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1 6 Air Pollution 347

Case Study The Great London Smog 348

16.1 MAJOR POLLUTANTS IN OUR AIR 349
The Clean Air Act designates priority pollutants 349
Criteria pollutants were addressed first 350
Mercury, from coal, is particularly dangerous 355
Carbon dioxide and halogens arc key greenhouse gases 356

What Do You Think? Cap and Trade for Mercury
Pollution? 356

Hazardous air pollutants (HAPs) can cause cancer and nerve
damage 357

Acsthetic degradation also results from pollution 358

Indoor air can be worse than outdoor air 358

16.2 ATMOSPHERIC PROCESSES 359
Temperature inversions trap pollutants * 359
Wind currents carry pollutants worldwide 360
Stratospheric ozone is destroyed by chlorine 361
The Montreal Protocol is a resounding success 362

16.3 EFFECTS OF AIR POLLUTION 363
Polluted air damages lungs 363
How does pollution make us sick? 364
Plants suffer cell damage and lost productivity 364
Acid deposition damages ecosystems 365
Smog and haze reduce visibility 366

16.4 PROGRESS IN POLLUTION CONTROL 367
Pollutants can be captured after combustion 367

Whart Can You Doz Saving Energy and Reducing
Pollution 368

Fuel switching and fuel cleaning cut emissions 368

Clean air legislation is controversial but effective 369

Clean air Jegislation saves money as well as lives 369

In developing arcas, rapid growth can outpace pollution
controls 370

Air quality is improving in many areas 371

Data Analysis How Is the Air Quality in Your Town? 373

1 7 Water Use and Management 374

Case Study When Will Lake Mead Go Dry? 375

17.1 WATER RESOURCES 376 o
The hydrologic cycle constantly redistributcs water 376
Water supplies are unevenly distributed 376
Oceans hold 97 percent of all water on earth 377
Glaciers, ice, and snow contain most surface fresh water 378
Groundwater stores large resources 379
Rivers, lakes, and wetlands cycle quickly 380
The atmosphere is among the smallest of compariments 381

17.2 WATER AVAILABILITY AND USE ‘ 381
Many countries suffer water scarcity or water stress 381
Water use is increasing 383
- “We use water for many purposes 383

. Domestic and industrial water uses tend to be farless: than: s

agricultural use 384 v
17.3 FRESHWA'Ijl;R SHORTAGES 385"

.- Water scarcity is a growing problem- 385 :
* What Do You Think? Australia Adapts to Drought

386

G Contenrs’ * <~

Groundwalter is being depleted 387

Diversion projects redistribute water 388

Dams often have severe environmental and social impacts 389
Sedimentation limits reservoir life 390

Climate change threatens water supplics 390

Would you fight for water? 391 .

17.4 WATER CONSERVATION 302
Increasing Water Supplies 392

Exploring Science How Does Desalination Work? 393
Domestic conservation can save water 393
What Can You Do? Saving Water and Preventing Pollution 394

Recycling can reduce consumption 394
Prices and policies have often discouraged conservation 395

Data Analysis Graphing Global Water Stress and Scarcity 397

1 8 Water Pollution 398

Case Srudy Protecting Our Nation’s Water 399

18.1 WATER POLLUTION 400 2
Waler pollution is anything that degrades water quality 400
Infectious agents remain an important threat to human

health 401
Bacteria arc detected by measuring oxygen levels 402
Nutrient enrichment leads to cultural eutrophication 402
Eutrophication can cause toxic tides and “dead zones” 403
Inorganic pollutants include metals, salts, acids, and bases 404

Exploring Science Studying the Dead Zone 405

Organic pollutants include drugs, pesticides, and other
industrial substances 406

Oil spills 407

Sediment also degrades water quality 407

Thermal pollution is dangerous for organisms 408

18.2 WATER QUALITY TODAY 408
The Clean Water Act protects our water 409
The importance of a single word 410
Water quality problems remain 4]0
Many countries also have serious water pollution 410
Is bottled water safer? 412
Groundwater is hard to monitor and clean 412
There are few controls on ocean pollution 413

18.3 WATER POLLUTION CONTROL 414
Source reduction is often the che:
_ s apest and best way to reduc
pollution 414 Y uce
Controlling nonpoint sources requires land management 414

Hl;mnn \Z';l;lc disposal occurs naturally when concentrations are
ow

Water remediation may involve cont

ltio ainment, extraction, or
phytoremediation 418

Exploring Science Inexpensive Water Purification 419

What Can You Do? Steps You Can Take to Improve Water
Quality 420

18.4 ‘'WATER LEGISLATION 420
The Clean Water Act was ambitious,
. successful 420
Clean water reauthorization remains contentious 422
Other important legislation also protects water qu:xli(\-T 422

bipartisan, and largely

l)::nm"A'nixlysis Examining Pollution Sources 423
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1 9 Conventional Etlcrgy" 424
Case Study  Pipeline Perils 425

19.1 ENERGY RESOURCES AND USES 420
How do we measure energy? 426
Fossil fuels supply most of the world’s energy’ 427
How do we tlsc_cnergy? 427

19.2 CoAL 428 °
Coal resources are vast 428
Coal use is declining in the United States 430
Coal exports are rising 430 '
Clean coal technology could be helpful 431

19.3 O 432
Will we run out of oil? 432 7
Extreme oil and tar sands have extended our supplies 433
The United States also has large supplies of unconventional
oil 434
Refineries also have negative impacts 434

19.4 NATURALGAS 435
Most of the world’s currently known natural gas is in a few
countries 435
Natural gas is growing in importance 435

