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Improving the air quality in West Michigan is important. 

The West Michigan Clean Air Coalition was formed in 1995 and is working toward this 
goal. The West Michigan Clean Air Coalition is a partnership of businesses, academic 

institutions, government agencies, industry, and non-profit organizations in Kent, Ottawa, 
Muskegon, and Kalamazoo counties working together to achieve cleaner air in the region. 
The coalition works to educate the public about our air quality and its health effects, and to 

promote voluntary emission reduction activities that can improve our air quality. 

The West Michigan Clean Air Coalition in efforts to expand the public education 
campaign would like to thank the Clean Air Coalition of Southeast Michigan for the 

permission to use their packet and adapt it to the needs of West Michigan. Information 
from the Michigan Department of Environmental Quality and the United States 

Environmental Protection Agency has been incorporated in this document as well.  
 

Visit the West Michigan Clean Air Coalition’s webpage (https://www.wmcac.org/) and 
Facebook page for additional information that supports these activities.

https://www.wmcac.org/


3 

 

 

 
 

Table of Contents 
 
 
 
Introduction to Air Quality in West Michigan…….........................................................4 

 
Teacher Resource Page ....................................................................................................6 
 
Michigan Science Standards...........................................................................................11 
 
What is in the Air?……..................................................................................................14 
 
Forming Ozone...............................................................................................................17 
 
Looking at Data..............................................................................................................26 

 
Highs and Lows…..........................................................................................................34 

 
How does a Cloud Form?................................................................................................40 

 
Temperature Inversion.……………..................................................................................47 
 
Glossary.……………........................................................................................................51 

 
Teacher Evaluation Form……. .......................................................................................53



4 

 

 

Introduction to Air Quality in West Michigan 
 
Are your students curious about air quality in West Michigan?  Have they noticed that 
sometimes the meteorologists on local weather stations talk about Clean Air Action Days? 
Do they know the difference between “good” ozone and “bad” ozone?  Have they heard of 
fine particulate matter pollution?  Do they know what to do on a Clean Air Action Day? 
 
To help answer these and many more questions, the West Michigan Clean Air Coalition 
has lessons and a website with lots of information about air quality in West Michigan 
(https://www.wmcac.org/). This along with the Michigan Department of Environmental 
Quality’s website and the U.S. Environmental Protection Agency’s AirNow site 
(https://airnow.gov/) provide forecasts and real-time information about air quality in our 
area.  Note: AirNow was updated in September 2018 but the original site is still available 
at: https://cfpub.epa.gov/airnow/.    

 
Pollutants of Most Concern in West Michigan 

 
Michigan air quality has greatly improved over the past few decades. These days, primarily 
two criteria pollutants - ground level ozone and fine particles – are reported at 
concentrations that are sometimes higher than what is considered healthy.  
 

Ground level Ozone 
 
 First, here is a word on “good” and “bad” ozone. 
 

The chemical structure of ozone is O3 as compared to 
oxygen, which is O2.  The additional oxygen atom 
makes ozone very reactive, which is good in the 
upper atmosphere (the ozone layer) but harmful in 
the lower atmosphere (a component of smog).  
Ozone is produced through complex photochemical 
reactions involving natural atmospheric gases, 
volatile organic compounds (VOCs), nitrogen oxides 
and sunlight.  Hot days can accelerate these 
reactions.  Elevated levels of ground level ozone 
make breathing more difficult – especially for people 
with respiratory problems.  It can also damage 
vegetation and materials. 

 
The Clean Air Action Program informs people when elevated ground level ozone values are 
anticipated and it offers tips for reducing ozone formation.  Since vehicle exhaust and 
gasoline vapor contribute to the chemical mix, many of the “clean air” tips involve reducing 
emissions from cars and equipment such as gasoline powered lawn mowers. 
 
Ground level ozone concentrations tend to be highest in the afternoon and early 
evening in the lower half of the Lower Peninsula. In northern Michigan, levels tend 
to peak in the evening and nighttime hours after winds carry pollution northward 
from the population centers to the south. 

https://www.wmcac.org/
https://airnow.gov/
https://cfpub.epa.gov/airnow/
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Particulate Matter 
 
And now a word about particulate matter. Although Clean Air Action Days are 
generally called just for ozone, there are other air quality concerns that could 
trigger a Clean Air Action Day. 

"Particulate matter," also known as 
particle pollution or PM, is a complex 
mixture of extremely small particles and 
liquid droplets. It is made up of a number 
of components, including acids (such as 
nitrates and sulfates), organic chemicals, 
metals, and soil or dust particles.  

The size of particles is directly linked to 
their potential for causing health 
problems. The EPA is concerned about 
particles that are 10 micrometers in 
diameter (PM10) or smaller (PM2.5) 
because those are the particles that generally pass through the throat and nose and enter the 
lungs. Once inhaled, these particles can affect the heart and lungs and cause serious health 
effects.  

Environmental Effects – Particulate Matter  

Visibility reduction 
Fine particles are the major cause of reduced visibility (haze) in parts of the United States, 
including many of our treasured national parks and wilderness areas.  

Environmental damage 
Particles can be carried over long distances by wind and then settle on ground or 
water.  The effects of this settling include: making lakes and streams acidic, changing the 
nutrient balance in coastal waters and large river basins, depleting the nutrients in soil, 
damaging sensitive forests and farm crops, and affecting the diversity of ecosystems.  

Aesthetic damage 
Particulate matter can stain and damage stone and other materials, including culturally 
important objects such as statues and monuments.  

Fine particles (PM2.5) concentrations can peak anytime especially when there are fires. 
Although PM2.5 episodes can occur at any time, it is more likely to occur during the summer 
and winter months.  Fine particles are so small that ambient air concentrations are the same 
whether you are outdoors or indoors, so staying inside has little effect on exposure levels. 
[Note that the same is not true for larger, coarse particle pollution.] 
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What is the Air Quality Index? 
 

