air pollution

Sources of Air Pollution
There are two major categories in terms of sources of air pollution:
anthropogenic sources (man-made sources) and biogenic sources (natural
sources). Man-made air pollution is mostly related to burning fossil fuels (coal,
petroleum, and natural gas). In particular, the transportation sector has been the
largest single source of air pollution in the United States.
Also, high levels of air pollutants such as
sulfur oxides, nitrogen oxides, carbon
monoxide, and carbon dioxide have been
discharged
from
power
plants,
manufacturing
facilities,
and
waste
incinerators in the process of burning coal
and petroleum. The air pollutants emitted
from those sources have negatively
affected human health and damaged the
environment. Not only humans but the
earth itself sometimes contributes to air
pollution through volcanic eruptions,
wildfires, wind erosion, pollen dispersal,
evaporation of organic compounds, and
natural radioactivity.
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6 Common Air Pollutants
Under the Clean Air Act, the Environmental Protection Agency (EPA) sets air quality standards
on a national level, in particular, on the emission of six air pollutants—ozone (ground level),
particulate matter (PM), carbon monoxide (CO), nitrogen oxide (NOx)*, sulfur dioxide (SO2),
and lead. Those six air pollutants are recognized as six common air pollutants because they are
commonly found across the nation and also known as six criteria air pollutants that need to be
addressed to protect health of people and the environment in this country.
*EPA uses NO2 as the indicator for the larger group of NOx.

OZONE (ground level)

PARTICULATE MATTER

Ozone is found at both ground and upper
levels of the atmosphere. While ozone in
the upper atmosphere protects our earth
from the sun’s harmful ultraviolet (UV)
radiation, a high concentration of ozone at
ground level ends up becoming the main
component of smog and haze.

PM is a complex mixture of extremely small
particles and liquid droplets found in the air.
There are two types: PM10 and PM2.5. PM10
includes inhalable coarse particles (dust,
dirt, soot, or smoke with diameters 10-2.5
micrometers) and PM2.5 includes fine
particle with diameters smaller than 2.5
micrometers.

Emissions from industrial and power plants,
motor vehicles, gasoline vapors, and
chemical solvents are the main ingredients
of ground level ozone.

Some particulates are emitted directly from
sources, including construction sites,
unpaved roads, fields, smokestacks or fires.
Others come from industrial and power
plants and motor vehicles.

causes

adverse health effects

Exposure to higher levels of ozone can
cause lung and throat irritation, shortness of
breath, increase frequency of asthma
attacks and aggravate respiratory conditions
like emphysema and bronchitis.

causes

adverse health effects

PM can cause a variety of health problems,
including, nonfatal heart attacks, irregular
heartbeat, aggravated asthma, decreased
lung function, increased respiratory distress,
and premature death.

Source: US EPA

Source: US EPA

Ground-level ozone has gradually declined,
by 25%, since 1980 in the United States.

Levels of PM2.5 reduced by 43% and those
of PM10 decreased by 46% over the last two
decades.
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CARBON MONOXIDE
Carbon monoxide (CO) is a colorless, odorless
gas emitted from burning processes.

causes

Most CO emissions come from mobile sources
such as motor vehicles.

adverse health effects

CO reduces oxygen delivery to the body's
organs and tissues and, at extremely high levels,
can cause death.

NITROGEN OXIDE
Nitrogen dioxide (NO2) is one of a group of
highly reactive gases known as NOx. NO2 is a
reddish-brown toxic gas and has a sharp biting
odor.
causes
NO2 can be created from emissions from motor
vehicles, power plants, and off-road equipment.

adverse health effects

NO2 can cause airway inflammation in healthy
people and increase respiratory symptoms in
people with asthma.

Source: US EPA

Average CO concentrations
decreased since 1990.

have

dramatically

Source: US EPA

Levels of NO2 reduced by 51% since 1990.

SULFUR DIOXIDE
SO2 is a toxic gas with an irritating smell.

causes

Most SO2 emissions come from fossil fuel
combustion at power plants (73%) and other
industrial plants (20%).

adverse health effects

Exposure to SO2 is linked to bronchoconstriction
and increased asthma symptoms.

LEAD
Lead is a heavy metal found naturally in the
environment as well as in manufactured
products.
causes
Sources of lead emissions in the air include ore
and metals processing, waste incinerators,
power plants, and motor vehicles.

adverse health effects

Lead can adversely affect the nervous system, kidney
function, reproductive and developmental systems,
immune system, and cardiovascular system.

Source: US EPA
Source: US EPA

Levels of SO2 dropped 90% over the last 20 years.

