Air Pollution Learning Module

Understanding and monitoring a
quality is essential to atmospher
scientists to help reduce emissior
protect human health and tf
environment. In this learning module
we will learnabout air pollutants, thei
sources, and the effects on
environment and our respiratot
systems.
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Figure 1.Air pdllution in Hong Kohg
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Composition of the Atmosphere

The air is made up of many different gases. To give you an idea of what air actually ¢
of watch this video!

Composition of Air (2:37 i 6:33)

The first,nitrogen, is the largest constituent of the atmosphere. If the air were made of
parts, nitrogen would call for 780 parts, or 78%. Nitrogen is really important to us bec:
helps plants to gain minerals from the soil for plant growth. The next most cogaadhat
is in air isoxygen Oxygen makes up 209, or 20.9% of our air. Oxygen is importan
many things. We need it to breath, but it is also needed for fires. The only problem i
oxygen, if you have too much of it, oxygen is extremely reactings could combust if
you have an oxygerich environment, so having the nitrogen in our air balances it out
gives us the right percentage of oxygen and nitrogen together to make air safe to bre
be around.

The next gas in the air is calledgon. Argon does not do much for us in the atmosphi
but we have 9 parts, or 0.9% in the air. Argon is a gas that can be placed in a tube
electric current to create a purple hue in a neon sign. Next, we have a gas that we h
about these day which iscarbon dioxide. This gas is one of the trace gases and is four
small concentrations in the atmosphere. Carbon dioxide is a gas that we exhale w
breat he. It is also taken in by ©plan
temperature learning module that carbon dioxide is a greenhouse gas and allows in
solar radiation to pass through the atmosphere, but traps outgoing or reflected sun
cause a warming effect in our atmosphéice gasesincluding carbon dioxig, make up
1 part, or 0.1% of the air. Other trace gases include ozone, nitrous oxide, methane,
neon, water vapognd several others.
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Figure 2. Composition of the Atmosphere
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Video Lecture Notes 1

o 99% of our atmosphere is made of oxygen) (& 21% and 78% nitrogen §N These
gases are transparent to both visible light from the sun and thernaaédfight from the
earth.

o Greenhouse gasedike water vapor, carbon dioxide and methane, are vitally importa
for keeping our planet warm.

o Although these gases are found in small concentrations, they are vitally importan
maintaining a globally avaged temperature of 92

Pollutants

When we think of air pollution today, we think of cities like Beijing. In Figure 3, you car
a view of the city before and after it rained, which removed a lot of the pollution fror
atmosphereThese pollutants have adverse health effects. In London in 1952, they h
Great Smog of 1952. It was difficult to see and thousands of people died, which
legislation to reduce the pollution. We had the same problems in North America.

Air Pollution (9:24 )

Figure 3. Beijing before (left) and after (right) rain.
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So, what is air pollution? It is not onghemicals in the atmosphere, but chemicals
have bad health effects. Since we are breathing it in, it is going to affect our lungs a
lead to increased cancer risks.

So if they are affecting us negatively, we call them pollutants. The followegrianary
pollutants, which means they are emitted directly into the atmosphere by a part
source.

Primary Pollutants

Volatile organic compounds (VOCs)such agjases fronevaporating gasoline
Carbon monoxide (CO) which is an odorless gas that is produisgdombustion
NOx, which includes nitric oxide (NO) and nitrogen dioxide @O

Sulfur dioxide (SOz), which is produced through the combustion of coal
Particulate matter (PM), which are small suspendpdrticles.

Lead, which we used to add to our gasoline

O O O O o o

Primary pollutants can combine with other chemicals in the atmosphere and pi
secondary pollutants

Secondary Pollutants 1

NOx can producaeitric acid (HNO 3).

Sulfur dioxide(SO) can producsulfuric acid (H2SOz).

Ozone (&), which is produced through chemical reactions between nitrogen dic
VOCs, and sunlight

Figure 4. Primary and secondary pollutants.

Source

This work is licensed under a Creative Commons AttribtSioareAlike 4.0 International License


http://www.nextgenscience.org/topic-arrangement/mswaves-and-electromagnetic-radiation
https://www.youtube.com/watch?v=_dTtvtlct9k

Ozone can be helpful drarmful to our health and the environment. In the stratospt

ozone is produced naturally to block harmful ultraviolet rays from the sdiis is an
exampl e of figoodod o0z o n-evel okone ldargely contribudep t
smog. This i s fAbado ozone.
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Figure 5. A vertical profile showing atmospheric ozone, whi
includes tropospheric and stratospheric ozone.
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Aerosols

