
AIR POLLUTIONAIR POLLUTION



I. Case Study: Mexico CityI. Case Study: Mexico City
•• World’s Fourth largest city: boasts World’s Fourth largest city: boasts 

the the world’s worst airworld’s worst air
––Topography                             Topography                             

(similar to L.A.)(similar to L.A.)(similar to L.A.)(similar to L.A.)
––3 million motor                       3 million motor                       

vehicles, no smog                   vehicles, no smog                   
controls: most burn                    controls: most burn                    
leaded gasleaded gas



Mexico CityMexico City•• WinterWinter

•• SummerSummer



AsphyxiationAsphyxiation



Remote Regions Remote Regions 
•• DDTDDT and other and other 

organochlorine organochlorine 
compounds not compounds not 
used in remote used in remote 
areas, yet animals areas, yet animals areas, yet animals areas, yet animals 
and plants are and plants are 
testing high in testing high in 
amounts of these amounts of these 
toxinstoxins







Human Sources of Outdoor Human Sources of Outdoor 
Air PollutionAir Pollution

•• Primary pollutantsPrimary pollutants enter the enter the 
atmosphere atmosphere directlydirectly
––Vehicles and industry Chemical Vehicles and industry Chemical ––Vehicles and industry Chemical Vehicles and industry Chemical 

industry, metals industry and industry, metals industry and 
paper industrypaper industry

––COCO22, NO, NOxx, SO, SOxx, Particulates , Particulates 
and VOCsand VOCs



Human Sources of Outdoor Human Sources of Outdoor 
Air PollutionAir Pollution

•• Secondary pollutantsSecondary pollutants form due to form due to 
chemical reactions that occur in chemical reactions that occur in 
the atmospherethe atmospherethe atmospherethe atmosphere

–– Ozone &                                       Ozone &                                       
Acid RainAcid Rain





Natural Sources of Air Natural Sources of Air 
PollutantsPollutants

•• Hydrocarbon emissions that come Hydrocarbon emissions that come 
from trees (methane)from trees (methane)

•• Volcanic                                       Volcanic                                       •• Volcanic                                       Volcanic                                       
activity                                            activity                                            
emits SOemits SO 22



An Overview of the Effects of An Overview of the Effects of 
Air PollutionAir Pollution

•• Damages organisms Damages organisms 
•• Reduces visibilityReduces visibility
•• Corrodes materials such as Corrodes materials such as •• Corrodes materials such as Corrodes materials such as 

plastics, metals and stone plastics, metals and stone 
•• Contributes to global warming, Contributes to global warming, 

acid rain, and ozone depletionacid rain, and ozone depletion



Major Kinds of Primary Air Major Kinds of Primary Air 
PollutionPollution

•• Solid or liquid Particulate Matter; Solid or liquid Particulate Matter; 
dust, lead, asbestos, etc.dust, lead, asbestos, etc.
–– All particulates All particulates eventuallyeventually settle: settle: 

can remain in air for yearscan remain in air for yearscan remain in air for yearscan remain in air for years
––Reduces amount of sunlight that Reduces amount of sunlight that 

reaches surface of earthreaches surface of earth
––Contain corrosive agents that can Contain corrosive agents that can 

be inhaledbe inhaled



PM Size

Fine < 10 micrometers
Ultra < 2.5 micrometersUltra < 2.5 micrometers

Smaller = potentially more 
harmful



Major Kinds of Primary Air Major Kinds of Primary Air 
PollutionPollution

•• Nitrogen oxidesNitrogen oxides ((NONOxx))
–– Inhibit plant growth, associated Inhibit plant growth, associated 

with asthma, and a major cause with asthma, and a major cause with asthma, and a major cause with asthma, and a major cause 
of photochemical smog and acid of photochemical smog and acid 
rainrain



Major Kinds of Primary Air Major Kinds of Primary Air 
PollutionPollution

•• Sulfur oxidesSulfur oxides ((SOSO22))
–– reacts in                             reacts in                             

atmosphere to                          atmosphere to                          
produce acid rain                     produce acid rain                     produce acid rain                     produce acid rain                     
((HH22SOSO44))



