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Preface

The future which we hold in trust for our own children will be
shaped by our fairness to other people’s children.

—NMarian Wright Edelman

Nothing is more honorable to any large mass of people assembled
for the purpose of a fair discussion, than that kind and respectful
attention that is yielded not only to your political friends, but to
those who are opposed to you in politics.

—Stephen Douglas, from the Lincoln-Douglas debates

HE CRITICAL IMPORTANCE of environ-

mental science and environmental studies can-

not be disputed as virtually everyone is aware
of the issues—be they climate change, the depletion of
the ozone layer, the controversy over nuclear power,
or the continuing problems of water pollution and
solid waste disposal. Issues regarding the environment
are in the news every day, and as the world becomes
increasingly industrialized we will surely hear more
about environmental concerns and advances. Environ-
mental Science: Systems and Solutions, Sixth Edition,
offers the basic principles necessary to understand
and address these multifaceted and often very com-
plex environmental concerns.

We wrote this book to serve as a comprehensive
overview and synthesis of environmental science.
Environmental Science: Systems and Solutions provides
the reader with the basic factual data necessary to
understand current environmental issues. But to know
the raw facts is not enough. A well-informed person
must understand how various aspects of the natural
environment interconnect with each other and with
human society. We thus use a systems approach as a
means of organizing complex information in a way
that highlights connections for the reader. The systems
approach allows the reader to take in the information
without feeling overwhelmed, as often happens when
large amounts of information are presented in a disor-
ganized fashion. With a subject as diverse as environ-
mental science, it is easy to get lost in the details. We
have always kept the “big picture” in mind.

xvi

All too often environmental discussions become
bogged down in partisan rhetoric or “gloom and
doom” tactics. Our intention is not to preach but to
inform. Accordingly, in approaching what is often
an extremely controversial subject, we have adopted
an objective and practical perspective that tries to
highlight what is going right in dealing with modern
environmental problems. Furthermore, we have con-
sciously aimed at being both fair and balanced (pre-
senting differing opinions and information) in our
approach to many controversial issues. In this text,
you will read critical analyses of public and private
policy with an honest discussion of what has worked
and what has failed.

A key concept among modern environmental-
ists is sustainability. In this book, we have adopted
the sustainability paradigm: we focus on sustainable
technologies and economic systems and the ways that
sustainable development can be implemented around
the world. Our emphasis is on specific examples that
can give concrete meaning to the concept: Sustainable
technological and social solutions to environmental
problems are discussed throughout the book. Envi-
ronmental science is global in scope so it is import-
ant for all of us to know that there are regional and
local solutions to complex global problems and that
individual actions can be a big part of the solution.
We hope to inspire the reader to move beyond sim-
ple awareness of current environmental problems to
become an active promoter of sustainable solutions
to these problems.

» Organization and What's New
in This Edition

Building on the framework of the five previous
editions, we have rewritten the text to improve the
discourse. Furthermore, recent disasters and note-
worthy updates are reflected in this edition. We have
updated case studies that cover topics relevant to the
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current environmental situation, including captive
breeding, Hurricane Katrina, the Colorado River,
sustainable agriculture practices, overpopulation
concerns, the Keystone XL pipeline, pollution, the
Flint water crisis, global earthquakes, and measur-
ing ecological footprints. Additional changes include
updated statistics throughout the text, revised and
updated figures and tables, and more coverage of
sustainability, climate change, fossil fuels, national
parks, and water resources. We believe that all of
these changes will make the book both more timely
and more accessible to the reader. The five sections
of the book are:

Section 1, The Environment and People
(Chapters 1 and 2), introduces the systems approach
and gives an overview of environmental science in
Chapter 1, while Chapter 2 focuses on the increasing
impact that the growing human population has had
on all natural systems.

Section 2, The Environment of Life on Planet
Earth (Chapters 3 through 5), describes how natural
systems work, including both biological systems and
physical systems. Here we introduce such concepts as
populations, communities, ecosystems, the distribu-
tion of life on Earth, biogeochemical cycles, weather
patterns and climatic zones, the rock cycle and plate
tectonics, deep time, and natural hazards.

