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Environmental Science Study Guide 
Air Pollution 

 

Vocabulary 
Understand and be able to apply each of these terms. 

 

1. Thermal inversion – 

2. Criteria pollutants - 

3. Primary Pollutant – 

4. Secondary Pollutant – 

5. Acid Precipitation – 

Critical Thinking 
Be able to read, analyze, and give complete answers to questions like these. 

 

1. For each of the criteria pollutants shown in the table below, fill in their abbreviation, a physical property, 

and the biggest source. 

 

Pollutant Abbreviation Physical Properties Significant Source(s) 

Sulfur dioxide    

Nitrogen oxides    

Carbon monoxide    

Particulates    

Lead    

Ground-level Ozone    

 

2. Thermal inversions are more likely to occur…(select one from each set) 

 

During [ windy | calm ] days. 

 

In [ valleys | mountaintops | flat prairies ]. 
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3. Label each layer of air in the normal pattern and inversion as cool, cooler, or warm. 

 

 
 

 

4. What season are ozone action days most likely to be declared? 

 

 

 

5. What would you expect the pH of normal rainwater to be?  What about acid rain? 

 

 

 

6. How does acid precipitation affect living organisms?  Human-made structures? 

 

 

 

7. For each of these secondary pollutants, explain what primary pollutants react to form them. 

 

a. Ground-level ozone – 

 

 

b. Acid precipitation – 

 

 

c. Smog – 

 

 

8. What are volatile organic compounds, and what is an example? 

 

 

 

9. Explain the difference between ground level ozone and the ozone layer.  

 

a. How does the ozone layer benefit us? 

 

 

b. What specific pollutant was causing the depletion of the ozone layer?   

 

 

c. What international treaty was signed that phased out the use of these compounds? 

 

 

 



10. What two pollutants do catalytic converters help to neutralize before car exhaust is released? 

 

 

 

11. Fuel switching involves moving from a high-polluting fuel source to a cleaner one.  What fuel source 

was behind the Great Smog in London in 1952?  What fuel is now used in its place? 

 

 

 

12. What areas of the United States used reformulated gas?  Why? 
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Environmental Science Reading Assignment 
When Smoke Ran Like Water 

Chapter 1: Where I Come From 

 
Background Questions 
Answer these questions before you read the chapter. 

 

1. Explain what occurs during a temperature inversion. 

 

 

 

a. What geographic areas are the most likely to experience temperature inversions? 

 

 

 

2. Coal is considered the dirtiest fossil fuel because it creates more pollution than oil and 

natural gas when burned.  What specific pollutants are released by burning coal? 

 

 

 

Reading Questions 
Answer these questions as you read through the chapter. 
 

3. List the four materials and amounts that would be delivered daily via barge to Donora.  

 

a.    

 

b.   

  

c.   

  

d.   

  

4. What is coke? 

 

 

 

5. Briefly explain how coke is produced, including pollutants released and why the batteries 

must be continuously kept running. 

 

 

 

6. What was the problem with re-using contaminated water from other parts of the mill to 

extinguish the coke fires? 

 

 

 

7. Why did the steel produced at the plant have to be coated with zinc? 
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8. The new zinc plant built in Donora in 1915 was described as “already out of date”.  

Explain how. 

 

 

 

a. Compare the height of the zinc works smokestacks to altitude of the surrounding 

hills. 

 

 

 

9. Why were mottled teeth common in Donora? 

 

 

 

10. Describe how the air in Donora changed as the temperature inversion moved in on 

October 26th.   

 

 

a. How did the residents of the town initially respond? 

 

 

11. Why were the people who escaped to Palmer Park able to recover while those remaining 

in the town suffered higher rates of sickness and death? 

 

 

 

12. Describe the response of Michael Neale, superintendent of the zinc works, during the 

inversion. 

 

 

 

13. The author compares the events at Donora with an event in the Meuse Valley in Belgium 

in 1930.  Describe the similarities. 

 

 

 

14. What two pieces of evidence lead the Philadelphia chemist Philip Sadtler to conclude that 

the deaths were the result of fluoride poisoning? 
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Discussion Questions 
Talk about and answer these questions with your class or a small group after you have read the 

chapter. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

15. This is an old map of Donora taken before the zinc plant was constructed.  Explain what 

two geographic features contributed to this town being vulnerable to a temperature 

inversion. 

 

 

 

 

16. An investigator for the Public Health Service described the killer fog event as a “one-time 

atmospheric freak.”  Is this an accurate statement?  Explain. 

 

 

 

 

17. The town was somewhat divided following the incident about whether to press for 

changes at the zinc plant.  One of the workers was quoted as saying, “I’ve got a darn 

good job and I’m going to keep it.  I don’t care what it kills.”  Given the level of 

pollution, sickness, and death that resulted from the mills, why would people have 

defended them?  What side do you think you would have been on? 

