
Source 
"How well do you know the Great Lakes?" 
by Heidi Miller, in GLIMCES, Great Lakes 
Instructional Materials for the Changing 
Earth System, Ohio Sea Grant Education 
Program, 1995. 

Earth Systems Understandings 
This activity relates to ESU 3 (science 
methods and technology) and ESU 4 
(interactions).

Materials   
Each base group (of five students) will need:
•  A set of five labeled strings as described in 

step 1 of Using the Data.
•  100 squares of blue paper. 
•  Five strips of paper that will be placed 
 next to the coastline of each lake (one 

strip for each lake).
•  Twenty “fish” (they could be washers, 

corn kernels, or peanuts...).
•  A pen or pencil.

Each of the five expert groups will need:
•  Access to a map of the Great Lakes.
•  A copy of the Great Lakes data (other 
 resource books are optional).

Teacher’s Note
Groups should each have a large working 
surface that all can gather around.

Objectives 
In this activity, you will develop a perception of the differences 
between the Great Lakes in water volumes, length of shoreline, 
human population distribution, and the amount of fish harvested 
from each lake.

PrOcedure

1. In this activity you will work in groups.  You will be assigned 
 to an expert group and a base group.         
         Expert Groups
  There should be a total of five expert groups, one   

 assigned to each lake. Each expert group studies one   
 lake to become "experts" on that lake.  

         Base Groups
  The base groups should have five (or more) people in   

 them; in this group students from the different expert   
 groups come together to share their knowledge. There   
 must be at least one member from each expert group (in   
 other words, a representative from each lake) in each   
 base group so that every lake has a spokesperson. 

Many people, including a large proportion of those who live close to the Great Lakes, do not have a basic 
understanding of the individual characteristics of and the differences between the lakes.  Since it is difficult to 
understand many of the Great Lakes issues, such as global warming, pollution, and water use without a basic 
understanding of the lakes, this activity is designed to help visualize the differences in the volume, length of 
shoreline, human population distribution, and fish populations of the Great Lakes. 
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2. Gather in base groups. Discuss the following and make your 
group's best guess about the characteristics of the Great Lakes.

3. Shoreline: Arrange your labeled set of five strings to form a 
model of the outline of the Great Lakes. 

4. Volume: Distribute 100 squares of blue paper among the lakes 
 to represent all of the water contained in the lakes. For  

example, if your group thinks that the water is divided equally 
among the lakes, then put 20 blue squares into each lake.

5.  Human populations: Cut five strips of paper, which will be 
placed along the shoreline of the lakes (one for each lake). 
The total population of people living in the Great Lakes wa-
tershed is 33.2 million. Divide that number among the Great 
Lakes.  For instance, if your group thinks that about half of the 
people in the Great Lakes watershed live on Lake Superior, 
then they would write 16 million on a strip of paper and place 
it next to the Lake Superior coastline. The goal is not to get 
the number correct but to start thinking about where people 
are located around the lakes.  

6. Fish: Try to predict the amount of fish taken from each lake 
 for human food. Collect 20 “fish” from your teacher.  These 

20 fish represent all of the fish taken out of the Great Lakes.  
If your group thinks, for instance, that almost all of the total 
fish come from Lake Superior, then they should put 18 or 19 
fish in that lake.

7.  After the base groups have made their guesses, leave the lake 
models in place and move into expert groups. Your group is 
assigned to one of the lakes. Look at the actual data available 
on your lake so that when you move back to base groups you 

 will be able to correct the guesses originally made.  

8. Return to base groups to correct the models and discuss the 
review questions.

review QuestiOns

1. What was the most surprising thing about this activity?  
 Discuss why.  

2. Which guesses were not close to the correct answers?  What 
reasoning led the group to its wrong decisions?

3. Why do the majority of the people live around Lake Erie?

Teacher’s Notes
5. Instead of writing actual numbers on the 
 strips of paper, the lakes could be ranked 
 from 1-5 for most population to least 
 population.

