
 “It isn’t pollution that’s harming the 

environment. It’s the impurities in our air 

and water that are doing it.”                                                                           

Former U.S. Vice President Dan Quayle

www.aqmd.gov/pubinfo/ 97annual.html
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Beijing, China…11 days before 

Summer Olympics 2008.









London: 1952







 London:

– Dec. 1952: unusually cold

– Fog mixed with smoke (smog), 4 days due to 

temperature inversion

– 4,000 people died (Dec 5-9) and 8000 deaths in 

following months due to fine particles (carbon, 

lead, zinc and iron)



Industrial Smog

 Industrial smog is a mixture of sulfur dioxide, 

droplets of sulfuric acid, and a variety of 

suspended solid particles emitted mostly by 

burning coal.

 AKA: Sulfurous Smog

– Examples: London – type fog



Anthropogenic Outdoor Air Pollution 

• Primary pollutants enter the atmosphere directly

– Vehicles and industry 

–CO2, NOx, SOx, Particulates and 

Hydrocarbons

• Secondary pollutants form due to chemical 

reactions that occur in the atmosphere

– Ozone & Acid Rain



Criteria Air Pollutants

EPA uses six "criteria pollutants" as indicators of air 
quality (See table on pg 412 of text)

1. Nitrogen Dioxide:  NO2

2. Ozone:  ground level O3

3. Carbon monoxide: CO

4. Lead:  Pb

5. Particulate Matter:  

6. Sulfur Dioxide:  SO2

• Volatile Organic Compounds: (VOCs)





Particulate Matter





 Air Quality Index (AQI) - A Guide to Air 

Quality and Your Health

http://airnow.gov/index.cfm?action=aqibasics.aqi


Ozone

 Ground-level: “bad”

 Stratospheric: “Good”

 Tropospheric Ozone:

– NOx, CO and VOC’s react in presence of 

sunlight

– These are called Ozone “Precursors”. 



The Perfect Storm

 Topography:

– “Basin”

 Example: Mexico City and L.A.

 Sunlight and warm temperatures

 Temperature Inversion



Fig. 19-5, p. 447
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Stratospheric Ozone

 1973 Rowland and Molina study CFC’s in 

atmosphere

 Gardiner, Farman and Shanklin discovered 

“ozone hole” above Haley Bay (South Pole) 

in 1985

 Disputed by CEO of DuPont : “a science 

fiction tale…a load of rubbish…utter 

nonsense”  (Roan p. 56)



Ultraviolet Radiation and Ozone



Natural formation of Ozone



Sun
Once free, the chlorine 

atom is off to attack 

another ozone molecule

and begin the cycle again.

A free oxygen atom pulls 

the oxygen atom off 

the chlorine monoxide 

molecule to form O2.

The chlorine atom and 

the oxygen atom join to 

form a chlorine monoxide 

molecule (ClO).
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Montreal Protocol

• An international treaty designed to protect the 

ozone layer 

• phasing out production of number of substances 

believed to be responsible for ozone depletion

– Effective January 1, 1989

– Five revisions

• 1990 (London)

• 1992 (Copenhagen)

• 1995 (Vienna)

• 1997 (Montreal)

• 1999 (Beijing)





Acid Deposition

Acids that return to the surface as either dry 

or wet deposition 

pH scale

NOTE:   pH of rainwater is 5.6 since     CO2 + H2O  H2CO3



How Acid Deposition Develops





ACID DEPOSITION

 pH measurements in relation to major coal-

burning and industrial plants.



ACID DEPOSITION



Baghouse Filter



Electrostatic Precipitator



Scrubbing
 Remove oxides of sulfur after the coal is burned but before they reach 

the atmosphere 

 Sulfur Dioxide reacts with limestone forming calcium sulfite

 This is then disposed of



Catalytic converters – Uses platinum-palladium & rhodium catalysts to reduce 

the amount of nitrogen oxides by 90%, also reduce hydrocarbons & CO.



Clean Air Act Amendments of 

1990
 Comprehensive regulations enacted by 

the U.S. Congress that address acid 
rain, toxic emissions, ozone depletion, 
and automobile exhaust.

 Buying and selling of sulfur dioxide 
emissions

 One step back occurred in 2003 when 
the president and EPA allowed 
companies to upgrade w/o new pollution 
controls.



PREVENTING AND REDUCING 

AIR POLLUTION

 Environmental scientists point out several 

deficiencies in the Clean Air Act:

– The U.S. continues to rely on cleanup rather than 

prevention.

– The U.S. Congress has failed to increase fuel-

efficiency standards for automobiles.

– Regulation of emissions from motorcycles and 

two-cycle engines remains inadequate.

– There is little or no regulation of air pollution from 

oceangoing ships in American ports.



PREVENTING AND REDUCING 

AIR POLLUTION

– Airports are exempt from many air pollution 

regulations.

– The Act does not regulate the greenhouse gas 

CO2.

– The Act has failed to deal seriously with indoor 

air pollution.

– There is a need for better enforcement of the 

Clean Air Act.



INDOOR AIR POLLUTION

 Indoor air pollution usually is a greater threat 

to human health than outdoor air pollution.

 According to the EPA, the four most 

dangerous indoor air pollutants in developed 

countries are:

– Tobacco smoke.

– Formaldehyde.

– Radioactive radon-222 gas.

– Very small fine and ultrafine particles.



PREVENTING AND REDUCING 

AIR POLLUTION

 Environmental scientists point out several 

deficiencies in the Clean Air Act:

– The U.S. continues to rely on cleanup rather than 

prevention.

– The U.S. Congress has failed to increase fuel-

efficiency standards for automobiles.

– Regulation of emissions from motorcycles and 

two-cycle engines remains inadequate.

– There is little or no regulation of air pollution from 

oceangoing ships in American ports.
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Fig. 19-11, p. 453