Whart Do You Think? Fracking 436

Gas can be shipped to market 438
Other unconventional gas sources 438

19.5 NUCLEAR POWER 438
How do nuclear reactors work? 439
There are many different reactor designs 440
Some alternative reactor designs may be safer 441
Breeder reactors might extend the life of our nuclear fuel 442
We lack safe storage for radioactive wastes 442
Decommissioning old nuclear plants is expensive 443
The changing fortunes of nuclear power 443

What Do You Thinks Twilight for Nuclear Power? 445

Data Analysis Comparing Energy Use and Standards
of Living 447 =

20 Sustainable Energy 448

Case Study Desertech: A Partnership for Renewable Energy 449

20.1 RENEWABLE ENERGY 450
There are many ways to save energy 450 .
Green buildings can cut encrgy costs by half 451
Transportation could be far more efficient 452
Cogeneration produces both electricity and heat 453

What Can You Do? Some Things You Can Do to Save
Energy 454

20.2 SoLAR ENERGY 454
Solar collectors can be passive or active 454
High-temperature solar energy 455
Photovoltaic cells generate electricity directly 456
Public policy can promote renewable energy 457
Decentralized power 457
Smart metering can save money - 459

20.3 WIND 459 ‘ sl SRsataaany
Wind could meet all our energy needs. 460 .7

20.4 Bromass aNp FUEL CELLS 461
All fuel cells have similar components  £61
Biomass cun play a part 462
We can burn biomass 462
Methane from biomass is clean znd efficient
Ethanol and biodiesel can coniribute to foel supplies
Cellulosic ethanol would be better than using food crops for

fuel 465

Exploring Science Can Biofuels Be Sustainable? 467
Could algae be a hope for the fure? 468

20.5 HYDROPOWER, TIDAL, AND GEOTHERMAL ENERGY 468
Falling water has been used as an energy source since ancient
times 468
Geothermal energy is everywhere 470
Tides and waves contain significant energy 470
Ocean thermal electric conversion might be useful 471
The U.S. needs a supergrid 471
What will our energy future be? 471

]
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Data Analysis Energy Calculations 473

2 1 Solid, Toxic, and Hazardous Waste 474

Casc Study Plastic Seas 475

21.1 WHAT Do WE Do wiTH WASTE? 476
The waste stream is everything we throw away 477
Open dumps pollute air and water 77
Dumping is uncontrollable when it’s out of sight 478
We often export e-waste and toxic waste 1o countries ill-

equipped to handle it 478

Landfills receive most of our waste 479
Incineration produces energy but also pollutes 280
Well-run incinerators can be clean 481

21.2 SHRINKING THE WASTE STREAM 481
Recycling has multiple benefits 482
Recycling plastic is especially difficult 483
Compost and biogas are useful products 483
Appliances and e-waste must be demanufactured 484
Reuse is more efficient than recycling 484
Reducing waste is the best option 485

What Can You Do? Reducing Waste 485

21.3 HazarDOUS AND ToXiC WASTES 483
Hazardous waste must be recycled. contained,
or detoxified 486
Federal legislation requires waste management 486
Superfund sites are listed for federal cleanup 487
Browntfields present both liability and opportunity 488

What Do You Think? Environmental Justice 489

What Can You Do? Alternatives 1o Hazardous Houschold
Chemicals 490
Hazardous waste can be recycled or contained 490
Substances can be converted to safer forms 491
Exploring Science Phytoremediation: Cleaning Up Toxic Waste
with Plants 492
Permanent storage is often needed 492

e Dam Analysis How Much Do Y(")il‘Kvnu\y-Amm‘i

" "Recycling? 494
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2 2 Urbanization and Sustainable Cities 495

Case Study Vauban: A Car-Free Suburb 496
22.1 URBANIZATION 497
Cities have specialized functions 498
Large cities are expanding rapidly 498

Push and pull factors motivate people to move to cities 500

Government policies can drive urban growth 500

22.2 UrBAN CHALLENGES IN THE DEVELOPING WORLD 501

Traffic congestion and air quality are growing problems 501

Insufficient sewage treatment causes water pollution 501
Many cities lack adequate housing 502

22.3 URBAN CHALLENGES IN THE DEVELOPED WORLD 503
Urban sprawl consumes land and resources 504

What Do You Think? People for Community Recovery 505

Transportation is crucial in city development 506
Public transit can make cities more livable 507

22.4 SMART GROWTH 508
Garden cities and new towns were early examples of smart
growth 509
New urbanism promoted smart growth 509
Green urbanism aims for more sustainable cities 510

What Do You Think? The Architecture of Hope 511
Open-space design preserves landscapes 512

Data Analysis Plotting Urban and Economic Indicators 514

23 Ecological Economics 515

Case Study Loans That Change Lives 516

23.1 PERSPECTIVES ON THE ECONOMY 517
Can development be sustainable? 517
Resources can be renewable or nonrenewable 517
Classical economics examines supply and demand 518
Neoclassical economics emphasizes growth 520

23.2 EcoLoGicaL EcoNoMICS 520
Ecological ecconomics assigns value to ecosystems 521
Ecosyslem services provide amenities we need, including
provisioning, regulating, and aesthetic values 522

23.3 POPULATION, SCARCITY, AND TECHNOLOGY 523
Does scarcitly lead to new technologies? 523
Communal property resources are a classic problem in

ecological economics 524
Scarcity can lead to innovation 525
Carrying capacily is not necessarily fixed 525
Economic models compare growth scenarios 526

23.4 MEASURING GROWTH 527
GNP is our dominant growth measurc 527

Alternate measures account for vyell»being 527
Cost-benefit analysis aims to optimize benefits 528

