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America’s “First River”: A Success Story

The Hudson River is sometimes referred to as Americas
first river. It is named after Henry Hudson, who sailed up
the river from the Atlantic in 1609 looking for a route
to Asia. Native Americans, however, called the river by a
name meaning “flows in two directions.” This is because,
for much of its lower course, the river ebbs and flows with
the ocean tides, flowing upstream, then downstream,
and sometimes part of the river is flowing up while part
is flowing down. The total length of the river from the
Adirondack Mountains to the Atlantic Ocean is just over
480 kilometers, but it’s the lower 160 kilometers that has
gained the most attention. Before emptying into New
York Harbor, the lower Hudson flows past New Jersey
communities such as Fort Lee, Union City, and Hoboken
on its western shore and Mt Vernon, Yonkers, and Man-
hattan Island on its eastern shore. Farther upstream, about
50 to 150 km from Manhattan, the river flows through
the scenic Hudson River Highlands. The high hills that
border the river have a core of ancient hard igneous and
metamorphic rock that erosion has carved into beautiful
scenery, such as Storm King Mountain.

The story of the Hudson River and the environment
go back to the 1800s. The nation’s first military academy,
West Point, was established along the river in 1802, and
during the War of 1812 industrial activity sprang up
along the river. A foundry opened near West Point to
manufacture such products as cannonballs, pipes, and
railroad engines. The foundry closed after about 100
years, but other factories became established along the
river, including the Anaconda Wire and Cable Company.
That plant closed in 1974, leaving behind a legacy of
toxic pollution that helped turn the Hudson River into
an environmental battleground in the 20th century
between people who revered the river and those deemed
responsible for making it unsafe to swim in its waters and
making the fish that lived in it unsafe to eat." In one of
the nation’s earliest battles to eliminate water pollutants,
activists and others in the early 1970s sued the company,
which was fined about $200,000, a very large fine for
pollution violations at that time.

Those who thought that from then on the river would
be clean again for future generations were mistaken:
From around 1950 to 1977, General Electric discharged
(dumped) over a million pounds of polychlorinated
biphenyls (PCBs) into the Hudson River from two
manufacturing plants. PCBs are highly stable man-made
chemical compounds produced by combining chlorine
and biphenyl (an organic compound). Because they are

good electrical insulators and were considered safe, PCBs
were widely used to prevent fires in electric transformers
and capacitors. GE operated the plants for decades. Then,
in the early 1970s, the story of the catastrophe unfolding
in the Hudson River became common knowledge.
Commercial fishing for striped bass and other fish was
banned in 1976, and fishermen blamed GE for destroying
a fishing industry, a way of life, and a culture that had
been going on for centuries in the river valley.

PCBs were found to cause liver disease and are a
suspected carcinogen in humans and a known carcinogen
in other animals. PCBs were found to be persistent in
the environment and entered the food chain to damage
the river ecosystem, especially fish and invertebrates. As
a result, they were banned in the United States in 1977.
During this period, environmentalism became important
and federal water laws were passed, including the Clean
Water Act of 1972. In that year the U.S. government
started dealing with hazardous waste and passed the
Resource Conservation and Recovery Act, followed a
few years later by the Comprehensive Environmental
Response Compensation and Liability Act of 1980, which
established the so-called Superfund to clean up several
hundred of the most hazardous sites in the country.

At the top of the list was the Hudson River, and
in 1983 a roughly 300-kilometer reach of the river
was classified as the largest and one of the most serious
Superfund sites in the country. The new law also changed
the way the federal government dealt with industries that
polluted the environment. Companies became responsible
for their previous pollution of Superfund sites and liable
for cleanup.

Today, however, over 100 tons of PCBs are still in the
Hudson River sediments, with concentrations thousands of
times greater than what is considered safe. PCBs accumulate
in food chains in a process known as bioaccumulation. For
example, organisms in the sediment contain a concentration
of PCBs that increases as these organisms are eaten by fish,
and these concentrations may increase further when the
fish are eaten by predators such as eagles or people. Health
advisories were issued in the mid-1970s and these remain
in place today, warning women and children not to eat fish
from the Hudson River.

