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What is EdGEO 

EdGEO is a national program, established in the early 1970s, 
which supports local workshops designed to give Canadian 
teachers the knowledge and resources to confidently present 
Earth science material in the classroom.  Local scientists and 
teachers work together to deliver the workshops. EdGEO can 
provide grants of up to $3000 per workshop.   

EdGEO is a core activity of the Canadian Geoscience 
Education Network (CGEN) http://www.geoscience.ca/cgen/, 
which is part of the Canadian Federation of Earth Sciences. 

Who is this Resource for? 

This resource is directed to teachers of high school chemistry, 
physics, biology, general science, environmental science and 
mathematics.  

What are the Goals of this Resource? 

This resource aims to integrate Earth science topics into the 
core subjects of physics, chemistry, biology and mathematics. 
Through an interdisciplinary approach, EdGEO hopes to 
expand Earth science content in Canadian high schools. The 
activities offer a meaningful educational experience to 
students who are often unaware of how Earth science impacts 
their daily lives. 

EdGEO seeks to cultivate in all students a heightened 
awareness of our planet and an improved capacity to 
understand the Earth.  This will give them an essential 
foundation to making informed decisions, throughout their 
lives, about issues underpinned by the Earth sciences, such as 
the use of mineral and energy resources, the maintenance and 
remediation of the environment, and response to geological 
hazards.  

Core Subject Connections  

In developing the content for this resource, we identified 
opportunities to include Earth science applications in the 
curricula from across Canada for the core subjects of biology, 
chemistry, physics and mathematics.  Since overlap exists in 
skills and content between the curriculum designations, some 
individual activities can be used in the teaching of more than 
one core subject.  The index table identifies the core subject 
connections for each activity.  

 

http://www.geoscience.ca/cgen/�
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Earth Science Literacy Principles 

Each activity identifies the fundamental principles about the 
Earth represented in the task. These describe the large-scale, 
“big picture” ideas that provide a framework for 
understanding how the Earth works.  

What does each Activity include? 

Each activity begins with a teacher’s section detailing a 
summary of the task, the “core curriculum skills” and “Earth 
science literacy principles” covered. The “Contents” section 
lists the reproducible student-ready pages that form the 
activity, and “Teaching notes” describes any advanced 
preparation needed, hints for classroom delivery or 
supplementary information. Additional ideas for related 
learning experiences are given as “Extensions.” All activities 
include “Solutions” to questions on the student pages. The 
activities contain a variety of student tasks, including 
experimental investigation, data interpretation, field study and 
theoretical calculations.  

Sponsors  

The development and production of this resource was made 
possible by the generous financial support of the Canadian 
Geological Foundation.  

EdGEO receives ongoing support from: 

Canadian Federation of Earth Sciences 

Canadian Geological Foundation 

Canadian Geoscience Education Network 

Canadian Society of Exploration Geophysicists 

Canadian Society of Petroleum Geologists 

Encana 

Geological Association of Canada, Mineral Deposits 
Division 

Geological Survey of Canada  

Magma Energy Corp  

Nexen  

Ontario Secondary School Teachers’ Federation  
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Safety 

As appropriate, individual activities identify specific safety 
issues and recommend precautions. We have made every 
effort to ensure that students can carry out these activities 
safely, under the direction of an experienced teacher. It is the 
responsibility of each teacher, however, to evaluate the level 
of risk and to ensure that an activity is suitable for their 
classroom facilities and students.  

Use of Materials and Copyright 

The goal for this resource is to produce materials that are 
available for teachers at no charge through the EdGEO 
website. Reproduction of these materials for educational 
purposes is encouraged. Please acknowledge EdGEO as the 
source. These materials may not be distributed for profit.  

Every effort has been made to obtain permission from 
copyright holders of materials included in the activities. Please 
contact us if you believe your copyright has been infringed. 
We welcome any information that will help us credit providers 
of Earth science education.  
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Students carry out a field survey recording the 

organisms and habitats present in their field 

area. They observe the physical characteristics 

of fossils, and interpret their habitat based on 

similarities to living organisms. 

Core curriculum skills 

Use of field guides and keys to identify organisms 

Physical adaptations in organisms to their environment  

Comparing modern and ancient environments  

Earth science literacy principles 

Information and observations of the present-day Earth are 
used to understand past events 

Earth is a dynamic entity that changes over time, including its 
climate and environment 

Evidence of the Earth’s past environment and climate is 
recorded in many places, including the fossil record  

Contents 

“Physiology and Habitat” field study 

“Living in the Past” investigation  

Teaching notes  

1. a) Before taking students into field, carry out a risk 
assessment of the study area. Identify any potential 
hazards such as water bodies, animals, poisonous plants, 
traffic, and unstable or steep slopes. Mark out the field 
area boundaries. Bring a first aid kit and a 
communications device.  Arrange for backup adult 
supervision and emergency transportation.  

b)  “Physiology and Habitat” may be concentrated on one 
particular habitat or family of organisms, depending on 
the location available or your teaching focus. For 
example: the water invertebrates in a pond and a 
corresponding fossil selection.   

2. a) “Living in the Past” can be linked directly to the field 
study environment by using the live organisms observed, 
as the comparison for the fossils. It may also be a stand-
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alone task, using field guides as reference and a selection 
of available fossils. 

b) Create a base map showing the locations where each 
fossil was found, and have students interpret the large-
scale distribution of ancient habitats. See Resources for an 
example showing a group of fossils that indicate land and 
water. Discuss that this is a simplistic interpretation since 
after the organisms died they may have been transported 
before being fossilized.  

