or with strong political
ideologies may intentionally sow
misinformation to advance their
own agendas. Examples in recent
years relevant to environmental
science have involved the denial
of climate change, particularly in
U.S. media and politics. Many
ideologically driven politicians
and many individuals with finan-
cial ties to fossil fuel industries
have spread doubt about the
extent, causes, and consequences
of climate change, ignoring or
distorting the immense amount
of scientific evidence that thou-
sands of researchers worldwide
have built up over many decades
of careful study.

It is up to each of us to be
smart, educated consumers of
information and to recognize
when sources are misinformed
or are trying to sell us their own
version of reality. Sorting good
information from bad is not
always easy, but it is one of the
most important life skills any of
us can develop.

Seeking a Sustainable

Future

As environmental scientists study the causes and conse-
quences of environmental change, they are helping to address
today's primary challenge for society: determining how to
live within our planet’s means such that Earth and its
resources can sustain us—and all life—for the future. This is
the challenge of sustainability, a guiding principle of modern
environmental science and a concept you will encounter

throughout this book.

Sustainability is a condition in which our actions do not
cause lasting harm to the environment and are socially and
economically beneficial as well so that people’s needs today
are met without impairing future generations’ abilities to meet
their own needs. Sustainability means leaving our children
and grandchildren a world as rich and full as the world we
live in now. It means conserving Earth’s resources so that our
descendants may enjoy them as we have. It means reducing
poverty and making a good life possible for all people. It
means developing solutions that work in the long term. Sus-
tainability requires maintaining fully functioning ecological
systems, because we cannot sustain human civilization with-
out sustaining the natural systems that nourish it.
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FIGURE 1.11 People of some nations have much larger
ecological footprints than people of others. Shown are
ecological footprints for average citizens of several nations along
with the world’s average per capita footprint of 2.7 hectares. To
achieve sustainable consumption, we would need to have a
global per-person average footprint of 1.6 ha. One hectare (ha) =
2.47 acres. Data from Global Footprint Network, 2019.
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An examination of the ecological footprints of the
world's nations (FIGURE 1.11) indicates that we are not (yet)
on a sustainable trajectory. Yet as we will see throughout this
book, there are many reasons to be optimistic. In each chap-
ter, a SUCCESS STORY will feature one specific example of a
problem-solving effort that has met with success and pro-
duced a sustainable solution. In addition, you will encounter
a variety of further solutions to environmental challenges,
addressed in many ways, throughout the text.

Go to Interpreting Graphs & Data on
Mastering Environmental Science

Population and consumption drive
environmental impact

Every day we add more than 200,000 people to the planet.
This is like adding a city the size of Augusta, Georgia,
on Monday; Akron, Ohio, on Tuesday; Richmond, Virginia, on
Wednesday; Rochester, New York, on Thursday; Amarillo,
Texas, on Friday; and on and on, day after day. The rate of
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population growth is now slowing, but our absolute numbers
continue to increase. This ongoing rise in human population
(Chapter 8) amplifies nearly all our impacts.

Our consumption of resources has risen even faster than
our population. The modern rise in affluence has been a posi-
tive development for humanity, and our conversion of the
planet’s natural capital has made life better for most of us so
far. However, like rising population, rising per capita (per per-
son) consumption magnifies the demands we make on our
environment.

The world’s people have not benefited equally from soci-
ety’s overall rise in affluence. Today, the 20 wealthiest nations
boast more than 55 times the per capita income of the 20
poorest nations—three times the gap that existed just two
generations ago. Within the United States, the richest 10% of
people now claim half of the total income and more than 70%
of the total wealth. The ecological footprint of the average
resident of a developed nation such as the United States is
considerably larger than that of the average resident of a
developing country (see Figure 1.11).

Our growing population and consumption are intensify-
ing the many environmental impacts we examine in this book,
including erosion and other impacts from agriculture (Chap-
ters 9 and 10), deforestation (Chapter 12), toxic substances
(Chapter 14), freshwater depletion (Chapter 15), fisheries
declines (Chapter 16), air and water pollution (Chapters
15-17), waste generation (Chapter 22), mineral extraction and
mining impacts (Chapter 23), and, of course, global climate
change (Chapter 18). These impacts degrade our health and
quality of life, and they alter the ecosystems and landscapes in

"~ S
Removing Lead from Gasoline

SUCCESS
story

Did you ever wonder why unleaded gas is

called “unleaded”? It's because we used to
add lead to gasoline to make cars run more smoothly—even
though scientific research showed that emissions of this toxic
heavy metal from vehicle tailpipes caused severe health prob-
lems, including brain damage and premature death. Back in
1970, air pollution was severe in many U.S. cities, and motor
vehicle exhaust accounted for 78% of U.S. lead emissions. In
response, environmental scientists, medical researchers, auto
engineers, and policymakers all merged their knowledge and
skills into a process that brought about the removal of lead
from gasoline. Because some older vehicles required leaded
gas, the ban on lead was phased in gradually but by 1996, all
gasoline sold in the United States was unleaded, and the
nation’s largest source of atmospheric lead pollution was elimi-
nated. As a result, levels of lead in people’s blood fell dramati-
cally, producing one of America’s greatest public health
successes.