Major Kinds of Air PollutionMajor Kinds of Air Pollution
•• Sulfur oxidesSulfur oxides ((SOSO22))

–– irritates respiratory tracks; irritates respiratory tracks; 
degrades metals & stonedegrades metals & stone



Major Kinds of Primary Air Major Kinds of Primary Air 
PollutionPollution

•• Carbon oxidesCarbon oxides ((COCOxx))
–– COCO poisonous because it reduces poisonous because it reduces 

red blood cells ability to carry Ored blood cells ability to carry O 22

–– COCO contributes to                               contributes to                               –– COCO22 contributes to                               contributes to                               
global warmingglobal warming



Major Kinds of Primary Air Major Kinds of Primary Air 
PollutionPollution

•• VOCxVOCx ((CHCHxx))
–– Volatile, gaseous organic Volatile, gaseous organic 

compounds that can cause compounds that can cause 
cancer & contribute to                            cancer & contribute to                            cancer & contribute to                            cancer & contribute to                            
global climate changeglobal climate change



HydrocarbonsHydrocarbons

• A large portion of atmospheric 
hydrocarbons come from methane 
production by anaerobic bacteria.  
Fossil fuels release hydrocarbons into Fossil fuels release hydrocarbons into 
the atmosphere when incinerated for 
energy.





Major Kinds of Secondary Major Kinds of Secondary 
PollutantsPollutants

• Tropospheric Ozone and PAN are 
known to cause damage to plants.

• Sulfuric and nitric acid comprise acid • Sulfuric and nitric acid comprise acid 
rain



Hydrocarbon Formation of OHydrocarbon Formation of O 33
and PANand PAN



Major Kinds of Air PollutionMajor Kinds of Air Pollution
•• Troposphereic ozoneTroposphereic ozone

––Secondary pollutant                  Secondary pollutant                  
formed when UV                   formed when UV                   
radiation                                radiation                                
catalyzes reaction catalyzes reaction catalyzes reaction catalyzes reaction 

––NONOxx & & VOCsVOCs & & SunlightSunlight form form 
photochemical                          photochemical                          
smogsmog



Major Kinds of Air PollutionMajor Kinds of Air Pollution
•• Stratosphereic OzoneStratosphereic Ozone ((OO33))

–– ozone in the ozone in the 
troposph. Is troposph. Is 
harmful, but harmful, but harmful, but harmful, but 
ozone in the ozone in the 
stratosph. stratosph. 
Protects us from Protects us from 
UV radiation.  UV radiation.  



Other Air PollutantsOther Air Pollutants
•• Several pollutants that are found in Several pollutants that are found in 

lower concentrations, but may lower concentrations, but may 
have significant health riskshave significant health risks

•• LeadLead, , formaldehydeformaldehyde , and , and radonradon



Factors That Decrease Air 
Pollution



Factors That Increase Air 
Pollution



How Climate Affects Air How Climate Affects Air 
PollutionPollution

•• Normally, hot air rises and allows Normally, hot air rises and allows 
pollutants to dispersepollutants to disperse

•• under normal conditions,           under normal conditions,           •• under normal conditions,           under normal conditions,           
prevents toxic levels of            prevents toxic levels of            
pollutants from                   pollutants from                   
accumulatingaccumulating



•• Thermal InversionThermal Inversion :  weather :  weather 
condition                                          condition                                          
Where warm layer of air covers Where warm layer of air covers 
cooler layer of air below.  This cooler layer of air below.  This 

How Climate Affects PollutionHow Climate Affects Pollution

cooler layer of air below.  This cooler layer of air below.  This 
prevents mixing and dispersing of prevents mixing and dispersing of 
air pollutants.air pollutants.