Extensions 

• Research the Burgess Shale, a Canadian UNESCO World 
Heritage Site. It is famous for its unique fossils, in which 
the soft parts of the organisms, usually lost during 
fossilization, have been preserved. 

• Investigate fossilization methods: moulds, casts, 
petrifaction and trace fossils.  

Resources 

Living in the Past – Example of Base Map 

 Echinoderm   Petrified 
wood   

       

      Amber 

Trilobite  Water snail Leaf Land snail   

      Turtle shell 

 Bivalve  Shark tooth    

     Dinosaur 
bone  

Legend 

Land  

Water  
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Interpretation of Environment for Fossils on the Base Map 

• Echinoderm: marine, shallow water 

• Trilobite: marine, shallow water 

• Bivalve: marine, shallow water 

• Water snail: marine, shallow water 

• Shark tooth: marine, shallow water 

• Leaf: land  

• Land snail: land  

• Dinosaur bone: land  

• Turtle shell: land  

• Amber: land  

• Petrified wood: land  

Solutions to student activity 

Living in the Past  

1. Where do you think the fossils were formed? This is not 
necessarily the same place where the organism lived.  

Answers will vary, students should identify relationship of 
organism to sediments.  

2. What happened to the organisms to allow them to become 
fossils?  

Answers will vary, may include: death, washed into sea, 
buried with sediment, dried out, hardened.  

3. In what ways are the fossils similar and different to the 
living organisms?  

Answers will vary, may include that they are a similar 
shape and size, but that the fossils may not show the 
whole organism, colour, details of skin, fur, hair, feathers, 
petals, etc.  

4. What components or features are missing from the fossils, 
but present in live organisms? 

Anything soft or fragile that would not survive the 
fossilization process. 

5. What kinds of features of an organism would be good 
candidates for fossilization?  

Hard material like shells, bones or teeth.  

6. Pick one living organism from your field study and make 
a detailed sketch of its characteristics.  
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Water in the Ground 
Water is stored underground, not in flooded caves or 

pools, but in the tiny spaces found between particles of 

porous or fractured rock. This is called groundwater. The 

level below which all the available spaces in the rock are 

filled with groundwater is called the water table. An area 

of saturated rock that can be a supply of usable water is 

called an aquifer. Groundwater flows through the spaces 

between the rock particles to lower points, both 

underground and on the surface, e.g. at springs or lakes. 

An aquifer is replenished by water flowing in from 

precipitation on the surface or by an underground flow 

from other areas. Only about 10% of precipitation will soak 

into the ground to reach the aquifer; the other 90% is 

divided evenly between the take up by plants and trees, 

and surface runoff into rivers and lakes.  

Part 1: Building a Model Aquifer 

Materials  

2-L clear plastic flat-
sided bottle with cap, 
one side cut open 
White gravel 
Drinking straw 
Bucket or dishpan 
Water  
Blue food colouring 
1-L plastic bottle with 
cap 
Masking tape 
Pump from a spray 
bottle; stem thin 
enough to fit into 
drinking straw 
Plastic cup 
 

 Construction 

1. Lay the 2-L plastic bottle horizontally, with the cap on 
and the open side up.  

2. Tape a drinking straw halfway along the bottle so that it 
protrudes vertically out of the open bottle side and rests a 
few centimetres above the opposite side. This represents a 
well.  

3. Fill the bottle to 2/3 of its depth with gravel. 

4. Add water mixed with blue food colouring up to ½ of the 
gravel depth.  

5. Position the bucket or dishpan underneath the cap of the 
bottle to catch any water that flows out. This is your 
aquifer model. 

6. Pierce a hole in the bottom of the 1-L bottle. Cover the 
hole with masking tape.  

7. Fill the bottle with blue coloured water. Replace the cap 
and sit the bottle upright on a paper towel. This is your 
supply of rain.  
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 Normal Flow 

1. Hold the rain supply above the end of the aquifer model 
away from the cap.  

2. Open the cap of the aquifer model and let water flow as a 
stream into the bucket. The bucket represents an ocean.  

3. Remove the masking tape and allow rain to fall onto the 
gravel.  

4. As needed, refill the rain supply from water collected in 
the bucket.  

5. Complete the observation table for normal flow state.   

Drought 

1. Stop any rainfall from falling onto the gravel. Keep the 
cap of the aquifer open.  

2. Complete the observation table for drought state.  

Flood 

1. Open the cap of the rain supply and rapidly pour in the 
water to simulate a sudden, violent rainstorm.  

2. Complete the observation table for flood state.  

Water Consumption 

1. Replenish or drain aquifer to normal flow levels as in Part 1.   

2. Keep the cap of the aquifer open to allow the stream to 
flow and have normal rainfall on the surface.  

3. Put the stem of the pump into the drinking straw.  

4. Pump out water from the well into a plastic cup.  

5. Complete the observation table for water consumption 
state.  
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Observation Chart 

State Water table 
level 

Well level Stream flow Sketch 

Normal flow     

Drought     

Flood      

Water 
consumption     

 

Questions 

1. What happens to the water table, the river and the well when there is no rain?  

2. What happens to the water table, the stream and the well when groundwater is consumed, 
for example, by agriculture, industry and residential homes? 
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Part 2: Contaminant Paths 
Materials 

Model aquifer (see 
“Building a Model 
Aquifer”) 
Rain supply 
Small plastic cup, e.g. 
medicine cup or film 
canister 
Masking tape 
Bucket or dishpan 
Red food colouring 
Blue food colouring 
Water  
Pump from a spray 
bottle; stem thin 
enough to fit into 
drinking straw 
Plastic cup 
Sphagnum moss 
Plasticine  
 

 Contaminant Plumes 

1. Punch a small hole in the bottom of the small plastic cup 
and cover it with masking tape.  

2. Fill the cup with water dyed with red food colouring. 
This is your contaminant supply.  

3. Fill the aquifer with water dyed with blue food colouring. 
Open the cap and allow the stream to flow into the ocean, 
represented by the collecting bucket. Let the stream flow 
stop when the water table reaches the same level as the 
mouth of the stream (the bottle cap).  

