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Atmospheric Pollution 

Name:           Hour  Date:      

 

Date Packet is due:       Why late?        Score:    
   Day of Week       Date     If your project was late, describe why   

Overview: in this unit, you will explore how human activity impacts the 
cycles of matter and the flow of energy in the earth’s atmosphere, and 
you will investigate how these impacts affect biodiversity and ecosystem 
function. You will investigate the molecular properties of some pollutants 
in order to explain how and why they have negative effects on 
atmospheric ecosystem services. You will have the opportunity to 
measure the effects of a pollutant in a simulated atmosphere, you will 
assess the impact that your school’s transportation and your own lifestyle 
have on the atmosphere.  
 

Main Questions 
- In what ways can human activity affect cycles of matter and flows of 

energy in the atmosphere, and how does this affect biodiversity and 
ecosystem function?  

- What are the molecular properties of some pollutants that are 
responsible for their impact on atmospheric ecosystem services? 

 
Weekly Schedule 

Monday:  
- Introduction to atmospheric pollution – Data Dive  

Tuesday:  
- Nutshell Video & Notes 
- Class discussion & revisions of explanations 

Wednesday:  
- Tabletop Greenhouse Effect & Greenhouse Effect Simulation 

Thursday:  
- Review & Quiz 

Friday:  
- Weekly Reflection  
- Career Connections 

 
 
This material is based upon work supported by the National Science Foundation Graduate Research 
Fellowship Program. Any opinions, findings, and conclusions or recommendations expressed in this material 
are those of the author(s) and do not necessarily reflect the views of the National Science Foundation. 

  

Semester Schedule 

Week 1: Introduction & Lab 

Safety 

Atoms to Ecosystems 

Week 2: Matter & Energy 

Week 3: Cell Biology 

Week 4: Biodiversity & 

Ecosystems 

Week 5: Biodiversity & 

Habitats 

Week 6: Midterm 

Assessments 

Causes of Extinction 

Week 7: Extinction 

Week 8: Habitat Loss 

Week 9: Invasive Species 

Week 10: Land & Water 

Pollution 

Week 11: Atmospheric 

Pollution 

Week 12: Overharvesting 

Week 13: Midterm 

Assessments 

Sustainable Societies 

Week 14: Natural Resources 

Management 

Week 15: Societies & 

Sustainability 

Week 16: Individual 

Sustainability 

Week 17: Personal 

Campaigns 

Week 18: Personal 

Campaigns 

 

 

 

 



 

 Atmospheric Pollution  Copyright 2018, Craig Kohn, Michigan State Univ.   
2 

Day 1: Data Dive 

Directions: in this activity, you will use the graphs and data on the next page to answer the questions 
below. You will begin with a brief overview of what the graphs show that will be led by your instructor. 
You should then work in small groups to address the questions below. You should be prepared to 
discuss these questions as a class after you have had time to work in your small groups.  
 

1. Based on the graphs on the next page, what is one conclusion that would be supported by this data?  

a. How is this conclusion supported by this data?  

b. What specifically suggests that your claim is accurate?  

 

2. What is a second conclusion that would be supported by this data?  

a. How is this conclusion supported by this data? 

b. What specifically suggests that your claim is accurate?  

 

3. Based on these graphs, how would you describe the relationship between CO2 and temperature? How 

would you describe the relationship between CO2 and solar output?  

 

4. Based on the data on the previous graph, create a hypothesis that summarizes the relationship 

between carbon dioxide and temperature.  

 

I hypothesize that              

 

               

 

I think that this hypothesis is accurate because          

 

               

 

5. The top graph on the next page shows fluctuations in atmospheric carbon dioxide levels over the past 

800,000 years (a period of time that is older than human beings as a species). Based on this data…  
 

What was the highest level of CO2 prior to the Industrial Revolution 150 years ago?   ppm 
 

What is the current level of atmospheric CO2?   ppm 

 

6. What might be one possible explanation for why CO2 is so much higher now than compared to any 

other point in the existence of human beings?  

 

7. Based on your hypothesis about the relationship between CO2 and temperature, why might it be a 

problem that atmospheric carbon dioxide is at an unusually high level?  
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Figure 1 Source: Climate Central 

 

 
 
  

Figure 3 Source: Illinois State Water Survey Figure 2 Source: Climate Literacy and Energy Awareness Network 

(CLEAN) 
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Day 2: Notes & Discussion   

Introduction & Directions: In this activity, you will begin by watching a short video about atmospheric 

pollution. This will help to clarify some of the questions you may have had yesterday. After the video, you will 

look at a short slideshow presentation that will provide you with specific information about this topic. Your 

instructor may decide to deliver the presentation as a classroom lecture or they may allow you to read the notes 

individually or in small groups (depending on your previous experience and capabilities with this content). 