The Air Quality Index (AQI) is a tool for reporting daily air quality. It tells you how clean 
or polluted the air is, and what associated health concerns you should be aware of. The AQI 
focuses on health effects that can happen within a few hours (acute effects) or days after 
breathing polluted air (chronic effects). The AQI is reported for five major air pollutants 
regulated by the Clean Air Act: ground level ozone, particulate matter, carbon monoxide, 
sulfur dioxide, and nitrogen dioxide. 
 
 
 
 
 

 
What are Clean Air Action Days? 

 
The Michigan Department of Environmental Quality (MDEQ) works to ensure that 
Michigan's air remains clean by regulating sources of air pollutants to minimize adverse 
impact on human health and the environment. Its goals are to meet and maintain air quality 
standards, limit emissions of hazardous and toxic pollutants, and inform the public about 
current air conditions. Clean Air Action Days provide a way to reduce pollution and to 
protect health on days when air quality is expected to reach Unhealthy for Sensitive Groups 
or above on the Air Quality Index (AQI). 

The MDEQ monitors the air and keeps us informed about air quality conditions. MDEQ 
meteorologists forecast (i.e. predict) daily air quality. Clean Air Action Days are declared 
when unhealthy pollution levels are expected to occur.   

Counties currently under an Action Day are shaded red on the AQI map on the MIair 
website (http://www.deqmiair.org). In addition, declaration information for today and 
tomorrow is viewable on the Action Day page. You can also receive automated electronic 
notification messages about air quality and Action Days via EnviroFlash. 

What should be done on Clean Air Action Days? 

There are many voluntary actions that can be done on Clean Air Action Days. The purpose 
of these actions is to work towards reducing emissions.  Emission reductions help prevent 
the formation of ground level ozone and particulate matter. Examples of what to do include: 
riding a bike to work or school instead of riding in a car, avoiding car and bus idling, and 
many more actions as shown on the tip cars on the next page. Tip cards are available at the 
West Michigan Clean Air coalition website (https://www.wmcac.org/).  Become familiar 
with the link between the Air Quality Index and health.  Monitor the actual AQI online and 
sign up for Enviroflash (http://www.enviroflash.info/) to get notifications about air quality.  

 

http://www.deqmiair.org/
https://www.wmcac.org/
http://www.enviroflash.info/
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Resources 
 
Here are some of the resources available on ground  level ozone and particle pollution: 
 
West Michigan Clean Air Coalition     https://www.wmcac.org/ 
A group of concerned businesses, educational institutions, non-profit organizations, and 
government agencies are spreading the word about the West Michigan ozone problem. This 
site has specific information on when West Michigan Clean Air Action Days occur, a list of 
tips for Clean Air Action Days, and free materials. 
                        

U.S. EPA’s  AIRNow       https://airnow.gov/    
This information on the Air Quality Index, ozone maps and 
animation, air quality forecasts, a kid’s page, and facts about health 
issues.  This site offers students the opportunity to compare air 
quality with meteorological events on a national scale. 
 

 
 
 
 
Air Quality Index (AQI) Toolkit for Teachers  
https://airnow.gov/publications/teachers/aqi-toolkit-for-teachers 
Like weathercasters, teachers are a key resource for science and health information relevant 
to air quality thus EPA created the AQI Toolkit for Teachers. These lesson plans meet 
national science education standards and can be easily incorporated into school curricula. 
 
Michigan Department of Environmental Quality   
http://www.deqmiair.org  
This website provides hour-by-hour ozone and particulate 
matter readings at selected sites and information about air 
quality in Michigan. 
 
Michigan Environmental Education Curriculum 
Support (MEECS)   http://www.michigan.gov/deq-meecs 
The goal of MEECS is to provide students in grades 3 
through 9 with an opportunity to learn more about their environment through lessons in 
Science and Social Studies.  The MEECS curriculum consists of seven different 
curriculum units; Air Quality, Climate Change, Ecosystems & Biodiversity, Energy 
Resources, Land Use, Land and Environment, and Water Quality.  

MEECS Online https://wgvu.pbslearningmedia.org/collection/meecs-air-quality/ 
Ten air quality lessons from MEECS are modeled on the MEECS Online website.  Lesson 
8 shows how to use the MDEQ and EPA websites for the air quality index. 

https://www.wmcac.org/
https://airnow.gov/
http://www.epa.gov/airnow/
https://airnow.gov/publications/teachers/aqi-toolkit-for-teachers
http://www.deqmiair.org/
http://www.deqmiair.org/
http://www.michigan.gov/deq-meecs
https://wgvu.pbslearningmedia.org/collection/meecs-air-quality/
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Michigan Science Standards 

Exploring air quality in West Michigan represents a phenomenon that is on target for 
addressing the Michigan Science Standards.  Because the student performance expectations 
were developed to align to a general context for all learners, the Michigan Department of 
Education (MDE) has worked with a variety of stakeholders to identify Michigan-specific 
versions of the standards for student performance expectations that address issues directly 
relevant to our state such as its unique location in the Great Lakes Basin, Michigan-specific 
flora and fauna, and our state’s rich history and expertise in scientific research and 
engineering. These versions of the performance expectations allow for local, regional, and 
state-specific contexts for learning and assessment.  

In addition to the specific performance expectations that frame more general concepts and 
phenomena in a manner that is directly relevant to our state, there are also a number of 
performance expectations which allow for local, regional, or state-specific problems to be 
investigated by students, or for students to demonstrate understandings through more 
localized contexts. The Michigan specific performance expectations should be used by 
educators to frame local assessment efforts.  

These air quality activities are designed to help students make sense of a phenomenon and 
explore solutions to problems by engaging in activities that integrate the three dimensions 
of the Michigan Science Standards (Disciplinary Core Ideas, Cross-cutting Concepts, and 
Science and Engineering Practices). Local and regional problems are investigated by 
students, who will then be able to demonstrate understandings through these more localized 
contexts. 