A battle raged on as to what should be done about the
PCBs. The two major alternatives were either to dredge
areas where PCB concentrations are particularly high or
just let natural processes in the river clean up the PCBs.
The second option assumed that the sources of PCBs have
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been nearly eliminated and that the river would naturally
cleanse itself of approximately half of the PCBs in three
or four years.>”> Those arguing for dredging said the
pollution was far too great to leave the cleanup to natural
processes, and that dredging would greatly shorten the
time necessary for the river to clean itself. To dredge or not
to dredge was a several-hundred-million-dollar question.
General Electric spent millions in an attempt to avoid
spending hundreds of millions to clean up the river by
dredging. The company said dredging would just stir up
the PCBs in the riverbed, moving them up into the water
and thus into the food chain.

The issue was settled in 2001: General Electric would
have to pay several hundred million dollars to clean up
the river by dredging. The work on mapped PCB hotspots
began in 2009, using barges to dredge the contaminated
sediment from the river bottom and place it in hopper
barges. From there it is sent to a processing facility, and
then finally transported by train about 3,000 kilometers to
a waste-disposal site in west Texas. The cleanup is expected
to take until 2015, ending an era of water pollution and
toxic legacy in the Hudson.

The lower Hudson River Valley is urbanizing.
There are more parking lots and cars than ever before.
There is concern that runoff from streets and parking
lots and urban houses will lead to a new wave of urban
pollution. On the other hand, more and more people
are experiencing the Hudson River in very positive ways.
Numerous river groups focus their time and effort on

cleaning up the river and promoting activities such as
boating, hiking, and bird-watching. Parks of all sizes are
being established at scenic sites along the river, factories
have been removed, making room for some of the new
parks, and there is an attempt to join these together in
a greenbelt that would stretch many miles up the river
from Manhattan. Some of the river culture from times
past is reappearing.

In sum, the future of the Hudson River seems secure
as progress in its cleanup and preservation continues.
Some say that modern environmentalism was born on
the Hudson River, one of the few American rivers to be
designated an American Heritage River. Many people
made important personal sacrifices to their careers,
reputations, and livelihoods to protect the river.

These people truly revered the Hudson River and
were in the forefront of fighting to protect our natural
environment. An organization known as Scenic Hudson
led the fight to protect the river. It was joined in 1969
by Clearwater, which included the folksinger, activist, and
environmentalist Pete Seeger. Clearwater built a sloop that
took people up and down the river, educating them on
environmental concerns, fighting to control and eliminate
pollution, and encouraging river restoration. Both Scenic
Hudson and Clearwater remain active today.

The story of PCB pollution is a powerful reminder
that individuals and groups can make a difference in
correcting past environmental errors and working toward
sustainability.

19.1 Water Pollution

Water pollution refers to degradation of water quality. In
defining pollution, we generally look at the intended use
of the water, how far the water departs from the norm, its
effects on public health, or its ecological impacts. From
a public-health or ecological view, a pollutant is any bio-
logical, physical, or chemical substance that, in an iden-
tifiable excess, is known to be harmful to desirable liv-
ing organisms. Water pollutants include heavy metals,
sediment, certain radioactive isotopes, heat, fecal coliform
bacteria, phosphorus, nitrogen, sodium, and other useful
(even necessary) elements, as well as certain pathogenic
bacteria and viruses. In some instances, a material may
be considered a pollutant to a particular segment of the
population, although it is not harmful to other segments.
For example, excessive sodium as a salt is not generally
harmful, but it may be harmful to people who must re-
strict salt intake for medical reasons.

Today, the world’s primary water-pollution prob-
lem is a lack of clean, disease-free drinking water. In the
past, epidemics (outbreaks) of waterborne diseases such

as cholera have killed thousands of people in the United
States. Fortunately, we have largely eliminated epidemics
of such diseases in the United States by treating drink-
ing water prior to consumption. This certainly is not
the case worldwide, however. Every year, several billion
people are exposed to waterborne diseases. For example,
an epidemic of cholera occurred in South America in the
early 1990s, and outbreaks of waterborne diseases con-
tinue to be a threat even in developed countries.