Section 3, Resource Use and Management
(Chapters 6 through 13), deals with issues surround-
ing the use of natural resources by human society.
Chapter 6 introduces the broad principles of resource
management, both in urban and wild environments.
The following chapters address energy use, water
use, mineral use, ecosystem services, and the use of
biological resources (including agriculture and soil
resources). A major theme is that humans have been
rapidly depleting many of these resources and that we
must begin using them in a sustainable manner if we
are to survive and flourish in the future.

Section 4, Dealing with Environmental
Degradation (Chapters 14 through 18), concentrates
on various forms of pollution and waste—the results of
dumping large amounts of the by-products of human
society into the environment. Chapter 14 introduces the

Preface xvii

principles of pollution control, toxicology, and risk, while
subsequent chapters deal with such subjects as water
pollution, air pollution, the destruction of the ozone
layer, global climate change, municipal solid waste, and
hazardous waste. Every chapter includes discussions of
how we can limit or mitigate the effects of excessive pol-
lution, especially by limiting the production of pollutants
in the first place, as well as by increased efficiency, reuse,
recycling, and substitutions.

Section 5, Social Solutions to Environmental
Concerns (Chapters 19 and 20), includes discussions
of economic, social, historical, and legal aspects of
environmental issues. A major emphasis of the book
is on solutions to current environmental concerns.
Woven throughout the text are discussions and
examples of environmentally friendly technological,
legal, and economic solutions. We firmly believe that
sustainable and realistic solutions must be imple-
mented and that the root causes of the environmen-
tal problems we now face must be addressed. Such
problems cannot be solved using science and tech-
nology alone; the human aspect must also be taken
into account. This section is available online and in
eBook formats.

» Using This Book for a Course
in Environmental Science or
Environmental Studies

We designed this book to be accessible to introduc-
tory nonmajor students, but it has enough depth
and breadth to be used in a majors’ course. It can be
adapted to either an environmental science course or
an environmental studies course, and it can be used
for either one or two semesters. Also, we designed
the book so that the chapters need not necessarily be
used in the order in which they appear. In particular,
depending on the nature and emphasis of a specific
course, an instructor may choose to use the chapters
of Section 5 (Social Solutions to Environmental Con-
cerns) at either the beginning or end of the course, or
these or other chapters may be omitted entirely.
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xviii Preface

Assuming a standard 15 full weeks for a semester and the like), the chapters of this text might be assigned
(usually about a week is lost due to holidays, exams, according to one of the following schedules:

For a comprehensive environmental science and environmental studies course:

Week 1: Chapters 1 & 2, An Overview of Environmental Science and Human Population Growth
Week 2: Chapter 3, The Ever-Changing Earth: The Biosphere and Biogeochemical Cycles

Week 3: Chapters 4 & 5, The Distribution of Life on Earth and Dynamic Earth and Natural Hazards
Week 4: Chapter 6, People and Natural Resources

Week 5: Chapter 7, Fundamentals of Energy, Fossil Fuels, and Nuclear Energy

Week 6: Chapter 8, Renewable (including Hydropower) and Alternative Energy Sources

Week 7: Chapters 9 & 10, Water and Mineral Resources

Week 8: Chapter 11, Conserving Biological Resources

Week 9: Chapter 12, Land Resources and Management

Week 10: Chapter 13, Food and Soil Resources

Week 11: Chapters 14 & 15, Principles of Pollution Control and Water Pollution

Week 12: Chapter 16, Local and Regional Air Pollution

Week 13: Chapter 17, Destruction of the Ozone Layer and Global Climate Change

Week 14: Chapter 18, Municipal Solid Waste and Hazardous Waste

Week 15: Chapters 19 & 20, Economic, Historical, Social, and Legal Aspects of Current Environmental Concerns

For a basic environmental science course:

Week 1: Chapters 1 & 2, An Overview of Environmental Science and Human Population Growth
Week 2: Chapter 3, The Ever-Changing Earth: The Biosphere and Biogeochemical Cycles
Week 3: Chapter 4, The Distribution of Life on Earth