Trillions of tiny particles are floating in the air. Volcanic eruptions, wildfires, sandsto

and other natural causes are sources of those tiny patticlégere are also be mamade
sources such as controlled burning, car exhaust fumes, and industrial pollution.
particles in our e a aerobots 90 leatn mors, pvateh rthés ne

video!
Aerosols _ (1:38)

Our weather, climate, the whole thermal state of our planet, and of course our he

influenced by aerosols. Satellites continuously provide us with massive amount
aerosol data, which need to be processed to provide us with important information ak

spatial distribution andoncentration of aerosols
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Figure 7. Sources of aerosols including volcanic eruptions (l¢
wildfires (center), and sandstorms (right)

Source

Figure 8. Satellite data of aerosols across the glpbe
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Sources of Pollution

Where are these chemicals coming from? They can be produced naturally such ¢
forest fires, volcanoes, and sandstorms. They can also come from stationary sourc
can think of those as industrial such as factories. Finally, we have mobile ssucbess
cars and buses.

Air Pollution

Figure 9. Sources of air pollutio
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Improving Air Quality

We can control air pollution through regulation. T®lean Air Act (1970) in the United

States was able to reduce pollutants and save lives. Technology is able to scrub
pollutants out of the air before it is released. The Clean Air Act put strict standards
certain pollutants so that industries @amited on how many pollutants they can put into

the atmospherg.

The Clean Air Act requires thénvironmental Protection Agency (EPA)to set National
Ambient Air Quality Standards (NAAQS) for pollutants considered harmful to pt
health and the environment.

The EPA has set standards for thecsiteria pollutants which include

Carbon Monoxide (CO)
Lead (Pb)

Nitrogen Dioxide(NOy)
Ozone (Q)

Particulate Matter (PM)
6. Sulfur dioxide (SQ)

g B wnN =

To learn more about the criteria pollutants and the concentrations at which th
considered by the EPA to be unsafiek here .
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To restrict the amount of pollutants that are emitted from vehicles into the atmosphe
can use a device calledcatalytic converter. This technology grabs onto the nitrog
dioxide and carbon monoxide that is produced during combustion. We can als
mechanical or electrostatic filtersthat produce a gradient and it grabs onto some of tl
pollutants. Finally, we can useet scrubbers, which bring in polluted air and a mi

eliminator grabs onto a lot of those chemicals to remove them from the air

Electrostatic

TGChﬂO'Ogy precipitator

Catalytic convertor

Figure 10.Technology to reduce air pollution including a catalytic
converter for vehicles, an electrostatic precipitator, and a wet scrub
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Air Quality Index

The Air Quality Index (AQI) is a colorcoded scale showing us if the air around us
good, poor, or extremely unhealthy. To learn more about the AQI, watch this nexs vidi

Air Quality Index (0:50)

Each color indicates the level of pollutants in the air. Green represents good air ¢
When the AQI reaches orange, it is unhealthy for sensitive groups such asnctitér
elderly, and those with respiratory illness. When it reaches red or higher, the air qu
unhealthy for everyone. The AQI also has a number scale. An AQI value above 100
sensitive groups need to reduce outdoor activity. When the AQIaegdts0, everyone
should go indoors.
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Figure 11. The colecoded Air Quality Index.
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Health Effects

When air pollution worsens, it can be harmful to health. Studies show that even
increases in air pollution can cause increases in emergency room Visits, hospitali:

and deaths. In this next video, we will learn about the links between aitygaiadl your
health.

Air Quality and Your Health (2:12)

Pollution affects our health through our cardiovascular system, just like smoking.
lead to lung and heart diseases, and increase the risk of cancer. We see health effe
wherever we have industrialization such as places like China. In e&stexpe, there is ¢
huge amount of industrialization and not a lot of regulation.

Health Effects

Figure 12. Global air quality (left) and the health effects associated wi
poor air quality (right).
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Specifically, particulate matter are small particles that as you breathe them in, the |
your nose and respiratory tract do not trap them. PM goes into your lungs and ju
smaing, it is stuck there and can lead to other types of diseases. Lead, which we |
add to our gasoline, has huge neurological impacts. Nitrogen and sulfur can lead t
acid and sulfuric acid and these contribute to acid rain. Acid rain carlveisgatues, bur
more importantly, it changes the acidity (or pH) in the food web and can impact
systems.

To learn more about outdoor air quality and how it affects your headthhere  and find
the answers to the following questions!

Q: How does air pollution affect your health?

A: Air pollution affects your health based on the length of time you are exposed
health status, and the concentratiopaifutants. Air pollution can

1 Make it harder to breath
1 [Irritate your respiratory system
1 Aggravate asthma symptoms or heart conditions

Q: Who is at risk of negative health effects from bad air quality?

