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Think About It 
We rely on clean sources of water to sustain ourselves. 

•  How do pollutants get into surface water? 

•  How do pollutants get into groundwater? 

Record your ideas about these questions in your Geo log. Be 
prepared to discuss your responses with your small group 
and the class.

Investigate 
Part A: Groundwater Pollution 

 1. Prepare the dish tub the same way you did in Part B of the 
investigation in Section 8. Fill the tub with about 10 cm of 
sand. You are constructing a model that will enable you to 
infer how pollutants reach the water table and then move 
with the groundwater flow. 

 2. Wrap a small piece of cheesecloth around the end of two 
pieces of rigid tubing, and tape it in place with duct tape. Bury 
the pieces of tubing vertically in the sand. The lower end of 
the tubing should be about 5 cm from the bottom of the tub. 
Locate the wells as shown in the diagram on the next page. 

Learning Outcomes
In this section, you will

• Construct and analyze 
a physical model of the 
movement of pollutants in 
groundwater and determine 
how the pumping of water 
from wells influences this 
movement. 

• Measure the level of nitrates 
in a stream within your 
community. 

• Identify and describe ways that 
human activity affects surface-
water and groundwater quality.

• Model and explain key 
processes and stages in water 
treatment and filtration. 

• Understand how and why 
water is treated prior to 
human consumption. 

Section 10 Water Pollution and Treatment

 Section 10  Water Pollution and Treatment

What Do You See?
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Wear goggles throughout. Clean up spills. 
Mark baster as lab equipment.

 3. As you did in the investigation in 
Section 8, attach a drinking straw 
to the end of a turkey baster. 

 4. With a measuring cup, pour water onto 
the “upstream” end of the dish tub 
(the end opposite the drain hole) at a 
constant rate of about 1000 mL/min. 
Wait until the outflow from the drain 
hole is constant. 

 5. With an eyedropper, squirt food 
coloring onto the surface of the sand at 
the place where you add water. Use as 
much food coloring as the eyedropper 
can hold. Start the stopwatch as soon as 
the food coloring begins to be washed 
into the sand by the water supply. 

 6. With the baster, extract small volumes 
of water, about 1 mL each time, from 
Well 1 every five seconds and squirt the 
water into a clean plastic cup. 

a) When you first detect the food 
coloring in the water samples, 
note the time elapsed. Keep taking 
samples until there is no noticeable 
food coloring in them, and note the 
time elapsed. 

 7. With the eyedropper, squirt several 
drops of food coloring into Well 1. 
Begin taking small water samples 
from Well 2 with the baster. Continue 
to extract water from the well until 
the water draining from the tub shows 
some food coloring. 

a) Did you detect any of the food 
coloring in Well 2? 

 8. With the eyedropper, squirt several more 
drops of food coloring into Well 1. With 
the baster, extract about 100 mL/min 
from Well 2 for a time long enough that 
the water draining from the tub shows 
some food coloring.

a) Again, determine whether you can 
detect any food coloring in Well 2. 

 9. Use the results of your investigation to 
answer the following: 

a) What factors do you think determine 
how long it took for the food 
coloring to be detected in Well 1 
in Step 6?

b) Why do you think that the time 
during which some food coloring 
could be detected in Well 1 in Step 6
was much longer than the time it 
took to squirt the food coloring on 
the sand surface originally? 

c) Why do you think that no food 
coloring could be detected in Well 2 
in Step 7? 

d) Why do you think that some food 
coloring could be detected in Well 2 
in Step 8?

Dispose of water and straw after use.

Part B: Testing Water for Nitrate 

How does the quality of water from local 
streams, ponds, or untreated wells compare 
to water that has been processed by a 
local water-treatment plant? To find out, 
you will test for nitrate chemical levels in 
two types of water. One source will be 
an untreated water sample from one of 
your community’s streams. The second 
will be tap water that was treated by your 
community’s water-treatment facility. 
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 1. If you have a stream near your school, 
collect a water sample and label its 
location. Your teacher will provide you 
with a safety protocol for collecting 
the sample. If such water sources are 
not available nearby, your teacher will 
provide you with a sample. 

