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Sticky Note
Protecting Earth's Air lecture was created, written and taught by, Brian Lower, Kylienne Shaul and Ella Weaver for the School of Environment and Natural Resources at The Ohio State University.  With support provided by the U.S. National Science Foundation.   


Protecting Earth’s Air Objectives

1. Define Earth’s atmosphere, air pollution, and identify
common air pollutants.

2. Differentiate between primary and secondary air pollution,
natural and anthropogenic air pollution.

3. Examine the environmental, health, social, and economic
Impacts associated with air pollution.

4. ldentify legislation, policies, and technological strategies for
preventing and mitigating air pollution.



Objective 1: Define Earth’s
atmosphere, air pollution, and
identify common air

pollutants.
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Earth’s atmosphere surrounds our planet with gases that are essential for life.  Without it, life wouldn’t exist.  Our atmosphere is held here by gravity, and provides oxygen to breath, carbon dioxide for photosynthesis, and weather to grow our crops.

Our atmosphere is composed of mostly nitrogen gas (78% nitrogen) and oxygen gas (21% oxygen).  Oxygen is important to humans, animals and all aerobic life.  The remaining 1% of Earth’s atmosphere is composed of trace gases including CO2, carbon dioxide, which has a small concentration of 0.04%.  

Vertically, our atmosphere can be divided into several layers.  At Earth’s surface, we start with the troposphere, where 99.9% of all life occurs (including humans).  Then we move up through the stratosphere, mesosphere, thermosphere, and finally the exosphere, which borders outer space.  The stratosphere also contains Earth’s ozone layer, which functions to block ultraviolet (uv) radiation from the sun and was essential for the evolution of life on Earth.  



Image by Li&grin F, Uns h.

Air Pollution = gases, liquids, or
particles added to the atmosphere that
harm living organisms or ecosystems,
affects climate, or impacts structures

Air-quality problems span the globe and can have
serious consequences to human health.

The World Health Organization reports that over 90%
of the global population breathes polluted air. They
also report that over 7 million individuals die each
year from causes related to air pollution.

Pollutants can travel thousands of kilometers from
their source and it’s this reality that makes air
pollution a challenging problem to solve.
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Air pollution is defined as gases, liquids or particles emitted into the atmosphere (from human or natural sources) that cause harm to living organisms, ecosystems, including water, air and soil, affect climate, or negatively impacts human-made structures.  Because Earth’s atmosphere is constantly in motion, air pollutants don’t stay in one place, but rather travel the globe affecting people, plants and animals thousands of kilometers away from the source of the pollution.  The World Health Organization (WHO) estimates that 90%, or 7.2-billion people, breath air that contains pollutants.  The WHO also estimates that 7-million people die each year due to poor air quality.

In the United States. the Environmental Protection Agency (EPA) focuses on six principal air pollutants: carbon monoxide (CO), lead (Pb), nitrogen dioxide(NO2), ozone (O3), particulate matter (PM), and sulfur dioxide (SO2).  In addition to these six pollutants, the EPA also monitors and regulates the emission of 188 Hazardous Air Pollutants.  EPA only has jurisdiction over the United States, it does not have authority to regulate environmental conditions in foreign countries  



Number of People Living in Counties with Air Quality Concentrations Above the
Level of the NAAQS in 2021

One or more NAAQS 102.1M
1 Ozone (8-hour)

2 PM2.5 (annual and/or 24-hour)

17 7M U.S. EPA’s National
Ambient Air Quality

PM10 (24-hourn)

3 $02 (1-houn [|0.8M Standards (NAAQS) for
six principal pollutants.
4 Lead (3-month) |0.4M
M = millions of people
5 CO (8-hour) |0.2M

() NO2 (annual and/or 1-hour) |0.0M PM = part|CUIate matter

Source: EPA
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The U.S. Environmental Protection Agency (EPA) sets primary air quality standards to provide public health protection, including protecting the health of "sensitive" populations such as people who have asthma, children, and elderly populations. The EPA also sets secondary standards to provide public welfare protection against decreased visibility and damage to animals, crops, vegetation, and buildings.  

Standards can be measured and averaged over hours or months as shown in the graph.  For example, the graphs shows 1-hour average concentration of sulfur dioxide in the atmosphere.  It also shows a 3-month average concentration of lead in the atmosphere.    

This graph demonstrates that hundreds of millions of people around the globe are breathing unsafe air that can lead to cancer, heart disease, birth defects, asthma and bronchitis.  For example, ozone, which can cause asthma, exceeds EPA standards for 90.2 million people worldwide.  The other pollutants shown in the graph are particulate matter, sulfur dioxide, lead, carbon monoxide and nitrogen dioxide. PM, which stands for particulate matter, can be very small, 2.5 micrometers in size, which is about the size of a single bacterium.  Or air particles can be larger, measuring 10 micrometers in size, which is about the size of a red blood cell.



Interactive Map of Air Quality

Current Forecast Archive [ Find address or place Q

_Port-au-Prince ~C
Esri, USGS | Esri, HERE, Garmin, FAO, NOAA, USGS, EPA == !

CANADA
Edmonton
o
J»; jCalgary
<
Vancouver =,
Show green contours 3 2
Seattle a2 Lake
. Ozone and PM ¥ Superior
(PM2.5 and PM10) OMontreal
(] Ozone o Toronto
Great Pl i
D — reat-riains OChicago ODetrO|t OBoston
: New York
UNITED S
STE'ES St Louis
San Francisco ?
o
0
_Los Angeles Atlanta
Dé 2
North stor.
Pacific
© Ocean
Monterrey _ Miami
ﬁ o Gulf of A
— MEXICO e Havana
o
+ CUBA
. . . . Data updated Wed March 08, 2023 at 12:00 PM EST
_ https://www.airnow.gov/national-maps/ o Mexico City


https://www.airnow.gov/national-maps/
Professor Notes
Sticky Note
AirNow (airnow.gov) is free interactive software that provides real-time data and information on air quality.  Their interactive map lets you zoom out to get the big picture or drill down to see data for a single site. You can get current and forecast air quality information for your area.  AirNow reports air quality using the official EPA Air Quality Index (AQI).  EPA developed the Air Quality Index to make information available about the health effects of the five most common air pollutants: ground-level ozone, sulfur dioxide (SO2), nitrogen dioxide (NO2), carbon monoxide (CO), and particulate matter (both PM2.5 and PM10).  AirNow is a partnership of the U.S. Environmental Protection Agency (EPA), National Oceanic and Atmospheric Administration (NOAA), National Park Service (NPS), NASA (National Aeronautics and Space Administration), Centers for Disease Control (CDC), and tribal, state, and local air quality agencies.
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Since the U.S. Clean Air Act of 1970, air quality in the United States has dramatically improved.  The combined emissions of the six principal pollutants have dropped by about 80% since 1970.  Cleaner air provides benefits to public health, crops and ecosystems. Today, approximately 1 in 3 Americans, which is about 100-million of our citizens, still live in counties with air quality concentrations above the level of one or more National Ambient Air Quality Standards. Therefore, the EPA continues to improve our country’s long-term air quality through new policies and technological advances from scientists and engineers.  Here is a link to the EPA’s comprehensive summary of the United State’s air. 



U.S. EPA Air Quality Trends Improving

Intro ~ (e g NAAQS ~ Visibility Toxics Spotlight Summary

Alr Qua“ty Trer]ds ShOW Concentration Averages
Clean Air PrOgreSS Declining National Air Pollutant Concentration Averages 000

Nationally, concentrations of air pollutants have dropped 100%
significantly since 1990:

Carbon Monoxide (CO) 8-Hour, ¥ 81%

Lead (Pb) 3-Month Average, ¥ 88% (from 2010)
Nitrogen Dioxide (NO,) Annual, ¥ 60%
Nitrogen Dioxide (NO,) 1-Hour, ¥ 54% 50%
Ozone (03) 8-Hour, ¥ 22%

Particulate Matter 10 microns (PM;g) 24-Hour, ¥ 34%
Particulate Matter 2.5 microns (PM, 5) Annual, ¥ 42%
(from 2000)

Particulate Matter 2.5 microns (PM, ) 24-Hour, ¥ 42%
(from 2000)

Sulfur Dioxide (SO,) 1-Hour, ¥ 90%

Numerous air toxics have declined with percentages

varying by pollutant V =
Despite increases in air concentrations of pollutants

-50%
associated with fires, carbon monoxide and particle pollution,
national average air quality concentrations remain below the
current, national standards.

Most Recent National Standard

Percent Above or Below NAAQS (%)
D

@ Air quality concentrations can vary year to year,

influenced not only by pollution emissions but also by -100%

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022
natural events, such as dust storms and WI/defeSC)JI, and

variations in weather. === Pb (3-month) === CO (8-hour) mmm= NO2 (annual) mmm= NO2 (1-hour) === 03 (8-hour)

== PM2.5 (annual) === PM2.5 (24-hour) === PM10 (24-hour) wesm SO2 (1-hour)

Source: EPA
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U.S. Air Quality Trends have improved since 1990 for several key pollutants.  Carbon monoxide concentrations have decreased 81%, lead is down 88%, annual nitrogen oxide levels (which includes nitrogen monoxide and nitrogen dioxide) are down 60%, particulate matter is down 34-42%, sulfur dioxide has decreased 90%, volatile organic compounds (or VOCs) are down 48%, and ground-level ozone has decreased about 22% since 1990.  