7.  You may either give them the correct 
 percentages or have the students figure 
 them out.

Answers
1.  Students may find the amount of fish 
 taken and the amount of people living on 

Lake Erie surprising because of the lake's 
relatively small size.

2.  Answers will vary.

3.  There are several reasons, one is that 
Lake Erie has a somewhat milder 
climate, early trade routes were along 
its shores, and large population centers 
developed early.
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4. Why don’t the length of coastline and the amount of water 
 correspond?

5. How did the groups work out differences in opinion in order 
to come to common agreement? 

extensiOns

1. As a class or individually, make up a question pertaining to 
the Great Lakes (for instance: “Which lake (on a map of the 
Great Lakes) is Lake Huron?” or “Which of the Great Lakes 
has the largest human population living in its watershed?”) 
and ask the question to a variety of people either around the 
school or in the community. This may lead to interesting dis-
cussions concerning the possibility that the voting public may 
make uninformed decisions.

2. Try to find an additional set of data about the Great Lakes 
such as average depth, fish populations, average water reten-
tion time, level of pollution, etc. to present to the class or to 
lead the class through, as with the other data sets.

using the data

These notes should help with interpreting the Great Lakes Data chart and with setting up the experiment.

1.  Shoreline: In order to make strings that depict the relative lengths of shoreline of the Great Lakes, use the 
relative length data in the shoreline section.  Any unit of measurement may be used as long as it is used 
consistently.  The measurement units will depend on the amount of space available for the lesson.  For 
instance, if the lesson will be taught outdoors, a large unit of measurement may be used, such as meters.  In 
this case, the Lake Superior string would be 3.0 meters long.  Make sure each string is labeled with a piece 
of tape.

2. Water Volume: The student groups each have 100 blue squares, which represent all of the water in the Great 
 Lakes combined.  To find how 100 squares should be distributed, look at the relative volume section in 

the volume category.  It lists 54 for lake Superior.  This means that 54 of the squares should be in the Lake 
Superior string model (over half of the water is in Lake Superior).

3. Human population: The total population data figures are rounded off in the section Population to the near-
est million. The students attempt to guess the numbers in this category.  It is interesting to realize that Lake 
Superior has only .6 million people living near it.  This is less than 2 percent of the total population of the 
Great Lakes watershed.

4. Fish: The row labeled percentage in the fish section of the chart indicates the number of pounds of fish 
that would come from each lake if the total number of pounds from all the lakes was 20.  Each base group 
of students should be given (or make) 20 “fish” so that they can make their best guess as to how the fish 
should be distributed in their string bordered “lakes.” 

Answers

4.  The depths of the lakes are very different.

5.  Answers will vary. 
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   Superior Michigan     Huron   Erie               Ontario        Total

(miles) 2,726 1,638 3,827 871 712 10,210
relative length         3.0 1.6 3.8 0.9 0.7 10.0 

(cu. miles)     2,900 1,180 850 116  393 5,439
(km3) 12,100 4,920 3,540 484 1,640 22,684
relative volume 54 22 15 2 7 100 

U.S. & Canada 673,000 12,052,743 3,000,000 11,400,000 5,600,000 32,725,743 
(2000)

population               
to nearest 0.7 12.1 3.0 11.4 5.6 32.8
million (approx.)

U.S. (lbs) 2,459,256 7,541,800 4,819,119 3,929,459 70,260 18,819,894
Canada (lbs) 1,489,000 0 10,472,000 23,089,000 914,000 35,964,000
Total 3,948,256 7,541,800 15,291,119 27,018,459   984,260 54,783,894

Relative percentage 7 14 28 49 2 100
of fish harvested       
   
 
Number of 45 78 87 100 90
fish species 

a Measured at Low Water Datum. 
Note: The total shoreline is greater that the sum of the lakes because connecting channels are included.

references

Coordinating Committee on Great Lakes Basic Hydraulic and Hydrologic Data. Coordinated Great Lakes Physical Data. 
 May 1992. Agencies represented include: U.S. Department of the Army, Department of Commerce, and Department 

of the Interior; Environment Canada, Department of Fisheries and Oceans, and Natural Resources Canada. 
 