After you have watched the video and finished with the slideshow, you will work in small teams to answer the 

questions listed below. You should take notes in a notebook, on a dry erase board, or on scratch paper so that 

you are prepared to deliver your responses during the class discussion that will follow. Note: your instructor 

may assign your group to answer specific questions if time is limited.  

 

URL Links 

YouTube Video: https://www.youtube.com/watch?v=sTvqIijqvTg&feature=youtu.be  
 

Slideshow Presentation: https://www.factsnsf.org/uploads/1/4/0/9/14095127/2018-2-

22_facts_atmospheric_pollution.pdf (or visit factsnsf.org and use the menu bar).  

 

Discussion Questions:  
 

1. Summarize how the atmosphere makes life possible on earth. Provide descriptions of specific examples 

(such as precipitation, nitrogen, carbon, and ozone).   

2. Air pollution consists of a) excessively high levels of a specific chemical or particle in the atmosphere 

that b) can cause health threats and/or ecological damage. As a group, explain how the hole in the ozone 

layer, acid rain, and climate change are all caused by air pollution.  

3. How can increasing levels of CO2 change the climate? What are the molecular properties of CO2 that 

enable this to occur? Use the following in your response: 1) dipolar; 2) atomic charge; 3) heat energy 

4. Isn’t carbon dioxide a naturally-occurring gas? Why would we be having these problems now if CO2 

has always existed on this planet?  

5. How does increased heat retention affect precipitation? How does an increase in CO2 cause more 

droughts and more flooding? 

6. Couldn’t the changes we are experiencing just be a natural cycle? How do we know that humans are 

responsible for these changes? 

7. What is carbon sequestration and how might it slow or even reverse climate change?  

8. Will the CO2 in the atmosphere ever just ‘go away’? What happens if we don’t do anything to reabsorb 

it?  

9. How could the economic solution for acid rain be helpful in addressing excess atmospheric CO2? 

 
 

Be sure to revisit your explanations from the previous day’s activity and add details or corrections as needed.  

  

https://www.youtube.com/watch?v=sTvqIijqvTg&feature=youtu.be
https://www.factsnsf.org/uploads/1/4/0/9/14095127/2018-2-22_facts_atmospheric_pollution.pdf
https://www.factsnsf.org/uploads/1/4/0/9/14095127/2018-2-22_facts_atmospheric_pollution.pdf
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Day 3: Tabletop GH Effect & GH Computer Simulation 

Directions: You will be starting two labs today. As a group, you may want half of your members to start the 
Tabletop Climate Change lab while the other half starts the computer simulation. Share the data you collect 
with the rest of your team. If you have questions that are not finished before the end of class, you should 
complete them as homework before the start of the next class.  
 
Tabletop Climate Change Directions: in this activity, your class will compare the thermal properties of normal 
air to air with higher concentrations of CO2. Sealed vessels with cool water will be heated until the temperature 
rises to 45 degrees C. The heat is then turned off and the air allowed to cool naturally. Temperature readings 
are taken at definite time intervals and plotted on graph paper. The results will demonstrate the effects of 
increased CO2 on the rate of heat loss from air. 

 
1. In a moment, you will be comparing the rate of cooling from a flask with 350-400 ppm of CO2 to a flask 

with much higher levels of CO2. What do you expect will happen when the heaters are switched off? 

 

We hypothesize that              

 

               

 

We think this because             

 

               

 

2. Complete the table below and graph the results on the right: 

Record Temp (C) Below   

 Alka-Seltzer Control 

Initial Temp    

0 minute    

1 minute    

5 minute    

10 minute    

15 minute    

20 minute    

25 minute    

30 minute    
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Come back to these questions once the experiment has concluded. Start the activity on the next page 
while you are collecting the data for this experiment.  
 

3.  Did the results of this experiment support your hypothesis? _____ Explain:      

 

               

 

               

 

4. How do the molecular properties of CO2 enable it to slow the loss of heat from this container?  

 

               

 

               

 

5. In the space below, create a drawing of how the molecules of CO2 are interacting with the heat energy 

inside of this container. Use arrows to show the movement of heat energy: 

 

 

 

 

 

 

 

 

6. In 2010, more than 30 million metric tons of CO2 was emitted because of human activity. What impact 

would an annual addition of 30 million tons of CO2 have on the atmosphere’s heat retaining properties?  

