Preface

Reflecting for this Preface, I realized my experiences with water in all
its forms undoubtedly parallel those of most earth scientists, and most hu-
mans in general, for that matter. I became keenly interested in geology as
a Boy Scout, and carried this interest through to my doctorate degree at
Yale University. So my training has always been shaped by an appreciation
of scenery and the mighty influence of liquid water and ice.

What about my personal adventures with water? Once my geology
field partner and I lost a Jeep® in a flash flood in West Texas: a bright
blue sky was overhead, but torrential rains upstream had quickly filled the
streambed we were trying to cross. Then there was a voyage from Iceland
to eastern Greenland on an icebreaker, crunching its way through the sea
ice to reach the remote Skaergaard igneous rocks. And a flyover of the
then-underwater (currently emerged) Kovachi volcano in the South Pa-
cific’s Solomon Islands.

The most spectacular experience with water? That would have to be 5
weeks on the ice of Antarctica, searching for meteorites. In my tent during
the sunlit “night,” I wondered at the occasional cracking noises of the vast
but slowly moving continental glacier on which I slept.

Why Water?

My adventures with water have given me a keen appreciation for this
simple molecule. After all, it creates much of the impressive scenery on planet
Earth—from clouds, oceans, streams, and glaciers, to erosional and deposi-
tional landforms such as steep cliffs and river plains. It is Earth’s most ubig-
uitous and most effective dissolving agent, whether in the cells of plants,
animals, and humans; in a stream; or in the deep plumbing system of a hy-
drothermal vent. Water quenches thirst and enables the growth of food and
fiber for Earth’s 6.1 billion human inhabitants. Put simply, water offers the
medium for the origin, development, and maintenance of life as we know it.

But why should water have an entire encyclopedia devoted to it? Why
should students, educators, decisionmakers, scientists, and general readers
want to learn more about this critical and multifaceted topic? And why now?

It is precisely the necessity—indeed, the urgency—of water resources
that makes this encyclopedia a timely contribution. Daily news reports tell
the story: droughts, floods, damaged ecosystems, invasive species, chemical
pollution, human health threats, and water shortages, to name a few. In 2002
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alone, headlines included the severe drought in Canada; the massive floods
in Europe; the “dead zones” of Lake Erie and the Gulf of Mexico; the highly
invasive snakehead fish in the United States; natural arsenic contamination
of groundwater wells in Bangladesh; the West Nile virus in North Amer-
ica; and inadequate drinking-water supplies in many developing countries.

But headlines can only hint at the importance of this vast topic. Water’s
key role in human civilization is without dispute. Consider the following:

* The history of civilization cannot be discussed apart from water. Wa-
ter is interwoven with humanity’s physical, social, economic, and cul-
tural spheres. It runs like a thread through each person’s life.

* The Earth is undergoing rapid and unprecedented change. Humans
are truly changing the face of the planet: degrading fresh-water and
marine ecosystems; depleting natural water-supply sources; and in-
fluencing global climate.

* Human consumption of water rose by a factor of six in the last cen-
tury—twice the rate of global population growth. Humans now use
more than half of the readily available fresh water, which already is
in short supply: less than 1 percent of Earth’s water is readily usable
for human or agricultural needs. (The rest is in the salty oceans or
locked up as ice.)

* Worldwide, more than 1 billion people do not have safe water to
drink, and 2 to 3 billion lack access to basic sanitation (sewerage) ser-
vices. Between 3 and 5 million people, mostly children, die each year
from water-related diseases. By the year 2025, one-third of the world’s
population in approximately 50 countries likely will face severe wa-
ter scarcity. In fact, water scarcity is the greatest threat to global food
production, and has been deemed by some experts as the global se-
curity issue of the twenty-first century.

In a nutshell, human societies are challenged with assuring the quan-
tity and quality of our most precious water resource while maintaining or
improving its environmental integrity. But we cannot meet the challenge
in a vacuum. We need a broad understanding of water in its varied forms,
distribution, occurrence, and quality—and all within a human context. The
encyclopedia Water: Science and Issues offers a vehicle to enhance such un-
derstanding.