Great Lakes Facts Maps, Michigan Sea Grant College Program. 2000.  Cooperative Extension Service, Michigan State 

Univ., E. Lansing, MI.

The Life of the Lakes, Michigan Sea Grant and Michigan State University (Revised,2003).
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America and Canada share an important natural 
resource called the Great Lakes, which hold one-fi fth of 
the world’s freshwater.  These fi ve lakes are so large that 
they can be seen from outer space.

Polluting Lake Erie

From the mid-1800s to the mid-1900s, cities and 
farms dumped untreated waste into the lake.  The people 
believed that the lake was so big that all of the waste and 
chemicals would be diluted into insignifi cance.  Although 
all of the Great Lakes suffered from pollution, Lake 
Erie received the most damage because of its warm 
temperature and shallow depth.  By the late 1960s, the 
lake was so foul that most of its fi sh had died.  The high 
bacteria count made the water unsafe for swimming.  
The lake stunk from algae overgrowth.  Mats of green 
slime fl oated on its surface.  Its condition was so bad that 
scientists called Lake Erie “dead.”

Saving Lake Erie

In 1972, the Canadian and American governments 
agreed to clean up the lake.  After they found that the 
lake’s worst enemy was the phosphate in laundry soap, 
people protested until the soap makers removed this 
chemical.  New laws required waste to go through a 
treatment plant before entering the lake.  The two 
nations spent eight billion dollars to help clean Lake Erie.

After 10 years, the quality of Lake Erie’s water had 
improved so much that it could be restocked with fi sh, 
and people could once again swim in the lake.  Even so, 
more must be done to protect the lake and keep its water 
clean.  Recently, scientists were alarmed to discover 
a “dead zone” in the lake.  In this dead zone, the lake 
has low levels of oxygen and no living things—except 
for algae.  Even outside the dead zone, more than 300 
chemicals still pollute the lake to some degree.  This 
causes problems for wildlife. For example, ospreys have 
such thin eggshells that few of their young hatch.  Male 
whitefi sh do not develop normally.  Scientists are doing 
research to determine how to solve these problems and 
make the lake as nature intended it.

Lake Erie’s 

Struggle to Survive
A map  of the Great Lakes
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Name  ________________________________________

Typeface

PART 1

Directions: Explain how the different kinds of typeface found in this passage help a reader looking at 
the page for the fi rst time.

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

PART 2

Directions: You are learning about typeface.  Write what you know about Lake Erie just by looking at 
the typeface on the page. 

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

PART 3

Directions: Typeface can give the reader a clue about the main idea of the text.  Write the main idea of 
this text below.

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

LESSON 15
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Name  ________________________________________

PART 4 

Directions: Find three examples of typeface that grab your attention.  Fill in the chart below.

Typeface 
Example #1

Typeface 
Example #2

Typeface 
Example #3

What the text says

A sketch of the text

Why did this typeface 
get your attention?

How could this 
typeface help you 
determine the 
main idea or locate 
information?

PART 5

Directions: Use the passage to answer the questions below.

 1. How could the typeface be improved to help you understand the topic?

  _______________________________________________________________________________

  _______________________________________________________________________________

 2. Based on the typeface, what does the author want you to know about the topic?

  _______________________________________________________________________________

  _______________________________________________________________________________

Typeface (cont.)

LESSON 15
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● ●

● ●

● ●

Comprehension Review
Directions: Fill in the best answer for each question.

Name  ________________________________________

 4 What is an ecosystem?

 A a system that exists in lakes and 
oceans

 B a complex group of organisms 
and their environment

 C an ecological group

 D an explanation of how plants and 
animals work together

 1 The typeface tells you that this 
passage is mostly about

 A Lake Erie.