 

               

 

               

 

               

 

7. What are some personal activities of yours that would result in large amounts of CO2 being emitted? 

List and describe 3 possible examples below:  

 

1.               

 

2.               

 

3.               
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Activity 3.2 The Greenhouse Effect Simulation  

See the directions in The Greenhouse Effect Simulation Directions to complete this worksheet.  
 

A. Investigating how different gases in the atmosphere interact with light: 
 

1. Observe how the infrared and visible light photons respond when they encounter CO2 and N2 
molecule. Then circle the descriptor that best describes the movement of each kind of photon when it 
strikes each kind of gas molecule below: 

 
When a visible light photon hits CO2, the photon’s movement is… Unchanged     Scattered 
 
When an infrared photon hits CO2, the photon’s movement is…     Unchanged     Scattered 
 
When a visible light photon hits N2, the photon’s movement is…     Unchanged     Scattered 
 
When an infrared photon hits N2, the photon’s movement is…     Unchanged     Scattered 
 

2. How did the interactions of CO2 and infrared photons differ from the interactions of N2 and infrared 
photons?   
 
               
 
               
 

3. How can the different molecular properties of CO2 and of N2 help to explain these differences? (Revisit 
the accompanying reading if you need to).  
 
               
 
               
 

4. How do these molecular properties determine whether or not an atmospheric molecule can be a 
greenhouse gas? (Revisit the accompanying reading if you need to). 
 
               
 
               
 

5. How do your observations in this exercise relate to the Greenhouse Effect? Revisit the definition in the 
reading if needed.  
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B. Investigating how different gases in the atmosphere affect the Earth’s temperature:  
 

6. Complete the table below to record your observations from this activity: 

 
Impact on Yellow Light 

Photons 
Impact on Red Infrared 

Photons 
Temperature 

Range 

Low GHG’s 

   

High GHG’s 

   

 
7. In what ways (if any) did the movement of the yellow visible light photons change as the greenhouse 

gas concentrations were increased?  
 
               
 
               
 

8. In what ways (if any) did the movement of the red infrared photons change as the greenhouse gas 

concentrations were increased?  

 
               
 
               
 

9. How do your observations in this exercise relate to the Greenhouse Effect? Revisit the definition in the 
reading if needed.  
 

               
 
               
 

10. What happened to the temperature as the concentrations of greenhouse gases were increased?  
 
               
 
               
 

11. What is the relationship between the concentration of greenhouse gases in the atmosphere and the 
temperature of the earth’s surface?   
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C. Investigating why the Keeling Curve is important: 
 

12. How do the patterns and relationships that you observed throughout this activity relate to the Keeling 
Curve (below)?    

 
              
 
              
 

 
13. Given what you have observed throughout this activity in regards to the relationship between CO2, 

infrared radiation and temperature, respond to the graph below showing the changes to CO2 
concentrations since the end of the last ice age. What implications could these trends have for the 
future of the planet given the current trajectory of CO2 concentrations?      
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Day 4: Review & Assessment   

Directions: you will begin by reviewing the unit objectives in your small groups. For each objective, rank it as 

a 1 (completely unsure), 2 (somewhat unsure), or 3 (completely sure) based on your comfort with that objective. 

After a few minutes of review, your instructor will lead a whole-class review. This is your chance to ask any 

questions you still might have about the concepts in this unit. Begin with anything you ranked as a “1”.  
 

After you have completed the unit review, you will be taking an individual multiple choice quiz and/or a group 

short answer quiz. These quizzes may be graded in class to help you better understand the question and the 

correct answer.  
 

Unit Objectives:  
 

1. Summarize how the atmosphere makes life possible on earth. Provide descriptions of specific examples 

(such as precipitation, nitrogen, carbon, and ozone).   

2. Air pollution consists of a) excessively high levels of a specific chemical or particle in the atmosphere 

that b) can cause health threats and/or ecological damage. As a group, explain how the hole in the ozone 

layer, acid rain, and climate change are all caused by air pollution.  

3. How can increasing levels of CO2 change the climate? What are the molecular properties of CO2 that 

enable this to occur? Use the following in your response: 1) dipolar; 2) atomic charge; 3) heat energy 

4. Isn’t carbon dioxide a naturally-occurring gas? Why would we be having these problems now if CO2 

has always existed on this planet?  