The World of Water (in Four Volumes)

Because the interdisciplinary topic of water covers a wide range of sub-
jects, our development of encyclopedia material was a challenge. The editors
chose a three-way organization: fresh waters (groundwater, lakes, streams,
and ice); marine waters; and policy and management. Although the entries
appear alphabetically, they reflect this threefold categorization. The Topical
Outline following this Preface clusters the entries by major themes.

The complexities of water are made understandable in just over 300 es-
says written by water scientists, professors, educators, and professional com-
municators. Entries addressing key concepts, current issues, traditional and
emerging research, and major legislation are integrated with historical
overviews, biographical sketches, and career information.



The table of contents reflects a breadth of topics not found in any other
work at this level: namely, a scientific reference work tailored for nonspe-
cialist readers, yet suitable for people already knowledgeable about water
topics. Entries ranging from 500 words to 2,500 words cover hydrology, ge-
ology, chemistry, ecology, environmental science, waterways and waterbod-
ies, engineering, earth science, oceanography, economics, policy, planning,
management, law, rights, and more.

The table of contents also reveals aspects of water never before addressed
in a comprehensive water-related encyclopedia. Topics such as security,
globalization, sustainability, global warming, pollution, and water scarcity
are not new, but have been thrust to the forefront as the twenty-first cen-
tury opened. Water: Science and Issues addresses subtopics as diverse as phar-
maceuticals and personal care products in water supplies; caffeine as a tracer;
the search for water on Mars; hydrosolidarity; the ocean’s role in human
health (good and bad); protecting the water-supply infrastructure; issues in
developing countries; survival needs; the search for drinking water; and wa-
ter’s role in war.

Our goal is to tell the interdisciplinary story of water in a format ac-
cessible to a wide readership. Water: Science and Issues is geared toward high
school students and a general audience, but also forays into discussions ap-
propriate for undergraduates and water resource professionals seeking con-
cise overviews of complex subjects. Hence, the audiences include students,
educators, communicators, decisionmakers, scientists, and the interested
public.

More than 575 color photographs and illustrations help tell this inter-
disciplinary story. Selected glossary definitions, sidebars, cross-references,
and a short bibliography accompany each entry. Reference aids in the front-
matter, a comprehensive glossary in the backmatter, and a high-quality cu-
mulative index provide additional tools.
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Page numbers in boldface type
indicate article titles; those in italic
type indicate illustrations. The
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100-year flood, defined, 2:72, and
Glossary

A

Ablation, defined, 1:199, and
Glossary

Absolute integrity of the river, 3:19,
22

Absorption, chemical, 1:147
Abyss, as marine ecosystem, 2:14

Accountable, defined, 3:207, and
Glossary

Accuracy, defined, 1:146, and
Glossary
Acid mine drainage, 1:1-5
and acid rock drainage, 1:2
mineral deposits, 1:2-4
problem and cleanup, 1:4
Acid rain, 1:5-11
aquatic ecosystems, 1:7, §
chemical controls of water com-
position, 2:90
Clean Air Act Amendments,
1:9-10
forests and soils, 1:8

human health and human envi-
ronments, 1:8-9

lakes and streams, 3:126
sources and forms, 1:5-6
Acid rock drainage, 1:2
Acidification
and amphibians, 1:29
lake chemical processes, 2:264
See also pH

