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AIR POLLUTION
Definition
A situation in which substances that result from anthropogenic activities are present at concentrations sufficiently high above their normal ambient levels to produce a measurable effect on humans, animals, vegetation, or materials.

Natural Air Pollution
Natural air pollution is the consequence of natural processes including volcanic eruptions, plant and animal decomposition, HC emissions from vegetation, pollen and mold spores, ozone, soil erosion, ...etc.  In general, the natural pollution is insignificant for the low frequency of occurrence, remote locations, insignificant amount, and episodic events
Anthropogenic Air Pollution
Anthropogenic air pollution is the main concern of the modern society.  Anthropogenic air pollution is generally more persistent, toxic with significant amount.  It causes significant damage to the environment and poses significant adverse health risk to human being.  A consequence of the anthropogenic air pollution is the forming of smog in urban areas and haze in rural areas.
History of Air Pollution

By Activities
· Prior to Industrial Revolution

· During the industrial Revolution

· Post Industrial Revolution

· The 21th Century

By Pollutants
· Naturally-occurring

· Particulate Matter and Odor

· Sulfur Compound

· VOC/HC

Air Pollution in El Paso
· Pollutants of Concern

· PM

· Ozone

· CO

· Uniqueness of the Region

CATEGORIES OF AIR POLLUTION PROBLEMS
· Outdoor/Ambient Air Pollution
Air pollution in the outdoor environment that generally involves a complex array of sources and pollutants, atmospheric boundary layer, pollutant fate and transport, ambient air monitoring, ...etc.

· Indoor Air Pollution

Air pollution in the indoor environment generally involves sources and pollutants that are different from those for the outdoor environment.  Tobacco smoking, infiltration of chemical vapors from contaminated soil or ground water, chemical vapor exposure from contaminated water during shower, household water utilization, ...etc.

· Occupational Air Pollution

Air pollution in the workplace generally involves exposure to hazardous chemicals such as lead, asbestos, acid, particulate matter, acid vapors, organ and inorganic vapors ...etc.

· Personal Exposure
Total exposure to air pollutants from indoor, outdoor, occupational activities for an individual.

AIR CONCENTRATIONS
· Mass Concentration
Mass of pollutant per unit volume of air, typically, in terms of microgram per cubic meter of air, or g/m3.
· Volumetric Concentration
Ratio of the volume of the pollutant to the volume of air, typically, in terms of parts per million by volume, or ppmv.

Also in terms of parts per billion by volume (ppbv), 

or parts per trillion by volume (pptv).

1 ppmv = 10-6 ; 1 ppbv = 10-9; 1 pptv = 10-12

· Conversion from Volumetric Concentration to Mass Concentration
1 ppmv
= 1 volume of gaseous pollutant/106 volumes of air

1 g/m3
=  1 microgram of pollutant/ 1 cubic meter of air

= mpol / Vair

= (pol Vpol / Vair

(from   PV = nRT or P = (RT/M)

= (Vpol / Vair) (PMpol / RT)

or

mpol / Vair =   (Vpol / Vair) (PMpol / RT)

if
P = 1 atm, T = 298 K, and R = 0.08208 atm l/mol-K
i.e.
C (g/m3)  = ppmv x M x (103) / 24.5

Factors Affecting the Air Pollution Problems

· Social

· Economical

· Political

· Regulatory

· Topographical

· Meteorological

AIR POLLUTION CONTROL
The overall air pollution problem takes the general form: emission ( pollution transport ( air pollution effects.  Details may differ from one pollutant to another, all fit into the same pattern.  Air pollution control can be done at each of the three steps and at each item listed in the steps.  

Emissions
Sources of emissions, hazardous air pollutants, criteria pollutants, emission modeling, emission reduction/control, emission trading, ... etc

(
Contaminant Fate and Transport
Atmospheric dispersion, photochemical reactions, pollutant transformation, deposition, precipitation scavenging, ... etc

(
Air Pollution Effects
Air pollution effects on human health (chronic or acute), property, environment, vegetation, food chain, ... etc
COMPARISON OF AIR POLLUTION CONTROL PHILOSOPHIES
· Philosophies

