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Lecture 18:Air Pollution and 

Ecological Effects
Geography 1000

Spring 2009

Terms to Assure Greatness!

(on the test anywayé)
ÅDonora, PA (issue and date?) p. 543-544

ÅPhotchemical smog p. 545, temperature inversion 

p. 545, primary and secondary air pollutants p. 

547, what is radon and why must you be aware 

of this gas? p. 549

ÅMexico City case study p. 548

ÅAcid Rain/ ph scale p.  551-554

ÅEffects of Acid Rain (lecture and 559-560

ÅClean Air Act and date p. 561

ÅHow does a catalytic converter work? p. 563

ñIf we are ever going to deliver true 

environmental benefits with lower 

emissionséweôve got to convince the 

federal government to relax the nitrogen 

oxides standardsò

GM Vice Chairman Harry Pearce, reported 

by the Associated Press on January 1, 2000

ÅñIt isnôt the pollution thatôs harming the 

environment.  Itôs the impurities in our 

air and water that are doing it.ò

ïDan Quayle

Vice President

Under

George H.W. Bush

Only if citizens (us!) convey our concern

will we get results!

What is air pollution?

ÅContamination of the air 
by noxious gases and 
minute particles of solid 
and liquid matter 
(particulates) in sufficient 
concentrations to endanger 
health of organisms.

ÅAir pollution can be found 
indoors and outdoors but 
the compounds are often 
different.

Sources of Outside Air Pollution

Å Combustion of gasoline and 

other hydrocarbon fuels in cars, 

trucks, and airplanes

Å Burning of fossil fuels (oil, 

coal, and dinosaur bones)

Å Insecticides

Å Herbicides

Å Everyday radioactive fallouts

Å Dust from fertilizers

Å Mining operations

Å Livestock feedlots

http://www.dec.state.ny.us/website/dar/baqs/micro/pictures/phosphte.jpg
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Air Pollution Types Covered in 

this lecture (plenty more é but, 

frankly, these are on the test!)

ÅOzone and the difference between 
stratospheric and tropospheric ozone

ÅAcid Rainðsources and effects

ÅPhotochemical smog

ïInversion layers and why smog is worse 
in some cities than others with similar 
releases.

Greg, What are some of your 

favorite pollutants?
ÅWell Paulie, I think it is useful to consider pollutants may 

either be primary pollutants or secondary pollutants.

ÅPrimary pollutants include particulates (smoke, dust), 

Hydrocarbons (VOCS), Carbon Monoxide, Lead, and 

Nitrogen Oxides. 

ÅSecondary Pollutantsare compounds such as sulfer 

dioxide which COMBINE with nitrogen oxides, VOCs, 

light, and water (water vapor) to result in ozone, PANs 

(peroxyacetyl nitrates), and sulfuric or nitric acids.

Volatile Organic Compounds altered by light 

and contact with water vapor to form Ozone, 

PANs and sulfuric and nitric acids 

Toxic Emissions ARE down per CAR 

but more cars are on the road

ÅBUT from 1970 to 1990, the number of 
vehicle miles/year in America has 
DOUBLED from 1 trillion miles/year to 2 
trillion miles/year.

ÅThe main means of reduction is the catalytic 
converter which uses 1) Platinum, 2) 
paladium, or 3) rhodium. These three 
catalysts help oxidize VOCs and carbon 
monoxide and convert them to water and 
carbon dioxide.

Automobile Emission Trends are 

Positive.  A 2000 car releases only 

25% of a 1970 carôs emissions
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I. OZONE
Å1) The main component of smog

Å2) 107 million Americans live in areas that violate 
health standards for ozone.

ÅOzone as ñsunburn on the lungsò--reduces 
respiratory functions and can lower resistance to 
lung infections.

ÅFormed by the reaction of volatile organic 
compounds (VOCs) and nitrogen oxides in the 
presence of heat and light.