=9 Explore the Data at Mastering Environmental Science
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which we live. They also are
driving the loss of Earth’s bio-
diversity (Chapter 11), which is
perhaps our greatest problem
because extinction is irrevers-
ible. Once a species becomes
extinct, it is lost forever.

Energy choices will

WEIGHING
the [SSues

Leaving a Large Footprint
What do you think accounts for
the variation in per capita (per
person) ecological footprints
among societies? Do you believe

shape our future

Our reliance on fossil fuels
amplifies virtually every impact
we exert on our environment.
Yet fossil fuels have also helped
bring us the material affluence
we enjoy. By exploiting the richly concentrated energy in
coal, oil, and natural gas, we have been able to power the
machinery of the industrial revolution, produce chemicals
that boost crop yields, run vehicles and transportation net-
works, and manufacture and distribute countless consumer
products.

However, in extracting coal, oil, and natural gas, we are
splurging on a one-time bonanza, because these fuels are non-
renewable and in finite supply. As we pour more money,
energy, and resources into extracting fossil fuels that are more
difficult to access, we threaten greater environmental and
social impacts for relatively less fuel. The energy choices we
make today will greatly influence the nature of our lives for
the foreseeable future.

have an ethical obligation to

footprints? Why or why not?
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Levels of lead in the blood of U.S. children

(ages 1-5) declined as lead use in U.S. gasoline was
reduced. Data from National Health and Nutrition Examination Survey (CDC)
and other sources.
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that people with larger footprints

reduce their environmental impact
so as to leave more resources
available for people with smaller
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TABLE 1.3 Major Approaches in Campus Sustainability

Waste reduction
Reusing, recycling, and composting

. offer abundant opportunities for

= tangible improvements, and people

University of Virginia

Mount Wachusett Community College

understand and enjoy these activities.
Waste reduction events such as trash
audits and recycling competitions can

be fun and productive. Compost can
be applied to plantings to beautify

. the campus. Some schools aim to

become “zero-waste.”

Water conservation

Indoors, schools are installing
water-saving faucets, toilets,
urinals, and showers in dorms
and classroom buildings to
reduce water waste. Outdoors,
students are helping to
landscape gardens that harvest
rainwater and to build facilities to
treat and reuse wastewater.

Renewable energy

| Many schools are switching

from fossil fuels to renewable
heating and electricity. Some are
installing solar panels, others use
biomass in power plants, and

a few have built wind turbines

on campus. Students have
persuaded administrators—and
have voted for student fees—to
buy “green tags” or carbon
offsets to fund renewable energy.

Transportation

Half the greenhouse gas emissions
of the average college or university

. come from commuting to and from

campuses in motor vehicles. To
combat pollution, traffic congestion,
delays, and parking shortages,
schools are investing in bus

and shuttle systems, hybrid and
alternative-fuel fleet vehicles, and
programs to promote carpooling,
walking, and bicycling.

Carbon-neutrality

To combat climate change, many
campuses aim to become carbon-
neutral, emitting no net greenhouse

gases. These schools seek to power

themselves with clean renewable
energy, although for most, buying
carbon offsets is also necessary.

Several hundred college and university
presidents have signed the Presidents’

Climate Leadership Commitments,
with carbon-neutrality as a goal.

Xavier University of Louisiana

| University of Arizona

Tufts University

Green buildings

Constructed from sustainable
materials, “green buildings”
feature designs and technologies
to reduce pollution, use renewable
energy, and encourage efficiency
in water and energy use. These
sustainable buildings are certified
according to LEED standards

(pp. 348-350).

Energy efficiency

Campuses are installing energy-
efficient lighting, motion detectors
to shut off lights when rooms are
empty, and sensors to record
and display a building’s energy
consumption. Students are
mounting campaigns to reduce
thermostat settings, distribute
efficient bulbs, and publicize
energy-saving tips to their peers.

Food and dining

More and more schools grow
their own food on campus
farms and in gardens, supplying
students with local, healthy,
organic food. In dining halls,
trayless dining cuts down on
waste (on average, 25% of

food taken is wasted otherwise)
because people take only what
they really want. Food scraps are
composted on many campuses.

Plants and landscaping

Students are helping to restore
native plants and communities,
remove invasive species,
improve habitat for wildlife,

and enhance soil and water
quality. Some schools have
green roofs, greenhouses, and
botanical gardens. Enhancing a
campus’s natural environment
creates healthier, more attractive
surroundings, and makes for
educational opportunities in
ecology and natural resources.

Fossil fuel divestment

Endowment money in U.S. higher
education is estimated at more
than $400 billion, and some of

it is invested in stocks of coal,

oil, and gas corporations. Since
2012, students have lobbied

A their administrators, boards of

trustees, and fund managers to
divest from, or sell off, stocks in
fossil fuel companies.