The following graphics illustrate how exploration of a phenomenon leads to questions, 
investigations, and models, which contribute to understanding.  Introducing other 
phenomena at the lesson level builds towards a final consensus model of the phenomenon.    
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Source: National Science Teachers Association (NSTA) Web Seminar from March 15, 2017 
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Exploring Air Quality in West Michigan (Grades 6-8) 

Phenomenon: Sometimes meteorologists forecast that the air quality in West Michigan could be 
unhealthy and a Clean Air Action Day is called.  What does this mean?  

Essential Questions 
(from the MEECS  
Air  Quality Unit) 

Performance Expectations Disciplinary Core 
Ideas  

Crosscutting Concepts 
and Practices 

 
Why should we be 
concerned about air 
quality? 
 
What are the sources of 
air pollution? 
 
How can we monitor air 
quality? 
 
How can we tell what the 
quality of air is today? 
 
What can we do about air 
pollution? 

 
MS-PS1-1  
Develop models to describe the atomic 
composition of simple molecules and extended 
structures. 
 
MS-PS1-4  
Develop a model that predicts and describes 
changes in particle motion, temperature, and 
state of a pure substance when thermal energy 
is added or removed. 
 
MS-PS1-2  
Analyze and interpret data on the properties of 
substances before and after the substances 
interact to determine if a chemical reaction has 
occurred.  
 
MS-PS1-5  
Develop and use a model to describe how the 
total number of atoms does not change in a 
chemical reaction and thus mass is conserved.  
 
MS-ESS2-5  
Collect data to provide evidence for how the 
motions and complex interactions of air masses 
results in changes in weather conditions. 
 
MS-ESS3-3  
Apply scientific principles to design a method 
for monitoring and minimizing a human impact 
on the environment. 
 
MS-ESS3-4  
Construct an argument supported by evidence 
for how increases in human population and per-
capita consumption of natural resources impact 
Earth’s systems.  
 
MS-ETS1-1  
Define the criteria and constraints of a design 
problem with sufficient precision to ensure a 
successful solution, taking into account relevant 
scientific principles and potential impacts on 
people and the natural environment that may 
limit possible solutions. 

 
Disciplinary Core Ideas 
(DCI) Topics 
• Structure and Properties 

of Matter 
• Chemical Reactions  
• Weather and Climate 
• Human Impacts  
• Engineering Design 
 
Cross-cutting Concepts 
(CCC) 
1. Patterns 
2. Cause and Effect  
3. Scale, Proportion, and 
Quantity 
4. Systems and System 
Models 
5. Energy and Matter in 
Systems 
6. Structure and Function  
7. Stability and Change of 
Systems 
 
Science and Engineering 
Practices (SEPS) 
1. Asking questions and 
defining problems 
2. Developing and using 
models 
3. Planning and carrying 
out investigations 
4. Analyzing and 
interpreting data 
5. Using mathematics and 
computational thinking 
6. Constructing 
explanations and designing 
solutions 
7. Engaging in argument 
from evidence 
8. Obtaining, evaluating, 
and communicating 
information 
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Introduction: 
 
In this activity, students will be asked a series of questions to see what they know about 
air.  This can be a whole class or group activity.  Ask students to back up their answers 
with evidence and record them on a chart or whiteboard.  Some possible answers are 
provided. 
 
Questions for students: 

 
1.   What do you know about air? 

• We breathe air 
• Air is a gas 
• Air makes up the atmosphere 

 
2.   What is the composition of air? 

• Have students make predictions then share the Composition of the Air visual. 
Note that air pollutants make up only a small amount of the air. 

 
3.   How can air become polluted? 

• Industry 
• Individual actions (driving, mowing) 
• Air coming from other areas 
• Transportation (planes, trucks, trains) 

 
4.   How can we tell what the air quality is today? 

• Indicate that the students can access a website for this (AirNow and MIair). 
 

5.  Are there patterns to air pollution? 
• Meteorologists use weather forecasts to predict days when the ozone and particle 

pollution might be elevated.  
• Clean Air Action Days are more likely to happen in the summer. 

 
Summarize the student answers. Teachers can than choose from the accompanying series of 
activities to help students check their assumptions about air.  Re-visit the student answers 
after doing the activities and engage the students in a discussion about what they have 
learned. 
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Forming Ozone 
 
Overview 
 

More than likely, Clean Air Action Days in West Michigan are called because of 
possible elevated levels of ozone.  Through a simulation, students will explore 
meteorological factors that contribute to ozone formation. 

 
Time 
 
 One Class Period 
 
Materials 
 

• Acid-base indicator 
 

• Baking soda solution or a weak base solution 
 

• Vinegar or a weak acid solution 
 

• Stirring rod or spoon 
 

• 14 clear glasses (or beakers) 
 

• Visuals: Formation of Ozone 
 

• Handout: Creating An Ozone Simulation 
•  
• Handout: Formation of Ozone: Making Predictions 

 
Objectives 
 
By participating in or observing the activity students will 
 

1. Analyze and interpret data on the properties of substances before and after the 
substances interact to determine if a chemical reaction has occurred. 

 
2. Develop a model of how ozone is formed in the lower atmosphere. 
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Background 
 
Smog is a catch-all term used to describe air pollution that contains both ozone and 
particulate matter.  Ozone is a colorless gas that is not readily visible.  Particulate matter is 
a different story.  Some particles are large or dark enough to be seen as soot, smoke, or even 
haze. Others are so small that individually they can only be detected with an electron 
microscope.  West Michigan has traditionally been more affected by high ozone levels than 
high particulate matter levels because of our proximity to Lake Michigan.  The Lake 
provides the heat, sunlight, and humidity necessary for the precursor pollutants in dirty air 
masses from the southwest to form ozone.  High ozone and particulate matter levels are a 
problem because they are unhealthy to breathe. 
 
Ground-level ozone and particulate matter are particular problems for people with 
respiratory illnesses, children, the elderly, and those who are active outdoors.  Even for 
healthy people engaged in moderate outdoor activity, breathing air laden with ozone and 
particulate matter can create temporary health problems, such as coughing and shortness of 
breath.  Air pollution is a definite health problem. 
 
