Atmospheric Pollution
I.

Outdoor Air Pollution
A. Natural pollution
1.

Smoke from forest fires

2.

Volcanic eruptions

3.

Pollen, spores, and bacteria

B. Human Caused Air Pollution (Anthropogenic)
1. Emissions from vehicles, industry, and power plants
are called primary pollutants.
2.

Pollutants that undergo chemical change in the
atmosphere are called secondary pollutants.

3. Both primary and secondary pollutants can adversely
affect human health.

II.

Carbon Monoxide (CO)
A. A colorless, odorless gas produced as a result of
incomplete combustion.
B. A main source of carbon monoxide is motor vehicle
exhaust and faulty ventilation.
C. Carbon monoxide is found in high concentrations in the
air near busy urban areas.

III.

Nitrogen Dioxide (NO2)
A. A brownish-orange gas produced from burning fossil
fuels.
B. Nitrogen dioxide can mix with water in clouds to form
nitric acid, which falls to the ground as acid rain.

IV.

Sulfur Dioxide (SO2)
A. A colorless gas with a pungent odor, produced mainly
from burning coal.

B. Sulfur dioxide can also mix with water in clouds and form
sulfuric acid which falls to the ground as acid rain.
C. Ice house gas
V.

Particulate Matter (PM)
A. Particulate matter is small solid particle and liquid droplets
which are suspended in the atmosphere.
1.

Examples of particulate matter are: sea salt, carbon, ash,
pollen, oil smoke, lead, tobacco smoke, and fungal spores.

VI. Hydrocarbons (VOC’s) – Volatile Organic Compounds
A. a hydrocarbon is any organic compound composed of
hydrogen and carbon.
1.

Some harmful hydrocarbons being released into the
atmosphere are methane (CH4), benzene (C6H6),
and ethylene (C2H4).

2. The evaporation of fuels like gasoline, are a major
contributor of atmospheric hydrocarbons.

VII.

Mercury – Mercury deposition from the atmosphere is
caused mainly by the burning of coal but can also be
the result of industrial processes, incineration, and
metal refining.

Open Burning – Burning trash and other debris in
backyards.
a NY study found emissions of dioxins and
furans from backyard burning alone were
greater than all other sources combined for
the years 2002-04. The study also found

that burning trash emits arsenic, carbon
monoxide, benzene, styrene, formaldehyde,
lead, hydrogen cyanide and other harmful
chemicals. Trash containing plastics,
polystyrene, pressure-treated and painted
wood and bleached or colored papers can
produce harmful chemicals when burned.

VIII.

Secondary Air Pollutants – Primary air pollutants that
undergo a chemical change in the atmosphere.
A. Photochemical Smog – (Smog = Smoke + Fog) can
irritate the eyes, nose, throat, and lungs. Long-term
exposure to smog can cause permanent lung damage.
B. Smog forms near the surface of the earth when nitrogen

oxides react with hydrocarbons (VOC’s) in the presence
of sunlight.
C. Smog also contains ground level ozone, which is also an
irritant.

D. Factors that cause photochemical smog
1.

Urban areas with large sources of NO2 and
VOC’s

2.

Climate - urban areas that are subject to periods of
light winds, little precipitation, and clear sunny skies.

3.

Topography - urban areas located in valleys or near
mountainous regions.

a.

Temperature inversion - a layer of cooler,
dense air becomes trapped under a layer of
warmer, less dense air. This prevents flow of air
out of the cool layer. Inversions can trap
polluted air over areas for long periods of time.

IX. Acid Precipitation
A. Secondary air pollutant that forms when sulfur
dioxide (SO2) and nitrogen dioxide (NO2) mix with
water in clouds to form sulfuric acid, and nitric acid.
These compounds then fall to the surface as acid
precipitation.

B. Precipitation is naturally acidic with a pH of 5.0-5.6.

C. The pH of acid precip. can be as low as 4.3, or some
extreme cases 3.0.

D. The main contributor of acid precipitation is the
burning of fossil fuels.
E. Long Distance Transport - Acid precip. can be
formed in one location, and travel with weather
patterns where it can be deposited hundreds or
thousands of miles away.
1.

The Northeastern United States is effected
by acid rain formed in the Midwestern U.S.

2.

Northern Europe is effected by acid
precipitation formed in the Northeastern U.S.

F.

Negative effects of acid precipitation
1.

It is very corrosive to concrete, stone, metal, ceramics, paints, paper, and rubber.

2.

It can lower the pH of lakes which can have
adverse effects on aquatic organisms.

As water pH
approaches

Effects

6.0

crustaceans, insects, and some plankton species begin to disappear.

5.0

major changes in the makeup of the plankton community occur.
less desirable species of mosses and plankton may begin to invade.
the progressive loss of some fish populations is likely, with the more
highly valued species being generally the least tolerant of acidity.

Less than 5.0

the water is largely devoid of fish.
the bottom is covered with undecayed material.
the nearshore areas may be dominated by mosses.
terrestrial animals, dependent on aquatic ecosystems, are affected.
Waterfowl, for example, depend on aquatic organisms for nourishment
and nutrients. As these food sources are reduced or eliminated, the
quality of habitat declines and the reproductive success of birds is
affected.

Lake Acidification in the Adirondacks
1,469 lakes with pH 5.6 or less.

3.

It can cause damage to trees, crops and soils.

Effect of Acids on Soil Minerals

Aluminum (Al) toxicity. When soil pH goes down (more acidic), more Al becomes water
soluble and phytotoxic. Al toxicity usually first damages the root system. Without a healthy
root system, plants cannot take up water and nutrients. They starve and eventually die.

4.

Acid Precip. can also lead to human and animal
respiratory diseases. Acids effects sensitive
mucus membranes.

G. Salt Rain – soil salinization in areas with high winds that
put salt into the atmosphere forming saline rain.

Aral Sea - Russia

Lake Salinity Values
Name

Salinity: Total Dissolved Solids g/l (TDS)

Superior

.076

Victoria

.088

Black

20

Dead

298

Baltic

14

Aral

10.5

Caspian

13

Normal sea water

30

Salt Dust Over the Aral Sea

XI. Indoor Air Pollution - Many dangerous chemicals, particulates,
and gases exist in toxic concentrations in homes and buildings
(the average home accumulates 2 pounds of dust per week!)

A. Common indoor air pollutants and their sources:
1.

Carbon monoxide - faulty fireplaces, stoves,
furnaces, and poorly ventilated cooking stoves.

2.

Radon gas - a radioactive gas that naturally occurs in
the soil can collect in basements.

3.

Styrene - a chemical compound emitted from plastics
and carpets.

4.

Formaldehyde - a chemical compound emitted from
paneling, furniture stuffing, and foam insulation.

5.

VOC’s – volatile organic compounds emitted from
many sources (aerosols, paints, cleaning fluids, etc.)

6.

Lead - Lead dust found in old paint can be removed,
or covered with a sealant to prevent it from entering
the air.

7.

Asbestos – carcinogenic, naturally occurring mineral

fiber used as building material for over 100 years,
because of its durability, fire and chemical resistance,
and insulation properties.
Asbestos Products:
Floor Tile
Linoleum
Adhesives
Pipe Insulation
Tank Insulation
Duct Insulation
Gaskets and Seals
Roofing Materials

Radon Map of New York State
Zone 1 counties have a predicted average indoor radon screening level greater
than 4 pCi/L (pico curies per liter) (red zones)

Highest
Potential

Zone 2 counties have a predicted average indoor radon screening level between Moderate
2 and 4 pCi/L (orange zones)
Potential
Zone 3 counties have a predicted average indoor radon screening level less than Low Potential
2 pCi/L (yellow zones)

B. Indoor air pollutants can cause breathing problems,
dizziness, eye irritation, headaches, lethargy, rashes, and

death.

C. Sick building Syndrome - a serious indoor air quality
(IAQ) problem in homes, offices and other work
places. The area can be described as "sick," mainly

because people develop symptoms of illness such as
headaches, watery eyes, nausea, skin disorders and
fatigue when they must spend considerable time
where there is a build-up of indoor air pollutants.
D. Indoor plants can act as excellent natural air filters!
XII.

Air Pollution Control and Prevention
A. Air Pollution Control Remedies – Increase energy
efficiency!!!
1.

Sulfur oxides
- Burn coal with a low sulfur content, or remove the
sulfur prior to burning it.
- Use smokestack scrubbers to remove the sulfur
dioxide from the smoke.

2. Nitrogen oxides
- Use smokestack scrubbers to remove nitrogen
oxides from the smoke.
Smoke Stack Scrubbing Technology –
- electrostatic precipitators, wet scrubbers

3.

Motor vehicle emissions
- Use mass transit, car pool, walk, or ride a bicycle
when ever possible to avoid the use of motor vehicles.
- alternative fuel
- Improve fuel efficiency of existing motor vehicles.
- emission control devices, like a catalytic converter,
on motor vehicle exhaust systems.

- Implement strict inspection of motor vehicles
to assure they are adhering to emission
standards.
- alternative fuels,
5.

Particulate Matter
-Filter out particulate matter in industrial

emissions.
6.

Home air pollution reduction
- Better ventilation in kitchens, bathrooms, and
workplaces.
- Seal basements to prevent radon gas

intrusion. Ventilate basements and crawl spaces
periodically to reduce radon accumulation.
Radon test!!!
- Make sure heating units are working properly.
Carbon monoxide detectors!!!
- Establish standards that limit the type of
chemicals used in furniture, carpeting and
building materials.
- Use substitutes for aerosol products,
pesticides, and dangerous household chemicals.
- Leave your shoes at the door!!!
B. The Clean Air Act - Legislation passed to regulate air
pollution, and establish air quality standards.
- The 1970 Clean Air Act launched a set of
federal programs to establish air quality goals
and to impose pollution control technology
requirements on new and existing stationary
sources and on motor vehicles. Major
amendments to the act were enacted in 1977,
1990, and 1995.
- Clear Skies Act (cancelled!) – The Clear
Skies legislation sets new targets for emissions
of sulfur dioxide, mercury, and nitrogen oxides

from U.S. power plants. But these targets are
weaker than those that would be put in place if
the Bush administration simply implemented
and enforced the existing law! The Clean
Skies Act also does not consider CO2 as an
air pollutant.
- EPA’s Acid Rain Program (1995
amendment of CAA ) - The goal of the Acid
Rain Program is to achieve significant
environmental and public health benefits
through reductions in emissions of sulfur
dioxide (SO2) and nitrogen oxides (NOx).
To achieve this goal at the lowest cost to
society, the program employs a market-based,
cap and trade approach for controlling air
pollution.
- CAIR initiative (2005) - Clean Air Interstate
Rule (CAIR). This rule will result in the
deepest cuts in sulfur dioxide (SO2) and
nitrogen oxides (NOx) in more than a decade.
It includes 28 States who agreed to
participate, and uses a cap and trade system
similar to the Acid Rain Program. A similar
plan for Mercury emissions is also in the works.

C. Cap and Trade Air Pollution Control –
Cap and trade is a policy approach to controlling large
amounts of emissions from a group of sources at costs
that are lower than if sources were regulated individually.
1. An emissions "cap": a limit on the total amount of pollution that can be
emitted (released) from all regulated sources (e.g., power plants); the cap is
set lower than historical emissions to cause reductions in emissions
2. Allowances: an allowance is an authorization to emit a fixed amount of a
pollutant
3. Measurement: accurate tracking of all emissions
4. Flexibility: sources can choose how to reduce emissions, including whether to
buy additional allowances from other sources that reduce emissions
5. Allowance trading: sources can buy or sell allowances on the open market
6.

Compliance: at the end of each compliance period, each source must own at
least as many allowances as its emissions
For example, in the Acid Rain Program, sulfur dioxide (SO2)
emissions were 17.5 million tons in 1980 from electric utilities in the
U.S. Beginning in 1995, annual caps were set that decline to a level
of 8.95 million allowances by the year 2010 (one allowance permits a
source to emit one ton of SO2). At the end of each year, EPA

reduces the allowances held by each source by the amount of that
source's emissions.

Wedge Stabilization

1. Efficiency
2. Decarbonization of power
3. Decarbonization of fuel
4. Forest and agricultural soils

