APES Notes: AIR POLLUTION (Does not include information from Atmosphere/Weather/Air Circulation & Stratospheric Ozone/Global Climate Change…See separate powerpoints)
I. The Clean Air Act of 1970 identified 6 pollutants to monitor and control due to their significant threat to human well-being, ecosystems, and/or structures:

Called CRITERIA Pollutants

i. Sulfur Dioxide

ii. Nitrogen Oxides

iii. Carbon Monoxide

iv. Particulate Matter (PM)

v. Tropospheric Ozone

vi. Lead
II. Natural Sources

a. Dust blown by wind

b. Pollutants from wildfires and volcanoes

c. Volatile organics released by plants – mold and terpenes

III. Anthropogenic Sources: Mostly in industrialized and/or urban areas

a. Stationary sources - power and industrial plants

b. Mobile sources - cars, buses

IV. Primary Pollutants: Emitted directly into the air from:

a. Natural Sources such as Volcanoes, Forest fires

b. Mobile Sources such as Cars

c. Stationary Sources as industrial smokestacks

d. Examples of primary pollutants include:

i. Particulate Matter such as soot (PM10)

ii. Nitric Oxide, Nitrogen Dioxide

iii. Sulfur Dioxide

iv. Carbon Dioxide

v. Carbon Monoxide

V. Secondary Pollutants result from the reaction of primary pollutants in the atmosphere to form a new pollutant.

a. Examples include:

i. Sulfur Trioxide, Sulfuric Acid

ii. Ozone

iii. Photochemical oxidants in smog

VI. Major Air Pollutants

a. Nitrogen Dioxide (NO2)(Reddish-brown)
i. Formation: Fuel burned at high temperatures; Forest Fires; Volcanoes; Lightning; Bacterial action in soils

ii. Effects

1. Forms nitric acid (HNO3) in air and contributes to acid deposition

2. Lung irritation & damage, Suppresses plant growth

b. Ozone (O3)

i. Major component of photochemical smog

ii. Formation: Sunlight reacts with NOx and VOCs in the air

iii. Causes lung irritation & damage, bronchial constriction, coughing, eye irritation

iv. Damages plants, rubber, and plastics

c. Peroxyacyl Nitrates (PANs)

i. Photochemical oxidant formed from the reaction of hydrocarbons combining with oxygen and nitrogen dioxide and being catalyzed by UV radiation from the sun.

d. Sulfur Dioxide (SO2)

i. Formation: Burning high-sulfur oil or coal, smelting of metals, and paper manufacture

ii. Combines with water vapor in air to produce acid precipitation.

iii. Significant decreases in the US reflect the success of the Clean Air Act

e. Volatile Organic Compounds (VOC)

i. Over 600 compounds have been identified and include:

1. toluene, xylene, formaldehyde, benzene, acetone

2. Found in paints, aerosol sprays, dry-cleaning fluids, industrial solvents.

ii. Cause respiratory damage. Most are carcinogens and cause liver, kidney, and Central Nervous System damage.

iii. Concentrations of VOCs may be 1000x higher indoors than outdoors

VII. Measurement of Pollution

a. Most common unit of measurement is PARTS PER MILLION (PPM)

i. Denotes 1 particle of a pollutant for every 999,999 particles of air.

ii. The µ symbol represents a millionth. 

1. This concentration is equal to one drop of ink in 40 gallons of water or 1 second in 280 hours.

iii. To change PPM to a percentage:

1. Move the decimal place four places to the left and add a % sign

a. Ex: 400 ppm is 0.04% 
iv. 2 other common measurements are Parts per billion (ppb) and parts per trillion (ppt)


VIII. The Chemistry of Smog Formation

a. Types of Smog:

i. Photochemical Smog (Catalyzed by UV radiation and tends to be nitrogen-based; Also called Brown-air Smog) 

1. As people drive to work (6am-9am), concentrations of NOx and VOCs increase

2. As traffic decreases (9am-11am), NO and VOC begin to react, forming NO2-nitrogen dioxide

3. As sunlight becomes more intense (11am-4pm), NO2 is broken down and the concentration of Ozone (O3) increases 

a. (NO2 + UV Light( NO + O; The “free” O combines with O2 to make Ozone)

b. If VOCs from vehicles, refineries, gas stations are high, NO2 reacts with them to produce Photochemical oxidants (PANs)
c. High UV light, High emissions= Smog

4. As the sun goes down, the production of ozone stops

ii. Industrial Smog (Sulfur-based; Also called Gray-air Smog)

1. Carbon in fossil fuel is burned; produces CO2 and CO

2. Unburned carbon ends up as soot or PM

3. Sulfur in fossil fuel reacts with oxygen to make SO2

4. SO2 reacts with O2 to make SO3

5. SO3 reacts with water to form Sulfuric Acid (H2SO4)

6. Sulfuric Acid reacts with ammonia to form brown, solid ammonia sulfate= Brown or Industrial Smog

IX. Acid Rain

a. Broad term that describes several ways that acids fall out of the atmosphere; More precisely called ACID DEPOSITION

i. 2 Parts: Wet (rain, fog, snow) & Dry (gases and particles)

b. Formation of Acid Rain

i. Primary Pollutants: Sulfur Dioxide & Nitrogen Oxides enter the air

ii. After transformation into secondary pollutants Sulfuric Acid & Nitric Acid, dissociation occurs. 

1. Sulfuric Acid: H2SO3

2. Nitric Acid: HNO3

iii. The resulting ions, Hydrogen, Sulfate, and Nitrate cause acid desposition.

c. Effects of Acid Deposition

i. Aquatic Ecosystems

1. Lower pH of lakes and streams has caused decreased species diversity

a. Amphibians can survive in water of 6.5, but when the same water acidifies to 6.0, the same organism will begin to have developmental or reproductive problems. 

b. Lowered pH can lead to mobilization of metals (metals bound to compounds in soils are released into surface water) (Lead, Cadmium, Mercury)
c. Some TREES ARE HARMED BY ACIDITY OF THE DEPOSITION AS WELL AS THE NITRATE AND SULFATE IONS.

d. Reacts with building materials by having the H ion interacting with limestone and marble, the calcium carbonate material is partially dissolved. The more acidic the precipitation, the more hydrogen ions there are to interact. Also automobile surfaces.

X. Urban Heat Islands & Temperature Inversions

a. Urban heat islands occur in metropolitan areas that are significantly warmer than their surroundings.
i. Urban air can be 10 degrees warmer than surrounding areas.

ii. Since warmer air can hold more water vapor, rainfall can be as much as 30% greater downwind of cities when compared with areas upwind.

iii. Higher nighttime temps in urban areas is due to buildings that reduce the radiation of urban heat to the night sky.

1. The thermal properties of certain materials (brick, concrete) store heat longer and lack of vegetation and standing water increase urban tempertures.

2. Human activities increase this effect by operating autos, air conditioners and industry

3. Additionally, high levels of pollution in urban areas can create a localized greenhouse effect 

b. Temperature Inversions

i. Occur when air temperature increases with height above the ground, as opposed to the normal decrease in temperature with height. 

ii. This leads to pollution such as smog being trapped close to the ground, with possible effects on human health like asthma, emphysema, and increases in lung cancer.

iii. Commonly occur at night when solar heating stops and the surface cools, which then cools the atmosphere immediately above it. 

iv. A warm air mass then moving over a colder one keeps the cooler air mass trapped below and the air becomes still. 

XI. Indoor Air Pollution

a. Many people spend a majority of time indoors where air circulation may be restricted and indoor air pollutant levels may be 25-65% greater than outdoor levels.

i. Can have more significant effects on human health than outdoor pollution

b. Developing countries

i. Indoor burning; Poor suffer greatest risk, few regulations

c. Most common indoor air pollutants:

i. Molds, bacteria, carbon monoxide, radon, allergens, formaldehyde (from carpeting, adhesives), asbestos, and tobacco smoke.

ii. Symptoms: Headaches, breathing difficulties, allerigies, asthma, cancer, emphysema, nerve disorders
iii. Cigarette smoke is the most common indoor air pollutant in the US

1. 430,000 die annually from a disease related to smoking

d. Why a problem?

i. 11 of the common air pollutants are at higher levels inside than outside
ii. Greater inside vehicles than outside

iii. People spend 70-98% of their time indoors or in cars

e. Four most dangerous indoor air pollutants

· Tobacco smoke

· Formaldehyde(CH2O) – found in plywood, particle board, paneling, drapes, furniture, carpet and wallpaper adhesives)

· Radioactive radon-222 gas- underground rock deposits
· Colorless, odorless, radioactive gas
· Sources: natural radioactive decay of Uranium-238 (rocks and soil)
· Human health risks-damage to lung tissue-cancer
· Sealing cracks in walls and foundation, increase ventilation

XII. Remediation & Reduction of Air Pollution

a. General strategies designed to improve air quality

i. Emphasizing tax incentives for pollution control rather than fines

ii. Setting laws for energy efficiency

iii. Increasing funding for research in renewable energy

iv. Incorporating incentives for reducing air pollution in trade policy

v. Distributing solar cookstoves to developing countries to replace coal and firewood

vi. Phasing out 2 cycle gasoline engines

vii. Modifying building codes to control materials used in contruction

viii. Providing incentives for using mass transit

b. Important Legislation

i. Clean Air Act

1. Originally signed into law in 1963

2. Goal: Protect human health from pollution and limit effects of pollution on the environment

3. The 1990 version addressed acid rain, urban smog, air pollutants, ozone protection, marketing pollution rights, and VOCs. 

4. Estimated 15,000 lives saved each year, reduces bronchitis cases by 60,000, reduces 9,000 hospital admissions due to respiratory illnesses

5. All pollutants have decreased except for NOx (17% increase) and PM10 (266% increase)

ii. 1997 Kyoto Protocol (and 2001)

1. Would have required the US to reduce greenhouse emissions by 7% when compared with 1990 levels over a 5 year period.

2. The US would have faced penalties if it did not meet its emission cuts

3. The US saw this as an unattainable target since CO2 and greenhouse gases continue to increase and are projected to for 20 years.

4. An agreement among 150 nations requiring greenhouse gas reduction

iii. Air Pollution Control Act of 1955

1. US’s 1st federal legislation regarding air pollution. Identified it as a national problem. Intended to make the nation more aware.

c. Pollution controls

i. Best way to decrease air pollution emissions is to avoid them. 

1. Use fuels with fewer impurities

a. Using coal that is low in sulfur; More expensive

2. Increased efficiency and conservation

a. Use less fuel, you will produce less pollution

ii. Controlling Sulfur and Nitrogen Oxides Emissions

1. Fluidized Bed Combustion: Removing SO2 from coal exhaust during combustion by burning in close proximity to calcium carbonate reduces SO2 emissions

a. Lower Oxygen and Burn Temperatures

b. Hotter burning temps and higher oxygen allow more NOx to be produced per unit of fuel burned.

2. Catalytic Converter: All autos in the US after 1975: Reduced NO2 and CO emissions 

iii. Controlling Particulate Matter

1. Gravitation Settling: Relies on gravity to remove some of the particles as the exhaust travels through the smokestack.

2. Fabric Filters: Allow gases to pass thru but remove particles.

3. Electrostatic Precipitators: Use electric charge to make particles coalesce so they can be removed. Polluted air enters the device and the electrically charged particles within are attracted to the negative or positive charges on the sides of the precipitator.

4. Wet Scrubbers: Uses a combination of water and air that actually separates and removes particles. Particles are removed in the scrubber in a liquid or sludge form and clean gas exits. (Also used for SO2)

5. Ironically all require electricity, thus creating more fuel use and CO2 emissions

iv. Smog Reduction: Difficult because the main component of smog is ozone (a secondary pollutant). Control efforts must be directed towards reducing the precursors, such as reducing emissions of VOCs in urban areas. 