The weather plays a significant role in air quality, and can either help increase or decrease 
the amount of pollution in the air. High temperatures, sun and longer days (i.e., more 
daylight hours) are conducive to ozone formation, whereas rain tends to wash pollutants out 
of the air. Action! days are declared when levels are expected to reach or exceed the 
Unhealthy for Sensitive Groups AQI health indicator; specifically, when meteorological 
conditions are conducive for the formation of elevated ground-level O3 or PM2.5 
concentrations. 
 
The Michigan Department of Environmental Quality (MDEQ) coordinates with the states of 
Illinois, Indiana, and Wisconsin to prepare Clean Air Action Day forecasts. Throughout the 
year, meteorologists from each state work together through a conference call to develop a 
regional air quality forecast. In order to have a Clean Air Action Day called in Michigan, 
the forecast must predict ozone levels above 70 ppb over an eight-hour period or fine 
particle levels above 35 ug/m3 over a 24-hour period. 
 
Set Up 
 
This activity requires some experimentation on the instructor’s part.  An acid-base indicator 
will be used to model the formation and dissipation of ozone under various conditions.  
Possible choices of indicators include: 
 

• Bromothymol blue  Yellow to Blue (transition pH range – 6.0 to 7.6) 
 

• Phenol red: Yellow to Red (transition pH range – 6.4 to 8.0) 
 

• Phenolphthalein: Colorless to Fuchsia (transition pH range – 8.3 to 10.0) 
 
Changes in the ozone amount as it relates to an acid-base indicator color will be created by 
the addition of an acid (vinegar) or a base (baking soda solution).  The sensitivity of the 
change by adding drops of an acid or a base will need to be gauged prior to doing this 



20 

 

 

simulation with students.  Depending upon the starting color of the indicator solution, 
either an acid or base should be added to change the color. 
 
Safety Considerations 
 
Wear goggles, gloves and protective clothing when working with chemicals. 
 
Procedure 
 

1. Ask for student ideas about ozone.  Is ozone good or bad?  Do they know that there 
are elevated levels of ozone in West Michigan during certain times of the year?  
How is ozone formed? 

 
2. Tell the students that they will be seeing a simulation that shows how ozone is 

formed.  To provide background on the formation of ozone, show the following: 
Ozone: Good Up High Bad Nearby and How Ozone is formed from the Movies link 
at the original AirNow website (https://cfpub.epa.gov/airnow/).  Both animations can 
be downloaded to your computer.  Discuss the “ingredients” needed for the 
formation of ozone. 

 
3. Illustrate another simulation of a chemical reaction by mixing an acid and a base in 

the presence of an acid-base indicator.  Start with a vinegar solution and a couple of 
drops of acid base indicator.  Carefully add a solution of baking soda to the vinegar.  
Be careful – a chemical reaction will happen.  The results may be dramatic with 
“bubbles” of foam being formed as well as a color change eventually.  Challenge the 
students to relate what they saw to the formation of ozone in the previous simulation. 

 
4. Continue the simulation by providing students with the Creating Ozone Simulation 

handout.  Have them make predictions as to whether the each condition will favor the 
production of ozone.   

 
5. Meanwhile, make sure your set up is ready.  The basic set up is to label each of the 

12 clear glasses or beakers with a condition listed in the Creating Ozone Simulation 
(i.e., low temperature, high temperature, etc.).  Fill half each container with water 
with a couple of drops of indicator.  Using the answer key for the simulation, water 
will be added to the containers that show no change and a solution of baking soda or 
another basic solution will be added to the containers that change color.   

 
6. After students have made their predictions, add either water or a basic solution (i.e., 

baking soda) to each “condition” glass or beaker allowing time for observations 
before moving on.  

 
7. Engage the students in a discussion of the results and have students complete the 

questions in the Creating Ozone Simulation worksheet. 
 
Linking with Clean Air Action 
When a Clean Air Action Day is called, make sure to view the MIair and AirNow websites 
to see the forecast and what actually happened.  

https://cfpub.epa.gov/airnow/
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Formation of Ozone 
 

 
Source: U.S. EPA 
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Creating An Ozone Simulation 
 
In this simulation, various conditions that are conducive to ozone formation will be 
modeled.  A color change indicates when ozone is formed.  
 
Fill in the chart below by first predicting how the condition could influence the formation of 
ozone.  Then watch the simulation and record your observations about the color.  You 
teacher will let know what the colors mean. 
 

Condition Prediction Observation 
 
Low Temperature 
 

  

 
High Temperature 
 

  

 
Wind from the South 
 

  

 
Wind from the North 
 

  

 
Winter 
 

  

 
Summer 
 

  

 
High Pressure 
 

  

 
Low Pressure 
 

  

 
Short Days 
 

  

 
Long Days 
 

  

 
Clouds 
 

  

 
Sun 
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Creating An Ozone Simulation cont. 
 

1. How did your observations match up with your predictions? 
 
 
 

2. Based on your evidence (observations), what is your claim about the conditions that 
were conducive for the formation of ozone? 

 
 
 

3. Based on your evidence (observations), what is your claim about the conditions that 
were not as conducive for the formation of ozone? 

 
4. The following are weather forecasts about West Michigan from meteorologists.  

Indicate which one(s) would suggest that there may be elevated levels of ozone 
produced 

________Wednesday, May 17, 2017 
 Record high temperatures approaching 90 F with a low of about 70 F.  No 

precipitation and winds from the south-southwest. 
 

________Friday, June 23, 2017 
The temperature should reach 80 F. Rain is predicted with winds out of the west 
at up to 30 miles per hour. 
 