Acoustic Thermometry of Ocean

Climate (ATOC), 4:83, 104

Activated-sludge method of waste-
water treatment, 4:211

Acute toxicity, defined, 1:156, and
Glossary

Additive effect, 1:148

Aeration, defined, 1:34, and
Glossary

Aerobes, in lakes and streams,
3:76-77

Aerobic, defined, 1:63, and Glossary

Aerosol

defined, 1:19, 2:127, and
Glossary

ocean chemical processes,

3:136-137

Aesthetic, defined, 2:251, 4:89, and
Glossary

Aesthetic quality, of fresh water,
2:94-97

Aestivation, defined, 2:260, and
Glossary

Agassiz, Louis, 1:11-12
Agates, 2:153
Agricultural chemicals. See Chemi-
cals from agriculture
Agricultural pollutants, 3:227-228
Agricultural reuse, 4:30, 31, 32-33
Agricultural wastes, 3:238
Agriculture and water, 1:12-16
agriculture and water quality,
1:15
hydroponic production, 1:15-16
irrigation, 1:13-14
land-use planning, 3:7-8
rain-fed agriculture, 1:12-13
water-supply constraints, 1:14-15

Agrochemical, defined, 1:159, and
Glossary

Air sparging, 3:222
Air stripping, 3:221
Airborne pollutants

lakes and streams, 3:228

ocean, 3:239-240
Albatrosses, 1:82
Albedo, defined, 2:207, and Glossary
Aldicarb, 3:3
Alexander, the Great, 4:138
Alexandrium, 176
Algae

defined, 1:4, 2:1, 3:49, 4:78, and

Glossary

food chain, 1:18, 21, 26, 28

golden, 2:9¢

green, 2:9¢

snow, 3:45

and ultraviolet radiation, 1:27, 28
Algae, blue-green. See Cyanobacteria
Algae, fresh-water. See Phytoplank-

ton

Algal bloom, defined, 2:96, and
Glossary

Algal blooms, harmful, 1:16-20
aquaculture, 1:19-20

human health and the ocean,
2:175

human impacts and intervention,
1:19-20
mechanisms of harm, 1:17-18
types and examples, 1:18-19
Algal blooms in fresh water,
1:21-24
algae in aquatic ecosystems, 1:21
color, 4:91
control, 1:23-24
occurrences and impact, 1:21-22
toxic blooms, 1:22-23
Algal blooms in the ocean, 1:24-28
algae and photosynthesis, 1:26
benefits, 1:26-28
Black Sea, 3:55

human health and the ocean,

2:175
marine ecology, 2:13




Algal blooms in the ocean

Algal blooms in the ocean (continued)
radiometer data, 3:162
requirements for bloom, 1:25-26
types, 1:26-28

Algorithms, defined, 3:104, and
Glossary

Allocate, defined, 1:14, 2:200, 3:9,
4:181, and Glossary

Allocation, defined, 4:5, and
Glossary

Alluvium, 1:40

defined, 1:100, 2:233, and
Glossary

Alternative dispute resolution
(ADR), 1:204

Altimeter, defined, 3:161, 4:75, and
Glossary

Altitude, defined, 1:176, 3:120, and
Glossary
Alvin (submarine), 4:141-142, 143
Amazon River, 2:56-57, 4:61, 62
Ambient, defined, 3:18, 4:115, and
Glossary
Amphibian, defined, 1:80, and
Glossary
Amphibian population declines,
1:28-31
malformations and deformities,
1:30-31
toxic substances, 1:29
ultraviolet radiation effects,
1:29-30
water quality factors, 1:28-29
Anacapa Island (CA), 2:236
Anaconda, 4:45, 46

Anadromous, defined, 2:22, 3:214,
4:48, and Glossary

Anaerobes, in lakes and streams,
3:76-77

Anaerobic, defined, 1:63, 3:56, and
Glossary

Anastomotic, defined, 3:100, and
Glossary

Ancient civilizations. See Irrigation
systems, ancient; Waterworks,
ancient

Ancient waterworks. See Water-
works, ancient

Animal kingdom, 1:22
Animal wastes, 3:125, 227-228, 237

Anion, defined, 2:263, 3:12, and
Glossary

Annelida, 3:189

Anoxia, defined, 1:22, 2:268, and
Glossary

Anoxic environment, 3:46-47
Antagonistic effect, 1:148
Antarctic, in literature, 1:54