-
Emission Standards

-
Air Quality Standards

-
Emission Taxes

-
Cost-benefit Analysis

· Desirable Quality

-
Cost Effectiveness

-
Simplicity

-
Enforceability

-
Flexibility

-
Evolutionary Ability

Air Pollutants
· Primary Air Pollutants

Air pollutants whose emission sources are identifiable 

· Secondary Air Pollutants

Air pollutants that are formed by chemical reactions in the atmosphere 

· Categories of Air Pollutants

Gases: 90 % of anthropogenic emissions is gases

-
Carbon-containing Compounds
-
Sulfur-containing Compounds

-
Nitrogen-containing Compounds

-
Halogen-containing
Particles: Solid phase and liquid phase

-
Primary  

Geological sources

-
Secondary

 


Condensation of vapors (metals, water, chemicals); mist from atomization of liquid; smoke from incomplete combustion of organic carbon materials; photochemical reactions in the atmosphere. 

· Carbon-containing Compounds

-
Carbon Monoxide (CO)
-
Carbon Dioxide (CO2)

-
Issues to discover

Sources

Sinks (Removal or Depletion)

Properties

Health effects

· Sulfur-containing Compounds

-
Sox (SO2; S O3; H2SO4) 
-
Species of reduced sulfur

-
Hydrogen sulfide (H2S)

-
Carbonyl sulfide (COS)

-
Carbon disulfide (CS2)

-
Dimethyl sulfide (CH3) 2S

-
Sulfur dioxide can dissolve in fog, cloud, and rain droplet to form a diluted solution of sulfurous acid.

· Nitrogen-containing Compounds

-
Nitrogen gas (N2) 
-
Nitrous Oxide (N2O)

-
Nitric Oxide (NO)

-
Nitrogen Dioxide (NO2)

-
Nitrate radical (NO3)

-
Dinitrogen Pentoxide (C2O5)

-
Nitrous Acid (HNO2)
-
Nitric Acid (HNO3)

-
Ammonia (NH3)

-
Hydrogen Cyanide (HCN)

-
NOx (NO + NO2)
· Halogen-containing Compounds

-
Chlorofluorocarbons (CFCs) 
-
Hydrochlorofluorocarbons (HCFCs)

-
Hydrofluorocarbons (HFCs)

-
Perhalocarbons

-
Halons

Air Pollutants
· Criteria Pollutants


Particulate matter less than 10 (or 2.5) microns

Sulfur dioxide

-
Ozone

-
Nitrogen dioxide

-
Carbon monoxide

-
Lead 

· Hazardous Air Pollutants (HAPs)

188 chemicals (captrolactam was recently removed)

39 %  
- Mobile sources

30 %
- Point sources

31 %
- Area sources

· Uniqueness of Air Pollutants  
Once released into the atmosphere, a pollutant spreads rapidly and can not be removed except by naturally occurring processes.
Concentrations of Interest
· Concentration Averaging Time
· Ambient Air Concentrations

-
On-site air concentrations

-
Off-site air concentrations

· Indoor Air Concentrations

· Concentration Fluctuations
Air Concentration Unit Conversion

Concentrations of air pollutants are normally expressed in terms of volumetric concentration or mass concentration.

Cvi  = Ci / Ca x 10 6 ppmv  

Cmi = Ci  MWi x 10 6  (g/m3 

where,

Cvi :
Volumetric concentration of species i, ppmv;  

Cmi :
Mass concentration of species i, (g/m3;

Ci  :
Molar concentration of species i; # of mole of species i/m3;

Ca :  
Molar concentration of air, # of mole of air /m3; and

MWi :
Molecular weight of species i, g/mole .

Substitute Cmi into Cvi , we have

Cvi  =  Cmi /(MWi ∙ Ca )

By the Ideal Gas Law, pV = nRT, 

Apply the law to air, p =  (n/V) RT = Ca RT      or      Ca = p/RT

Therefore, Cvi  =  Cmi /(MWi ( p/RT)  or  Cvi  =  Cmi /(MWi) (RT/p)
 

Where,

n =  number of moles,

p =  atmospheric pressure,  1.0133 x 10 5 Pa

R = universal gas law constant, 8.314 m3∙Pa/(mol ∙ K)

T = atmospheric temperature in Kelvin, 298 K

Thus, we have 
         Cvi    
=  Cmi /(MWi) (8.314 x 298/1.0133 x 10 5)




         Cvi
=  0.02445 ( Cmi /(MWi) 

               (in ppmv) 
                (in (g/m3)

Example:  1 ppmv of SO2  is equivalent to 2,618  (g/m3

From the above equation,

1 = (Cmi /64) (0.02445)      (          Cmi = 2,618

(in ppmv) 
                (in (g/m3)

Concentrations sometimes are expressed in other units:

ppbm:
Part per billion by mass 

ppmC:
Part per million of Carbon, i.e., multiply the volumetric concentration (in ppmv) by the number of carbon atoms in the molecular.  Typically used to report total concentrations of organic carbon compounds.  

