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ENGAGE ACTIVITY :  Label the three layers in the diagram.
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Teacher’s instruction:  Cut the labels out for students to use in the activity.
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Rice Air Curriculum

Ozone and Meteorology Data Sheet

Group’s Name : ___________________________________________________________

Measurement location : ____________________________________________________ 

Please choose three places where you will measure surface temperature (circle one for each):

Surface Temperature #1: Grass Barren Land Shrubs Concrete Asphalt Other: ____________________

Surface Temperature #2: Grass Barren Land Shrubs Concrete Asphalt Other: ____________________

Surface Temperature #3: Grass Barren Land Shrubs Concrete Asphalt Other: ____________________ 
Data
	
	Beginning of class (Ozone strip exposed)
	End of class (Ozone strip read)

	Time (hour:min)
	
	

	Wind Direction
	
	

	Air temperature (°C)
	
	

	Surface Temp. (°C) #1
	
	

	Surface Temp. (°C) #2
	
	

	Surface Temp. (°C) #3
	
	

	Relative Humidity (%)
	
	

	Cloud Types (See Cloud Guide; List all types seen)
	
	

	Cloud cover
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CLOUD GUIDE

(To help students fill in “Cloud Types” and “Cloud Cover” on Rice Air Curriculum Data Sheets)

Cloud Types

High in the Sky:
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	Cirrus
	Cirrocumulus
	Cirrostratus


Middle of the Sky:
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	Altocumulus
	Altostratus


Low in the Sky:
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	Stratus
	Stratocumulus
	Cumulus


Rain or Snow Producing Clouds:
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	Nimbostratus
	Cumulonimbus


Cloud Cover
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	No Clouds
	Clear
	Isolated
	Scattered
	Broken
	Overcast

	0% - No clouds
	<10% Clouds
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10-25% Clouds
	25-50% Clouds
	50-90% Clouds
	


INTRODUCTION TO OZONE CARDS

CARD 1
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CARD 2
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CARD 3
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CARD 4
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CARD 5
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CARD 6

CARD 7

CARD 7
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Progressive Note Taking:  Ozone
Directions:  Based on the number of your card and whether you are a hero or villain, read the information on the note card and answer the questions.

Card #1:
Dual Nature of ozone

1.  Give the molecular formula of the following; ozone: ________; oxygen molecule: ______ and oxygen atom : __________ 

2.  Ozone is less stable than oxygen molecules and is highly reactive to other atoms in the atmosphere.  True or False? _________.

3.  What is the role of the ozone layer in the stratosphere?

_______________________________________________________________________________________________________________________________________________________________________
4.  How does the tropospheric ozone differ from the stratospheric ozone?

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Card #2:
The Ultraviolet Light

5.  Which region in the electromagnetic spectrum is invisible to humans? _____________________ 

6.  Which UV band or bands is/are the most harmful to organisms in the earth’s surface?  Why? _______________________________________________________________________________________________________________________________________________________________________
7.   Give the UV bands that are absorbed by ozone.  ______________ , _________________ 

8.   Describe the “good” and “bad” effects of UV-A to humans? 

________________________________________________________________________________________________________________________________________________________________________
Card #3:
Natural Ozone Formation in the Stratosphere

9.  Describe what happens in the following equations:

a.      O2   +  strong UV-C light      (       O     +     O


b.      O    +   O2    +  M  (catalyst)    (  O3  + M

a.  __________________________________________________________________________________ 

     ___________________________________________________________________________________ 

b.  __________________________________________________________________________________ 

     ___________________________________________________________________________________ 

Card #4:
Natural Ozone Destruction in the Stratosphere

10.   What is the significance of equation #1? 

____________________________________________________________________________________ 

11.  Which molecule is more stable, O3 or O2?  ______________ 

Card #5:
Damage to the Ozone Layer

12.  What chemical is known to destroy the ozone layer? _______________________________ 

13.  How can the Montreal Protocol help in the recovery of the ozone layer? 

_______________________________________________________________________________________________________________________________________________________________________
Card #6:
Effects of CFCs to Ozone