Antarctic Bottom Water (AABW),
3:168, 169

Antarctic Circumpolar Current

(ACC), 3:141, 167, 168

Antarctic Deep Water (AADW),
3:168

Antarctic Intermediate Water

(AATW), 3:168-169
Antarctic Ocean, 1:77, 3:129, 141,
167-169, 170-171
Antarctic sea ice, 2:206-207
Antibiotic, defined, 1:162, and
Glossary
Apalachicola River, 4:133
Aphotic zone
lakes, 2:259

life in extreme water environ-
ments, 3:46-47
marine environment, 3:49
ocean, 3:52-53
Appurtenances, defined, 2:221, and
Glossary
Aquaculture, 1:31-36
algal bloom effects, 1:19-20
ancient and modern, 1:31-32
commercial success criteria,
1:32-33
defined, 1:19, 2:27, 3:7, and
Glossary

pollution by invasive species,
3:209-210

potential adverse effects, 1:35-36

purposes, 1:34

species diversity, 1:33-34

types, 1:34-35

See also Mariculture
Aqualung, defined, 1:222, and

Glossary
Aquariums, 1:36-39

foundations, 1:36-37

modern, 1:37-39

public interest renewal, 1:37
Aquatic biodiversity, 1:77-78, 2:87
Aquatic birds. See Birds, aquatic
Aquatic ecosystems

acid rain effects, 1:7, §

algae, 1:21

assessing, 2:53, 4:122-123

lakes, 2:259-260, 260f
Aqueduct, 4:223

ancient, 4:221, 222

defined, 1:100, 2:213, 3:67, 413,

and Glossary

systems in U.S., 1:100, 101
Aquifer

artificial recharge, 1:51-52, 52f

defined, 1:49, 2:76, 3:1, 4:28,

and Glossary
sensitivity, 3:223

Aquifer characteristics, 1:39-43
types, 1:39-40, 2:151-152
well reports and pump tests,

1:40-42

Arabian Peninsula, 1:70

Arable, defined, 2:36, 3:20, and
Glossary

Aral Sea, 2:218, 250, 4:158

Arbitration, binding, 1:204

Archaea, 3:80-81

Archaeology, defined, 1:138, and
Glossary

Archaeology, underwater, 1:43-47
Mediterranean, 1:43-45
methods, 1:43, 4446

Archimedes Screw, 4:13-14

Archipelagos, 2:237

Arctic Deep Water, 3:169

Arctic Ocean, 3:169
basin, 3:129-130
biodiversity, 3:170-171
sea ice, 2:206

Arctic Surface Water, 3:169

Arid, defined, 1:6, 2:87, 3:18, 4:30,
and Glossary

Army Corps of Engineers, U.S.,
1:47-49

Columbia River Basin, 1:197
dams, 1:229-230

development projects, 3:31
Mississippi River Basin, 1:99-100
nineteenth century, 1:47

ports and harbors, 3:252

today, 1:49

twentieth century, 1:47-49

waste dumping in navigable
rivers, 3:29
water resources planning and

management history, 3:191,
193-194

wetlands protection, 1:172
Arno River canals, 3:36-37
Arrow worm, 3:189
Arsenic, 2:97-98, 3:218
Artesian, defined, 4:238, and

Glossary
Arthropoda, 3:190
Artificial recharge, 1:49-52

aquifer storage and recovery,

1:51-52

benefit to streams, 1:51
Arts, water in the, 1:52-58

environmental art, 1:56-57

film, 1:56, 57

fine art and popular art, 1:54-55,

1:56
literature, 1:53-54
music and song, 1:55-56



Asteroid
defined, 1:198, and Glossary
water on, 4:100

Asteroid belt, defined, 1:200, 4:98,
and Glossary
Asthenosphere, 3:203
defined, 3:84, and Glossary
Astrobiology, 1:58-62
Mars, 1:60-62
water and planetary habitability,
1:58-60
Astrolabe, 3:120-121