Carbon Monoxide (CO)

Carbon monoxide (CO) = clear Public Health

odorless gas that is emitted when « CO reduces the amount of oxygen that can
carbon compounds are burned (i.e., be carried in the blood and critical to

coal, oil, natural gas). organs like the heart and brain.

« At high levels (e.g., indoors or in enclosed
areas), CO can cause dizziness, confusion,
unconsciousness and even death.

» High levels of CO not likely to occur
outdoors. However, outdoor CO pollution is
a concern for people with heart disease.

Environmental Health

» CO contribute to the formation of CO, and
ozone, greenhouse gases that warm the
planet.

Sources

» The greatest sources of outdoor CO are
cars, trucks, vehicles, and machinery that
burn fossil fuels (e.g., gasoline, diesel).

* |ndoors CO comes from unvented

kerosene and gas space heaters, leaking
chimneys, gas furnaces, and gas stoves.
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Carbon monoxide, CO, is a clear, tasteless, odorless gas that is extremely dangerous to humans.  It is often referred to as the silent killer and its dangers can be experienced by people within a matter of seconds to minutes.  Exposure leads to headaches, dizziness, fatigue, nausea and even death.  Many states have laws that require every home to have operational carbon monoxide alarms.  Carbon monoxide in the atmosphere can contribute to the formation of ozone and greenhouse gases that warm the planet.     
Carbon monoxide is formed whenever something is burned, for example, natural gas, coal, gasoline.  The solid or liquid carbon contained within these compounds is converted to a gas during the combustion process.  Carbon monoxide is emitted by power plants, cars, trucks, airplanes, gas furnaces, fireplaces, gas stoves, grills, agriculture equipment, generators, and the list goes on. 



Lead (Pb)

Lead (Pb) = heavy metal, soft and Public Health |
malleable with gray color. There is no * Lead damages brain and nervous system,
safe exposure level for lead. Any kidney function, immune system, reproductive

t of tact. breathin lowin and developmental systems.
Amount o1 coniaw:, bredtiing, swatowing In infants and children, Pb causes learning

lead or lead dust is unsafe. disabilities, lower 1Q, behavioral issues, long
term negative impact on intelligence.
Sources * Lead is extremely difficult to remove from body

« Leaded gasoline was major source of Pb once it has been ingested or inhaled.

in atmosphere up until 1980s when USA

removed lead from gasoline. The level of Environmental Health

lead in air today has decreased by 98% « Lead is toxic to all wildlife. Pb poisoning and
because of use of unleaded gasoline. death in birds is well documented, from

. Today Pb in air comes from lead and ore ingestion of lead ammunition. Solution is to
smelters, utilities, lead-acid battery replace lead with copper ammunition and

manufacturers, waste incinerators. tungsten fishing weights.
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Lead is an extremely toxic metal that poses a serious health risk to humans and animals. There is no safe level of lead exposure, any exposure is considered toxic.  People are exposed to lead by eating lead particles, ingesting contaminated food or water, or by breathing in lead dust.  Infants and young children can be particularly susceptible to lead poisoning because they often put things in their mouths.  While lead damages many organs, its impact on the development and function of the central nervous system and brain is most dangerous.  This is because it leads to lifelong problems like neurological damage, lower IQs, difficulty learning, behavioral issues, all of which are difficult to reverse.    

The United States used to use lead in paints and gasoline.  Fortunately, lead-based paints were banned in 1978 and leaded gasoline was phased out in the 1970-80s and banned from gasoline completely in 1996.  Due to these efforts, the concentration of lead in our air has dropped 98% since the 1970s-80s. Unfortunately, lead paint still exists in older homes.  Paint chips and dust from the lead-based paint still poses a serious risk to infants and children living in these older homes.  Lead is also used in hunting ammunition and fishing tackle and ingestion by wildlife, causes lead poisoning and is particularly problematic for birds.        



Nitrogen Oxides (NOx, NO, NO,)

Nitrogen oxides (NO,) = reddish/brown  Public Health

gas, composed of NO and/or NO, that * Harms respiratory system and makes

has an irritating, strong odor. It's emitted breathing difficult. Long-term exposure can
when gasoline ,diesel or coal is used in contribute to asthma and increase respiratory

_ | NO infections.
motor vehicles or power plants. X + NO, combines with volatile organic

gases are highly reactive and produce compounds (VOCs) in the atmosphere in the

secondary pollutants in atmosphere. presence of sunlight to form smog.
Environmental Health

Sources « NOx combines with water in the atmosphere

to form nitric acid (HNOj;), which leads to acid
rain that is harmful to aquatic organisms
(particularly eggs, larvae, juveniles).

* Decreases soil health and degrades water.
« Toxic to animals and plants.

« The two largest sources of NO, is from
motor vehicles (burning gasoline or diesel),
and coal-fired power plants that burn coal
to produce electricity.
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Nitrogen monoxide (NO) and nitrogen dioxide (NO2) are grouped together as nitrogen oxides (NOx).  These are gases that are brown/red in color and have an unpleasant odor.  NOx is emitted when fuels like gasoline, diesel fuel, and coal are burned to produce energy for transportation or electricity.  The two largest sources of NOx are motor vehicles and coal-fired power plants. NOx in the atmosphere also reacts with other air pollutants called volatile organic compounds (VOCs), and in the presence of sunlight produces smog. 

NOx and smog are harmful to humans, wildlife and plants. In humans it can lead to asthma, respiratory illnesses and chronic lung disease.  In plants, it destroys tissue thereby interfering with photosynthesis and productivity.  This can lead to lower plant yields in agriculture and loss of revenue for farmers.  When rain washes these pollutants from the air, it contaminates soils and can be absorbed by plants through their roots.

NOx also combines with water vapor in the atmosphere forming nitric acid and fall to Earth as acid rain.  Acid rain has a low pH and thus is toxic to plants and aquatic organisms, particularly eggs, larvae and juveniles.  Long-term acid rain pollution can kill entire forests and destroy entire ecosystems.           



Ozone (O,)

Ozone (O3) = good or bad depending Public Health
on where it’s located in « O3 can make symptoms worse for people with
atmosphere. High in the stratosphere asthma, bronchitis or emphysema. Can lead

O3 is good because it blocks cancer- :/(\’/dt'ﬁr'f:g brzathr'lng - -
causing ultraviolet light. O3 in ac and when ozone levels are hig

_ (summer afternoon) stay indoors and use air
troposphere is bad because people and conditioner

organisms are exposed to it.

Environmental Health

Sources * O3 harms and/or kills plants by oxidizing
« O3 forms in the troposphere when (burning) tissue.
sunlight, NOx and VOCs react with each « Ozone damage to crops is a problem for

another. Forms on hot sunny days in agriculture.
cities due to pollution (NOx and VOC) USDA estimates loss of billions of dollars in

from cars, power plants, industry, crop revenue (soybean, corn) each year due
manufacturing. ground-level ozone pollution.
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Ozone is a molecule composed of 3 oxygen atoms and it’s a molecule that can be good or bad depending on where it’s found.  Ozone found high in Earth’s stratosphere forms naturally and is good, because it blocks the Sun’s harmful ultraviolent (UV) light, which causes cancer.  Ozone found in Earth’s troposphere is called ground-level ozone and forms when nitrogen oxides and volatile organic compounds react with one another in the presence of sunlight.  Ground-level ozone forms on hot sunny days and is bad for humans and animals because it causes breathing difficulty and leads to asthma, bronchitis and emphysema.  Ground-level ozone also oxidizes (or burns) plant tissue, damaging crops and forests.  The U.S. Department of Agriculture (USAD) estimates that ground-level ozone costs billions of dollars in lost revenue to our nation’s farmers each year.            



Particulate Matter (PM, PM, ;, PM,,)

Particulate Matter (PM) = complex
mixture of solid particles and liquid
droplets. Divided by size: PM,gor PM 5

Sources

Hundreds of different sources of particulate
matter,

Some PM emitted directly from sources
like construction sites, unpaved roads,
fields, fires, smokestacks.

Most PM forms in the atmosphere because
of chemical reactions between sulfur
dioxide, nitrogen oxides, and pollutants
emitted from power plants, industry, and
automobiles.

Public Health

Premature death in people with heart and
lung disease

Heart attacks, irregular heartbeat
Asthma, difficulty breathing,
Produce haze and reduce visibility.

Environmental Health

Wind can carry PM long distances and
deposit pollutants into soil and water.

Acidic lakes, rivers, streams. Change nutrient
balance in coastal waters and rivers.

Depletion of soil nutrients, damage crops and
forests.

Kill eggs and juveniles of aquatic organisms.
Damage statues and monuments.
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Hundreds of chemical components make up particulate matter.  PM comes from a variety of sources, and the particles are often formed in the atmosphere. The major components of particulate matter are elemental/inorganic carbon, organic carbon, sulfur and nitrogen compounds, minerals and ash. Particulate matter is often a complex mixture of solid particles and liquid droplets. Some particles are large enough to be seen with the naked eye, while others are so small, they can only be detected using an electron microscope.