 B maps.

 C the Great Lakes.

 D an osprey.

 5  Recently, scientists were alarmed to 
discover a “dead zone” in the lake.

  What is a dead zone?

 A an area where only dead animals 
are found

 B an area with no algae

 C an area with low levels of oxygen 
and no living things

 D an area with few living things

 6 Which topic would probably come 
next?

 A Wonders of the World

 B Lakes of the Northwest

 C A Look at the Great Lakes

 D The Future of Lake Erie

 3 The typefaces help you to

 A learn more about lakes.

 B learn how the Great Lakes 
formed.

 C find out how Lake Erie solved its 
problem.

 D understand the important ideas.

 2 Why is the title in a large typeface?

 A It is the least important thing.

 B It comes first.

 C It tells the main idea of the 
passage.

 D  It is the name of a place.

LESSON 15
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Written Response

Name  ________________________________________

Directions: Design a fl yer telling people how they can help save Lake Erie.  Remember to use 
different sizes and styles of writing to highlight important information.
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Future, Present, and Past: Perry’s Victory on Lake Erie 
Compiled by the National Portrait Gallery, Smithsonian Institution  

 
Target Grade Level: 4–12 in United States history classes 
 
Objectives 
After completing this lesson, students will be better able to: 

• Identify and analyze key components of a painting and relate visual elements to relevant 
historical context and significance 

• Analyze and explain the significance of Oliver Hazard Perry’s victory over the British on 
Lake Erie during the War of 1812.  
 

Painting 
Perry’s Victory on Lake Erie by Thomas Birch 
Oil on canvas, c. 1814 
Pennsylvania Academy of the Fine Arts, Philadelphia; gift of Mrs. Charles H. A. Esling 
 
Additional Artworks 
For more artworks and portraits, visit the “1812: A Nation Emerges” online exhibition at 
http://npg.si.edu/exhibit/1812/ 
 
 
Background Information for Teachers 
 
Information about Naval Battles in the War of 1812 
During the War of 1812, Americans were justifiably proud of their frigates’ victories over British 
warships on the high seas. In these one-on-one contests, the newly designed American ships 
proved faster, more maneuverable, and more resistant to enemy fire than the British frigates. 
American officers showed excellent seamanship, and their crews were well trained, usually 
exceeding their British counterparts in the accuracy of their gunnery. The celebrations of those 
flamboyant victories, however, distract us from perhaps the more basic and critical realities of 
the naval aspects of the War of 1812. First, the British possessed a vastly larger navy. In 1812 
the Royal Navy had more than 500 ships in service, including 115 ships-of-the-line and 126 
frigates. The entire American navy consisted of 17 vessels. With such numbers, the British were 
able to maintain a largely successful blockade of American ports throughout the war. Second, 
perhaps the greatest American naval victories of the war were not the dramatic contests of the 
frigates on the high seas but the clashes of naval squadrons on the inland waters of Lake Erie and 
Lake Champlain. The victory of Oliver Hazard Perry secured the Northwest, while that of 
Thomas Macdonough prevented a British occupation of upper New York. These victories shaped 
the course of peace negotiations and convinced the Duke of Wellington—whom many in the 
British government wanted to send to America after he defeated Napoleon—that the war in 
America could not easily be won.  
 
 
 

http://www.npg.si.edu/exhibit/1812/pop-ups/03-02.html
http://npg.si.edu/exhibit/1812/


2 
 

Information about the Battle of Lake Erie 
In February 1813, Oliver Hazard Perry was given command of the naval force on Lake Erie. 
Previous American defeats on land made control of the lake crucial for securing the Northwest 
Territory. On August 2, Perry succeeded in moving his brigs across a sandbar into deep water, 
with the British fleet in sight but unaware of his vulnerability. On September 10, Perry unfurled 
his “Don’t give up the ship” pendant on the Lawrence and led his ships into battle. For two 
hours, the Lawrence took most of the British fire. When it became disabled, Perry transferred his 
flag to the Niagara. After the British surrendered, Perry sent Major General William Henry 
Harrison the most famous after-action report in American history: “We have met the enemy and 
they are ours.” Perry’s victory led to American successes on land and control of the Northwest 
Territory.  
 
