


In this chapter, you wi ll: 

• explain how natural events and human 

activities can change the water table and affect 

our water supply 

• explain the stages invo lved in processing 

drinking water and treating waste water 

• design and build a water filter and test its 

efficiency 

• analyze a local water Issue and develop a plan 

of action 

In this chapter, you will: 

• follow established safety procedures when 

using apparatus 

• design, build, and test a water filtration device 

• test water samples for a variety of chemical 

cha racteristics 

i----........... by This Is Lmpor DLLt _____ _ 

Regularly monitoring our water systems enables 

us to ensure that our water IS clean and safe to 

drink now and in the future. 

~ 
-=------. wv~ 

Asking Questions 
Science inspires readers to be curious. Think 

about the title for Chapter 1 1 . Then, use the 

5Ws and "How" to turn parts of the title into 

questions. For each question, indicate 

whether the answer would require the reader 

to ( 1) have a fact or knowledge or (2) form 

an opinion or make an evaluation. 

Key Terms 
• chlorine • contaminants 

• recharge • septic tank 

• discharge 



Figure 11 .2 The tragedy in 
Walkerton, Ontario, reminded 
everyone about the serious 
consequences of unsa fe drinking 
water. 
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Figure 11 .1 This kind of Escherichia 
coli bacterium can make us very il l if 
it is in our food or our water 
(magnification of 50 OOOx). 

Y OU r ad in Chapter 10 that whatever happens in one part 
of a watershed can influence its other parts, affecting the 

health of fores ts, wildlife, and people. In May 2000, the people 
of Walkerton Ontario, learned this first-hand (Figure 11.2). 

Walkerton is a rura l community of about 5000 people near 
the city of Owen Sound. T11ree large \vells supply drinking 

water to the people living there. In the spring of 2000, the 
drinking wat r in one of the wells became contaminated 
because three things happened at the same time. 

• A normal farming activity (spreading cow manure on a 
fie1d as ferti lizer) resu lted in bacteria seeping into the 

ground and washing into the vvell water. 

• The amount of chlorine usually added to treat the water 
in the well v,ras not being monitored. Chlorine is a 

eh micalused to disinfect (meaning kill organisms in) 
water. If enough chlorine had been added to the wen 
water, the bacteria would have been killed. 

• Testing and repor ting of the weIl 's water quality was not 
being done properly. 



As a result of these three things, the residents of the area 

who drank this contaminated, improperly chlorinated water 

became ill. Seven people died and more than 2000 others 

became ill. 

As you may recall from pre\Tious studies, bacteria exist all 

around us. Some can harm humans. The bacterium that 

contaminated the Walkerton wen water is caned Escherichia coli 
0157:H7 (Figure 11 .1). This is the same bacterium that can be 

found in uncooked ground beef. There are many, many other 

kinds of Escherichia coli (E. coli for short), but not all are 

harmful. E. coli bacteria are found in the intestines of mammals. 

A lot of them are presen t in your intestines right now, helping to 

keep them function ing normally. The 0157:H7 kind, ho-wever, 

can make us very ill or even kill us. Cows, on the other hand, are 
not affected by it. E. coli 0157:H7 can1ive in a cow's intestines 

and a farmer would not know it. 

The sad story of Wa lkerton's contaminated water supply 

reminds us of the importance of checking to see that our 
drinking \vater is safe. Even water that looks clear and clean 

may contain harmful bacteria and other microorganisms that 

are invisible except under a microscope. For this reason and 
many others, it is critical that our \vater systems be monitored. 

A bacterium is a type of micro­
orga nism. The plural of bacterium is 
bacteria. 

Dissecting a Water Filtering Device - Teacher Demonstration 

Many people use small purchased water fi ltering 

devices in their homes. These are designed to 

filter out some heavy metals that might get into 

tap water from old pipes. Your teacher will cut a 

filter apart so that you can see what IS Inside. 

1 water filter 

hacksaw 

CAUTION: The hacksaw blade IS very sharp. Use the 
saw with care. 

p 

1. Watch as your teacher opens up the Side of 

the water filter. 

2. Draw a diagra m of the cross-section of the 

opened water filter. 

3. What is the filter capable of rem oving from the 

water7 
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Here is a summary of what you will learn in this section: 

• Natural occurrences such as flooding, droughts, and earthquakes can cause changes in the height of 

the water table. 

• Overuse of we lls has the potential to alter groundwater supplies permanently. 

• How much water' we ta ke from our envi ronm nt nd how we alter it before disposing of it can affect 

both the supply and the quality of water. 

Imagine that you have a large rain barrel filled with water. 

Every time you need to use water outside, it must come from 

the harrcl. That includes watering plants and washing the car. 

T he barrel can only recharge after a rainfall. Recharge means 

refill. Therefore, if you were to use water fas ter than the supply 

in the barrel could recharge, you would soon run out. 
Like the rain barrel, a watershed receives onl a certain 

amount of water each year. That water recharges above-ground 

reservoirs, such as rivers and lakes, and underground reservoirs, 

such a. aquifers. Because most of the fresh water in Canada lies 
below the surface, vve need to pay attention to natural and 

human factors that can affect our groundwater supply. 

Nature and the Water Table 

Draw a three-column K-W-L chart. 

• In the first column, write down three statements that you kn ow about 

nature's water table. At the top of the column, put K ("What I kn ow"). 

• In the secolld column, vvrite down thr'ee questions that you would like to 

have answered about the water table. At the top of the column, put W 

("What I want to learn"). 

• As you are studying this sedion, fi ll in the third column with statements 

describing what you learned about the water table. At the top of the 

co lum n, put L ("What I lea rned") 
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The Rising and Falling Water Table 
The rain barrel described earlier i a lot like a watershed. If 
more water leaves a watershed than enters it, a shortage will 

result. The usua1 water levels in lakes and rivers will start to 
drop. Below ground, the 1 vel of the water table will drop as the 

amount of ground water decreases (Figure 11 .3). 
On the other hand, if more water fills a watershed than can 

leave it, a different problem occurs. When it rains, water soaks 
in to the ground, fi lling up the layers of soil and aquifers. If the 
rain contin ues the top of the water table will rise closer to the 
ground's surface. In low-lying areas, this means that the water 
table might reach the su rface and lead to flooding (Figure 11.4). 
Flooding may not only damage property but also cause 
drinking 'water to become contaminated. For example, when 
flooding occurs in saltwater areas, the water table may become 
contaminated with salt, making it unsuitable for drinking. 

Both natural fac tors and human activities can affect our 
water supply by changing the water table. The result can be a 
scarcity of wa ter for consumption or too much water, which 
can lead to flooding and possibly contamination. 

Figure 11.3 The fesul of a fa ll ing water table 

Figure 11.4 The results of a rising water table 
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Natural Water Table Changes 
On J uly IS, 2004, Peterborough, Ontario, 

received 200 mm of rain (Figure 11 .S). 

Basements flooded and waste water backed up in 

pipes . People \vith drilled wens were told to boil 

their drinking water. Floods are natural 

occurrences within a watershed. 

Figure 11.5 Many streets and basements filled with water 
dUring the 2004 flood in Peterborough, Ontario 

As water cycles from water bodies to the 

atmosphere and back again, water levels 

naturally rise and fall. Droughts and earthquakes 

are other natural occurrences that affect water 

supply. 

Suggested Activity • 
D23 Problem· So lving Activity 
on page 315 
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n 
Flooding can be brought on by heavy rainfall, ice-jams, sudden 

spring thaws, and storms. Flash floods are floods that come 

without much warning. They are caused by heavy, 

concentrated rainfall such as the kind you would see during a 

thunderstorm. The rain flows rapidly across bare ground and 

paved surfaces, causing the water level in storm drains to rise, 

overflow, and back up . Surface flooding then occurs. 

h 
Canada's Prairies have been experiencing drought conditions 

in recent years. Drought are long periods of litt1e or no 

precipitation. The result is that a watershed gradually starts to 

lose water. Lakes and rivers may experience falling water 

levels. As less ground water collects, the upper surface of the 

water table gradually drops. Commumties must restrict water 

use during these drought periods. 

k 
Although earthquakes are not that common in central 

Canada, they can affect the water table directly. In 

earthquake-prone areas of the world, scientists have noticed a 

drop in the water table by as much as 1 m after a qu ake. This 

affects the ability of wells to draw water. Such a disruption in 

the water table can also cause ground water to become 

cloudy, affecting its potability. 



022 Learning Checkpoint 

Your Water Table K-W-L Chart 

Referring to the reading that you have just completed on naturall water table 

changes, add two sentences about what you learned to the third column 

(column L) in your K-W-L chart. 

Human Causes of Water Table Changes 
Human activities can also affect the water supply. For example, 

flood ing may occur if a dam or other human-made water 

reservoir co11J pses. Most often, however, it is our overuse or 

misuse of water that hurts the supply. 

ver se We Is 
More than 2S percent of Ca nadians rely on ground water for 

their water needs. Most of these users live in rural areas. As 

you read in Chapter 10, wells are drilled into aquifers to obtain 
the water (Figure 11 .6). 

The water cycle naturally recharges our groundwater supply. 
An unusually dry summer or a winter with little snow results in 

less water sinking into the ground and collecting in aquifers. 

Because we cannot cia anything about a dry cycle in nature, it is 

importan t that users of wells be aware of the reduced 

precipitation and draw less water from the ground. Overuse of 

wells can deplete underground aquifers, often for long periods. 

Figure 11.6 Th is cross-section of 
ground shows two wells. Well A has 
run dry because the depth of the 
water table has fal len below it. 
Well B is contin uing to produce 
water because the well still rea ches 
the aquife r. 
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ml F du try Prac ic 

Many large-scale farms and industries need immense quantities 

of water in their operations. That is one reason why many 

industrial plants are located beside a 
river or lake. After the water is used, it 

is discharged back into the 

Figure 11.7 Producing electriCity in nuclear power plants, such as this one 
at Pickering, Ontario, uses a great deal of water. 

environment. Discharge means to 

release or pour out. The used water may 

be discharged directly in to a water body, 

the atmosphere, a wastewater drainage 

system, or a ground filtration system. 

Often, the water that is put back is not 

as clean as it vilas when it was taken out 

of the environment. Also, sometimes 

less water is put back into the natural 

system than was removed. 

Examples of large-scale water use 

include crop irrigation, power 

generation other than hydroelectric 
(Figure 11.7), and industries such as 

pulp and paper production and mining. 

The oil sands development in northern 

Alberta's Athabasca River basin is of 

Figure 11.8 The mining and petroleum industries use large volumes of 
water. In Alberta's Athabasca River basin, hot water s used to separate the 
oil from the oil sands deposits. 

particular concern because of the 

enormous effect it is having on the 

supply and quality of fresh water in the 

region (Figure 11.8). 
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ers·o an Ex 
The bottled water industry also removes large quantities of 
water from our water supply. The majority of Canada's bottled 

water industries are in Ontario, Quebec, and British 

Columbia. Minions of litres of water are removed from a 

variety of sources, including springs, municipal water 
treatment systems, aquifers, and glaciers. If more water is 

removed than replaced, the height of the water table will be 

affected . Also, water may be pumped out of one location and 

shipped to another province or country. ,\Vhen this happens, 
the water is not returned to the watershed from where it 
was extracted. 



Clearing Muddy Waters 

Events such as flooding can cause soil to dirty well 

water. The first step in bringing this water back to a 

usable condition is to filter out the soil. In this 

activity, you will design, build, and test a device for 

filtering soil sediment out of water. 

What is the best way to filter muddy water! 

one 2-L plastiC pop bottle 

SCiSSorS 

1 L muddied water (from your teacher) 

coarse, dry sand 

cotton balls 

2 sheets of paper towel 

approximately 250 mL of pebble-Sized gravel 

Your water filter must: 

allow at least 250 mL of the muddy water 

to pass through it without clogging up. 

remove enough of the soil particles so that 

the water that has passed through the filter 

is noticeably clearer. 

With a partner, discuss how you might use the 

materials provided to create a filter. In a deSign 

brief, write down all your ideas. 

1. DeCide on the best idea for your filter. Make a 

drawing fi rst of the outside of your filter 

structure and then of the inside of the filter, 

showing the layers. 

