Chapter 13
I. Resource Management: Air

a. Human actions and our environment

i. Environments can be restored naturally IF given enough:

1. TIME

ii. Humans impact ecosystems in three ways:

1. Disruption of chemical cycling systems
2. Changing the flow of energy
3. Reducing diversity
b. The Atmosphere
i. Gases

1. Most abundant gases

a. Nitrogen: 78% 

b. Oxygen: 21%

2. Lesser gases:

a. Argon: .9%

b. CO2: .030%

3. Trace gases:

a. Water vapor (H2O), Nitrous Oxide (N2O), Ozone (O3), Methane (CH​4), Neon (Ne), and Helium (He)

ii. Layers

1. Troposphere: atmosphere’s innermost layer

a. 90% of atmosphere’s mass

b. Most of the weather occurs here

2. Stratosphere: second layer

a. Less water vapor

b. More ozone (good)- protects from UV from space

3. Mesosphere: middle layer
4. Thermosphere: outer layer

a. High temperatures as Earth is bombarded by electromagnetic radiation from space

c. Air Quality

i. The Industrial Revolution altered the atmosphere with the combustion of fossil fuels

ii. Combustion equations:

1. Oil:

a. Oil + O2 ( CO2 + H2O + heat + wastes*

i. *Wastes could be unburned hydrocarbons, carbon monoxide(CO), NOX, and SOX
2. Natural Gas:

a. Natural Gas + O2 ( CO2 + H2O + heat

3. Coal:
a. Coal(C) + O2 ( CO2 + heat + soot(unburned coal)+ SOX + NOX  + fly ash + CO

iii. Environmental Protection Agency (EPA):

1. Regulates pollution emissions

iv. National Center for Atmospheric Research (NCAR) and National Oceanic and Atmospheric Administration (NOAA)

1. Study the atmosphere

d. Air Pollution: The Big Five
i. Carbon Monoxide (CO)

1. 90% is naturally occurring in upper atmosphere

2. Human formed near surface of Earth

a. Arises from incomplete combustion

b. Especially problematic in cities at high elevations

3. Health Risks
a. Binds to the blood’s hemoglobin

i. Causes Oxygen deprivation

4. Reductions in the atmosphere

a. Emission- control systems on cars (catalytic converters)

b. Increase the oxygen content in fuels.
5. Reduction indoors

a. Periodic inspection of home furnaces, fireplaces, or other fuel burning appliances

b. Don’t run cars in closed garages

ii. Unburned Hydrocarbons (volatile organic compounds (VOC’s))

1. Incomplete combustion of gas

2. Evaporation of:

a. Petroleum fuels

b. Industrial solvents

c. Paints

d. Dry cleaning fluids

3. Most clearly related to:

a. Transportation

b. Industrial processes

c. Home heating

4. Primary role in forming photochemical smog

a. React with NOX, in sunlight to form O3 + other reactive compounds
5. Ozone(O​3) in the troposphere is “Bad” ozone

a. Causes eye, throat, and lung irritation

b. Causes rubber to break down

iii. Nitrous Oxides (NOX)

1. Formed when normally inert N2 reacts at high temperatures to form Nitric Oxide (NO)

2. Readily reacts to form Nitrogen Dioxide (NO2) and Nitrogen Tetroxide (N2O4)
3. Absorbs light causing the brown color in smog

4. Catalytic converters:
a. Contain Platinum and Rhodium

i. Heated by exhaust strips the oxygen atoms from NOX
ii. Releases harmless N2​ and O2
iv. Sulfur Oxides (SOX):

1. Naturally occurring; released by volcanoes

2. Human generated by burning S containing fuels
3. Damage caused by corrosive sulfuric acid

4. Scrubbing: the removal of sulfur oxides from smoke-stack emissions by using powdered limestone or trona (a sodium carbonate)

v. Particulates:
1. Very small solid particles or liquid droplets suspended in air currents

a. Most are natural

b. Man-made:

i. Automobile emissions

ii. Industrial and combustion emissions

2. Directly damage the respiratory tract
3. Discolors objects

4. Impairs visibility

5. May contribute to long-term climate changes

II. Acid Precipitation

a. pH

i. A measure of hydrogen ion content in aqueous solutions

1. Greater H+, lower the pH= more acidic
2. Scale ranges from 1 to 14

a. Logarithmic: for each single step on the scale, strength increases 10 times

ii. Normal rain falls between 5.6 - 5.7

1. Anything below 5.6 is abnormal = acid deposition

a. Can take the form of:

i. Rain
ii. Snow

iii. Fog
iv. Dust
b. Any precipitation with high concentration of sulfuric acid and/or nitric acid

i. Results in oxides of nonmetallic substances combine with water vapor
c. Burning of gasoline:

i. C8H18 + 12.5 O2 ( 8 CO2 + 9 H2O

ii. Gas(Octane) + Oxygen ( Carbon Dioxide + Water vapor

d. Oxidation of sulfur of burning coal:

i. S + O2 ( SO2
ii. Sulfur + Oxygen (Sulfur Dioxide

e. Nitrogen Fixation in hot engines and furnaces

i. N2 + O2 <-> 2NO

ii. Nitrogen + Oxygen <-> Nitrous Oxide

f. Burning of Phosphorous in ample oxygen

i. P4 + 5O2 ( P4O10
ii. Phosphorous + Oxygen

b. Typical Reactions to non-metallic oxides to acids

i. H2 + CO2​ ( H2CO​3 ​(Carbonic Acid)

ii. H2O + 3HNO3 <--> 2HNO3 (Nitric Acid) + NO

iii. H2O + SO3 <--> H2SO4 (Sulfuric Acid)

iv. 6H2O + P4O10 <--> 4H3PO4 (Phosphoric acid)

c. Effects of Acid Deposition

i. Areas of high concentration may be devoid of life

ii. Makes plants and animals more susceptible to disease

1. Plants:

a. Destroys leaves’ waxy coverings

b. Interferes with gas exchange

i. Lowered capacity for photosynthesis

c. Destroys root hairs

d. Decreases germination of seeds

d. Strategies for Reducing Air Pollution

i. Addicted to automobiles:

1. Improved automobile efficiency

a. Hybrid cars

2. Improved fuels

a. Oxygenated fuels (higher octane)

b. Plant-based alcohol fuels

c. Hydrogen fuel cells

3. Lowered Emissions
4. Smaller vehicles

5. Improved engines

6. Special traffic lanes (HOV)

7. Increase automobile costs

ii. Reducing smokestack emissions:

1. Baghouse filter: removes 99.9% of particles

a. Building sized vacuum cleaner

i. Exhaust gases forced through fiber bag filters

ii. SO2 cannot be removed

b. Wet scrubber: remove up to 99.5% of particulates and 80-90% of SO2
i. Extremely expensive to build and maintain
c. Fluidized-bed furnaces: remove sulfur from coal

i. Crushed limestone (CaCO3) is added along with coal to the furnace

1. Sulfur combines with limestone, forming calcium sulfate (CaSO4)

d. Electrostatic precipitator: removes particulates from smokestack emissions

i. Negatively charged particles are attracted to a positively charged metal plate
III. Global Warming

a. Gases affecting Global Warming

i. Chlorofluorocarbons (CFCs)

1. Refrigerants

2. Styrofoam

3. Spray-can propellants

ii. Methane (CH4)

1. Naturally occurring: decomposition of plant materials

2. Man-made: feed lots, landfills
iii. Water Vapor
iv. NOX
b. Debating About Our Future Climate

i. Since many variables are involved, “super” models are used to predictions:

1. Temperature

2. Vegetation

3. Trends in greenhouse gases

4. Solar radiation received

5. Volcanic eruptions

6. Concentration of aerosol particles

ii. Involves asking many questions

1. Will the climate warm?

a. If so, how much?

2. What areas will be most affected

3. How will rainfall, temperature, and/or plant growth patterns be affected?
4. Would this happen even without the influence of humans?

5. How much CO2 is too much?
c. The Effects if Particles of Global Cooling

i. Aerosols: particles in the atmosphere
1. Soot

2. Dust

3. Salt

4. Smoke

5. Pollens

ii. Reflects sunlight back into space

1. Cools the Earth’s surface and atmosphere

iii. Greenhouse gases cause global warming

iv. Aerosols cause global cooling

v. The big question is:

1. Will these two phenomena cancel each other out?

d. Depletion of the Ozone Layer

i. Stratospheric ozone (O3), the “good ozone,” is disappearing.

1. Produced when O2​ molecules are bombarded with UV rays.

a. UV rays break them into free oxygen atoms

b. Some free O atoms recombine with O2 to form O3
ii. Naturally processes are continually creating and destroying ozone.

iii. When CFCs are released, they rise into the stratosphere

1. UV rays break them up resulting in free Cl atoms

2. A single Cl atom can destroy 100,000 O3 molecules