A: Everyone. Sensitive groups include newborns ymehg children, pregnant womel
the elderly, and people with pexisting health conditions.

Q: Can air pollution affect asthma and allergies?

A: Pol l ution can ma k e asthma sympto
functions, as well as, increase reapiry infections. Pollution can also make childr
more sensitive to allergens. In fact, people who have asthma need to make su
manage their asthma much more carefully when air quality is poor.

Q: How should you make use of the Air Quality IndeXAQI) to protect your health?

A: It should be used to plan ahead because it can tell you the best time of da
outside and when to reduce your outdoor activity. It is also a good reminder of the
to protect the environment. For example, cars amapr source of air pollution and |
we reduce driving, we can reduce the number of bad air quality days.

Q: What can you do to protect your health?
A: There are several ways to protect your health including

9 Watch for air quality advisories

1 Scheduleutdoor activities for early in the day

9 Protect sensitive groups

1 Avoid busy streets when jogging/running outside
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Reducing Air Pollution

Now that we have | earned about all the
that you can take to reduce the amount of pollution that is released into the atmospf
learn more about reducing air pollutiatick here _ and find the answers to the followir
guestions!

Q: What can you do to reduceyour contribution to air pollution?

A: There are several ways to reduce air pollution including

91 Carpool, take public transportatidmke or walk
Turn down the air conditioner during the summer
Avoid using the fireplace during the winter

Turn lightsoff and use low energy bulbs
Purchase a fusdfficient or electric car

=) =] =] =

Q: What other things can you do to improve air quality in your community?

A: There are several ways to improve air quality including

9 Drive less, walk and bike more, and make useubdip transit
1 Encourage development of community walking and biking paths
1 Getinvolved in planting trees and community gardens

10
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Pre-Class Activity 2. 7

Instructions: Before teaching abouwir pollution have the students answer theestions

below, followed by ajuestion for inclass discussion between you and your students.

1. What is the largest constituegaisof the atmosphere?

a.

b
C.
d.
e

Oxygen
Nitrogen
Carbon dioxide
Argon

. Ozone

2. Which of the following inota source of air pollution?

PO T®

Volcanic eruptions

Dust storms

Hurricanes

Combustion of fossil fuels
Forest fires

3. What does EPA stal for?

Q

b.
C.
d.

4. What negative health effects are associated with poor air quality?

"0 T

Environmental Prediction Association
Environmental Protection Agency
Environmental Pollution Act

Extreme Polluted Air

Lung disease
Cancer risk
Heart disease
Asthma

All of the above

5. Which of the following isnota primary pollutant?

Q

b.
c.
d.

Particulate matter
Lead

Nitrogen

Carbon monoxide

Discussion_Question Air pollution can be harmful to human health and the environment.

Discuss some of your everyday activitigst cause air pollutiorand ways to reduce your
contribution to air pollution.
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In-Class Activity

Part 1. Smog City Activity 2, 3, 4

Instructions: Click here to learn what controls pollution emissions and our air quahtylow
each step and answer the questions below.

Step 1 Before moving the controls, record the current temperature and air quality index below.
Temp =
AQI =

Step 2 List the 10 controlg¢hat affect air quality on the left side of the page.

10.

12
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At the bottom right of the Smog City 2 Experiengeu will see an Air Quality IndexAQI)
chartlike the one below. The top panel shows the AQlcolor and number. The dashed line

represents the particle levddyg the time of day, and the solid line represersne by the time
of day.

GROUND LEVEL ADI: GREEN
PARTICLE LEVELS — = OZONE LEVELS ——

MIDNIGHT
HERALTH: GDOD

Air quality is Good.

i

Step 3 Move the emissions and population controls to the maximum settings. Change the wind
speed to calm (far left).

Questions

1. What happens to grouridvel ozone and particle levels?

2. What time(s) of day would particle pollution levels be the highest?

3. Without altering the weather conditions, how can you reduce particle pollution?

13
This work is licensed under a Creative Commons AttribtSioareAlike 4.0 International License



Step 4 Set the temperature to PE)far right).

Questions

1. What happens tthe groundevel ozone and particle pollution?

2. Atwhat time of dayvould groundlevel ozone levels be the highest?

3. Move the population slid&Vhat effect does the population control have on air pollution?

Step 5 Check the Random Events box (lower left). As you use the weather, emissions, and
population controlsyatch the cityscagfor wildfires and dust storms.