Astronomical unit, defined, 4:99,
and Glossary

Atlantic Ocean basin, 3:127-128

Atlantic Water, 3:169

Atlantis, 1:44

Atmosphere, defined, 3:69, 4:141,
and Glossary

ATOC (Acoustic Thermometry of
Ocean Climate), 4:83, 104

Atomic fission, defined, 4:140, and
Glossary

Atomic number, 2:239-240

Attenuation of pollutants, 1:62-64
applications, 1:64
chemical attenuation, 1:63-64
contaminant behavior and atten-

uation, 1:62-63

perchlorethylene (PCE), 1:62, 63
physical attenuation, 1:63
trichlorethylene (TCE), 1:62, 63

Autonomous, defined, 2:200, and
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Autonomous underwater vehicles

(AUVs), 4:142

Autotroph, defined, 3:188, and
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Backshore, 1:72
Bacteria, 3:188

fecal, 3:77
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human health and water, 2:180,
181¢

land use and water quality, 3:3
microbes in the ocean, 3:79-80,

82
and stream health, 4:122
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Baffin Bay (North Atlantic Ocean),
2:208

Bail bail, 4:12

Bait fish, defined, 1:34, and Glossary

Balancing diverse interests, 1:65-67
California, 1:100-102

legislation, 1:65-66

water management, 1:66—67
Ballard, Robert, 1:44
Ballast water

human health and the ocean,
2:176-177

microbes in the ocean, 3:82-83

pollution by invasive species,
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Baltic Sea, 3:56

Bar, defined, 1:73, and Glossary

Barnacles, 1:226

Barrages, tidal, 2:24-25

Barrier islands, 1:185, 186
impacts of rising sea level, 4:73
migration, 1:73
National Park Service, 3:119

Basalt, defined, 2:167, 3:137, 4:214,
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Base flow, 2:87
defined, 4:117, and Glossary

Base level, defined, 4:120, and
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Basin (ocean), defined, 1:59, 2:3,
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See also Ocean basins

Basin (river), defined, 2:223, and
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Baths, 4:222

Bathymetric chart, 3:149f

Bathymetry, defined, 3:56, and
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Bathymetry, ocean-floor. See Ocean-
floor bathymetry

Bays, gulfs, and straits, 1:67-71
bays, 1:68-69, 4:170-171
gulfs, 1:69-70
straits, 1:70-71

Beach nourishment, 1:75-76, 4:74
defined, 4:74, and Glossary

Beach pollution. See Pollution of
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Pollution of the ocean by sewage,
nutrients, and chemicals

Beachdrift, defined, 1:73, and
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Beaches, 1:71-77

cleanups, 3:235, 236

currents, 1:73, 2:238
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ternatives, 1:75-76
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Biosystem

St. Petersburg Beach (FL), 2:238
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zones, 1:72-73, 184

Beaches Environmental Assessment
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Bears, polar, 3:63
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Benthic, defined, 2:71, and Glossary
Benthic species, 3:50

Benthic zone, 2:259-260, 260f
Bergy bits, 2:208

Best management practices, 2:256

Bioaccumulative, defined, 1:35, and
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Bioconcentration, 2:14-15
Biodegradation, of pollutants, 1:63
Biodiversity, 1:77-80
aquatic, 1:77-78, 2:87
defined, 1:7, 2:87, 3:54, 4:56,
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and lake health, 2:252-253
polar oceans, 3:170-171
threats to, 1:80
types, 1:77
value, 1:78

Bioengineering, in watershed
restoration, 4:218

Biofilm, defined, 4:131, and
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Biogeochemistry, ocean. See Ocean
biogeochemistry

Biological diversity. See Biodiversity

Biological oceanography. See
Oceanography, biological

Biological opinions, 2:22-23

Biological processes of lakes. See
Lakes: biological processes

Biological pump, 1:109-110

Bioluminescence, 3:79

Biomass

defined, 2:91, 3:50, 4:105, and
Glossary
marginal seas, 3:55
Biomass pyramid, 2:12
“Biopackaging,” plankton, 3:155,
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Bioregenerative processes, and space
travel, 4:105-106
Bioremediation, defined, 3:222, and
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