2. Build your water filter. 

Identifying possible solutions 
• DeSigning, building. and testing 

3. Obtain the sample of muddy water from your 

teacher. Test your filter by slowly pouring the 

muddy water Into the filter. 

4. Observe what happens to the water as it 

passes through the filter layers. Record your 

observations on your deSign brief. 

5. Suggest one improvement that you could 

make to the water filter you designed. 

6. Present your results to the class, including 

how they met the two design criteria set out. 

7. How did the construction of your filter compare 

with that of other groups in your class! Which 

group's filter removed more of the soil 

particles than other filters did! Why! 

8. As water moves through the ground layers on 

Earth, It is naturally filtered. How does your 

water filter compare wi th Earth's natural water 

filter in clean ing our ground water! 

9. Think back to what you learned about the 

Wa lkerton tragedy at the start of this chapter. 

Even though you have removed soil from the 

muddy water, IS it safe to drink! Explain 

your answer. 

Figure t 1.9 The design materials 

Monitoring water systems is critical for maintaining water supp ly and quality. 3 15 



Key Concept Review 

1. Why does heavy rainfall sometimes result 
in fl oodingC? 

2. (a) ame two large user groups of our 
fresln,vater supplie . 

(b) Explain how each group 's act ions can 
affect our water supply. 

3. Describe two w3ysin \-vhi ch humans have 
negatively affected ground wat T. 

Connect Your Understanding 

4 . bottled water company wa nts to et up 
a plant in your commun ity. What are two 
concerns that your community might 
haveC? 

5. Flood water can be co ntaminated with 
chemicals, salt, and unsafe levels of 
microorganisms. Explain why thi s shoull 
be a concern to the people in the 
community. 

T he table below contains data on some 

historical floods in Canada. Use the 

infor mation to ans'vver question 6. 

, ... 
Sept Mantime Heavy rainfall (Tropical $12.0 million 
1999 provinces Storm Harvey and 

Hurncane Gert) 

April Melita, MB Flooding of Souris River $103 .0 million 
1999 

ay Manitoba Flooding of Red River $815.0 million 
1997 and Assinlboine River 

valleys 

July Quebec Flooding of Saguenay $1.5 billion 
1996 River valley 

May & Quebec Excessive snow melt $359.0 million 
June and higher-than-
1974 normal rainfa ll 

Oct. Toronto Heavy ramfall $1.0 billion 
1954 area, ON (Hurncane Hazel) 

6. Create a graph to display the property 
damage figures for the flood events shown 
in the table. 

For more questions , go to ScienceSource. 
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Competing for Water Use 

Most golf cou rses require large amounts of 

water to keep theIr fairways green. In 

commun ities where the supply of fresh water IS 

already at low levels, some groups have argued 

that using a limited natural resource for a 

recreational actiVity shou ld not be allowed. What 

do you think about this! Should recreational 

businesses have the same access to water 

resources as industries, farm operations, and 

public facilities such as hospitals do! 
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What to Do 

1. Discuss the issue as a class. Make a list of 

the social, economic, and envi ronmental 

consequences of both SIdes of the 

argument. 

2. Think of what actions cou ld be taken to 

help resolve the concerns on both sides. 



Here is a summary of what you will learn in this section: 

• Water quality can be affected by physical, biological, or chemical contaminants. 

• We obtain the water we need from underground and aboveground sources. 

• Water hat is removed from our water systems must be treated and tested before it is safe to drink. 

You have learned how important having a 

steady supply of water is to us and to our 

environment. Just as important is the quality 

of our water systems, because they provide us 

with drinking water. Our drinking water 
must be clean and free from harmful 

organisms and chemical substances (Figure 

11 .10). To ensure that it is, we treat it. 

We have a responsibility not to take our 

treated water for granted. More than one 

billion people in the world do not have 

access to clean drinking water. Many 

developing countries cannot afford to build 

faci lities to treat or test drinking water. 

People wash and drink directly from the 

same river water where human and animal 

Figure 11.10 The water we drink and even the water we play in 

needs to be clean and free from harmful chemical s and from 

organisms that can cause disease. 

wastes have been discharged. Illnesses caused by contaminated 

water kill thousands of people in these countries every year. 

How Much Do You Know about Your Drinking Water? 

Answer the following questions orally with a 

partner to determine how much you know 

about the water you drink. 

1. What is the source of the drinking water 

(for example, the name of a lake or river) 

in your home7 

2. Is your drinking water chlorinated? 

1 . What water storage facilities (for example, 

water tower) exist in your community, and 

where are they located7 

Monitoring water syste ms is crit ical for main taining water supply and quality. 317 



(b) Chemical pestiCides 

(c) Visible sediment (on the lelt) 

Figure 11. t t Examples of water 
contaminants (a) biological, 
(b) chemical, and (c) physical 
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Factors Affecting Water Quality 
The water that flows into your sink or bathtub has flowed 

throu gh your local watershed. Therefore, whatever human 

activi ties or natural events affect the water systems in your 

watershed will affect the water that reaches your home. 

You might think that a factory 50 km away that discharges 

h8rmful chemicals into a nearby river has nothing to do with 

you or with your community s health. Yet, the factory's actions 

do affect you because tha t river is likely part of your 

watershed. The same is true if home gardeners and golf course 

operators near you are using harmful chemicals that can seep 

into the water ystem. All of these actions are connected to you 

because they all have the potential to contaminate your 

community's water supply. Contaminants are contents that 

are harmful to humans , other animals, and the environment. 

The contents of water are typically categorized into three 

types: 

• biological: both visible (such as zebra mussels) and 
microscopic organisms (such as bacteria and viruses) 

• chemical: dissolved substances that come from natural 
processes (such as dissolving limestone) or human activ­

ity (such as dissolved road salt) 

• physical: all materials that do not dissolve in water 
(such as animal waste and plant debris) 

ot everything that water contains is harmful. Figure 11. 11 , 
however, shows examples of contents that are. When water is 
removed from the environment for drinking, it must be treated 

and then tested to ensure that contaminants do not harm our 

health. 

Treating Groundwater Sources 
For the many Canadians who get their water from a well, 
the water is usually fil tered before drinking to remove 

contaminants . The water must also be tested regularly to 

ensure that it is safe to drink. Samples of the water can be 
sent to laboratories for testing. 



Canada h as some very large aquifers that supply ground 

water to industry and m unicipa1ities. One such aquifer in the 

Kitchener-Waterloo area of Ontario provides much of that 

region's water. 

Treating Aboveground Water Sources 
We generally cannot drink the water as it exists in our freshwater 

system . As you have learned, water in our streams, rivers , and 

lakes can contain harmful organisms and substances that can be 

hazardous to our health. The water from aboveground water 

sources needs to be treated before it becomes drinking water. 

Boiling water before drinking it will kill harmful organisms, but it 

will not remove chemical or physical contaminants. 

Most Canadians obta in their drinking water from a lake, 

r iver, or reservoir. T he water is treated and distributed by the 
tOvvn or city where they Eve so that it is safe to drink. The type 

and amoun t of treatment the water receives depends on the 

condition of the water at its source. Polluted sources require 

more treatment than cleaner sources. Water treatment is very 

expensive, however. This is another reason to keep our water 

supply clean. 

ter tment Plan 
Imagine standing on a steel floor grid with 

water churning and bubbling beneath your feet. 

Behind you is the lake where the water came 

from. In that lake, at least O.S km from shore, is 

the opening of the intake pipe that brings the 

water to this building, a water treatment plant 
(Figure 11. 12). 

A first stage in the treatment process is to 
pass the raw water through extremely fine 

membrane filters to remove contaminants. The 

filters are so fine that they can remove an 

organism called Giardia, which causes an illness 
called "beaver fever." Giardia is a microscopic 

parasj te often found in the feces of beavers and 
other animals . If it gets into drinking vvater, it 
can make people very ill. 

Figure 11.12 Inside a water treatment plant, you would see 
a complicated system of pipes and controls such as the ones 

shown here. 
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1. Water comes into 2. 
the system through 
screens that f ilter 
out la l-ge solids 
(such as plastic 
bottles and litter), 
pla nts, and f ish. 

Most of us in Canada rely on a water treatment facility such 

as this to purify our water so that it is safe to drink. Not aU 

cities use the same treatment method. Figure 11. 13 shows the 

basic treatment stages that are typically followed. 

Water is pumped 3 Water IS passed 4. Ch lorine, a s. The drinkable water 
into a large holding through a specia l disinfectant, is is pumped out to 
tank where a membrane filter to added to ki ll any storage sites such as 
chemical is added to take out any microorganisms water towers and 
make small solids remaining t iny that have not been underground 
clu mp together and solids. Instead of a removed by f iltering reservoirs. Pipes 
sett le to the bottom membrane filtrat ion alone. Also at th iS from these storage 

system, some cities stage, some faci lit ies sites distribute the 
use filters made of add f lUOride, a w ater to all the 
gravel , fine sand, chemical used to bus inesses and 
and charcoal prev nt tooth decay. homes In the 

community. 

3 4 5 

- -

Figure 11 .1 3 The basic siages in the water treatment process 
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Water treatment plan ts are very sophisticated and expensive 

facilities. They use a computerized system of checks, rechecks, 
monitors, and alarms to ensure that no step in the treatment 

process fails. Samples are tested often to show that everything is 

working properly and that the finished water does not have 

harmful concentrations of such things as bacteria an d a b road 

range of chemicals. The people who monitor the system are 

highly trained to recognize problems immediately. 



The Water You Drink 

1. Give one reason why it is important to keep our supply of drinking 

water clean. 

2. What causes "beaver fever'," and how is water treated to prevent this illness7 

3. Why is chlorine sometimes added in the water treatment process7 

Testing Water Quality 
In past centuries before technology su ch a the microscope was 

invented, no one knew why people could sometimes become ill 
or die from drinking water. Today, we have the knowledge and 

the equipment to detect microscopic contaminants even after 

the water is treated so that we can be sure it is truly safe to use. 

Water samples from treatment plants are sent to scientists 

in laboratories to test. In larger communities, the tests might be 

done inside the water treatment plant itself. Biological, 

chemical, and physical tests are performed (Figure 11.14J. 
Drinking water samples are also taken from sites that 

receive the processed water, such as hospitals and schools. If 

an abnormal tes t result is obtained, the cause is investigated. 

Sometimes the pipes that transport the 

water may have caused the problem. 

Action is always taken immediately to 

repair any problems found. 

Suggested Activity • 
D27 Inquiry Activity on page 322 

In addition to biological teo ting for 

the presence of harmful bacteria, our 

drinking water is tested for harmful 
chemical substances (such as lead and 

n itratesJ and rad ioactive matter. Test 
results are compared with government 

standards for safe limits. 
Contamination that is above the 

accept.able standards means that. the 
water must not be consumed. Figure 11.14 Th is microbiologist is analYZing a drinking water sa mple. 
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Be a Water Quality Inspector 

In this activity, you wil l measure the pH and salt 

and chlorine content of four sources of water. 

Which water sample will have the highest and 

which wi ll have the lowest values for each test7 

a chart for recording test results 

water-soluble marking pen 

4 water samples to test, collected in clean 

250-mL conta iners tap wate r, rain water, 

bottled water, and water from a river, 
stream, or pond 

pH test strtpS 

clock or watch that reads seconds 
4 microscope slides 

four l-mL dropper pipettes 

light source 
4 test tubes 

si lver nitrate ( 1 percent weight per volume 

solution) in a dropper bottle G 
CAUTION: Do not taste any of the water samples. 
Follow your teacher's instructions for handling and 
disposing of chemicals. 

Write a separate hypothesis for each of the th ree 

tests you will peform. Refer to all fou r water samples. 

Part 1 - Measuring pH 

1. Put a separate pH test strip into each sample 

of wa ter fo r about lO s. Remove the test strip 
and wa it 1 min. 

2. Note the colour change (the pH value) and 
compare it with the va lues shown on the est 
kit Wri te the pH va lue in your chart. 
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• • Measuring 
• Drawing conclusions 

Part 2 - Measuring Salt Content 

3. Put a clea n pipette into each water sample and 

leave it there for the remainder of the tests. 

4. With the marking pen, label each microscope 
sl ide with one of he four water sources. With 

the pipette, drop 1 mL of each water sample 

onto its labelled slide. Place the slides under 

the light until they dry. 

