Forestry and Natural Resources

Unit 4: Air


Core Area:  Forestry and Natural Resources

Unit 4: Air

Lessons

1. Composition of the Atmosphere

2. Air Pollution

3. Prevention of Air Pollution

Performance Standards:

7.1 Energy and Nutrient Cycles

Students will understand the cycling of energy, water, and basic elements in the ecosystem.
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Unit 4: Air

Lesson 1:  Composition of the Atmosphere
Duration:  Two Hours
Students will be able to:

1. Describe the composition and structure of Earth’s atmosphere.

2. Explain how ozone in the atmosphere makes life on earth possible

3. Describe the greenhouse effect and explain how increases in the quantity of greenhouse gasses can lead to global warming.

4. Explain how atmospheric gases interact with the Earth in the nitrogen and carbon cycles

Suggested Activities:

4.1A
Geochemical Cycling of Wastes

Teaching Outline:

I. Composition of the Atmosphere:  Air is a complex mixture of gases, particulate matter, and water vapor. The gases and their percent volume are shown in TM 4.1.  The primary component of air is nitrogen gas (N2) that makes up about 78% of the volume of dry air by volume.  Oxygen (O2) about 21%, the remaining 1-2% is made up of carbon dioxide (CO2)  and argon gas.

A.
Layers of the Earth’s Atmosphere – Due to gravity the molecules of gases that make up the atmosphere are prevented from diffusing into outer space.  Over half of the mass of atmospheric gases are within 3 1/2 miles of the earth’s surface.  The other half spreads upwards for hundreds of miles.  There are four layers to the earth’s atmosphere (TM p 6)

1. Troposphere – layer of air closest to the ground, it extends 7 to ten miles up.  Almost all weather activity occurs at this level.

2. Stratosphere – extends from the top of the troposphere to 25-50 miles above the earth.

3. Ionosphere – extends from troposphere to 200-250 miles up.  It contains electrically charged atoms known as ions.  The ultraviolet rays of the sun split the atoms of the gas molecules.  Ozone is a very active form of oxygen that absorbs more solar radiation than other gases of the atmosphere.

4. Exosphere – from 200 to 600 miles above the earth.  Some particles at this level escape gravity and float out to space.

B. Solar Energy and the Atmosphere - About half of the total energy received by the earth from the sun reaches the surface of the earth.  Energy from the sun may be:

1. Reflected by molecules in the atmosphere back out into space.  Clouds reflect nearly 35% of the suns energy back into space.

2. Refracted (bent) by molecules so the energy misses the earth.

3. Absorbed and diffused (scattered) by various molecules

a.
Approximately 10% of the sun’s energy is absorbed in the upper zones of the atmosphere with ozone accounting for the majority of the absorption. 

b. A large proportion of the ultraviolet rays reaching the earth are absorbed in this way.  People and animals would be quickly burned if exposed to the full force of the suns ultraviolet rays.  The few rays that do reach the earth cause sunburn and skin cancer. 

C.  The greenhouse effect (TM p 5 & 7) is a result of radiation which is trapped by the Earth’s atmosphere.  The earth is heated by short wavelength (including UV) radiation from the sun and the energy is radiated back to space in the form of long wave infrared rays. Moisture in clouds reflects the heat radiated from the earth back to earth.  Certain molecules including carbon dioxide and methane also cause heat to be trapped near the earth.

II.  Geo-chemical Cycling of Nitrogen(See TM 4001.36) and Carbon (See TM 4001.37) 

A.
Nitrogen cycle:  Nitrogen (N2) is a colorless, odorless, and tasteless gas that is an important component of chlorophyll, hemoglobin, insulin, and DNA.  It occupies approximately 80 percent by volume of the atmosphere. Nitrogen gas is chemically inactive and is not readily available to organisms.

1.
Nitrogen must be converted to a useable form by being ‘fixed.’

a.
Atmospheric Fixation:  The energy of lightning and sunlight facilitate the combination of nitrogen and oxygen to form nitrate (NO2).  The nitrate is then washed to earth by rain or snow, becoming available for absorption by plant roots. 

b.
Biological Fixation:  Microscopic organisms such as bacteria and cyanobacteria biologically fix approximately 54 million metric tons of nitrogen annually. 

i.
Nitrogen is combined with hydrogen to form ammonia (NH3).  The bacteria then use some of this ammonia to produce amino acids.  Excess ammonia is used by plants to produce their own protein molecules.

ii.
Approximately 190 species of plants host nitrogen fixing bacteria. Examples includes legumes, pines, and alders.  Legumes can produce up to 90kg of excess nitrogen per hectare a year.

c.  Industrial Fixation:  Hydrogen and nitrogen are combined to create ammonia. Large amounts of fossil fuel energy are used to produce ammonia salts for fertilizer.

2.
Although the atmosphere is a large sink for nitrogen (N2), contaminants such as NO and NO2 enter groundwater and the atmosphere both naturally and by human activity.  The combustion of coal, oil, and gas, and the release of volcanic ash or smoke from natural fires contributes to these air pollutants.

B. The carbon cycle:  Carbon is a key element of all organisms from bacteria to humans. It forms the backbone or infrastructure of molecules from DNA to proteins to sugars. It comprises approximately 49% of dry weight of the human body.

1.
Carbon reservoirs:

a.
Carbon is found in the atmosphere, the bodies of organisms, and the ocean and its sediments.

b.  Although the size of organism and atmospheric reservoirs is small, the rate of flow in and out of these systems is high; recycling is rapid.