CHAPTER 1
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Sustainable solutions abound

Humanity’s challenge is to develop solutions that enhance our
quality of life while protecting and restoring the environment
that supports us. Many workable solutions are at hand:

* Renewable energy sources (Chapters 20 and 21) are
beginning to replace fossil fuels.

* Energy-efficiency efforts continue to gain ground
(Chapter 19).

» Scientists and farmers are pursuing soil conservation,
high-efficiency irrigation, pollinator conservation, and
organic agriculture (Chapters 9 and 10).

* Laws and new technologies have reduced air and water
pollution in wealthier societies (Chapters 15-17).

* Conservation biologists are protecting habitat and
endangered species (Chapter 11).

» Better waste management is helping us conserve
resources (Chapter 22).

* Governments, businesses, and individuals are taking
steps to reduce emissions of the greenhouse gases that
drive climate change (Chapter 18).

These efforts are some of the many sustainable solutions we
will examine in the course of this book.

Students are promoting solutions

As a college student, you can help design and implement sus-
tainable solutions on your own campus. Proponents of
campus sustainability seek ways to help colleges and univer-
sities reduce their ecological footprints. Today students,
faculty, staff, and administrators on thousands of campuses
are working together to make the operations of educational
institutions more sustainable (TABLE 1.3).

connhect & continue

Finding effective ways of living peacefully, healthfully, and
sustainably on our diverse and complex planet will require a
thorough scientific understanding of both natural and social
systems. Environmental science helps us understand our
intricate relationship with our environment and informs our
attempts to solve and prevent environmental problems.
Although many of today’s trends may cause concern, a multi-
tude of inspiring success stories give us reason for optimism.
Addressing environmental problems can move us toward
health, longevity, peace, and prosperity. Science in general,
and environmental science in particular, can help us develop
balanced, workable, sustainable solutions and create a better
world now and for the future.

e SOLUTIONS If you could help address three environmental
problems in the world today, what would they be? Why did
you select each of these three issues? Describe at least

CHAPTER 1

Students are running recycling programs, promoting effi-
cient transportation options, restoring native plants, growing
organic gardens, and fostering sustainable dining halls. They
are finding ways to improve energy efficiency and water con-
servation and are pressing for green buildings. To address cli-
mate change, students are urging their institutions to reduce
greenhouse gas emissions, divest from fossil fuel corpora-
tions, and use and invest in renewable energy.

Throughout this book you will encounter examples of
campus sustainability efforts (e.g., pp. 241 and 619). Should
you wish to pursue such efforts on your own campus, infor-
mation and links in the Selected Sources and References for
Further Reading at the back of this book point you toward
organizations and resources that can help.

Environmental science prepares you
for the future

By taking a course in environmental science, you are prepar-
ing yourself for a lifetime in a world increasingly dominated
by concerns over sustainability. The course for which you are
using this book likely did not exist a generation ago. As soci-
ety’s concerns have evolved, colleges and universities have
adapted their curricula. Still, at most schools, fewer than half
of students take even a single course on the basic functions of
Earth’s natural systems, and still fewer take courses on the
links between human activity and sustainability. As a result,
many educators worry that most students graduate lacking
environmental literacy, a basic understanding of Earth’s
physical and living systems and how we interact with them.
By taking an environmental science course, you will gain a
better understanding of how the world works, you will be bet-
ter qualified for the green-collar job opportunities of today
and tomorrow, and you will be better prepared to navigate the
many challenges of creating a sustainable future.

one potential solution for each
of these challenges. List one
obstacle that might stand in the
way of each solution. Now
describe means by which each of
those obstacles might be overcome.

LOCAL CONNECTIONS What environmental issues are peo-
ple discussing on your campus or in the area where you live?
Select one of these issues, and describe two sides of a debate
that people are having over it. Where do you stand in this
debate and why? Describe how you think the two sides could
begin to resolve their differences.

EXPLORE THE DATA Do you know what your ecological
footprint is? =P Explore Data on Mastering Environmental
Science.

Science and Sustainability: An Introduction to Environmental Science
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REVIEWING Objectives

You should now be able to:

+ Describe the field of environmental science

Environmental science is the study of how the natural world
works, how our environment affects us, and how we affect
our environment. Environmental science uses approaches
and insights from many disciplines in the natural sciences
and social sciences. (pp. 3, 6-7)

+ Explain the importance of natural resources and
ecosystem services to our lives
Renewable resources are unlimited
or replenished naturally at a rapid
rate. Nonrenewable resources
are limited or replenished very
slowly. Ecosystem services are
benefits we receive from the
normal functioning of natural
systems. Natural resources and
ecosystem services are essential to
human life and civilization. (p. 4)

+ Discuss population growth, resource consumption, and
their consequences
Today’s human population size and per-person resource
consumption both are higher than ever. Population
growth magnifies our environmental impact by adding to
the number of people putting demands on resources.
Growing per capita consumption amplifies our environ-
mental impact by increasing the demand each person
makes on resources. (pp. 5-6)

+ Explain what is meant by an ecological footprint
An ecological footprint quantifies resource consump-
tion by expressing the total area of biologically produc-
tive land and water that is required to provide the
resources and waste disposal for a person or popula-
tion. (pp. 5-6)

SEEKING Solutions

1. Resources such as soils, timber, fresh water, and
biodiversity are renewable if we use them in moderation
but can become nonrenewable if we overexploit them
(see FIGURE 1.1). For each of these four resources
(soils, timber, fresh water, and biodiversity), describe
one way we sometimes overexploit the resource and
name one thing we could do to conserve the resource.
For each, what might constitute sustainable use? (Feel
free to look ahead and peruse coverage of these issues
throughout this book.)