5. Examine each slide for sa lt residue and record 

you r observations. 

Part 3 - Measuring Chlorine Content 

6. Label each test tube with one of the four 

water sources. With the pipette, drop 5 mL of 
each water sample into its labelled test tube. 

7. Add fou r drops of si lver nitra te so lution to 

each tube. 

8. Examine each tube for a change and record 
your observations. 

9. Compare your test results wi th your 

hypotheses. Did any resul t surprise you7 If so, 

wh ich one7 

10. For each water sample, exp lain the results that 
you observed for pH, salt, and chlorine. 

S 

11 . Why must you add the same amount of silver 

nitrate to the same amount of each water 

sample tested7 

12. (a) Would you ever expect to find sa lt in 
rainwater7 Explain your answer. 

(b) What could be a source of sa lt In a pond 
water sample7 



Key Concept Review 

1. Name four sources of drinking water for 
Canadians. 

2. Explain what is meant by the term "water 
treatment. " 

3. (a) How are the contents of water 
categorized? 

(b) W11en are those contents of concern to 
scientists vvho test our drinking water? 

Connect Your Understanding 

4. You have learned from previous studies of 
water that it is an excellent solvent. 
Explain hovv this property of water 
contributes to drinking-water 
contamination. 

o 

5. For each item in the list below, indicate 
whether it should be classified as a 
biological, chemical, or physical 
contaminant of a freshwater system. 
Explain your decision . 

(a) dissolved fertilizer from a riverfront 
golf course 

(b) spill of gasoline while refuelling a 
motorboat 

(c) lawn clippings from storm drain 
run-off 

Cd) dog waste washed into the lake from a 
nearby campsite 

(e) smoke from a smokestack in an 
industrial plant 

(f) chlorine bleach Llsed in household 
laundry 

For more questions, go to ScienceSource. 
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Down the Drain 

Many people are unawa re of what gets poured 
down the drains in their home or school. When 
cleaning products, laund ry detergents, 
medicines, hair dye, and many other products 
are disposed of in this way, it is easy to think 
they have Just disappeared, This is not the case, 
of course, The products flow into septic tanks or 
wastewater pipes, Regardless of treatment, the 
ri sk of our water supply becoming contaminated 
is always a concern, 

What to Do 

1. For the next week, keep a small notebook 
in the kitchen of your home. Every day, 

record all the things that you and other 
family members wash down the drains in 
your house. (You do not need to record 
food items or human waste.) 

2. At the end of the week, ana lyze your 
results. If you have questions about the 
contents of certain products, do some 
research to find answers. Begin at 
ScienceSource, 

3. Propose a plan of action that would 
enable your family to improve the quality 
of the water disposed of down the drains 
in your home. 

Monitoring water systems is critical for ma intaining water supp ly and quality. 323 



Here is a summary of what you will learn in this section: 

• How we dispose of ou r waste water affects the quality of our water systems. 

• Protecting our water systems is important 0 maintaining safe drinking water sources. 

Figure 11.15 All of the waste water in your home 
goes Into an underground collection system of 
pipes. 

When we turn on a tap to get water, we usually give 

little thought to where the water is coming from. The 

same holds true when we flush a toilet. VIe are 

forhm ate to be able to do this. Most of us in Canada 

obtain water from a municipal water supply like the 

one you just read about in section 11 .2. 

Municipalities also manage the removal of waste 

water. The sink drains and toilets in urban homes and 

businesses are connected to a pipe. The pipe joins a 

large system of und rground pipes (Figure 11.15). 

Pumping stations send all that waste water to a 

treatment p lant, \vhere chemical contaminants and 

harmful microorganisms are removed. After that, the 

water is discharged to a nearby stream, river, lake, or 
ocean. 

Treating OUf waste water is part of an overall plan 

to manage our water syst ms and keep them healthy. 

How Much Do You Know about Waste Water? 

Answer the following questions orally with a partner to determine how much 

you know about the waste water that leaves your home. 

1. Where does the waste water in your home g07 If it goes to a treatment 

plant, where is the plant located? 

2. What body of water receives the treated waste water that leaves the 

planP 
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Treating Waste Water 
Every day, we get rid of water that we have finished using or 

that we no longer need. Water is emptied down the drains in 

our homes and businesses and flushed down the toilet. With it 
go substances such as soap, food residue, human waste 

material, rags, and anything else that can accidentally or 

intentionally get flushed into the system. 
If we were to put this waste water directly back into our 

rivers and lakes, we would be contaminating our drinking 

water supply and the water used by other animals. We 

therefore treat our waste water before letting it re-enter the 

natural environment. Several treatment methods exist. They 

are described below. 

pti s 
The rural home that gets its drinking water from a well 

probably disposes of its waste water in a septic system. A septic 
system is a self-contained vvastewater treatment facility. 

Waste water from all indoor sources such as toilets, sinks, and 

bathtubs enters the septic tank. Immediately, bacteria in the 

tank begin to break down the waste (Figure 11.16). Solid 

material settles to the bottom. Lighter materials such as 

kitchen grease float to the surface. The liquid layer in between 

flows into pipes that lead out from the tank. This waste water 
contains organic matter and 

nutrients such as nitrogen. 

The pipes leading from the 

septic tan k are perforated on 

the bottom. This means they 

have small holes that allow the 

water to seep into the soil. 

Once the water is in the soil , 

more bacteria digest and break 
down the organic waste. 

Eventually the liquid returns 

to the groundwater supply. 

Figure 11.16 A septic system. About 25 percent of 

Canadians use this method to treat their waste water. 

WORDS MATTER 

The word septic comes from a Greek 
word meaning to putrefy (decay). 

Mon itoring wa te r systems is crit ical for maintaining water supply and quality. 325 



Figure 11.17 Instead of making 
expensive renovations to enlarge its 
existing treatment system, the 
Kortright Conservati on Centre 111 

Kleinburg, Ontario, constructed a 

wetland to trea t its waste water. 

hnol y 
A wetland, such as a marsh or swamp, is land that is saturated 
with water for long periods of time. Water-loving plants that 

grow in wetlands can filter and purify water. Scientists have 

combined knov ledge of the filtering ability of natural wetlands 

wi th human technology to construct wetlands for wastewater 

treatment. Many smaller communities and businesses use this 

enhanced natural method. Some of these human-made 

wetlands even look like natural marshes (Figure 11 .17).Just as 

they do in a natural setting, the plants and microorganisms in a 

human-designed wetland remove and recycle nutrients. Roots 

and soil filter out contaminants. 

h Wastew er reatment Ian 
If someone asked you to name; the most expensive facility in 

your community, you might answer that it is the new sports 

complex and ice a,ena, or the performing arts centre with the 

up-to-date acoustics. It is unlikely that either of those answers 

is correct. The most expensive facility in any community is 

usually the wastewater treatment plant. It costs millions of 

dollars to construct. For example, for a city with a population 

of about SO 000, a wastewater treatment facility may cost over 

$40 million to build and maintain. 

The treatment of our waste water involves the physical plant 

and the network of underground pipes th at gets the waste to the 

plant. Figure 11.18 shows the route waste water takes from 

your home before being released back into th e natural 
environment. 

Treating Waste Water 

1. What is waste water? 

2. Why is it not a good idea to put waste water di rectly back into the environment7 

3. Name three methods of wastewater treatment that Canadians use. 
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1. Waste water leaves your home through an underground system of 5. The grey effluent enters he aeration tank:. It contains micro-
pipes. It 15 pumped to the treatment plant. organisms such as bacteria and protozoa that digest the organic 

2. Waste water passes through screens to remove large particles wastes. Oxygen is added to supply the microorganisms Wi th the 
such as garbage. envi ronment they need. 

3. Waste water enters the grit chamber. Small particles such as sand 6. The waste water passes into another settling tank. This time, the 
and coffee grounds settle to the bo or microorganisms settle to the bottom as sludge. Some of th iS 

4. Waste water passes into a prrmary treatment tan k. Heavy solids sludge is returned to the aerat ion tan for reuse. 
settle to the bottom, forming sludge. Material that floats gets 7. Harmful microorganl<; ms can still be in the waste water, so the 
skimmed off the top . final treatment is usual ly disinfection With ch lorine. Most of t he 

chlonne is allowed to get used up before Stage 8. 
8. Cleaned and treated water is discharged back In to the 

environment. 
2 4 

3 

'--_________ ---'1 ,-I __ ---' 

preliminary treatment primary treatment secondary treatment 

Figure 11.1 8 The basic stages in the wastewater treatment process 

Protecting Drinking Water Sources 
It costs a lot of money to treat our water so that it is safe to 

drink and use for other purposes. Therefore, it makes sense to 

prevent our r ivers and lakes from becoming contaminated in 

the fi rst place. The less contaminated they are, the 

less they need to be treated to become drinking 

water. Also, because not all chemical contaminants 

can be removed from water, it makes sense to avoid 
putting them there to begin vvith (Figure 11.19) . 

Protecting our drinking water sources is not only 

better for us, but healthier for other animals and the 

plants that also depend on them. 

final treatment 

All human activities that affect our water 

systems affect the sources that supply our drinking 

water (Figure 11 .20). The combined effects of these 

actions can make a body of water so polluted that it 
is unsuitable for human use. 

Figure 11 .19 Read product labels to find out whether 

special disposal is eeded. Many cleaning products 
shou ld not simply be poured down the drain. 

Monitor ing water systems is criti cal for mai ntaini ng water supply an d quality. 327 



Protecting Our Drinking Water Starts at the Source 

Power stations 
sometimes discharge 
warm water into lakes 
or rivers . That water can 
harm or ki ll some 
aquati c an ima ls. It can 
also lead to excessive 
plant grow th and 
changes in the whole 
ecosystem. 

Run-off from city 
streets contains large 
amounts of oil and 
other chemicals, 
including salt. These 
substances can harm 
aquatic plants and 
animals. 

Waste water can conta in excess nutrients that 
promote t he growth of aquatic animals and 
plants Th ese anima ls and plants can start using 
up the oxygen in lakes and rivers, leaving less 
available for the native fish populations. 

Figure 11.20 Human adivities and their effeds on water systems 
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Air pollution affects water systems through the 
water cycle. Contaminants in the air collect in 
precipitation , which then falls to Earth 's surface. 

Factories sometimes add dangerous chem icals or 
w arm water to lakes or rivers, harm ing or killing 
aquatic plants and an imals. Some chemica ls can 
cause tumours or birth defects in some organ isms 
or make t hem unable to reproduce. 

Run-off from farmland 
contains fertil ize rs that 
can cause excessive 
plant growth . Run-off 
can also contain 
herbicides or pesticides 
that can kill aquatic 
animals and plants. 

Oil spills from ships can 
harm animals in, on, 
and near the water 



The Yellow Fi Road P 
If you see storm drains near your home or school 

marked with yellow fish symbols, you will know that 
the Yellow Fish Road Program™ has been to your 
neighbourhood. The program reminds people of the 
connection between our storm drains and our water 
systems (Figure 11 .21). 

As Figure 11.20 notes, city run-off may pick up 
many contaminants. People have even intentionally 
disposed of chemical products by pouring them down 
storm drains. 

Since the Yellow Fish Road Program™ began, 

thousands of students have helped pain t yellow fish 

Figure 11.21 A storm dr in with the Yellow Fish 
Road symbol 

symbols next to storm drains. Volunteers also distribute 
brochures to homes, educating people about the dangers th at 
aquatic animals, plants, and our drinking water face when 
materials are dumped dO'wn our storm drains. 

Who Manages Our Water? 
All levels of government - federal p rovincial, territorial, 
and municipal - help to manage Canada 's water systems 
(Figure 11.22) . Responsibility for a water body depends on 
many factors, such as where the water flows . Managing our 
water systems is a shared responsibility. 

Your community has bylaws that manage the local water 
supply. An example of this i restricting lawn watering in the 
summer. The Ontario Water Resources Act sets out rules that 
apply to many water-related activities, such as the 
transfe r of water from the Great Lak s, the 
constructi n of wells, and th e operation of 
wastevvater treatment plants. 

Ontario also has laws to protect ou r province's 
drinking water pecifically. These laws, made under 
the Clean Water Act, require communities to identify 
how the quality of their drink ing water might be 
threatened and to make an action plan to reduce or 
remove those threats. 

