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Sunday Academy 2013-14	
Carbon Dioxide: Source and Sink 

 
 
Description: 
 Students will identify processes that contribute to CO2 emissions, graph CO2 emissions 
along with two other gases and assess the relationship between atmospheric carbon dioxide and 
global surface temperatures. 
  
Objectives: 

 Students will Identify processes that contribute to CO2 emissions  
  Students will graph CO2 emissions, CH4, Ozone and global surface temperatures 
  Assess the relationship between atmospheric carbon dioxide, methane, ozone and global 

surface temperatures  
 

Standards covered: 
9-10.2.8 Analyze data found in tables, charts, and graphs to formulate conclusions  
9-10.5.6 Explain the effects of human activities (e.g., dams, levees, farming 

practices, deforestation, land-use practices, land-management strategies) 
on the environment 

11-12.2.3 Use data from scientific investigations to accept or reject a hypothesis 
 

Session Organization 
 11:00-11:30  Cultural connection and general organization 
 11:30-12:00  Background information 
 12:00-12:30 Lunch 
 12:30-1:30  Activity graphing CO2, temp, CH4, and ozone levels 
 1:30-2:00 Ice core activity 
 2:00-2:30  Activities 2-5 Sources of CO2 

2:30-3:00 Wrap up/surveys 
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Activity One: Mapping global temperatures, CO2 levels, Methane and ozone levels 
 
In this activity, you are going to first map the average temperatures of the world.  
 
Make a graph of the Global temperature anomaly using the following information. Remember 
time is the independent variable (x axis) and temperature is the dependent variable.  
 

Year Temperature* Year Temperature 
1970 0.02 1992 0.25 
1972 -0.18 1994 0.45 
1974 -0.22 1996 0.33 
1976 -0.26 1998 0.93 
1978 0.07 2000 0.62 
1980 0.26 2002 0.93 
1982 0.08 2004 0.80 
1984 0.04 2006 0.90 
1986 0.27 2008 0.85 
1988 0.53 2010 1.06 
1990 0.56 2012 0.90 

 
*Temperature variance from global average 
 

1.  What is the overall trend of the temperature variance over the past 40 years?   
 
__________________________________________________________________________ 

 
For the next part you will be making a graph a using excel. You will be mapping the 
concentration of three different gases, Carbon dioxide, Methane and Ozone 
 
Before we start, write a hypothesis about how temperature might relate to each one of these 
gases.   
 
Hypothesis 1:  Carbon Dioxide 
 
_____________________________________________________________________________ 
Hypothesis 2:  Methane 
 
_____________________________________________________________________________ 
Hypothesis 3:  Ozone 
 
_____________________________________________________________________________ 
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Excel:   
1.  Highlight the “Year” column, click “Ctrl” key, and highlight the “Temperature” column.   
2.  With the columns highlighted, click the “Insert” tab 
3.  Click the “Scatter” – select the scatter plot with the line.   
4.  Repeat this process to look at the Carbon dioxide, Methane, and Ozone over the years.  You 
will end up with 4 graphs.   
 

 

Activity 2:  Identifying Carbon Dioxide Sources and Sinks 

BACKGROUND INFORMATION:  

Carbon dioxide has a characteristic that enables students to detect CO2 in a classroom setting. 
When dissolved in water, carbon dioxide forms a weak acid, called carbonic acid. The chemical 
bromothymol blue (BTB) is a sensitive indicator of the presence of acid. When gas containing 
CO2 is bubbled through a BTB solution, carbonic acid forms and the indicator turns from dark 
blue to green, brown, yellow, or very pale yellow depending on the CO2 concentration (lighter 
colors mean higher concentrations).  

Carbon dioxide (CO2) provides the bubble in your soda pop and the "rise" in your baked goods. 
But it is also a very significant greenhouse gas. CO2 is important in maintaining the earth's 
average temperature of about 15°C (59°F). The CO2 traps infrared energy emitted from the 
earth's surface and warms the atmosphere. Without water vapor, CO2 , and methane (the three 
most important naturally produced greenhouse gases), the earth's surface would be about -18°C 
(0°F). At this temperature, it is doubtful that complex life as we know it would ever have 
evolved.  

Where does CO2 come from? Plants and animals give it off when they extract energy from their 
food during cellular respiration. CO2 bubbles out of the earth in soda springs, explodes out of 
volcanoes, and is released when organic matter burns (such as during forest fires). 