4. Place the contaminant supply on top of the gravel at the 
end away from the stream. Carefully observe the water 
table, the well water and the contaminant.  

5. Draw a sketch of where the contaminant plume spreads 
with no stream flow.  

6. Use your rain supply to add water to the aquifer and 
create stream flow.  

7. Draw a sketch of where the contaminant plume spreads 
with stream flow.  

8. Put the stem of the pump into the drinking straw in the 
aquifer model.  

9. Pump out water from the well into a plastic cup.  

10. Draw a sketch of where the contaminant plume spreads 
as the groundwater is pumped out through the well.  

11. Remove the contaminant supply and flush out the aquifer 
with blue coloured water until traces of contaminant are 
negligible.  

 

Natural Filters 

1. Make a hollow in the top surface of the gravel, deep 
enough to reach the water table and create a small pond.  

2. Saturate the sphagnum moss with water and place it into 
the pond to simulate a marsh or wetland.  

3. Place the contaminant supply on the sphagnum moss.  

4. Observe the aquifer water for signs of contaminant.  

5. Use your rain supply to add water to the aquifer and 
create stream flow.  
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  6. Observe the aquifer water and stream flow for signs of 
contaminant.  

7. Remove the contaminant source and sphagnum moss. 
Squeeze the moss into the sink and observe the water 
colour.  

 

Geology 

1. Roll Plasticine into a flat sheet half the length of the 
aquifer model.  

2. Scrape off the top few centimetres of gravel. Lay the 
Plasticine sheet in the bottle and replace the remaining 
gravel.  

3. Place the contaminant supply above the layer of 
Plasticine.  

4. Observe the aquifer water for signs of contaminant.  

5. Use your rain supply to add water to the aquifer and 
create stream flow.  

6. Observe the aquifer water and stream flow for signs of 
contaminant. 

 

Questions 

1. Describe how the contaminant spreads through the 
groundwater in your model. 

2. What effect does the sphagnum moss have on the spread 
of the contaminant?  

3. How does the impermeable layer of Plasticine affect the 
spread of the contaminant? 

4. How can we use knowledge of the properties of rocks to 
help with the disposal of hazardous waste? 
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Students test a range of physical and organic 

reactions for the presence of carbon dioxide 

(C02). They complete a simulation of a carbon 

atom moving around the carbon cycle. 

Core curriculum skills 

Acid and base indicator 

Combustion 

Respiration 

Products and processes of the carbon cycle 

Carbon dioxide sources and sinks 

Earth science literacy principles 

The Earth is a complex system of integrated and interacting 
subsystems, including the carbon cycle.  

Carbon is present in living and inorganic things.  

The carbon cycle has multiple and non-linear connections 
between organisms and the physical environment. 

Human activities can affect the Earth’s natural systems, 
including the carbon cycle.  

Contents 

“In Search of Carbon” investigation 

“The Carbon Tour” activity 

Teaching notes  

1. When reviewing the combustion and respiration processes 
in the “In Search of Carbon” investigation be clear about 
the fact that the carbon and hydrogen in our food and 
candle wax are the minimum contents. We only tested for 
one product (CO2).  

2. a) Print the location cards for “The Carbon Tour” activity 
ahead of time. Distribute them around the room with one 
die at each station. Introduce the students to each station 
name and location and then allow students to move 
through each station as the cards instruct.  
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b) When discussing the students’ paths around the carbon 
cycle, emphasize that carbon is cycling continuously 
through the Earth’s atmospheric, water, rock and life 
systems. It is found in both the living and inorganic parts 
of the Earth. To illustrate this, present the relative 
volumes of each of the transfers. For example, land plants 
are much more likely to decompose into soil than become 
coal, and ocean water can absorb much more CO2 than 
freshwater.  

3. Have students investigate the basic magnetic field patterns 
and apply this to the Earth in “Looking at Magnetic 
Fields.” To supplement the model Earth, view images of 
the Earth’s magnetosphere at: 
http://pwg.gsfc.nasa.gov/istp/outreach/theretohere.html 

Extensions 

• Investigate the relative absorption of CO2 in salt water 
and freshwater. 

• Create a dramatic production of “The Carbon Tour” 
illustrating the carbon cycle.  

Solutions to student activities 

In Search of Carbon 

1. Based on your observations, list places on Earth where 
carbon can be found.  

Food, drink, animals, humans, rocks, air, soil.  

2. Where does the carbon in a candle come from? 

Fossil fuels.  

3. Your results showed that when we burn a candle, the 
following combustion process occurs:  

Wax + oxygen > carbon dioxide + water + heat  

Write a chemical equation for this reaction using what we 
know for oxygen, carbon dioxide and water to infer the 
elements in wax.  

CH + O2 > CO2 + H2O + heat 

4. Where does the carbon in our bodies come from?  

Food and drink. 

5. Your results showed that when we breathe out, the 
following respiration process occurs: food + oxygen > 
carbon dioxide + water + heat. Write a chemical equation 
for this reaction using what we know about the elements 

http://pwg.gsfc.nasa.gov/istp/outreach/theretohere.html�
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in oxygen, carbon dioxide and water to infer the 
chemicals in our food.  