Lead air quality has significantly improved.
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Clean Air Act
During the mid 1900s, many cities in
the United States suffered from
serious air pollution. For example, in
1948, thick clouds of air pollution
that lingered for five days killed 20
people and made roughly 6,000
people sick in Donora, Pennsylvania.
To control air pollution on a national
level, the Clean Air Act was
designed in 1963 as the first federal
environmental law.

I

Evansville (Early 1900s)
Photo: Evansville EPA

n 1970, the Clean Air Act was dramatically revised to provide a more
effective national program to address the nation’s air quality. The United
States Environmental Protection Agency (U.S. EPA), which was established in
the same year, has taken a leading role in enforcing the law since then.
Under the Clean Air Act, the EPA sets standards on certain air pollutants
regarding how much can be in the air and requires major industrial sources to
install pollution control equipment to meet emissions standards. Monitoring
systems that track emissions of certain pollutants also began in 1970 to record
air quality trends. The EPA has also provided funding to promote clean air
efforts.
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Air quality in Evansville
Air pollution happens when air pollutants in the form of gases, dust, fumes, and odors are sent into
the air in a way that makes it harmful to life on Earth. Air pollutants include carbon monoxide, sulfur
dioxide, sand/dust particulate, nitrogen oxide, and ground level ozone, and lead. Exposure to air
pollution can cause respiratory problems and heart/lung disease.
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ir quality in the Evansville area has
improved over the last three decades due
to a variety of clean air programs put in
place nationally, regionally, and locally.
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The amount of PM2.5 in Vanderburgh County
decreased by 42% between 2000 and 2018 (Source:
Indiana Department of Environmental Management)
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Air pollution and green vehicles

B

urning oil (gasoline or diesel) in motor vehicles is the biggest cause of air
pollution in the United States. How much gasoline your car uses is strongly
connected to how dirty the air in your area is. If your car can run longer using the
same amount of gasoline as your friend’s car, your car sends less air polluting gases
into the air. That means your car is better at keeping our air clean. Fuel economy
tells us how far a car can go on using one gallon of gasoline. The farther a car can
go, the better fuel economy it has.
The U.S. Department of Energy provides information on the fuel economy of cars
sold in the United States. You will be able to find out fuel economy of your car on
their website. It also offers a ranking of the most and least efficient cars, as well as
information on hybrid and electric vehicles.

Green Vehicles
The vehicles that burn gasoline and
diesel fuel are still the main form of
transportation. However, there are
also vehicles in the market that use
less or no gasoline and therefore
emit less or no direct air pollutants.

v Hybrid-electric vehicles
Hybrid–electric vehicles combine gasoline engines and electric motors to improve
fuel efficiency. Hybrid cars like the Toyota Prius produce 90% less air pollutants than
traditional cars.

v Electric vehicles (EVs)
Electric vehicles (EVs() are powered by an electric motor. Because they do not either
use or burn fossil fuels, electric vehicles emit no direct air pollution.
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WHO HAS THE CLEANEST CAR?

EV Charging Stations in Evansville
The City of Evansville’s first municipal electric vehicle charging station was
installed in 2011 for public use in the Sycamore Street Parking Garage,
located at 500 Sycamore St. in Downtown Evansville. The charging station
was purchased with Energy Efficiency and Conservation Block Grant (EECBG)
funds from the U.S. Department of Energy.
Energy Systems Group, LLC, of Newburgh, Ind., donated two additional
electric vehicle charging stations which were installed at the Locust Street
Parking Garage and the Third Street Parking Garage. The charging stations
are part of a larger energy efficiency project. The electricity needed to
recharge an electric vehicle at one of these charging stations is offered at no
cost to the vehicle owner.
Former Mayor Weinzapfel charging Plug-in Hybrid Vehicle

TEACHER GUIDE
The table and the bar graph show the fuel economy of ten 2020 models, Toyota RAV4, Nissan
Altima, Honda FIT, Chevrolet Equinox, Ford F150, GMC Sierra, Buick Environ, Chevrolet
Silverado, Dodge Grand Caravan, Toyota Prius C. Students use bar graphs skills through
comparing the fuel efficiency of each car. There are 4 types of problems depending on grade
levels. This activity is created based on data obtained from fueleconomy.gov. Use either the
chart or the graph depending on students’ level.

PROBLEM A
• Bar graphs (up to 50)
• Using <, >, = symbols
Using a chart, students are
asked to create a bar graph
that compares the fuel
economy of 10 cars. They
also use the symbols <, >,
and = to compare the
numbers.