Wind can carry particles long distances where precipitation deposits it into soils and waters.  This damages the health of the ecosystem, contributes to acidic lakes, streams, and rivers. Eggs and juvenile aquatic organisms are particularly vulnerable.  It also decreases soil fertility, which negatively impacts agricultural crop production, forests and grasslands.  




Particulate Matter (PM) - particle ©PM25
pollution, very small liquid or solid | Combustion particles, organic

. HUMAN HAIR compounds, metals, etc.
pollutant that enter the air 50-70um <2.51m (mictons)in diameter

(microns) in diameter

Components can be dust, soil, smoke,
ash, asbestos, mold, etc. Particulate
matter includes two types: © PMyg

Dust, pollen, mold, etc.
PM,, - inhalable particles, with <10m (microns)in diameter
diameters that are 10 micrometers to
2.5 micrometers (size of pollen or

mold spore).

PM, ;s - fine, inhalable particles, with
diameters that are 2.5 micrometers

and smaller (size of single bacterium).  90um (microns)in diameter
FINE BEACH SAND

Source: EPA


https://www.epa.gov/pm-pollution/particulate-matter-pm-basics
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Particulate matter can be divided into two categories based on size. PM10  are inhalable particles, with diameters that are generally 2.5-10 micrometers.  PM2.5 are very fine inhalable particles, with diameters that are 2.5 micrometers or smaller.  Smaller particles pose a greater risk to human health because they can get deeper into lung tissue and even cross into the bloodstream where the particles can impact tissues and organs.  PM pollution has been linked to premature death in people with heart and lung disease, heart attacks, asthma and difficulty breathing.  Particulate matter also creates haze and thus reduces visibility.



Sulfur Dioxide (SO,)

Sulfur dioxide (SO,) = colorless gas that Public Health
has an irritating, strong odor like rotten * Harms respiratory system and makes
eggs, or burnt matches. It's emitted breathing difficult particularly for people with

. asthma. Can lead to wheezing, shortness of
When_coal an_d oil are burned or from breath, asthma attack and hospitalization.
smelting of mineral ores.

* Reacts with other compounds in the
atmosphere to form small particles of haze,

Sources which leads to reduced visibility.

* The largest source of SO, is from coal that ~ Environmental Health
is burned in coal-fired power plants to « SO, combines with water vapor in the
produce electricity. atmosphere to form sulfuric acid, which leads

to acid rain that is harmful to aquatic
organisms (particularly eggs, larvae, juveniles)
and decreases soils health.

+ SO, damages plant foliage, soil health and
decreases growth of natural vegetation and
crops.

SO, is also released in industrial plants,
ships, and heavy equipment that use fuel
which is high in sulfur content.
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Sulfur dioxide, SO2, can be detected with our noses because it has a strong odor like rotten eggs or burnt matches.  It is emitted from coal-fired power plants, the smelting of mineral ores, various industries, and heavy equipment.  It can make breathing difficult and can trigger asthma attacks.  Sulfur dioxide reacts with other chemicals in the atmosphere to form other pollutants, such as haze and acid rain.  Atmospheric water vapor reacts with sulfur dioxide to form sulfuric acid (H2SO4), or acid rain, which kills plants and aquatic organisms and decreases soil fertility and agricultural crop production.      



Volatile Organic Compounds (VOCs)

Volatile Organic Compounds (VOCs) « Manufacturing and industrial processes
= human made gases that readily (chlorination water treatment, production
evaporate and are emitted by certain of pgtro_leum products, semiconductor
organic liquids and solids. Many have a fabrication).

Public Health

strong odor.
« Short term exposure can lead to nausea,

vomiting, headaches, breathing difficulty,

Sources irritation of eyes, nose, throat
« There are thousands of products and « Long term exposure can lead to asthma,
processes that release harmful VOCs. cancer, damage to liver, kidney, central
 Household products like cleaning agents, nervous system, birth defects
paints, varnishes, carpet, glue, furnishings, = Environmental Health
upholstery, wax, pesticides, herbicides. « VOCs react with NOx gases in the
» Industrial solvents, building materials, atmosphere to form ground-level ozone and

furnishings, fuels (gasoline, kerosine). Smog.
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VOCs (or volatile organic compounds) are molecules that have a high vapor pressure, meaning they readily evaporate (go from liquid to gas) and therefore are volatile. Many organic compounds are volatile, for example paint and gasoline.  If you can smell a liquid, it is because molecules in the liquid are evaporating into the air and the gas is traveling through the air to your nose.  Thousands of products release VOCs, including cleaning agents, paints, carpet, glue, furnishings, solvents, fuels and building materials.    

VOC exposure can lead to nausea, headaches, difficulty breathing and irritation of eyes, nose, and throat.  Long-term exposure is dangerous because it can lead to serious diseases like cancer, liver and kidney disease, and birth defects.    



# Intro ~ Growth NAAQS ~ Visibility Toxics Spotlight Summary

Comparison of Growth Areas and Declining Emissions 000
1970-2022

300%

Gross Domestic Product

200%

Economic Strength with
Cleaner Air

Between 1970 and 2022, the combined emissions of the six
common pollutants (PM2 5 and PM;g, SO5, NO,, VOCs, CO and
Pb) dropped by 78 percent. This progress occurred while U.S.
economic indicators remain strong.

100%

Percent Change

Click any of the legend items on the right side of the chart to hide or

include trend lines. The y-axis may change based on the selections.
: k S
v

L3 ' ' Aggregate Emissions
- v (Six Common Pollutants)
““." 1 B

-100%

1970 2000 2010 2020

Source: EPA
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This graph shows that from 1970 to 2022, the combined emissions of the six common pollutants (CO, NOx, Pb, PM, SO2, and VOCs) dropped by 78%.  This dramatic improvement in air quality occurred while the U.S. economy remained strong.  Here we see several economic and social indicators for quality of life: gross domestic product, vehicles miles traveled, energy consumption, and population. From 1970 to 2022, the U.S. gross domestic product increased 304%, vehicle miles traveled increased 168%, energy consumption increased 48%, and our nation’s population increased 62%.  These data demonstrate that environmental laws and policies over the past 50 years have had a positive impact on both air quality, as well as our nation’s economy and society.  This success shows that the environment, economy, and society can succeed together if we are willing to work together.   



Hazardous Air Pollutants (HAPSs)

Hazardous Air Pollutants (HAPs) .
= pollutants that are known or suspected of
causing serious health effects like cancer,
reproductive disorders, birth defects,

nervous system disorders, immune system
dysfunction, endocrine disorders and organ
damage. These pollutants also adversely
impact wildlife, plants, waters and soils.

U.S. EPA has a list of 188 hazardous air
pollutants (HAPs) that it regulates and
monitors. Link to HAPSs:
https://www.epa.gov/haps/initial-list-hazardous-
air-pollutants-modifications

EPA's List of 188 HAPs includes
compounds like arsenic compounds,
asbestos, benzene, chloroform,
cyanide compounds, formaldehyde,
methanol, mercury compounds,
phenol, radionuclides, toluene, and
vinyl chloride.

These pollutants are emitted by
thousands of different sources
including factories, refineries, power
plants, manufacturing, fuels, building
materials, cleaning solvents, cars,
trucks, equipment, etc.


https://www.epa.gov/haps/initial-list-hazardous-air-pollutants-modifications
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In addition to the six common pollutants outlined on the previous slide, the U.S. Environmental Protection Agency monitors and regulates 188 hazardous air pollutants (HAPs). EPA sets National Emissions Standards for Hazardous Air Pollutants to govern how much of 188 toxic air pollutants are allowed to be emitted from industrial facilities and other sources.  

HAPs are pollutants that are known or suspected of causing serious health effects like cancer, reproductive disorders, birth defects, nervous system disorders, immune system dysfunctions, endocrine disorders and organ damage.  These pollutants also adversely impact wildlife, plants, waters and soils.  HAPs are emitted by thousands of different sources including factories, refineries, power plants, manufacturing facilities, fuels, building materials, cleaning solvents, cars, trucks, equipment, among others. 



Objective 2: Differentiate
between primary and secondary air
pollution, natural and

anthropogenic air pollution.



Sun'’s radiation is focused on the
equator throughout the year. As
Earth spins on its axis, the Sun’s
energy warms Earth’s surface
land and water at the equator.

Winds always
moves fromHto L

Cold air

Coriolis Effect - as Earth spins
sinks

on its axis it causes winds and
ocean currents to curve rather
than move in a straight line.
Wind curves to left in Southern
Hemisphere, and to right in
Northern Hemisphere.

O High Pressure

G Low Pressure


Professor Notes
Sticky Note
Air pollutants never remain in one place because Earth’s atmosphere is constantly in motion. Here we see how atmospheric circulation and the Coriolis Effect creates global wind patterns.  

As Earth orbits the Sun, the Sun’s energy is focused mainly on the equator throughout the year.  This radiation warms the Earth’s surface land and water at the equator.  Warm air rises vertically in the atmosphere, and this creates a belt of low pressure at Earth’s equator called the Inter Tropical Convergence Zone, or ITCZ.  The equator’s warm air contains moisture and as it rises vertically, the air mass cools and forms rainclouds. Thus, the ITCZ is characterized by heavy thunderstorms and rain.  The cold air moves north and south, cold air is heavy and so it sinks back to Earth’s surface at 30-degrees North and 30-degrees South.  This creates bands of high-pressure at 30-degrees North and 30-degrees South.  High pressure is characterized by sunny skies and little precipitation. 

The air is again warmed at Earth’s surface and moves north and south.  Warm air rises, and this creates bands of low pressure at 60-degrees North and South.  And finally, the rising air cools again and sinks back to Earth’s surface at the North Pole and South Pole.  This creates areas of high pressure at the poles.  

These areas of semi-permanent high and low pressure creates global wind patterns.  Wind always moves from an area of high pressure to an area of low pressure as seen on this slide.  However, wind (and ocean currents) never move in a straight line on Earth because Earth is constantly rotating on its axis at a speed of about 1,600 km/hr or 1,000 mph. This means that anything that isn’t stuck down to the planet, like wind and water, will move and rotate.  Earth’s rotation causes winds and ocean currents to curve to the right in the Northern Hemisphere and curve to the left in the Southern Hemisphere as you see on this diagram. This is called the Coriolis Effect.  
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https://www.nps.gov/subjects/air/sources.htm
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Sticky Note
Air pollution comes from both natural sources, like wildfires and volcanos, as well as human activity, like oil, gas, and livestock.  It can come from mobile sources, like cars, or stationary sources like coal-fired power plants. Because the atmosphere is always in motion, air pollutants never stay in one place at their source, often traveling far from their source of origin.  Once in the atmosphere some pollutants undergo chemical reactions with water, sunlight and other pollutants to form new pollutants.  For example, nitrogen oxides react with volatile organic compounds in the presence of sunlight to form smog.  All three of these compounds, NOx, VOC and smog, are pollutants.          



Natural Air Pollutants = pollutants
that come from natural sources like
wildfires, volcanic eruptions, ocean
spray, or sandstorms

Natural releases harmful substances into
our atmosphere such as ash and gases
from volcanic eruptions, smoke and PM
from wildfires, and gases like methane from
decomposing organic matter.

Wildfires smoke = CO, PM, NO,, O,
Volcano = hydrogen fluoride (HF), PM, SO,

Image by Mike Doukas

USGS Cascades Volcano Observatory, Wikimedia Commons.
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Natural air pollution comes from sources like wildfires, sandstorms, and ocean spray.  Wildfire smoke contains pollutants like carbon monoxide, particulate matter, nitrogen dioxide, and ozone.  Volcano eruptions produce pollutants like hydrogen fluoride, particulate matter and sulfur dioxide.    



Anthropogenic Air Pollutants = air
pollutants produced from human activities
(agriculture, manufacturing, transportation,
electricity generation, etc.)

These include common pollutants like carbon
monoxide, ammonia, nitrogen oxide, lead, |
ozone, particular matter (PM, 5 and PM,), | B s
sulfur dioxide, and volatile organic compounds ’ (-
(VOCs).

The U.S. EPA also monitors almost 188

different Hazardous Air Pollutants (HAPs) &= ,
like asbestos, benzene, chromium, mercury, - R T
paint stripper, and solvents like toluene. y

Image by John Arano, Unsplash.
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Anthropogenic air pollutants come from human activities.  The U.S. EPA monitors several primary air pollutants like carbon monoxide, ammonia, nitrogen oxide, lead, ozone, particular matter (PM2,5 and PM10), sulfur dioxide, and volatile organic compounds (VOCs).  The EPA also monitors 188 additional air pollutants called Hazardous Air Pollutants (HAPs).  HAPs are particularly dangerous because they are known or suspected of causing cancer, birth defects, kidney and liver disease, developmental and neurological disorders, and other serious health impacts 


U.S. Emissions of Common Pollutants by Source

Understanding Emission
Sources Helps Control Air
Pollution

Generally, emissions of air pollution come from

stationary fuel combustion sources (such as electric
utilities and industrial boilers),

industrial and other processes (such as metal smelters,
petroleum refineries, cement kilns and dry cleaners),

« highway vehicles, and

« non-road mobile sources (such as recreational and
construction equipment, marine vessels, aircraft and
locomotives).

As the chart shows, pollutants are emitted by a variety of sources.
For example, electric utilities, part of the stationary fuel
combustion category, release SO, NOy and particles.

EMISSION INVENTORIES

m Click the ellipsis in the upper righthand corner and check "Show Totals" to
view the chart based on totals instead of percentages. Click source categories in
the chart legend to hide or include, and hover over any bar to display totals by
source category.

Emissions (%)

National Emissions By Source Category ooo
100%
75%
50%
25%
0%
co Direct PM2.5 Direct PM10

Stationary Fuel Industrial and Highway Non-Road
Combustion Other Processes Vehicles Mobile

Source: EPA
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It is important to know the major sources of anthropogenic air pollution in the United States.  This graph shows the major sources of 6 common air pollutants in the United States, which are caused by human activities:  carbon monoxide, ammonia, nitrogen oxides, particular matter, sulfur dioxide, and volatile organic compounds (VOCs).  Stationary fuel combustion (shown in blue) are electric utilities like coal-fired power plants and natural gas power plants, which burn fossil fuels to generate electricity.  Red is used for industrial and other processes like agriculture.  Green shows highway vehicles.  And purple is for non-road mobile sources like construction equipment, boats, airplanes, and trains.     
Stationary fuel combustion, industry, and highway vehicles are the 3 main sources of carbon monoxide pollution in the United States.  Almost 100% of ammonia (NH3) pollution (shown in red) comes from agriculture, such as manure and fertilizer. Nitrogen oxides are mainly emitted by stationary fuel sources, highway vehicles, and non-road mobile sources. Particulate matter comes mainly from two sources, stationary fuel combustion and industry.  Approximately 70% of sulfur dioxide comes from stationary fuel sources like coal-fired power plants.  And 25% comes from industry and other processes.  And finally, about 80% of VOC pollution comes from industrial and other processes.    



Sources of Qutdoor Air Pollution -

v Vehicle exhausts

v" Industry emissions

v' Coal-fired power plants

v Natural-gas power plants

v" Indoor burning of solid fuels (charcoal,
wood, animal waste)

v Natural sources (sandstorms, volcanic
eruptions, wildfires)

v" Agriculture

v' Metal Ore Smelters

v Oil Refineries

v Mining Operations

v Construction Sites



https://unsplash.com/photos/K0b_8golPNE
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Sticky Note
There are many sources for outdoor air pollution.  Several examples are provided here and include natural and anthropogenic sources.  



by Info-farmer, Wikimedia Commons. CC BY-SA 3.0.

Sources of Indoor Air Pollution

Fuel-burning appliances (gas stoves, gas dryers)
Tobacco products

Household cleaners

Central heating and cooling systems

Excess moisture/mold

Newly installed materials, flooring, cabinets,
carpet, upholstery, etc.

Insulation

Fireplaces and chimneys

Paints, glues and solvents

DN NI NI N NI N

ENEANERN

Potential Solutions

control/remove sources, use ventilation in kitchens and
bathrooms, use air purifiers, open windows, don’t smoke,
install radon reduction system, use dehumidifier, vent attics
and crawl space, don'’t use harsh cleaners, install carbon
monoxide detectors


https://commons.wikimedia.org/wiki/File:The_rural_stove,smoky,pollution,TamilNadu-230.jpeg
https://creativecommons.org/licenses/by-sa/3.0/deed.en
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The U.S. EPA estimates indoor air pollution often poses a greater risk to human health than outdoor air pollution.  This is due to two main reasons.  First, compared to outdoor spaces, indoor space is confined with less air circulation. Second, recent research indicates that people spend approximately 90 percent of their time indoors. Thus, we have greater exposure to air pollution indoors compared to outdoors.

Solutions for breathing clean indoor air includes the use of dehumidifiers to keep relative humidity between 30-50%, air purifiers including HEPA filters, and ventilation in kitchens, bathrooms, attics and crawl space.  Frequently opening windows to increase airflow, using carbon monoxide detectors, and installing radon reduction systems can greatly improve indoor air quality and safety.  People should avoid using air fresheners, harsh cleaning agents, glues, solvents, and pesticides.    



Primary Air Pollutant = a solid, liquid or
gas released directly into the air from a
mobile or stationary source, and it is
immediately toxic to humans

Examples: carbon monoxide, asbestos, toluene,
lead

Secondary Air Pollutant = pollutant that is
not directly emitted, but is produced in the
atmosphere when other pollutants react
with each other to produce a new air
pollutant, which is toxic to humans

Examples: ground-level ozone, smog, haze, acid
rain



https://unsplash.com/photos/1MClItU5AbI
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Air pollutants can be divided into two categories based on source.  A primary pollutant is an air pollutant that is toxic when emitted directly from a source, such as carbon monoxide.  A secondary pollutant is not directly emitted from a source, but forms in the atmosphere when other pollutants react with each other.  Examples of secondary pollutants include acid rain, which forms when sulfur dioxide, emitted from coal-fired power plants, react with water in the atmosphere to form sulfuric acid, which then falls to Earth’s surface as acid rain.  



Vehicle Emissions and Fuel Efficiency

Fuel Efficiency — About
20-30% of gasoline’s

energy is transferreq to ENGINE LOSSES 70 % (Egé\l\’/%lé)ATlNG EMISSIONS

wheels to [’nove vehicle,  oociE NG LosSES . Thermal (60 %) :

and 70-80% of the energy (HC, VOC) . Combustion ABRASION OF TYRES,
is lost. Most (60%) is lost ' FUEL . Pumping BRAKES AND CLUTCH

. Friction

(PM)
as heat (thermal loss). ;f“‘:(;‘g/: 80% of energy :
EXHAUST EMISSIONS PARASITICLOSSES 5% from fuel is lost
(CO,, CO,HC, NO,, PM{ . Water pump, etc.
\‘ S ROAD
' DRIVETRAIN (1) LOSSES 5% SUSPENSION
RE-SUSPENSION : WEAR
OF ROAD D(l;:ﬂl; ' = POWER TO WHEELS (PM)
5, 20% of fuel powers wheels K

Y ¢

ROLLING RESISTANCE cemnent
Asingle vehicle |~ Road surfaces also emit pollutants wioresitance
emits numerous SRAKNG
pollutants from  Hydrocarbons (HC) are organic compounds that are composed of hydrogen and carbon. Examples of HC
several sources includes gasoline, diesel fuel, oil, lubricants, greases. Volatile organic compounds (VOCs), Particulate

and processes.  Matter (PM), Carbon Dioxide (CO,), Carbon Monoxide (CO), Nitrogen Oxides (NOXx).
Source: EAA
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One reason that air pollution is so complex is because one source can often emit different types of pollution.  A good example of this is a vehicle shown here.  

Fossil fuel powered trains, planes and automobiles represent a significant source of air pollution.  Each vehicle releases air pollution from different sources including the fuel, combustion chambers, exhaust, tires, fluids (such as oil, antifreeze, transmission fluid, hydraulic fluids), upholstery, and plastics.  The pollutants are diverse and include VOCs, NOx, sulfur dioxide, carbon monoxide, particulate matter and numerous hydrocarbons. Hydrocarbons are organic compounds that are composed of hydrogen and carbon.  Examples include gasoline, diesel fuel, oil, propane, butane, lubricants, and greases.  

Despite human ingenuity and engineering, internal combustion engines are only about 20-30% efficient at converting fuel into energy that moves a vehicle.  Most of the fuel energy is lost as heat (about 60%), with an additional 20% lost due to friction, combustion inefficiency, and pumping losses.  Technological advancements will hopefully push fuel efficiency to 40-50% in the not-too-distant future.  These advancements will help preserve fossil fuels, reduce greenhouse emissions and lower pollution emissions.    



Counties Designated "Nonattainment"
for Clean Air Act's National Ambient Air Quality Standards (NAAQS) *

Nonattainment = a county that has not attained the
% standard for one to six criteria pollutants.

EPA Criteria Pollutants = six of

the most common air . 3
pollutants that the United d |
States’ EPA has set air quality i
standards. R = ‘
V - ~

1. Carbon Monoxide (CO) = >
2. Lead (Pb) %
3. Nitrogen Oxides (NOx) . :
4. Ground-Level Ozone (O,)
5. Particulate Matter (PM, s, Legend ** -

PMy) B oty Dosiomatod Nonataimment for & NAAGS Pollaiams

o | | ; PR

6. Sulfur Dioxide (SO_) B o D N it Ky S NAAGS PR

Bl County Designated Nonattainment for 2 NAAQS Pollutants
B County Designated Nonattainment for 1 NAAQS Pollutant
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The EPA has identified six pollutants as “criteria” air pollutants that the agency regulates using human health-based and/or environmentally-based criteria for setting permissible emission levels called standards. These six pollutants are carbon monoxide, lead, nitrogen oxides, ground-level ozone, and sulfur dioxide. The primary standards are not set at zero-risk but rather they are set at a level intended to protect public health, including the health of at-risk populations, with an adequate margin of safety. 

Some of the air quality standards are designed to protect the public from adverse health effects that can occur after being exposed for a short time, such as hours to days. Other standards protect people from adverse health effects that are associated with long-term exposures, such as months to years.  For example, the standard for ozone is based on pollutant concentrations measured over a short-term period of eight hours. By contrast, the standard for lead considers average concentrations measured over a three-month period.

This map from September 2023 shows counties in the United States that the EPA designated “nonattainment”.  The locations shown in color did not attain the standard set by the EPA for one (green color) to six (pink color) criteria pollutants.  
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Sticky Note
Air pollutants come from a variety of sources. Some pollutants are released directly into the atmosphere, and we call these primary pollutants.  Other pollutants are formed in the atmosphere from chemical reactions, and we call these secondary pollutants. Air pollution negatively impacts human health, wildlife health and the environment.



Objective 3: Examine the
environmental, health, social, and
economic impacts associated with

air pollution.



Environmental Impacts of Air Pollution

Image by Tomskyhaha. Wikimedia Commons. CC BY SA 4.0.



https://en.wikipedia.org/wiki/Smog
https://commons.wikimedia.org/wiki/File:Acid_rain_woods1.JPG
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On the left-hand side, we see a photograph of a city when smog levels are high versus a day when the air is healthy to breath.  Smog is considered secondary air pollution because it forms in cities when nitrogen oxides react with volatile organic compounds in the presence of sunlight.  Smog is toxic to plants and animals and can even damage buildings by causing discoloration, destroying mortar, and damaging limestone and concrete.  

On the right-hand side, we see a photograph of a dead conifer forest that has been killed by acid rain.  Acid rain kills trees by making the soil acidic (lowering the pH), leaching toxic aluminum from the soil into roots, and removing important minerals and nutrients from the soil that trees need to grow.  The acidic water can also kill the eggs, larvae, and juvenile of insects, frogs and fish. Once the forest is dead, the wildlife is forced to leave because their ecosystem is no longer a productive and functional habitat.           



Environmental Impacts of Air Pollution

Soil Health

A

PRINCIPLES OF =Y
SOIL HEALTH MAXIMIZE

BIODIVERSITY

MAXIMIZE SOIL COVER

Image by USDA



https://airquality.gsfc.nasa.gov/food-security
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Healthy soils are vital for both natural ecosystems (for example, rainforests) and agricultural systems (for example, soybean and corn).  The U.S. Department of Agriculture (USDA) has established four principles for healthy soil: minimize soil disturbance, maximize soil biodiversity, maximize soil cover, and maximize living plant roots in soils.  Healthy soils are important for clean water and air, diverse plants and wildlife, beautiful landscapes, and productive agriculture.  Air pollution can harm soils by causing them to become less healthy and less fertile.  For example, acid rain lowers the pH of soils, which leads to decreasing biodiversity of soil microorganisms and decreasing volume of living roots. In addition to decreasing soil fertility, air pollution can directly impact the productivity of plants.  The photograph on the right shows tissue damaged caused by ground-level ozone pollution.  The brown color on the leaves is damaged and dead cells that are no longer able to preform photosynthesis.  As photosynthesis decreases so does crop yields, which is bad economically for farmers who depend on good crop yields to generate revenue.  



Environmental Impacts of Air Pollution

Wildlife Health

A pollutant that harms humans
likely harms wildlife as well

Image by Aditya Siva, Unsplash.


https://unsplash.com/photos/EEMdtG9a9ZM
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Sticky Note
Human physiology, anatomy and biochemistry is nearly identical to all wildlife.  Therefore, something that is harmful to humans is also likely to be harmful to wildlife.  Pollutants that cause illness and disease in humans will cause similar illness and disease in wildlife.  These include difficulty breathing, tissue and organ damage, cancer, neurological diseases, and problems with reproduction and development.  

Air pollution can also damage water quality because “what goes up must come down”.  Water monitoring stations like the one shown on the right-hand side are important to protect water quality.  The U.S. Geological Survey (USGS) operates this one and its data is particularly important after a wildfire.  Smoke from fires contain a variety of pollutants, including carbon monoxide, nitrogen oxides, black carbon, and particulate matter.  Winds carry these pollutants long distances where they can be deposited by precipitation and gravity into freshwater streams, rivers, and lakes.  Such pollutants are toxic to aquatic organisms and harm drinking water supplies.            



Health Impacts of Air Pollution ’

Short Term (Acute) Effects

« Often temporary

« Bad odors

» llinesses like bronchitis and pneumonia

* Asthma attacks

« Skin, eye, nose, throat irritations

 Headaches

* Dizziness

 Nausea

« Coughing and difficulty breathing

* Increased risk of long-term effects

« Can trigger heart attacks, strokes and irregular
heart beats


https://unsplash.com/photos/6jI4JwI64JI
Professor Notes
Sticky Note
Outdoor air quality has improved since the late 1900s, but many challenges remain in protecting Americans from air quality problems. Ground-level ozone, the main component of smog, volatile organic compounds, particulate matter, nitrogen oxides, wildfire smoke are just a few of the threats to air quality and public health in the United States.  Air pollution can make it harder for people with asthma and other respiratory diseases to breathe.  It can lead to skin, eye, nose and throat irritations.  Cause headaches and nausea.  And trigger asthma attacks, heart attacks, strokes and irregular heart beats.  



Health Impacts of Air Pollution

Long Term (Chronic) Effects

« Can impact health for weeks, years, or lifetime

» Certain cancers such as lung cancer

» Cardiovascular disease, hearth attacks and
stroke

* Respiratory diseases like emphysema and
chronic obstructive pulmonary disease (COPD)

« Damage to vital organs (lungs, heart, brain)

Chronic effects are more likely to impact and cause
harm to;

1. Children (less developed immune system)
2. Older adults (less effective immune system) .
3. Those living in urban areas (greater exposure) /oy AL »

' Source: NIH


https://www.niehs.nih.gov/health/topics/conditions/lung-disease/index.cfm
Professor Notes
Sticky Note
Chronic exposure to air pollution can lead to respiratory diseases, cancer, heart disease and strokes. Recent research suggests that exposure to air pollution remains is biggest environmental health risk factor in the United States.  It’s estimated that each year, air pollution is responsible for 100,000 to 200,000 deaths in the United States and up to 9-million deaths worldwide.  Exposure to fine particulate matter (PM2.5) is perhaps the single biggest risk factor with particle pollution coming from factories, vehicles, and coal-fired power plants.  The populations most at risk are children, the elderly and people living in urban areas, near the source of the air pollution where concentrations are the highest.        



Health Impacts of Air Pollution

Asthma = chronic, respiratory 10 USA =
iliness that restricts airways © ,C;”'Flde'ﬁ?a,,es
I £ 9

and makes it difficult to S \/\/\/ -
breathe S g V5% ,

= ~_—~  Adults

= 7 All Males
Asthma and other conditions 32 \/

such as heart and lung disease 6
can be further impaired by

5
exposure to air pollution. .
R A A P
Urban communities are most at 1in12
risk for developing asthma About 1 in 12 people (about 25 million) have asthma, and

the numbers are increasing every year.

because pollutants are most
concentrated in cities.

56 Billion

Asthma cost the US about $56 billion in medical costs,

lost school and work days, and early deaths in 2007.
Source: CDC


https://www.cdc.gov/vitalsigns/asthma/index.html
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Asthma is a chronic respiratory disease characterized by airflow inflammation and obstruction that makes it difficult to breathe. Symptoms include coughing, wheezing, shortness of breath and chest tightness. Symptoms can be mild or severe and can come and go over time.  A severe asthma attack my lead to emergency treatment, hospitalization, or death.  

Traffic-related air pollution, particulate matter, ground-level ozone and nitrogen oxides represent significant risk factors for asthma development.  In the United States, about 25-million people have asthma.  The number of people suffering from asthma has been steadily increasing for both children and adults, with those at greatest risk living in urban communities where pollutants are most concentrated.  



How many people die from air pollution each year?

Estimates of the global death toll from air pollution published in major recent studies

‘All sources’ includes both anthropogenic and natural sources:
e The largest source of natural air pollution is airborne dust in the world’s deserts. Other natural sources are fires, sea spray, pollen, and volcanoes.
e Anthropogenic sources include electricity production; the burning of solid fuels for cooking and heating in poor households; agriculture; industry; and road transport.

0 1 Million 2 Million 3 Million 4 Million 5 Million 6 Million 7 Million 8 Million 9 Million

Deaths from all sources of air pollution

World Health Organization

latest data as of 2021 — refering to the year 2016

7 million

Deaths from outdoor air pollution
Deaths from indoor air pollution

4.2 million
3.8 million

Institute for Health
Metrics and Evaluation

Global Burden of Disease study
latest data as of 2021 — refering to the year 2019

Deaths from all sources of air pollution 6.7 million

Deaths from outdoor air pollution
Deaths from indoor air pollution

4.5 million

2.3 million

Deaths from all sources of air pollution 8.8 million

Lelieveld et al. (2019)

Study published in the Proceedings of
the National Academy of Sciences

refering to the year 2015

I—el |eveld et a I . (201 5) Deaths due to outdoor air pollution 3.3 million
Study published in Nature
Vohra et al. (2021) 8-7 million
Study published in Environmental Research

Deaths due to air pollution from all anthropogenic sources
Deaths due to air pollution from burning fossil fuels

5.5 million
3.6 million

Terrorism: HIV/AIDS: Road accidents Obesity
25,000 deaths 680,000 deaths [ 1.3 Million deaths 2.8 Million deaths
War: Homicides:
50,000 deaths 470,000 deaths

Data on annual death tolls from other causes is the latest data from the World Health Organization, UCDP, and Global Terrorism Database as of November 2021.
OurWorldinData.org - Research and data to make progress against the world’s largest problems. Licensed under CC-BY by the author Max Roser
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Several publications have estimated the number of deaths associated with breathing unhealthy air from both indoor and outdoor air pollution.  Estimates for outdoor air pollution range from 3.3 to 4.5-million deaths each year.  While estimates for indoor air pollution range from 2.3 to 3.8-million deaths each year.  Total annual deaths resulting from all air pollution is estimated to be 6.7 to 8.8-million, which is higher than deaths associated with homicides, HIV/AIDS, road accidents, and obesity combined.     



Societal & Economic Impacts of Air Pollution

Economic Costs of Air pollution

* Healthcare and medical bills

« Sick days from missed work

« Cost of regulations

» Lost revenue from crop damage
» Cost of cleaning polluted waters

Low-income and minority areas are
at a greatest risk. These areas
often experience poorest air quality
as pollution sources are often
located in these areas.

Source: EPA

Magnitude of impacts

A “Pyramid of Effects” from Air Pollution

A/

ER visits,
Hospital
admissions,
Heart attacks

School
absences, Lost wo
days

Respiratory symptoms,
Milli
pond il Asthma attacks

Proportion of population affected

>90% of monetized
benefits

Thousands

Tens of
Thousands

s309y 3 jo A3149A9g


https://www.epa.gov/benmap/how-benmap-ce-estimates-health-and-economic-effects-air-pollution
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Several publications have estimated the number of deaths associated with breathing unhealthy air from both indoor and outdoor air pollution.  Estimates for outdoor air pollution range from 3.3 to 4.5-million deaths each year.  While estimates for indoor air pollution range from 2.3 to 3.8-million deaths each year.  Total annual deaths resulting from all air pollution is estimated to be 6.7 to 8.8-million, which is higher than deaths associated with homicides, HIV/AIDS, road accidents, and obesity combined.     



Societal & Economic Impacts of Air Pollution

2019 Deaths Attributed to
OQutdoor Air Pollution

The World Health
Organization (WHO)
estimates that ambient
(outdoor) air pollution caused
4.2 million premature deaths
worldwide in 2019.

WHO estimates that about
90% of these premature
deaths occurred in low-
income and middle-income
countries.

Share of deaths attributed to outdoor air pollution, 2019

Share of deaths, from any cause, where ambient particulate matter air pollution is a risk factor.

No data 0% 2% 4% 6% 8% 10% 12% 14%

vz | \ I I [

Data source: IHME, Global Burden of Disease (2019) OurWorldinData.org/outdoor-air-pollution | CC BY
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Outdoor air pollution is a major environmental health problem affecting everyone on Earth. The World Health Organization (WHO) estimates that approximately 4-million people die from outdoor air pollution worldwide. As this map shows, people living in low- and middle-income countries disproportionately experience the burden of outdoor air pollution.  Approximately 90% of all deaths related to outdoor air pollution occur in low-income and middle-income countries.  This corresponds to about 3.6-million deaths each year. 



Societal & Economic Impacts of Air Pollution

2019 Deaths Attributed to  Share of deaths from indoor air pollution, 2019

] . Share of deaths, from any cause, which are attributed to indoor air pollution — from burning solid fuels — as a risk factor.
Indoor Air Pollution

* The World Health
Organization (WHO)
estimates that 2.4 billion
people cook using open
fires or stoves fueled by
kerosene, biomass and
coal, which generate
harmful indoor air pollution.

« WHO estimates that indoor
(household) air pollution

caused 3.2 million deaths in Nodeta 0% 2% 4% 6% 8% _10% 2%
2019.

Data source: IHME, Global Burden of Disease (2019) OurWorldInData.org/indoor-air-pollution | CC BY
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Indoor air pollution is a major health risk.  The World Health Organization (WHO) estimates that 2.4-billion people cook indoors using wood, crop waste, charcoal, dung, coal, and kerosene in open fires or stoves. Exposure is particularly high for women and children, because they spend the most time near open fires or stoves.  Breathing indoor air pollution leads to heart disease, respiratory track infections, chronic obstructive pulmonary disease (COPD), and lung cancer.  The WHO estimates 3-million premature deaths occur each year due to household air pollution.  As seen on the map, most of these deaths occur in low-income and middle-income countries. 
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https://www.epa.gov/power-sector/power-plants-and-neighboring-communities
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In the United States, the Environmental Protection Agency (EPA) monitors air pollution and makes data freely available to the public.  Here is a free EPA mapping tool that identifies all fossil fuel-fired power plants that supply electricity in the United States. The mapping tool allows you to filter the power plants based on demographics, plant size and fuel type, and quantity of annual emissions of sulfur dioxide, nitrogen oxides, carbon dioxide and particulate matter.
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https://gispub.epa.gov/airnow/?showgreencontours=false
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Here we see the AirNow interactive map from the U.S. Environmental Protection Agency.  This free tool provides real-time data on ozone and particulate matter for PM2.5 and PM10.  The software also provides weekly trends, forecasts for several days ahead, and a color-coded air quality index so you can plan outdoor activities accordingly.  