________ Saturday, July 23, 2016 
Saturday promises to be a hot, sultry day. We received a clean-out on Thursday 
with the line of hard showers which came through during the afternoon. That 
clean-out was short-lived.  Winds are now expected to be calm building into a 
southern bias during the afternoon.  That will push poor Air Quality up the Lake 
Michigan shore and impact our lakeshore monitors.  Calm winds will allow a 
buildup early in the day which should slowly slide northward in the afternoon. 
 

________Sunday, September 24, 2017 
Hot weather, more typical of mid-summer, looks to persist through the weekend 
and into next week.  Many records for daily high temperatures are being broken 
throughout the state.  We are seeing a slow creep in air pollutant levels but not 
close to any Air Quality Standards.  If this were July, it would be an easy forecast 
to issue an Air Quality alert.  But in late September, the dynamics are different.  
The main question is if the length of solar radiation exposure, with shorter days, 
will be enough to push levels over Unhealthy for Sensitive Groups. 

 
5. How did your predications match up with what happened with the ozone levels.  

Check your predictions by looking at the archived maps in AirNow or have your 
teacher show the AirNow maps. 
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Archived AirNow Maps 
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Creating Ozone Simulation 
Answers 

In this simulation, various conditions that are conducive to ozone formation will be 
modeled.  A color change indicates when ozone is formed.   
 
Fill in the chart below by first predicting how the condition could influence the formation of 
ozone.  Then watch the simulation and record your observations about the color.  
 

Condition Prediction Observation 
 
Low Temperature 
 

 Water 
Color 1 – not conducive 

 
High Temperature 
 

 Acid or base for color change 
Color 2 – conducive to ozone 
formation 

 
Wind from the South 
 

 Acid or base for color change 
Color 2 - conducive to ozone 
formation 

 
Wind from the North 
 

 Water 
Color 1 – not conducive 

 
Winter 
 

 Water 
Color 1 – not conducive 
 

 
Summer 
 

 Acid or base for color change 
Color 2 - conducive to ozone 
formation 

 
High Pressure 
 

 Acid or base for color change 
Color 2 - conducive to ozone 
formation 

 
Low Pressure 
 

 Water  
Color 1 – not conducive 

 
Short Days 
 

 Water  
Color 1 – not conducive 

 
Long Days 
 

 Acid or base for color change 
Color 2 - conducive to ozone 
formation 

 
Clouds and rain 
 

 Water 
Color 1 – not conducive 

 
Sun 
 

 Acid or base for color change 
Color 2  - conducive to ozone 
formation 
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Looking at Data: Monitoring Data 
 
Overview 

 
Understanding the causes of pollution – from industrial to natural sources – can be 
challenging to students. Studying the atmosphere, urban life and weather helps to 
put things in perspective, providing opportunities for education in science, math and 
environment. 

 
Time 

 
Two Class Periods 

 
Materials 

 
• Handout/overhead: Looking at Data: Monitoring Network 

 
• Handout/overhead: Looking at Data: Monitoring Data 

 
• Online: Air Quality Index (AQI) Toolkit for Teachers Grades 6-8 

 
Objectives 

 
Participating in this activity, students will be able to: 

 
Read and interpret collected data. 

Explain the human impact on air quality. 

Identify significant sources of pollution. 

Explain how weather and time of day contribute to the formation of ground level 
ozone. 

 
Background 

Before doing this lesson, become familiar with the West Michigan Clean Air 
Coalition website (https://www.wmcac.org/), Michigan Department of 
Environmental Quality’s MIair site (http://www.deqmiair.org/), and EPA’s AirNow 
website (https://airnow.gov/ and the older version at https://cfpub.epa.gov/airnow/.  
Use the resources at the beginning of this document to review the air quality index. 

 
 
 
 
 
 
 

https://www.wmcac.org/
http://www.deqmiair.org/
https://airnow.gov/
https://cfpub.epa.gov/airnow/
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Procedure 

 
1.   Have a class discussion about ozone and particle pollution and the effects 

on health and the environment as summarized in the Introduction to Air 
Quality in West Michigan section of this document and the websites in the 
background section. 

 
2.   Talk to the class about the Clean Air Action program and how choices that 

people make that can contribute to ground level ozone.  See 
https://www.wmcac.org/. 

 
3.   Distribute or show the Monitoring Network worksheet. The picture on the left 

indicates where all the ozone monitors are in Michigan.  Have the students 
answer the questions and then discuss with the whole class. For current ozone 
levels go to http://www.deqmiair.org/.  

 
4.   Distribute the Monitoring Data worksheet. This sheet shows the ozone and 

particle pollution PM2.5 levels at different times throughout the day. Have the 
students answer the questions and then discuss them with the whole class. If it 
is between March 1 and October 31, you can find the current ozone levels at 
http://www.deqmiair.org/.  PM2.5 is monitored year around. 

 
6.  Couple this with a more detailed look at the ozone and particle pollution levels 

as found in the Air Quality Index (AQI) Toolkit for Teachers Grades 6-8 on the 
AirNow website (https://airnow.gov/education/teachers) or on the West 
Michigan Clean Air Coalition website (https://www.wmcac.org/).  

 
Linking with Clean Air Action 
 

1. Delve more deeply into the MIair website.  For example, follow a monitor over a 
period of time to determine patterns of ozone, particle pollution and weather 
conditions.  

 
2. Follow the development of ozone and particle pollution at a West Michigan 

monitoring station on the MIair website during a Clean Air Action Day.  

https://www.wmcac.org/
http://www.deqmiair.org/
http://www.deqmiair.org/
http://www.deq.state.mi.us/aqi/ozone.shtml
https://www.wmcac.org/


29 

 

 

Looking at Data: Monitoring Network 

http://www.deqmiair.org 
Questions 

1.   Which monitor recorded the highest ozone levels?  What was the range 
of  those levels? 

 
2.   Which monitor recorded the lowest ozone levels?  What was the 

range of those levels? 
 

3.   According to the Air Quality Index, what category would the ozone 
levels at the monitor with the highest reading fall into (Good, 
Moderate, Unhealthy for Sensitive Groups, Unhealthy, Very 
Unhealthy)? 