How Ozone Impacts Air Quality

ÅChlorofluorocarbons (CFC) are verystable 
compounds that we produce at earthôs 
surface

ÅThey migrate to the stratosphere

ÅTheir chlorine gets excited by ultraviolet 
light

ÅAfter excitation, chlorine attacks ozone 
layer, depleting it.

Ozoneôs bad features

ÅExtremely reactive will burn leaves, lungs, 

synthetic compounds (e.g. rubbers, plastics)

ÅBecause of reactivity, is toxic in very low 

concentrations (parts per billion)

Where is ozone the ñbad guyò?

trophosphere

stratosphere

Where is ozone the ñgood guyò?

trophosphere

stratosphere

In the stratosphereé.

ÅOzone blocks incoming Ultra-violet 

radiation 

ÅUltraviolet radiation

ïSkin cancer

ïCataracts

ïPlant Damage
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But, whatôs happening to ozone 

in the Stratosphere?

1979-1985

1986-1992

Deeper purple color means

Less ozone above 

Antartica

The Montreal Protocol has reduced 

use of CFCôs, buté 
ÅTheir long life span means that they will be 

in the stratosphere for a long time, still 
destroying ozone.

ÅHowever, the rate of increase of ozone 
depletion has slow, showing regulations are 
having positive effectsðscience matters!!

ÅBy the way, ozone ñholesò are opening up 
in places other than Antarcticaðbut we are 
not sure how these relate to global 
circulation models.

II. Acid Rain: One 

Environmental Problem in Detail

ÅNitrogen oxides and sulphur oxides do exist in nature, 

but 95 percent of sulfer and 90 percent of nitrogen 

oxides in the Eastern United States are anthropogenic 

(human-origin).

ÅSources: #1 electric power generation from coal, also 

base metal processing and fuel combustion in vehicles.

ÅONCE RELEASED IN THE ATMOSPHERE, THE 

SULFER AND NITROGEN COMBINE WITH 

WATER TO MAKE ACID RAIN

The pH scale is a power 10 scale SO pH 

5 is ten times as acidic as pH 6

The pH Scaleééé..to start

Efforts have been underway to 

limit acid rain since 1972

ÅBUTé.most successful efforts have 
involved limiting industrial output, 
and new technology for automobiles.

ÅPower generation--a very sensitive 
issue in 2008--is still a major 
contributor..it is hard to know what 
to do...

What is Acid Rain? 

How Does it Form?

ÅñAcid rainò includes both wet and dry acidic deposits

ÅPrecipitation with a pH lower than 5.6 is considered acidic

ÅAcid rain originates from sulfur dioxide and nitrogen oxide 

particles

ÅOnce these particles are emitted into the air they form 

sulfate and nitrate particles 

ÅThese particles can travel long distances on wind currents

ÅBy combining with water vapor, these particles form acids 

which fall to the earth as acid rain. 
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Acid Rain Overlooked?*ðas 

Global Warming ñgrabs usò?
ÅAcid Deposition (more correctly) is caused 

by the burning of fossil fuels. Formed when 

emmissions of sulfer dioxide and nitrogen 

oxides react with water, oxygen, and 

oxidants to form various acidic compounds.

ÅElectric power plants account for about 

70% of sulfur dioxide emissions and about 

30% of nitrogen oxides.

*Politics, the press, and our attention span!

Acid Rain Summary
Acid rain

Å contains high levels of sulfuric 

or nitric acids 

Å contaminate drinking water and 

vegetation

Å damage aquatic life

Å erode buildings

Å Alters the chemical equilibrium 

of some soils  

Where do N emissions that 

contribute to acid rain and 

acidification of surface 

water bodies originate?

~ 55% come from agriculture

~ 25% come from industry ïBUT coal fired 

power plants are the main contributor 

~ 20% come from automobiles

All Top 50 SO2

uncontrolled 

emitters  in 2008 are 

ñpublicò utilities! 

High stacks (1000 

m) help locals, but 

disperse pollutants 

more widely! Yes, 

its Gregôs (and your 

!!) power bill that is 

the issue!