Objective 4: Identify legislation,
policies, and technological
strategies for preventing and

mitigating air pollution.



The U.S. Clean Air Act (1970)

U.S. Clean Air Act (CAA) — a federal law that

regulates air emissions from stationary and
mobile sources. It authorizes the

Environmental Protection Agency (EPA) to
establish standards (NAAQS, NESHAP) to

protect public health and welfare and regulate

emissions of hazardous air pollutants.

CAA was originally enacted in 1963 and
amended in 1967, 1970, 1977, 1990. We
typically refer to 1970 as year the CAA was
enacted.

Requires the use of technology to minimize
pollution from stationary and mobile sources.

Established National Ambient Air Quality
Standards (NAAQS) - establishes limits for
carbon monoxide (CO), ground-level ozone
(O3), particulate matter (PM4o, PM, 5), lead
(Pb), sulfur dioxide (SO,), and nitrogen
dioxide (NO,) allowed in outdoor air.

Established National Emissions
Standards for Hazardous Air Pollutants
(NESHAP) — establishes limits for 188
hazardous air pollutants (HAPs) allowed in
outdoor air.

EPA assists all 50 states in adopting State
Implementation Plans to meet emission
national standards.


Professor Notes
Sticky Note
The U.S. Clean Air Act is a federal law that regulates air emissions from stationary and mobile sources. It was initially enacted in 1963 and in 1970, the U.S. Congress established much of the structure of the Clean Air Act.  Major revisions were made in 1977 and 1990.  The Clean Air Act authorizes the Environmental Protection Agency (EPA) to establish emission standards (NAAQS, NESHAP) to protect public health and welfare and regulate emissions of hazardous air pollutants. The Clean Air Act is administered by the U.S. EPA, in coordination with state, local, and tribal governments.  The EPA conducts targeted and random inspections to evaluate compliance with the national emission standards and brings enforcement actions against parties that violate the standards.  The act also contains provisions to prevent acid rain and visible haze in national parks.   




NAAQS

National Ambient Air
Quality Standards
(NAAQS)

Standards were set for the 6
common pollutants known as
Criteria Pollutants in outdoor air.

Primary Standard protects
humans, including sensitive groups
such as asthmatics, children, and
the elderly.

Secondary standard protects
against decreased visibility and
damage to animals, crops,
vegetation, and buildings.

Averaging

Pollutant Standard Ti Level Form
ime
8 hours 9 ppm
q . Not to be exceeded more than
Carbon Monoxide (CO) Primary GhGe|pet year
1 hour 35 ppm
Primary and Holling:3
Lead (Pb) Secon?ila month 0.15 pg/m3 Not to be exceeded
i average
98th percentile of 1-hour daily
Primary 1 hour 100 ppb maximum concentrations,
Nitrogen Dioxide (NO2) averaged over 3 years
zgg::zilaar;d 1 year 53 ppb Annual Mean
. Annual fourth-highest daily
Ozone (03) grlmar()j/ and 8 hours 0.070 ppm maximum 8-hour concentration,
econcary averaged over 3 years
’ annual mean, averaged over 3
Primary 1 year 12.0 pg/m3 years
PM2.5 Secondary 1 year 15.0 pg/m3 322:‘:' S8, SYeTRged gvers
Particle Pollution
(PM) Primary and 98th i
percentile, averaged over 3
Secondary 24 hours 35 pg/m3 years
Primary and Not to be exceeded more than
PM10 Secon%/a 24 hours 150 pg/m3 once per year on average over 3
ry years
99th percentile of 1-hour daily
Primary 1 hour 75 ppb maximum concentrations,
Sulfur Dioxide (SO2) averaged over 3 years
Secondary 3 hours 0.5 ppm Not to be exceeded more than

once per year
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Sticky Note
The Clean Air Act requires the EPA to set National Ambient Air Quality Standards for 6 common pollutants known as Criteria Air Pollutants.  These pollutants are found all over the U.S. and are known to harm public health and cause damage to animals, crops, vegetation and buildings.  The 6 pollutants are carbon monoxide, lead, nitrogen dioxide, ground-level ozone, particulate matter, and sulfur dioxide.  

This table shows the level that is not to be exceeded over a particular period of time.  The level is shown in parts per billion (PPB), parts per million (PPM), or micrograms per cubic meter of air.  The primary standard shown in the table is the limit that is set for human health.  The secondary standard shown in the table is the limit set to protect visibility and prevent damage to animals, crops, vegetation, and buildings.



U.S. Air Quality Improving for all 6 Criteria Pollutants

Intro ~ (e g NAAQS ~ Visibility Toxics Spotlight Summary

Alr Qua“ty Trer]ds ShOW Concentration Averages
Clean Air PrOgreSS Declining National Air Pollutant Concentration Averages 000

Nationally, concentrations of air pollutants have dropped 100%
significantly since 1990:

Carbon Monoxide (CO) 8-Hour, ¥ 81%

Lead (Pb) 3-Month Average, ¥ 88% (from 2010)
Nitrogen Dioxide (NO,) Annual, ¥ 60%
Nitrogen Dioxide (NO,) 1-Hour, ¥ 54% 50%
Ozone (03) 8-Hour, ¥ 22%

Particulate Matter 10 microns (PM;g) 24-Hour, ¥ 34%
Particulate Matter 2.5 microns (PM, 5) Annual, ¥ 42%
(from 2000)

Particulate Matter 2.5 microns (PM, ) 24-Hour, ¥ 42%
(from 2000)

Sulfur Dioxide (SO,) 1-Hour, ¥ 90%

Numerous air toxics have declined with percentages

varying by pollutant V =
Despite increases in air concentrations of pollutants

-50%
associated with fires, carbon monoxide and particle pollution,
national average air quality concentrations remain below the
current, national standards.

Most Recent National Standard

Percent Above or Below NAAQS (%)
D

@ Air quality concentrations can vary year to year,

influenced not only by pollution emissions but also by -100%

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022
natural events, such as dust storms and WI/defeSC)JI, and

variations in weather. === Pb (3-month) === CO (8-hour) mmm= NO2 (annual) mmm= NO2 (1-hour) === 03 (8-hour)

== PM2.5 (annual) === PM2.5 (24-hour) === PM10 (24-hour) wesm SO2 (1-hour)

Source: EPA
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Sticky Note
As a result of the Clean Air Act and efforts by the EPA, U.S. air quality has dramatically improved for all 6 criteria pollutants.  This graph shows data from 1990 up to present day.  Carbon monoxide concentrations have decreased 81%, lead has decreased 88%, nitrogen dioxide levels are down 60%, particulate matter is down 34-42%, sulfur dioxide has decreased 90%, and ground-level ozone has decreased about 22% since 1990.  



National Emissions Standards for Hazardous Air Pollutants (NESHAP)

NESHAP established standards for
Hazardous Air Pollutants (HAPs) —
pollutants that are known or suspected of
causing serious health effects like cancer,
reproductive disorders, birth defects,
nervous system disorders, immune system
dysfunction, endocrine disorders and organ
damage. These pollutants also adversely
impact wildlife, plants, waters and soils.

U.S. EPA has a list of 188 hazardous air
pollutants (HAPs) that it regulates and
monitors. Link to HAPSs:
https://www.epa.gov/haps/initial-list-hazardous-
air-pollutants-modifications

EPA's List of 188 HAPs includes
compounds like arsenic compounds,
asbestos, benzene, chloroform,
cyanide compounds, formaldehyde,
methanol, mercury compounds,
phenol, radionuclides, toluene, and
vinyl chloride.

These pollutants are emitted by
thousands of different sources
including factories, refineries, power
plants, manufacturing, fuels, building
materials, cleaning solvents, cars,
trucks, equipment, etc.


https://www.epa.gov/haps/initial-list-hazardous-air-pollutants-modifications
Professor Notes
Sticky Note
In addition to the six criteria pollutants, the Clean Air Act authorizes the EPA to set standards for 188 hazardous air pollutants (HAPs). EPA sets National Emissions Standards for Hazardous Air Pollutants to govern how much of each pollutants are allowed to be emitted from industrial facilities and other sources.  

HAPs are pollutants that are known or suspected of causing serious health effects like cancer, reproductive disorders, birth defects, nervous system disorders, immune system dysfunction, endocrine disorders and organ damage.  These pollutants also adversely impact wildlife, plants, waters and soils.  HAPs are emitted by thousands of different sources including factories, refineries, power plants, manufacturing, fuels, building materials, cleaning solvents, cars, trucks, equipment, and more. 



How can we reduce air pollution?

Technology

Filters

Electrostatic precipitators
Catalytic converters
Scrubbers

Ventilation systems
Sensors

Fluidized bed combustion

Policy
Clean Air Act

Cap-and-trade

Funding for research and development
Green taxes

Penalties and fines

Compliance monitoring and inspections

Tax exemption programs
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Sticky Note
There are technologies and policies to help reduce air pollution.  Technologies include filters, electrostatic precipitators, catalytic converters, scrubbers, ventilation systems, sensors, fluidized bed combustion.  Policies include the U.S. Clean Air Act, cap and trade, funding for research and development, green taxes, penalties and fines, compliance monitoring and inspections and tax exemption programs.    


Fluidized Bed Combustion used by Coal-Fired Power Plant

o . Burn coal + limestone Less
Fluldlzed Bed Combustlon Atmospheric Circulating Soz
- Fluidized-Bed Boiler
-used by coal-fired power Mix NO,
plants. The plant mixes coal limestone Exchanger o

with limestone (CaCO;) prior and coal o [
to burning it, the limestone
binds to the sulfur and
nitrogen in the coal and

Fabric Filter

Coal Limestone

Combustion
Chamber
Partition

neutralize coal’s acidic
: Reduces SO, and

Components When ItS NOX em|ss|ons o o Boier
burned. The sulfur and from power plant Feed Water

. Generator
nitrogen ash waste settles
out of the exhaust air, is Less SO, "

. . emissions e ps Steam Turbine EI 11

collected, and disposed of in orevent formation Ash waste ectricity

Source: U.S. DOE, NETL
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Fluidized bed combustion is a technology utilized by some coal-fired power plants that generate electricity by burning coal.  This technology reducing the amount of sulfur dioxide and nitrogen oxides that are emitted into the atmosphere.  

It works by mixing coal, which is acidic, with limestone, which is basic.  The limestone neutralizes the acid in the coal, binds to the sulfur and nitrogen compounds that are released when the coal is burned, and thus prevents these pollutants from being emitted from the plant’s smokestack.  The solid sulfur and nitrogen waste is called fly ash, and it settles out of the exhaust air, is collected and then disposed of in a landfill.  This technology is very effective at preventing sulfur dioxide and nitrogen oxide emissions from power plants and helping to downwind ecosystems by preventing the formation of acid rain.     



Scrubber - system that removes
particulate matter or toxic gases from
industrial exhaust (e.g., power plant).
Liquid (e.g., water, chemical solution) or
solid adsorbents (e.g., soda ash) are
sprayed into the polluted air, they bind to
the pollutants and cause it to precipitate
or settle out, thus removing it from
exhaust gases.

The resulting liquid solution or solid
powder now contains the pollutant and
must be collected and disposed of safely
(e.g., hazardous waste landfill).

Clean \ \/
Air Out &
i

Dirty
Scrubber <:|

Liquid
Adsorbent
or Solid
Adsorbent
binds
pollutant

| Liquid or solid powder is
o collected and taken to landfill
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Scrubbers are systems used by factories and power plants to remove particulate matter or toxic gases from their exhaust fume gas.  Scrubbers use either liquid adsorbents or solid adsorbents that bind to pollutants.  Absorbents include things like water, soda ash, activated carbon, or activated alumina.  Different pollutants bind to different adsorbents.  Adsorbents are sprayed into the polluted air as a mist or powder, it binds to the pollutants, and then settles out of the exhaust gas by gravity.  The resulting air is clean and passed to the atmosphere through a smokestack.  The resulting adsorbent that has settled out, is now bound to the pollutant and thus it is collected and disposed of in a landfill or other disposal facility.        



Catalytic Converter

Catalytic converter - device on the exhaust
system of internal combustion engine that converts
toxic emission gases (CO, NO,) into less-toxic
gases (CO,, N,, O,).

Used on gasoline and diesel vehicles. Can also be
used for coal-fired power plants. When gasoline,
diesel, or coal is burned for energy it emits toxic
gases like carbon monoxide and nitrogen oxides.

Consists of a metal catalyst (platinum, rhodium, or
palladium). When the high-temperature exhaust
gases, CO and NOx, pass over the metal catalyst,
the pollutants are chemically converted into
oxygen, nitrogen, and carbon dioxide.

Sources: Anhanix1989; The Red Burn

R— ,catalytfc
convél't‘?" on
the qndersme
of an old truck

Honey-
comb core
inSide of
catalytic
gconverter
contairing
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palladium-—-
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Catalytic converters are devices used in the exhaust systems of internal combustion engines.  Beginning in 1975, they were required on all cars in the United States.  A catalytic converter chemically converts toxic emission gases, carbon monoxide and nitrogen oxides into nontoxic gases, oxygen, nitrogen, and carbon dioxide.  The chemical reactions are catalyzed by precious metals platinum, rhodium or palladium.  

When gasoline or diesel fuel is burned in an engine it produces gases like carbon monoxide and nitrogen oxides. These gases flow through a vehicle’s exhaust system and exit the vehicle through its tailpipe where it enters the atmosphere as air pollution.  The exhaust gases are very hot, and at this high temperature the metals act as catalysts to chemically convert toxic gases to nontoxic gases.  The inside of a catalytic converter looks like a honeycomb made of precious metals.  The exhaust gases pass through this honeycomb structure where carbon monoxide is converted into carbon dioxide, and nitrogen dioxides are converted to nitrogen and oxygen.  The carbon dioxide, nitrogen, and oxygen then exits the vehicle through the tailpipe.  While catalytic converters aren’t perfect, a new one is about 90% efficient at reducing toxic gas emissions.  While the efficiency will drop over time, a new catalytic converter should last for at least 10 years.        



HEPA Filter (ngh Efficiency Particulate Air Filter)

Slze comparison of partlcles in mlcrometers (um)

HEPA:fiIte; PM;5 and PM4, not visible to naked eye

¢ Wli ,‘

Pleated Filter

HEPA Filtration — a pleated mechanical air filter that can remove 99.97% of dust, pollen,
mold, bacteria and airborne particles with a size of 0.3 microns (um). Particles that are
larger or smaller than 0.3 um are trapped with even higher efficiency than 99.97%.

Source: EPA
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HEPA is an acronym for high efficiency particulate air.  A HEPA filter is a pleated mechanical air filter that can remove 99.97% of dust, pollen, mold, bacteria, virus and any airborne particles with a size of 0.3 micrometers.  Particles that are larger or smaller can be trapped at greater than 99.97% efficiency.  The filter itself is composed of randomly arranged polypropylene or fiberglass fibers.   



Electrostatic Precipitator

Electrostatic Precipitator

= device used in industry that
removes particles, dust, and smoke
pollution from gas exhaust using an
electrostatic energy to charge
particles positive or negative. The
charged pollution particles are
attracted to metal plates carrying
the opposite charge (e.g., positive
dust particle collects on negative
metal plate). Particles are washed
off the plates, collected as solid
waste, and disposed of safely in a

landfill.

Electrostatic precipitators can remove 99% of pollution

Charged
Collection
Plates

(Negative charge)

Dirty
Gas In

(Positive charge)

I‘

Hoppers
Collect Waste

Sources: EPA
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An Electrostatic Precipitator is a device used by industry to remove particles, dust, and smoke pollution from gas exhaust using an electrostatic energy to charge particles positive or negative.  The charged pollution particles are attracted to metal plates carrying the opposite charge.  The process is like the static on clothes when removed from a clothes dryer, and they stick to each other because of static electricity.     

In this diagram, the positively charged particle pollution is attracted to the negatively charge of the metal collection plates.  After enough particles accumulate on the plates, the particles are washed off the plates, collected in solid waste hoppers, and then disposed of safely in a landfill.  Electrostatic precipitators are up to 99% efficient at removing particles, dust and smoke pollution.   



Policies to Reduce Air Pollution

Clean Air Act — See previous CAA slides.
Funding for Research and Development See previous slides on technology.

Compliance Monitoring and Inspections Is the responsibility of Environmental Protection Agency
(EPA)

+ Penalties and Fines — EPA levies against companies who don’t meet air quality standards.

Green Taxes — economic approach to limit pollution when a financial charge is levied against
activities that are harmful to the environment. Some examples include severance tax for natural
resources, carbon tax for fossil fuel use, licensing fees, waste disposal, duties on imported goods).

Cap and Trade — economic approach to control pollution in which a government sells a limited
number of permits (caps) to companies that allow the emission of a certain quantity of a specific
pollutant . Most notable example is carbon dioxide emission trading of the 2015 Paris Climate
Agreement, which is designed to limit climate change.

Tax Exemption Programs — economic approach to limit pollution by allowing a polluter to install a
technology that reduces pollution and in return a government reduces the amount of taxes the
company owes.
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In the previous slides we discussed ways that the the Clean Air Act, technology, and agencies, like the EPA, reduce air pollution.  In addition, local, state and federal governments around the world direct a variety of programs to reduce pollution by providing economic incentives to polluters.  These programs target business and industry and are intended to benefit a company by increasing its revenue and/or decreasing its taxes.  

A green tax, or environmental tax, is a tax levied by a government against an industry, company or individual polluter based on the amount of pollution or environmental damage. It’s intended to promote environmentally friendly activities or products by economic incentives.  An example is a severance tax on a specific volume of timber harvested from a forest. The tax is collected after the timber is harvested.   

In cap and trade, a polluter (for example, a company) is required to hold permits equal to their emissions. Polluters who want to increase their emissions are required to buy permits from other polluters who are willing to sell them.  Carbon dioxide emissions trading is a common method that countries use to try and meet their pledges under the 2015 Paris Climate Agreement to reduce climate change. 

Local, state or federal governments offer tax exemption programs that lower a company’s taxes when they reduce their pollution.  For example, the Ohio EPA allows companies to receive tax exemptions for the installation of air pollution control equipment.  