 
4.   According to the Air Quality Index, what category would the ozone levels at the 

monitor with the lowest reading fall into (Good, Moderate, Unhealthy for 
Sensitive Groups, Unhealthy, Very Unhealthy)? 
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Looking at data: Monitoring Data - Ozone 
 
 

 
1. At 2:00a.m., what was the ozone level? 

 
2. Why do ozone levels get higher in the afternoon? 

 

 
 

 
 

1. What was the highest recorded value at the Holland monitor? 
 

2. Why do the ozone levels go down in the evening? 

June 23 

June 23 
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1. At what time did the Muskegon monitor record its highest reading? 

 
 

2.  What might be happening at this time that may contribute to higher ozone levels? 
 
 

  

June 23 
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Looking at data: Monitoring Data – Particle Pollution 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1. 
How do the patterns for particle pollution PM2.5compare with the ozone patterns over 24 
hours? 

 
 
 
 
2. Why were particle pollution levels so high on the 
 map to the right and the monitor below?    
 
 
 
 

http://www.deqmiair.org   
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3. Why were the particle pollutions so high in these two maps? 

Hint: Check out the news for Santa Rosa, California on October 11, 2017 and Santa Barbara, 
California on December 12, 2017. 
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Highs and Lows 
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Highs and Lows 
 
Overview 

 
The movement of air masses can be confusing and difficult for students to 
conceptualize. This activity aids in the understanding of high and low pressure 
behavior, which is part of a meteorologist’s toolkit for forecasting Clean Air Action 
Days.  

 
Time 

One Class Period 
 
Materials 

Teacher-made/student-made signs indicating “High” or “Low” 
 

Balloons 
 

Scissors or pins 
 
 
Objectives 

 
After participating in this hands-on activity, the students will be able to: 
Describe a high pressure area and a low pressure area. 

1. Explain why a high pressure area seeks a low pressure area. 

2. Identify a front on a weather map. 

3. Collect data to provide evidence for how the motions and complex interactions of 
air masses results in changes in weather conditions. 
 

4. Explain how Clean Air Action day forecasters use highs and lows in forecasting 
Clean Air Action Days. 
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Highs and Lows 
 
 

Background Information 
The formation of ground level ozone is a photochemical process that requires energy 
in the form of ultraviolet radiation (also known as solar isolation) to complete the 
chemical process that turns pollutants (like hydrocarbon emissions from factories, 
lawn mowers, automobiles and fueling activities) into ozone. The meteorologists in 
forecasting Clean Air Action Days, must be very attentive to high and low pressure 
systems that are associated with destructive weather conditions. 

 
Typically, high pressure systems bring high temperatures and clear skies to areas, 
creating the potential for high amounts of ultraviolet radiation which enhances 
ground level ozone production. Low pressure systems, associated with cloudy skies 
and rain, are not at all conductive to ground level ozone formation and can help 
dissipate amounts of the pollutant already in the air. 
 
Geographic areas, caught between high and low pressure systems, often experience 
violent storms as areas of high pressure seek to relieve pressure by moving toward 
the low pressure area, causing cumulonimbus clouds that produce lightning, thunder, 
heavy rains, hail, strong winds, and tornadoes. Cumulonimbus clouds are the tallest 
of all clouds and can span all cloud layers and extend above 60,000 feet. They 
usually have large, anvil-shaped tops which form because of the stronger winds at 
those higher levels of atmosphere. 
 
Knowing why and when areas experience systems of high and low pressure is very 
important to both weather forecasting and air quality concerns. 

 
Procedure 
 

1.   Read the background information to the class and tell them to imagine that all of 
the students in every class in the school were tightly packed into their classroom 
with standing room only. All doors and windows are closed. The heat they 
would feel is indicative of a high pressure area. 

 
Now, imagine that no one is in the hall outside the classroom. It is completely 
empty and is indicative of a low pressure area. 

 
If someone opened the door, where would the students in the classroom want to 
go? Out the door! Yes, that is exactly what happens with pressure systems. High 
pressure always seeks to move to low pressure areas. 

 
Discuss the activity at the doorway. Would the flow be slow and easy or fast 
and furious? 

 
2.   Now imagine that some students are moving from right to left, or in a counter- 

clockwise direction in the hallway.  See the Pressure Systems diagram.  As the 
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students moved out of the classroom, they were allowed to exit only by moving 
left to right or clockwise direction. Ask for ideas about what might happen. 
There could be pile ups (clouds); friction (lightning) may occur if everyone was 
not moving in one direction.   

 
Students may actively participate by wearing signs indicating they are part of the 
high or low pressure area. They would then move in the clockwise or counter-
clockwise direction. Other students could represent the front that occurs where 
they meet. 
 

4. Now that the students have been introduced to high and low pressure behavior, 
have them explore the archived maps in the original AirNow website 
(https://cfpub.epa.gov/airnow/) => More maps => Archived Maps by Region).  
Select the Michigan-Indiana-Ohio Region to locate a day in the summer with 
high ozone levels (orange and/or red in the Ozone AQI map). Compare this 
with a daily weather map for the date selected from the NOAA Daily Weather 
Map site (www.wpc.ncep.noaa.gov/dailywxmap) noting high and low pressure 
areas. Students will decide which areas of the map experienced conditions 
conductive to ozone formation and explain what the conditions were and how 
they contributed to ozone formation.  See the Ozone Episode Example graphic.   

 
Extensions 

 
1.   Use newspaper weather maps and online resources to give students 

practice in predicting the weather. 
 

2.  Allow students to examine an aneroid barometer, which is used to measure air 
pressure. 

 
Linking the activity to Clean Air Action 

 
1.   Design a map with an imaginary area showing highs and lows. Each student 

must predict the weather for the spot marked “X” on the map and explain in 
several sentences, using the correct vocabulary, why he/she believes this 
prediction to be correct.   

 
2.   Have students describe things that they and the community can do to reduce the 

threat of ground level ozone in high pressure systems. 
 
