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Teacher Background Information:

Air Pollution:

Air pollution is contamination of the air by noxious gases and minute particles of solid and liquid matter (particulates) in concentrations that endanger health.  The major sources of air pollution are transportation engines, power and heat generation, industrial processes and the burning of solid waste.
Sources of Air Pollution:

Humans pollute the air in many ways:

Car engines burn fuel (petrol or diesel) and fumes come out of the exhaust pipe and pollute the air.

Electricity is made in power stations by the burning of fossil fuels (coal, oil and gas).  As this takes place gases go up tall chimneys and out into the air. Houses may have coal or gas fires which produce pollution as they burn.

The pollution sources above are all anthropogenic (man-made).  But, pollution can also come from natural sources, for example volcanoes.

The Most Common Air Pollutants

Carbon monoxide

Carbon monoxide is a pollutant that is mainly produced by road transport. It has no colour or smell.

Hydrocarbons

Hydrocarbons are produced when petrol is not fully burned. They contribute to the formation of smog.

Nitrogen oxides

Nitrogen oxides are emitted from vehicles and power stations. Very high amounts can be recorded in cities during rush-hour traffic.

Ozone

Ozone is a harmful form of oxygen produced when nitrogen oxides and hydrocarbons react in the presence of sunlight. It is the main gas found in photochemical smog.

Particulates

Particulates are small bits of solid or liquid matter, for example soot, dust, fumes and aerosols carried in the air. They are produced by industry, vehicles and domestic coal burning.

Smoke

Smoke is a type of pollution that can be seen because it is made up of solid bits. You can often see it coming out of chimneys.

Sulfur dioxide

Sulfur dioxide is a colourless gas that is mainly emitted from power stations. It combines with water in the air to produce acid rain.

The History of Air Pollution
Problems of air pollution were recognized about 500 years ago. At this time, the burning of coal was rising in cities like London. About 200 years ago, the Industrial Revolution began in Britain.  The Industrial

Revolution was based on the use of coal in both industries and the home. The coal produced a lot of smoke when it was burned and made the air very dirty.  When the weather was foggy and winds were low, the pollution became trapped over the cities. The smoke and fog mixed to produce smog.

Smog was a big problem in the winter as the weather was cold and so more coal was burned to produce heat.  When smog lay over a city it became hard for people to breathe and see. In 1952 the Great London Smog occurred, killing 4000 or more people. As so many people died, something had to be done to prevent future deaths. 
The Clean Air Acts of 1956 and 1968 were passed to achieve this:

• They reduced the amount of coal burned in houses and encouraged people to use gas instead of coal.

• They introduced the use of tall chimneys at power stations to try and make the pollutants disappear into the sky. (This has had limited success since the pollutants just come down somewhere else).

• Factories had always been built in towns, but now new ones were built in the countryside away from where most people live. As the problems of smoke and sulfur dioxide reduced, new pollutants became a problem. Since the 1980s, pollution from traffic, including ozone and carbon monoxide, has become a major issue.

Present Day Air Pollution

In the past, smog was the term used to describe a mixture of smoke and fog.  Following the Clean Air Acts, this type of smog died out and the word now has a new meaning.

Pollutants from cars, power stations, factories and homes are released into the air.  In the presence of

sunlight, hydrocarbons and nitrogen oxides react to form photochemical smog. The main pollutant found in the smog is ozone.  This is a harmful form of oxygen that causes health problems, including chest pain, headaches, eye irritations and breathing problems. Smog can cause damage to buildings as it cracks rubber, peels and fades paint and eats away at plaster.

Los Angeles is a good example of a city that has a big problem with smog. The city lies in a basin and so pollution becomes trapped.

Air Pollution and Transport 

Today, the largest source of air pollution in many countries is transport.  With the growing number of cars, it is important that something is done to reduce the pollution they make.  Since the 1990’s all new cars have been fitted with a catalytic converter.  A catalytic converter takes harmful pollutants and turns them into less harmful ones.  Also, new fuels are being made that are cleaner than petrol and diesel. The ones that have been developed so far are:

• Natural Gas
• Liquid Petroleum Gas
• Hydrogen
• Alcohol
• Battery Power
Alternatives

We can reduce pollution by:

• walking or cycling for short journeys instead of taking the car;
• using public transport like trains, buses and trams;
• preventing people from taking cars into city centres as pollution is greatest there;
• building shopping centres and places of work closer to where people live to prevent the need to travel everyday.
Air Pollution & Industry

Although pollution from industry has been reduced by a large amount following the Clean Air Acts, it is still a major pollutant source.