 2. Read over the instructions for the 
nitrate test kits. Be sure you are familiar 
with the testing procedures as outlined. 

 3. Test your untreated water sample 
for nitrate.

a) Record your results. 

 4. Test the treated tap water for nitrate. 

a) Record your results. 

 5. Use the results to answer the 
following question: 

a) How does the quality of water from 
local streams, ponds, or untreated 
wells compare to water that has 
been processed by a local water-
treatment plant?

Part C: Modeling Water Treatment 

 1. Place 500 mL of untreated water into 
a plastic bottle or beaker. Label this 
container “no alum” and set it aside. 

 2. Place 500 mL of untreated water into 
a second plastic bottle or beaker. Label 
this beaker “alum.” 

a) In your log, note any odors 
associated with the samples. 

Use only water samples provided by your 
teacher. Do not taste the water. Smell the 
water carefully by waving fumes toward your 
nose. No chemicals should be consumed. 
Wash hands well after the activity.

 3. Pour the untreated water in the “alum” 
beaker back and forth using a third 
empty container. Do this 15 times. 

a) Note your observations about the 
appearance and odor of the water. 

b) If there is an increase in odor, 
explain why. 

 4. Add 25 g of silt or clay to each water 
sample. Add 10 g of alum to the 
“alum” beaker. 

 5. Stir the water in each container slowly 
for 5 min. 
a) What effect did the alum have on 

the water? 
 6. Allow each of the containers to sit for 

15 min. 
a) Record your observations every 

5 min. Make your observations 
while holding a blank sheet of 
white paper behind each container.

Note: Keep the water in the “alum” beaker, 
undisturbed for use in Part D. While 
waiting you may construct the filtering 
device for Part D.

Part D: Modeling Water Filtration

 1. Using a rubber band, securely attach a 
piece of a coffee filter across the mouth 
of a 1-L plastic bottle with the bottom 
5 cm cut off. Turn the bottle upside 
down and set it on a support ring 
attached to a ringstand. Place a beaker 
or container under the bottle to collect 
the filtered water. Using another beaker, 
measure 400 mL of sand and pour it 
gently into the upside-down bottle. Add 
200 mL of gravel on top of the sand. 
See the diagram below. The sand and 
gravel will serve as your filter. Clean 
the filter by running 4 L of tap water 
through the filter. Dispose of the filtered 
tap water.
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POLLUTION IN SURFACE WATER 
AND GROUNDWATER
Kinds of Pollutants
Both surface and groundwater can become polluted. Surface water 
generally has more varied pollutants. There are so many ways a pollutant 
can get into a river or lake. Therefore, the sources of pollution of surface 
water are also greater. Polluted groundwater may have fewer kinds of 
pollutants. However, there may be more of each than in a typical surface-
water supply. It is usually much more difficult to solve problems of 
groundwater pollution than surface water. Groundwater moves far more 
slowly than surface water. It might take many lifetimes for pollution to 
clear from a large aquifer by natural groundwater flow.

 Figure 1 Livestock waste can pollute water supplies.

Digging Deeper

 2. When the water with alum from 
Part C of the investigation has been 
undisturbed for 15 min, carefully pour 
the water into the filtering device. 
Try not to disturb the sediment at 
the bottom of the beaker.

 3. After the water has gone through the 
filter, place a drop of non-chlorine 
bleach into the clean, filtered water. 

 4. Compare the “no alum” sample of 
water with your filtered results. (Do
not drink the water!) 

a) Record your observations in
your log. 

 5. Dispose of the water as instructed. 

EC_Natl_SE_C7.indd   836 7/13/11   12:25:41 PM



EarthComm
837

Many kinds of substances can pollute water. Below is a list of the most 
common pollutants. Most of these fall into one of two categories: 
organic or non-organic.