Question:

What is the concentration in ppmv for airborne particulate matter concentration of 100 (g/m3?

National Ambient Air Quality Standards (NAAQS)

The Clean Air Act, which was last amended in 1990, requires EPA to set National Ambient Air Quality Standards (40 CFR part 50) for pollutants considered harmful to public health and the environment. The Clean Air Act established two types of national air quality standards. Primary standards set limits to protect public health, including the health of "sensitive" populations such as asthmatics, children, and the elderly. Secondary standards set limits to protect public welfare, including protection against decreased visibility, damage to animals, crops, vegetation, and buildings.

The EPA Office of Air Quality Planning and Standards (OAQPS) has set National Ambient Air Quality Standards for six principal pollutants, which are called "criteria" pollutants. They are listed below. Units of measure for the standards are parts per million (ppm) by volume, milligrams per cubic meter of air (mg/m3), and micrograms per cubic meter of air (µg/m3). 

National Ambient Air Quality Standards

	 
	Primary Standards
	Secondary Standards

	Pollutant
	Level
	Averaging Time
	Level
	Averaging Time

	Carbon 
Monoxide
	9 ppm 
(10 mg/m3) 
	8-hour(1) 
	None 

	
	35 ppm 
(40 mg/m3)
	1-hour(1)
	

	Lead
	1.5 µg/m3
	Quarterly Average
	Same as Primary

	Nitrogen 
Dioxide
	0.053 ppm 
(100 µg/m3)
	Annual 
(Arithmetic Mean)
	Same as Primary

	Particulate 
Matter (PM10)
	150 µg/m3
	24-hour(2)
	Same as Primary

	Particulate 
Matter (PM2.5)
	15.0 µg/m3
	Annual(3) 
(Arithmetic Mean)
	Same as Primary

	
	35 µg/m3
	24-hour(4)
	Same as Primary

	Ozone
	0.075 ppm (2008 std) 
	8-hour(5) 
	Same as Primary 

	
	0.08 ppm (1997 std) 
	8-hour(6) 
	Same as Primary 

	
	0.12 ppm
	1-hour(7) 
(Applies only in limited areas)
	Same as Primary

	Sulfur 
Dioxide
	0.03 ppm 
	Annual 
(Arithmetic Mean) 
	0.5 ppm 
(1300 µg/m3)
	3-hour(1) 

	
	0.14 ppm
	24-hour(1)
	
	




(1) Not to be exceeded more than once per year.

(2) Not to be exceeded more than once per year on average over 3 years.

(3) To attain this standard, the 3-year average of the weighted annual mean PM2.5 concentrations from single or multiple community-oriented monitors must not exceed 15.0 µg/m3.

(4) To attain this standard, the 3-year average of the 98th percentile of 24-hour concentrations at each population-oriented monitor within an area must not exceed 35 µg/m3 (effective December 17, 2006).

(5) To attain this standard, the 3-year average of the fourth-highest daily maximum 8-hour average ozone concentrations measured at each monitor within an area over each year must not exceed 0.075 ppm.  (effective May 27, 2008) 

(6) (a) To attain this standard, the 3-year average of the fourth-highest daily maximum 8-hour average ozone concentrations measured at each monitor within an area over each year must not exceed 0.08 ppm. 
    (b) The 1997 standard—and the implementation rules for that standard—will remain in place for implementation purposes as EPA undertakes rulemaking to address the transition from the 1997 ozone standard to the 2008 ozone standard.

(7) (a) The standard is attained when the expected number of days per calendar year with maximum hourly average concentrations above 0.12 ppm is < 1. 
    (b) As of June 15, 2005 EPA revoked the 1-hour ozone standard in all areas except the 8-hour ozone nonattainment Early Action Compact (EAC) Areas.

Source: http://www.epa.gov/air/criteria.html
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