Many different processes and materials may pollute
surface water or groundwater. Some of these are listed in
Table 19.1. All segments of society—urban, rural, indus-
trial, agricultural, and military—may contribute to the
problem of water pollution. Most of it results from runoff
and leaks or seepage of pollutants into surface water or
groundwater. Pollutants are also transported by air and
deposited in bodies of water.

Increasing population often results in the introduc-
tion of more pollutants into the environment as well as
greater demands on finite water resources.* As a result, we
can expect sources of drinking water in some locations to
be degraded in the future. >°
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Table 19.1 SOME SOURCES AND PROCESSES OF WATER POLLUTION

SURFACE WATER

GROUNDWATER

Urban runoff (oil, chemicals, organic matter, etc.) (U, |, M)
Agricultural runoff (oil, metals, fertilizers, pesticides, etc.) (A)

Accidental spills of chemicals including oil (U, R, I, A, M)

Radioactive materials (often involving truck or train accidents)
(I, M)

Runoff (solvents, chemicals, etc.) from industrial sites
(factories, refineries, mines, etc.) (I, M)

Leaks from surface storage tanks or pipelines (gasoline,
oil, etc.) (I, A, M)

Sediment from a variety of sources, including agricultural
lands and construction sites (U, R, |, A, M)

Air fallout (particles, pesticides, metals, etc.) into rivers,
lakes, oceans (U, R, |, A, M)

Key: U = urban; R = rural; | = industrial; A = agricultural; M = military.

Leaks from waste-disposal sites (chemicals, radioactive
materials, etc.) (I, M)

Leaks from buried tanks and pipes (gasoline, oil, etc.) (I, A, M)

Seepage from agricultural activities (nitrates, heavy metals,
pesticides, herbicides, etc.) (A)

Saltwater intrusion into coastal aquifers (U, R, |, M)

Seepage from cesspools and septic systems (R)

Seepage from acid-rich water from mines (l)

Seepage from mine waste piles (I)

Seepage of pesticides, herbicide nutrients, and so on from
urban areas (U)

Seepage from accidental spills (e.g., train or truck accidents)
(, M)

Inadvertent seepage of solvents and other chemicals including
radioactive materials from industrial sites or small businesses (I, M)

The U.S. Environmental Protec-
tion Agency has set thresholds limiting
the allowable levels for some (but not
all) drinking-water pollutants. Because
it is difficult to determine the effects
of exposure to low levels of pollutants,
thresholds have been set for only a small
fraction of the more than 700 identi-
fied drinking-water contaminants. If the
pollutant exceeds an established thresh-
old, then the water is unsatisfactory for
a particular use. Table 19.2 lists select-
ed pollutants included in the national
drinking-water standards for the United
States.

Water withdrawn from surface or
groundwater sources is treated by filter-
ing and chlorinating before distribution
to urban users. Sometimes it is possible to
use the natural environment to filter the
water as a service function, saving treat-
ment cost (see A Closer Look 19.1).

The following sections focus on sev-
eral water pollutants to emphasize prin-
ciples that apply to pollutants in general.
(See Table 19.3 for categories and ex-
amples of water pollutants.) Before pro-
ceeding to our discussion of pollutants,
however, we first consider biochemical
oxygen demand and dissolved oxygen.
Dissolved oxygen is not a pollutant but
rather is needed for healthy aquatic eco-
systems.

Table 19.2 NATIONAL DRINKING-WATER STANDARDS

CONTAMINANT MAXIMUM CONTAMINANT LEVEL (MG/L)
Inorganics
Arsenic 0.05
Cadmium 0.01
Lead 0.015 action level®
Mercury 0.002
Selenium 0.01
Organic chemicals
Pesticides
Endrin 0.0002
Lindane 0.004
Methoxychlor 0.1
Herbicides
2,4-D 0.1
2,4,S-TP 0.01
Silvex 0.01
Volatile organic chemicals
Benzene 0.005
Carbon tetrachloride 0.005
Trichloroethylene 0.005
Vinyl chloride 0.002
Microbiological organisms
Fecal coliform bacteria 1 cell/100 ml
2 Action level is related to the treatment of water to reduce lead to a safe level.
There is no maximum contaminant level for lead.
Source: U.S. Environmental Protection Agency.
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A CLOSER LOOK 19.1

What Is the Value of Clean Water
to New York City?

