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Topic: Atmospheric Pollution and the Ozone Layer 

MDC Learning Outcomes Addressed: 

6. Create strategies that can be used to fulfill personal, civic, and social responsibilities. 

7. Demonstrate knowledge of ethical thinking and its application to issues in society. 

10. Describe how natural systems function and recognize the impact of humans on the 

environment. 

CHM1020/CHM1020L Course Competencies addressed or previously covered and reviewed: 

CHM1020 Competency 14: Student will demonstrate knowledge of the chemical basis to 

environmental issues by outlining the effects to the environment of each of the following: (c) 

depletion of the ozone layer, (d) The Earth’s atmosphere and its role in regulating the amount of 

electromagnetic radiation which hits the Earth’s surface, (e) the formation, composition, uses, 

and environmental impact of various fossil fuels. 

CHM1020L Competency 4: The student will demonstrate knowledge of the wave nature of light 

by: (1) describing how light can be separated into its different color components, (2) defining 

wavelength and frequency, (3) describing the relationship that exists between wavelength, 

frequency, and energy of electromagnetic radiation. 

Intended Learning Outcomes: Upon completion of the lesson students will be able to: 

1. Name the location of the two lower most layers of Earth’s atmosphere 

2. Describe the chemical role that ozone plays in the troposphere, both its source and 

harmful consequences. 

a. Define what a volatile organic compound (VOC) is. 

b. List examples of art related VOCs pollutants (i.e. paint solvents). 

c. Define what U.S. National Ambient Air Quality Standards are. 

3. Describe the chemical role that ozone plays in the stratosphere, both its source and the 

role of CFCs in its destruction. 

a. Explain the health consequences of having a thinner ozone layer. 

b. Define what CFCs, HCFCs, and HFCs are. 

c. Describe how CFCs are responsible for the destruction of ozone. 

d. Explain why the South Pole is the location of the most severe levels of ozone 

depletion, including the role that sunlight and polar stratospheric clouds play in 

the destruction of the ozone layer. 



e. Describe why HCFCs and HFCs are far less harmful to the ozone layer. 

f. Define what the Montreal Protocol is and the effect it has had on CFC production. 

4. Understand the need for interdisciplinary and holistic thinking by evaluating: 

a. Evaluating the comments of political pundits in debates on environmentalism by 

discussing the merit of comments made by Rush Limbaugh. 

b. Evaluating the economic driving forces behind action such as the Montreal 

Protocol by discussing the business consequences of CFC bands. Examples 

include: 

i. Need for replacement refrigerants – opening new markets. 

c. Market openings for paints that do not contain VOCs and their benefits for the 

health and comfort of the artist (no smell). 

5. List ways they can reduce their contribution to atmospheric pollution. 

Teaching Outline: 

Begin with quiz on Power Point to elicit prior knowledge. 

1. Quiz questions 

a. What happens to temperature as we go higher in the atmosphere? 

b. What is ozone? What do you know about it? 

c. What is a VOC? 

d. What is a CFC? 

e. What is a HCFC? A HFC? 

f. In June and July, how long is the day in Antarctica?  

2. Define organic compound – compound made mainly of carbon and hydrogen. 

a. Draw structures of several common solvents that are organic compounds. 

i. Benzene, toluene, xylene, rubbing alcohol, ethyl alcohol, hexane, and 

acetone 

3. Define volatile – compounds that easily evaporate 

a. Define VOC – Volatile Organic Compound. 

b. Explain that many solvents are VOC’s . 

c. Effects of VOC’s. 

i. Many are toxic. 

ii. Air pollutants – contribute to smog and tropospheric ozone. 

4. Ozone (O3) – a form of oxygen – draw structure. 

a. Reactive 

b. Toxic but necessary for life??? 

c. Depends on location in atmosphere. 

5. Earth’s Atmosphere – multiple layers 

a. Troposphere 

i. Lower layer where we live 

ii. Temperature drops as you increase elevation 



iii. Ozone is toxic here 

b. Stratosphere 

i. Upper layer 

ii. Temperature increases with elevation 

iii. Contains ozone layer at 12-15 miles 

6. Ozone in the Troposphere 

a. VOC’s (gasoline, solvents, chemicals in car exhaust…) produce NO2 

 NO2 + sunlight  NO + O 

 O + O2  O3 

b. `U.S. National Ambient Air Standards for O3– set by EPA 

i. 1 hour max exposure = 0.12 ppm = 0.000012% 

ii. 8 hour max exposure = 0.075 ppm = 0.0000075% 

c. How does Miami compare to other places 

i. Power Point of air quality in other cities with major art schools (emailed 

as separate file) 

d. How to lessen your impact 

i. Purchase non-VOC paint  

ii. Reduce emission of solvent vapors – also good for health 

7. Ozone in the Stratosphere 

a. Play videos: 

i. http://www.youtube.com/watch?v=k2kpz_8ntJY&feature=related 

ii. http://www.youtube.com/watch?v=qUfVMogIdr8 

b. Define CFC – chlorofluorocarbon 

i. Structure of examples – CCl3F and CCl2F2 (freons 11 and 12) 

ii. Propellants in spray-paint 

iii. Refrigerants 

iv. Very stable and not water soluble – survive long enough to reach 

stratosphere. 

c. In stratosphere CFCs break down on surface of polar stratospheric clouds (PSC’s) 

that form over Antarctica in the winter. 

i. Generate Cl· which destroys ozone 

d. Define catalyst – speeds up reaction without being consumed 

i. cycle regenerates Cl· 

ii. Can destroy many ozone molecules. 

iii. Compare to natural chlorine sources - Rush Limbaugh Quote CITE 

“Mount Pinatubo in the Philippines spewed forth more than a thousand 

times the amount of ozone-depleting chemicals in one eruption than all the 

fluorocarbons manufactured by wicked, diabolical, and insensitive 

corporations in history. . . . Conclusion: mankind can't possibly equal the 

http://www.youtube.com/watch?v=k2kpz_8ntJY&feature=related
http://www.youtube.com/watch?v=qUfVMogIdr8


output of even one eruption from Pinatubo, much less billion years' worth, 

so how can we destroy ozone?" “ 

e. Ban of CFCs through Montreal Protocol in 1987 

i. Political and financial motives in addition to environmental. 

f. Introduction of new alternatives: 

i. HCFC – hydrochlorofluoro carbon 

ii. HFC – hydrofluorocarbon 

1. Structure of R-134a (C2F5H) 

iii. More reactive – don’t survive to upper atmosphere. 

8. Need for big picture (Holistic) thinking 

a. CFCs and their replacements HCFCs and HFC are all powerful greenhouse gases. 

b. Solving one problem can cause others. 

c. Earth’s cycles are very complex and interconnected. 