23.5 CAN MARKETS REDUCE POLLUTION? 529
‘Sulfur.trading offers a good model * 530
Is emissions trading the answer? 530 -
Curbon trading is already at work 530
23.6 GREEN DEVELOPMENT AND BUSINESS = 531 _
International trade brings benefits’ but also inlensiﬁg
‘incquities- 531 . 2 ¢ :

Xii - Contents

Microlending helps the poorest of the poor 532
Green business involves efficiency

and creative solutions 532
New business models adopt concepts of ecology 533
Efficiency starts with product design 533

What Do You Think? Eco-Efficient Bu‘siness Practices 534

Green consumerism gives the public a voice 535

What Can You Do? Personally Responsible Economy 536
Environmental protection creates jobs 536

Data Analysis Evaluating the Limits to Growth 538

24 Environmental Policy, Law, and Planning 539

Case Study Can Policy Protect Elephants? 540

24.1 Basic CONCEPTS IN PoLICY 541
Basic principles guide environmental policy 542
Money influences policy 542
Public awareness and action shape policy 543

24.2 MAJOR ENVIRONMENTAL Laws 543
NEPA (1969) establishes public oversight 545
The Clean Air Act (1970) regulatcs air emissions 545
The Clean Water Act (1972) protects surface water 3546
The Endangered Species Act (1973) protects wildlife 546
The Superfund Act (1980) lists hazardous sites 546

24.3 How ARE POLICIES MADE? 547
Congress and legislatures vote on statutory laws 548
Judges decide case law 549
Executive agencies make rules and enforce laws 53]
How much government do we want? 552

24.4 INTERNATIONAL CONVENTIONS 553
Major international agrecments 553
Enforcement often depends on national pride 555 ;

24.5 NEW APPROACHES To PoLicy 556
Community-bascd planning uses local knowledee 556
Green plans outline goals for sustainability 557
Bolivia’s Law of Mother Earth 557 :

Data Analysis Examine Your Environmental Laws 559

2 5 What Then Shall We Do? 560

Case Study 350.0rg: Making a Change 561

25.1 MAKING A DIFFERENCE 562
Environmental literacy has lasting importance
Citizen science lets everyone participate 563
Environmental careers range from engineering t
education 564 ;
Green business and technology are growing fast 564

0
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Exploring Science Citizen Science and the Christmas Bird
Count 565

- 25.2 WHAT CAN INDIVIDUALS Do? 566

All choices are environmental choices 566
Green consumerism encourages corporations o have an
environmental conscience 566

What Can You Do? Reducing Your Impact . 367
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You are a citizen, as well as a consumer 568
You can learn leadership 568
You can own this class 568

25.3 How CAN WE WORK TOGETHER? 568
National organizations are influential but sometimes
complacent 569
New players bring energy to policy making 570
International NGOs mobilize many people 570

254 CAMPUS GREENING 571
Schools can show environmental leadership 571

What Do You Think? Divestment: Environmental Science,
: Policy, and Economics 573

A green campus is an educational opportunity 573
Your campus can reduce energy consumption 574

25.5 SUSTAINABILITY IS A GLOBAL CHALLENGE 574

Dara Analysis Campus Environmental Audit 578

Glossary 579
" Credits 594
Index 596
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How Can We Save Spotted Owls? 226

Protecting Forests to Prevent Climate Change 250 .

Restoration of the Elwha River and Its
Salmon 274

Moving Mountains for Coal 299

When Wedges Do More Than Silver
Bullets 320
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Abbey, Edward. 15, 563
abiotic population factors, 125. 126
abortion. 140, 142, 150
abundance, in biological communities, 88-90
abyssal zone, 109
acacia trees, 86
accuracy, in science, 38-39
acetaldehyde, 358
acid precipitation, 363, 366
acid rain, 365
acids. 55-56
as water pollution, 406
active learners, 5
active solar systems, 454
acute effects, of toxins, 170
adaptation. to environment, 76
adaptive management, 556
additive reactions, 168
adenine, 57
adenosine triphosphate (ATP), 60-61
Adirondack Mountains (New York), 366
administrative law, 548, 551-552
aerosols
as air pollutant, 360
atmospheric, 322
defined, 354
aesthetic degradation, 358
aesthetic nature preservation, 21-22
affluenza, 566
Africa. See also individual countries
AIDS in, 140, 160
arable land use in, 206
chimps of Gombe, saving, 269
chronic hunger in, 182, 183
deforestation in, 254, 255
desertification, 206
droughts in, 337
electronic waste shipments to, 478
elephant population loss, 238
famine. 183
forest restoration in Rwanda, 280
Greenbelt Movement in Kenya. 99. 100
integrated pest management in, 221
~land degradation in, 204
" life expectancies, 143 :
- population growth rates. 139, 140 LA
" Sahel, 105, 106, 262, 327 R T
slash and burn agriculture in, 209
- waer purification systems'in, 419
- water shortages, 385, 3‘)1 19’
water usaye, 383
s owildlife smul.ghn" im, 238.21‘)

Al‘num Americans, cnwmmmuml r.xusm. ‘H 48‘}

Agaw/ Louisy 4(: .