The major pollutants produced by industry are sulfur dioxide and nitrogen oxides.
Sulfur dioxide

Much of the sulfur dioxide that is put into the air by humans comes from power stations and other industry. Sulfur dioxide is the main pollutant associated with acid rain. It combines with water in the atmosphere to produce sulfuric acid. This then falls back to earth as rain. 

Nitrogen oxides

Nitrogen oxides are also produced by industry. Nitrogen oxides combine with water to form nitric acid, another component of acid rain. 

Acid Rain 

When the acid rain falls to Earth it causes harm to the environment in a number of ways: 

• Buildings erode faster than usual; 
• Lakes and streams become acidic and many fish and other creature slowly die;

• Vegetation can become damaged or even die; 
• Humans and wildlife can experience discomfort and death.

The Effects of Air Pollution on Human Health and the Environment:
Health

Humans depend on air to live and breathe. Polluted air can cause damage to our health and affect us in a negative way.  Different people will be affected by high levels of pollution in different ways depending on: 

• Their age and general health;
• The type of pollutant;
• How long they are exposed to that pollutant;
• What they are doing at the time they are exposed.
The very young and very old are most affected by high pollutant levels. Different pollutants can harm the body in different ways. Problems caused range from cancer to breathing difficulties. People who have 

Asthma find it difficult to breathe at times and it is believed that pollution can make their problem worse.

Vegetation

Vegetation is generally negatively affected by pollution.  Poor growth rates in city centres reflect this.

Possible Solutions:
Air pollution has clearly been a problem for hundreds of years. There have been a number of changes in the major types of pollutants, and today pollution from cars is the biggest issue.  To make sure we leave the world fit for future people we need to reduce the amount of pollution we produce by:

• Educating people about the damage they are causing to the environment and their health;
• Developing alternative fuels at a price everyone can afford;
• Using public transport, bicycles or our feet to get around, wherever possible;
• Conserving energy used in the home, for example by using energy-efficient lighting, insulating hot water tanks, and turning the thermostat down 1 or 2 degrees Celsius.  
A combination of the above may lead to a reduction in pollution and cleaner air for all to breathe. It will also help to preserve the environment for the future.

The Kyoto Accord /Protocol

The Kyoto Accord is an international treaty whereby countries agree to reduce the amount of greenhouse gases they emit if their neighbours do likewise. It is a very complex agreement that allows trading pollution credits. If it is cheaper to reduce emissions in country A, then country B can buy the pollution credits, and have them count toward its own quota of reductions. Happily, the global atmosphere does not care where the greenhouse gas reductions come from. 

The current Kyoto round calls for a greenhouse gas emission reduction of 6% in Canada and 5% in the USA. 

Why Ratify The Kyoto Accord?

After millions of years of remaining constant, greenhouse gas levels, particularly CO2, started to climb sharply at the beginning of the industrial revolution. They are now almost certainly higher than they have been in 20 million years. This is not a natural fluctuation. It is a side effect of us humans diligently burning the oil, coal and forests. These greenhouse gasses trap heat in the atmosphere, much like a giant greenhouse. The heating is called global warming.

“The world’s got a pretty simple choice here. It’s between George W. Bush and grandchildren.” 
~ Bob Brown, Australian Senator, calling for a U.S. oil boycott because of George Bush’s refusal to sign the Kyoto climate change treaty.

Introduction:
From cigarette smoke to global warming, air pollution has many different causes and affects us in many different ways.  Make a list of all the different types of air pollution you come across in a single day and you might be surprised.  How about car exhausts or garden bonfires, rotting food on landfills, forest fires caused by accident or arson, or fumes from factories?  
Did you know that garden bonfire smoke contains over 350 times as much of the cancer-causing chemical benzpyrene as cigarette smoke?
In 2002 Bernie Fischlowitz-Roberts of the Earth Policy Institute studied the death toll from air pollution. He states:
“In the United States, traffic fatalities total just over 40,000 per year, while air pollution claims 70,000 lives annually. U.S. air pollution deaths are equal to deaths from breast cancer and prostate cancer combined. This scourge of cities in industrial and developing countries alike threatens the health of billions of people. . . . While deaths from heart disease and respiratory illness from breathing polluted air may lack the drama of deaths from an automobile crash, with flashing lights and sirens, they are no less real.”
In this activity, you will view a series of demonstrations illustrating the effects of pollutants (in the form of “acid rain”) on soil, water and vegetation.  Following these demonstrations, you will research and report on air pollution and then construct a poster on a major air pollutant.
Part 1: Demonstrations: (Optional)