Figure 11.22 The Canadian Coast Guard has an oil spill clean-up program 
that can be put into action even In remote parts of Canada's offshore areas. 

Suggested Activity • 
D33 Decision-Making Analysis on 
page 331 

Mon itoring water systems IS critical for maintaini ng water su pply an d qua li ty. 329 



The Question .. Answer Relationship 

The Question-Answer Relationship strategy 

helps a reader identify four types of questions to 

ask about a text and to identify w here the 

answers might be found. The first two types of 

questions are "Right There Questions" and 

"Here and There Questions:' Answers to these 

are likely to be in one or more places in the text. 

The other two types of questions are "Author 

and Me Questions" and 'just Me Questions!' 

Answers to these require the reader to use prior 

knowledge and to look at other details in the 

text. Not all answers to a reader's questions will 

be found in the text. 

Think of questions based on the title of the 

QUick Lab below. Identify the type of question 

you have created and where you expect to find 

the answer. Confirm this Question-Answer 

Relationship by reading the lab. What kinds of 

questions are included at the end of the lab? 

Where will you find these answers? 

How Phosphates Affect Our Water Supply 

You might have seen the words "phosphate free" 

on detergent boxes. Detergents and soaps that 

contain phosphates upset the natural balance of 

our lakes and rivers. Removing phosphates from 

these products protects our water supply. 

To investigate why phosphates contribute to 

pollution 

M ent 

1 L pond water 

2 transparent SOO-mL conta iners 

small beaker 

tap water 

2 measuring spoons, S mL and 15 mL 
l -mL dropper pipette 

5 mL detergent containing phosphates 

stirring spoon 
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1. Fill each of the SOO-mL containers two-thirds 

full with pond water. 

2. Fill the beaker With 45 mL of tap water and 

add 5 mL of detergent. Stir. 

3. With the pipette, add 1 mL of the detergent 

solution to one of the pond water samples. 

4. Set both containers of pond water on a 

windowsill. 

5. In your notebook, record what you obseNe 

about the t\lVO samples every day for five days. 

6. Why did you add the detergent solution to 

only one pond water sa mple? 

7. Describe the difference you obseNed 

between the two samples. 

8. By preventing phospate contamination of our 

water supply, how could we benefit the 

environment? 



Gathering information 
Summarizing Information 

Managing Small Sound's Water Supply 

The town of Small Sound, where you live, IS 

proposing to install a very expensive storm sewer 

pipe to handle an increase in storm water run-off 

from its streets. In addition to being very costly, the 
pipe VIIi I I extend into the bay that IS the source of 

the town's drinking water. You have gathered a 

group of friends to propose an alternative plan 

because you know that storm waters contain 

many contaminants. You do not want more of thiS 

entering your drinking water supply and the waters 
where you swim and kayak. 

Your community has noticed an Increase in the 
number of extreme weather events in the past five 

years. Two major storms produced above-average 
rainfa ll, and in one of those storms, flooding 

occurred because the storm drains could not 

handle the run-off from the streets. They backed 

up and overflowed. This cost more than $1 million 
in property damage 

Figure 11.23 Think of Small Sound as looking something 
li ke this. 

Your task IS to come up with a plan that will 
reduce the amount of run-off on Small Sound's 

streets. You will present your plan to town council. 

Part of your plan involves educating residents 

about the contaminants present in surface run-off. 

Begin developing your plan, using the follOWing 

information to gu ide you. 

1. Go to SCienceSource to search for information 

on uSing native plants instead of paved 

boulevards to reduce surface run-off 

2. Look in print materia ls such as newspapers 
and books for information on how plants can 

protect water supplies. 

3. Investigate ways in which individual home­

owners can reduce surface run-off from their 

roofs and driveways. 

4. Summarize the information you find in a short 

report for presentation to town council . 

Include only information that supports your 

viewpoint or refutes the proposed pipe plan. 

5. Prepare a flyer for local residents that includes: 

(a) Information on the kind of contaminants 

that can be present in surface run -off that 

enters a drinking water supply 

(b) an explanation of ways to reduce surface 

run-off on their own property 

Monitorin g water systems is cr itica l for maintaining water supply and quality. 331 
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1. What methods are used for the treatment 

of waste water'? 

2. What is added to waste water during the 

aeration part of its treatmen t'. 

3. Give two reasons why it is necessary to 

protect our drinking \va ter sources. 

r pp Y r di 
4. Why is the chlorine that is added to final , 

treated vvast \Nater allo'\ved to get used up 

before it is discharged into ~l r iver or lake? 

o 

5. Several of the main stages in how our 

bodies digest food are Iiste I in the next 

column . Copy the diagram 5hoW11 here 
into your notebo k. Using the diagram 

compare the stages in food digestion \vith 

the stages in wastewater treatment. 

Stages in Food Digestion 

• The stomach provides a site for temporary 
fo od storage. 

• The stomach mechanically lJreaks dovvn 
food. 

• The stomach chemically breaks down 

some foods, such as protein. 

• Stomach contents are transferred into the 
small intestine, which is the main site for 

food digestion . 

• The intestines contain bacteria that work 
to break down food further. 

wastewater 
digestion 

human 
stomach 

Use this Venn 

diagra m to show 

how the human 

digestive system is 

like a wastewater 

treatment plant. 

F r more questions, go to ScienceSource. 
- It 
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Educating the Community 
You read about the Yellow Fish Road Program™ in 

this section. This IS one way to raise awareness 

about the risk of run-off contaminatlng local lakes, 

rivers, and streams. 

What to Do 

1. As a class, think of a project you could do 

together to educate your co mmunity about 

the harmful effects that run-off can have 

on local water systems. PartiCipating In the 

Yel low Fish Road Program™ is one option, 

but there are many others as wel l. 
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2. Develop a plan and schedule to carry out 

your project and then take action. 

Consider This 

3. Think of ways to eval uate how effective 

your project has been. How could you find 

out, for example, how many people heard 

or read your message7 How could you 

learn whether your project influenced 

them to change their behaviour7 



Science and Technology in Your World 

Career: Public 

Figure 11 .24 Becky Hester 
taking a water sample for testing 

ealth nspector 

When you turn on your taps to fill a glass with drinking water, you can 

thank people such as Becky Hester for their role in keeping it safe. 

Hester is a senior publiC health Inspector (Figure 11.24). Her job is to 

prevent water-borne illnesses in our community. Her work is guided 

by the provincial standards. 

On the wall in Hester's office is her framed certificate indicating 

that she is well qualified to help manage our water. After studying 

environmental health at university, Hester passed oral and written 

exams and a 12-week practical session to become a certified public 

health inspector. 

"My job has a lot of variety," says Hester. "I am never bored. I deal 

with numerous aspects of public health, including monitoring drinking 

water test results, promoting well water safety, sampling beach water, 

and investigating the effects of a water main break:' 

Hester is also an educator and promoter of public health 

programs. "I enjoy presenting at community events," she explains. "I 

have spoken on such topics as how to maintain, disinfect, and treat 

wells, and even on how our beaches get polluted. I have also had 

the opportunity to work on a lot of exciting projects, such as the York 

Children's Water Festival" (Figure 11.25). 

Qu tions 

1. How is a public health Inspector involved with people who obtain 

their drinking water from underground sources7 

2. Why would regular tests be taken on beach water In the summer7 

3. Describe three ways in which you can show respect for our water 

and the people like Becky Hester who help manage it. 

Figure 11.25 These children 
are at a water festival. Learning 
about water systems helps 
children make wise choices 
about using them. 

Mon itor ing water systems is Critica l for mainta ining water supply and quality. 333 
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Refled and Evaluate 
Science is about inquiry and 

asking questi ons. Have all 

your· original questions from 

the beginning of the chapter 

been answered? Use the 

following organizer to 

summarize what you have 

learned about the value of 

asking questions as you read: 

3-2-1 Review 
3 things I lea rned about the 

strategy of "asking questions." 

2 ways this strategy helps me 

as a reader. 

1 question I still have. 
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1. "xplain the ta.tem ,n t, "The 'vvater that flows into your sink 

or bathtub has t1 o\ved through your local watershed ." 

2. (a) Explain the importance of the chlorination step in 

drinking water treatment. 

lb) Why i chlorination usually also a final treatment step in 

the treatmen t of wa.s te water? 

3 . Give an exampl of e '3ch type of drinking water contaminant: 

biologica l, chemica l, or physical. 

4 . '[ he waste water tha t enters a trea tment plant is 98 percent 

water. T he other ~ percent is rem oved during preliminary 

treatmen t. W ha t m ight the other 2 percent contain? 

5. Describe fou r threaL to OUT drinking water sources. 

Connect Your Understanding 

6. A compa.ny \vcl11ting to extract ground water for use in a 

bottled wa.ter p lant mu t first obtai n a licence from the 

province. Explain why this licence helps to manage our 

fresh wa te r supplies. 

7. In desert areas, such as the Los A ngeles region of California, 

hot, dry summers have led to D. lot of water being pumped from 

underground aquife rs for use by the large population. 

(a) If a nnual rainfall is not enough to recharge these aquifers, 

hoy would the water table be affected? 

(b) Describe two ways in which the government of California 

could man age the drinking water supply. 

8. When water is withdrawn from natural water systems to 

irrigate crops, much of it is returned to t11e environment in a 

more contamina ted sta te. 

(a) Explain what this statement means. 

(b) 'What kind of co nta minants might be of concern? 

AC HIEV EMENT CHART CATEGO RIES 
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9. Each circ1e below represents a step in the treatment of 

drinking water in a typical water treatment plant. Copy the 

diagram into your notebook. 

If you lived in the African 
country of Sierra Leone, your 
supply of water would be 
limited. What personal 
behaviours would you need 
to change immediately? 

(a) Label each step in the correct order, choosing from the list 
provided. 

(b) Describe what happens after step 4. 

filt rat ion through a membrane or sand and gravel 

addition of chlorine to kill microorganisms 

screeni ng ou t of large solids 

addition of chemical so solids lump and settle out 

2 3 4 

o 
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Lessons Learned 

At the beginning of this chapter, you read about 

how, even In a country such as Canada, we 

cannot take having clean, safe water for granted. 

Maintaining water quality is a responsibility we all 

share. 

What to Do 

Working with a small group, reread the 

Walkerton story at the beginning of the unit. 

Then discuss the following points. 

1. What three things happened at the same 

time that led to the tragic outcome 7 

2. Identify two ways in which the outcome 

could have been prevented. 

Consider This 

The events at Wa lkerton, Ontario, led to a public 

inquiry. An inquiry is a forma l and detailed 

examination by government of what went 

wrong in a situation and why. At the Wa lkerton 

inquiry, many SCientists were asked to give their 

expert opinion about water contamination and 

water treatment methods. 

3. Can knowledge of sCience alone prevent a 

similar event like Walkerton from 

happening in another town or city? Discuss 

your answer to this question with your 

group. 

MonitOring water systerns is cr i tica l for rnalnta lning water supply and qual i ty. 335 





In this chapter, you will: 

• compare your personal water consumption 

with that of others in the world 

• use critical th inking to assess how issues 

related to water systems are reported by 

media sources 

• analyze the impact of some scientific 

discoveries and technological innovations on 

water systems 

iUs You W,~j/LL-I ...... UlUos.u.e,--____ _ 

In this chapter, you will: 

• use a va riety of forms to communicate with 

different audiences for a variety of purposes 

• test a method of desalinating water 

• use appropriate science and technology 

vocabulary in oral communication 

)..-Jt...IL~--L.L.I..IJ·w..Js Important 

Understanding how valuable water IS enables us 

to better understand the importance of working 

Individually and together to proted and manage 

our water systems for current and future needs. 

Descriptive Writing Tells Us .. . 
This chapter describes what stewardship and 

sustainability mean in relation to water 

systems. Predid one thing that you will learn 

about these terms. Scan the next page to 

check your predidion . Why are stewardship 

and sustainability "hot topics" for writers 

these days? 