 

 

 

 

18. When the author took a map of the deaths in Donora resulting from the “killer fog” 

incident and placed it on top of a larger map that showed the streets, hills, and mills of the 

entire area, what pattern did she see?  Why hadn’t anyone made this connection in any of 

the investigations up through 1949? 
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The State of the Air 

 

State of the Air is a website published by the American Lung Association.  Letter grades are assigned to 

each county within a state based on EPA measurements of ozone and particulate pollution.  Go to the 

website and search for the grades for your state.  http://www.stateoftheair.org/ 

 

You will color-code this map based on the grades provided by the website.  Assign lighter colors to 

better grades, and darker colors to worse grades.  If the county does not have a grade, leave it white. 

 

 
 

Key:  □ A   □ B   □ C   □ D   □ F 

http://www.stateoftheair.org/


 

 Visit the EPA Ground-level Ozone website: epa.gov/groundlevelozone/ 

What are the primary sources of ground-level ozone pollution? 

 

 

 

 Visit the EPA Particulate pollution website:  epa.gov/airquality/particlepollution/ 

What are the primary sources of particulate pollution? 

 

 

 

 Find a list of the largest (by population) cities in your state by searching Wikipedia.  On your 

state map, mark the location of any city with a population size greater than 75,000. 

 

 Go to the coal plant interactive map at sourcewatch.org/index.php/Existing_U.S._Coal_Plants 

Zoom in on the map when necessary and add a mark on your map for the approximate location 

of every coal plant shown 

 

Discussion Questions 
 

1. Why is air quality an important issue to us? 

 

 

 

 

2. Does there seem to be a greater correlation between air quality and population centers, or air 

quality and proximity to coal plants? 

 

 

 

 

3. What actions could an individual person take to reduce the ozone and particulate pollution in 

their area? 
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“You only knew the town was there because there could be no such sulky blotch upon the prospect without a town.”

- Charles Dickens



 Air pollution is the addition of any substance that has harmful or toxic effects 
to air.

 Most air pollution is the result of combustion; a reaction between a fuel 
source and oxygen that releases energy.
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 In a chemical reaction, the reactants participate in and change as a result of 
the chemical reaction.

 Methane and oxygen

 The products are the compounds or elements that are formed as a result of 
the chemical reaction.

 Carbon dioxide and water.

 Combustion of a pure fuel, such as natural gas, releases only carbon dioxide 
and water. 
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 Fuels like coal and wood  
contain non-combustible 
materials that do not burn, 
and will either enter the 
atmosphere as air 
pollution or be left behind 
as ash.
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Coal ash holding pond near Kingston, Tennessee.



 The Clean Air Act of 1970 is a federal law that regulates levels of air pollution 
produced from all sources: transportation, factories, powerplants, and homes.

 This law was the result of public outcry following a series of air pollution disasters.

 Enforced by the Environmental Protection Agency.
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 Normally, air becomes cooler as you move higher in the atmosphere.

 During a thermal inversion, this pattern switches.  A pocket of cool air is 
trapped below a layer of warmer air.  
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Thermal Inversion 

over New York City, 

March 10, 2013 by 

Ken McCown on 

Flickr.
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 Thermal inversions occur most often in 
areas with little air movement, such as 
valleys.

 Warm air is less dense than cool air, so 
under normal circumstances, pollution 
will rise into the atmosphere and 
dissipates.

 Pollution released into a thermal 
inversion does not escape.
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 Donora was a company town near Pittsburgh with two metal processing 
plants: the U.S. Steel Zinc Works and American Steel & Wire.

 Metal smelting plants like 
these produce a great deal 
of pollution, as they burn coal 
to generate sufficient heat to 
melt and purify their products.

 In the days before Halloween in 
1948, Donora experienced a 
5-day temperature inversion.
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 The plants continued operating through most of the inversion, causing the 
deaths of 20 people, and sickening thousands.
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Donora at Noon,
Oct 29, 1948



 In 1952, an unusually cold winter struck London.  

 City dwellers were burning high amounts of a low-grade coal that was high in 
sulfur.

 A temperature inversion settled over the city, and emissions from thousands 
of chimneys began to build up.
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 About 4,000 people died during the great 
smog, with thousands more becoming ill 
from respiratory tract infections.
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Central London, December 1952



 The clean air act required the EPA to set and enforce limits for six criteria 
pollutants that cause smog, acid rain, and other health hazards.

 Each criteria pollutant has an abbreviation, usually its chemical formula.

 Sulfur dioxide (SO2)

 Carbon monoxide (CO)

 Particulate Matter (PM2.5 and PM10)

 Ozone (O3)

 Nitrogen oxides (NOx)

 Lead (Pb)
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 Pollutants are classified as primary pollutants if they are released directly 
into the air.

 Secondary pollutants form as a result of chemical reactions with the 
atmosphere.
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 Sulfur dioxide, SO2, is a colorless gas with a strong “rotten eggs” odor.

 The biggest source of sulfur dioxide is coal-burning power plants.

 Health effects include irritation of the airways and shortness of breath.

 Sulfur dioxide forms the secondary pollutant sulfuric acid when it comes 
with water in the atmosphere.

 This is a major part of acid rain.
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 Nitrogen oxides, NOx, have a reddish-
brown color and a sharp, sweet odor.

