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  Troposphere extends 9-16 km

  Lapse rate 6.5 0C/km

  Well mixed

  All weather formation

  Pollutants and moisture confine in 

this layer


  Stratosphere extends to 50 km

  Ozone formation

  Absorption of SW radiation

  Little mixing

  No clouds and precipitation

  Pollutants alter the radiation 

budget


  Mesosphere extends to 85 km

  Temperature decreases

  Coldest temperature occurrence


  Thermosphere  

  Conversion of solar energy into 

sensible heat




  Take a deep breath.  What is in one breath of air? 
    Atoms and Molecules: 
 ~ 3 x 1022 mostly O2 and N2 molecules; elements forged in the 
                 interiors of stars. 
              - Oxygen (O2) cycles through the biosphere (photosynthesis and respiration) 
                roughly every 6000 years. 
              - Nitrogen (N2) cycles with a 2 million year time scale. 

  How many molecules in one breath of air was at one time breathed 
   by Julius Caesar? 
              - Methane (CH4) from cows belching… 
              - Argon (Ar) from extinct volcanoes 
              - Water vapor (H2O) from impacting comets and meteorites over 4.5 BY 
                and release from the deep interior of the Earth. 
              - Carbon Dioxide (CO2) from respiration and fossil fuel burning. 
              - Hydrogen Sulfide (H2S) from blue-green algae 

  All of these molecules move at near the speed of sound and experience billions of 
   collisions per second. 



   Even the cleanest liter of air has a vast amount of particulate matter. 

   Dust:     ~ 100,000 dust particles of wide range of compositions:  
                  sea salt – many thousands per cc. 
                  pollen, spores – tens of thousands 
                  broken bits of insect (mostly spider) legs - thousands 
                  smoke (soot) from around the world - thousands  
                  meteoric dust from outer space - thousands 
                  DNA fragments from decaying bacteria 
                  skin flakes, soil, pet fur, dander 
                  dust mites, millions of bacteria from your classmates. 

  Even the cleanest “Clean Room” has > 1000 particles per liter of air. 

  More exotic: radio waves over a vast range of wavelengths, neutrinos,      
microscope magnetic fields, and a wide array of atmospheric pollutants. 

  Overall, there are more than 2000 measurable trace gases in a liter of air. 



Atmospheric Composition 

  Concentration 

Number density:  
      Atoms or Molecules per cm3 

Fractional Concentration: 
     Molecules/Total Density 

     ppm = parts per million 



Almost all atmospheric gases are produced, consumed, or affected by life. 











The Great London Smog of 1952 



World Health Organization, Myriad Editions Ltd, 2004) 



  Perfect Combustion 

Fuel (hydrocarbons) + Air (oxygen and nitrogen)    >    
Carbon dioxide (CO2) + water (H2O) + unaffected nitrogen 

  Typical Engine Combustion 

Fuel + Air    >    
Unburned Hydrocarbons + Nitrogen Oxides (NOx) + Carbon monoxide (CO) + 
Carbon dioxide + water 







  
Pollutants can be grouped into two categories:  

(1) Primary pollutants, which are emitted directly from identifiable sources, and 
retains the same chemical form (e.g., ash)  

(2) Secondary pollutants, which are produced in the atmosphere when certain 
chemical reactions take place among primary pollutants (e.g., ozone) 

EPA has further classified pollutants for regulatory purposes 

(3) Hazardous air pollutants (HAPs), which are emitted directly from identifiable 
sources, and retains the same chemical form (e.g., ash)  

(4) Criteria pollutants, which are produced in the atmosphere when certain chemical 
reactions take place among primary pollutants (e.g., ozone)  




