Key Terms 

• stewardship • bioremediation 

• sustainability • desalination 

• bias • impartial 



Figure 12.1 In Canada, where we 
have so much fresh water, it is easy 
to think that our water supply is 
limitless. 
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W e are fortunate to live in one of the most water-rich 

countries on Earth (Figure 12.1). You have learned, 

however, that there are many reasons for us to be concerned 

about both our supply of water and our water quality. Natural 
events such as droughts and human activities such as farming 
and industrial development remind us that the supply of water 

is not endless. At the same time, the Walkerton story reminds 

us of how critical it is to safeguard the quality of our water. 

For these reasons, taking action to protect our water 
systems is something we should all care about . We can do this 

by practising environmental stewardship. This means taking 

action to manage and maintain the environment to protect its 
~Ne11-being for current and future generations . At the same 

time, we need to use our 'vvater systems in a way that keeps 

them sustainable. 
Sustainability is the abili ty of something to exist or be 

used at the same level for a long period of time vvithout being 



damaged, harmed, or reduced for future use. Therefore, when 

we develop our water systems to meet today's needs, we must 
do so in a way that protects the quality and supply of water for 

generations to corne. 
Niagara Falls is a good example of this. '\Th en the rushing 

"vater of the falls started being used to produce electricity, 
Canada and the Un ited States realized that regulations were 
needed to protect this natural resource (Figure 12.2). Without 
such protection and concern for sustainable development, the 
supply of water for electricity production in the future could 

be affected. Figure 12.2 Canada and the United 
States must share the resources of 
Niagara Falls. 

What Does Stewardship of Water Systems Look Like? 

The schools and communities that take part in the (a) 

Yellow Fish Road Program™ are helping to 

maintain a healthy watershed. They are practising 

environmenta l stewardship. 

To identify ways in wh ich we can be stewards of 

our water systems. 

P oc dure 

1. Working with a partner, look at the three 

photographs in Figure 12.3. 

2. Consider how each photograph involves our 

water systems. 

Qu stlOn 

3. You are part of a stewardship group. 

(a) Does your group identify any concerns for 

water systems in the photographs? Explain. 

(b) Suggest one corrective action that your 

group recommends for any concern 

identified. 

Figure 12.3 Watching out for our water systems 

Stewardsh ip of our water systems is needed to ensure their slls taina bility. 339 



Here is a summary of what you will learn in this section: 

• Canadians are large consumers of water, on average, compared to people in other 
developed countries. 

• Actions taken today to conserve water will protect our future supply. 

• Individual actions add up, so what you do matters. 

Researchers have estimated that Canadians each consume, 

on average, 335 L of water a day. T his is water consum d for 

a variety of purpos s, not just for drinking (Figure 12.4). 

Th re are many ways in which we all use water 

during a day, often without really being aware of 

it. Try to imagine how it would be possible to 

shower, flush a toilet, brush your teeth, cook, 

and wash dishes and clothes if you did not have 

access to water. 

Only in the United States is daily water 

consumption per person higher than it is in 

Canada. This is not something to be prou d of. 

Figure 12.4 Almost half of the water that Canadians 
use In the summer is sprayed onto lawns. 

Our water use per person in Canada has also 

changed ov r time. Today, each of us is consuming, 

on average, six times more water daily than people 

in this country did 100 years ago. 

Daily Water Use in an Average Canadian Home 

Table 12. 1 lists typica l Canadian indoor activities 

that use water da ily. The average consumption 

rate of 335 L per person per day is also shown. 

Table 12.1 Daily Water Use in an Average Canadian Home 

1. Look at each activity. Think about your own 

water use. Then guess how many litres of 

water, out of the 335 L dai ly total, a person 

in Canada consumes for that activity. 

2. Compare your guesses with the figures 

your teacher provides. Do any surprise you? 
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I 
Activity 

-
bathing and showering 

using the toilet 

laundry 

kitchen activities (for example, 

drinking and cooking) 

clean ing 
-

TOTAL 

, 
Amou nt of Water Used 

(L per person per day) .-

i·-

335 
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Gathering Information in a Web 

When writers want to explain something, they 

may use a "descriptive organizational pattern" to 

write some of the topic's main features in chunks. 

In section 12.1, you will read about water 

consumption and conseNation. As you read, 

create a web to record what the writer tells you 

about the benefits of water conseNation and how 

we can reduce our water consumption. Once you 

have gathered information from the text, add to 

the web your own personal reasons and ideas for 

conseNing water. Did you find any specific "signal 

words" for this pattern of writing? 

Comparing Water Consumption 
The way water is distributed in many Canadian communities 

(remov d from a water body, treated, stored, and sent to homes 

and businesses in pipes) does not happen everywhere else in 
the world. As Canadians, we are also fortunate to pay much less 

for treated water than the tTue cost of treating it. Compared to 

people living in other developed countries, we pay very little for 

th water that comes out of our taps. For these reasons and 

others, water use in other parts of the world is much lower than 

it is in this couniTY (Figure 12.5). 

The Benefits of Water Conservation 
A family that draws water from a well and disposes of waste 

water in a septic system knows the two main benefits of water 

conservation. One benefit is having enough water when they 

need it. The other is not contaminating their water supply with 

an over-used septic system. 'VeIl-users pay attention to 
activities tha t remove a lot of water from their underground 

source, such as doing many loads of laundry in a day or letting 

lawn sprinklers run for hours. They are also careful not to 
dispose of harmful products down their drains. 

People living in communities with a municipal water 
distribution system often pay less attention to water usage than 

well-users do. he city or town water supply is often taken for 

granted and activities that consume a lot of water are often not 
given any thought. However, conserving water in these 
communities also offers many benefits, including the follmving. 

Country 

Israel 135 

France 150 

Sweden 200 

Ita ly 250 

United States 380 

United Kingdom 200 

Mozambique 10 

Figure 12.5 Comparison of water 

consumption rates per person in 

several countries 
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Figure 12.6 As our population 
grows, so does our demand for 
water, However, our supply is limited 
to how much clean water treatment 
plants can produce. 
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• Ensuring water supply: Our supply of water is limited 
by how much our treatment plants can produce and the 

c1istribution system can store (Figure 12.6) . Water con­

servation allows our treatment plants to work efficiently 
and allows our groundwater sources to recharge. 

• Putting less demand on water distribution and collection 
systems: The pipes beneath our streets are as old as the 

communities themselves. Many underground pipes are 

in need of repair (Figure 12.7). 

• Saving money: In some communities, homes and 
businesses are now being charged for the amount of 

water they use. Using less water means having a lower 

water bill to pay. 

Reducing Water Consumption 
Knowing why to conserve water and finding ways to inform 

others about the issues is the fi rs t step in reducing h ow much 

water we use. Learning how to conserve water is the next step. 

T here are many ways in which individuals and communities 

can accompli h thi . 

Adopting Improved, Water-
fide t ch' nes nd 0 vice 

Appliances such as dishwash ers and washing 

machin s have been redesigned in recent 

years to operate with less water. Shower 
heads that reduce the rate of flow of water 
can save as much as 60 L of water in a typical 

shower. New technology in toilets uses as 
little as 3 L of wa ter per flush co mpared to 

more than 13 L of water per flush in older 
models. 

Figure 12.7 R pairs 10 aging water distribution pipes and 
wastewater collection pipes are extremely expensive and disruptive, 



Most farms and golf courses use automated 

sprinkler systems for watering. These systems 

can be programmed to turn on early in the 

morning or late at night and will shut off after a 

set period. The sprinklers also often work by 

dripping the water onto the ground instead of 

spraying it overhead (Figure 12.8). As well, 

technology exists for automated carwashes, 

public laundry faciliti e , and indushies to recycle 
their water by filtering and re-using it. 

. c In o y f r Water 
In most Canadian municipalities, households and 
businesses pay the same amoun t (called a flat rate) 

Figure 12.8 Drip irrigation means that less water is lost 
to evaporation and more goes into the soil. 

for water use, 110 matter how much or how little th ey 
consume. Many other municipalities, however, have 

installed water meters on homes and businesses. These 

meters keep track of exactly how much \vater a household 

or busin ss consumes. T he users then pay for that 
amount. T his means that what people pay for water might 

start being closer to what it actually costs to provide 
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A study of water use in Canadian homes found that 
when water use is monitored with meters, people use one­

third less water a day than when water use is not metered 
(Figure 12.9). 

Figure 12.9 Environment Canada reports that 
wh n people know they have to pay for the 
volume of water they use, the consumption rate 
drops significantly. 

G vernment 
umerou government regulations and programs are 

aimed at protecting water resources. For example, many 

building codes (the rules for hO\v someone builds a house or an 
office tower) now require that only water-efficient toilets be 

installed in new buildings. Some municipalities, such as the 
City of Toronto, also offer home-owners a rebate if they replace 

old toilets in already existing homes. T his means that if a 
home-owner purchases one of the water-efficient toilets from 

a cer tain list, the city will refu nd the person part of the 
purchase cost. 

As well, many municipalities have bylaws restricting water 
use during drought per iods. 

How does a meter measure water 
consumption? How does a 
municipa lity calcu late a water bill7 
Find out at ScienceSource. 
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Be a Water Watchdog 

In the Starting POint activity on page 340, you 

examined the daily water consumption of 

Canadians. Now It IS time to evaluate how much 

water you personally consume in one day. 

Why is it important to eva luate your personal 

water use7 

observation sheet from your teacher 

5-L bucket 

watch or clock with a second hand 

l-L container 

1. Choose one 24-h period on a weekend, when 

you wil l be at home to carry out th is 

investigation. On that day, you are gOing to 

record how much water you use fo r every 

activity you do that requires you to run water. 

2. Showering: Holding the 5-L bucket up to the 

shower head, turn on the cold water for 1 min 

at the pressure you would normally use to 

shower. Turn off th e water and measure how 

much water has filled the bucket. Multiply this 

amount by the number of minutes of your 

usual shower. 

3. TOilet flushing: If your home has an older­

model toi let, multiply the number of times 

you flush it by 135 L. Otherwise, if you know 

the actual volume of water your toilet uses, 

multiply by that figure. 

4. Cooking For anything that is cooked with 

water (for example, hot cereal, pasta, rice, 

soup), measure how much water is used. 
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5. Drinking Measure all the water you drink In 

the 24-h period. 

6. Dishwashing: If you wash dishes by hand, fill 

the 5-L bucket first before pouring the water 

into the sink or washbasin. Measure how 

much water in total you use (you may need 

more than 5 L or less). If you have a 

dishwasher, look in the operating manual to 

see how much water It uses per load. For 

either case (handwashlng or using the 

dishwasher), divide the amount of water 

requ ired by the number of peop le in your 

household to get your individual use figure. 

Multiply that figure by the number of times 

dishes are washed that day. 

7. Teeth brushing Put the 1-L container under 

the sink faucet when you brush your teeth. Do 

not let the container overflow. Measure the 

tota l amount that ra n until you finished 

brushing. 

8. Look at the data your teacher gave you in the 

Starting Point actiVity. Explain how your water 

use compared per activity and per day with 

the average Canadian's water use. 

9. What other actiVities using water that Involve 

you indirectly were not counted in thi s actlvity7 

10. List two sources of error that affected how you 

determined your water use. 

11. Wri te a sentence explaining why it is important 

to evaluate you r personal water use. 

12. Make a two-step plan of action to reduce your 

persona l water consumption. 



K r rep 
1. (a) How does Canada rank compared to 

the Test of the world in terms of daily 
water consumption per person? 

(b) Give two reasons why Canada has this 
ranking. 

2. Give a "water-wise" alternative to each 
activity be1ow. 

(a) hosing off a clriveway to clean it 

(b) watering outdoor plants with a hose 

(c) letting the tap run to get cold water 

Practise Your Skills 

The tab1e in the next column shows the 
amount of water i t takes to produce 1 kg of 
four common products. Use the information 
to answer the next two questions. 

Product (1 kg) Water (l) 

steel 95 
paper 324 
potatoes 1 000 
beef 99980 

3. How much more water does it take to 
produce: 

(a) 1 kg of paper than 1 kg of steel? 

(b) 1 kg of potatoes than 1 kg of paper? 

(c) 1 kg of beef than 1 kg of potatoes? 

4. Explain why so much more wate r is 
needed to produce beef than potatoes. 

For more questions, go to ScienceSource. 
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You and Your Water Bill 

How much does your water cosO It IS hard to 

know because we do not have to pull money 

out of our wallets to pay every time we turn on 

a tap in our kitchen or bathroom. 