14. What are the compounds present in CFCs? 
_________________________________________________________________________ 

15.  What are the properties of CFCs that make them ideal in the industry? 

__________________________________________________________________________ 

16.  Describe how CFCs destroy the ozone layer in the stratosphere?

__________________________________________________________________________________
___________________________________________________________________________________
Card #7:
Other Biological Effects of Ozone Depletion

17.  Give the effects of ozone depletion to humans and other organisms on the earth’s surface.

a.  _____________________________________________________________________________ 

b.  ______________________________________________________________________________ 

c.  ______________________________________________________________________________ 

d.  ______________________________________________________________________________ 
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e.  _______________________________________________________________________________



Achievements in Stratospheric Ozone Protection Worksheet
Directions:      Type:  http://www.epa.gov/ozone/downloads/spd-annual-report_final.pdf   into your internet browser.  The first page of the document should be: Stratospheric Ozone Protection Progress Report.  Read and use the entire document to answer the following questions:
Healing the Ozone Hole

1.  What were the significant discoveries and observations in the following years:

a.  1974  __________________________________________________________________________________________________________________________________________________________________________

b.  1980s  __________________________________________________________________________________________________________________________________________________________________________ 

c.  1987  __________________________________________________________________________________________________________________________________________________________________________ 

Then and Now 


Describe the substitutes of ozone-depleting substances in the following products:

	
	Then
	Now

	1.  Computers


	Solvents containing CFCs and

methyl chloroform were used to clean circuit boards during their production.


	

	2.  Polystyrene Cups and

Packing Peanuts
	Some polystyrene cups and foam

packing “peanuts” were made using CFCs.


	

	3.  Aerosol cans
	CFCs were the propellant

used in various spray cans.


	

	4.  Central air conditioners
	CFCs were used as the coolant in household air conditioners.


	

	5.  Furniture
	Foam-blowing agents containing CFCs were used in furniture making.


	

	6.  Refrigerators
	CFCs were used in refrigerator

coolants and foam insulation.


	

	7.  Fire Extinguishers
	Halons were commonly used in

hand-held fire extinguishers.


	

	8.  Car air conditioners
	CFCs were used as the coolant

in automobile air conditioners.


	

	8.  Degreaser
	CFCs or methyl chloroform were used in many solvents for degreasing.


	


Common Ozone-Depleting Substances and Some Alternatives‡

Complete the table below by filling in the missing information.

	Substance
	Uses
	Ozone-Depleting Potential*
	Global warming Potential**

	Chlorofluorocarbons (CFCs)
	Refrigerants, cleaning solvents, aerosol propellants, and blowing agents for plastic foam manufacture.
	
	4,680 – 10,720

	
	Fire extinguishers/fire suppression systems, explosion protection.
	3 – 10
	1,620 – 7,030

	
	Transitional CFC replacements used as refrigerants, solvents, blowing agents for plastic foam manufacture, and

fire extinguishers. HCFCs deplete stratospheric ozone, but to a much lesser extent than CFCs; however, they are greenhouse gases.
	
	76 – 2,270

	Hydrofluorocarbons (HFCs)


	
	0
	

	
	Production of CFCs (feedstock), solvent/diluents, fire extinguishers.


	1.1
	1,380


‡ This is a limited list and does not represent all of the alternatives approved by EPA’s Significant New Alternatives Policy (SNAP) program. For a complete list, see: www.epa.gov/ozone/snap/lists/index.html.

* Ozone-depleting potential (ODP) is the ratio of the impact on ozone caused by a chemical compared to the impact of a similar mass of CFC-11. The ODP of CFC-11 is 1.0.

** Global warming potential (GWP) is the ratio of the warming caused by a substance compared to the warming caused by a similar mass of carbon dioxide.  The GWP of carbon dioxide is 1.0.