 The largest source of nitrogen oxide 
pollution is the use of synthetic 
nitrogen fertilizer in agriculture.

 Also released as part of automobile 
exhaust.

 Exposure to nitrogen oxides increases 
the risk of respiratory infections.
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 Nitrogen oxides form two secondary pollutants:

 Nitric acid, which contributes to acid rain.

 Photochemical smog, a brown haze that forms from a reaction with sunlight.

17
Shanghai People Square, China.  Photo by Morgan Nebel.



 Carbon monoxide (CO) is 
a colorless, odorless gas.

 The largest source of 
carbon monoxide is 
vehicle exhaust.

 Carbon monoxide 
directly interferes with 
the ability of red 
blood cells to transport 
oxygen.

 Carbon monoxide does 
not form any secondary 
pollutants.
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One of 84 ventilation fans in the Holland Tunnel, New York City.



 Particulates are small, visible 
particles of dust, ash, or soot, and 
appear the color of smoke.
 The smell varies depending on what 

the particles are.

 Particles less than 2.5 microns in 
diameter are labeled PM2.5, while 
articles up to 10 microns in 
diameter are labeled PM10.

 Particulates become embedded in 
lung tissue, reducing oxygen 
absorption.

 Particulate matter can also 
contribute to smog.
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 Lead (Pb) is a heavy metal element.

 Known to be a neurotoxin that reduces overall brain function.

 Small particles of lead can attach themselves to particulates, which can then 
be inhaled.

 The primary source 
of lead pollution 
was automobile 
exhaust, before 
leaded gasoline 
was phased out.
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 Ground-level ozone is a highly-reactive 
secondary pollutant that damages the living 
tissues of organisms.

 Ground-level ozone is produced from a 
reaction between volatile organic 
compounds, nitrogen oxides, and sunlight 
react in stagnant air.

 Volatile organic compounds are released by 
the evaporation of fuels, solvents, and paints.

 Ozone action days are alerts issued when 
conditions are right for accumulation of the 
pollutant – warm, sunny, windless days.
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 Passage of the Clean Air Act 
of 1970 had measurable 
impacts on air quality and 
health.

 Some ice core samples show 
that sulfur emissions, which 
increased steadily following 
the industrial revolution, 
stabilized in the 1970s.

 Studies have shown 4-8 
months have been added to 
the average American’s life 
span.
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 The Clean Air Act was amended in 1990, adding additional standards to 
address three major issues with air quality:

 Acid Rain

 The Ozone Layer

 Urban air quality
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 Acid precipitation occurs whenever rainfall or snowfall contains a lower than 
normal pH due to the formation of two secondary pollutants:

 Sulfuric acid, a secondary pollutant of sulfur dioxide.

 Nitric acid, a secondary pollutant of nitrogen oxides.

 Normal rainwater has a pH of about 5.6 due to the presence of carbonic acid.

 Acid rain has a pH of 4.0 or less.
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 Acid rain has many 
ecological effects:

 Many plants 
cannot absorb 
nutrients properly 
from acidic soil.

 Fish and 
amphibians have 
specific pH ranges 
they can tolerate.

 Acid rain also has 
corrosive effects on 
statues and road 
structures.
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A gargoyle severely eroded by acid rain.



 Acid rain has decreased significantly as greater controls have been placed on 
emitters of sulfur dioxide and nitrogen oxides.
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 The ozone layer is an ozone-rich 
area of the stratosphere that 
blocks some of the mutagenic 
ultraviolet radiation from the 
sun.

 In the 1970s, depletion 
of ozone above Antarctica 
was creating a “hole” in 
this protective layer.

 The hole was growing the 
fastest during September and 
October each year.
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 The cause of the hole was discovered 
to be chlorofluorocarbons (CFCs), 
compounds that were used in 
aerosol cans and as refrigerants. 

 The CFCs were becoming trapped in 
the Antarctic snow and ice, which 
would then melt in the spring 
months of September and October.

 An international agreement, 
called the Montreal Protocol, 
was passed in 1987 that phased out 
chlorine-
containing products.
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 CFC release stabilized and has started to decline as a result of the Montreal 
Protocol.

 The ozone hole is predicted to heal sometime around the year 2050.
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 A massive increase in automobile 
emissions in urban areas created 
serious air pollution problems 
through the 1980s.

 The following changes were made to 
reduce this problem:

 Higher standards on vehicle 
emissions.

 Reduction in sulfur content of diesel 
fuel.

 Cities with the worst ozone problems 
were required to use reformulated gas, 
which as a higher ethanol content.
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 Scrubber systems use a liquid spray to wash unwanted pollutants from a gas 
stream.

 Electrostatic precipitators are electrically-charged plates that will attract 
pollutants, preventing them from being released into the air.
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 Catalytic converters are devices in cars that reduce emissions of pollutants 
like nitrogen oxides and carbon monoxide by partially converting them to 
less harmful gases.
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 Switching from fuels that are heavily polluting, like coal, to ones that are 
cleaner-burning, like natural gas, can also reduce pollution.
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