What to Do? 

1. Your teacher will give you a copy of his or 

her home water bill or that of the school 

and will show you how to read it. Your 

teacher will also give you a price list of 

bottled water products of different sizes. 

2. As a class, figure out a way to compare the 

cost of regular muniCipal tap water with the 

cost of bottled water. Calculate the average 

cost of each for a standard volume. 

Consider This 

3. Many people feel that Canadians pay too 

little for municipal water. Think about how 

our behaviour might change if the price we 

had to pay for tap water doubled. 

Brainstorm a list of the advantages and 

disadvantages of such an increase In 

municipal water ch arges. 
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Here is a summary of what you will learn in this section: 

• People ho ld very differing opinions about how human activities affect water systems, 

• Media sllch as newspapers, te levision, radio, and the Internet often present information about water 

issues from a biased viewpoint 

• Thinking crtically about water issues is necessary if we are to make good decisions about managing 

our water systems, 

Imagine that you and your classmates are asked to come up with 

a plan for improving your school building, Do you think you 

would all start with having exactly the same ideas about what is 
needed',) It is not likely. " Ie all bring our own unique ideas and 

values to any topic or issue. 

This is the case with the management of water resources. 

Different groups have very different opinions about how water 

should be managed, protected, and shared so that water's 

sustainability is assured. They also hold different views about 

how human activities could affect local, national, and even 

international water systems. 

Bottled Water vs. Tap Water 
Consider the issue of removing and selling water from 

freshwater systems, As you learned in Chapter 11 , this is what 

the bottled water industry does (F igure 12.10). The growing 
export of our water resources has created great controversy. A 

controversy is a disagreement that goes on for some time. 

Figure 12.10 Those plastic or glass containers of water you see 
everywhere are part of a multibill ion-dollar industl)', 

Many people against the use of 

bottled water point to several facts. 

One is that bottled water costs about 
$1 for a SOO-mL container. Tap water 

costs just pennies a litre. It would take 

a lot of increase in the price of 

municipal water to reach the price of 
bottled water. Another fact is that the 

treated tap water across Canada is of 

good quality and can be consumed 

safely. 
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Those people in favour of bottling water point to other 
facts. One is that the industry creates many jobs. Another is 
that bottled water can be shipped to areas that do not have 

treated water supplies. Furthermore, bottled water can be 
life-saving in emergencies when a supply of safe drinking 

water is not available. 
When you read or hear facts like these in a newspaper, on 

an Internet website or blog, or on a radio or television report, 
you might not be able to tell whether the media source is in 
favour of bottling water or not. The viewpoint or opinion of 
the person providing the news report may not be evident. On 
the other hand, that person may present the news with a clear 
bias. A bias is an obvious opinion about an issue. By knowing 
what biases a reporter or broadcaster might have, you can 
better judge the content of the information presented. 

If facts about an is ue are presented in a fair and unbiased 
way, we say that the speaker is being impartial. 

Finding Messages behind Words 

A C 

When people write or speak about a subject, you 

can often tell a lot about whether they are for or 

against something by their choice of words. Read 

the three statements below and then answer the 

questions that fol low. 

standard rate is being removed from the 

reservoir:' 

(a) "Our town doesn't need to worry about 

conserving water. After all, there is a huge 

lake right in our backyard l" 

(b) "Some people get all excited because they 

think a few litres of water disappearing is a 

big deal:' 

(c) 'The study carried out by the government 

found that 6000 L more water than the 

1. Suppose these sentences were spoken by 

a news reporter. Which one or ones show 

that he or she: 

(a) has a bias? Explain. 

(b) is impartial7 Explain. 

2. (a) Which statements show that a 

message is implied (that is, meant 

but not stated) in the words7 

(b) What is the message that you think is 

being implied? 
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Figure 12.11 Always ask yourself If 
the media source you are listen ing 
to or reading might be biased in 
how it addresses water issues. 
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Bias behind the Reporting of Issues 
Media sources such as newspapers, magazines, television, radio, 

and websites often contain biased information on an issue. It is 

helpful to know who wrote an article that you are reading so 

that you can determin whether the information discussed 

might be biased. For example, a r eport about the bottled water 

industry wr itten by the president of MegaBlue Bottled Water 

may not ten you the same information as a report written by the 

president of the local "Don't Sell Our Water!" association. Each 

suurce would want to convince you that its viewpoin t is the 

right one, and that would influence the information provided. 

The same is true when you watch a television documentary 

or listen to a radio program about a topic (Figure 12.1 1) . It is 

important that you know who is behind the infor mation before 

you evaluate its meaning. 

Issues Involving Water Systems 
Removing and sel1ing \vater fro m freshwater 

systems has become the topic of a national and 

international debate. H owever, it is just one of 

many issues related to the sustain able 

development of our water systems. 

Another example is the world's largest 

hydroelectric dam project, T hree Gorges Dam. It 

is built across the Yangtze River in China (Figure 

12.12). It has received much global attention. If 
you were to read only reports by the Chinese 

government about the project, you might think 

that the henefits of the hydroelectric power 

generated at the dam were a good use of 

technology. Yet, you would be getting only part 

of i he story. Other media sources report how the 

project has forced nearly 1.S million people to 

move, flooded dozens of to·wns and villages, 

destroyed animal habitat, and threatened 

important archaeological sites. 

Figure 12.12 The damming of the Yangtze River in China is an issue 
because many people have different viewpoints about its benefits. 



Closer to home, the impact of human activities on the long­

term health of the Great Lakes has been debated for decades 

(Figure 12.13) . One issue is the destruction of Great Lakes 

coastal wetland habitats. Across southern Ontario, development 
for h ousing and agriculture has reduced or altered wetlands by 
approximately 70 percent. In the past, people viewed swamps 
and marshes as wastelands and did not understand their 

importance (Figure 12.14). Today, pro-development and anti­
development groups continue to express their viewpoints about 
which activities near the Great Lakes should be permitted. 

All issues relating to our water systems - whether they 

affect th local, national, or global community - require careful 

and critical thinking. ' Ale must reason through all issues by 
asking questions, separating facts from opinions, and examining 
viewpoints. 

Figure 12.14 When we lands become filled up and built on, the habitat they provide for 
wildlife is destroyed. 

Writers Make Decisions with RAFTS 

Figure 12.13 How to maintain the 
health of the Great Lakes and their 
shorelines (such as Lake Superior's, 
shown here) is a hotly debated issue. 

There are national standards for 
how drinking water should be 
monitored and managed in First 
Nations communities. Learn the 
various viewpoints about these 
guidelines. Begin your research at 
ScienceSource. 

RAFTS is a writing strategy that writers use to 

remind themselves of several decisions they 

need to make as they begin the writing process. 

The letters stand for Role of writer, Audience, 

Format, Topic, and Strong verb. 

Using the information on your water 

consumption and conservation web, write a 

description of five behaviours people could 

change to reduce their water consumption. Use 

the RAFTS strategy to finish making your writing 

decisions. Then complete your writing piece. 
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Exploring a Great Lakes Issue 

More and more people In Ontario are concerned 

about the qual ity and supply of water in the Great 
Lakes. In thiS activity, you will look critically at how 

an issue involving the Great Lakes is reported by a 
range of media sources. 

The impacts of rising and fall ing water levels in the 
Great Lakes 

The level of water In the Great Lak s rises and falls 

all the time This has been happening since the 

glaciers receded aft r the last ice age. Most 

chang s In Great Lakes water levels occur 

naturally. If the water flowing into them equals the 
water flowing out of them, then levels remain the 

same. Usua lly, however, changes in evaporation, 

precipitation, and spring run-off cause the water 
levels to change. Human activities such as 

diverti ng water in and out of locks and canals also 
change water levels. 

High ater levels are a concern for many 
reasons, including Increasing the chances of 

flooding, Concerns over low water levels include 

di fficulty securing boats to high docks and loading 
and unloading a ship's ca rgo (Figure 12,15). 

Figure 12.15 Companies that use ships to transport 

products such as road salt from one port to another on the 

Great Lakes are very concemed about water levels. 
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• Selectmg media 

• Delermlnlng bias 

A 

1. Working with a small group, find at least five 
different reports, articles, or radio or television 

programs about the water levels in the Great 
Lakes-St Lawrence River basin. Make sure 

that you choose a ange of media types and 

sources. 

2. As you read, listen to, or watch the information 

presented, make notes about the facts that 

are given 

J. Answer the following questions to evaluate 

the viewpoints or opinions of your media 

sources, 

(a) Wha IS the main purpose of the piece7 

For example, is it to provide facts or to put 

blame on something? 

(b) Who is the main audience or group of 

readers that the piece is directed to! 

Examples include SCientists and 
researchers, the general public, 

schoolchildren, or special interest groups. 

(c) How does the Information in each of the 
sources compare with the others! 

4. Explain why one media source would take a 
different pOSition from that of another media 

source. 

5. Think of the issue of changing water levels in 

the Great Lakes, Has your research found any 

decisions that have been made? Explain. 



I Py r rre ~ F&l"e 
1. Why is it important to question what you 

read , watch, or listen to in the media? 

2. 'What is the di ffe rence betvveen a fact and 

an opinion? 

r dersta,.,rr 
u 

3. Sup pose you belong to a stewardship 

group looking a t ways to improve the 

health of your loca1 watershed. What 

media sources might you access for 

information on the subject? 

P '1' Yo i I 
4. Many coastal communities depend on 

tourism to provide income and jobs to its 

citizens. Describe \,vhat viewpoint the 

following individuals might have. 

• the mayor of a coasta1 ci ty 

• members of an environmental group 

For more que tions, go to ScienceSource. __ 
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Mini Media Analysis 

Water-related topics are written about and 

reported on every day. Many are about 

controversies over who has the nght to use 

water when, why, for how long, and in what 

amount. When we read, watch, or hear media 

stori es, it can be difficult sometimes to know 

whether the information we are getting IS based 

on facts, opinions, or personal interests. 

What to Do 

1. Choose a water-related issue that has 

made headlines recently. Then find at least 

three different media sources that have 

reported on the matter. 

2. Read, watch, or listen to each report 

critically. Analyze the way that each source 

has presented the information. For 

example, ask yourself: 

• Does the information provided in the 

report seem accurate7 If science or 

technology Information is provided, 

where ca n I check to see if It is factual7 

• Does the source seem impartial or 

biased7 What evidence makes it seem 

that way7 

3. Write a summary of your media analYS IS, 

stating your conclusions about how 

balanced each report's presentation was. 

4. Think about everything else you read, 

watch, and listen to in the media daily. Is it 

only about water issues that biased 

reporting might occur7 Explain your answer 

with several examples. 
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Here is a summary of what you will learn in this section: 

• Using our water systems In a sustainable way wi ll erlabl e us to protect our natural ecosystems and 

protect the qua lity and supply of water fo r future generations. 

• Science and technology offer solutions to many water-related problems, but the impact of any 

innovation on local and global water systems must always be assessed. 

The connection between land and water reminds us that 

stewardship of one must involve stewardship of the other if 

our water systems are to be sustainable. Many organizations, 

government departments, businesses, farmers, waterfront 

owners, and individuals just like you are working together to 

improve water quality and protect our supply so that it is 

sustainable. 

Looking More Closely at Solutions 

SCientific and technological solutions to problems 

often create a new set of issues. Therefore, when 

we are trying to solve a problem in one part of the 

environment and society, It IS Important to 

consider how that might affect other parts. 

Proble m: 
A company discharges 
wastes from 
manufad uring processes 
as smoke through a tal l 
ch imney ca lled a stack. 
Chemicals in the smoke 
are creating acid rain , 
whi ch , in turn, is kil ling fish 
in a nearby lake. 
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I 

I-

Proposed Solution 

1. Update the stack with new 

technology that reduces the 

amount of chemicals released 

by 75 percent. This technology 

is very expensive 

2. Install a much taller stack 

that discharges the smoke 

higher into the atmosphere 

and lets the smoke spread 

out over a larger area. This 

technology is less expensive 

than Proposed Solution 1 

I 

With a pa rtner, think about the problem below 

and the two proposed solutions shown in the 

table. For each solution given, list in your notebook 

w hat needs to be considered for all parts of 

(a) the environment and (b) society. 