 
 
 
 

  

https://cfpub.epa.gov/airnow/
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  Source: NC Climate Office 

Pressure Systems 
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Ozone Episode Example 

June 9, 2016                            June 11, 2016         
Source: www.wpc.ncep.noaa.gov/dailywxmap  
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How Does A Cloud Form? 
Lab 
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How Does A Cloud Form 
 
Overview 

 
Cloud formation and its effect on weather are important to scientific 
understanding of both weather forecasting and air quality concerns. This activity 
aids in the understanding of cloud formation, assisting in student education in the 
subjects of science, environmental studies and mathematics. 

 
Time 

 

Aspects of this lesson plan can stand alone, in one class session, or extend for a 
number of days’ worth of study and follow up. 

 
Materials 

 
Jar 

 
Warm water 

 
A plastic bag of ice that fits over jar opening 

 
A sheet of black paper 

 
Flashlight 

 
Matches 
 

• Cloud charts (see https://observer.globe.gov/training/clouds and 
https://scool.larc.nasa.gov/) 

 
Objectives 

 
After participating in this activity, the students will have an understanding of, or gain 
skills in: 

1. Observation 

2. Controlling variables 

3. Gathering and recording data 

4. Interpreting data 

5. Applying and generalizing 

6. Forecasting Clean Air Action Days including information about cloud cover and 

cloud types. 
 

https://observer.globe.gov/training/clouds
https://scool.larc.nasa.gov/
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How Does a Cloud Form? 
 
Background 

 
Clouds are part of weather. A cloud is a mass of fine drops of water or tiny ice crystals 
floating in the air above the earth, formed by water vapor in cool air. Air warmed by the 
earth rises into the sky. The water in the air condenses as the air cools to form clouds. 

 
The three main types of clouds are cirrus, cumulus, and stratus. Cirrus clouds are located 
high in the sky, where temperatures are well below freezing; they are white, thin and look 
like feathers because they are made up of tiny crystals. Cumulus clouds are white clouds 
that form closer to the earth and are thin, with a cotton-like appearance. Due to their 
closeness to the earth, these clouds primarily consist of water droplets. They can produce 
showers and thunderstorms when they get bigger and thicker. Stratus clouds are grey, flat 
clouds that spread out over the sky. They are located low in the sky and are usually 
associated with widespread rain. These clouds do not grow bigger and thicker but usually 
spread wider. 

 
When Clean Air Action meteorologists forecast Clean Air Action Days, one of the things 
they consider is cloud cover and cloud type. Clean Air Action Days are days that 
experience a lot of sun and ultraviolet radiation, considering cloud cover is crucial. 
Clouds can block the sun, create rain or allow the sun to shine through and create 
conditions favorable for ground level ozone formation. 

 
Typically, the thickness and low position of cumulus clouds are capable of blocking the 
sun and stopping formation of high amounts of ground level ozone. On the other hand, 
cirrus clouds in the sky, thin and high, can allow enough sunlight in to engage the 
photochemical process that turns pollutants in the air into ozone. 

 
Knowing how, why and when certain clouds form help meteorologists determine whether 
or not “tomorrow is Clean Air Action day”. 

 
More information on studying clouds can be found at  
 

Students’ Cloud Observations On-line https://scool.larc.nasa.gov/ 
  
Global Learning to Benefit the Environment (GLOBE) 
https://observer.globe.gov/training/clouds  

 
Procedure 

 
1.   Do this activity on a dry day when the sky includes a variety of clouds. Take the 

students outside and have them look up at the sky. Have them observe the sky for 
one minute, then ask them about the clouds they see. Are they the same or 
different? What characteristics do they notice about the clouds?  Are they high or 
low, thick or thin, cotton-like, etc.?  What do they know about how clouds form?  

https://scool.larc.nasa.gov/
https://observer.globe.gov/training/clouds
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2.   Tell the students that the activity they will participate in today will show them a 
little bit more about how clouds form. 

 
3.   Cut out or draw pictures of at least five different types of clouds and post them 

around the room. Give each student a picture of a cloud that is slightly 
different from any of the cloud pictures around the room.  See the S’Cool Cloud 
Identification Chart and the GLOBE website for cloud pictures.  Have the 
students walk around the room and try to find other pictures that look like their 
own. The groups that the students end up in will be their group for the next 
activity. 

 
Note: There are three main cloud types – cirrus (light, feathery/curly and high in 
the sky, they are common in fair weather), cumulus (puffy, flat and low, they are 
seen in fair weather and in foul), and stratus (flat like blankets and usually grey, 
they are associated with fog, drizzle and snow, depending on their temperature, 
size and thickness) – and alterations of each: cirrostratus, nimbostratus, 
altostratus, stratocumulus, altocumulus, cirrocumulus and cumulonimbus 
(“alto” means “high”; “nimbo” means precipitation (rain or snow); “cirro” 
means it is layered, made up of many parts). 

 
4.   Once students are in their cloud groups, have them count off: one, through five 

(if necessary).  Assign students tasks according to numbers: all of the ones are 
“technician”, twos are “principal scientist”, threes are “timekeepers”, fours are 
“recorders”, and fives are “reviewers”. 

 
5.   Explain the activity and discuss safety precautions (i.e. the importance of being 

careful with glass, what to do if glass breaks, etc.). Only teachers and other adult 
assistants will handle broken glass and matches. 
 
Student Instructions: The “technician” will go to the front of the room and gather 
the materials necessary for the investigation (jar, black paper, tape, warm water, 
small bag of ice).  The “principal scientist” will tape the black paper to the back of 
the jar to provide a background to better view of the cloud that will be formed. 
They will fill about one third of the jar with warm water. The teacher or assistant 
will light the match and hold it over the jar opening. After a few seconds, the 
match is dropped into the jar and the “Taskmaster” will cover the top of the jar 
with the ice bag while the “encourager” shines the flashlight into side of the jar.  
“Timekeepers” will record the length of time that it takes to create a cloud inside 
the jar. “Recorders” will write observations on a separate piece of paper. 