Information about the painting by Thomas Birch from the Pennsylvania Academy of the 
Fine Arts (http://www.pafa.org/Museum/The-Collection-Greenfield-American-Art-
Resource/Tour-the-Collection/Category/Collection-Detail/985/mkey--42/) 
 
Dramatically depicting a key battle during the War of 1812, Thomas Birch painted the British 
and American naval fleets in full, easily tracked by their individual flags. Birch emphasizes the 
drama of the battle between Great Britain, his native home, and his adopted country, the United 
States, by showing the vast array of ships blanketed in a haze of cannon fire and the embattled 
ship Lawrence adrift with bullet-riddled sails. The ship credited with winning the long battle 
against the British navy, the Niagara, appears with its three large sails in the distant center of 
Birch’s scene, keeping the viewer at a safe distance from the actual fighting and presenting a 
patriotic vision of American victory that gives credit to the entire fleet rather than one officer or 
ship.  
 
Information about the painting from Battle of Lake Erie Art 
(http://www.battleoflakeerieart.com/birch.php) 
 
At the very apex of his pyramidal composition, Birch has placed the largest ship in the painting, 
a battered but buoyant brig, enhanced by an oversized American flag in perfect array. We 
assume this ship to be the heroic Niagara, but in this case, size does not correlate with 
importance. This is actually the Lawrence, Perry’s abandoned, disabled, unengaged brig. Trying 
to find the Niagara among the 14 to 16 other vessels is a challenge because the composition 
obscures its role in the battle. Looking more closely, we finally see the Niagara almost a half 
mile away, so small and insignificant that Perry and his brave men are completely lost to viewers 
who lack extensive knowledge of the battle (see illustration below identifying the fleet). 

http://www.pafa.org/Museum/The-Collection-Greenfield-American-Art-Resource/Tour-the-Collection/Category/Collection-Detail/985/mkey--42/
http://www.pafa.org/Museum/The-Collection-Greenfield-American-Art-Resource/Tour-the-Collection/Category/Collection-Detail/985/mkey--42/
http://www.battleoflakeerieart.com/birch.php
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Lesson Procedures 
 
Art Analysis 
Have students analyze and discuss the painting Perry’s Victory on Lake Erie by Thomas Birch 
(available on the “1812: A Nation Emerges” online exhibition), using the following questions as 
the basis for discussion: 

• Describe what you see in the painting. What is the setting? What action is occurring? 
What is in the foreground and what is in the background? 

• In what ways (if any) does the artist make it clear that the United States has won this 
battle? 

• The Battle of Lake Erie took place in the afternoon, but artist Thomas Birch sets this 
painting in the morning, with a rising sun displacing the darker clouds in the top half of 
the canvas. Why might Birch have chosen to move the time of the battle in this way? 
What message might he be trying to convey with this choice? 

• The large ship highlighted in the foreground of the painting is the Lawrence, which was 
disabled by British fire a few hours into the fighting. The Niagara, from which Perry 
ultimately won the battle, appears seemingly insignificant in the background. Why might 
Birch have composed the painting in this way?  

 
Writing Activity: Future, Present, and Past 
Perry’s victory on Lake Erie was an unexpected but very important development in the course of 
the War of 1812. Research the background, events, and effects of the battle, and then explore its 
significance by writing paragraphs that explain the battle from each of the following three 
perspectives: 

• Future (predicting what will happen in the battle, based on what was known in advance) 
• Present (describing the actual course of the battle) 
• Past (assessing the long-term significance of the battle) 

 

http://www.npg.si.edu/exhibit/1812/
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National Standards of Learning  
Standards in History for Grades 5–12 
Era 4: Expansion and Reform (1801–61) 

• Understands United States territorial expansion between 1801 and 1861, and how it 
affected relations with external powers and Native Americans. 