Organic:
sewage
livestock wastes
pathogenic (disease-causing) microorganisms

Non-organic:
nutrients in fertilizers (mainly nitrates and phosphates)
industrial and commercial chemicals
road salts
agricultural pesticides
acidic mining wastes
waste heat
radioactive waste

Figure 2 Nutrients in fertilizers applied to fields can pollute water supplies

Domestic Sewage
About 75 percent of homes in the United States have municipal sewage 
systems. The remaining 25 percent discharges their sewage into home 
septic systems. Some discharge their sewage directly into the ground. The 
human wastes in sewage are not especially harmful. However, disease-
causing microorganisms are common in sewage. These are a health 
hazard. Many illnesses, such as cholera and typhoid, are caused by contact 
with sewage. Such illnesses are not common in the United States.

Section 10  Water Pollution and Treatment
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However, in some areas of 
the world people are more 
likely to be exposed to 
untreated sewage. These 
illnesses are much more 
common there. Coliform 
bacteria are common. 
They live in the intestinal 
tracts of all warm-blooded 
animals. This includes 
humans. They are generally 
not harmful. However, 
their presence in sewage 
often signals that it is 
contaminated.

Nutrients From Fertilizers 
Plants need many inorganic chemical nutrients for good growth. The most 
important of these are the elements nitrogen and phosphorus. Nitrogen 
is the most abundant gas in Earth’s atmosphere. However, it cannot be 
used directly by plants. Bacteria in the soil convert nitrogen gas mainly 
into nitrate ions. Lightning does the same thing. Nitrates are soluble forms 
of nitrogen. They can be used by plants. Human-made chemical fertilizers 
also contain soluble nitrogen, mainly ammonia. Mixing natural gas with 
steam and air produces ammonia. The problem with nitrogen-containing 
fertilizers is that they can be “too much of a good thing.” Excess nitrogen 
promotes the growth of algae in natural surface waters. When the algae 
die and decay, they take the oxygen needed by aquatic animals from the 
water. Runoff from croplands is not the only problem. Fertilizer on lawns, 
golf courses, and home gardens also contain soluble nitrogen. They often 
carry even more excess nitrogen than croplands.

Human wastes contain water-soluble nitrogen compounds. Sometime 
sewage that has not been treated properly finds its way into groundwater. 
Nitrate levels in drinking water can become excessive. Human infants can 
be harmed by drinking water that has high nitrate levels. Nitrate reduces 
the amount of oxygen carried by red blood cells. Too much nitrate can 
cause “blue-baby syndrome.” This can lead to suffocation. 

Plants use phosphorus in the form of phosphate ions. The most common 
form of phosphorus in fertilizers is ground-up phosphate rock. This is a 
type of sedimentary rock. Deposits of a material called guano are also 
mined for phosphorus. Guano is the excrement of bats and seabirds. 
The problem with soluble phosphorus is similar to that with nitrogen. It 
causes algal blooms in natural waters. (See Figure 4.) The phosphates in 
household soaps and detergents can also pollute groundwater supplies. 

Figure 3 Water testing at Lake Cachuma, the water 
storage reservoir above Santa Barbara, California.
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This is a problem in many heavily populated communities that rely on 
groundwater. Restrictions on the phosphate content of detergents can 
help to reduce this problem.

Figure 4 Soluble phosphorus can cause algal blooms such as the one shown on the left.

Toxic Chemicals 

In the past, people used less artificial chemicals and materials than today. 
Many of these chemicals are health hazards. Some are toxic only after 
long-term use. Some of the major chemical pollutants are gasoline, 
chemical solvents, agricultural pesticides, and herbicides. Some others are 
compounds of heavy metals. These include copper, zinc, lead, mercury, 
and cadmium. These metals are used in industrial processes.