AgrEvo, 192
agriculture
agriculwral subsidies, 193
alternative food systems, 189-190
as cause of nonpoint pollution, 415
concentrated animal feeding operations, 187
energy crops, 465468
energy use, 207
erosion (see erosion)
farm policies, 194-195
fertilizer, 207
major crops, 186
slash and burn agriculture, 209
soil (see soil)
sustainable (see sustainable agriculture)
water use, 204, 206, 207, 383-384
Agriculture, U.S. Department of, 552
alternative agriculture, 189
crop cultivation, 194
food content rules, 218
grassland disturbances, 260
historical overview, 21
organic food safety, 218
pesticides use study, 213, 216-217
soil erosion rates, 205
soil loss, rate of, 204
soil orders classification, 202
2012 drought in U.S., 382

AIDS (acquired immune deficiency syndrome), 140,

156, 157, 160, 162, 387
air pollution, 16-17, 349
acid deposition and, 365-366
air toxins, 354, 355
carbon monoxide, 353
from coal burning, 430
control, 367-372
conventional or criteria pollutants, 350
dust domes, 359
effects of, 363-367
fuel switching and cleaning, 368
global prospects, 371-372
halogens, 356-357
as health hazard, 363
human-caused, 349-359
hydrocarbons, 368
increase in, 17
indoor, 358-359
legislation, 369
. from metals, 355-356

_ " natural sources of, 349

nitrogen oxides, 349, 35’-353 368
"ozone (see ozone) :
particulate matter, 349, 354—355
particulate Temoval, 367-368
photochemical oxidaits, 353
plants as air-pollution indicators, 77-78
plints, damage 1o, 364--365

primary pollutants, 350, 351
reducing, 368
secondary pollutants. 350
smelting, 309-310
sulfur compounds in, 349, 351
sulfur dioxide, 351-352
sulfur removal. 367-368
temperature inversions and. 359-360
urbanization and, 501
volatile organic compounds, 354
wind currents transporting, 360-361
alachlor, as water pollutant, 413
Alaska
glacier, 311
placer mining, 309
Alaska National Interest Lands Act. 569
albedo, 323
Alcoa, 341
aldehydes, 359
aldrin, 164, 213
alfisols, 202
algae, as biofuel, 468
algae blooms, 52, 403, 410, 413
Allen, Will, 212
allergens, 163
alligators, 241
allopatric speciation, 80
alpine tundra, 107-108
climate change effects on, 233-234
alternative agriculture, 189-190
Amazon '
forest protection in, 256
Google’s Earth Engine program to protect Amazon
Basin, using, 256
ambient air, 350
American Bird Conservancy, 213
American Cancer Society, 165
American Forestry Association, 281
American Geophysical Union. 336
American Ormithological Union, 278
American Petroleum Institute. 569 .
American Prairie Foundation, 242, 286, 287
American Public Transportation Association, 432
American River Watch, 564
Amigos de Sian Ka'an, 268, 270
ammonia, in nitrogen cyele. 69, 70
amorphous silicon collectors, 457
analytical thinking, §
Andcr\()n l').n id, lt)

nncmm. I\J 183
Angola: refugee camps in Luanda, 503
animals. See alyo individual specigs: wildlite
competition among, 84
genetically mudified, 192, 193
intrinsic or instrumental values and, 31
introduced specios, 96
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lab animals, toxicity testing on, 169-170
moral value and. 30
water quality and pet waste disposal, 410
anions, 58§
Annan, Kofi. 206. 575
antagonistic reactions. 168 v
Anlarctica, stratospheric ozone destruction, 361-362
antibiotics, resistance, 81, 161, 162, 187, 188-189
antigens, 163
ants, symbiotic relationships in, 86
aquaculture, 188
aquifers, 379-380, 387. See also groundwater
Ogallala Aquifer, 285, 387
Aral Sea (Kazakhstan, Uzbekistan), 388, 389
arbitration. 556
architecture
acid precipitation damage to buildings, 366
controlling water pollution from construction, 414
Arctic Ocean, exploratory oil drilling in, 433
Arctic sea ice, 319 .-
arctic tundra, 107, 115 .
Arendt, Randall, 513
arguments, unpacking, 11
Arizona, photovoltaic project, 457 .
Army Corps of Engineers, U.S.
dam construction, 289, 390
Elwha River restoration, 274
Everglades restoration, 291
reclamation projects, 295
Arrhenius, Svante, 331
arsenic
from coal burning, 430
as water pollutant, 406, 410. 419
artesian wells, 379, 412413
Asia. See also individual countries
AIDS in, 140, 160
air pollution in, 16, 17, 360
arsenic contamination in, 419
deforestation in, 255
electronic waste shipments to, 478
fertility rates. 142 .
land degradation in, 204
night soil, collecting, 416
reforestation programs, 253
water shortages, 385
Asian Americans, environmental racism, 33
asphyxiants, 364+
Atlantic Coastal Action Programme (ACAP), 557
atmosphere
composition, 322 >
energy balance, 323
four zones, 322
structure, 322-323
as water compartment, 378, 381
atmospheric deposition, 400401
alomic numbers, 54
atoms, 53-54
Atoms for Peace (speech), 439
atrazine, 168, 213
as water pollutant, 401,407, 413,422 -
Audubon Society, 569
Christmas Bird Count, 564, 565
aurora australis, 323
aurora borealis, 323
Australia
carbon-trading markets in, 341
drinking water in Queensland. 394
druughl conditions in, 386, 391
marine reserve, 266-267 ¢
starfish destruction of Great Barrier RuJ, 236
surface-water quhly in, 410
ropical raipforzst in ()urcnsl.uul

water pricing and allocation policies. 395
wealth in, 24
Austria, air pollution reduction, 371
automobiles. See also diesel engines
car-free suburb (Vauban, Germany), 495, 496,
497, 498
diesé] engines, 453
fuel cells, improving efficiency of, 461-462
hybrid gasoline-clectric engines, 452-453, 459
improving efficiency of, 452-453
plug-in hybrids, 452453, 459, 462
positive crankcase ventilation systems, 368
smart meters in, 459

