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Chapter 16

Water and Air Resources
THE MAIN IDEA

The Earth is huge, but so is our ability 
to transform the environment.

16.3 How We Pollute Water

Water pollution can arise from either point sources or nonpoint 
sources. A point source is one specific, well-defined location 
where a pollutant enters a body of water. An example of a point 
source is the wastewater pipes of a factory or sewage treatment 
plant, as shown in Figure 16.6a. Point sources are relatively easy 
to monitor and regulate. A nonpoint source is a source in which 
pollutants originate at diverse locations, oil residue on streets 
being one example. Water becomes polluted as rain washes the 
oil residue into streams, rivers, and lakes. Agricultural runoff and 
household chemicals making their way into the storm drains 
of Figure 16.6b are two other common examples of nonpoint 
sources of water pollution. Because it is difficult to monitor 
and regulate nonpoint sources, the most effective solutions 

What are two sources of 
nonpoint water pollution?
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<  Figure  16.6
(a) This technician is 
assessing the clarity of 
the effluent coming from 
a wastewater treatment 
facility, a common point 
source of pollution. 

(b) Nonpoint sources are 
not so easily regulated 
and depend more on 
public awareness.
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are often public awareness campaigns emphasizing responsible 
disposal practices. As Figure 16.7 illustrates, lawn care in the United 
States is a major nonpoint source of water pollution.

The rate of water contamination from many point sources 
has decreased markedly since the passing of the Clean Water Act 
of 1972 and its subsequent amendments. Prior to 1972, the user 
of a water supply, such as a municipality, was responsible for pro-
tecting the supply. Because it is far more efficient to control water 
pollutants before they are released into the environment, the Clean 
Water Act shifted the burden of protecting a water supply to anyone 
discharging wastes into the water, such as a local industry.

When rivers and lakes become polluted, they can be cleaned 
because they are accessible. When groundwater becomes polluted, 
however, it’s a different story. Even after the sources of the pollution 
have been removed, it can be a lifetime before the contaminants are 
removed, not only because the groundwater is so inaccessible but 
also because the flow rate of many aquifers is extremely slow—on 
the order of only a few centimeters per day! As shown in Figure 
16.8, groundwater is susceptible to a wide variety of point and 
nonpoint pollution sources.

Municipal solid-waste disposal sites are a common source 
of groundwater pollution. Rainwater infiltrating a disposal site may 
dissolve a variety of chemicals from the solid waste. The resulting 
solution, known as leachate, can move into the groundwater, 
forming a contamination “plume” that spreads in the direction of 
groundwater flow, as shown in Figure 16.9. To reduce the chances of 
groundwater contamination, the site can be underlain and capped 
with layers of compacted clay or plastic sheeting that prevent leach-
ate from entering the ground. A collection system designed to catch 
any draining leachate may also be used.

Another common source of groundwater pollution is sewage, 
which includes drainage from septic tanks and inadequate or broken 

Figure 16.7 >
Lawns cover 25 to 30 million 
acres in the United States, an 
area larger than Virginia. People 
taking care of these lawns use 
up to two and a half times more 
pesticides per acre than farmers 
use on croplands.

How is a disposable plastic 
water bottle connected to the 
middle of an ocean?
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sewer lines. Animal sewage, especially from factory-style animal 
farms, is also a source of groundwater (and river water) pollution. 
Sewage water contains bacteria, which if untreated can cause water-
borne diseases such as typhoid, cholera, and infectious hepatitis. If 
the contaminated groundwater travels relatively quickly through 
underground sediments in which there are large air pockets, bac-
teria and viruses can be carried considerable distances. However, 
if the contaminated groundwater flows through underground sed-
iments in which the air pockets are very small, as is the case with 
sand, pathogens are filtered out of the water.

^  Figure 16.8

The arrows indicate some major sources of groundwater contamination.

<  Figure  16.9
A contaminant plume of leachate 
spreads in the direction of ground-
water flow.
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Microorganisms in Water Alter Levels of Dissolved 
Oxygen
Naturally occurring water is alive with organisms. At the microscopic 
level, there are microorganisms, some of them disease-causing and 
others benign. One of the natural functions of these microorgan-
isms is breaking down organic matter. The body of a dead fish, for 
example, does not remain at the bottom of a pond forever. Instead, 
microorganisms such as bacteria digest the organic matter into 
small compounds of carbon, hydrogen, oxygen, nitrogen, and sulfur.