One of the major effects of air pollution is acid rain.  Use the following procedures to demonstrate the effect of acid rain on soil, water and vegetation.  
pH measures the relative acidity of water on a scale of 0-14. A pH level of 7.0 is considered neutral. Pure water has a pH of 7.0. Water with a pH level less than 7.0 is considered to be acidic. Normal rain is slightly acidic, with a pH of about 5.5. Water with a pH greater than 7.0 is considered to be basic or alkaline. 
Demonstration #1: Soil 

1. Fill a graduated cylinder with 100 ml of vinegar.
2. Pour the 100 ml of vinegar into a spray bottle. 

3. Place 1500 ml of soil (6 cups) into a 2 quart mixing bowl. 

4. Measure the pH of the soil and record. 

5. Spray the solution on the bowl of soil for 10 seconds. Let stand for 30 seconds. 

6. Measure the amount of vinegar/solution used and record. 

7. Measure the pH of the soil again and record. 

8. Answer the following questions: 

a. Was there a difference in the pH level? If so, what was it? 

b. What do you think would happen to the pH level of the water if you sprayed for 30 seconds? 1 minute? 

c. How do you think acid rain affects the pH of soil in fields and forests? 

*NOTE: The soil test can take up to 10 minutes for the results. You might want to complete both soil tests, then complete Demonstration B while you are waiting for the results.
  
Demonstration #2:  Water
1. Fill a graduated cylinder with 100 ml of vinegar. 

2. Pour the 100 ml of vinegar into a spray bottle. 

3. Place 1500 ml of water (6 cups) into a 2 quart mixing bowl. 

4. Measure the pH of the water and record. 

5. Spray the solution on the bowl of water for 10 seconds. Let stand for 30 seconds. 

6. Measure the amount of vinegar/solution used and record. 

7. Measure the pH of the water again and record. 

8. Answer the following questions: 

a. Was there a difference in the pH level? If so, what was it? 

b. What do you think would happen to the pH level of the water if you sprayed for 30 seconds? 1 minute? 

c. How do you think acid rain affects the pH in lakes, rivers and streams?
Demonstration #3:  Vegetation 

1. Obtain 3 fresh, green leaves from the same tree or plant. 

2. Tape one leaf (control leaf) to a piece of white paper, label, and place in a dry, safe location. 

3. Spray one leaf all over with vinegar. Tape it next to the control leaf on the white piece of paper and label. 

· Are there any immediate effects to the leaf? 

4. Place the leaf next to your control leaf overnight in the classroom. 

· What does the leaf look like the next day? 

5. Spray a third leaf all over with the vinegar/solution 6 times in a day, place it next to the other leaves and leave overnight. 

6. Answer the following questions: 

· What does the leaf look like the next day? 

· How do you think acid rain affects trees and other plants? 

Part Two:  Research Project
Working individually, you are to write a report about Air Pollution.  In your report, include the following information:

· What is air pollution?

· List and describe the major sources of air pollution.  

· Why are these pollutants of so much concern?
· What are the effects of these pollutants on human health?

· What are the effects of these pollutants on the environment?

· Who are the top 10 corporate polluters in the Unites States and in Canada?

· Who is the top provincial polluter in Canada?

· How and where is air quality measured in Canada?

· What is the Air Quality Index?

· What is the Clean Air Initiative?

· What was the Great London Smog of 1952?  How many people died?

· What is the Kyoto Protocol?  Which governments have not yet signed the Kyoto Accord?
· What was the nature of the Montreal Declaration of 2005, signed by more than a hundred nations?

· Compare Canadian vs. International initiatives to reduce air pollution.

· What are some solutions to air pollution?

· What can you do, personally, to improve air quality?

Be sure to organize your information in a meaningful way.  Included are some useful websites to guide you in your research.  You may need more information than what is provided on these sites to complete your report.  Also include references.