The forest of the Catskill Mountains in upstate New York
(Figure 19.1) provides water to about 9 million people in New
York City. The total contributing area in the forest is about
5,000 km?* (2,000 square miles), of which the city of New York
owns less than 8%. The water from the Catskills has histori-
cally been of high quality and in fact was once regarded as one
of the largest municipal water supplies in the United States
that did not require extensive filtering. Of course, what we are
talking about here is industrial filtration plants, where the wa-
ter enters from reservoirs and groundwater and is then treated
before being dispersed to users.

In the past, the water from the Catskills has been
filtered very effectively by natural processes. When rain
or melting snow drips from trees or melts on slopes in
the spring, some of it infiltrates the soil and moves down
into the rocks below as groundwater. Some emerges to
feed streams that flow into reservoirs. During its journey,
the water enters into a number of physical and chemical
processes that naturally treat and filter the water. These
natural-service functions that the Catskill forest ecosystem
provides to the people of New York were taken for granted
until about the 1990s, when it became apparent that the
water supply was becoming vulnerable to pollution from
uncontrolled development in the watershed.

A particular concern was runoff from buildings and streets,
as well as seepage from septic systems that treat wastewater from
homes and buildings, partly by allowing it to seep through soil.

The city is also concerned that drilling for natural gas,
that uses water and contaminates the groundwater, could
damage surface water resources ( see Chapter 15). Drilling
for natural gas in the watershed supplying New York City was
virtual banned in 2010.

The Environmental Protection Agency has warned that un-
less the water quality improved, New York City would have to
build a water treatment plant to filter the water. The cost of such
a facility was estimated at $6-8 billion, with an annual operat-
ing expense of several hundred million dollars. As an alternative,
New York City chose to attempt to improve the water quality
at the source. The city built a sewage treatment plant upstate in
the Catskill Mountains at a cost of about $2 billion. This seems
very expensive but was about one-third the cost of building the
treatment plant to filter water. Thus, the city chose to invest in
the “natural capital” of the forest, hoping that it will continue its

natural service function of providing clean water. It will prob-
ably take several decades to tell whether New York City’s gamble
will work in the long term.*

There have been unanticipated benefits from maintain-
ing the Catskill Mountain forest ecosystem. These benefits
come from recreational activities, particularly trout fishing,
which is a multibillion-dollar enterprise in upstate New
York. In addition to the trout fishermen are people wanting
to experience the Catskill Mountains through hiking, winter
sports, and wildlife observation, such as bird-watching.

You might wonder why the city has been successful in its
initial attempt to maintain high-quality water when it owns
only about 8% of the land the water comes from. The reason
is that the city has offered farmers, homeowners, and other
people living in the forest financial incentives to maintain
high-quality water resources. Although the amount of money
is not large, it is sufficient to provide a sense of stewardship
among the landowners, and they are attempting to abide by
guidelines that help protect water quality.

New York isn’t the only U.S. city that has chosen to
protect watersheds to produce clean, high-quality drinking
water rather than constructing and maintaining expensive
water treatment plants. Others include Boston, Massachusetts;
Seattle, Washington; and Portland, Oregon.

The main point of this story is that we mustn’t under-

value the power of natural ecosystems to provide a variety of
important services, including improved water and air quality.

FIGURE 19.1 The Catskill Mountains of upstate New York are
an ecosystem and landscape that provide high-quality water to
millions of people in New York City as a natural-service function.
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Table 19.3 CATEGORIES OF WATER POLLUTANTS

POLLUTANT CATEGORY EXAMPLES OF SOURCES

COMMENTS

Dead organic matter

Raw sewage, agricultural waste, urban garbage Produces biochemical oxygen demand and diseases.