We identify bacteria as either aerobic or anaerobic. Aerobic 
bacteria decompose organic matter only in the presence of oxygen, 
O2. Anaerobic bacteria can decompose organic matter in the 
absence of oxygen. The products of aerobic decomposition are 
entirely different from the products of anaerobic decomposition. 
Aerobic bacteria in water utilize oxygen dissolved in the water to 
transform organic matter to such compounds as carbon dioxide, 
CO2, water, H2O, nitrates, NO3

-, and sulfates, SO4
2-. All of these prod-

ucts are odorless and, in the quantities produced, cause little harm 
to the ecosystem. Anaerobic bacteria in water use different chemi-
cal mechanisms to decompose organic matter to such products as 
methane, CH4 (which is flammable); foul-smelling amines such as 
putrescine, NH2C4H8NH2; and foul-smelling sulfur compounds such 
as hydrogen sulfide, H2S. Cesspools owe their wretched stink to a 
lack of dissolved oxygen and the resulting anaerobic decomposition.

When organic matter is introduced into a body of water, 
aerobic bacteria need (or “demand”) dissolved oxygen to decom-
pose the organic matter. The term used to describe this demand 
is biochemical oxygen demand (BOD). As more organic matter is 
introduced, the BOD increases, resulting in a drop in the amount of 
dissolved oxygen as the bacteria use more and more of it to do their 
work. If too much organic matter is introduced (say, from the outfall 
of a sewage treatment plant), dissolved oxygen levels can get so 
low that aquatic organisms start to die, as shown in Figure 16.10. 
Aerobic bacteria start to work on the bodies of these dead organ-
isms, which lowers the oxygen level even further, killing off even the 
hardiest aquatic organisms. Ultimately, the dissolved oxygen level 
reaches zero. At this point, the noxious anaerobic bacteria take over.

C O N C E P T   C H E C K
What is the difference between a point source and a nonpoint source of pollution?

CHECK  YOUR  ANSWER   A point source arises from a specific location—you can pinpoint it on a 
map. A nonpoint source represents a collection of many sources, each difficult to trace. To specify a 
nonpoint source on a map, you need to draw a circle.

What do aerobic bacteria 
utilize to transform organic 
matter?

READING CHECK
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In addition to organic wastes, inorganic wastes such as 
nitrate and phosphate ions from fertilizers can also cause the level 
of dissolved oxygen to drop. These ions are nutrients for algae and 
aquatic plants, which grow rapidly in the presence of the ions, an 
event called an algal bloom. Significantly, the plants and algae 
in a bloom consume more oxygen at night than they produce 
through photosynthesis during the day. Also, in some instances, a 
bloom can cover the surface of a body of water, as shown in Figure 
16.11, effectively choking off the supply of atmospheric oxygen. 
As a result, aquatic organisms suffocate and fall to the bottom, 
along with large amounts of dead algae. Aerobic microorganisms 
decompose this organic matter to the point that the water loses 
all its dissolved oxygen and anaerobic microorganisms start func-
tioning. This process whereby inorganic wastes fertilize algae and 
plants and the resulting overgrowth reduces the concentration of 
dissolved oxygen in the water is called eutrophication, from the 
Greek word for “well nourished.”

C O N C E P T   C H E C K
Which should have a greater capacity to decompose organic matter aerobically: a still pond or a 
babbling brook?

CHECK  YOUR  ANSWER   The capacity for aerobic decomposition is limited by the amount of 
dissolved oxygen. In a babbling brook, aeration guarantees that any dissolved oxygen lost to 
aerobic decomposition is quickly replaced. This is not so with a still pond. Cubic meter for cubic 
meter, a babbling brook has a greater capacity to decompose organic matter aerobically.

<  Figure  16.10
Sewage entering a river dra-
matically decreases the level of 
dissolved oxygen in the water. 
Because it takes time for aerobic 
bacteria to decompose organic 
wastes and because rivers flow, 
the drop in dissolved oxygen is 
often most pronounced far down-
stream. Fish start to die when 
the concentration of dissolved 
oxygen dips below 3 milligrams/
liter as represented by the dashed 
line. Once the sewage is con-
sumed, the dissolved oxygen 
level begins to rise, shown here 
occurring after 50 km.



© Conceptual Chemistry by John Suchocki

^  Figure 16.11
This algal bloom consumes oxygen dissolved in the water and prevents atmospheric oxygen from 
mixing into the pond, thereby choking off aquatic life.

What is the best way to treat water containing organic wastes? Add air because air con-
tains the oxygen needed to support aerobic decomposition. Conventional secondary 
wastewater plants use electric energy to blow air into the wastewater. This aeration 
consumes 60 percent or more of the total electric energy used in wastewater treatment 
(see Section 16.4). In an advanced integrated pond (AIP) system, good for communities 
of fewer than 10,000 people, algae and other plants use solar energy and photosynthesis 
to saturate the wastewater directly with oxygen. AIP systems are particularly applicable 
in Sun Belt communities, where solar energy is plentiful, and in developing nations, 
where the supply of electric energy is minimal or nonexistent.
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INFORMATION