CH + O2 > CO2 +  H2O + heat 

The Carbon Tour 

1. Sketch a diagram to show the path you took through the 
different stations. 

2. Use the definitions above to label the process involved in 
each journey you took between locations.  

3. Will your journey ever end? 

No 

4. Look at other students’ carbon tours. Were they all the 
same? Why? 

The paths are different because there are multiple ways 
carbon enters and leaves each location.  

5. What would happen to the path a carbon atom can take if 
we burned twice as much fossil fuel? 

We would add more CO2 to the atmosphere.  

6. What would happen if we cut down half of the trees? 

More CO2 would stay in the atmosphere.  

7. a) Which locations are carbon dioxide sources?  

Plants and trees, animals, soil, carbonate rocks, oil, coal 
and natural gas 

b) Which locations are carbon dioxide sinks? 

Plants and trees, freshwater, ocean water, soil.  
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In Search of Carbon 
When carbon reacts with oxygen, it forms carbon 
dioxide (CO2) which is easy for us to detect. When 
CO2 dissolves in water, it produces carbonic acid. An 
indicator will show the presence of this acid. In this 
activity we will use bromothymol blue (BTB), which 
has a dark blue colour that changes to green, yellow 
or very pale yellow as the concentration of acid 
increases. 

 

Materials  
2 L pop bottle  
25 cm rubber tube 
Sealing tape, e.g. duct 
tape 
250 ml Erlenmeyer 
flask 
Bromothymol blue 
(BTB) solution 
Base solution, e.g. 
ammonia, sodium 
hydroxide 
Eye dropper 
250 ml beaker 
Baking soda 
Vinegar 
Can of pop 
Crushed limestone or 
blackboard chalk 
Instant yeast 
Sugar 
Water 
Small candle in safe 
holder 
Bicycle pump 

Procedure 

Part 1: Build a CO2 Detector 

1. Cut the top 20 cm from the pop bottle to create a funnel 
shape. 

2. Insert 2 cm of the rubber tube into the neck of the funnel.  
Seal the tube to the funnel using tape.  

3. Place 100 ml BTB solution into the Erlenmeyer flask.  

4. Insert 2 cm of the other end of the rubber tube into the 
flask neck.  

5. Seal the tube to the flask using tape.  

Part 2: Investigations 

Between each investigation, reset your CO2 detector by rinsing 
the funnel with tap water and, if necessary, adding a few drops 
of your base solution to the BTB to return it to its original 
colour. Reseal the rubber tube connections.  

1. Put on safety goggles.  

2. Place 5 ml baking soda in the beaker. Add 25 ml vinegar 
and quickly place the funnel of your detector over the 
beaker. Observe the BTB solution for any colour change.  
Rinse the beaker clean and reset your detector.  

3. Open the can of pop and quickly place the funnel of your 
detector over the can. Observe the BTB solution for any 
colour change. Reset your detector. 

4. Place a small handful of crushed limestone or blackboard 
chalk in the beaker. Cover it with vinegar. Place the 
funnel of your detector over the beaker. Observe the BTB 
solution for any colour change. Rinse the beaker clean 
and reset your detector. 
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5. Place 5 ml instant yeast, 5 ml sugar and 20 ml warm tap 
water in the beaker. Place the funnel of your detector over 
the beaker. Observe the BTB solution for any colour 
change. Rinse the beaker clean and reset your detector. 

6. Place the candle securely in the centre of the beaker. 
Light the candle and place the funnel of your detector 
over the beaker. Observe the BTB solution for any colour 
change and any other products in the beaker. Rinse the 
beaker clean and reset your detector. 

7. Direct a bicycle pump into the funnel and pump fresh air 
into the tube. Observe the BTB solution for any colour 
change. Reset your detector. 

8. Breathe into the funnel. Observe the BTB solution for any 
colour change and any other products in the funnel. Reset 
your detector. 

 

Results 

Investigation BTB colour CO2 Source of carbon 

    
    
    
    
    
    
    
 

1. Based on your observations, list places on Earth where carbon can be found.  

2. Where does the carbon in a candle come from? 

3. Your results showed that when we burn a candle, the following combustion process 
occurs: wax + oxygen > carbon dioxide + water + heat. Write a chemical equation for 
this reaction using what we know about the elements in oxygen, carbon dioxide and 
water to infer the chemicals in wax.  

4. Where does the carbon in our bodies come from?  

5. Your results showed that when we breathe out, the following respiration process occurs: 
food + oxygen > carbon dioxide + water + heat. Write a chemical equation for this 
reaction using what we know about the elements in oxygen, carbon dioxide and water to 
infer the chemicals in our food.  
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The Carbon Tour 
1. You will act the role of a carbon atom. Go to your first station. 

2. Roll the die. 

3. Follow the instructions on the location card to see what happens to you and where you go 
next. Fill in the first line of your tour schedule before you move on.  

4. Continue to roll the die and find out what happens to you at each station on your tour.  

 

Tour Schedule 

Station Number Location What happened to you? 

1   

2   

3   

4   

5   

6   

7   

8   

9   

10   
Continue the tour schedule as needed. 
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  Definitions of Processes 

Respiration: organisms release gases. 

Photosynthesis: organisms use sunlight to process chemicals 
into nutrients for growth. 

Absorption: liquids or gases soak into solids. 

Dissolving: solids and gases mix into a liquid. 

Lithification: materials are buried, compacted and cemented 
into a rock. 

Combustion: materials are burned using heat. 

Weathering: solids are broken down by natural elements. 

Consumption: organic substances are eaten and used up. 

Decomposition: organic material decays. 

