
OZONE:  Good Up High, Bad Nearby
Ozone (O3) is a form of oxygen that exists in our atmosphere.  Our atmosphere is layered.  On the diagram below, label the TROPOSPHERE and the STRATOSPHERE:


As you can see on the diagram above, the layer of ozone in the stratosphere is a good, protective layer.  Without this protective ozone layer, life could not exist on earth.  Its purpose is to block harmful UV rays so that they don’t reach the surface of the earth.  As shown on the diagram below, UV rays are at a different wavelength than the infrared radiation that causes heat.
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What is the purpose of stratospheric ozone?

Do UV rays heat the surface of the earth? __________

Therefore, do UV rays cause global warming? _________
UV rays do cause all sorts of problems when they make it to the earth’s surface.  Exposure to UV rays can cause cancer, cataracts, weaken the immune system, and decrease productivity of plants.  It can even cause DNA mutations, inhibiting growth reproduction and development of living organisms.  As you can see, the stratospheric ozone layer is very important!  This is why we are so concerned about ozone DEPLETION.

In your own words, define DEPLETION.

What are the effects of stratospheric ozone depletion?
Stratospheric ozone depletion is caused by chlorine- and bromine-containing compounds.  The most important of these are CFC’s.  CFC’s are coolants, used in refrigerators and air conditioners.  They were also used as propellants in spray cans and in the production of Styrofoam.  These molecules break apart ozone, converting O3 to simply O2.  Here’s how it happens:

CFCl3 + UV Light ==> CFCl2 + Cl
Cl + O3 ==> ClO + O2
ClO + O ==> Cl + O2  (the chlorine is now free to repeat the cycle)
Although ozone is continually broken apart and re-formed in our atmosphere by natural processes, the addition of these ozone-depleting chemicals to the atmosphere means that its re-formation cannot keep up with the depletion.
What types of chemicals cause ozone depletion?  Name a specific one.

What is the purpose of these chemicals?

HOW do these chemicals cause ozone depletion?

Because the link between CFC’s and ozone depletion is so well established, countries around the world signed the Montreal Protocol to phase out CFC production.  They should be completely phased out, around the world by 2005.  Other ozone depleting chemicals however will not be phased out until 2030.  
What legislation addresses ozone depletion?

Now, onto A DIFFERENT PROBLEM!

Ozone can also exist in the troposphere (go back and look at the diagram at the top of the first page to be reminded of the location of the troposphere).  Ozone in the troposphere is referred to as “ground-level ozone”.  Ground-level ozone is a pollutant.

WHY is tropospheric ozone also called ground-level ozone?

Ozone is a secondary pollutant caused by a photochemical reaction.  Sunlight catalyzes a reaction between nitrogen oxides (NOx) and hydrocarbons (VOC’s – volatile organic compounds) to form ozone.  The primary source of NOx  and VOC’s is fuel combustion from automobiles.  VOC’s are also emitted from “topping off” the gas tank in your car (gasoline fumes). 
What is a secondary pollutant?

Break down the word “photochemical”.  What does it mean?

Complete the equation on the diagram for the 3 ingredients for the formation of ground-level ozone.

[image: image2.png]o0
VOC + NOx + . l = Ozone

Noy





What is the source of the pollutants that form ground-level ozone?

Why is ozone pollution mainly a problem in the summer months?

Ground-level ozone is a component of photochemical smog.  It is not the ONLY component of smog, but it is the most dangerous to human health.  Ozone is a respiratory irritant, causing tightness in the chest, coughing, and difficulty breathing.  It can aggravate chronic lung conditions such as emphysema and bronchitis.  It also stresses plants and lowers crop yields.  
What are the effects of ground-level ozone pollution?

What is the relationship between ozone and photochemical smog?

You may be familiar with the EPA’s air quality index that rates air quality from good (green) to very unhealthy (purple).  Ozone is one of the pollutants that is considered when that rating is determined.  The Clean Air Act is federal legislation that established standards for acceptable amounts of certain pollutants in US cities.  Because ozone is one of these criteria pollutants, it is addressed by the Clean Air Act.  Areas that do not meet the standard for the pollutant are said to be non-attainment areas.  

What does the AQI have to do with ozone depletion?

What federal legislation addresses ground-level ozone?

Summary:
	Problem
	Cause
	Effect

	Ozone depletion
	
	

	Ozone pollution
	
	


Explain why you think it is so hard to differentiate (in your mind) what you learned about ozone depletion and what you learned about ozone pollution.  Your teacher is trying to figure out how to make this more clear!
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