2. What do you think is the lesson of Easter Island? What
more would you like to learn or understand about this

CHAPTER 1

+ Describe the scientific method and

the process of science

Science is a process of using
observations to test ideas. The sci-
entific method consists of making
observations, formulating questions,
stating a hypothesis, generating pre-
dictions, testing predictions, and analyz-

ing results. Scientific research occurs within a

larger process of science that includes peer review, journal
publication, and interaction with colleagues. (pp. 7, 10-14)

Apply critical thinking to judge the reliability of
information sources

Critical thinking is a key life skill. By applying strategies to
evaluate the reliability of sources and by assessing pri-
mary and secondary sources of information, we all can
develop ways to judge the trustworthiness of sources in
an information-rich media world. (pp. 14-16)

Identify major pressures on the global environment
Rising population and intensifying consumption magnify
human impacts on the environment, which include resource
depletion, air and water pollution, climate change, habitat
destruction, and biodiversity loss. (pp. 16-17)

Discuss the concept of sustainability,
and describe sustainable solutions
being pursued on campuses and
across the world

Sustainability  describes  living
within our planet’s means such that
Earth’s resources can sustain us—
and all life—for the future. Actively
developing sustainable solutions (e.g., replacing fossil
fuels with renewable energy) can improve our quality of
life while protecting and restoring our environment.
Many college students are promoting sustainable solu-
tions on campus, such as recycling, energy efficiency,
water conservation, and transportation alternatives.
(pp. 16-19)

island, its history, or its people? What similarities do
you perceive between Easter Island and our own
modern society? What differences do you see between
the predicament of Easter Islanders in 1722 and our
situation in the present day?

. What environmental problem do you feel most acutely

yourself? Do you think there are people in the world
who do not view your issue as a problem? Who might
they be, and why might they take a different view?

. If the human population were to stabilize tomorrow and

never reach 8 billion people, would all our environmental
problems be solved? Why or why not? What conditions
might get better, and what challenges might remain?

. Find out what sustainability efforts are being made on

your campus. What results have these efforts produced

Science and Sustainability: An Introduction to Environmental Science



so far? What further efforts would you like to see
pursued on your campus? Do you foresee any obsta-
cles to these efforts? How could these obstacles be
overcome? How could you become involved?

6. THINK IT THROUGH You have become head of a major

funding agency that grants money to scientists pursuing
research in environmental science. You must give your

CALCULATING Ecological Footprints

Mathis Wackernagel and his colleagues at the Global Footprint
Network continue to refine the method of calculating ecologi-
cal footprints—the amount of biologically productive land and
water required to produce the energy and natural resources we
consume and to absorb the wastes we generate. According to

ECOLOGICAL FOOTPRINT

NATION (HECTARES PER PERSON)
Bangladesh 0.84
Tanzania 1.22
Colombia 2.05
Thailand 2.49
Mexico 2.60
Sweden 6.46
United States 8.10
World average 2.75

Your personal footprint

PROPORTION RELATIVE TO
WORLD AVERAGE FOOTPRINT

staff several priorities to determine what types of
scientific research to fund. What environmental prob-
lems would you most like to see addressed with
research? Describe the research you think would need
to be completed to develop workable solutions. What
else, beyond scientific research, might be needed to
develop sustainable solutions?

their most recent data, there are 1.63 hectares (4.0 acres) avail-
able for each person in the world, yet we use on average
2.75 ha (6.8 acres) per person, creating a global ecological def-
icit, or overshoot (p. 6), of 69%.

Compare the ecological footprints of each nation listed
in the table. Calculate their proportional relationships to the
world population’s average ecological footprint and to the area
available globally to meet our ecological demands.

PROPORTION RELATIVE TO
WORLD AREA AVAILABLE

0.31(0.84 + 2.75) 0.48 (0.79 + 1.63)

1.00 (2.75 + 2.75) 1.69 (2.75 + 1.693)

Data from Global Footprint Network, 2019.

1. Why do you think the ecological footprint for people in
Bangladesh is so small?

2. Why do you think the ecological footprint for people in
the United States is so large?

3. Based on the data in the table, how do you think
average per capita income is related to ecological
footprints? Name some ways in which you believe a
wealthy society can decrease its ecological footprint.