 

Questions 

1. Sketch a diagram to show the path you took through the 
different stations. 

2. Use the definitions above to label the process involved in 
each journey you took between locations.  

3. Will your journey ever end? 

4. Look at other students’ carbon tours. Were they all the 
same? Why? 

5. What would happen to the path a carbon atom can take if 
we burned twice as much fossil fuel? 

6. What would happen if we cut down half of the trees? 

7. The locations for your carbon tour are different products 
of the carbon cycle.  

A carbon dioxide source releases CO2 into the 
atmosphere and may be living, dead or non-living.  

A carbon dioxide sink absorbs and holds CO2 from the 
air or water.  

a. Which locations are carbon dioxide sources?  
 
b. Which locations are carbon dioxide sinks? 

 
 



Atmosphere 
 

 

 

Roll Die What happens to you 

1, 4 The CO2 you are in is absorbed by photosynthesis to produce 
carbon in land plants and trees.  

2, 5 You have dissolved into rainwater.  

3, 6 You stay in the atmosphere a little longer.  

  

 

  

Land plants and trees 
 

Roll Die What happens to you 

1 The plant you are in died. You are decomposed and become part 
of the soil. 

2 You are breathed out as CO2 to the atmosphere. 

3 The plant you are in is eaten by a land animal.  

4 The plant you are in is eaten by a marine animal.  

5 The plant you are in is burnt and you are released as CO2 to the 
atmosphere.  

 
6 The plant you are in is buried, compacted and over many years 

in the rock cycle becomes coal and natural gas. 

 
Land animals 

 
Roll Die What happens to you 

1 The animal you are in dies. You are decomposed and become 
part of the soil. 

2, 6 You are breathed out as CO2 to the atmosphere. 

3 The animal you are in is eaten by another land animal.  

4 The animal you are in is eaten by a marine animal.  

5 A tsunami washes the land animal you are in out to sea. The 
animal dies, decomposes and you become part of the ocean 
water.  

  



Ocean water 
 

Roll Die What happens to you 

1, 5 You are absorbed by marine animals. 

2, 6 You are absorbed by marine plants.  

3 You are precipitated out of the ocean water and after many 
years in the rock cycle, become a carbonate rock.  

4 You stay in the ocean water a little longer. 

  

 

  

 
Marine animals 

 
Roll Die What happens to you 

1, 5 The animal you are in died and the soft parts are buried, 
decomposed and over many years in the rock cycle become oil 

2, 6 The animal you are in died and the carbonate hard parts are 
buried, and after many years in the rock cycle become 
carbonate rock.  

3 The marine animal you are in is eaten by a land animal.  

 

4 You stay in the marine animal a little longer. 

 
Carbonate rocks 
 

Roll Die What happens to you 

1, 5 The limestone you are in is weathered and you are released as 
CO2 to the atmosphere. 

2 The dolostone you are in is weathered and you are washed into 
the ocean.  

3 The chalk you are in is metamorphosed by heat into marble, a 
carbonate rock.  

4, 6 The rock you are is melted and erupts from a volcano. You are 
released as CO2 into the atmosphere.  



Soil 
 

Roll Die What happens to you 

1, 4 Rain falls on the soil you are in and you become part of 
freshwater. 

2, 5 You are released as CO2 to the atmosphere. 

3, 6 The soil you are in is weathered and you are released as CO2 to 
the atmosphere.  

  

  

 
  

 
Rain 

 
Roll Die What happens to you 

1, 4 You fall into a lake or stream and become part of fresh water. 

2, 5 You fall on the land and become part of the soil. 

3, 6 You rain over the sea and become part of ocean water. 

  

  

 

  

 
Fresh water 

 
Roll Die What happens to you 

1, 5 You are absorbed by land plants.  

2, 6 You are absorbed by land animals. 

3 You are absorbed by the soil. 

4 You flow down a river and pass into ocean water. 

 

  



Oil 
 

Roll Die What happens to you 

1, 4 The oil you are in is burnt and you are released as CO2 in the 
atmosphere.  

2, 5 The oil you are in is refined to petrochemical products. 

3, 6 You stay in the oil a little longer.  

  

  

 
Petrochemicals 

 
Roll Die What happens to you 

1, 5 The plastic bottle you are in is recycled and becomes a 
new petrochemical product. 

2, 6 The synthetic fabric you are in is put in a landfill, and 
stays as the same petrochemical product.  

3 The rubber you are in is burnt at high temperature and 
you are released as CO2 to the atmosphere.  

4 The fertilizer you are in is used on a garden and you are 
absorbed into the soil.  

  

 
Coal and natural gas 

 
Roll Die What happens to you 

1 The coal you are in is weathered and you are released as CO2 

to the atmosphere.  

2, 5 The coal you are in is burnt and you are released as CO2 to the 
atmosphere. 

3, 6 The natural gas you are in is burnt and you are released as 
CO2 to the atmosphere.  

4 You stay in the coal and natural gas a little longer. 

 

  



Marine Plants 
 

Roll Die What happens to you 

1, 5 The marine plant you are in is eaten by a marine animal.  

2, 6 The marine plant you are in is eaten by a land animal.  

3 The plant you are in died. You are buried, decomposed and, 
after many years in the rock cycle, become carbonate rock. 

 

4 You stay in the marine plant a little longer. 
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Students test the quality of various water 

supplies, carry out a simple filtration 

demonstration and investigate the typical water 

filters used in homes.  Students construct and 

investigate distillation equipment for 

desalinating water. 

Core curriculum skills 

Quantitative laboratory testing procedures 

Distillation and condensing  

Earth science literacy principles 

The Earth is a complex system of integrated and interacting 
subsystems, including the water cycle.  