Anything that releases CO2 into the atmosphere (living, dead, or non-living) is considered a 
source  
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Anything that absorbs and holds CO2 from the air or water is considered a sink (because, like a 
sink in your home, it acts as a "holding reservoir") 

Over geologic time, CO2 sources and sinks generally balance. In today's atmosphere, however, 
CO2 levels are climbing in a dramatic and easily measurable fashion, providing evidence that 
there are now more CO2 sources than sinks. 

Plants and animals give off CO2 while alive and respiring and when dead and decaying (bacteria 
that consume the dead bodies respire too, after all). Plants (both terrestrial plants and marine 
phytoplankton) are important carbon sinks, taking up vast quantities of CO2 through the process 
of photosynthesis. While plants also release CO2 through the process of respiration, on a global, 
annual basis, the amount of CO2 taken up by plants through photosynthesis and released through 
respiration approximately balances out. 

MATERIALS:  

 Baking soda 
 Vinegar 
 Bromothymol blue (BTB) 
 Straw  
 Elodea (Note:  The elodea experiment (Part 3) will have to be started the Friday before 

your Sunday Academy) 
 Collecting Exhaust:  Balloon, oven mitt, folder (to form funnel) 
 Lab supplies:  Test tubes, masking tape, paper, aluminum foil, masking tape 

DIRECTIONS:  

This activity has significant set up time. Part 3 will require set up the previous day. You may 
want to do Part 6 (fossil fuels) as a demonstration as it involves automobile exhaust which 
contains carbon monoxide (CO).  

 In Part 1, students will gain experience in detecting CO2 through the BTB reaction by 
using a pure CO2 gas made from the reaction of baking soda and vinegar 

 In Part 2, students will determine if animals are a source of CO2 
 In Part 3, students will determine if plants are a source of CO2 (through respiration)  
 In Part 4, students will determine if plants are a sink for CO2 (through photosynthesis)  
 In Part 5 students will determine if decomposition is a source of CO2 
 In Part 6, students will determine if fossil fuels are a source of CO2 

Making the BTB solution:   

Add 1ml of BTB to 25ml of distilled water.   

 

 



 5

PART 1: DETECTING CO 2 GAS  

 With masking tape, label 5 test tubes A thru E. A will serve as the control. One test tube 
will be left unmarked. 

 Gather the unmarked test tube and test tubes A and B, a test tube rack, a test tube stopper 
with a length of tubing attached, BTB solution, vinegar, baking soda, 1 inch square of 
aluminum foil, and a cotton ball.  

 Fill test tubes A and B approximately 1/3 full with the BTB solution and place in the 
rack. Test tube A will be used as a control. 

 Fill the unmarked test tube approximately 1/4 full of vinegar. 
 Using the foil, make a small "boat" for the baking soda - fill 1/2 full of baking soda.  

 

The 'boat' should be small enough to easily fit into the test tube and float on the vinegar.  

 Carefully slide the foil boat inside the unlabeled vinegar test tube (it is useful to tilt the 
tube at an angle to accomplish this) 

 

 Plug the tube with the stopper and tubing.  
 Place the free end of the tubing in tube with BTB, making sure the end of the tubing 

reaches the bottom of the tube. 
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 Place a cotton ball into the neck of the tube with BTB. 
 Mix the vinegar and soda together by GENTLY swirling the tube from side-to-side. Don't 

shake it upside down! Gas bubbles will begin to bubble rapidly out of the tubing into the 
test tube with BTB  

 Note the color. RECORD YOUR RESULTS IN THE TABLE 

PART 2: ARE ANIMALS A SOURCE OF CO2?  

 Fill a test tube C approximately 1/3 full of BTB  
 Place a straw in the test tube.  
 Place a cotton ball in the test tube opening. 
 Gently blow in the straw 
 Note the color. RECORD YOUR RESULTS IN THE TABLE 

PART 3: ARE PLANTS A SOURCE OF CO2?  

 Unwrap and view the test tubes with the Elodea plant 
o The Elodea is an aquatic plant that is native to North America  
o On Friday it was placed in the test tube, wrapped with aluminum with the BTB 

indicator 
o Note the color.  RECORD YOUR RESULTS IN THE TABLE 

PART 4: DO PLANTS TAKE UP CO2?  

 Using the now-unwrapped test tube with Elodea from Part 3, leave in the light and 
observe the BTB color change. 

 Note the color. RECORD YOUR RESULTS IN THE TABLE 

PART 5: DECOMPOSITION, IS IT A SOURCE OF CO2? 

 Using a tube that is 1/3 filled with distilled water and three drops of bromothymol blue, 
add some dead leaves. 