B4Warmed (field experiment), 36, 37, 41
Babbitt, Bruce, 390
baby boom, 146
bacteria, as water pollutants, 402
Bahrain, water supply, 382
bait, discarding unused, 92
bald eagles, 236, 241
Baloney Delection Kit, 48
bamboo, 78
Bangladesh
arsenic in drinking water, 419
floods, 315, 316
Grameen Bank in, 516, 532
monsoon rains, 327
population growth, 140
water purification systems in, 419
water rights, 391
Barnett, Tim, 375
barred owl, 236
barrier islands, [11-112
Bartholomew (patriarch), 32
Basel Convention (1992), 554
bases, 55-56, 406
Bates, H. W., 85
Batesian mimicry, 85, 86
bathypelagic zone, 109
Bayer, 194
beaches, 316-317
Beagle, H.M.S., 75
BedZED, ecological housing complex (United
Kingdom), 511
bees, 213, 214-215
beluga whales, 216
benthos
freshwater, 112 -
marine, 108
benzene, 358
Bermuda, Nonsuch Island recovery project, 278-280
best available, economically achievable technology
(BAT), 421
best practicable control technology (BPT), 421
Berter Not Bigger (Fodor), 506
Beyond the Limits, 526
bias, and scmncc 41
Bible, 3V ; e 3
BIDE factors (Births + lmmugrduon =y DC'llhs
- — Emigration), 123",
Bill and Melinda Gates’ Ioundauon l(12
binomials. 81 :
bio-organic compounds, 57
bioaccumulation, 167 '
biocentrie pr\_\crwninn 212
hiochar, 209
biochemical oxygpen dunan(l(l)()f)), 4()’
bmudu, .’.l() : o

biodegradable plastics, 485
biodiversity, 225-247
aesthetic and cultural benefits of, 231-232
benefits of, 230-231 a
defined, 227
and drugs, 230-231
ecological benefits of, 231
endangered species management, 239-245
extinction (see extinction)
and food, 230
habitat destruction, loss of biodiversity through,
233-234
hot spots, 229-230
human population, loss of biodiversity from, 237
invasive species, 234-230
loss, 16
and medicines, 230-231
overharvesting, loss of biodiversity through,
237-238
pollution, loss of diversity through, 236-237
preserving landscapes, 249-271
species (see species)
threats to, 232-239
biofuel production, 255
biofuels, 186, 464465, 467
biological communities, 88-96
abundance, 88-90
climax community, 93
community structure, 90
complexity and connectedness, 90
defined, 62
disturbances, 94-96
ecological succession, 94
edges and boundaries, 91, 93
introduced species, 96
productivity, 88
resilience, 90-91
species interactions shaping, 83-87
stability, 90-91
biological controls, 214
biomagnification, 167
biomass
accumulation in world ecosystems, 88, 89
burning, 462-463
defined, 63
dung, as fuel, 463464
ecological pyramids and, 65, 66
energy from, 462
fuel efficiency, 467
fuelwood, 462463
methane (see methane gas)
biomes
defined, 101
freshwater ecosystems, 112-114
human disturbance, 114-115
marine ecosystems, 108-112
terrestrial, 101-108
biopiracy, 231
bioremediation, 419-420, 491-492
restoration and, 294-295
biosphere reserves, 268
biotic population factors, 125
birds.-See also individual species .
abundance and diversity in, 89 :
Audubon Christmas Bird Cauat, iM 365
Coavian malacia, 238 :
“bird colonies on Falkland Inkands, 90
Galfpagos spcuu 75, 80,81 .
- live specimens, importation of, 237

Pelican Infand, fiest national bird reservation. 2 am
birth contwl, 150154
bivth death, 193, H7 -
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birth rates, 17, L0, T4 144 140, 147
Bismark, Otto vou, 338
bison, American, See buflaloes
bisphenol A (BPAY LT, 1S3, 164, 168, 170
bitamen, 423
black lung disease, 429
Blachsmith Institate, 311, 371
bhind expenments, 41
blood flukes, 469
Bloombery. Michuel, 482
blue baby syndrome, 207, 413
bluetin wna, 118, 119-120. 121
body burden. 168
Boeuner, George, 221
bogs, 114
boiling water nuclear reactors (BWR), 440
Bolivia
debt-for-nature swaps in, 257
Mother Earth Laws, 557-558
Bonheefter, Dietrich. 36
boom-and-bust cycles. in populations, 121
Boreal Forest Warming (B4Warmed), 36. 37, 41
boreal forests, 101-102, 107, 251-252
Borlaug. Norman, 191
Borneo, deforestation in, 255
Bos-Wash megacity. 498
botanical gardens, 245
botanicals, 214
bottom trawling. 233
bottom-up development, 532
boundaries, in biological communities, Y1, 93
BP (formerly British Petroleum), 341

Gult Oil Spill (2010). 60, 405-406, 407, 426,433,

434435, 492, 551
Brazil
agriculture in the Cerrado, 197, 198-199, 203
air pollution controls in Cubatao, 371-372
crop-based ethanol production, 464
deforestation in, 254

Earth Summit in Rio de Janeiro (1992), 23, 25,

555,570
family planning, 133. 134
fertility rates, 141, 142
forest preservation in, 2355, 257
habitat conservation in, 18
hydropower use in, 468
integrated pest management in, 221
mass transit in Curitiba, 508
oil drilling, decp ocean, 433
parks and preserves in, 263-264
water usage, 383
breeder nuclear reactors, 442
breeding programs, 245-246, 277
Brewster, William, 21
British Antarctic Atmospheric Survey, 361
British Petroleum. See BP
Broecker, Wallace, 326
bronchitis, 364
Bronx Zoo (New York), 245
Brower, David, 22. 23
brown bears, 240
Brown, Greg, 474
Brown, Lester, 149
brown tree snake, 234,235
Browner. Carol, 415 -
brownfield developments, 511