Environmental Co nsiderations Societal Consi derations 



One place where we can look to see examples of 

sustainable practices is in our farming communities. Farmers 

use land and water management techniques and participate in 

programs that protect and enhance our watersheds. For 
example, the Ontario Environmental Farm Plan educates 
farmers in using plants along streams (Figure 12. 16) . These 

plants reduce the amounts of chemicals and nutrients produced 
by farm practices entering the local watershed. 

Ongoing research in science and technology continues to 
offer solutions to many problems involving our water systems. 
However a solution to any problem must always be assessed in 
terms of how it affects the environment and society. 

Sustainability Solutions Using 
Bioremediation 
The technique of using living organisms to clean up 
contamination in land and water is caned bioremediation. A 
subset ofbioremediation is phytoremediation, which is the 
technique of using plants as environmental clean-up remedies 

(as discussed in the farm example, above). Scientists often use 
th e term b ioremediation to apply specifically to clean-up 
remedies involving microorganisms. 

Bacteria are the microorganisms most often used in 
cleaning up problems with our water systems. For instance, 
the petroleum industry employs bacteria to clean up after oil 
spills and leaks have occurred . Some types of bacteria use the 
petroleum chemicals as food. These chemicals can 

harm people and animals, but oil-loving bacteria 
break down the chemicals into natural substances, 
including carbon dioxide gas, a type of alcohol, and 
water (Figure 12.17). 

Figure 12.1 6 A strip of plants 
between the stream and the nearby 
farm helps to filter contaminants and 
reduce pollution in the watershed. 

WORDS MATTER 

"Bio" is a prefix meaning life. "Phyto" 
is a prefix meaning plant. The word 
"remediation" comes from" remedy," 
which is something that corrects. 

Bioremediation, while safe, relies on the natural 
processes of bacteria. Therefore, one disadvantage of 
this technology is that it takes a long t;me to complete. 

Another i that scien tists who are knowledgeable 
about the technology are needed to carry out the 
remediation. This can mean hiring the services of 
someone to do the work. For some small companies, 
tha t can b expensive. 

Figure 12.17 Bioremediation at work clean ing toxic 
waste in soil to protect ground and surface water 
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Water Supply Solutions Using 
Desalination Technology 
Maybe you have heard the lines " Vater, water everywhere, Nor 

any drop to drink." They are from the poem "The Rime of the 

Ancient Mariner" by 19th century poet Samue1 Taylor 

Coleridge. If you can imagine being far out at sea without fresh 

water to drink, you will know what Coleridge's mariner meant 

by those vvords. However, many countries with a scarce supply 

of fresh water are today using technology to turn ocean water 

into drinking \vater. Desalination is the process of removing 

sal t from water. 

Desalination plants operate in many parts of the world 

(Figure 12.18). Ocean-going ships also have desalination 

equipment on board. Desalination can be 

accomplished in several ways. One way is 

illustrated in Figure 12.19. 

As with any technological solution, 

desalinatio n does have some 

Figure 12.18 Africa's largest desalination plant IS In Algeria. It can 
produce 200 000 m3 of drinking water daily from the 
Mediterranean Sea. 

disadvantages. The waste water from a 

desalination plant contains a heavy 

concentration of salt, which is discharged 
back into the ocean. This unusually high 

concentration of salt can be toxic even to 
saltwater organisms if they are exposed to 

it for long periods. The waste water that 
flows out of the desalination plant and 

into the ocean also contains chemicals that 
are toxic to marine life. 

What other parts of the world use 
desalination technology? Begin 
your research at ScienceSource. 
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3. tank of clean water 

4. wastewater flows down the drain 

1 salty ocean water f lows in 

2 water passes through a filter 
that the salt cannot pass through 

Figure 12.19 Reve se osmosis. In this set-up, salt water is pushed through a membrane or 
filter that the salt cannot get th rough. This is one way to desalinate water. 



Predicting 

Drawing conclusions 

Changing Salt Water into Fresh Water 

In this adivity, you will model a simple method of 

desalinating water. 

How can fresh water be made from salt water7 

1-L container of salt water (35 mL of salt 

dissolved In 1 L of fresh water) 

2 pans: 1 wide and flat, 1 smaller to fit 

Inside the wide pan 

plastic wrap 

tape 
small rock 

2 medicine droppers 

2 glass slides 

Proc d 

1. Set the smaller pan in the larger one. Pour the 

sa lt water into the bottom pan so that the 

water surrounds the smaller pan but does not 

spill Into It 

2. Cover the whole set-up with one large piece 

of plastic wrap. Tape the edges to the pan. 

Place the small stone on the plastic over the 

smaller pan to make a small depreSSion. 

3. Set the pans in a sunny location in the 

classroom (Figure 12.20). Predid what will 

happen to the salt water In the large pan. 

4. Make a chart and record your obseNations 

daily for the next week. 

5. After one week, take samples of the water. 

Use one mediCine dropper to place two drops 

of water from the large pan onto a glass slide. 

Figure 12.20 Lab set-up 

Do the same for the water sample from the 

small pan, using the other medicine dropper 

and glass slide. Allow the two samples to dry 

and record your obseNatlOns 

6. Explain how the dried samples on the slides 

differed. 

7. How did what happened to the salt water 

compare with your prediction7 

8. What purpose did the depression in the plastic 

seNe7 

9. Why were you instructed to dissolve 35 mL of 

salt in 1 L of water7 What did thiS 

concentration represent7 

10. Describe how fresh water was made from salt 

water. Use the following words in your 

explanation evaporation, condensation, 

salinity, desalinate. 

Stewardship of our water systems is needed to ensure their sustainabil ity. 355 



Kp n 
1. When assessing solutions to problem 

involving our water system, what needs 

to be considered? 

2. Give one advantage and one di advanta 6 e 

of bioremediation . 

3 . (a) efine the word "desalination. " 

(b) Describe one cLesDlina t ion method . 

t" or Yell r ,.I' a 

4 . The desalination plant in Alg ria shovvn 

in Figu re 12.18 on pa 6 354 cost an 

estimated 250 million to bu i1d. Why 

would the country have spent a much 

money to build this tructure? 

5. The term "brown fields" is used to 

describe unused properti es in urban areas 

that have been contaminated by 

hazardous materials such as petr leum. 

What is one \vay in which municipalities 

could clean up brownfields? Expla in . 

6. Bioremediation offers many possibilities 

for decontaminating welter and land sites 

in a \,vatershed . Cleaning sites 

contaminated with petroleum is j ust one 

u ' e. T hink about how this technology 

could be applied more widely. W11at other 

problems ca n you think of where 

bioremediation might offer a possible 

solution'. Make a chart listing your ideas 

:md the societal impacts of each. 

7 . You have been given two unmarked 

containers. In one is a sample of salt 

vvater a nd in the other a sample of fresh 

water. You are asked to identify which is 

which, without tasting them. Explain the 

proced ure you would use to do this. 

Fo r more questions , go to ScienceSource. 

041 Thinking about Technology, Society, and the Environment ft 
Fog Water 

In some parts of the worl d, polluted ground water 

and little precipitation mean that potable water is 

in short supply. Thanks to the work of many 

scientists and technologists, however, ways of 

colledlng water from the air have been 

developed, "Fog catchers" are large screened 

panels that are Installed outside li ke big sedions 

of fencing. When fog or mist blows against them, 

the water droplets in the ai r condense, drip down 

the panels Into pipes, and coiled in stora e tanks. 

These systems are fairly simple and inexpensive to 

build and operate. 
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1. Consider this scenario: A community has 

been using 12 fog catcher panels for a year, 

but now deCides it could get much more 

water by Increasing the number of panels 

across its area to 100 

2. Think about the intended and unintended 

consequences that such a step might have. 

Make a list of both. Then explain whether you 

fe I the advantages of expanding this 

technology's use outweigh the &;advantages 

for the community. 



Jay Ingram is an experienced science journalist and is the 
host of Doily Planet on Discovery Channel Canada. 

--..;.;:: 

A Tea Cup of Storm Clouds 
If you have tea-drinkers in your house, you have 

a good opportun ity to see a fasCinating display of 

miniature weather. 

First, you need a cup of very hot tea with no 

milk or sugar. Sit the cup under a bright light 

bu lb or on a table or counter in the early 

morning sun. Watch carefully and you will see a 

pattern on the surface of the tea The pattern w ill 

be made up of irregular white patches separated 

by thin black lines. These patches will change 

their shape from moment to moment. 

The whitish areas you are seeing are places 

where hot tea is rising to the surface. The black 

lines are where cooler tea is sinking beneath the 

surface. 

Why, you might ask, would warm tea be a 

different colour than cold tea7 In fad, there IS no 

colour difference in the tea . The whitish areas 

are not tea at all, but droplets of water 

suspended in the air. 

When hot tea rises and reaches the surface, 

individual molecules of water from the tea 

evaporate, breaking away and rocketing into the 

air. These molecules are much too small to see, 

but there are millions of them. They do not go 

far. They cool quickly, slow down, and coiled 

together to form tiny but visible droplets of 

water. Normally, these droplets would be pulled 

right back down into the tea by gravity. However, 

all the other molecules that are still evaporating 

from the surface keep the droplets suspended 

about a millimetre above the tea. So, what you 

are seeing in the whitish areas are really 

miniature clouds that are floating above the tea . 

Eventually, as the tea cools, the clouds 

disappear. Imagine if you were miniaturized and 

floating in a nano-boat on the tea. It would be as 

if the storm had passed and the sky had cleared. 

Unstable weather above a cup of hot tea 

Stewardship of our water systems is needed to ensure their sustainability. 357 
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Refled and Evaluate 
Exchange your writing piece 

on reduci ng water 

consumption with a partner. 

How did knowledge of the 

IIdescriptive organizational 

pattern ll for writing help you 

when you were reading your 

partner's work7 Was this 

pattern an easy way to 

organize and present your 

information? What other 

organizational pattern did you 

use or could you have used7 

Share your experiences and 

ideas with the class. 
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Ke I ncep 
1. escribe one thino" you can do in your home, in your school, 

and in y ur ommunit to reduce your per 'onal water 

consumption. 

2. ldentify the fol1ovvino" state ments as being true or false. If a 

s tatement is fal e, r ewTit it so that i.t is true. 

(n) ntaria ns live i n one of the r ichest wa ter areas on Earth, 

so our water supply is not threatened. 

(b) We pay abo ut the same price fo r treated tap water as it 

costs to produce. 

(c) Judging the content of information on our water issues is 

easie r when you knuw what bia es the writer might have. 

ld) All scientific discov ries and technologies developed to 

help clean up our water systems are always safe. 

3 . For each word below, w rite a sen tence that uses the word and 

'hows its meaning. 

(a) controversY 

(b) viewpoin t 

(c) critical thinking 

4. E xplain what bioremecliation is and how it works. 

c 
5. Do you think tha t the price \-ve pay for our water should cover 

the costs to produce it? Give reasons for you r answer. 

6. Name fiv behaviour that people cou ld change in order to 

reduce their per onal wa ter consumption. 

7. All k inds of cargo are transported by ship along Canadian 

waterways each year. Explain why a reliable water level in 

our G 'ea t Lakes is important to the shipping industry. 

ACHI EVEMENT CHART CATEGOR IES 
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8 . Look back at Figure 11. 17 on page 326, which shows the 

human-made wetland at the Kortright Conservation Centre. 
Explain the technology behind this solution to waste \vater 
treatment. 

9. Many groups, such as con, erva tion authorities, provide 
stewardsh ip educa tion. 

(a) What educational me sages about our water systems 
migh t they give. 

(b) ow doe educating the public help to protect and 
preserve our wa ter systems? 

Pr ~'f e Y 
10. The pie chart on the right shows a breakdown of 

monthly household expenses for an average 
Canadian family. From the data in the pie chart, 
explain why h use holds are more interested in 
saving electricity than in saving water. Use figures 
from the graph to support your an wer. 

ccble 
television 

How would acting out a part 
of life in an African village that 
is short of water help you to 
understand water's value? 

wa ter and waste water 

electri ci ty 

telephone 

Comparison of some monthly household expenses 
for an average fami ly 

048 Thinking about Society and the Environment • 

Group Actions 

Even though many separate actions can bring 

about a change, it often takes the actions of 

Individuals and groups working together to create 

a susta inable solution to a problem with our water 

systems. 