Pathogens

Drugs

Organic chemicals

Nutrients

Heavy metals

Acids

Sediment

Heat
(thermal pollution)

Radioactivity

Human and animal excrement and urine

Urban wastewater, painkillers, birth
control pills, antidepressants, antibiotics

Agricultural use of pesticides and herbicides
(Chapter 11); industrial processes that
produce dioxin (Chapter 10)

Phosphorus and nitrogen from agricultural
and urban land use (fertilizers) and
wastewater from sewage treatment

Agricultural, urban, and industrial use of
mercury, lead, selenium, cadmium, and
so on (Chapter 10)

Sulfuric acid (H,SO,) from coal and some
metal mines; industrial processes that
dispose of acids improperly

Runoff from construction sites, agricultural
runoff, and natural erosion

Warm to hot water from power plants and
other industrial facilities

Contamination by nuclear power industry,
military, and natural sources (Chapter 17)

Examples: Recent cholera epidemics in South America
and Africa; 1993 epidemic of cryptosporidiosis in
Milwaukee, Wisconsin. See discussion of

fecal coliform bacteria in Section 22.3.

Pharmaceuticals flushed through our sewage
treatment plants are contaminating our rivers and
groundwater. Hormone residues or hormone
mimickers are thought to be causing genetic
problems in aquatic animals.

Potential to cause significant ecological damage and
human health problems. Many of these chemicals
pose hazardous-waste problems (Chapter 23).

Major cause of artificial eutrophication. Nitrates in
groundwater and surface waters can cause pollution
and damage to ecosystems and people.

Example: Mercury from industrial processes that is
discharged into water (Chapter 10). Heavy metals
can cause significant ecosystem damage and human
health problems

Acid mine drainage is a major water pollution problem
in many coal mining areas, damaging ecosystems
and spoiling water resources.

Reduces water quality and results in loss of soil
resources.

Causes ecosystem disruption (Chapter 10).

Often related to storage of radioactive waste. Health
effects vigorously debated (Chapters 10 and 17).

19.2 Biochemical Oxygen
Demand (BOD)

Dead organic matter in streams decays. Bacteria carrying
out this decay use oxygen. If there is enough bacterial ac-
tivity, the oxygen in the water available to fish and other
organisms can be reduced to the point where they may
die. A stream with low oxygen content is a poor environ-
ment for fish and most other organisms. A stream with an
inadequate oxygen level is considered polluted for organ-
isms that require dissolved oxygen above the existing level.

The amount of oxygen required for biochemical
decomposition processes is called the biological or
biochemical oxygen demand (BOD). BOD is com-
monly used in water-quality management (Figure 19.2a).
It measures the amount of oxygen consumed by microor-
ganisms as they break down organic matter within small
water samples, which are analyzed in a laboratory. BOD

is routinely measured at discharge points into surface
water, such as at wastewater treatment plants. At treat-
ment plants, the BOD of the incoming sewage water
from sewer lines is measured, as is water from locations
both upstream and downstream of the plant. This allows
comparison of upstream, or background, BOD, with the
BOD of the water being discharged by the plant.

Dead organic matter—which produces BOD—enters
streams and rivers from natural sources (such as dead
leaves from a forest) as well as from agricultural runoff and
urban sewage. Approximately 33% of all BOD in streams
results from agricultural activities. However, urban areas,
particularly those with older, combined sewer systems
(in which stormwater runoff and urban sewage share the
same line), also considerably increase BOD in streams.
This is because during times of high flow, when sewage
treatment plants are unable to handle the total volume of
water, raw sewage mixed with storm runoff overflows and
is discharged untreated into streams and rivers.
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FIGURE 19.2 (a) Pollution-control officer measuring oxygen content of the River Severn near
Shrewsbury, England. (b) The relationship between dissolved oxygen and biochemical oxygen demand

(BOD) for a stream after the input of sewage.

When BOD is high, as suggested earlier, the dissolved
oxygen content of the water may become too low to sup-
port life in the water. The U.S. Environmental Protection
Agency defines the threshold for a water-pollution alert as
a dissolved oxygen content of less than 5 mg/l of water.
Figure 19.2b illustrates the effect of high BOD on dissolved
oxygen content in a stream when raw sewage is introduced
as a result of an accidental spill. Three zones are identified:

1. A pollution zone, where a high BOD exists. As waste
decomposes, microorganisms use the oxygen, decreas-
ing the dissolved oxygen content of the water.

2. An active decomposition zone, where the dissolved
oxygen reaches a minimum owing to rapid biochemi-
cal decomposition by microorganisms as the organic
waste is transported downstream.

&

A recovery zone, where dissolved oxygen increases
and BOD is reduced because most of the oxygen-
demanding organic waste from the input of sewage
has decomposed and natural stream processes are re-
plenishing the water’s dissolved oxygen. For example,
in quickly moving water, the water at the surface mixes
with air, and oxygen enters the water.

All streams have some ability to degrade organic
waste. Problems result when the stream is overloaded
with oxygen-demanding waste, overpowering the stream’s
natural cleansing function.

19.3 Waterborne Disease

As mentioned earlier, the primary water-pollution prob-
lem in the world today is the lack of clean drinking water.
Each year, particularly in less-developed countries, several
billion people are exposed to waterborne diseases whose
effects vary in severity from an upset stomach to death. As

recently as the early 1990s, epidemics of cholera, a seri-
ous waterborne disease, caused widespread suffering and
death in South America.

In the United States, we tend not to think much about
waterborne illness. Although historically epidemics of wa-
terborne disease killed thousands of people in U.S. cities,
such as Chicago, public-health programs have largely elimi-
nated such epidemics by treating drinking water to remove
disease-carrying microorganisms and not allowing sewage
to contaminate drinking-water supplies. As we will see,
however, North America is not immune to outbreaks—or
sudden occurrences—of waterborne disease.

Fecal Coliform Bacteria

Because it is difficult to monitor disease-carrying organisms
directly, we use the count of fecal coliform bacteria as a
standard measure and indicator of disease potential. The
presence of fecal coliform bacteria in water indicates that fe-
cal material from mammals or birds is present, so organisms
that cause waterborne diseases may be present as well. Fe-
cal coliform bacteria are usually (but not always) harmless
bacteria that normally inhabit the intestines of all animals,
including humans, and are present in all their waste. The
EPA’s threshold for swimming water is not more than 200
cells of fecal coliform bacteria per 100 ml of water; if fecal
coliform is above the threshold level, the water is consid-
ered unfit for swimming (Figure 19.3). Water with any fecal
coliform bacteria is unsuitable for drinking.

One type of fecal coliform bacteria, Escherichia coli,
or E. coli 0157, has caused human illness and death. In
the U.S., there are about 73,000 cases and 60 deaths per
year from E. coli 0157. Outbreaks have resulted from eat-
ing contaminated meat (fecal transmission from humans
and other animals) and drinking contaminated juices or
water.” " Table 19.4 lists some recent outbreaks of disease
resulting from E. coli 0157.



FIGURE 19.3 This beach in Southern California is occasionally
closed as a result of contamination by bacteria.

19.4 Nutrients

Two important nutrients that cause water-pollution
problems are phosphorus and nitrogen, and both are
released from sources related to land use. Stream waters
on forested land have the lowest concentrations of
phosphorus and nitrogen because forest vegetation ef-
ficiently removes phosphorus and nitrogen. In urban
streams, concentrations of these nutrients are greater
because of fertilizers, detergents, and products of sew-
age treatment plants. Often, however, the highest
concentrations of phosphorus and nitrogen are found
in agricultural areas, where the sources are fertilized
farm fields and feedlots (Figure 19.4). Over 90% of all
nitrogen added to the environment by human activity
comes from agriculture.
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§ FIGURE 19.4 Cattle
feedlot in Colorado.
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Eutrophication