Natural processes affect the environment and people. 

Human activities can affect the Earth’s natural systems, 
including groundwater resources, even ones at a distance. 

Water supply and consumption is a major issue affecting 
global society.  

Contents 

“Water Quality Testing” investigation 

“Clean Water for Communities” investigation  

“Treating Water in our Homes” investigation 

“Desalinating Water Supplies” investigation  

Teaching notes  

1. Introduce the need for laboratory water testing by 
showing the students two glasses of water. Unknown to 
the students, one glass also contains ~15 ml of bleach. 
Ask them to predict what will happen when a drop of food 
colouring is added to each glass. Observe the result. 
Discuss that one glass contained an invisible, non-potable 
pollutant and that laboratory testing of our drinking water 
supply is critical.  

2. a) Water supplies for the “Water Quality Testing” activity 
can include: 

Fresh tap water  
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Tap water that has sat for several hours in an 
open container 
Bottled water 
Filtered water 
Distilled water  
Rainwater 
River water 
Tap water with garden fertilizer added 

b) Use any type of water test kit, including those available 
for home aquaria, paper-strip tests, data logger probes. 
Aim to test a selection of nitrate, phosphate, dissolved 
oxygen, pH, salinity, chlorine and coliform bacteria.  
School and home pre-packaged combination test kits are 
readily available commercially. 

c) After completing the “Water Quality Testing” 
investigation, show the students the image of the water 
cycle (see Resources).  Discuss how the path of water 
through the cycle can add and remove chemicals: e.g., 
dissolved from rocks, absorbed from the oceans and 
atmosphere.  These chemicals can be either an important 
source of essential minerals for humans and animals, or a 
hazardous contaminant.  

3. Materials for the “Clean Water for Communities” 
investigation can be constructed from readily available 
resources: 

a) Make a filter funnel from an empty pop bottle: cut the 
bottle in two about halfway up and remove the bottom of 
the bottle. Invert the top section into the lower section so 
that the sloped bottle neck creates a funnel.  

b) Create contaminated water by mixing 500 ml soil into 
4 L tap water.  

c) Cut the tops off 2-L pop bottles to create the collecting 
containers.  

4. To prepare the solutions needed in “Treating Water in our 
Homes”:  

a) Saturated salt solution: mix 150 g salt with 4 L distilled 
water. Stir well for 2-3 minutes. Decant into dispensing 
bottles, ensuring all undissolved salt remains behind.  

b) Prepare contaminated water by mixing into 1 L of 
distilled water : 
1 g MgSO4 (Epsom salts) as a source of magnesium 
0.5 g potassium nitrate or sodium nitrate 
10 drops of methylene blue to represent organic 
contaminant. 

Keep sealed until needed.  
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5. Test the electrical conductivity meter used in 
“Desalinating Water Supplies” before the investigation. 
Ensure the combination of power and sensitivity range 
gives reasonable current readings for salt water and tap 
water. 

Extensions 

• Research the effects on health of drinking distilled water, 
which many bottled waters are, versus tap water. 

• Investigate how safe levels are established for chemicals 
and organics in drinking water.  

• Tour a community water treatment plant.  

• Research ultra-filtration and reverse osmosis methods of 
desalination.  

• Research Canadian and global access to potable water 
sources.  

.  

Resources 

A water cycle diagram from the United States Geological Survey is on the next page. 
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Solutions to student activities 

Water Quality Testing 

1. Why do you rinse the containers with distilled water 
between each sample?  

To avoid contamination from previous samples.  

2. List any possible reasons why water from different 
sources contains different chemicals and organisms.  

Pollution, processing methods, the soil and rock through 
which the water has travelled. 

3. What are the positive and negative impacts on humans of 
drinking tap water? Distilled water? River water? 

Tap water contains essential minerals we need in our 
bodies. It is inexpensive and tested rigorously for quality.  

Distilled water contains no bacteria contamination, but 
similarly it has no essential minerals.  It is more 
expensive than tap water, and has no regulated 
requirement for quality testing.  

River water may/may not contain excess chemicals and 
bacteria.  If it did, it would be unsafe for human 
consumption.  If it did not, it would be a no-cost option 
for drinking water. 

 

Clean Water for Communities 

1. Where does filtration similar to this model occur in 
nature? 

River beds, stream beds, bottom of ponds and wetlands.  

2. What challenges would exist in scaling this filtration 
method up to a community-sized treatment plant?  

Mixing of coagulants (the alum in the experiment), 
replenishing filter material, unknown contaminants. 

Treating Water in our Homes 

1. Which filter removed the organic contaminant? 

Activated charcoal. 

2. Which filter removed the magnesium contaminant? 

Water softener. 

3. Which filter removed the nitrate contaminant? 

Neither filter.  Note: Reverse osmosis is the usual method 
in homes for removing nitrates.  
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Desalinating Water Supplies 

1. Does the conductivity of the collected water show it to be 
most like tap water or salt water? 

Tap water.  

2. Is there the same total volume of water after heating?  

No. The total volume is less. 

3. What is the approximate ratio of potable water to salt 
water? 

Depends on results.  

4. This method is very energy intensive. Describe how you 
might carry out distillation using solar power.  

Students may consider large- or small-scale operations.  
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Water Quality Testing  
 
Materials  

Water samples 
Water quality testing 
materials 
Testing containers, e.g. 
test tubes 
Distilled water 
 
Safety 

Clean up any spills 
immediately.  
Follow the safety 
instructions on each 
water test kit.  
 
 

Procedure 

1. Copy the results chart below and expand it as necessary to 
complete the headers for the water samples and water 
quality test materials available.  