Think of an example that illustrates what this 

statement means Your example can be one from 

your local area or one that applies provinCially, 

national ly, or internationally. 

Consider This 

1. Group action is necessary to bring about 

change. At the same time, however, the 

greater the number of people Involved in 

solving an issue, the harder It can be to 

reach a solution that will make everyone 

happy. Working with a partner, discuss why 

you think this is the case. 

2. What are some ways that people can work 

together to resolve differences of opinion7 

Steward ship of our water systems is needed to ensure t heir susta inabil ity. 359 



• Water on Earth exists in three 
states: liquid, solid, and gas. 

• In a watershed, water from all 
sources on the land drain to 
one main water body 

Activiti es in one part of a 
watershed affect all living 
things downstream 

Water influences our climate 
and creates our weather. 

• Our supply of \Nater on Earth is 
limited. 

• Th supply and quality of our 
water is threatened by natural 
events and human activity. 

Our sourc s of drinking water 
must be protected. 

Sustainable water systems 
provide the quali ty and supply 
of water for the future 

• Through stewardship action, 
our water systems can be 
properly managed, maintained, 
and enhanced. 

• Issues involving our water 
systems must be examined 
critica lly 

360 UNIT D Water Systems 

• Water in all three states covers approximately 70 percent of Earth's surface 
and cycles constantly between the surface and the atmosphere. 

• Of the two kinds of water on Earth, sa lt water is more abundant, but 
humans ca n drink on ly fresh water. 

• La rge water bodies Influence the climate of coastal areas. 

• Glaciers and Ice sheets are affected by changes in temperature and 
precipitation . In turn, cha nges to glaciers and ice sheets influence 
water systems. 

MMAQV 

• Proper management of ou r water supply is needed so that there IS enough 
for all living things and for the future. 

• Canadians obtain drinking water from below- and aboveground sources, 
and it must be treated and tested before it is safe to drink. 

• Protecting our drinking water sources from pollution and overuse is the first 
step in ensuring water's sustainabi1ity. 

• Treating water and waste water is expensive and does not remove all 
co ntaminants. 

• Canadians are large consumers of water, and conservation is necessary to 
protect our future supply and Earth 's ecosystems. 

• Thinking cri ti ca lly about water Issues Involves asking questions, separating 
facts and opinions, and examining viewpoints for biases. 

• SCience and technology offer solutions to problems involving our water 
systems, but their impact on the environment and society must be 
assessed. 



The Worth of Water 

The United Nations consider's access to clean drinking 

water to be a fundamental human right. Yet this is not 

the reality for more than one billion people worldwide. 

We rarely have to think about putting a va lue on water. 

One way to do It, howeve r, is to measure the time and 

effort needed to gather and store it for our use. 

Using a simulation, you will share the experience of a 

student your age who lives in rural Sierra Leone, in 

western Africa . Yo ur task will be to supply your family 

with enough water for their daily routine, collecting 

that water from th e community well. 

Your teacher will help you research (1) the volume of 

potable water that a family of four in a rural west 

African country uses in a day, and (2) how much 

water a young person might carry per trip to the well. 

Yo u will then use appropriate sizes of containers to 

represent you r home Cistern (storage container) and 

the container you will carry. 

You r teacher will also set a distance in your 

schoolyard to represent the distance between your 

villa ge and the well. The well wi ll be represented by an 

outdoor hose. A pathway will be laid out for you to 

follow as though you were travelling to and hom the 

well. 

s 
1. With a team of three or four, walk trom your 

"home" to the well along the set path, each 

carrying a water container. At the well, fi ll your 

container. 

2. Return home along the sa me path. Empty your 

container Into the cistern and return to th e well for 

a refill. Repeat as often as it takes to fill tile cistern. 

3. When finished, sit down with your team to discuss 

th e activity. Was it physically difficult7 What would 

it feel like if you had to do this every day7 

4 . On your own, compose a first-persorl story as 

though you are a student In Sierra Leone 

describing the responsibility of taking water to you r 

family. Include events that might occur during the 

travel to and from the well and your feelings about 

how you view this duty. 

s. With your whole class, consider the Information 

you lea rned in this unit about the volume of water 

required for a family's use in Canada. Develop a 

graphic organizer to contrast the information about 

family water consumption in Sierra Leone to that 

in Canada. 

, 
6. Suppose that your family in Canada had access 

only to the same amount of water per day as the 

family in Sierra Leone. Examine your graphic 

organizer. What water use habits are you prepared 

to change7 

7. Exa mine the length of the path set out by your 

teacher. How long wou ld it take your team to get 

the required volume of water if the path were 

1 km 7 What If It were 5 km 7 

8. International organizations such as OXFAiVl and 

UNESCO work to bring low-technology wells to 

villages in the developing world. What might be 

the effect on a community if the water supply was 

located only a short distance from the homes? 
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K PIP I 

1. Create a concept map that illustrates your 
understandi.ng of the follow ing terms. 

• aquifer • impartial 

• bias • polar ice-cap 

• bio 'emediation • potable \va te r 

• chlorine • recha rg 

• contaminants • salinity 

• desalination • septic tank 

• discharge • stev,Tardship 

• groundvvateT zone • sustai nability 

• heat capacity • water table 

Key Concept Review 

2 . Match the definition in Column A with 
the term in Column B. 

Column A Column B 

(a) a long, hollow shaft drilled into an 
(i) oceans aquifer 

(b) massive bodies of surface water that 
(ii) water tab le 

are referred to as Earth's water reservoirs 

(c) na tural, underground freshwater 
(iii) river reservoirs 

(d) a large body of flowing fresh water 
(iv) aqui fer 

that usua lly leads to a lake or ocean 

(e) the upper surface of the groundwater 
(v) well 

zone 

(f) land tha t is permanently or seasonally (vi) groundwater 
covered by sha Ilow water zone 

(g) the underground water storage zone (vii) wetland 

3. ravv a diagram of the water cycle and 
label it with the following words. 

• evaporation • lake 

• transpiration • r iver 

• precipitation • ground water 

• condensation • clouds 

• surface fun-o ff • atmosphere 

• ocean 

4. Complete the following sentences by 
filling in the blan ks with a word or words 
from this unit. 

(a) The line created by the Rocky 
Mountains in North America that 
epa rates the direction of water How is 

k nown as the ___ _ 

(b) An area vlith a small, localized climate 
i called a _____ _ 

(c) The of a substance 
describes its ability to absorb heat. 

5. Write down whether each of the 
fo llowing statements is true or false. Give 
one piece of evidence from this unit to 
support your answer. 

(a) Large bodies of water have a 
moderating effect on the climate of a 
nearby region . 

(b) \Vater takes the same amount of time 

to absorb heat as soil does. 

(c) Rising temperatures and an increase 
in precipitation over a long period of 
time have a minimal effect 011 massive 
ice formations. 
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6 . Describe three natural events that can 
affect the depth of the wa ter table. 

7 . (a) Explain how overuse of water 
threatens drinking water supplies. 

(b) Describe two human activi ties tha t 
contribute to overuse. 

8. \,vha three tests are regularly carried out 
on drinking water to ensure that it is 
safe? 

9. The fo llowing steps are part of the 
treatment process for municipal waste 
water. Place them in the sequence in 
which they occur. 

(a) Clean water is returned to the river 
or lake. 

(b) Waste water from homes and 
businesses is sent to the treatment 
plant through underground pipes. 

(c) In the aeration tanks, micro­
organisms dige t the organic wastes. 

(d) A coarse screen removes large debris 
such as toys, false teeth, and rags. 

(e) Settling tanks separate the noaters 
and the sinkers. The remaining 
liquid is sent to the aeration tanks. 

(f) Liquid from the secondary tanks can 
contain harmful microorganisms, so 
it is usually disinfected vvith 
chlorine. 

10. \I\Thich of the following statements about 
wetla nds ar true and which are false? 
Rewrite the false statements to wake 
them true. 

(a) Wetlands have no impact on our 
drinking water. 

(b) Marshes and swamps are both types of 
wetlands. 

(c) 'Wetlands are not important 

ecosystems. 

11 Explain the term "sustainable 
development" as it applies to our water 
systems. 

12. Give one example of a biased statewent 
and one of an impartia l statement. 

13. Copy the follovving table into your 
notebook. In the Positive column, li st 
benefits of the technology. In the 
Negative column, list drawbacks to the 
technology. In the third column, note 
interesting facts or comments about each 
technology. 

Examining Technological Innovations Using Water Systems 

Technology Positive Negative Interesting 
Fact 

1. bioremediation 

2. desalination 

Connect Your Understanding 

14. The large amoun t of snowfall in areas 
near the Great Lakes is often referred to 
as "lake effect snow." Explain why that 
term is used. 
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15. T he owners of a small hotel that draws 
water from a well submit a water sample 
for testing. he test result indicates the 
presence of E. coli, so the public health 
department issues a oil Water Advisory. 
This tens the hotel owners to boil thei r 
water before consuming it. n wer the 
follow ing questions about this situation. 

(a) Why is drinking water tes ted for 
bacteria such as E. coli? 

(b) Wha t is the purpose of boil ing the 
water? 

(c) What could an unsatisfactory test 
result indicate? 

(d) What fur ther investi o"a tions are 
necessary? 

16. Swimming pool water contains chlorll1e. 
Why should backyard svvim ming pool­
not be emptied down storm drains? 

17. Some bottled water companies remove 
water from municipally treated supplies. 
T hey are required to have a permit to 
remove the yvater. Do yo u think they 
should also pay for the treatmen t that the 
wa ter received? Expla in your answer. 

18. In the washrooms of some facili ties sllch 
a airpor ts, tTain stations, and shopping 
malls, water taps operate on sens r . 
Putting your hands under them starts the 
wa te r £1ow. 'hen YOll remove your 
hands, the wa ter shuts off. Explain the 
benefi t of this t chnology in terms of our 
wa ter sys tems. 

19. Reflect back on aU you have learned in 
th is unit. 

(a) List five things that you did not know 
before about Earth's water systems. 

(b) Beside each of the things you noted 
in (a), describe one way that this new 
knowledge will affect yOllr actions and 
atti tude from now all. 

Practise Your Skills 

20. The map be10w shows the iagara 
Penin 'lIla watershed . 

(a) Into \,."hich large waterfall does most 
of this watershed's water drain? 

(b) Does the rain that falls during a 
thunderstorm over Weiland reach the 
ground water of Hamilton? Explain. 

(c) To what major ocean watershed does 
all water from this smaller watershed 
dra in '? 

Lake Onlaria Drainage Area 
Iliagara River Drainage Area 
Lake Erie Drainage Area 

21 . lmagine that you are camping in the 
woods vvith friends. You brought enough 
drinking water with you, but you need to 
use lake wate r to wash your dirty dishes . 
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Write a plan for: 

(a) the safe use of lake water for washing 
dishes. 

(b) disposal of dish water so that there is 
minimal impact on the environment. 

Revisit the Big aeas 

22. 'Weather is 3n important part of our lives. 
Read the following statements about 
weather. Explain hovv water systems are 
involved in each one. 

(a) Weather forecas ts explain how the 
weather will change over a short 
period of time. 

(b) Cloud types and patterns can be used 
to interpret the weather. 

(c) In the daytime, air rises over ,varmer 
land and cooler air moves in from the 
nearby water. 

23. You have learned that water is an 
important five-letter word. For each letter, 
write down the name of something that 
depends on a sustainable use of water. 

24. How crucial is water to our lives? Write a 
one-page essay to answer this question. 
First, write down all the responses you 
can think of. Then organize these ideas 
into a logical point-form out1ine. Finally, 
develop your idea into sentences and 
paragraphs that describe how crucial 
water is to our lives. 

049 Thinking abo,ut Science, Technology, Society, tSlT. 
and the Environment {~ 

Water for All 
Each photograph in Figure 12.2 1 shows 

one or more ways that water plays a role 

in supporting the world around us. 

1. How are human lives dependent on 

or improved by each use shown7 

2. What competing water uses could 

harm or disrupt the existing uses 

shown In each photograph7 Would 

the impacts be social, cultural, 

political, enVIronmental, or a 

combination of these7 Explain. 

Figure 12.21 Water everywhere 

(a) (b) 

(c) (d) 
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