Partners in Ozone Protection


Describe the efforts of the following companies and agencies in protecting the stratospheric ozone layer.

1.  The National Fire Protection Association (NFPA)
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
2.  The Coca-Cola Company

___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
3.  Pillsbury Company (General Mills)

___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
4.  NASA

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
5.  The U.S. Department of Defense

___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Source:
 Office of Air and Radiation

 United States Environmental Protection Agency

 April 2007
Formative Assessment:  Let’s see if your brain processed this! 
THE DUAL NATURE OF OZONE: Stratospheric ozone
Write the answers on the back of your exit ticket!

1.  Which of the following is not true about ozone?

a. It absorbs harmful UV rays in the stratosphere.

b. It is constantly formed and reformed in the stratosphere.

c. It is a pollutant at ground level.

d. It is a highly stable molecule.
2.  Which UV wavelength/s is/are known to break apart ozone?
a.  UV-A        
b.  UV-B
c.  UV-C
 
d.  UV-b and UV-C

3.   Which is the most likely to occur as a result of a reduction of the stratospheric ozone?

a. Increase in the amount of damage to plant life at the Earth’s surface.


b. Reduction of photochemical smog.

c. Reduction of ultraviolet radiation reaching the Earth’s surface.


d. Increase in human respiratory problems.

4. Which of the following pairs of statements about ozone is correct?
	Tropospheric ozone
	Stratospheric ozone

	A.  It is significantly affected by increasing levels of CFCs.
	It accumulates in high concentrations to form the ozone layer.

	B.  It causes health problems in humans and animals.
	It is significantly affected by increasing levels of CFCs.

	C.  It accumulates in high concentrations to form the ozone layer.
	It damages photosynthetic organisms.

	D.  It damages photosynthetic organisms.
	It causes health problems in humans and animals.


5.  The Montreal protocol was an agreement on

a. slowing down world population growth


b. reducing carbon dioxide emissions


c. reducing the production of chlorofluorocarbons


d. reducing the number of coal-fired power stations.

Ozone layer





Stratosphere





Troposphere





Images:http://www.globe.gov/tctg/atmo_chap.pdf?sectionid=1&lang=EN





 Dual Nature of Ozone


	


Most of the oxygen in the atmosphere, and the type that we need to sustain life, has two atoms per molecule (O2).  Ozone, by contrast, has three oxygen atoms (O3).  Ozone (O3) is less stable than oxygen gas (O2). Its property of being less stable makes it highly reactive to certain other molecules in the atmosphere. 





	About 90 percent of the ozone in the Earth’s atmosphere is found in what is known as the ozone layer in the stratosphere, also known as stratospheric ozone or high-level ozone (about 10-30 miles above Earth’s surface).  The ozone in the “ozone layer” represents only a tiny fraction of the air (a few molecules of ozone for every million molecules of air), but it is so effective at absorbing the sun’s ultraviolet radiation that even these small amounts of ozone can block a large portion of ultraviolet radiation from reaching the ground. Ultraviolet rays can cause a range of negative effects: they can cause cancer, burn skin, damage eyes, weaken the human immune system, and harm both plants and animals. In fact, estimates show that a one percent reduction in the ozone layer results in a two to five percent increase in the number of cases of skin cancer!  When an ozone molecule absorbs UV radiation, the absorbed energy warms the stratosphere.  


	The ozone layer in the stratosphere is a vital layer of protection for the Earth. This layer that contains most of the atmosphere’s ozone is far above the air that we breathe everyday, and even above the altitude where most airplanes fly. However, when ozone forms near the surface in the troposphere, where humans breathe, it is an air pollutant that can harm our lungs and the natural environment. This tropospheric ozone or low-level ozone is the same molecule as in the stratosphere. However, in the troposphere, ozone forms in very different ways than in the stratosphere. It is produced from the chemical reactions of air pollutants released by vehicles, industrial facilities, and other related sources.  Low-level ozone is a major component of ‘smog’ in urban areas.  Ozone can be either good or bad depending on its location.