• Understands the extension, restriction, and reorganization of political democracy after 
1800  

 

http://nchs.ucla.edu/standards/era5-5-12.html




Hydrology
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Lake Effects—The Lake Superior Curriculum Guide
©The Lake Superior Center, 1998.

BACKGROUND
The Great Lakes contain about 20% 
of the world’s surface freshwater. 
How do the Great Lakes fit into the 
“big picture” of water worldwide? 
It turns out that surface freshwater 
is very rare--only 0.018% of all the 
freshwater in the world.

The Great Lakes are used by a large 
number of species for many different  
purposes. Humans drink this water, 
water fowl nest along the shores and 
a variety of fish find food within the 
waves. With so little of the world’s 
water on the surface it is important to 
understand the factors that affect this 
valuable resource.

The Great Lakes display unique 
physical characteristics. Features such 
as surface area, depth, shape and 
location contribute to their distinc-
tive attributes. One such attribute is 
retention time. The retention time of 
the lake is the amount of time it takes 
for enough “new” water to replace all 
the lake’s current water. It can also be 
called renewal time, or the flush rate. 
It is a useful concept because it gives 

you an idea of how often the lake wa-
ter is refreshed. The amount of time 
varies significantly among the Great 
Lakes--from 2.6 years for Lake Erie, 
to 191 years for Lake Superior.

Many toxic substances enter the 
Great Lakes via the atmosphere, 
carried with dust and precipita-
tion. Toxins such as PCBs, dieldrin, 
toxaphene, mercury and DDT are 
threatening due to their ability to re-
main in the waters and sediment for a 
long period of time. These toxins are 
also a threat as they bio-accumulate 
in animal species such as fish. The 
repercussions of pollutant build up 
over time extend beyond the physical 
boundaries of the lake.

PROCEDURE

PART A: HOW MUCH WATER IS IN YOUR 
GREAT LAKE?

1. The salt(water) of the Earth
Fill a pitcher of water, and leave one 
empty. The full one represents all the 
water in the world! Brainstorm with 
the group where this water can be 

TOPIC
Lake Superior’s size and volume
 in relationship to pollution 
susceptibility.

AUDIENCE
Grades 3-8; 5-30 students

LENGTH
30-40 minutes

GOAL
To understand that the enormous 
volume of water in each Great 
Lake is a small fraction of the 
Earth’s total water.

OBJECTIVES
Students will be able to iden-
tify available fresh water as 
only a fraction of the world’s 
water supply
Students will be able to 
describe the depth of their 
Great Lake as very small 
when compared to the size of 
the surface area
Students will understand how 
the enormous surface area 
of the Great Lakes makes 
them susceptible to airborne 
pollutants
Students will understand that 
the amount of time for enough 
“new” water to replace all the 
lake’s current water is called 
retention time. Retention time 
for the Great Lakes ranges 
from 2.6 years (Lake Erie) 
to almost 200 years (Lake 
Superior)

MATERIALS
2 clear pitchers
overhead made from Great 
Lakes maps
1 broad and shallow clear 
plastic tub
1 deep and narrow clear 
plastic tub
1/2 cup flour
1 sifter
1 empty aquarium or another 
large clear container
2 x 500 milliliter beakers or 
mayo jars
red food coloring

•

•

•

•

•
•

•

•

•
•
•

•

•

Your Great Lake!

How much water does each Great Lake hold? Use this lesson as a demonstra-
tion or a classroom lesson to create visual representations of the Great Lakes, 
Lake Baikal, and the relationships between surface area, retention time and 
pollution effects.