2. Rinse your testing containers with distilled water. 
3. Working with one water sample at a time, follow the 

instructions provided on each water quality test.  
4. Rinse the testing containers with distilled water between 

each water sample.  
5. Apply the water quality tests to distilled water and record 

your results.  

 

Observations 

Water 
Sample 

Physical description  

(e.g. colour, odour, particles) 

pH   

Distilled 
water      

     

 

 

Questions 

1. Why do you rinse the containers with distilled water 
between each sample?  

2. List any possible reasons why water from different 
sources contains different chemicals and organisms. 
Consider both natural and human influences.  

3. What are the positive and negative impacts on humans of 
drinking tap water? Distilled water? River water?  
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Clean Water for Communities 

Materials  

500 ml contaminated 
water sample 
2 x 1-L collecting 
containers 
30 ml alum 
Large funnel 
Coffee filter 
250 ml gravel 
125 ml coarse sand 
125 ml fine sand 
Rubber band 
10 ml bleach 
 

Safety 

Do not drink the water in 
this investigation.  

Clean up any spills 
immediately. 

 

Procedure 

1. Record the appearance and smell of the water.  

2. Aerate the water by pouring it back and forth 10 times 
between the two 1-L collecting containers.  

3. Add 30 ml of alum to the water in one of the collecting 
containers. Slowly stir for 5 minutes. The alum coagulates 
dirt and other solid particles in the water to form floc. 

4. Allow the water to sit for 20 minutes. Gravity pulls the 
floc particles to the bottom of the container.  

5. Meanwhile, construct a filter: 

a) Fold the coffee filter into quarters and attach it to the 
outside of the funnel neck. Hold it in place with the 
rubber band. 

b) Clean the filter by pouring tap water through it. 

c) Add 250 ml gravel into the funnel. 

d) Add 125 ml coarse sand on top of the gravel. 

e) Add 125 ml fine sand on top of the coarse sand. 

6. Place the filter over the empty collecting container.  

7. Without disturbing the floc sediment, pour the water 
through the filter into the empty collecting container.  

8. Record the appearance and smell of the water 

9. Add 10 ml bleach to the water as a disinfectant.  

10. Record the appearance and smell of the water. 

Observations 

Water Appearance Smell 

Initial   

After filtering   

After disinfecting   

Questions 

1. Where does filtration similar to this model occur in nature? 

2. What challenges would exist in scaling this filtration method up to a community-sized 
treatment plant?  

Adapted from Bow River Waterscape http://geoscape.nrcan.gc.ca/h2o/bow/index_e.php  

http://geoscape.nrcan.gc.ca/h2o/bow/index_e.php�
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Treating Water in our Homes 
You will use activated charcoal and water softener 
filters to treat a water sample that contains three 
contaminants:  

Organic chemical 

Magnesium (Mg2+, a component of hard water) 

Nitrate (NO3-) 

After filtering the water, you will test the treated 
water to check if the contaminants were removed. You 
will test a negative and a positive control to show the 
test results when it is known that contaminants are 
present or not.  

 

Materials 

Safety goggles, gloves 
 
2 x 20 ml syringes 
(without needles) 
Blunt rod 
2 regular-size cotton 
balls 
2 large test tubes (25 
mm x 220 mm) 
Wash bottle with 
distilled water 
Small funnel 
10 ml activated 
charcoal 
10 ml water softener 
resin beads 
Wash bottle with 
saturated salt solution  

 

Part 1: Build the Filters 

1. Remove the plungers and caps from the syringes.  

2. Using a blunt rod, gently push one cotton ball to the 
bottom of each syringe. Do not pack tightly. 

3. Set each syringe in a large test tube.  

4. Saturate each cotton ball with distilled water. Allow 
excess water to drain into the large test tubes and discard 
water into liquid waste container.  

5. Activated Charcoal Filter:  

a) Using a small funnel, add 10 ml of activated charcoal 
to one syringe.  

b) Rinse any charcoal dust from the funnel into the 
syringe with distilled water. 

c) Slowly saturate the charcoal in the filter with distilled 
water to pre-moisten the filter and improve water flow. 
Continue until the water runs out clear into the test tube at 
the bottom. 

d) Dispose of the water from the test tube into the liquid 
waste container. 

e) Replace the cap and plunger of the syringe and store it 
upright in the test tube. 

6. Water Softener Treatment:  

a) Using the funnel, add 10 ml of water softener resin 
beads to the other syringe.  

b) Use distilled water to gently rinse any beads from the 
funnel into the syringe. 
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c) Slowly saturate the beads in the filter with the saturated 
salt water solution. 

d) Rinse the beads at least 5 more times with the saturated 
salt-water solution. 

e) Rinse the beads with distilled water at least 5 times. 

f) Dispose of the water from the test tube into the liquid 
waste container. 

g) Replace the cap and plunger of the syringe and store it 
upright in the test tube. 

 

 

Materials 

8 small test tubes (16 
mm diameter) in a test 
tube rack 
4 rubber stoppers to fit 
test tubes 
25 ml graduated 
cylinder 
Wash bottle with 
distilled water 
Masking tape 
40 ml contaminated 
water sample 
Nitrate test (e.g. 
aquarium test kit) 
Liquid soap 
Eye dropper 
Holder 

Part 2: Treating the Water 

1. Number the 8 small test tubes 1 to 8 using masking tape 
and set in a test tube rack.  

2. Measure 5 ml distilled water into test tubes 1 and 2. 
These are the negative controls. 

3. Measure 5 ml contaminated water into test tubes 3 and 4. 
These are the positive controls. 

4. Remove the plungers and tip caps from the filter 
syringes. Empty any liquid that has collected in the test 
tubes below the filters.  