The Ultraviolet Light





The region of the electromagnetic spectrum with wavelengths shorter than violet visible light but longer than x-rays is called ultraviolet (UV) radiation. Because of their short wavelengths of 10-400 nanometers (Note: 1 nanometer (nm) = 10-9 meter), UV rays are invisible to the human eye.








�


Fig. 1.  The Electromagnetic Spectrum


Credit: http://www.science.uwaterloo.ca/~cchieh/cact/applychem/ozone.html








According to Person (2010), ultraviolet wavelengths are grouped into three bands, namely:





a.  UV-A wavelength (320-400 nm) is not absorbed by oxygen or ozone.   It is the kind of UV wavelength that we receive everyday and is important in causing our bodies to produce vitamin D.  However, prolonged exposure to it can also lead to photo aging, reddening of the skin, cataracts, and suppression of the immune system.


b. UV-B wavelength (280-320 nm) is partially absorbed by the ozone layer but some of it could make it to the earth’s surface and can cause photo aging of the skin, cataracts in humans and certain types of skin cancer in humans.





c. UV-C wavelength (< 280 nm) is the most energetic and deadly form of UV radiation but does not reach the Earth’s surface because it is absorbed by oxygen and ozone.





Natural Ozone Formation in the Stratosphere


	


Ozone is constantly being formed in the atmosphere by the action of the sun’s ultraviolet (UV) radiation on oxygen atoms.  When UV-C sunlight strikes an oxygen molecule (O2), it could split the molecule to create free oxygen atoms (O).  Some of these free oxygen atoms would join other oxygen molecules to form ozone.


	


Consider the following reactions describing natural ozone formation in the stratosphere:








Formation of ozone:





1.  	O2     +    strong UV light (UV-C)    (   O    +    O 





2.  	O    +    O2      +    M (catalyst)        (   O3 + M  (this reaction happens twice)


                    








	Reaction #1 shows that when oxygen molecule (O2) receives a strong photon of UV-C ultraviolet radiation, it can dissociate into oxygen atoms (O).  Only UV-C radiation, the portion of the ultraviolet spectrum with the shortest wavelengths and thus the highest frequency and energy per photon, is strong enough to break apart the relatively stable O2 molecule.  





Almost all UV-C light is absorbed by O2 molecules in the stratosphere before the UV-C can reach the troposphere, so Reaction 1 is important for forming ozone (O3) in the stratosphere but not in the troposphere. In the next lesson, we will learn about the different reactions that form ozone as a pollutant in the troposphere.





	Reaction #2 shows how the oxygen atoms (O) from Reaction 1 readily combine with oxygen molecules (O2) to form ozone (O3).  The catalyst in the equation refers to any molecule of air such as N2 or O2 that takes away the energy associated with the collision of O and O2.  Because O2 is abundant in the atmosphere and O atoms are very unstable, Reaction 2 occurs very quickly after O atoms form. 





	 














Natural Ozone Destruction in the Stratosphere


	Since ozone molecules are constantly being formed naturally in the stratosphere during daytime (see Card 3), there must also be natural processes that destroy ozone to maintain steady amounts.  One way that ozone molecules are destroyed is by UV sunlight.  Below are two (2) reactions that show how ozone is naturally destroyed in the stratosphere.








	








Reaction #1 shows the effect of UV light such as UV-B or UV-C in the destruction of ozone.  This is a reaction by which ozone absorbs UV light, protecting life below from harmful radiation.





	Many of the O atoms formed by Reaction 1 will recombine with O2 to regenerate ozone. However, when Reaction #2 occurs, an O atom reacts with an ozone molecule to form O2 molecules, the stable form of oxygen.  This reaction is important for returning oxygen from its reactive forms (O and O3) to its stable form (O2).





	Ozone molecules are also destroyed by other chemical reactions not shown here. Some of those reactions involve gases that occur naturally in the stratosphere, and others involve manmade gases such as chlorofluorocarbons (CFCs) described on a separate card. 