Part Three:  Wanted Poster

Again, working individually, choose one pollutant and create a “wanted” poster.  Include on your poster, a description of the pollutant and where it comes from; major sources; effects on visibility, property, human health and the environment; laws pertaining to the pollutant; and control measures.  Be sure to make it visibly appealing by including images and color. 
A sample Assessment Rubric is included following the list of websites.

Sample Assessment Rubric:

	Criteria
	Levels of Performance

	
	1
	2
	3
	4

	1. Organization and Clarity: (Report)
The report on Air Pollution is outlined both clearly and orderly.
	The report is unclear in most parts.
	The report is clear in some parts but not overall.
	The report is mostly clear and orderly in all parts.
	The report is completely clear and orderly.

	2. Content:  (Report)
The report on Air Pollution contains pertinent information
	Content is poorly researched and does not contain all required information.
	Content is inadequately- researched and only contains some of the required information.
	Content is adequately- researched and contains most of the required information.
	Content is well-researched and contains all required information.

	3. Creativity: (Poster)

The poster is creatively displayed.


	The poster is not creative in most parts.
	The poster is creative in some parts but not overall.
	The poster is mostly creative in all parts.
	The poster is very creative.

	4. Content:  (Poster)
The poster on the pollutant contains pertinent information
	The poster does not contain all required information.
	The poster only contains some of the required information.
	The poster contains most of the required information.
	The poster contains all required information.
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Useful Websites:








World Health Organization:


� HYPERLINK "http://www.who.int/phe/en/" �http://www.who.int/phe/en/�





Natural Resources Canada:  Climate change posters


� HYPERLINK "http://adaptation.nrcan.gc.ca/posters/index_e.php" �http://adaptation.nrcan.gc.ca/posters/index_e.php�





Environment Canada Clean Air Online:


� HYPERLINK "http://www.ec.gc.ca/cleanair-airpur/" �http://www.ec.gc.ca/cleanair-airpur/�





The CEPA Environmental Registry:


� HYPERLINK "http://www.ec.gc.ca/CEPARegistry/" �http://www.ec.gc.ca/CEPARegistry/�





Air Quality Index (AQI)


� HYPERLINK "http://www.airnow.gov/index.cfm?action=static.aqi" �http://www.airnow.gov/index.cfm?action=static.aqi�





Canadian Air Quality Map: (Current conditions for ozone and PM2.5)


� HYPERLINK "http://www.airnow.gov/index.cfm?action=airnow.canadamaps" �http://www.airnow.gov/index.cfm?action=airnow.canadamaps�





United States Air Quality Map: (Current conditions for ozone and PM2.5)


� HYPERLINK "http://www.airnow.gov/index.cfm?action=airnow.currentconditions" �http://www.airnow.gov/index.cfm?action=airnow.currentconditions�





6 Common Air Pollutants:


� HYPERLINK "http://www.epa.gov/air/urbanair/6poll.html" �http://www.epa.gov/air/urbanair/6poll.html�





Description, Sources and Effects of the major air Pollutants:


� HYPERLINK "http://www.k12science.org/curriculum/airproj/docs/major_air_pollutants.pdf" �http://www.k12science.org/curriculum/airproj/docs/major_air_pollutants.pdf�





Information about Major Pollutants:


� HYPERLINK "http://www.greenfacts.org/en/digests/air-pollution.htm" �http://www.greenfacts.org/en/digests/air-pollution.htm�





Kyoto Protocol:


� HYPERLINK "http://ec.europa.eu/environment/climat/kyoto.htm" �http://ec.europa.eu/environment/climat/kyoto.htm�





Intergovernmental Panel on Climate Change


� HYPERLINK "http://www.ipcc.ch/index.htm" �http://www.ipcc.ch/index.htm�








More information on international initiatives related to global climate change can be obtained by using search engine keywords such as “Clean Air Initiative”, “CAI”, and “Kyoto Protocol”.











Animations:





Effects of ozone, particulate matter and CO on the lungs


� HYPERLINK "http://coep.pharmacy.arizona.edu/air/lungattack/lung_control.swf" �http://coep.pharmacy.arizona.edu/air/lungattack/lung_control.swf�





Recipe for ozone:


� HYPERLINK "http://coep.pharmacy.arizona.edu/air/makingozone/ozonecreation.swf" �http://coep.pharmacy.arizona.edu/air/makingozone/ozonecreation.swf�











