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INTRODUCTION TO AMBIENT AIR POLLUTION
Objectives:

1.
Terminal Learning Objective.  Demonstrate awareness of ambient air pollution classifications, sources, categories, effects, and contributing factors IAW AR 200-1.

2.
Enabling Learning Objectives.

a. From a list, select air pollution classifications IAW AR 200-1.  

b. From a list, select air pollution categories IAW AR 200-1.

c. From a list, select variables to consider when evaluating air pollution effects IAW AR 200-1.

d. From a list, select populations that are susceptible to air pollution IAW AR 200-1.

e. From a list, select factors contributing to air pollution IAW AR 200-1.

NOTES

A. Definitions

1. Ambient Air – That portion of the atmosphere, external to buildings, to which the general public has access.

2. Air Pollution - Naturally occurring or man-made substances that when in sufficient quantities cause damage to the environment or adverse health effects in humans.
B. Classifications of Air Pollution Sources

1. Mobile or Stationary

2. Combustion or Non-combustion

3. Area or Point

a. Area -- Sources which individually do not contribute significantly to a community air pollution problem, but collectively become a major problem.

b. Point -- Sources which individually can be a source of a major air pollution problem.

C. Ambient Air Contaminants

1. Criteria Pollutants

a. Carbon Monoxide (CO)

b. Nitrogen Dioxide (NO2)

c. Sulfur Dioxide (SO2)

d. Ozone (O3)

e. Lead (Pb) and other Metals

f. Particulate Matter

(1) Particulate Matter Less than 10 microns (PM10)

(2) Particulate Matter Less than 2.5 microns (PM2.5)

(3) Total Suspended Particulate (TSP) - historic PM contaminant

2. Air Toxics

a. Volatile Organic Compounds (VOC’s)

b. Semi-volatile Organic Compounds (SVOCs)

c. Herbicides and pesticides

D. Categories of Air Pollution Sources

1. Transportation (area) -- large source of CO, hydrocarbons, and NOx
2. Fuel combustion/Stationary source (point) -- greatest source of SO2 and PM10 and public complaints

3. Industrial process losses (point) -- refineries

4. Solid waste disposal, incineration (point)

5. Miscellaneous (area) ) -- forest fires, structural fires, Smoky Mountains, organic solvent evaporation

E. Emission Rate Thresholds

1. 10 lbs VOC/hr x 24 hr/day x 365 day/yr = 87600 lbs/yr

2. May be limited by Federally enforceable restrictions

a. Feed Rate (lbs/hr)

b. Operating Schedule (hrs/day)

c. Control Equipment (specify control efficiency)

d. Product Substitution (solvent replacement)

F. Ambient Air Standards

1. Criteria Pollutants

a. National Ambient Air Quality Standards (NAAQS)

b. Set by the EPA

c. Primary Standard - Set to protect human health

d. Secondary Standard - Set to protect public welfare

e. Legally enforceable in the United States

f. National network monitor ambient air criteria pollutants

2. Air Toxics

a. No federally enforceable ambient standards

b. Some state have state enforceable standards

c. EPA Region III Risk Based Concentrations guidelines

d. Tech-Guides 230 and 231 to address toxics

3. DOD standards 

a. CHPPM TG-230A

(1)  Short-term chemical exposure guidelines for deployed personnel

(2) Categorized by priority (quantity and toxicity)

(3) Short term ambient air parameters

(a) 1 hour

(b) 1 - 14 days

b. CHPPM TG-230B

(1) Long-term chemical exposure guidelines for deployed personnel

(2) Long term ambient air parameters

(a) 14 days to 1 year

(b) Daily Exposures

(3) Does not consider occupationally managed situations

(4) Has to be used with current ORM

(5) Should be used with TG 230A

4. Criteria pollutant standards (NAAQS) (40 CFR Part 50)

a. Primary - a pollutant that is found in the atmosphere in the same form that it exists when emitted from the source (e.g., sulfur dioxide, nitrous oxide, hydrocarbons).




b.  Secondary - a pollutant that is formed in the atmosphere as a residual of reactions such as hydrolysis, oxidation, photochemistry (e.g., sulfurtrioxide, ozone, sulfuric acid).
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5. Hazardous Air Pollutants (HAP) Pollutants -- 189 identified pollutants.  Title III deals with control of these HAPs from certain source categories and contingency planning for accidental releases.  Maximum available control technology (MACT) required at HAP sources.
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6. Pollution Standard Index

a. EPA developed

b. Based on: CO, NO2, SO2, O3, CO, particulate matter (TSP, PM10, PM2.5)

c. Computed using worse-case pollutant

d. Five PSI Classes

(1) 0 to 50 ……………………………………....Good

(2) 50 to 100………………...……………....Moderate

(3) 100 to 200 …………………………....Unhealthful

(4) 200 to 300…………………...….Very Unhealthful

(5) Above ………………………...……….Hazardous

e. Defines sensitive groups and countermeasures

G. Variables to Consider when Evaluating Effects

1. Levels/concentrations of pollutants

2. Duration of exposure

3. Severity and duration

4. Environmental conditions

5. Interactions among pollutants

a.  Synergistic           -- 1T + 1T > 2T
   Carbon Tetrachloride + Ethanol

b.  Additive                -- 1T + 1T = 2T
   Organophosphate + Organophosphate

c.  Potentiative          -- 1T + 1P > 1T 
   Carbamate + Piperonyl butoxide

d.  Antagonistic         -- 1T + 1A < 1T
   Carbon Monoxide + Oxygen

H. Susceptible Populations

1. Young

2. Aged

3. Pre-existing respiratory/cardiovascular diseases

4. Smokers

5. Heavy exercisers

6. Occupationally exposed

I. Effects on Populations

1. Humans

a. Acute exposure - occurrences of abnormally high concentrations of air pollutants often leading to increased illness and deaths

b. Chronic exposure - long-term exposure to air pollutants causing diseases like bronchitis, asthma, emphysema, and lung cancer

2. Vegetation  -- often more sensitive than humans

3. Materials  -- oxidation, chemical erosion

4. Animals

5. Carbon Monoxide.  The immediate effect of CO is that it chemically binds with hemoglobin in the blood to form carboxyhemoglobin (COHb).  Carbon monoxide’s affinity for hemoglobin is 200 times greater than that of oxygen, and it tends to remain more tightly bound.  Carbon monoxide is highly toxic at concentrations > 1,000 ppm, leading to death from asphyxiation because the body, particularly the brain, is deprived of sufficient O2.

6. Nitrogen Dioxide.  Adverse affects such as pulmonary edema (an abnormal, excess accumulation of watery fluids in the connective tissue) usually do not appear until many hours after exposure to high concentrations.  Such exposures to soldiers may occur during the manufacture of nitric acid (HNO3), or during continuous electric arc welding operations.  Animal toxicological studies show that exposures to greater than or equal to 0.50 ppm NO2 can result in destruction of cilia, disruption of alveolar tissue, and obstruction of respiratory bronchioles.  Such studies also show that NO2 may cause or aggravate respiratory infections.

7. Sulfur Dioxide.  The principal effect of SO2 is the alteration of the mechanical function of the upper airway.  This includes an increase in nasal flow resistance and a decrease in nasal mucus flow rate.  Exposing strenuously exercising soldiers to relatively low levels of SO2 (0.25 and 0.50 ppm) can produce acute bronchial constriction on inhalation.  Some of the health effects attributed to SO2 most likely result from its conversion to fine-particle sulfate aerosols such as H2SO4 (sulfuric acid).

8. Ozone.  Ozone(O3)is one of the more toxic criteria air pollutants in the context of human health. Ozone can induce measurable physiological changes in humans at concentrations and exposures that are within the range of polluted ambient environments.  Studies have demonstrated significant changes in lung function in response to exposures to 0.10-0.40 ppm O3 for 1-2 hr.  Observed effects in laboratory studies include increased respiratory rate, increased pulmonary resistance, decreased tidal volume (rise and fall) of air intake, changes in respiratory mechanics, and premature aging of the lungs.  In addition, O3 can interfere with or inhibit the ability of the immune system to defend the body against microbial infections.

9. Particulates.  Health effects of atmospheric particulate matter (PM) depend on its ability to penetrate respiratory defense mechanisms.  In general, respiratory defense mechanisms are sufficient to remove particles >10 microns in diameter from inhaled air.  Particles <10 microns or inhalable particles can enter and be deposited in the respiratory system.  Particles <2.5 microns are called respirable, since they can enter and be deposited in the pulmonary system.  Particulate matter can contribute to increased respiratory illnesses such as bronchitis and can exacerbate the effects of other cardiovascular diseases.  Particulate matter can also effect the visibility of soldiers in field operations.

J. Factors Contributing to Air Pollution

1. Population density

2. Industrial activity

3. Topography  -- mountains, plains

4. Types and concentrations of emissions  -- stack height

5. Meterology

a. Wind direction  -- determines affected area

b. Wind speed  -- determines area affected and degree of dispersion

c. Precipitation and Humidity  -- cleanses pollutants from air

d. Solar load  -- heating of air, ground surface

e. Stability of atmosphere  -- air temperature compared to elevation; stability is determined by comparing the lapse rate of the air in question with the dry adiabatic lapse rate (DALR = 5.5oF/1000 ft).  DALR is the temperature change that a dry parcel of air would undergo if moved upward adiabatically -- no heat exchange with the surroundings

6. Inversion – If air near the ground gets cooler than higher air.  Caused when:

a. marine air slips in

b. upper air subsides

c. earth cools by nighttime radiation
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7. Lapse Rate

a. Adiabatic

b. Stable

c. Unstable

d. Strong Lapse Condition -- lapse rate > 5.5(F/1000ft; looping

e. Weak Lapse Condition -- lapse rate < 5.5(F/1000ft; coning

f. Isothermal -- no temperature change with elevation; dispersion dependent on wind and topography

g. Inversion -- temperature increases with elevation; fanning occurs

h. Inversion Below, Lapse Aloft -- lofting occurs

i. Inversion Aloft,  Lapse Below -- fumigation or trapping occurs


K. References

1.  Hardcopy

a. AP-42 Compilation of Air Pollution Emission Factors,  Volume I: STATIONARY SOURCES w/Supplements A-E 5th Edition:  Primary reference for NAAQS emissions Includes HAPS & green house gas Efs.  Available from the Government Printing Office:


(1) Hard Copy:  #055-000-00500-1  $56

(2) CD-ROM:  #055-000-00501-0  $18

(3) Voice: (202) 512-1800   FAX: (202) 512-2250
(4) Website: www.epa.gov/ttn/chief/
b. AP-42 Compilation of Air Pollution Emission Factors, Volume II: MOBILE SOURCES, Part I: Highway Vehicles, Part II: Nonroad Mobile Sources NEW !! 5th Edition (Soon to be released)  Available from Government Printing Office 

(1)  Voice: (202) 512-1800   FAX: (202) 512-2250

(2) Website:  www.epa.gov/omswww/
2. Computer Databases

a. AIR CHIEF CD-ROM [v 6.0], BEST compendium of emission inventory tools Includes: AP-42, FIRE, AFSEF, SPECIATE, L&E Series, 

(1) InfoCHIEF Hotline: (919) 541-5285

(2) Govt Prnt Ofc: #055-000-00609-1  $15

b. FIRE: Factor Information Retrieval System [v 6.22], Automated emission factors for criteria pollutants & HAPs, Repository System - Many emission factors, Distribution System - Recommended emission factors

3. Computer Models

a. TANKS  v 4.02 (Revised 12/99) VOCs from stationary storage tanks  
b. Landfill Air Estimation Model v 2.01 (Revised 1/99)  VOCs & HAPs from active and inactive landfills  DOS and Windows-based versions available  

c. CHEMDAT8  VOCs from Treatment, Storage & Disposal Facilities

d.  MECH  Emissions from paved & unpaved roads and material handling
4. Open Burning/Open Detonation

a. ADOBI - Database of OB/OD Emission Factors.  Western Desert Test Center, Dugway PG, Utah.  Contains EFs from tests of 34 items (250 target chemicals) CD-ROM v.1.1 (June 97)  POC: RJ Black 801-831-3825 

b. MIDAS  -  Munitions Items Disposition Action System Internet database characterizing munition items Website: www.dac.army.mil                                                      POC: Larry Nortunen at 815-273-8056
5. Computerized References

a. FAA Engine Emission Database (FAAEED)  Criteria pollutant emission factors for commercial, civil and military aircraft (fixed and rotary wing) Web address: www.epa.gov/oms/nonroad.htm
b. EPA OAQPS TTNBBS - www.epa.gov/ttn/
c. AIRS - Aerometric Information Retrieval System

d. AMTIC - Ambient Monitoring Technical Information Center

e. CATC - Clean Air Technology Center (RACT/BACT/LAER Information System)

f. CHIEF - Clearinghouse for Inventories/Emission Factors

g. EMC - Emission Measurement Center

h. NSR - New Source Review

i. OAR P&G - Ofc of Air & Radiation, Policy & Guidance
Documents
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Parameter            		Time        		Target Organ                       	MCL





Asbestos 	    		avg-8 hr		lung diseases	    	2 fibers/cm3





Beryllium	    		max-8 hr		lung disease, liver,    	2 (g/m3


                                					kidneys, spleen,


							lymph





Mercury	    		max-10 hr		CNS, kidneys	     	0.01 mg/m3





Vinyl Chloride  		max-8 hr 		lung and liver cancer  	1 ppm





Arsenic	                      			carcinogenic





Radionuclides					carcinogenic





Benzene	                      			leukemia





Coke Oven Emissions      				respiratory diseases
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		Pollutant		Timeframe		Standard				Standard Type

						ppm		ug/m3

		Carbon Monoxide (CO)		8-hour Average		9		10,000		Primary

				1-hour Average		35		40,000		Primary

		Nitrogen Dioxide (NO2)		Annual Arithmetic Mean		0.053		100		Primary & Secondary

		Sulfur Dioxide (SO2)		Annual Arithmetic Mean		0.03		80		Primary

				24-hour Average		0.14		365		Primary

				3-hour Average		0.50		1300		Secondary

		Ozone (O3)		1-hour Average		0.012		235		Primary & Secondary

				1-hour Average		0.08		157		Primary & Secondary

		Lead (Pb)		Quartley Average		-----		1.5		Primary & Secondary

		Particulate < 10 micrometers (PM10)		Annual Arithmetic Mean		-----		50		Primary & Secondary

				24-hour Average		-----		150		Primary & Secondary

		Particulate < 2.5 micrometers (PM2.5)		Annual Arithmetic Mean		-----		15		Primary & Secondary

				24-hour Average		-----		65		Primary & Secondary






