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The Atmosphere

• Composition - About 99% of the clean, dry air in the 
troposphere consists of (2) gases: Nitrogen (79%) Oxygen
(20%).  

– Water vapor accounts for .01% to 5%.
– Most of the atmosphere is held close to the earth by the 

pull of gravitational force, thus it gets thinner with 
increasing distance from the earth.



The Atmosphere

• As the atmosphere absorbs heat from the earth, it expands 
and rises.

– When heat is 
radiated into space, 
air cools, becomes 
more dense, and 
flows toward the 
earth.



The Atmosphere

• Air quality degraded by multiple sources.
– Air pollution includes both aesthetic and human health 

problems.

Accumulation 
of air pollution





Primary Air Pollutants

• Five major materials released directly into the atmosphere 
in unmodified forms.

– Secondary air pollutants form under reaction of primary 
pollutants and water or sunlight.



Primary Air Pollutants
• Carbon Monoxide - Produced when organic materials are 

incompletely burned.
– Single largest source is the automobile.
– Not a persistent pollutant.

Hydrocarbons

Nitrogen Oxides



Primary Air Pollutants

• Hydrocarbons - Group of organic compounds consisting of 
carbon and hydrogen.

– Evaporated from automobile fuel or remnants of fuel 
incompletely burned.

Catalytic converters used to burn exhaust gases more 
completely.



Primary Air Pollutants

• Particulates – Minute pieces of solid materials dispersed into 
the atmosphere (<10 microns).

– Smoke, Asbestos, Dust, Ash
– Can accumulate in lungs and interfere with the ability of 

lungs to exchange gases.

• Sulfur Dioxide (SO2) – Sulfur and oxygen compound 
produced when sulfur-containing fossil fuels are burned.

– Burning coal releases sulfur dioxide.



Primary Air Pollutants

• Nitrogen Oxides (NO, NO2) - Formed when combustion takes 
place in the air.

– N and O molecules from the air may react with one 
another.



Photochemical Smog

• A mixture of 
primary and 
secondary 
pollutants.  Forms 
when primary 
pollutants interact 
under the 
influence of 
sunlight.



Photochemical Smog

– Two most destructive components:
Ozone
Peroxyacetyl Nitrates

– Large cities ringed by mountains tend to have trouble with 
photochemical smog.



Photochemical Smog

• Thermal Inversions (逆温）
- Warm air becomes 
sandwiched between two 
layers of cold air and acts 
like a lid on the valley.

– Warm air cannot rise, 
causing smog 
accumulation.



Control of Air Pollution

• US regulations have pressured the automobile industry to 
reduce emissions.

Improvement 
of Air Quality



Control of Air Pollution
• Industrial Activities

– Scrubbers
– Precipitators
– Filters

• Sulfur Removal
– Switch to low-sulfur fuel.
– Remove sulfur from fuel before use.
– Scrubbing gases emitted from smokestack.



Control of Air Pollution
• Clean Air Act

– Series of detailed control requirements the federal 
government implements and states administer.

Since passage, EPA reports air pollution cut by 1/3 and 
acid rain cut by 25%.
Emissions from six worst air pollutants dropped 33% 
from 1970-2000.



National Ambient Air Quality Standards

• NAAQS established for six pollutants:
– Sulfur Dioxide
– Nitrogen Oxides
– Particulate Matter
– Carbon Monoxide
– Ozone
– Lead



Acid Deposition

• Accumulation of potential acid-forming particles on a 
surface.

– Sulfur Dioxide and 
Nitrogen oxides are 
carried aloft by wind 
and form secondary 
pollutants (acids), 
and then are carried 
back to earth in wet 
(snow, rain, fog) 
and dry (particulate) 
form.  



Acid Deposition - Harmful Effects

• Property / Structural Damage
• Foliage Damage
• Weakened Plant Defenses
• Lake Acidification



Acid Deposition:Factors that contribute to acid rain damage:



Ozone Depletion

• Ozone is formed in the stratosphere when high- energy 
ultraviolet radiation splits diatomic oxygen into atomic 
oxygen.  

• The atomic oxygen may then combine with another 
diatomic oxygen molecule to form triatomic oxygen (Ozone 
- O3).



Problem:

• In 1970’s, it was discovered that CFCs were lowering the 
average concentration of Ozone in the stratosphere.

– CFCs take 10-20 years to make it into the stratosphere.
Can react with ozone for up to 120 years.



Mechanism of the Problem

• In the stratosphere, UV radiation breaks down CFC 
molecules, releasing atomic chlorine.  A free Chlorine atom 
reacts with an ozone molecule, converting it from O3 to O2.  



Global Warming and Climate Change

• Climatic records indicate over past 160,000 years a 
correlation between greenhouse gas concentration and 
global temperatures.

Changes in average global temperature



Global Warming and Climate Change

• UN established Intergovernmental Panel on Climate Change 
(IPCC)

– 1996 - Concluded climate change is occurring and it is 
highly probable human activity is importance cause of the 
change.

– Average temperature of the earth increased .5 to 1.0 
degrees Fahrenheit over the last 100 years.

– Strong correlation between temperature increase and 
amount of greenhouse gases in the atmosphere.

– Human activity greatly increases amounts of greenhouse 
gases in atmosphere.



Greenhouse Effect

• Greenhouse gases allow sunlight to penetrate the 
atmosphere.

• Absorbed by earth’s surface.
• Reradiated as 

infrared energy 
(heat)

– Absorbed by 
gases.



Greenhouse Effect
• Carbon Dioxide

– Fossil fuel burning, land clearing.

Changes in atmospheric carbon dioxide



Greenhouse Effect
• Carbon Dioxide

Predicted surface 
air temperature



Greenhouse Effect

• Chlorofluorocarbons
– Refrigerants, cleaning solvents, propellants.

• Methane
– Breakdown of organic material by anaerobic material.

• Nitrous Oxide
– Biomass burning - Breakdown of nitrogen-rich products.



Effects of Global Warming

• Worsening Health Effects
• Disruption of Water Cycle

– Navigation
– Hydropower
– Water Supply
– Recreation
– Flood Control

• Rising Sea Level



Effects of Global Warming
• Changing Forests

– Geographic distributions of vegetation.
• Challenges to Agriculture

– Increased CO2 concentration likely to increase crop yields 
in some areas and decrease yields in other areas.

– Pest range expansion could increase vulnerability.
• Predictions based on computer models.



Effects of Global Warming



Damage to Aquatic Life

• Acid Shock - Caused by sudden runoff of large amounts of 
highly acidic water, either following heavy snowmelt, or 
when heavy rains follow a prolonged draught.



Addressing Climate Change

• Reductions in Greenhouse Gas emissions.
• Improved energy efficiency.

– Increased investments in renewable and longer-term 
technologies.



Indoor Air Pollution

• Growing evidence indicates air within homes and other 
buildings can be more seriously polluted than industrialized 
cities.

– Adverse effects on human health.
– Smoking most important pollutant.
– Weatherizing to increase efficiency slows air exchange 

and tends to trap pollutants.
– Average person spends almost 90% of time indoors.
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