Week 4: Chapter 5, The Dynamic Earth and Natural Hazards

Week 5: Chapter 6, People and Natural Resources

Week 6: Chapter 7, Fossil Fuels and Nuclear Energy

Week 7: Chapter 8, Renewable (including Hydropower) and Alternative Energy Sources
Week 8: Chapters 9 & 10, Water and Mineral Resources

Week 9: Chapter 11, Conserving Biological Resources

Week 10: Chapter 12, Land Resources and Management

Week 11: Chapter 13, Food and Soil Resources

Week 12: Chapters 14 & 15, Principles of Pollution Control and Water Pollution

Week 13: Chapter 16, Local and Regional Air Pollution

Week 14: Chapter 17, Destruction of the Ozone Layer and Global Climate Change

Week 15: Chapter 18, Municipal Solid Waste and Hazardous Waste
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Preface Xix

For a general environmental studies course (emphasizing social and historical aspects):

Week 1: Chapter 1, An Overview of Environmental Science

Week 2: Chapter 17, Destruction of the Ozone Layer and Global Climate Change—Examples of the impacts humans are
having on the environment

Week 3: Chapter 20, Historical, Cultural, and Legal Aspects of Current Environmental Concerns
Week 4: Chapter 2, Human Population Growth

Week 5: Chapter 6, People and Natural Resources

Week 6: Chapter 7, Fossil Fuels and Nuclear Energy

Week 7: Chapter 8, Renewable (including Hydropower) and Alternative Energy Sources
Week 8: Chapters 9 & 10, Water and Mineral Resources

Week 9: Chapter 11, Conserving Biological Resources

Week 10: Chapter 12, Land Resources and Management

Week 11: Chapter 13, Food and Soil Resources

Week 12: Chapters 14 & 15, Principles of Pollution Control and Water Pollution

Week 13: Chapter 16, Local and Regional Air Pollution

Week 14: Chapter 18, Municipal Solid Waste and Hazardous Waste

Week 15: Chapter 19, Environmental Economics

If this book is used for a two-semester course, some of the chapters should be used over a period longer than 1 week.

In particular, we recommend that the following chapters be split as indicated and extended over 2 weeks:

Chapter 3, The Ever-Changing Earth: The Biosphere and Biogeochemical Cycles
Chapter 4, The Distribution of Life on Earth

Chapter 5, The Dynamic Earth and Natural Hazards

Chapter 7, Fundamentals of Energy & Fossil Fuels/Nuclear Energy

Chapter 8, Renewable and Alternative Energy Sources

Chapter 13, Food/Soil Resources

Chapter 14, Pollution Control/Toxicology

Chapter 17, Destruction of the Ozone Layer/Global Climate Change

Chapter 18, Municipal Solid Waste/Hazardous Waste

Chapter 20, Historical and Social Perspectives/Environmental Law and Decision Making

If these chapters are used as suggested, then chapter or subchapter readings from the text will easily fit into

a two-semester schedule (approximately 30 full weeks).
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XX Preface

» The Student Experience

Each chapter uses the same basic organizational for-
mat. Following an opening photograph and learning
objectives, the chapter begins with an introduction that
offers an overview of the subject matter of the chapter
and places it in context.

CHAPTER 14

Principles of Pollution Control,
Toxicology, and Risk

A et ]

We have written the text to be interesting and
accessible to the average reader, and we have illustrated
it with numerous diagrams, charts, tables, and photo-
graphs demonstrating basic concepts and key ideas.
Throughout the text key terms denoting important
concepts are in boldface type.

nauiey

[————

e’

.

D CASESTUDYS5.3 COMPOUNDED NATURAL DISASTERS: THE GREAT
EASTJAPAN EARTHQUAKE, TSUNAMI, AND NUCLEAR POWER
DISASTER OF 2011

Inthe haurs of the afternoen on March 11, 2001, following the immediate danmage of the magnitude 90 earthguake
and subsequent tsunami, Japanese citizens were further challenged by news that the tsunami had significantly
damaged six nuclear reactors at the Fukushima Dalichl nuclear power plant (FIGUREY). Japanese officials stated that the
backup power systems at the plant were not properly protected to withstand an earthquake and tsunami, and that the
plant overall lacked safety featuses found in newer plants. When the backup power systems fadled to provide continuous
cooling 1o the uranium fuel, the fuel overheated, causing a series of explosions.

The damaged reactors exposed workers at the plant o high levels of radiation, forced local evacuations, and resulted in
low-level contamination of water and food in aneas nearly 160 kilometers (100 miles) around the plant. increased radiation
Tevets—still at a bevel qovernmental officials deermed saf 2 1 south of Toky ks later and then again
months after the evens. Initlally, mare than 200000 pecple were evacuaied as a result of the nuclear power plant accldent,
Bigit months later, more than 160,000 people were still unable to retum to their homes because of the intensity of radiation.
As of 2018, radiation was still being datec such as beaf, bles, and fish at ;
accident, making it difficult for residents to obtain reliable food sources if they do chose to Jeturn

‘Whaen the event first happenad, the Japanese gwemmem ws criticized by the n:em.mcr-.ﬂ media as baing
slow to report damage and hesitant 1o engage the i in prob h garding the
disaster. At the same time, international media that were granted access to the area often remrmd speulative data,
making it difficult for families ta know the true extent of the damage, especially around the nuclear power plant

wes from the

P
vl of ash purt st be s, B Csarmany,

Case Studies: Thought-provoking case studies
provide detailed examples of interesting environmental
applications, experimental work, and controversies.
All of the Case Studies provide follow-up questions
that ask the reader to examine the facts, the arguments,
and the conclusions.

B FUNDAMENTALS 2.1

Human Pop Eq and Statisti
Thie basic equation used to describe the growth of a population—the change in the size of a population, represented
by AN, that takes place over some interval of time, represented by Ar—is ANJAT = i, where N is the population size,

tis time, and ris the intrinsic rate of increase of the population {rate of birth and recruitment ménus rate of death and
emigration). if we are discussing the global human population as a whole, recruitment or emigration are not applicable;
i this case the intrinsic rate of increase is simply the birth rate minus the death rate.

Inv discusssing human populations. the following basic statistics are commanly used:

e Birth rates Thie number of births per year par 1,000 members of a pepulation: The crude birth rate Is cammonly
determined by dividing the total mimber of births in the given population by the mid-vear pepulation size (which
gives the number of births per indtvidual peryear) and then mustiplying by 1,000,

Crude et ratgsThe number of deaths per year per 1,000 members of a pogulation The crude death rate s
calculated in a manner that is comparable to that of the crude bisth rate.

Fundamentals boxes: This set of boxes reviews —
quantitative information covering human population
equations and statistics, energy and thermodynamics,
and common measures of energy and power.

Rate of natural increase (essenrialy r The crude birth rate minws the crude death rate. The rate of natural increase
can be expressed in terms of number of additional peaple per 1,000 members of the population at mid-year,

A rane of natural increase of 20 per 1,000 (5.02) means that the population is increasing overall by 20 individuals per
1,00 bers of the: each year, A of 10,000 at the midpoint of one year would grow to a
poputation of 10200 by the midpoint of the following year. When the rate of natural increase is a negative number,
the population is decreasing in e over time, rather than increasing.

Percant e 1 for change) of i The rale of natural increase expressed a5 a percentage of the
given population. For exarnple, if the rate of natural increase is 20 per 1,000 (20/1,000 = 0.0Z), the percentage annual
growth 15 2.0%.
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A Study Guide at the end of each chapter includes a
bulleted summary, a list of the chapter’s key terms, and
several kinds of questions. Answers to the odd-numbered
questions are available online.

Study Guide Cabbatioe

1wy

1 yurd 1)

1 sk {5200 1)

Preface xxi

Study Questions: These review ques-
tions generally test objective knowl-
edge and require fairly short answers.
Some require more analytical and crit-
ical-thinking skills.

What’s the Evidence? Unique to this
book, these innovative questions ask
the reader to review the authors” argu-
ments and decide whether the authors
have successfully supported their con-
clusions. The questions then challenge
the reader to support their own position
if they disagree.

Calculations: Calculation —questions,
written at a precalculus level or lower, are
provided for courses that have a quantita-
tive component.

Illustration and Table Review: These
questions are designed to help readers
strengthen their data interpretation skills.

This book includes several special features. On
pages iv and v are maps of North America showing the
physical geography and political boundaries of all the
states and provinces of the United States, Mexico, and
Canada. On pages vi and vii are physical and politi-
cal maps of the world. These maps will serve as handy
reference guides for the reader when various states,
provinces, and countries are mentioned in the text.
It is increasingly important that everyone be familiar
with basic global political geography.

Appendix: The book concludes with English/
———Metric Conversion Tables, a glossary of key terms, and
a detailed index.
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xxii Preface

» Teaching Tools

To assist you in teaching this course and supplying
your students with the best in teaching aids, Jones &
Bartlett Learning, in conjunction with Stacy K. Zell,
PhD of Carroll Community College in Westminster,
Maryland, has prepared a complete ancillary package
available to all adopters of the text. Additional infor-
mation and review copies of any of the following items
are available through your Jones & Bartlett Learning
Sales Representative.

The Instructor’s Manual includes complete chapter
lecture outlines, learning objectives, discussions of
common student misconceptions, and answers to the
even-numbered study questions in the text.

CHAPTER 13
INSTRUCTOR’S MANUAL

Environmental Science » Systems & Solutions, Sixth Edition
Michaal L. McKinney, PhiD; Robart M. Schoch, PhD; Logan Yanaviak; Grant Miny, FhD

FOOD AND SOIL RESOURCES

Chapter Outline
13.1 Food as a Biological Resource
Hunger
Feading the World Today
Food far the Future
Agricultural Food Production and Supphies
Land, Fertilizers, and Water Devoted-to Agricultursi
Prodction
13.2 The Effects of Agriculture
The Effacts of Imigation
Modem Agriculture’s "Solutions": Fartilizers, Pesticidss,
end Herbicides
The Graan Revalution
Bayond tha Graen Revolution--Higher Yialds Through
Sustainzble Agriculiure
Traditional and Sustainable Methads of Coping with
Agriculture’s Effects
Case Study 13-1: Subsistence Growers and Sustainabla
Agricultural Fractices
Integrated Pest Management and Biological Controls,
and Organic Farming
Biotechnology and Genetically Modified (M) Crops
Case Study 13-2: Genatically Modified Foods and Crops
Fisheries
Case Study 13-3: Aquaculture
13.2 The Soil of the Earth
What Is Sail?
Global Assassmant of Sail Dagradation
Stopping Soil Degradation

Learning Objectives
1. Dascribe the sources of food in the world

2. Desaibe the problems of feeding the human pepulation
worlduide.

9. Compare the advantages and disadvantages for using nonag-
reuttural food souress.

10. Describe the composition of scil

" b o e

ing with the soil and
oceans of the Earth 35 thay provida the source of food pro-
Guction,

COMMON MISCONCEPTIONS

1. Everyone is the world can be fed adequately. Howaver, cur
rantly sueryone iz not fed adaquately snd tha potential to do
this may be diminishing.

Alternatives to agriculture can be found 1o feed the world,
However, thera are costs involved including destruction to the
emironment.

P

ANSWERS TO EVEN-NUMBERED QUESTIONS

Study Questions

2. Hungar is not having anough food 1o sustain anassif ade-
quately, bringing on 2 weskened condition. Depending on
tha criteria used, such a5 the racommended daily intaka of
kilocalorias, over 2 billion pacple around the world wha are
underncurished and underweight suffer from hunger.

4 The Green Ravolution was s massive attempt 15 increzss
food production afier World War 11 It had grast immedista
&ffects but declining sHacts since with accompanying snvi-
ronmental problems.

o

To incrassa world food production, two basic, but not mutu-
ally exclusive, strategies have been proposed: increaze the
amount of land under cultivation and increase the yisld per
wnit of land under cultivation

Estimates of the number of people that can be fad in tha fu-
ture range from a low of under 7 billion ta & high af well aver
10 billin ttens of billions, sccording to some pecple). Such

timates ara basadl the smount

3. Predict the potential for feeding the human inthe
future.

4. Cite some of the evidanca that th production and reserves
for feeding humans worldwide is diminishing.

5 G sbilities for increased

& Compare the adventages and disacvantagss of imigation.