2.
Sources of carbon:

a.
Approximately 15 tons of CO2 exist in a column of air covering one hectare (2.5 acres).  One hectare of vegetation removes about 50 tons of carbon from the atmosphere annually.

b.
Cellular respiration breaks down organic fuel (carbohydrates, proteins, fats) and extracts energy for maintenance. Plants release CO2 as a waste product as well as store carbon in their tissues.

c.
Carbon is released into the soil and air from the breakdown of dead organisms, feces, and urine.

d.
The combustion of fossil fuels and loss of forest cover from 1870 to 1997 is estimated to have resulted in a 22% increase in atmospheric CO2.

e.  The ocean and atmosphere exchange carbon by diffusion. The carbon may enter the food chain through absorption by algae. Animals eventually respire CO2 and it may be incorporated into the tests of coral.

3.
Summary of the Carbon Cycle(See TM 4.3)

a. Carbon dioxide enters the stomata of plants.

b. The energy of photosynthesis is used to synthesize carbon units.

c. Plants are consumed and their carbon incorporated into animal matter.

d. Animal matter decomposes and carbon becomes available to plants.

e. Animals respire and release carbon dioxide as a waste product.

f. Some carbon dioxide enters the ocean and is complex as H2CO3.

g.  Carbon enters the marine food chain.

4.
In urban areas, human activities can generate up to 200 types of hydrocarbons (complexes of carbon and hydrogen) that may combine in the presence of sunlight to form photochemical smog.

Geochemical Cycling and Pollutants

Laboratory Exercise 4A
Purpose:  

The purpose of this activity is to learn that materials or their chemical derivatives do not merely disappear when incinerated or discarded into landfills.  Students will share information, discuss, and analyze choices involving waste management and geochemical cycles.

Activity Directions:    

1.
Show students examples of some hazardous or synthetic substances that are known to persist in the environment for long periods of time; motor oil, pesticides, paint thinner, rubber tires, etc.  Encourage students to offer suggestions on how to dispose of these items.

2.
Show students TM 4.4 and TM 4.5 (Incineration and Landfill respectively).  Have students brainstorm connections between air pollution and the methods of incineration and landfill disposal.  Make sure students record their ideas in their notebooks. 

3.
Lead a discussion by encouraging students to present some of their ideas to the class.  Discuss the pros and cons of incineration and landfill disposal of each of the materials.  Assign students to research alternative disposal methods and possible preventative measures that might reduce the accumulation of these materials or their derivatives into the environment.

Materials Needed:  

1.  TM 5.4

2.  TM 5.5

3.  Selected examples of material waste.

4.  Activity Handout.

Incineration

If you burn your household hazardous wastes, what happens?  This depends on the type of chemical in the waste being burned.  A pressurized aerosol can could explode and cause injury.  Burning paints could leave a residue of heavy metals which are toxic.  Burning rags soaked with cleaning fluid might simply vaporize the liquid into the air.  This would disperse it and thus make its concentration very low.

Burning plastic containers or certain solvents could release potentially harmful fumes like hydrogen cyanide or chlorine bearing compounds that are harmful if inhaled.  Some of the chlorine-bearing compounds do not break down easily and last a long time.   Over time, these compounds can accumulate to levels that are harmful to the atmosphere.

In addition, the burning of household hazardous substances by individuals is never complete.  This waste is illegal if small particles from paper or cloth are released into the air.  These particles, which can carry toxic substances, may settle and form a very thin layer called a microlayer on different surfaces, such as plant leaves.  The toxic substances in the layers can interfere with vital biological processes.  Microlayers can also form on the surface of water.  Because microlayers form at the place called an interface (where two different states of matter meet such as liquid and gas or solid and liquid) it is much more likely that toxic substances will become concentrated in these microlayers.

Finally, human beings can breathe small particles into their lungs and absorb the toxic substances into their bloodstream. (Our lungs are an interface with the atmosphere.)

Landfill

Until recently, once you had put your trash in the garbage can, you probably didn’t think about it any more.  The garbage truck came by every week and took it away.  But lately, garbage has been in the news.  In some areas the garbage truck takes your trash to a transfer station.  From there, it is hauled by large trucks to a landfill.

Trash in landfills used to be burned to reduce the volume.  This produced a relatively non-toxic ash, but incineration sent hazardous emissions into the air.  Consequently, open burning was stopped and replaced by compaction and burial of waste.  The waste at a landfill is heavily compacted.  As a result, almost any container will break and the contents spill.  Those contents sometimes leach through the landfill into the ground.

In addition, rainwater soaks through the garbage.  Soluble (dissolvable in water) hazardous materials may be washed down with them.  This liquid mixture is called leachate.  Leachate will go down through the soil until it reaches an impermeable layer ( a layer it cannot go through) or it will flow downhill over the surface.  Leachate can contaminate ground water and surface waters.  Landfills constructed today must have a protective lining, a leachate collection system, and a ground water monitoring system.  However, many of our existing landfills were established prior to these requirements, and they all leak.  

Geochemical Cycling and Pollutants

Laboratory Exercise 4A Handout
Activity Directions:

Upon completion of your lab exercise, use your notebook and data to answer the following questions.

1.  Describe how incinerating these materials could directly release pollutants into the air.

2.  Describe how incinerating these materials could indirectly release pollutants into the air.

3.  Use your knowledge of geochemical cycles to propose possible mechanisms by which materials disposed of in a dump might release contaminants into the air.

4.  Use your knowledge of the hydrological cycle to explain how air contaminants might enter the food chain.  Include a discussion of the concept of bioaccumulation.

5.  Describe the influence of incineration and other combustible practices on the amount of carbon in the atmosphere.  How might this influence vegetation? Climate?
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