Eutrophication is the process by which a body of water
develops a high concentration of nutrients, such as nitrogen
and phosphorus (in the forms of nitrates and phosphates).
The nutrients increase the growth of aquatic plants in gen-
eral, as well as production of photosynthetic blue-green
bacteria and algae. Algae may form surface mats that shade
the water and block light to algae below the surface, greatly
reducing photosynthesis. The bacteria and algae die, and
as they decompose, BOD increases, reducing the water’s
oxygen content, sometimes to the point where other organ-
isms, such as fish, will die.'"> "> They die not from phospho-
rus poisoning but from a chain of events that started with

Table 19.4 RECENT OUTBREAKS OF E. COLI 0157 INFECTIONS'

YEAR WHERE SOURCE COMMENT
1993 Washington State Meat 5 children died; several hundred
(fast-food restaurant) illnesses
1998 Georgia (water park) Water in park pools 26 illnesses in children
1998 Town in Wyoming Water supply 1 death
2000 Walkerton, Canada Water supply 5 deaths
2006 23 states Spinach 5 deaths; over 100 illnesses
2007 Hawaii (restaurant) Lettuce several illnesses (mostly tourists)
2009 Across the U.S. Peanut butter several deaths; several hundred
illnesses
2009 29 states Raw cookie dough 65 illnesses
2010 Several states, especially Raw eggs at least 1,500 illnesses;
California, Colorado and 500 million eggs recalled
N. Carolina
2 E. coli 0157, a strain of E. coli bacteria, has been responsible for many human ilinesses and deaths. E. coli 0157 produces strong toxins in humans
that may lead to bloody diarrhea, dehydration, kidney failure, and death.




406 CHAPTER 19 Water Pollution and Treatment

v

Carbon dioxide

Stream
Normal flow (low phosphorus)

—ﬂ Nitrogen

(@) Normal ecosystem

Nitrogen Carbon dioxide

(b) Changing ecosystem

Stream
Phosphorus increased

—

Carbon dioxide

Nitrogen

Water is
murky

(c) Degraded ecosystem

the input of phosphorus and affected the whole ecosystem.
The unpleasant effects result from the interactions among
different species, the effects of the species on chemical ele-
ments in their environment, and the condition of the en-
vironment (the body of water and the air above it). This is
what we call an ecosystem effect.

The process of eutrophication of a lake is shown in Fig-
ure 19.5. A lake that has a naturally high concentration of
the chemical elements required for life is called a euzrophic
lake. A lake with a relatively low concentration of chemical
elements required by life is called an oligotrophic lake. The
water in oligotrophic lakes is clear and pleasant for swim-
mers and boaters and has a relatively low abundance of life.
Eutrophic lakes have an abundance of life, often with mats
of algae and bacteria and murky, unpleasant water.

When eutrophication is accelerated by human process-
es that add nutrients to a body of water, we say that cultural
eutrophication is occurring. Problems associated with the

Oxygen

FIGURE 19.5 The eutrophication
of a lake. (a) In an oligotrophic, or
low-nutrient, lake, the abundance
of green algae is low, the water
clear. (b) Phosphorus is added to
streams and enters the lake. Algae
growth is stimulated, and a dense
layer forms. (c) The algae layer
becomes so dense that the algae at
the bottom die. Bacteria feed on the
dead algae and use up the oxygen.
Finally, fish die from lack of oxygen.

Water is

Algae
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Wind blows dead algae
and fish onto the shore

Oxygen

artificial eutrophication of bodies of water are not restricted
to lakes (see A Closer Look 19.2). In recent years, concern
has grown about the outflow of sewage from urban areas
into tropical coastal waters and cultural eutrophication on
coral reefs.” ' For example, parts of the famous Great Bar-
rier Reef of Australia, as well as some reefs that fringe the
Hawaiian Islands, are being damaged by eutrophication.'>
' The damage to corals occurs as nutrient input stimulates
algal growth on the reef, which smothers the coral.

The solution to artificial eutrophication is fairly
straightforward and involves ensuring that high concentrations
of nutrients from human sources do not enter lakes and
other bodies of water. This can be accomplished by using
phosphate-free  detergents, controlling nitrogen-rich
runoff from agricultural and urban lands, disposing of
or reusing treated wastewater, and using more advanced
water treatment methods, such as special filters and
chemical treatments that remove more of the nutrients.