Mastering Environmental Science

4. Go to an online footprint calculator such as the one at
http://www.footprintnetwork.org/en/index.php/GFN/page/
personal_footprint and answer the questions to determine
your own personal ecological footprint. Enter the value you
obtain in the table, and calculate the other values as you
did for each nation. How does your footprint compare to
that of the average person in the United States? How does
it compare to that of people from other nations? Name
three actions you could take to reduce your footprint.

Students Go to Mastering Environmental Science for assignments,
an interactive e-text, and the Study Area with practice tests, videos, and
activities.

CHAPTER 1

Instructors Go to Mastering Environmental Science for automatically
graded activities, videos, and reading questions that you can assign to
your students, plus Instructor Resources.

Science and Sustainability: An Introduction to Environmental Science
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Upon completing this
chapter, you will be able to:

+ Explain the fundamentals of

matter and chemistry and apply
them to real-world situations

Differentiate among forms of
energy, and explain the first and
second laws of thermodynamics

Distinguish photosynthesis,
cellular respiration, and
chemosynthesis, and summarize
their importance to living things

Explain how plate tectonics and
the rock cycle shape the
landscape around us

Identify major types of geologic
hazards, and describe ways to
minimize their impacts

CENTRAL ‘
case study |

What Is the Legacy
of the Fukushima Daiichi
Nuclear Tragedy?

Fukushima
Daiichi \
JAPAN

t 2:46 p.m. on March 11, 2011, the land
A along the northeastern coast of the Japanese

island of Honshu began to shake violently—
and continued to shake for six minutes. These
tremors were caused when a large section of the sea-
floor along a fault line 125 km (77 mi) offshore sud-
denly lurched, releasing huge amounts of energy
through the earth’s crust and generating an earth-
quake of magnitude 9.0 on the Richter scale (a scale
used to measure the strength of earthquakes). The
Tohuku earthquake, as it was later named, violently
shook the ground in northeastern Japan. In Tokyo, 370 km (230 mi) from the quake’s
epicenter, commuter trains ground to a stop and skyscrapers swayed to and fro, but major
damage to the city was avoided due to earthquake-resistant building codes for structures
(see SUCCESS STORY, p. 26) and the immediate detection of the offshore earthquake. But
even when the earth stopped shaking, the residents of northeastern Japan knew that further
danger might still await them—from a tsunami.

A tsunami (“harbor wave” in English) is a powerful surge of seawater generated when
an offshore earthquake displaces large volumes of rocks and sediment on the ocean bottom,
suddenly pushing the overlying ocean water upward. This upward movement of water cre-
ates waves that speed outward from the earthquake site in all directions.

These waves are hardly noticeable at sea, but can rear up to
staggering heights when they enter the shallow waters near
shore and can sweep inland with great force. The Japa-
nese had built seawalls to protect against tsunamis, but
the Tohoku quake caused the island of Honshu to
sink perceptively, thereby lowering the height of the
seawalls by up to 2 m (6.5 ft) in some locations.
Waves reaching up to 15 m (49 ft) in height then
overwhelmed these defenses (FIGURE 2.1, p. 24).
The raging water swept up to 9.6 km (6 mi)
inland; scoured buildings from their foundations;
and inundated towns, villages, and productive
agricultural land. As the water’s energy faded, the
water receded, carrying structural debris, vehicles,
livestock, and human bodies out to sea.

When the tsunami overtopped the 5.7-m (19-ft)
seawall protecting the Fukushima Daiichi nuclear
power plant, it flooded the diesel-powered emergency
generators responsible for circulating water to cool the T T
plant’s nuclear reactors. With the local electrical grid knocked e S

This used to be one of the
best places for a business. I'm

amazed at how little is left.
Takahiro Chiba, surveying the devastated
downtown area of Ishinomaki, Japan, where
his family’s sushi restaurant was located

Fukushima should not just
contain lessons for Japan,
but for all 31 countries with

nuclear power.
Tatsujiro Suzuki, Vice-Chairman, Japan
Atomic Energy Commission

< Destruction in northeastern Japan from
tsunami generated by the Tohoku
earthquake

A One of the 300,000 people
displaced by the Tohoku
earthquake
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out by the earthquake and the backup gen-
erators off-line, the nuclear fuel in the cores
of the three active reactors at the plant
began to overheat. The cooling water that
normally kept the nuclear fuel submerged
within the reactor cores boiled off, exposing
the nuclear material to the air and further
elevating temperatures inside the cores. As
the overheated nuclear fuel melted its con-
tainment vessel (an event called a nuclear
meltdown), chemical reactions within the
reactors generated hydrogen gas. This
hydrogen gas then set off explosions in
each of the three active reactor buildings,
and in an adjacent inactive reactor that was
connected to an active reactor through
ductwork, releasing radioactive material into
the air (FIGURE 2.2). To prevent a full-blown
catastrophe that could render large portions
of their nation uninhabitable, Japanese
authorities flooded the reactor cores with
seawater pumped in from the ocean.