Destruction of ozone


	1.    O3         +          UV light        (      O     +      O2


	2.     O3         +           O                 (       2O2








Damage to the Ozone Layer





Certain air pollutants can damage the ozone layer. The most dramatic depletion of the ozone layer is the Antarctic ozone hole. In the early 1980s, scientists discovered major thinning of the ozone layer above Antarctica during springtime.  In fact, they observed nearly 70% less ozone than had been found there previously!   These dramatic ozone reductions result from conditions unique to the Antarctic during its springtime (September – October), but small amounts of ozone depletion have also been observed over other locations. 





Scientists realized that the depletion of the ozone layer is caused by the release of certain chemicals such as chlorofluorocarbons (CFCs) into the atmosphere. Just a few decades ago, CFCs were used in air conditioners, aerosol sprays, and cleaning products. When CFCs reach the stratosphere, they react with sunlight to release chlorine atoms, which can destroy ozone molecules. In 1989, an international agreement known as the Montreal Protocol was signed to ban the most destructive ozone-depleting gases and preserve the ozone layer. If the agreement is adhered to, it is hoped that the ozone layer will completely recover by 2050.





	


�


�
�
Figure 2: From September 21-30, 2006 the average area of the ozone hole was the largest ever observed. In this image, from Sept. 24, 2006, the Antarctic ozone hole was equal to the record single-day size of 11.4 million square miles.


Credit:http://www.nasa.gov/centers/goddard/news/topstory/2006/ozone_record.html�
�









Effects of CFCs to Ozone


	


Chlorofluorocarbons (CFCs) are a class of manmade organic compounds containing carbon, fluorine and chlorine.  They are nontoxic, nonflammable, and inexpensive to produce, making them ideal for a variety of products.  CFCs were used as refrigerants, aerosol propellants, foam blowing agents, and solvents before they were banned by the Montreal Protocol.  They can stay in the atmosphere for a significant period of time such as 55 years for CFC-11 and 140 years for CFC-12 (Elkins, 1999).





CFCs are stable and inert in the lower atmosphere.  As they rise into the stratosphere, the sun’s UV rays can split chlorine from the CFC molecules. The chlorine can then react with ozone molecule as described by the reactions below and in Figure 3.





                                              1.		CFCl3    +   UV light  ( CFCl2 + Cl


                                              2. 		Cl   +   O3  (  ClO   +   O2


                                              3.                       ClO    +  O   (    Cl +  O2


	Notice that Reactions 2 and 3 allow the Cl and ClO molecules to be regenerated from each other.  This “catalytic cycle” allows a single chlorine atom released from a CFC to potentially destroy up to 100,000 ozone molecules before it is carried back into the lower atmosphere.  (US EPA: Ozone Layer Protection)


� INCLUDEPICTURE "http://www.epa.gov/ozone/science/images/process.gif" \* MERGEFORMATINET ���


		Figure 3.  The Process of Ozone Depletion.  Credit: US EPA : Ozone Layer protection-Science





Other Biological Effects of Ozone Depletion


	


Since an important role of ozone is to prevent some of the sun’s ultraviolet rays from reaching the Earth, its depletion in the stratosphere poses danger to organisms in the Earth’s surface.  Aside from increasing the incidence of skin cancer, photo aging, cataracts and suppression of the immune system among humans, plants and other forms of life are also in danger of the damages caused by increasing UV radiation.  Some of the known effects to other life forms are the following (Person, 2010);





Increasing levels of UV-B radiation can be damaging to some species of plants and microbes.


Increases in UV-A and UV-B decrease photosynthesis, growth and reproduction of phytoplankton.


Experiments also show that frog eggs do not develop properly when exposed to increased levels of UV radiation.


Current levels of UV-B may be a limiting factor for coral communities especially in the polar marine ecosystems which could lead to a decline in aquatic productivity.
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