Thermal InversionThermal Inversion



Thermal InversionThermal Inversion





How Topography Affects Air How Topography Affects Air 
PollutionPollution

•• TopographyTopography (Surface features)(Surface features)
–– cities in valleys, along the coast cities in valleys, along the coast 

or on the leeward side of or on the leeward side of or on the leeward side of or on the leeward side of 
mountains experience frequent mountains experience frequent 
thermal inversionsthermal inversions

––San BernadinoSan Bernadino







Los AngelesLos Angeles
•• Surrounded by mountains on three Surrounded by mountains on three 

sides and the ocean on the fourthsides and the ocean on the fourth
•• This topography combined with This topography combined with 

high auto                                      high auto                                      high auto                                      high auto                                      
density, tends                                    density, tends                                    
to form a stable                              to form a stable                              
thermal                                    thermal                                    
inversioninversion



Los Angeles: Los Angeles: 
Summer,Summer,Summer,Summer,

19701970



Los AngelesLos Angeles
•• 19691969 first emissions regulations first emissions regulations 

were passed due to L.A. were passed due to L.A. 
•• Since 1969 the air quality in L.A. Since 1969 the air quality in L.A. 

have dramatically improvedhave dramatically improvedhave dramatically improvedhave dramatically improved



Controlling Air Pollutants Controlling Air Pollutants 
•• Burn less fossil fuels, passive solar Burn less fossil fuels, passive solar 

etc,etc,
•• Install scrubbers on fossil fuel Install scrubbers on fossil fuel 

burning industries, clean fuel etc.burning industries, clean fuel etc.burning industries, clean fuel etc.burning industries, clean fuel etc.
•• Keep your cars tuned up and smog Keep your cars tuned up and smog 

currentcurrent



•• SCRUBBERSSCRUBBERS::
installed         installed         
on smoke on smoke on smoke on smoke 
stack to stack to 
reduce reduce 
pollutantspollutants



Clean Air ActsClean Air Acts
•• 1970 Clean Air Act1970 Clean Air Act

–– Levels of most major pollutants Levels of most major pollutants 
have decreased in the air as a have decreased in the air as a 
result of this actresult of this actresult of this actresult of this act

•• 1990 Clean Air Act1990 Clean Air Act
––RequiredRequired power plants burning power plants burning 

fossil fuels to install devices that fossil fuels to install devices that 
reduce pollutant (reduce pollutant ( SOx & NOxSOx & NOx ))



Air Pollution in the U.S.Air Pollution in the U.S.
•• However, levels of many pollutants However, levels of many pollutants 

are still higher than recommended are still higher than recommended 
by the EPA in many urban areasby the EPA in many urban areas

•• In addition, more cars are being In addition, more cars are being 
produced and this is offsetting produced and this is offsetting 
gains in air qualitygains in air quality







Air Pollution in     Air Pollution in     
Developing CountriesDeveloping Countries

•• IndustrializationIndustrialization
––As it proceeds air pollution As it proceeds air pollution 

increasesincreasesincreasesincreases
––more cars, more factories, etcmore cars, more factories, etc
––very few regulations and very few regulations and 

advanced technologies advanced technologies 
compounds pollution problemscompounds pollution problems





Mexico CityMexico City
•• What has been done to improve air What has been done to improve air 

quality?quality?
–– switching to unleaded gas, switching to unleaded gas, 

phase out old cars and impose phase out old cars and impose phase out old cars and impose phase out old cars and impose 
driving restrictions when air driving restrictions when air 
quality is very badquality is very bad



Remote Regions Remote Regions 
•• Open Hearth FiresOpen Hearth Fires

––often poorly in often poorly in 
ventillated homesventillated homes

––can have worse can have worse ––can have worse can have worse 
pollution levels pollution levels 
than a dirty urban than a dirty urban 
city city 



Remote Regions Remote Regions 
•• Arctic and Antarctic regions are Arctic and Antarctic regions are 

especially at                                     especially at                                     
risk due to                                        risk due to                                        
their fragile                                        their fragile                                        their fragile                                        their fragile                                        
food ecologyfood ecology
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