This lesson was adapted from the Lake Superior Center’s curriculum guide Lake Effects: “A Great 
Lake Superior” and “All the water in the world”
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Your Great Lake!
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found. (Lakes, rivers, oceans, clouds, 
plants, animals etc.) Ask one student 
to pour the amount of the world’s 
water that is salty (oceans) into the 
empty pitcher. Ask the group to tell 
the pourer when to stop--i.e. when 
they think the amount of world 
ocean water has been poured. Com-
pare the amount that the group of 
students believes is salty, with the 
actual 97% (i.e. almost all of the 
pitcher water).

2. Chosen frozen
Consolidate the water and ask the 
group to think of it as all the FRESH 
water in the world (i.e. water found 
in lakes, rivers, clouds, groundwater, 
etc.). Ask a new pourer to pour all 
of the frozen freshwater out of the 
full pitcher. Again, ask for audience 
encouragement. The correct answer 
is about 97%. Ask the students where 
all of this ice is--the poles, glaciers, 
etc.

3. Groundwater
Consolidate the water again. This 
time the water will represent all of 
the FRESH LIQUID WATER in 
the world. Ask a new pourer to pour 
out all of the underground water out 
of the pitcher. Sources vary, but you 
will need to pour out 75-90% of 
the pitcher water! The tiny amount 
that is left: LIQUID, SURFACE, 
FRESHWATER is one of the most 
important commodities in the world-
-and the Great Lakes are just one-
fifth (20%) of the remaining water!

PART B: HOW BIG IS YOUR GREAT 
LAKE?

1. Surface area
Show the overhead that illustrates 
your Great Lake surface area. See 
chart below for appropriate com-
parisons of size to other known 
geographic regions. If we could drive 
down the length of the lake in a car at 
60 mph (96 km/hr), how long would 
that take?

Great Lake Surface Area As big as... Breadth Length Travel time at 60 mph (96 km/h)

Lake Superior 31,700 sq. mi.
(81,103 sq. km)

Maine 160 mi
(257 km)

350 mi
(563 km)

5 hours 50 minutes

Lake Michigan 22,300 sq. mi
(81,103 sq. km)

NH, MA, RI, 
CT together

118 mi
(190 km)

307 mi
(494 km)

5 hours 7 minutes

Lake Erie 9910 sq. mi
(25,700 sq. km)

Maryland 57 mi
(92 km)

241 mi
(388 km)

4 hours 1 minute

Lake Huron 23,000 sq. mi
(59,600 sq. km)

VT, MA, RI, CT 
together

183 mi
(245 km)

206 mi
(332 km)

3 hours, 26 minutes

Lake Ontario 7340 sq. mi
(18,960 sq. km)

New Jersey 53 mi
(85 km)

193 mi
(311 km)

3 hours 13 minutes
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2. Depth
Ask the students to imagine shrinking 
their Great Lake down to a scale that 
would fit into the classroom. If your 

Great Lake was only 20’ long, how 
deep would it be? Ask the students 
to estimate using their hands held 
horizontally. The answers are shown 
in the table below.

Great Lake Average Depth Lake depth if length = 20 ft
Lake Superior 483 ft (147 m) 1.5 mm
Lake Michigan 279 ft (85 m) 1.0 mm
Lake Huron 195 ft (59 m) 1.2 mm
Lake Ontario 283 ft (86 m) 1.8 mm

The Great Lakes are remarkably 
shallow for their surface area. If Lake 
Baikal, the deepest lake in the world, 
had a length of 20 feet, its average 
depth would be 6 mm. The Great 
Lakes are just a thin film of water on 
the Earth’s crust.