5. How does increased heat retention affect precipitation? How does an increase in CO2 cause more 

droughts and more flooding? 

6. Couldn’t the changes we are experiencing just be a natural cycle? How do we know that humans are 

responsible for these changes? 

7. What is carbon sequestration and how might it slow or even reverse climate change?  

8. Will the CO2 in the atmosphere ever just ‘go away’? What happens if we don’t do anything to reabsorb 

it?  

9. How could the economic solution for acid rain be helpful in addressing excess atmospheric CO2? 
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Day 5: Career Connections  

Directions: to begin this activity, you will form small groups (ideally, 3-4 individuals). These groups could 

either be your assigned lab groups from this week OR you could find 2-3 other individuals who have career 

interests that are similar to yours. Your instructor will inform you which option you will be using to form your 

groups.  

 

Once you have formed your groups, address the following questions as a team.  
1. Try to summarize everything that you have learned so far in this course within your group. Try to 

identify the common themes, major ideas, and most important concepts from the content you have 

learned.  

 

2. Try to get a sense of how each person in the group feels about these concepts. Is there anything that 

anyone still doesn’t completely understand? Is there anything that anyone maybe disputes or 

disagrees with? Is there anything that seemed particularly surprising or noteworthy to anyone?  

 

3. Using a notebook, whiteboard, or scratch paper, list what you think are the most important ideas and 

concepts that you have learned so far. Aim to have at least 5 or 6 ideas written down. It is ok to have 

more than this.  

 

4. As a group, try to determine how these ideas relate to the careers you intend to go into. 

Specifically… 

a. How might your daily activities in this future career be affected by these concepts?  

b. How might the decisions you make as part of this career be influenced by these ideas?  

c. How has your intended career area changed over time as a result of our understanding of these 

concepts? How might it continue to change in the future?   

 

5. Atmospheric pollution can greatly reduce biodiversity in affected areas, decreasing the ecosystem 

services and resiliency of those regions.  

a. How do you think your career might currently increase the risk of atmospheric pollution and 

decrease the biodiversity of an area?  

b. How do you think your career could be improved so that it might decrease the risk of 

atmospheric pollution and increase the biodiversity of an area?  
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Atmospheric Pollution Individual Quiz  

Name:                      Hour  Date:    Score:                 /  
 
Directions: This quiz should be completed on an individual basis. A 3x5 notecard with handwritten notes can 
be used on this quiz.  
 

1. This is a molecule of carbon dioxide. If we increase concentrations of 

this molecule in the atmosphere, which of the following would occur? 

You can select multiple answers.  

a. The atmosphere will do more to protect living species because CO2 

forms a barrier that protects living organisms from UV rays.  

b. The atmosphere will retain more heat energy because CO2 

molecules absorb and scatter infrared radiation.  

c. The atmosphere will be able to hold larger quantities of precipitation for longer periods of time 

due to larger amounts of retained heat energy.   

d. The atmosphere will not experience any changes to its properties or ecosystem services.  
 

2. Please explain your choices. Why did you choose the answers that you did? 

 

               

 

               

 

               

 

               

 

3. CO2 is a greenhouse gas. What does this mean? You can select multiple answers. 

a. CO2 is necessary for plant growth; because plants are grown in a greenhouse, we call CO2 a 

greenhouse gas.  

b. CO2 is released by plants and will accumulate in an enclosed area with plants (like a 

greenhouse).  

c. CO2 is dipolar and can reflect heat energy back towards the earth in a manner similar to how a 

greenhouse allows light energy to be retained when it is converted to heat energy.  

d. Increasing the level of CO2 in the atmosphere increases the ability of the atmosphere to retain 

heat energy similar to how a greenhouse slows the loss of heat energy.   

 

4. This is a molecule of methane. The carbon atom has a negative charge and 

the hydrogen atoms have positive charges. Would increasing the levels of 

methane in the atmosphere increase the rate at which the atmosphere 

retains heat? Select one answer. 

a. Yes – methane must be a greenhouse gas because it has an uneven 

charge.  

b. No – methane cannot retain heat because it is a gas. 

c. Yes – methane must retain heat because all gases retain heat.  

d. No – methane cannot retain heat because it does not contain oxygen.  
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5. This is a molecule of nitrogen gas. The molecule has an evenly-distributed charge. Would 

increasing the levels of nitrogen in the atmosphere increase the rate at which the atmosphere 

retains heat? Select one answer. 

a. Yes – nitrogen must be a greenhouse gas because it has an even charge.  

b. No – nitrogen cannot retain heat because it is a gas. 

c. Yes – nitrogen must retain heat because all gases retain heat.  

d. No – nitrogen does not retain heat because it is not a dipolar molecule.  

 

6. If you wanted to reduced levels of CO2 in the atmosphere in order to reduce the amount of heat 

retained in the atmosphere, which of the following would be effective solutions? You can select 

multiple answers.  

a. You can reduce the combustion of fossil fuels. 

b. You can increase the amount of photosynthesis that occurs.  

c. You can reduce decomposition by sequestering carbon in organic molecules in the ground.  

d. You can wait – carbon dioxide eventually dissipates out of the atmosphere and goes into space. 

 

7. Please explain your choices. Why did you choose the answers that you did? 

 

               

 

               

 

               

 

               

 

8. How might increasing levels of carbon dioxide affect agriculture? You can select multiple 

answers. 

a. Carbon dioxide reduces plant growth, so increasing levels of CO2 would hurt crop growth.  

b. Increased heat retention from CO2 increases the rate of droughts and flooding, which would 

reduce crop yields.  

c. CO2 causes changes to the climate that reduce biodiversity and impair ecosystem services. 

Because agriculture depends on biodiversity and ecosystem services, production of food would 

suffer as a result.   

d. CO2 is a toxic chemical that causes acid rain. Acid rain damages plant tissue on crops.  

 

9. Is it important that we reduce the levels of CO2 in the atmosphere? Why or why not? Explain.  

 

               

 

               

 

10. What are three realistic things that you could change to reduce your own CO2 emissions? 

 

1.               

 

2.               

 

3.               
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Atmospheric Pollution Group Quiz  

Names:                             
 
      Hour  Date:      Score:                 /  
 

Directions: This quiz should be completed in small assigned groups. You can use your notes. Each 
question should be completed by a different individual. All students should contribute to developing 
each answer. Those who are unable to do so may be asked to complete this quiz individually.  
 
1. This is Nitrous Oxide. If we increase levels of N2O in the 
atmosphere of Planet X by 50%, what would happen to temperature 
of that planet’s atmosphere? Please explain & justify w/ evidence. 
 

           

 

                

 

                

 

                

 

                

 

                

2.  If we were to cut fossil fuel use in half overnight (and keep our usage at this level 

indefinitely), what would happen to CO2 levels in the atmosphere? Choose one of these 

graphs and justify your choice with evidence about what you know about the carbon cycle.  

 
We chose   because      
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3. The graph on the right shows how CO2 
levels will change over the next 100 years 
under a “business as usual” scenario (i.e. 
no changes to the current trends related 
to our CO2 emissions).  
 
This projection indicates that by 2050, 
CO2 levels would be near 600 ppm. This 
concentration of CO2 is more than twice 
as high as the previous natural maximum 
of CO2 that has occurred in the time that 
humans have existed on the planet (and 
well beyond).  
 
What are some things that we know for 
a fact would occur if CO2 levels were to 
continue to increase at this rate? In your response, explain a) what we know about the 
molecular properties of CO2, b) the relationship between CO2 and heat energy, and c) how the 
properties and ecosystem services of the atmosphere change as it retains more heat energy.   
 
                
 
                
 
                
 
                
 
                
 
                
 
4. Given our experiences with other forms of air pollution (such as acid rain and CFCs), can 
we do anything about this problem? What specifically needs to occur in order for this problem 
to be fixed and what are some specific examples of actions that individuals or countries could 
adopt that enable this solution to occur?  
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Appendix: Data Dive  

Overview: Data Dives are exercises in which students are presented with actual data from scientific research 

and are asked to identify trends and develop explanatory models in a process that is very similar to what actual 

scientists do on a regular basis.  

 

Directions: students should consider the data in their assigned groups. They should work with their group 

members to make sense of the graph, identify trends, and try to determine the conclusions that can be drawn 

from that data. Students may struggle with this, especially in their first attempts and particularly if your students 

have limited experience reading graphs and data tables. It may be necessary for you to project the data onto a 

large screen and guide students by explaining the steps that you would use to make sense of what is being 

reported. This may be difficult; just like explaining the steps of tying your shoes can be challenging because 

you rarely have to think about it, it can be exceptionally challenging for someone who is scientifically literate to 

identify the thought processes that they use to make sense of data. It may be helpful to jot down your ideas in 

advance and have them ready prior to the start of this class.  

 

Students are likely to struggle to varying extents. That is ok! Be sure to float from group to group to assist. Be 

sure to remind group members to help each other out. This might be an ideal week to assign new groups with a 

particular goal of creating different mixes of abilities. Encouraging struggling students to work with their better 

prepared peers, and conversely, encouraging high performing students to advance their abilities by working 

with individuals with different skill sets helps to prepare them for the kinds of situations they will encounter in 

their careers and personal lives.  

 

Plan to allow for about 15-20 minutes to introduce the activity and review how to read a graph with your 

students. About a third to half of the class period should be reserved for allowing students to work in their 

individual groups. The remaining time should be reserved for intergroup or whole-class discussion so that 

students can engage in scientific debate and argumentation.  

 

It would a good idea to remind students that the term argumentation is used differently between scientists and 

the general public. While argumentation generally has a negative connotation (such as a “heated argument”), 

argumentation among scientists is generally very good-natured and polite. The goal is not to “win” an argument 

but rather to expand the understanding of the phenomenon by all involved. Often scientists on opposing sides of 

an issue will both change their stance as a result of the improved understanding that results from engaging in 

argumentation. Similarly, students should not be trying to disprove each other or prove that they have the 

“right” answer. Rather, students should be examining the differences in their conclusions, the manner in which 

each conclusion was reached, and the similarities and agreements that exist among different conclusions.  

 

Students may reach a conclusion that is not entirely supported by evidence. The temptation may be to point out 

errors in their reasoning. However, when students are struggling, they are also likely improving their abilities in 

evidence-based reasoning, which is one of the most important goals of this kind of instruction. Try to resist the 

urge to correct student errors; rather, try to probe their understanding and challenge them to re-examine the 

evidence to check the validity of their conclusions and the conclusions of other groups.  

 

Remember – students should re-visit their explanations and models repeatedly over the course the week. If they 

don’t get it right on the first try, they will have more opportunities to do so.  
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Appendix: Tabletop Greenhouse Effect   

Overview: students will use FACTS Bioreactors and seltzer tablets to measure the effects of increased 

greenhouse gas concentrations on temperature retention.  

 

Materials: FACTS Bioreactors (1-2 per group), Alka-Seltzer tablets (one packet of two tablets per group), tap 

water, electrical source.  

 

Student Instructions: 
1. Use two FACTS Bioreactors.  Be sure that your airlock has water in it.  

2. Fill each bioreactor with 400 ml of tap water.  Seal the containers. Move the thermometers so that they are 

above the waterline (use caution – glass thermometers can easily break!).  

3. After ensuring that both containers are completely sealed and are air-tight, remove the stopper with the airlock 

from the access port of one of the bioreactors and add two Alka-Seltzer tablets.  Immediately reinsert the 

stopper and seal tightly.  Allow the tablet to react completely.  Be sure to keep track which bioreactor was 

treated with the tablet.  

a. The tablet will add CO2 to the air of your bioreactor and increase CO2 levels above normal levels. 

4. Turn on both of heaters by plugging them into an outlet.  Ensure that the orange light inside the glass tubing of 

the heater turns on.  If it does not, turn the heater onto a higher setting using the knob on top (arrows point 

which direction to turn).   

a. The temperature of the water has to be increased after the CO2 has been added in order to create an 

even dispersal of CO2.  

5. Keep the heaters on until both reach 40-45o C.  If one reaches this temperature before the other, adjust the 

knob so that it stays within the correct temperature range while the other bioreactor is still heating.  

6. Keep both bioreactors within a degree of each other for at least 2 minutes.  When you have balanced the 

temperature of both bioreactors, unplug the heaters.  Note the time.  

7. Record the temperature of the air at 5 minute intervals for 30 minutes or until the temperature levels out 

(whichever comes first) 

8. After you have completed recording the temperatures at each interval, begin graphing your results.   

9. During or after your graphing, rinse out each bioreactor chamber in a sink with tap water and dry with a paper 

towel.  Return your bioreactor to the location specified by your instructor. 

 

Additional Notes: 
- You may opt to add the Alka-Seltzer tablets and start heating the bioreactors prior to the start of class so that 

they are heated and ready for observation when the lab begins. Plan to allow at least 30 minutes for the 

bioreactor heaters to reach 40-45o C from room temperature.  

- It can be helpful to place a layer of insulation (such as a cloth towel or paper towel) between the bioreactor and 

the surface on which it is placed. Some surfaces can cause heat to dissipate away at varying rates, which can 

affect the experimental results. Also note drafts, heating/cooling, and ventilation in your room, as this can affect 

your results.  

- To check your bioreactor to ensure that it is airtight, you can use the syringe and observe whether or not moving 

the plunger affects the water in the airlock (if the bioreactor is not airtight, it will lose CO2 and not show any 

differences from the control).  
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Appendix: PhET Greenhouse Computer Simulation  
Note: These materials are take from Carbon TIME (used with permission)  

Note: copies of these instructions should be made available to your students during the activity.  
 
Introduction: The PhET Greenhouse Effect Simulation allows you to change the atmospheric greenhouse gas 
concentration, observe how these changes affect the movement of infrared photons into space, and determine 
how these interactions ultimately affect the temperature of the Earth’s surface. Using the PhET Simulation, you 
will investigate three questions:  
1. How do different gases in the atmosphere interact with light? 
2. How do gases in the atmosphere affect the Earth’s temperature? 
3. Why is the Keeling Curve important? 
 

Ordinarily, it would be impossible to directly observe the interactions of atmospheric gases with light. The PhET 
simulation serves as a model to make these interactions visible. This can help us explore patterns that are 
otherwise hard to see.   
 

Downloading the PhET Simulation: you will need download it onto the computers or devices that your 
students will be using. For the file and for instructions on how to download, visit 
https://phet.colorado.edu/en/simulation/greenhouse . 
 

A. Investigating how different gases in the atmosphere interact with light: 
Open the PhET simulation. For the first questions, you will need to open the Photon Absorption Tab (in the 
upper left). Some gases are unable to interact with visible and/or infrared radiation. It just passes through the 
gas molecule unaffected. In other cases, a gas molecule may be able to absorb and re-emit a particular form of 
radiation (causing it to visibly ‘wiggle’ in this simulation). This component of the PhET simulation helps us to 
see which gases interact with each kind of radiation.  You will be comparing two different gases in this 
simulation: CO2 and N2. 
 

 
CO2 and Light Photons: Under the “Atmospheric Gases” panel, select CO2. On the “radiation gun” on the left-
hand side of the screen, make sure that the “Visible Photon” option is selected. Move the slider on the gun all 
the way to the right and observe how the infrared photons respond when they encounter the CO2 molecule. 
Record your data on your worksheet.  

https://phet.colorado.edu/en/simulation/greenhouse
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CO2 and Infrared Photons: Under the “Atmospheric Gases” panel, select CO2. On the “radiation gun” on the 
left-hand side of the screen, make sure that the “Infrared Photon” option is selected. Move the slider on the gun 
all the way to the right and observe how the infrared photons respond when they encounter the CO2 molecule. 
Record your data on your worksheet. 
 

 
N2 and Visible Photons: Under the “Atmospheric Gases” panel, select N2. On the “radiation gun” on the left-
hand side of the screen, make sure that the “Visible Photon” option is selected. Move the slider on the gun all 
the way to the right and observe how the infrared photons respond when they encounter the N2 molecule. 
Record your data on your worksheet. 
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N2 and Infrared Photons: Under the “Atmospheric Gases” panel, select N2. On the “radiation gun” on the left-
hand side of the screen, make sure that the “Visible Photon” option is selected. Move the slider on the gun all 
the way to the right and observe how the infrared photons respond when they encounter the N2 molecule. 
Record your data on your worksheet. 
 
Conclusions: Complete this section of your worksheet by answering the remaining questions. What 
differences did you notice between how different kinds of energy and different kinds of molecules interact in 
different ways? 
 

B. Investigating how different gases in the atmosphere affect the Earth’s temperature:  
For the next questions, you will need to open the Greenhouse Effect Tab (in the upper left). The earth’s 
atmosphere is comprised of a variety of gases. We will now look at a more complex model of how different 
kinds of radiation interact under different atmospheric conditions. For this section, you will be adjusting the 
concentration of greenhouse gases (gases like CO2 which can absorb and re-emit infrared radiation) and you 
will observe the resulting differences in the patterns in the movement of light and infrared photons. You will 
also observe the impact that these changes have on the Earth’s temperature.   
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Low CO2 Levels & Temperature: In the “Greenhouse Gas Concentration” panel, move the slider to “None”. 
Watch the yellow sunlight photons as they move from outer space to the surface of the earth. Then watch the 
red infrared photons as they move from the surface of the earth to outer space. What observations can you 
make about their movement? Record your data on your worksheet. 
 
Next look at the thermometer on the left-hand side of the screen. Record the temperature that occurs under 
these conditions. Record your data on your worksheet. 
 