Waste generation in our nation
Almost every activity we do in our lives leaves behind some type of waste.
From making crafts to cooking dinner, we constantly generate waste. Human
society is indeed closely linked to waste. There are tens of waste types,
including municipal solid waste (MSW), hazardous waste, industrial waste, and
electronic waste. The United States generated an estimated 268 million tons
of MSW. That means 4.51 pounds of waste were discarded every day from
every single American (U.S. EPA, 2019). The amount of municipal solid waste
(MSW) tripled over the last 50 years in this country. It has increased by more
than 170 million tons since 1960. One of the reasons for the increase is
population growth. The population in the country has increased by 75% since
1960.

O

ur social structure that seeks economic growth based on mass
production and mass consumption is also responsible for the increase. Per
capita waste generation in 2017 is 1.7 times larger than that in 1960.

Trends of MSN
generation since
1960
(Source: U.S.
EPA, 2019)
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Recycling in Indiana
The recycling rate in Indiana has been increasing and it improved from 16.8%
in 2017 to 20% in 2018. However, the rate is still relatively low. The low
recycling rate results in a higher percentage of trash (75%) ending up in
landfills (IDEM, 2019). Vast amounts of waste disposal have caused several
environmental problems such as water contamination and natural resource
depletion, placing burdens on the ecosystem in our country. In addition,
emissions of methane, one type of greenhouse gas produced at landfills,
substantially contributes to global climate change. In 2014, House Enrolled
Act 1183 (HEA 1183) established a 50 percent recycling goal for Indiana.
Educating the importance of recycling in Indiana becomes more critical than
ever.
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Recycling in Evansville
The city of Evansville provides several recycling services, including a curbside
recycling program, electronics recycling, tire recycling, yard-waste recycling, and
drop-off recycling. Among them, the amount of recyclable materials collected
through the curbside recycling program makes up a dominant portion (see the
table below). Residents in the city of Evansville are provided a 96-gallon bin to
place recyclable materials. Over 60,000 bines were distributed as of June 2020.
The amount of recyclables collected through the services significantly increased
in 2013, however it has not improved much since then (See the figure below). The
residential recycling rate was about 13% in 2019.
In 2014, House Enrolled Act 1183 (HEA 1183) established a 50 percent recycling
goal for Indiana. Educating the importance of recycling in Evansville becomes
more critical than ever.
(Tons)

Table. Residential Waste management in the city of Evansville

Curbside household
MSW
Hazardous waste
Curbside Recycling
Electronics recycling
Drop-off recycling
Curbside yard waste
Tire recycling
Total Household Waste
Total recycling
Recycling rate

2016

2017

2018

2019

35,887

34,991

35,275

36,286

41
5,312
39
N/A
297
N/A
>41,576
>5,648
13.6%

43
5,054
37
N/A
363
N/A
>40,488
>5,454
13.5%

30
5,190
76
N/A
413
N/A
>40,984
>5,679
13.9%

40
5,107
82
N/A
400
N/A
>41,915
>5,589
13.3%

(Source: Evansville Department of Solid Waste Management)

Curbside recycling in the city of Evansville
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Figure. The amount of recyclable materials collected through the curbside recycling
program (Source: Evansville Department of Solid Waste Management)
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Recyclable materials in
Evansville
A full list of items that can and cannot be put in curbside recycling bins
in the city of Evansville

Recycling Items Accepted in Newburgh:
http://www.warrickrecycles.org
https://www.advanceddisposal.com/for-mother-earth/recycling-tips-trivia/recycleright.aspx
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To reduce negative impact on the
environment, elimination of waste
we generate is critical. Three ways
are suggested: 1) reducing, 2)
reusing, and 3) recycling waste.

Reduce
Reducing the amount of waste you
discard is the most critical method
to eliminate waste. If you can avoid
making waste in the first place, you
can reduce waste sent to landfills
and reduce your environmental foot
print in the end.

Reuse
Reusing materials that you have
instead of throwing them away also
greatly
helps
avoid
waste
generation. Using reusable bottles
for water instead of consuming
disposable plastic water bottles is
one example. Using rechargeable
batteries is another.

Recycle
Even after you reduce and reuse
waste, you may still need to
discard some waste. Recycling is
another way to eliminate waste.
Recycling helps conserve both
natural resources and space in our
landfills.
Recycling also saves
energy and water and prevents
pollution
caused
by
the
manufacturing of products from
raw materials.
Furthermore,
recycling decreases emissions of
greenhouse gases that contribute
to global climate change.

TEACHER GUIDE
The purpose of this activity is to enhance students’ skills in units of mass,
including pounds, ounces, (short) tons, kilograms, and grams. Using the
information that about 5 pounds of waste generated by each resident of
Evansville is not recycled and ends up in landfills every day, this activity
provides 3 worksheets.

Copyright @ Blueggs Environmental Education Ltd.

Think Environment in Math