3. Surface area and pollution
Invite two students to hold the two 
tubs--one narrow and deep, and one 
shallow and broad. The narrow tub 
represents Lake Baikal in Russia, 
which is the largest lake by volume 
in the world. The shallow one rep-
resents your Great Lake. The flour 
represents airborne pollution. Before 
the students sift flour on both pans 
at an equal rate, ask them to make a 
hypothesis about which “lake” will re-
ceive more “pollution.” The students 
should see that there is more flour 
(total) on their Great Lake because of 
its broad surface area. As the stu-
dents why surface area is important 
in regards to airborne pollutants--big 

surface areas can make large lakes like 
the Great Lakes susceptible to air-
borne pollutants.

PART C: RETENTION TIME- IS DILUTION 
A POLLUTION SOLUTION?

1. Pollutants
Fill one of the beakers or jars with tap 
water and stir in a few drops of food 
color so that it is bright red. Explain 
to the students that the red food 
color is to represent a pollutant that 
is in a nearby lake. It is nice to think 
that rainwater could eventually dilute 
the pollutant so that the lake would 
be clean again. Ask students how long 
they think this might take.

2. Clean water renewal
Try one complete renewal of water. 
To do this, fill the second beaker 
with tap water; this will represent the 
amount of rain and other new water 
that would completely replace the 
existing lake water. Have a student 
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hold the “polluted” beaker. The 
waters will mix and overflow into the 
aquarium/bucket, and it will be evi-
dent that much of the “pollution” is 
gone from the lake. Ask the students 
if all of the “pollution” is gone from 
the lake? If you can still see the red, 
you have demonstrated that more 
than one retention time is needed to 
flush pollutants from the imaginary 
lake. It will typically take 3-4 replace-
ments before you can no longer see 
the “pollutant.” After the additional 
water replacements ask the students 
if they feel sure that the “pollutant” is 
completely gone from the “lake.” Ac-
tually our eyes are rather unreliable at 

detecting pollution--small amounts of 
pollutants tend to be invisible to us.

3. Retention Time
Introduce the concept of retention 
tiem, and that it varies from lake 
to lake, with small lakes “flushing” 
more quickly than large lakes. Typical 
retention times for medium-size lakes 
in the Midwest are on the order of 
3-10 years. Large lakes, such as Lake 
Superior, take much longer. Calcu-
late the number of generations that 
it would take for your Great Lake to 
renew twice [(retention time) x 2 ÷ 
25].

Great Lake Retention Time (years) Generations it takes to renew
Lake Superior 191 ≈ 16
Lake Michigan 99 ≈ 8
Lake Erie 2.6 < 1
Lake Huron 22 ≈ 2

4. “Away”
Be sure to go back and examine 
the water that overflowed from the 
“polluted” lake. Did the pollutant go 
away? Discuss what “away” means. It 
is a key problem in pollution con-
trol that we often move pollutants 
around, rather than solve the prob-
lem. Another aspect of the dilution 
“solution” is to consider the source 
of the renewal water. If this water is 
polluted, the lake may never be clean 
again!

ASSESSMENT
For both student retention and assess-
ment reasons, ask students to write a 
paragraph addressing the following 
topics: Your Great Lake’s surface area, 
depth, retention time, susceptibility 
to pollutants, etc.

EXTENSIONS
1. Have students explore the local 
newspaper for mention of pollution 
or clean-up efforts. What are some 
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sources of pollution that may af-
fect the health of the lake? What are 
people doing to prevent these types of 
pollution?

2. Brainstorm a list of how we can 
take care of our limited freshwater:

Reduce consumption of fossil 
fuels, to keep down the air pollu-
tion that might end up as toxic or 
acid rain falling into the lake.
Be careful with potentially haz-
ardous household products such 
as drain cleaner, paint thinner, 

•

•

and pesticides, if you use them 
at all; improper use or disposal 
could contaminate the lake.

3. Have students estimate or measure 
the amount of water they use and for 
what purposes each day. Compare the 
amount you use to the total volume 
of your Great Lake. Multiply the 
amount you use by 10 to represent 
10 people using the same amount 
of water. How about 1000 people? 
1,000,000 people? How do these 
amounts compare?
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