New substances are being developed very quickly. Government and 
private testing laboratories cannot keep up with the rate at which these 
substances are being developed. 
As a result, thorough testing is 
not always done to determine 
the toxicity. Many of these toxic 
substances find their way into 
surface-water and groundwater 
supplies. In part, this is from 
everyday use. However, in many 
places, toxic chemicals have 
been illegally dumped. They 
have been left on land surface 
or stored in decaying drums at 
dumpsites. Cleaning up sites 
all around the United States is 
a multibillion-dollar task. (See 
Figure 5.) Figure 5 Photograph of a toxic-waste site.
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Waste Heat 
Most of the electricity in the United States is generated in power plants. 
The burning of fossil fuels produces steam to drive turbines. The turbines 
drive electrical generators. Enormous quantities of water are used to cool 
and condense the steam. The water is then recycled in the power plant. The 
cooling water is put into rivers, lakes, or the ocean. It is typically 5 to 10°C 
warmer than the water that it enters. This causes three major problems. 
Warm water cannot hold as much dissolved oxygen as cool water. Therefore, 
less oxygen is available for aquatic animals. The higher temperatures also 
tend to lead to the disappearance of some species of organisms. They are 
replaced by warmer-water organisms. Sudden temperature changes can kill 
organisms outright. This is due to thermal shock. 

 Figure 6 Diversion dam for the Pit River Power Plant in central California.

Water Treatment
Water is purified in nature. Evaporation and condensation do this. They 
separate the water from things that are dissolved in it. Bacteria convert 
dissolved organic matter into simple and harmless compounds. Sand and 
gravel act as filters. They take out material that makes water cloudy. Rain 
and groundwater is purified by bacteria. It is filtered by sediment. This 
results in clean drinking water. Unfortunately, the demand for water 
is much greater than nature’s supply. Due to this, communities rely on 
municipal water-treatment plants.

No matter where a community’s water comes from, it must be treated. 
(See Figure 7.) Even where water is used carefully, pollutants can find 
their way in. You cannot wash clothes, take a shower, or flush the toilet 
without adding pollutants to the water. The goal of water treatment is 
to make water safe for drinking. It also serves to prevent a bad taste, 
smell, or look. Treatment of wastewater from municipal sewage systems 
involves a series of steps. These are screening, flocculation, filtering, and 
disinfecting. Depending on your local water sources and treatment needs, 
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your community’s water-treatment process may be slightly different than 
what is shown. Keep in mind that the wastewater that passes through 
home septic systems is not treated at all. It goes directly into the ground. 
It tends to add to the pollutant levels in local groundwater supplies.

 Figure 7 Water is made safe for human use at a water-treatment plant.

Screening, Flocculation, and Settling
Sewage is first passed through screens. This process removes large pieces 
of debris and other solids. Then it flows slowly through sedimentation 
tanks. There, gritty mineral material settles to the bottom. Lightweight 
sludge floats to the top. To aid in the settling process, alum (hydrated 
potassium aluminum sulfate, KAl(SO4)2 

•
 12H2O) and slaked lime (calcium 

hydroxide, Ca(OH)2) are sometimes added. These cause particles of 
sediment to coagulate. They stick together to form larger clumps 
called flocs. Flocs settle relatively fast. The sludge is sent to a separate 
container. There the organic matter left is digested by microorganisms.

Filtration
The next treatment step is called filtration. The water is passed through 
sand, gravel, and activated carbon (charcoal). Filters help remove 
tiny particles and odors. Water can contain inorganic (non-living) 
components. These cannot be adequately removed by filtering. If this 
is the case, a chemical exchange process can be used. It is called an ion 
exchange. The process is effective in treating hard water. Hard water 
is water that does not easily produce suds in the presence of soap. Ion 
exchange can also be used to treat arsenic, chromium, excess fluoride, 
nitrates, radium, and uranium. As part of this stage, the wastewater is 
aerated. (It is exposed to the oxygen of the atmosphere.) This greatly 
speeds up the natural oxidation and decomposition of organic matter
in the water. This occurs due to the activity of microorganisms.
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Disinfection
Water is disinfected before it enters the distribution system. Disinfectants 
kill dangerous microbes that remain. Chlorine is very effective in doing 
this. It also guards against biological pollution as the water moves through 
pipes. Ozone is a powerful disinfectant as well. However, it does not 
control biological pollution in pipes. At times, the disinfecting process 
produces by-products. These are called disinfecting by-products (DBPs). 
They are contaminants. They form when chlorine reacts with organic 
matter. This matter is in treated drinking water. Long-term exposure to 
some DBPs may increase the risk of cancer. It can cause other bad health 
effects as well. The United States Environmental Protection Agency 
regulates the presence of four DBPs in drinking water. Scientists continue 
to study the issue.