" brownfields, 295, 488,490 L SES

Brundiland, Gro Harlem, 25—26 1 58
Bterops, 192, 219, ”’0 ATEERY
bubonic plague, 158 <. :

- Budubism, 32

buffalo commons, 286

508 lndex

butlaloes, 518
bixon in prairie restoration projects, 242
bison reintroduction onto pratrics, 285, 286, 287
failed Bill to protect, 239
arazing experiments with, 202
huated (o near extinetion, 237
butlers, 56
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mercury
as air pollutant, 17, 355-356
as water pollutant, 404, 410
Mercury and Air Toxics Standards, 430
mercury poisoning, 236-237
mesolimnion, 113
mesopelagic zone, 109
mesophere, 322
metabolic degradation of toxins. 169
metabolism, 58
metals
as air pollutants, 355-356
as economic resource, 304
importance of, 305
mining, 308, 309-310, 312
new materials substituted for old, 308
processing, 309-310
as water pollutants, 404, 406
metamorphic rocks, 302
metapopulations, 130
meteor, 311
methane gas
as air pollutant, 349
burps, 59
coal formation and, 307
as fuel, 463464
global warming, contribution to, 333
methane-eating microbes, 59-60
molecule, 54
in natural gas, 435, 436437
recovery from landfills, 480
sources, 435437
methane hydrates, 438
Mexico
air pollution in Mexico City, 370
dependency ratios in, 144
fertility rates, 142
garbage problems in Mexico City, 477 .
Jatropha curcas conversion to diesel tucl 465
land degradation in, 204
Sian Ka'an Reserve, 268
squatter settlements in Mexico City, 503
subsidence of Mexico City, 388
village in Chiapas, 498
Michigan
clear-cut logging in Kingston Plains. 95
traffic lights replaced with LEDs (Ann Arbor), 450
nucr0~hydro generators, 469
microbes, 539-60
microbial agents, 214
microlending, 516, 518, 532
Mid-Course Correction: Toward a Sustainable
Enterprise (Anderson), 534
mid-ocean ridges. 300-301
Middle East
natural gas reserves in, 43§
population growth rates. 139
proven petroleum supplies in, 432
Migratory Bird Act of 1918, 239, 240
Migratory Bird Hunting Stamp (1934), 291
Milankovitch cyeles, 329, 334
Milankovitch, Mitutin, 329
Mill, John Swart, 26, $20
millennium assesament, §75-576
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high food prices, 184, 185-186 Ora, Christina, 319 pathogens, 84, 158
malnourishment, 184 Oregon, land use planning in Portland, 508 Patzek, Tad, 467
obesity, 183-184 organic compounds, 56-37 peak oil, 432
overeating, 183-184 organic tarming, 212, 217-219 pebble-bed nuclear reactor, 441
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defined, 210

genetic moditication of erops for controiling,
192-193
organisms and pest control, 219-220
petroleum. 414
Pew Center, 341
Pfiesteria piscicida, 404
pH, 56, 365. 366
pharmaceutical companies, 230-23] *.
Philippines
as biodiversity hot spot. 229
eruption of Mt. Pinatubo, 314
scavenging in Manila, 477
Smoky Mountain open dump in Manila. 477
water purification systems in, 419
wetland disturbances in, 115
Phillips, John, 292
phosphates, 410
phosphorus cycle, 70-71
photic zone, 108
photochemical oxidants, 353
photodegradable plastics, 485

photosynthesis U
carbon cycle, 67
defined, 60
energy captured by, 60-61
in primary productivity, 88 B

remote sensing of, 68
photovoltaic cells, 456457
phthalates, 16
phylogenetic species concept (PSC), 227
phytoplankton, 108
phytoremediation, 492
Pierce, David. 375
pigeons, passenger, 237
Pimental. David. 137, 207, 215, 467
Pinchot, Gifford, 21, 23, 277, 280
Pintea, Lilian, 269
pioneer species, 94
placer mining, 309
Planning (journal), 286
plants ’
air pollution, damage to plants from, 364-365
clustering for protection, 90 )
endangered species products, buying, 238
endemic, 79
in hydrologic cycle, 376
indicator species, 77-78
invasive species, 236, 276-277
nitrogen-fixing, 69, 7907
utrients needed for, 2
r(;\'crhar\'e:,ling of endangered, 237, 238
photoremediation, 492
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tree planting, 281
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aradable, 485
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plutonium, 442, 443 4 o
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concentrations of chlorinated compounds in; 216 )

eflfects of climate change on, 3306, 337
pesticides in. 361 A
Polasky, Steven, 467

“policy 3
»  defined, 541

enyironmental (see environmental lf'w).