The 1-2-3 punch of the earthquake—
tsunami-nuclear accident left 18,000 peo-
ple dead and caused hundreds of billions
of dollars in material damage. Around
340,000 people were displaced from their
homes, and shortly after the accident the
evacuation of a 20-km (12-mi) area around
the Fukushima Daiichi plant was ordered
due to unsafe levels of radioactive fallout in
the soil. After the accident, public opposi-
tion to nuclear power in Japan ran high,
and the government ordered the immedi-
ate shutdown and reinspection of its 54 nu-
clear reactors, which were, at the time,

FIGURE 2.2 Timeline of events in the
nuclear accident at the Fukushima Daiichi
power plant.

FIGURE 2.1 Tsunami waves overtop a seawall following
the Tohoku earthquake in 2011. The tsunami caused a
greater loss of life and property than the earthquake that
generated it and led to a meltdown at the Fukushima Daiichi
nuclear power plant.

supplying 30% of Japan'’s electricity. The once produc-
tive fishing industry of the region was shut down over
fears of people consuming seafood contaminated with
high levels of radioactivity. The world watched and
waited to see how the events in Japan would play out
over the coming years and took a critical look at the

Fukushima
Daiichi nuclear
power plant

*Not in operation
at time of the
earthquake

@ Tohoku Earthquake. A
powerful offshore earthquake
knocks out the electricity that

powers the cooling pumps at the
Fukushima Daiichi nuclear power
plant. Diesel-powered backup
generators then kick in to circulate

water and cool the plant's reactors.

@ Backup generators flooded. Tsunami
waves surge over the top of the sea walls
built to protect the power plant. Backup
generators are flooded and cease to circulate
cooling water in the reactor cores.

Bl Nuclear meltdown

© Nuclear meltdown. No longer bathed in cooling water, the nuclear fuel in
reactors 1-3 overheats and melts through the reactor cores. Chemical reactions
produce hydrogen gas, which explodes, damaging the reactor buildings and
releasing radioactive material into the air.
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future of nuclear power around the world. Whereas nuclear
power does have an inherent danger for large-scale accidents
and we have yet to find a safe, sustainable way to store the
radioactive wastes it produces, it does have benefits over
other methods of generating electricity in that it does not
release significant amounts of air pollutants or greenhouse
gases into the atmosphere when producing energy.

The destruction at Fukushima following the Tohoku earth-
quake was the product of natural forces—an earthquake and
subsequent tsunami—coupled with an accident involving one of
humanity’s most advanced technologies: nuclear power. These
events highlight why knowledge of matter, energy, and geologic
forces is vital to understanding environmental impacts in our
complex, modern world.

Matter, Chemistry, and the
Environment

The tragic events in northeastern Japan in 2011 were the
result of large-scale forces generated by the powerful geo-
logic processes that shape the surface of our planet. Environ-
mental scientists regularly study these types of processes to
understand how our planet works. Because all large-scale
processes are made up of small-scale components, however,
environmental science—the broadest of scientific fields—
must also study small-scale phenomena. At the smallest scale,
an understanding of matter itself helps us to fully appreciate
the processes of our world.

All material in the universe that has mass and occupies
space—solid, liquid, and gas alike—is called matter. The
study of types of matter and their interactions is called
chemistry. Once you examine any environmental issue, from
acid rain to toxic chemicals to climate change, you will likely
discover chemistry playing a central role.

Matter is conserved

To appreciate the chemistry involved in environmental sci-
ence, we must begin with the fundamentals. Matter may be
transformed from one type of substance into others, but it
cannot be created or destroyed, a principle referred to as the
law of conservation of matter. In environmental science, this

principle helps us understand that the amount of matter stays
constant as it is recycled in ecosystems and nutrient cycles
(p. 121). It also makes it clear that we cannot simply wish away
“undesirable” matter, such as nuclear waste and toxic pollut-
ants. Because harmful substances can’t be destroyed, we must
take steps to minimize their impacts on the environment.

Elements and atoms are chemical
building blocks

The nuclear reactors at Fukushima Daiichi used the element
uranium to power its reactors. An element is a fundamental
type of matter, a chemical substance with a given set of proper-
ties that cannot be broken down into substances with other prop-
erties. Chemists currently recognize 118 elements. Most occur
in nature, but more than 20 elements have been created solely in
the lab. Elements especially abundant on our planet include
oxygen, hydrogen, silicon, nitrogen, and carbon (TABLE 2.1).
Elements that organisms need for survival, such as carbon,
nitrogen, calcium, and phosphorus, are called nutrients. Each
element is assigned an abbreviation, or chemical symbol (for
instance, “H” for hydrogen and “O” for oxygen). The peri-
odic table of the elements organizes the elements according to
their chemical properties and behavior (see APPENDIX C).