7 A et ot th Revol,

8. Describe the acvances that biotachnology and transgenic
crops may provide for feeding the werld,

of land worldwids that can ba cultivated snd the expacted
future yields of such land.

8

Biotechnology and bicenginesring might produce crop
straine. that incressa sgricultural cutput, incresss nutsition
pet unit weight of foods, resist pests and diseases, and re-
sist spoilage so that foads can be mare readily stored and
distrbuta

Copyright © 2017 by Jones & Banistt Learning, L an Ascend Learming Campany
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Integrated Pest Management (IPM) de-emphasizes the use
of pasticides and sttempts to control, rather than totally
eliminate, sgriculfural pests by using bickgical predators,
rotating fields, interplanting crops, and using other "natural”
meens.

4. Soil erosion s amsjor problem. Livestock avergrazing, defor:

estation, and agriculture account for mest of this

16. No-til sowing of crops, dfip irigation, crop rotation, and
Ieaving the land fallow can prevent soil degradation

Calculations
2. 54 billion acres will be required, or 1.9 billion more acres
aver the current 3.7 billien scres under cultivation (2.3 billion
hectares will be required, or 0.8 billion more hectares over
the cumrent 1.5 billion under cultivation)

Mlustration and Table Revisw

2. If present crop yields per land area double and the world
population arows according to World Bank estimates, the
smount of land that ill need to ba cultivated in 2050 wil

G 1 Sbillion ki . which & ek

the amount being cultivatad currently

*

This band of sfeas that sre desert or at sk of desertification
is about 7,000 miles long nd just to the ast of it i another
band about 3,000 miles long.

Copyright € 2019 by Jones & Bartiett Leaming, L. an Ascend Learming Company
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Preface  xxiii

The PowerPoint Lecture Outline pre-

Evolution of the Biosphere sentation package provides lecture notes,
* In the 1950s, Miller and Urey ey graphs, and images for each chapter of
demoniiated al i cComelex 7ty Environmental Science. Instructors with
molecules possessed by all living Rl A . .
things are readily produced under —— the Microsoft PowerPoint software can
laboratory conditions that resemble | customize the outlines, art, and order of
the early environments of Earth. _ ) presenta —
* These experiments and other lab P
work, combined with the fossil - L}

record, support the idea that life
arose from natural processes.

Figure 4.1 Using apparatus similar to this one,

Miller and Urey demonstrated that organic
can be produced from the ch

components of the Earth's early atmosphere.

5 St Drmirrttres o Coppgf © 98 by Javas & Bartiust Loty LUE an Anowect Lamriesy Cormpiary
e febmiemmg coom

o—
Estimating Numbers of Species
* Rain forest insect ot ikl
samples help estimate e stuses, terperss frest
biodiversity from 1 A
limited information. ; ==
« Ecological ratios use ; =
well-studied groups to 3
predict diversity of less-
studied groups.
+ Species-area curves ) A\ Lipdply o=
prediot numbers of "= iEAse swar ot e - —
organisms in un- temperate forests are well-studied compared to tropical = W
sampled areas. :t‘;:l:hl:am-fm tropical forests extrapolated projections = e

—— 00-09 Msan
© gt Chaermeions i Copyight © T0TH by Jorws & Bar et Linarrn. LLC o Amttr Laartey Cieoysany
‘ore dserrare Lo
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AUGUST SEFTEMBER OCTOBER NOVEMBER DECEMBER
Date

Figure 17.3B. Courtesy of NASA/Goddard Space Flight Center.
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The PowerPoint Image Bank provides a
library of all of the art, tables, and photographs in
the text to which Jones & Bartlett Learning holds
the copyright or has permission to reproduce.

The test bank is available as electronic text
files. The test bank contains approximately
2,000 multiple-choice, true/false, fill-in-the-blank,
matching, short-answer, analogy, and quantitative
questions.

Michael L. McKinney
Robert M. Schoch
Logan Yonavjak
Grant A. Mincy

Figure 11.6. ® Frans Lanting/MINT Images/Science Source.
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