political cconomy, 320
polities, in cavironmental policy, 542-543
Polian, Michuel, 184
polluter pays principle, 487
pollution
air (see air pollution)
market-based mechanisms used to reduce, 329-331
polluted wetlands sites, 294-20¢
population and. 17, 236-237
in start of environmental movement, 22
as threat 1o biodiversity, 230-237
water (see water pollution)
polychlorinated biphenyls (PCBys), 163, [64. 361, 414
polyculture of fish and seatood, 188
polyethylene terephthalate (PETS). 483
polyvinyl chloride (PVCs). 483
ponds, 381 -
Popper. Frank and Debora, 286
Population Bomb, The (Ehrlich). 139
population crash, 121, 126
population dynamics, 118-130
carrying capacity, 121
density-dependent factors, 122, 125, 126, 127
density-independent factors, 122, 125-126
dynamics of population growth. 120-123
emigration, 123
exponential growth, 121
factors that regulate population growth, 123-127
fertility, 141-142, 150
immigration. 123
interspecific interactions, 126
intraspecific interactions, 126
life expectancy, 142-144
life span, 123
logistic growth, 121-122
mortality. 123, 125
natality, 125,126
r-selected species and K-selected species, 1224123
stress and crowding, 126-127
survivorship, 124-1235
population momentum, 142
populations
defined. 62
human (see human populations)
_pollution and, 17, 236-237
population growth and consumption, 15
Portugal, wetland disturbances in, 115
positive feedback loop, 324, 334
positive feedback mechanism, 44—45
potatoes, 192
potential energy, 58
pO\'L‘l'l)’
extreme, 24, 25, 26
tood security threat, 182
Powell, John Wesley, 285, 374, 382-383
power, 426 g
power towers, 456
prairie potholes, 29]
prairies
bison reintroduction, 285, 286, 287
fire for prairie restoration, 284-285
restoring, 284-287 <
- - shortgrass prairie; preserving, 285-287. . 1
precautionary principle, 542 © e,
in environmental policy, 542 - 0 ol
‘precedents, 550 T e S
precipitation. Seealso rainfall °
average annual, 377
in bivme distribution, 101
unevea distribution, 376
water cycle and, 376 .
precision,in science, 38-39
predation, B4-85 -

predator-mediated competition, 84

premises, defined, 11

preseribed burning, 281

pressurized water nuelear reactors, 440

price clasticity, 520

primary air pollutants, 350, 351 “
primary forests, 2582

primary productivity, 63, 88

primary sewage treatment, 416417

primary succession, 94

probability. in scicnce, 40

producer organisms, 62, 84

productivity, 63, 88, 90

Project Feeder Watch, 5635

pronatalist pressures, 145

property assessed clean energy (PACE), 457
protein deficiency, 185

proteins, 57, 58

protons, 53, 54

proven reserves, 428, 429, 432, 435
pseudoscience, detecting, 4718
public citizenship, in environmental policy, 547
Public Interest Research Groups (PIRGs), 571
Public Utility Regulatory Policies Act (1978), 469
pull factors, immigration, 300
pupfish, desert, temperature tolerance limits and, 77
purple loosestrife, 277
push factors, immigration, 500
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Qatar, population growth rates, 139
quality of life indicators, 24, 25
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r-selected species, 122-123
Rabelais, Nuaney, 403
race, environmental health hazards and, 489
racism, environmental. 33
radioactive waste. See nuclear waste
radioactivity, from coal-burning plants, 430
Raghu, S., 468
rain shadow, 376
raintall. See alvo precipitation
acid precipitation, 363
ingredients for, 325
nmonsoons, 327
rainforests, 268
rangelands
grazing fees, 261
overgrazing, 261
Reagan, Ronald, 552
recharge zones, 379
reclamation
defined, 276
restoration and, 295-296
water policies and, 395
recycling
benefity, 482
-commercial scale, 483 o
~compasting, 483 © 10 - .
defined, 481 7 -
+ geologic resources, 307-308
hazardous wastes, 456, 490-491.
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plastics, 412, 483
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reduction, of atoms, 54
reefs. See coral reefs
reflective thinking, 8
reformers, in fuel cells, 461
refugees, 391
refuse-derived fuel, 480
regulatory agencies, 552
rehabilitation, 276
Reichhold Chemical, 490
Reilly, William K., 562-563
reintroduction, 276
remediation
defined, 276
water, 418-420
remote sensing, 68, 266
renewable energy, 13-14, 20, 450453, 457
renewable energy islands, 463
renewable resources, 517-518
renewables portfolio, 457
Repeto, Robert, 527
replication, in science, 38
reproducibility, science and, 38
reproductive isolation, 227
reservoirs, sedimentation levels in, 390
residence time, 377
resilience
in biological communities, 90-91
in economic policy, 556, 557
in systems, 46

Resource Conservation and Recovery Act (1976), 486

resource extraction, 308-311
resource partitioning, 79-80, 80
resources
conservation (see conservation)
defined, 517
in economics, 517-518
intangible, 518
nonrenewable, 517, 518
partitioning, 79-80, 80
renewable, 517-518

waste of, in start of environmental movement, 22-23

respiration, cellular, 61, 67
restoration ecology
benefits of, 280-284
common terms used in, 276
components of restoration, 276-277
defined, 275
carly conservationists, 277-278
letting nature heal itself, 278
origins of, 277-280
pragmatic side of, 276
protecting, 278
reintroduction of native species, 278-280
restoring prairies, 284-287
restoring wetlands and streams, 287-296
thinos, white and Javanese, 245, 246
ribonucleic acid (RNA), 57
Ricardo, David, 519
rice
genetically modified, 192,193
as major food crop, 186
ricin, 170 -
riders, legislative, 548-549
rill erosion, 204, 205 -
tisk, 172 :
acceptance, l74-175
‘assessment, 172 -
" “defined, 172 VTG
management, 175-176 "~ <.
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perception, 172,174 ™ .1 L o A