An atom is the smallest unit that maintains the chemical
properties of the element. Atoms of each element contain a
specific number of protons, positively charged particles in
the atom’s nucleus (its dense center), and the number of

TABLE 2.1 Earth’s Most Abundant Chemical Elements, by Mass

EARTH’S CRUST OCEANS

Oxygen (O) 49.5%  Oxygen (O) 88.3%
Silicon (Si) 25.7%  Hydrogen (H) 11.0%
Aluminum (Al) 7.4%  Chlorine (Cl) 1.9%
Iron (Fe) 4.7%  Sodium (Na) 1.1%
Calcium (Ca) 3.6%  Magnesium (Mg) 0.1%
Sodium (Na) 2.8%  Sulfur (S) 0.1%
Potassium (K) 2.6%  Calcium (Ca) <0.1%
Magnesium (Mg) 2.1% Potassium (K) <0.1%
Other 1.6%  Bromine (Br) <0.1%

AIR ORGANISMS

Nitrogen (N) 78.1% Oxygen (O) 65.0%

Oxygen (O) 21.0% Carbon (C) 18.5%

Argon (Ar) 0.9% Hydrogen (H) 9.5%

Other <0.1% Nitrogen (N) 3.3%
Calcium (Ca) 1.5%
Phosphorus (P) 1.0%
Potassium (K) 0.4%
Sulfur (S) 0.3%
Other 0.5%

CHAPTER 2 Earth’s Physical Systems: Matter, Energy, and Geology
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story

The Tohoku earthquake was not the first

major earthquake to strike Japan. The city
of Kobe experienced substantial damage from a quake in
1995 that claimed more than 5500 lives. And in 1923, an
earthquake devastated the cities of Tokyo and Yokohama,
resulting in more than 142,000 deaths. Losses of life and
property from the Tohoku quake were far less extensive than
the losses from these earlier events, thanks to new stringent
building codes ensuring that the design and construction of
structures are such that they resist crumbling and toppling
over during earthquakes.

To minimize damage from earthquakes, engineers have
developed ways to protect buildings from collapsing while
shaking. They do this by strengthening structural components
while also designing points at which a structure can move and
sway harmlessly with ground motion. Just as a flexible tree
trunk bends in a storm while a brittle one breaks, buildings
with built-in flexibility are more likely to withstand an earth-
quake’s violent shaking. Such designs continue to figure in the
building codes used in California, Japan, and other quake-
prone regions.

protons is called the element’s atomic number. (Elemental
carbon, for instance, has six protons in its nucleus; thus, its
atomic number is 6.) Most atoms also contain neutrons, par-
ticles in the nucleus that lack an electrical charge. An ele-
ment’s mass number denotes the combined number of
protons and neutrons in the atom. An atom’s nucleus is sur-
rounded by negatively charged particles known as electrons,
which are equal in number to the protons in the nucleus of
an atom, balancing the positive charge of the protons
(FIGURE 2.3).

Isotopes Although all atoms of a given element contain the
same number of protons, they do not necessarily also contain

Proton
Nucleus
Neutron

Electron

Carbon (Q) Nitrogen (N)
Atomic number = 6 Atomic number =7
Protons =6 Protons =7
Neutrons = 6 Neutrons =7
Electrons =6 Electrons =7
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Saving Lives with Building Codes

Such quake-resistant
designs are more expensive to
build than conventional
designs, so many buildings in
poorer nations do not have such
protections. Consequently, earth-
quakes in these regions typically
result in greater losses of life and
property due to the greater num-
bers of buildings that collapse.
For example, Haiti suffered a
7.0 magnitude earthquake in 2010 that devastated huge
portions of the capital city of Port-au-Prince and claimed over
220,000 lives. Although the Tohoku earthquake released more
than 950 times the energy than the earthquake that struck
Haiti, mortality and property damage from the Tohoku quake
(not including the damage and loss of life caused by the
subsequent tsunami) were minimized because of Japan’s
earthquake-conscious building codes.

Collapsed buildings in
Port-au-Prince, Haiti,
following a 7.0 magnitude
earthquake in 2010

=9 Explore the Data at Mastering Environmental Science

the same number of neutrons. Atoms of the same element
with differing numbers of neutrons are isotopes (FIGURE 2.4a).
Isotopes are denoted by their elemental symbol preceded by
the mass number, the combined number of protons and neu-
trons in the nucleus of the atom. For example, 14C (carbon-14)
is an isotope of carbon with eight neutrons (and six protons)
in the nucleus rather than the six neutrons (and six protons) of
12C (carbon-12), the most abundant carbon isotope.

Some isotopes, called radioisotopes, are radioactive
because their chemical identity changes as they shed sub-
atomic particles and emit high-energy radiation. The radia-
tion released by radioisotopes harms organisms because it
focuses a great deal of energy in a very small area, which

FIGURE 2.3 In an atom, protons and
neutrons stay in the nucleus and
electrons move about the nucleus.
Each chemical element has its own
particular number of protons. For
example, carbon possesses six
protons, nitrogen seven, and oxygen
eight. These schematic diagrams are
meant to clearly show and compare
numbers of electrons for these three
elements. In reality, however, electrons

Atog)i(cy gj;égL ) do not orbit the nucleus in rings as
Protons = 8 shown; they move through space in
Neutrons = 8 more complex ways.
Electrons = 8




Addition of

1 neutron
(a) Hydrogen isotope, 2H
Protons =1
Electrons = 1
= Neutrons = 1
Hydrogen atom, H 7. (b) Hydrogen ion, H*
Protons = 1 D@ ! Protons =1
Electrons = 1 / Electrons =0
Neutrons = 0 o Neutrons = 0
Loss of
1 electron

FIGURE 2.4 Hydrogen has a mass number of 1 because a
typical atom of this element contains one proton and no
neutrons. Deuterium (hydrogen-2, or 2H), an isotope of hydrogen
(a), contains a neutron, as well as a proton and thus has greater
mass than a typical hydrogen atom; its mass number is 2. The
hydrogen ion, H™ (b), occurs when an electron is lost; it therefore
has a positive charge.

can be damaging to living cells. Intense radiation exposure
can kill cells outright or cause changes to the cell’s DNA
that can increase the probability of the organism developing
cancerous tumors.