Questions

1. How do wildfires and dust storms affect air quality?

14
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Part 2. The Air Quality Index »

Instructions: Click Here to learn more about the curreamd forecastedir quality in the U.S.
Scroll over the colored tabs beloWwet map to reviewhe air quality index (AQI) andinish
fill ing in the table belowSunmarize the healtaffects inone sentence.

Color AQI Rating Health Effects

Air quality is considered
Green Good Q71 50) satisfactory, and air pollutiorn
poses little or no risk.

Click the &6Current Adpterining thebcurrand siateeof ourhraie qualitg.p a n
Draw on the map below and label areas where air quality is good, unhealthy, etc.

15
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Questions

1. Which states havéne highest AQICheck your answer
under the OHighest 506 tab bel ow

by cl i ck:
the map.

1)

2)

3)

4)

5)

2. Which regiors of the U.S. (i.e., northeast, southwdsdyegood air quality?

3. Based on what you have learned abooiv the weather affects air pollution, Het air
quality isgood,what type of weather conditions would you expect to be préskiaw
about if the air quality is poorPou may use the exercise from Part 1. Smog City to help
you answer this questiofHint: Consider precipitation, clear vs. cloudy days, etc.)

Air Quality : Good Weather Conditions:

Air Quality : Poor Weather Conditions:

16
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Part 3. Supplemental Exercises

Instructions: Review scientific notatiowith these practice problems.

The Environmental Protection Agency (EPA) has set National Ambient Air Quality Standards
(NAAQS) that restrict the emissions of six criteria pollutants believed to be harmful to human
health and the environment (shown beloWg learn more about NAAQSIick here.

Pollutant - .
[links to historical tables of ggcr::zr(}g #;r:‘réagmg Level Form
NAAQS reviews] 1Y)
8 hours 9 ppm
rbon Monoxide primary ot to be exceeded more than once per year
Carbon M ide (CO) i MNotto b ded th
1 hour 35 ppm
primary .
Lead (Pb and Rolingj3month 0.15 pg/m3 L) Not to be exceeded
average
secondary g
' 98th percentile of 1-hour daily maximum concentrations,
primary 1 hour 100 ppb averaged over 3 years
Nitrogen Dioxide (NO5) primary
and 1 year 53 ppb 2 Annual Mean
secondary
PN Annual fourth-highest daily maximum 8-h
(3) Annual fourth-highest daily maximum 8-hour
Ozone (O5) ggcdon dary Slliolrs Q.070,ppm concentration, averaged over 3 years
rima 1 year 12.0 pg/m? annual mean, averaged over 3 years
primary b Ha g i
secondary 1 vyear 15.0 pug/m? annual mean, averaged over 3 years
PM
25 primary
Particle Pollution (PM and 24 hours 35 pag/m? 98th percentile, averaged over 3 years
secondary
primary N
3 ot to be exceeded more than once per year on average
PMyp ggcdondary 24 hours 150 pg/m over 3 years
rima 1 hour 25 ppb (42 99th percentile of 1-hour daily maximum concentrations,
sulfur Dioxide (502} P b/ PP averaged over 3 years
secondary 3 hours 0.5 ppm Mot to be exceeded more than once per year

1. Expresghe levels of carbon monoxide (CO) shown on the table above in scientific
notation. Units should remain in parts per million (ppm).

9 ppmA x Pppm

35 ppmA x T@ppm

2. Expresghe levels of nitrogen dioxide (NPshown on the table above in scientific
notation. Units should remain in parts per billion (ppb).

100 ppbA x Hppb
53 ppbA x T®pb

17
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Take Home Assignment

Part 1. True/False(Circle One) 6

1. Eart hés atmosphere is made up of nTai RI
2. Air pollution affectstherespiratory system and can lead to increased cancer risks. F
3. Particulate matter is considered a secondary pollutant. T F
4. The ozone layer is harmful to humans. T F
5. Aerosols in the atmosphere are moretd using satellites. T F
Part 2. Short Answer >
Instructions: Answer the following questions ini12 sentences.
1. List the three ingredients necessary for ozone formation.

1)

2)

3)

18

This work is licensed under a Creative Commons AttribeSioareAlike 4.0 International License

y

n


http://www.corestandards.org/ELA-Literacy/RST/6-8/8/
http://www.nextgenscience.org/topic-arrangement/mshuman-impacts

2. What is the difference between figoodod and

3. Name three devices that are used to reduce air poll@iooose onéo describe how the
device works to remove pollutants from the air.

1)

2)

3)

Device:

Description:

19
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Part 3. Matching 3, 4

Instructions: Identify which of the following arsources of air pollutionPut a check mark in
the box next to sources of air pollution.

Volcanic Eruption Motor Vehicle
Forest Fire Industry
Sand Storm Evaporating Gasoline
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