
  The atmosphere and its components

  How air pollutants are categorized

  The source/cycle of air pollutants

  How pollution affects health and welfare

  Clean air acts

  Air quality management & standards


















  The presence of a high-altitude 
ozone layer in the atmosphere 
was first determined in the 
1920s from observations of solar 
UV spectrum 

 Ground-level sunlight is limited 
to wavelength above 290 nm 

 Stratosphere filters out light 
between 180 and 290 nm 

  50 km-level light is limited to 
wavelength above 180 nm 

  There is a “spectral window” 
centered at 205 nm where uv 
light penetrates more deeply into 
the stratosphere. 



  16 – 35 km (above background level) 
  Maximum concentration is at about 23 km (up to 1013 molecules/mL) 
  Stratosphere contains about 90% of all atmospheric ozone 
  Troposphere contains about 10% of all atmospheric ozone 
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10% of ozone is in the troposphere 



UVc - 100% Absorption 
UVb - 90% Absorption 

UVa - 50% Absorption & Scattering 

Ozone is the Earth’s natural sunscreen 
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UVa UVb UVc 

Wavelength (nm) 315-400 280-315 100-280 

Absorption by ozone It gets through 
the ozone layer 

Mostly absorbed 
by the ozone layer 

All absorbed by 
ozone 

Amount reaching the 
Earth’s surface 

>98%  <2%  negligible 



• Conventionally, the relative abundance of ozone in the 
stratosphere is measured using “Dobson Unit” , DU 

• Total column ozone: ~300 DU (1 DU = 3 mm thick layer at 
1 atm) 



“Ozone layer” 

• Total column ozone: 
~300 DU (1 DU = 0.3 
cm or 3 mm thick 
layer at 1 atm) 

• Maximum of absolute 
conc about 23 km (up 
to 1013 molecules/mL) 



  Observations:  

  O3 is NOT the most concentrated gas in the ozone layer (not even 
close!)  

  maximum concentration is in the middle stratosphere. 

  Big question: why does the ozone layer exist in the stratosphere? What 
processes are responsible for its formation and maintenance? 
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Rapid cycle between O & O3 

Slower cycle between O2 and (O & O3) 

















So  X = NO, OH, Cl or Br 





Initiation step  

Propagation steps  

R5 

R7 

R6 



Termination step  R8 
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NO+O3 → NO2 +O2

NO2 +UV → NO+O

O+O2 + M→O3 + M

R9 

R10 
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NO2 +O→ NO+O2R11 



€ 

NO+O3 → NO2 +O2

NO2 +O→ NO+O2

Net O3 +O→ 2O2





€ 

N2O+O→ 2NO





Rate (Tg N yr-1) best 
estimate and range of 
uncertainty 

NATURAL SOURCES 9 (6-12) 
Oceans 3 (1-5) 
Tropical soils 4 (3-6) 
Temperature soils 2 (0.6-4) 
ANTHROPOGENIC 
SOURCES 

6 (4-8) 

Cultivated soils 4 (2-5) 
Biomass burning 0.5 (0.2-1.0) 
Chemical industry 1.3 (0.7-1.8) 
Livestock 0.4 (0.2-0.5) 
SINK 12 (9-16) 
ATMOSPHERIC 
INCERASE 

3 







  Vertical concentration profiles of “hard CFCs” consistent with 
long tropospheric lifetimes (long enough to be completely mixed) 
followed by destruction in the stratosphere by UV lights. 



€ 

CF2CI2 +UV →CF2CI + CI

€ 

CI +O3 →CIO+O2

CIO+O→CI +O2

net O3 +O→ 2O2



€ 

CI + CH4 → HCI + CH3

CIO+ NO2 + M→CINO3 + M

€ 

HCI +OH→CI + H2O
CINO3 +UV →CI + NO3







Main chlorine species is HCl 

•  “CCly” refers to 
CFCs and other 
tropospheric sources 
of Cl 

•  Cly refers to the 
statospheric chlorine 
“family” of active and 
reservoir species 



€ 

CI +O3 →CIO+O2

CIO+O→CI +O2

net O3 +O→ 2O2





Crosses are BAS measurements; 
triangles and circles are NASA satellite 
measurements. Measurements are 
October averages. 

global tropospheric 
CFC-11 





The “ozone hole” is a sudden, marked depletion of ozone – a loss of 50% or more of 
total column ozone – in the lower stratosphere of the Antarctic in the weeks after the 
Spring sunrise. In 1985 the area of the hole was 10 million sq. km (and growing yearly). 



The ozone hole is the region 
over Antarctica with total 
ozone 220 Dobson Units or 
lower. (The avg total column 
ozone in the atmosphere is 
about 300 DU.) 

Ozone hole in Sept 2005. Source: NASA 







€ 

CI +O3 →CIO+O2

Br +O3 → BrO+O2

BrO+ CIO→ Br + CI +O2





•  Predictions from computer models 

•  Note that plots show relative 
contributions, not absolute rate of Ox 
destruction 

•  Remember that max Ox 
concentration is at about 25km, and 
max production/loss peaks at about 
40km 

•  NOx is the most important family, 
particularly in the middle 
stratosphere. 

•  HOx is most important at top and 
bottom of stratosphere 

•  ClOx contributes up to 30% of loss 
under typical circumstances 
(exception: polar ozone holes) 



•  Polar vortex develops 
during the winter 

•  Atmosphere is effectively 
isolated from the rest of 
the southern hemisphere 

•  Interior temperatures 
plummet during long 
winter night – large area is 
below 200K, and it can get 
as cold as 180K 







www.met.sjsu.edu/~cordero/ education/education.htm  



Low 
Ozone 

High 
Ozone 