The greatest danger from radioisotopes occurs when they
enter the bodies of organisms through the lungs, skin, or
digestive system. It is therefore important after nuclear acci-
dents, like that at Fukushima, to regularly test food and water
supplies for radioisotopes and to determine the eventual fate
of radioactive particles released into the environment.

A radioisotope decays as it emits radiation, becoming
lighter and lighter with the loss of subatomic particles, until
it becomes a stable isotope (isotopes that are not radioac-
tive). Each radioisotope decays at a rate determined by its
half-life, the amount of time it takes for one-half of its atoms
to decay. Different radioisotopes have very different half-
lives, ranging from fractions of a second to billions of years.
The radioisotope uranium-235 (>33U), used in commercial
nuclear power plants like Fukushima Daiichi, decays into a
series of daughter isotopes (atoms formed as radioisotopes
that lose protons and neutrons during the process of
radioactive decay), eventually forming lead-207 (**’Pb).
Uranium-235 has a half-life of about 700 million years.
Radioisotopes released into the environment from the
Fukushima nuclear power plant accident included
iodine-131 (half-life of 8 days), cesium-134 (half-life of
2 years), strontium-90 (half-life of 29 years), and cesium-137
(half-life of 30 years). Given these lengthy half-lives, find-
ing ways to safely contain radioisotopes at nuclear waste
storage sites and in areas, like Fukushima, that have experi-
enced nuclear accidents is an area of active research
(see THE SCIENCE BEHIND THE STORY, pp. 30-31).

lons Atoms may also gain or
lose electrons, thereby becom-
ing ionms, electrically charged
atoms or combinations of atoms
(FIGURE 2.4b). Ions are denoted
by their elemental symbol fol-
lowed by their ionic charge. For
instance, a common ion used by
mussels and clams to form
shells is Ca2+, a calcium atom
that has lost two electrons and
thus has a charge of positive 2.
The damaging radiation emitted
by radioisotopes is called
ionizing radiation (see Figure
2.11, p. 33) because it gener-
ates ions when it strikes mole-
cules. These ions affect the
stability and functionality of
biological important molecules
such as enzymes (p. 28) and
DNA (p. 28), and this can harm
cells, cause them to die, or
mutate their genetic code.

Atoms bond to
form molecules
and compounds

Atoms bond together and form
molecules, combinations of two
or more atoms. Common mole-
cules containing only a single
element include those of hydro-
gen (H,) and oxygen (O,),
each of which exists as a gas at
room temperature. A molecule
composed of atoms of two or
more elements is called a
compound. One compound is
water; it is composed of two
hydrogen atoms bonded to
one oxygen atom, and it is
denoted by the chemical for-
mula H,O. Another compound
is carbon dioxide, consisting of
one carbon atom bonded to two
oxygen atoms; its chemical for-
mula is CO,.

FAQ

When something is
irradiated, does it become
radioactive?

Thanks to comic books and
movies, many people believe
that when an organism is
exposed to ionizing radiation
from nuclear waste or a solar
flare from the sun, the organism
becomes a source of ionizing
radiation—that is, it becomes
“radioactive.” In reality, this does
not happen.

An irradiated organism
suffers damage from radiation,
but it does not absorb the
ionizing radiation, store it, and
then re-emit it to the
environment. The radiation simply
enters the organism’s cells,
causes damage, and passes
through the organism. So even
after experiencing substantial
impacts from radiation poisoning,
the organism is no more
radioactive than it was before
exposure. This occurs because
the organism was only exposed
to radiation (a form of energy) and
was not contaminated with
radioisotopes (a form of matter)
that emit harmful radiation. It is
for this reason that it is safe to
expose raw meat to ionizing
radiation in order to kill harmful
microbes that may be lurking
within it, such as Salmonella or
disease-causing strains of
Escherichia coli (E. coli). The
process, which is done to
prevent foodborne illness in
people with compromised
immune systems and to prevent
astronauts from becoming ill
while in space, sterilizes the meat
of microbes but does not cause
the meat to become radioactive.

Atoms bond together because of an attraction for one
another’s electrons. Because the strength of this attraction
varies among elements, atoms may be held together in dif-
ferent ways. When electrons are shared between atoms, a
covalent bond forms. For example, two atoms of hydrogen
will share electrons equally as they bind together to form
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