Levels of Treatment
Primary treatment involves only settling. It may also include chlorination. 
After this, water is still not suitable for human use. Secondary treatment 
is required. This involves filtering and oxidation. This reduces the number 
of microorganisms. It results in wastewater with much better quality. In 
some places, tertiary treatment is used. This involves flocculation and 
disinfecting. It may also include the use of specific additives. This process 
removes unwanted excess compounds. For example, it removes iron, 
manganese, and so on. It is 
done along with primary and 
secondary treatment. Tertiary 
treatment produces high-
quality domestic water. This 
water can be added to the 
public water supply.

Treatment Costs 
On a per-gallon basis, water 
is cheap. On average, water 
costs are slightly more than 
$2 per 1000 gallons. The costs 
tend to be lower for large 
water systems. Treatment 
accounts for about 15 percent 
of that cost. Other costs are 
for equipment. These include 
the treatment plant and 
distribution system. Some 
costs are also for labor 
to operate and maintain 
the system. Figure 8 A schematic of a water-treatment 

plant.
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Water Hardness 
As water moves through soil, sediment, or bedrock, it dissolves some 
of the minerals. Water hardness reflects the concentration of dissolved 
solids in the water. The minerals that make water “hard” are mainly 
calcium and magnesium. Groundwater tends to be harder than surface 
water. It has been in contact with the solid materials longer. Hard water 
is also more common in areas where the bedrock is limestone. Limestone 
consists of the calcium carbonate mineral calcite. Calcite is slightly 
soluble in water. Some degree of hardness in drinking water is healthy. 
Calcium and magnesium are essential nutrients. Hardness also lowers the 
concentration of dissolved lead. The lead comes from the solder that is 
used in copper plumbing systems. These are disadvantages to hard water. 
It reduces soap suds. It also can leave hard, white deposits in teapots, 
on shower walls, and in water heaters and boilers. Water softeners can 
be used to reduce hardness. They replace the calcium and magnesium 
ions with sodium ions. A problem with water that is softened is that is 
contains high levels of sodium. Lots of sodium in drinking water is not 
good for people with high blood pressure. 

 Figure 9 Damaged pipes.

Checking Up
1. What are some of 

the health hazards 
of domestic 
sewage? 

2. If coliform bacteria 
are generally not 
harmful, why is 
there concern 
about them? 

3. How do chemical 
fertilizers cause 
water pollution? 

4. What risks do 
power plants 
pose to the 
environment?

5. Describe how 
water is purified
in nature. 

6. Draw a diagram 
of a typical water-
treatment process. 
Label the processes 
and show the 
flow of water 
from source to 
community water 
mains. 

Think About It Again
At the beginning of this section, you were asked the following:

• How do pollutants get into surface water? 
• How do pollutants get into groundwater? 
Record your ideas about these questions now. Refer to what you learned 
about water pollution in your answer.
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Reflecting on the Section and the Challenge
You modeled the pollution of a groundwater aquifer. You tested the quality of water 
in your community. You also modeled two important steps in treating water to make 
it safe for drinking. These two steps are probably used at your local water-treatment 
plant. Understanding ways that water can become polluted is important. It will help you 
understand how an increase in population might affect the quality of your community’s 
water supply. Cleaning up water is not free. The more pollutants there are in the water, 
the more difficult and costly it is to treat it. You will need to consider the pollution that 
an increase in population will add to your community’s water system.