 
High CO2 Levels & Temperature: In the “Greenhouse Gas Concentration” panel, move the slider to “None”. 
Once again, observe the movement of both the yellow sunlight photons and the red infrared photons. What 
observations can you make about their movement? Record your data on your worksheet. 
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Again, look at the thermometer on the left-hand side of the screen. Record the temperature that occurs under 
these conditions. Record your data on your worksheet. 
 
Conclusions: Complete this section of your worksheet by answering the remaining questions. How did the 
changes to the concentration of greenhouse gases affect temperature? How does this relate to your 
observations from Part A? 
 

C. Investigating why the Keeling Curve is important: 
For the next questions, you will remain on the Greenhouse Effect Tab (in the upper left). Now you will be 
connecting the relationships between changing greenhouse gas concentrations and temperature to past, 
present, and future conditions.  
 
Conclusions: Complete this section of your worksheet by answering the remaining questions. How does what 
you observed in Part C relate to the Keeling Curve? How does this relate to your observations from Part A? 
What can this tell us about future implications?  
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Appendix: PhET Greenhouse Effect Reading (optional)   
Note: These materials are take from Carbon TIME (used with permission)  

The Greenhouse Effect 
Just as the composition of your clothing affects the movement of heat energy 

away from your body into the surrounding air, the composition of the atmosphere 
affects how the temperature of the earth is regulated.  The temperature of our air 
depends on the balance between solar radiation (mostly visible light) that warms 
the Earth up and invisible infrared (IR) radiation that cools the Earth down if it 
leaves the Earth and goes into outer space.  The gases in the atmosphere 
mostly let solar radiation pass right through, but the story about how they interact 
with infrared radiation is more complicated—and that’s a story we need to tell. 
 

Greenhouse Gases 
Most of the atmosphere is comprised of nitrogen gas (N2) and oxygen gas 

(O2), but these gases do not change the rate at which energy moves from the surface of the earth into space. 
On the other hand, some gases like carbon dioxide (CO2) affect how energy (in the form of infrared radiation) 
is able to move from the earth’s surface into space. These kinds of gases are called greenhouse gases 
because like a greenhouse or a car on a hot summer day, they allow visible light radiation to enter, but slow 
the loss of leaving infrared radiation.  

 

So why do some gases slow the loss of heat in the atmosphere while others don’t? Some molecules 
absorb infrared light by converting the light energy into the energy of vibration. Molecules with more than two 
atoms, and those with different kinds of atoms can vibrate in multiple kinds 
of ways, allowing them to absorb and re-emit infrared radiation. Whether or 
not a molecule can interact with infrared radiation leaving the Earth depends 
on these vibrations. The atoms on N2 and O2 molecules are identical and 
can only move closer or further apart. This is not complex enough to enable 
interaction with infrared radiation. On the other hand, there are multiple 
kinds of atoms on a CO2 molecule, and they have complex vibrational 
modes. This allows CO2 to absorb infrared light and emit it in any direction. 
This slows the loss of this energy from the earth’s atmosphere. Increasing 
the levels of greenhouse gases that exist in the atmosphere makes it more 
difficult for infrared radiation to leave the earth (similar to the effect of slowly 
closing car windows on a sunny day).  
 

Connecting the Keeling Curve to the Greenhouse Effect 
This naturally-occurring phenomenon is called the greenhouse effect and is necessary for life on Earth.  

Without greenhouse gases, the Earth would be freezing cold!  However, if the concentration of greenhouse 
gases in the atmosphere increases too much, it will cause the planet to 
reach temperatures that damage our ecosystems. Just like leaving a 
car’s windows closed on a hot summer day can cause the temperature 
inside the car to rise, increasing the concentration of CO2 and other 
greenhouse gases in the atmosphere can cause the temperature of 
the planet to increase.  

Dr. Charles Keeling was the first person in the world to accurately 
determine the rate at which carbon dioxide in the air was gradually 
increasing each year.  Greater concentrations of CO2 result in greater 
absorption of infrared radiation. As a result, the average temperature of 
the Earth is increasing. There are still hot places and cold places, and 
there are still hot days and cold days, but as the graphs shows, the 
Earth’s overall average temperature has been increasing for more than 
100 years.  
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The	atoms	on	a	CO2	molecule	have	more	complex	
vibration	modes	that	allow	them	to	absorb	infrared	
light	and	emit	it	in	any	direction.	(Source:	scied.ucar.edu)
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