Rivers and Harbors Act (1899), 544
Roudless Rule, 258
Robert, K. H., 533
Roberts, David, 431
Robinson, Frances, 5
rock cycle, 302, 303
rock salt, 304
rocks
defined, 302
igneous, 302
metamorphic, 302
sedimentary, 303, 304
weathering and sedimentation, 303-304
Rogers. Will, 179
Roosevelt, Franklin D., 347
Roosevelt, Theodore, 21, 23, 278
rotational grazing, 262
Rotterdam Convention (1997), 554
Roussefl, Dilma, 134
run-of-the-river flow, 469
rural areas
defined, 498
mobile phone service to, 532
Rural Electrification Act (1935), 459
Rusk, David, 506
Russia. See also Soviet Union (former)
birth dearth in, 147
Chernoby! nuclear accident (1985), 295, 314,
440, 443
coal deposits in, 428
hydropower usc in, 468
ice core drilling of Greenland ice sheet, 330

nuclear waste site explosion near Chelyabinsk, 443

population growth rate, 140

toxic air pollution in Norilsk, 371
tuberculosis in, 159

wood and paper pulp production in, 252
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S population curve, 121-122

saccharin, 170

Sachs, Jeffrey, 26, 162

Safe Drinking Water Act (1986), 413, 422, 436
Safe Harbor Policy, 243

Sagan, Carl, 48, 298

saguaro cactus, 77, 78-79

Sahara Desert (Africa), overgrazing, 105
salinization, 206

“salmon

dams and lethal effects on, 389-390
and Elwha River restoration, 274
endangered, 242
genetically modified, 193
salt cedar, 235, 236, 276
salt marshes, 110, 111
saltwater intrusion, 388
sample, in statistics, 42
Sand County Alinanaé, A (Leopold), 22
sanitary landfills, 479
Sargasso Sea, 109
SARS (severe acute respiratory syndrome), 158
satellites, carth-imaging, 68
Saudi Arabia
desalination in, 392
parks and preserves in, 264 .

davinass, 104, 251281283 ;_ e

Savory, Allan, 262 -

" scarcity, 5232524, 525

. scavenger organisms, 64, 84
 Schaller, George, 246" .
- schistosomiasis, 469 ~* -

Schneider, Steve, 342

Schumacher, E. E, 520

Science, 28, 30

science )
accuracy and precision, 38-39
basic principles, 38
conscnsus and conflict in, 4648
deductive and inductive reasoning in, 39
defined, 38
experimental design and, 41, 43
hypotheses and theories, 3940
models, 41, 43
probability in, 40
pseudoscience, detecting, 4748

skepticism and accuracy, dependence on, 38-39

statistics, 40, 42-43
systems, 44—46
scientific consensus, 46
scientific theory, 3940
Scott, J. Michael, 244
seafood, dietary, 188
scasonal rains, 327
SeaWIFS (satellite), 68
secondary air pollutants, 350
secondary productivity, 63 -
secondary sewage treatment, 417
secondary succession, 94
sedimentary rocks, 303, 304
sedimentation, 303-304, 390
sediments, as water pollution, 407408
selection pressures, 77, 81
Sen, Amartya K., 183
Seneca, 154
Sequoia National Park (California), 284
service products, 534
sewage lreatment
anaerobic digestion process, 464
conventional, 417
in developing countries, 501-502

infectious agents in human waste, 401402

low-cost treatment, 418
municipal, 416418
primary trcatment, 416-417
secondary treatment, 417
tertiary treatment, 417-418
worldwide, data on, 410, 411
shantytowns, 502-503 :
sharks, 361 ’
Sheehan, John, 467
Sheen, Martin, 491
sheet erosion, 204, 205
Shelford, Victor, 77
Shell Oil, 433
Shellenberger, Michael, 570

Shenandoah National Park (Virginia), air pollution, 366

Shiva, Vandana, 192

Should Trees Have Standing?, 31, 550
shrublands, 105-106

Siberia

deciduous forests in, 106, 107

plants and air pollution in Norilsk. 364-363

smelters in Norilsk, 310
sick building syndrome, 163
Sierra Club, 21, 23, 569
versus Disney (.()rpor.llxon (1969). 31, 550 .
significant numbers, 39
Silent Spring (Carson), 22, 156, 211, 544
silicon collectors, 457
Simon, Juliun, 138-139, 526
Singapore
drinking water in, WJ
popul'umn growth r.uc in, 144
wealth in, 24
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sink habitats, 130
skepticism, 38
slash and burn agriculiure, 200
SLOSS debate (single Targe or several small
reserves), 270
slums, 502
smart growth, 409, 508-313 5
smart meter, 459 D
smelting, 309-310
Smith, Adam, 518, 520, 523
Smith, Robert Angus, 365
Smithsonian Institution, 270
smog
Asian Brown Cloud, 360
haze blob, 367
London’s smog of 1952, 347, 348, 369, 545-546
photochemical, 359
U.S. levels, 366. 367
visibility reduction from, 366-367
smoking, obstructive lung disease and, 364
snail darter, 242
snowfields, 378, 380
social capital, 518
social justice, 149
social networks, 9
Socolow, Robert, 320-321, 336, 341, 343
sodium chloride, 54, 404
soil, 199-202
arable land, unequal distribution of, 203
components, 199
conservation, 207-210
dark soils, creating, 209
desertification, 205, 206
horizons, 201-202
land degradation, 203-204, 205
orders, 202
organisms in, 201
particle size, 199, 200
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High Commission on Retugees, (44
lack of adequate housing, data on, 502
millennium assessment, 375-376
Millennium Development Project, 26, 29, 383,
411,527
population displacement, data on, 300
Population Division, 17
Reducing Emissions from Deforestation and
Forest Degradation, 230, 234, 288 822
sewage disposal, data on, 401
rew planting campaign, 281
WAL seaeity, 81
World Water Day (20092), 39%

Umlc\l Sttes

i pollution in, 388, 360, 36l 370
allernative agiienliume to, %1%
autnobiles, 432431
waneet i, tod }
Cboatiking markels in, 338

: nulhmmug [INE R}

Coewmabavposin fn AN

O

scanned with CamScanner



coal use, declining, <430
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