Understanding and Applying

 1. In some northern states, harmful quantities of salt are appearing in streams, ponds, and 
even shallow groundwater aquifers. What might be the source of the salt and how is it 
getting into these water sources? How might this salty water affect freshwater ecosystems? 

 2. The High Plains Aquifer is one of the largest groundwater aquifers in the United States. 
It is located under Colorado, Nebraska, and parts of Texas, Oklahoma, Kansas, South 
Dakota, and Iowa. It is a nonrenewable water resource and has shown an increase in 
levels of nitrate. List the potential sources of these increases. Describe how the use of 
the topsoil above this aquifer may be related to its pollution. 

 3. Make a list of ways that citizens in your community can reduce water pollution. 

 4. What is the relevance of the experiment you completed in Part A of the investigation 
with respect to water pollution? Is your community affected by this problem? Could 
it be? What steps could be taken to reduce the effect?

 5. In the Investigate, you treated a water sample. What steps in the complete water-
treatment process were you modeling? What additional steps would be required to 
make your sample safe for drinking? 

 6. How do concerns regarding the pollution of groundwater differ from those 
surrounding the pollution of surface water? Does your community treat these water 
sources differently? Why or why not?

 7. Preparing for the Chapter Challenge
Write a paper in which you explain the different ways that surface water and 
groundwater can become polluted. Describe the possible effects of pollution on your 
community’s water supply from an increasing population. Make suggestions for what 
can be done to minimize water pollution. 

In the Investigate of Section 8, you looked at your community’s water-quality report. 
Examine this report again to determine the following:
a)  What water-treatment process is used by your community’s water-treatment facility? 
b) How much does it cost to treat water in your community? 
c) How much water is treated daily? 
d) What is the maximum capacity of the system? 
Based on your findings, explain whether or not your community’s water-treatment 
facility will be able to treat water from a growing population.
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Inquiring Further

 1. Local water quality 
Research how well your local water provider has maintained the water quality 
in your community. 
a) Look in the provider’s water-quality report. 
b)  Also try looking for past violations that have been reported to the United States 

Environmental Protection Agency (EPA). Go to the EarthComm Web site at http://
www.agiweb.org/education/earthcomm2/ to help you find this information. Write 
down the nature of any violations and the dates in which they occurred.

c)  Also try searching EPA Envirofacts Warehouse—facilities information (visit the 
EarthComm Web site to find this information) to research the status of industries 
in your county. This resource indicates if a particular industry is in compliance with 
federal pollution laws. 

 2. Pollution from pets 
Feces and urine from cats and dogs is a major source of water pollution in some urban 
and suburban areas (especially those without “pooper-scooper” ordinances). 
a)  Try to determine the size of the cat and dog population from your community’s 

authorities, and then, by making assumptions about the average daily output of 
cats and dogs, arrive at an estimate of the total weight of cat and dog feces and the 
volume of cat and dog urine deposited on the yards, sidewalks, streets, and other 
public areas of your community per year. 

b)  What do you think are the effects of this material on water quality in your 
community or in other areas surrounding your community? 

 3. Thermal pollution 
Locate the power plant nearest to your school. Contact the operators of the power 
plant to find out their method of cooling. Some power plants use air cooling, but most 
use water cooling. If the plant uses water for cooling, find out the source of the water, 
the volume used, and the method of disposal. If the cooling water is discharged into a 
river or lake, try to obtain data on the temperature rise in the water body.

 4. Softening water 
Line three funnels with filter paper. Place sand in one, a water-softening chemical 
in another, and leave the third empty. Use this to design an experiment to find out 
whether the water-softening chemical or natural filtration by sand is a better method of 
softening water.

Check your plan with your teacher before 
carrying it out. Do not drink the water. 
Wash hands after the activity.
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