 Make observations after 10 minutes. RECORD YOUR RESULTS IN THE TABLE 
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PART 6: ARE FOSSIL FUELS A SOURCE OF CO2?  

 Fill test tube E approximately 1/3 full of BTB 
 Take the exhaust filled balloon, carefully untwist the tie while holding the neck of the 

balloon so that the gas does not escape. Twist and pinch the neck of the balloon to 
prevent air from escaping, but don't tie it. 

 While still preventing the gas from escaping, insert a straw into the neck of the balloon 
up to the twisted portion. Have one team member seal the opening of the balloon tightly 
to one side and pinching it off with their fingers. You may need to practice this a few 
times with a regular air-filled balloon. 

 Insert the straw into test tube E.  
 Insert a cotton ball at the top of test tube E to help hold the straw steady.  
 Gently release air from the balloon by slowly untwisting the neck. Allow the gas to 

bubble out at a steady rate until the balloon is empty.  
 What happened? RECORD YOUR RESULTS IN THE TABLE 

After finishing all six parts of this activity, make sure you have your observations and tube 
colors in the results table. 

Automobile exhaust collection 

Important note: Carbon monoxide is an odorless, moderately toxic, poisonous, and flammable 
gas. In a well ventilated room, students could do this activity. In that case, teachers should 
provide students with balloons full of car exhaust. It is not recommended that students participate 
in filling the balloons with car exhaust. An adult assistant (or two) is necessary, however. 

 

 Blow up and allow the balloons to deflate. This will stretch the rubber and make them 
easier to fill with the relatively low-pressure exhaust.  

 Prepare a cone to collect the car exhaust by rolling up a manila folder lengthwise. One 
end must be larger than the opening for the car's tail pipe and the other end must be small 
enough for the balloon to fit over it. 

 Use plenty of tape to hold the cone in shape and to make the sides of the cone fairly 
airtight. Note: the paper funnel will work for several fillings without burning. DO NOT 
use a plastic funnel. As the exhaust pipe heats up, the plastic may melt. You may use a 
metal funnel, but be VERY careful to avoid any skin contact with the hot metal. 

 Have an assistant turn on the car (make sure brake is on). 
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 Put the balloon on the small end of the cone. 
 Using the heat resistant mitts, approach the exhaust pipe from the side. Place the large 

end of the cone over the tail pipe. Use the gloved hand to help form a seal between the 
cone and the exhaust pipe. DO NOT BREATHE THE EXHAUST. The balloon should 
fill quickly; if not, have your assistant step lightly on the accelerator. 

 When the balloon is filled, have an assistant use a twist tie or two to tightly seal the 
balloon. Do this by twisting the neck several times and doubling it over once, then place 
the twist tie around the constricted area. 

 You will want to have at least one balloon for each group of students. It is useful to 
prepare a few extra filled balloons. 

Results: record your observations and color changes in the table below? 
 

Source of CO2 Tube color Observations of tube 
Gas from vinegar and 
baking soda 

  
 

Animals   
 

Plants covered   
 

Plants uncovered   
 

Decomposition 
(leaves) 

  
 

Car exhaust (burning 
of fossil fuels) 

  
 

 
 
Activity 3: How did the Caveman record temperature? 

  
 Go to the following website: 
 http://serc.carleton.edu/eet/cores/step-by-step.html 
 Click on part one, read through the material and look at the ice core cards. 

 
What is a diatom? 
______________________________________________________________________________ 
 
______________________________________________________________________________ 
 
Why are they an important tool for scientists to use the past ocean temperature? 
 
______________________________________________________________________________ 
 
______________________________________________________________________________ 
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Follow the path of the drill site. Using the cards, determine which card matches the drill site. 
Which card matches the drill sites? Give a reason (answer the question first before looking at the 
answer? 
Site 1- ______________________________________ 
 
 
Site 2- ______________________________________ 
 
 
Site 3- ______________________________________ 
 
 
Site 4- ______________________________________ 
 
 
Answer questions at the bottom (step 2, question 1). Try to answer first before looking at the 
answer. 
 
 
 
 
Return to the home page 
Click on part 4 
View the climate change animation (part 2) 
Follow the instructions in step 3 for your animation 
How does the amount of change in temperature effect sediment layer thickness? 
 
 
 
 
 
Conclusion: 
List 4 sources of carbon dioxide. 
 
 
 
Why is it important to reduce our carbon dioxide output? 
 
 
 
 
What can you do, as an individual, to reduce your carbon dioxide output? 