5. Slowly pour 25 ml of contaminated water into the 
activated charcoal filter. Collect the filtered water in the 
large test tube. 

6. Use the graduated cylinder to measure 5 ml of activated 
charcoal filtered water into the small test tubes 5 and 6. 

7. Rinse out the graduated cylinder with distilled water. 

8. Slowly pour 25 ml of contaminated water into the water 
softener filter. Collect the filtered water in the large test 
tube. 

9. Use the graduated cylinder to measure 5 ml of water 
softener filtered water into the small test tubes 7 and 8. 
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  Part 3: Testing the Water 

1. Organic test:  

a) Hold a sheet of white paper behind the test tube rack. 

b) Compare the colors of the water. Record if the colour 
has been removed or not.  

2. Nitrate test: 

Follow the test kit instructions for the water in test tubes 
1, 3, 5, and 7 

3. Magnesium Test:  

a) Add 2 drops of liquid soap to test tubes 2, 4, 6 and 8.  

b) Securely place rubber stopper in each test tube.  

c) Gently shake the test tubes.  

d) If the water remains clear and forms bubbles the 
magnesium has been removed; if the water is cloudy and 
does not form bubbles the magnesium has not been 
removed.  

Results 

Tube Contents Colour Test 
applied 

Test 
result 

1 5 ml distilled water  Nitrate   

2 5 ml distilled water  Magnesium  

3 5 ml contaminated water  Nitrate  

4 5 ml contaminated water  Magnesium  

5 5 ml activated charcoal filtered water  Nitrate  

6 5 ml activated charcoal filtered water  Magnesium  

7 5 ml water softener filtered water  Nitrate  

8 5 ml water softener filtered water  Magnesium  

 

Questions 

1. Which filter removed the organic contaminant? 

2. Which filter removed the magnesium contaminant? 

3. Which filter removed the nitrate contaminant? 

 
Adapted from: Hydroville http://www.hydroville.org/ 
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Desalinating Water Supplies 

 

Why is salt in water a problem? 

Place one freshly cut leafy plant stem into a cup of tap 
water, and another into a cup of tap water that also 
contains 15 ml salt. What happens to each of the plants 
after 15 minutes? 

Just like the plants, if we drink water containing excess 
salt, it makes us ill and prolonged consumption can 
even cause death.  

Salt can get into a water supply from natural salts 
occurring in the rocks that the water passes through.  
As well, over-use of an aquifer (groundwater reservoir) 
to irrigate crops or supply a community with water can 
increase the concentration of salt.  

Many communities globally, including the Prairie 
regions of Canada currently desalinate some of their 
water, but they also need to focus on the importance 
of conserving potable water.  

 

 

How to measure the salt content of water 

Water containing more dissolved salt will conduct 
electricity better than water with no salt. The size of 
the electric current can give an estimate of the 
percentage of total dissolved solids (TDS), which can 
also be determined more rigorously by evaporation in 
the laboratory. 
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Desalinating Water by Distillation 

 

Materials 

Ammeter 
Two connecting cables 
with alligator clips 
Electrodes (copper 
strips or paper clips) 
9 V battery and holder 
Salt water 
(approximately 15 ml 
salt in 250 ml water) 
Tap water 
Long rubber tube 
250 ml beaker 
500 ml beaker 
Aluminum foil 
Masking tape 
250 ml graduated 
cylinder 
Conical flask with 2-
hole rubber bung to fit 
Glass tube 
Ice 
Hot plate 
Distilled water 
 

Procedure 

1. Assemble the conductivity tester by connecting a series 
circuit with two electrodes, battery and ammeter.  

2. Rinse the electrodes with distilled water and wipe dry. 
Test the conductivity of a sample of the salt water and a 
sample of tap water.  

3. Assemble the distillation equipment: 

a) Use masking tape to seal a double thickness of 
aluminum foil over the top of the 250 ml beaker.  

b) Cut a small slit into the aluminum foil and insert 2 cm 
of one end of the rubber tube. Use masking tape to hold it 
in place.  

c) Place the 250 ml beaker inside the 500 ml beaker.  

d) Fill the space around the 250 ml beaker with ice.  

e) Join the other end of the rubber tube to one hole of the 
rubber stopper using a glass tube.  

f) Put 250 ml salt solution in the conical flask.  

g) Insert the rubber stopper in the flask.  

h) Use masking tape to partially cover the unused hole in 
the stopper. This acts as a pressure release for steam.  

4. With the hot plate on medium-low, heat the conical flask. 
Do not let the flask boil dry. The aim is for most of the 
steam to pass through the rubber tube. Adjust the 
masking tape being used as a pressure release to help 
direct the flow. 

5. Stop heating when either the conical flask has only 
enough water to cover the bottom, or the 250 ml beaker 
has collected ~2 cm water.  

6. Carefully disconnect the aluminum foil and rubber tube 
from the 250 ml collecting beaker.  

7. Test the conductivity of the collected water and the water 
remaining in the flask.  Rinse the electrodes with distilled 
water and wipe dry before each test.  

8. Measure the volume of water left, in the flask and the 
beaker.  
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  Observations 

Water sample Electrical current 
(microamperes) 

Volume (ml) 

Tap water   Not applicable 

Salt water  250 ml 

Collecting beaker   

Flask after heating   

 
 

Questions 

1. Does the conductivity of the collected water show it to be 
most like tap water or salt water? 

2. Is there the same total volume of water after heating?  

3. What is the approximate ratio of potable water to salt 
water? 

4. This method is very energy intensive. Describe how you 
might carry out distillation using solar power.  




