HOMEWORK #1 SOLUTIONS
De Nevers 

2. (a) 
No. That implies that one ton of CO has the same harmful effects of one ton of SO2, etc. That is not a safe assumption. Compare the AAQS, CO: 9 ppm 8 hour average, SO2: 0.14 ppm 24 hour average. It appears that a factor of about 10 is involved. 

   (b)
A much harder question. The only really good answer is that there is not “air pollution problem” but rather a family of interrelated problems. It is true that motor vehicles are very substantial contributors. 
   (c) 
If possible convince the public there is no single air pollution problem, but rather a family of problems. If this isn’t possible, then use something like the “Pindex” system devised by EPA which rates pollutant exposures relative to their AAQSs. I think one averaged or summed those ratios over pollutants, and announced an overall “pollution index.” 

4. (a) 
540/5.44=99. This was 99 times the annual man made PM10 emissions. 

    (b)
Mixed. Most of the huge amount of material fell within 50 miles of the site, covering a huge area up to a few feet thick. However it put enough fine material into the atmosphere that we had world wide reddened sunsets for almost a year. 

It is certainly true that, worldwide, nature processes put more of the pollutants of interest into the atmosphere than do human processes. This does not mean that what we are doing is unimportant, either locally or globally. Locally, human activities are the major contribution of pollutants in densely populated areas. Globally the amount we emit, e.g. of CO2 is a small part of the total flux, but enough that it may shift the equilibrium state of the atmosphere. 

5.
Four helicopters would not be able to do enough mixing to make a difference. Even if more mixing was achieved, the pollution problem would not go away since there is no form of extraction. 

Arya 

4. (a)
Primary Pollutants: are emitted directly from the sources and not undergo any chemical or physical transformation. Examples: SO2, H2S
    (b)
Secondary Pollutants: are formed in the atmosphere as a result of chemical reactions among primary pollutants and normally present atmospheric constituents. Examples: H2SO4, NO3-
    (c)  
SO3, NO, NO2.

5.   
Cvi = (Cmi/Mwi)(RT/p)

P = 760 mm of Hg = 1.0144 x 105 Pa

R = Universal gas law constant = 8.314 m3 Pa/mol K

T = atmospheric temperature in Kelvin (25 + 273 = 298)

CO = 10mg/m3; MW = 28 g/mol

= 10 (mg/m3) (1000 µ/1 mg) = 10000 µ/m3
= [(10000 µ/m3)(1 mol/28g) (8.314 m3 Pa/mol K) (298.15 K)] / (1.0133 x 105 Pa)

CO = 8.74 ppm

NO2  MW = 46 g/mol

= [(100 µ/m3)(8.314 m3 Pa/mol K) (298.15 K)] / [(1.0133 x 105 Pa)(46 g/mol)]
= 0.053 ppm

SO2 MW= 64 g/mol
= [(80 µ/m3)(8.314 m3 Pa/mol K) (298.15 K)] / [(1.0133 x 105 Pa)(64 g/mol)]
= 0.031 ppm

O3 MW= 48 g/mol
= [(235 µ/m3)(8.314 m3 Pa/mol K) (298.15 K)] / [(1.0133 x 105 Pa)(48 g/mol)]
= 0.120 ppm
6. 
CO2
MW = 44 g/mol

CH4
MW = 16 g/mol

NO2
MW = 44 g/mol

NH3
MW = 17 g/mol

(a) CO2  Cmi= (1 ppm) (44)/ 0.02445 = 1798.65 µ/m3

(b) CH4  Cmi= (1 ppm) (16)/ 0.02445 = 654.05 µ/m3

(c) NO2  Cmi= (1 ppm) (44)/ 0.02445 = 1798.65 µ/m3

(d) NH3  Cmi= (1 ppm) (17)/ 0.02445 = 694.9 µ/m3
7. 
ρ = 1000 mb = 1 x 105 Pa

T = 20°C = 293.15 K


R = 8.314 m3 Pa/ mol K


NO3-  MW = 62 g/mol


[(1x106)(1x105Pa)(mol K)(62 g/mol)]/[(109)(8.314)(m3 Pa mol)(293.15K)]


NO3- = 2.54 µ/m3
NH4+  MW = 18 g/mol


[(1x106)(1x105Pa)(mol K)(18 g/mol)]/[(109)(8.314)(m3 Pa mol)(293.15K)]


NO3- = 0.74 µ/m3