 
6.   Ask if anything needs to be repeated before the activity begins. When there are no 

more questions, ask the “technicians” to come up and gather the materials. 
 

7.   Perform the experiment. Discuss observations. Questions and anticipated answers: 
 

What did you see in the jar?  [A cloud, smoke, dust, fog.] 
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• Thinking about your observations, how might a cloud form? [The warm air is 
cooled by the ice cubes and little drops of water come out of the air as water 
condenses. The drops of water are so little that they stay in the air. We see them as 
clouds.] 
 
Why was the smoke from the match important to cloud formation?  [Water vapor 
condenses into water droplets when it has a particle to condense upon. These 
particles, such as dust, pollen or smoke, are called condensation nuclei. A cloud 
can be formed when enough water vapor condenses on pieces of dust, pollen or 
other condensation nuclei.] 

 
From our investigation could we say that “a cloud is visible body of very fine 
droplets of water which hang in the atmosphere above the earth’s surface?”  
[Yes.] 

 
What makes up weather?  [Temperature, atmospheric pressure, wind speed and 
direction, humidity, precipitation, visibility, cloud type and cover, and sunshine 
duration.] 

 
The “reviewers” ask the group the following questions: 

 
o Why might the weather forecast be important?  [It helps us plan our daily 

activities, which helps us determine what to wear, whether or not it is 
going to be Clean Air Action day.] 

 
o How can clouds affect sunlight?  [Clouds can block the sunlight or filter 

the sunlight.] 
 

o How do clouds influence ground level ozone and Clean Air Action?  
[When they block the sun, clouds can stop the formation of pollution. They 
can cause rain, clearing the air of ozone. The kinds of clouds are in the sky 
can be a clue for meteorologists as they decide whether to call a Clean Air 
Action day.] 

 
Linking the activity with Clean Air Action   
 

1. Follow the forecasts by meteorologists on MIair at http://www.deqmiair.org/.  
Observe clouds on the forecast days and relate these observations to the 
forecast and the air quality index.  
 

2. Keep a log of the sky conditions on Clean Air Action Days and the Air 
Quality Index. 

 
Extensions 

 
1. Invite the different groups from the activity to gather as much information as 

possible about their type of cloud, using sources in the library or Internet.  
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Have each group make a large poster of their cloud type.  Have each “Cloud 
Club” present their cloud to the class by displaying the poster and sharing the 
information they have learned. 

  
2. Each day have each student go outside and look at the clouds. Have them draw 

the clouds on a page in a journal and tell what types of cloud it is. Have 
students try to predict the weather by looking at the clouds. Do this for two 
weeks. At the end of that time, have the students look at their journals and see 
how accurate their weather predictions were. Consider becoming a GLOBE 
school so that cloud observations can be recorded on the GLOBE website along 
with schools throughout the world.  See http://www.globe.gov for training and 
resources in atmospheric protocols.  
 

3. Have the students draw a picture which shows the process (es) that lead(s) to 
cloud formation. 
 

Cross Curricular Activities 
 
Math/Cloud Graph 

 
Have students observe and record cloud types daily for a month on a graph, by making a 
space next to the appropriate cloud name. Make a graph analyzing the amount of each 
type of cloud cover per day, week, month, etc. provides essential skills in mathematics. 

 
Example:   Our cloud chart for May 

 
Type of Cloud 1 2 3 4 5 6 7  
Cirrus X X X     X 
Cumulus X X X X X 
Stratus X      

 
In the first 7 days of May, 57 percent of the days experienced cirrus clouds, 71 percent 
experienced cumulus clouds and 14 percent experienced stratus clouds. 

 
Language/Writing 

 
• Creative Writing: Have students write a story about the cloud, including its 

location in the sky and what type of weather it might bring; have students write 
poems and rhymes about clouds. 

 
Display the weather pages from the newspaper and read them aloud daily. Discuss 
with students the elements of a weather report. Have students write a weather 
report to broadcast at the beginning or end of the school day. They may want to 
draw a picture to include with their forecast.  

 

http://www.globe.gov/
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Temperature Inversions 
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Temperature Inversions  
 Source: Oregon Department of Environmental Quality 
 
Overview 
 
Air temperature can play an important role in the buildup or dispersion of surface air 
pollution. In general, air temperature decreases as you move upward in the atmosphere. 
Under most circumstances, the air close to the earth warms as it absorbs surface heat and 
begins to rise. Wind is caused when air rushes in to take the place of the rising warm air. 
Wind movements cause “mixing” in the atmosphere and thereby carry away and dilute 
pollution. 

 
During a temperature inversion, a layer of warm air aloft acts as a lid above a layer of 
cold air. The colder, denser air close to the ground does not readily circulate (mix). 
Pollutants such as carbon monoxide, particulate matter, and ozone-producing 
hydrocarbons are “trapped” in the cold air by the lid. The quantity of pollution tends to 
increase until the lid is destroyed by heating or by wind. 

 
Materials 

 
4 identical small, clear glass jars (baby food jars work well) 

 
Very hot tap water 

 
Ice water (about 50 degrees Fahrenheit) 

 
Thin, stiff plastic square or index cards 

 
Red food coloring 

 
Shallow pans or baking dishes (for spillage) 

 
Objectives 
 
After participating in this activity, students will be able to 
 

1. Describe the role of temperature in contributing to air pollution. 
 

2. Create a model to contrast normal conditions with temperature inversions. 
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The following exercises simulate both normal atmospheric conditions and an inversion. 
 
Procedure 
 
1. Normal Conditions 

 
Place two jars in a shallow pan or baking dish. Fill one jar with hot water and the other 
jar with ice water (Note: fill jars to brim). If you use ice cubes to cool the water, do not 
leave any ice in jar. Put several drops of red food coloring in jar with cold water. Place 
the plastic square over the top of the jar with the cold (red) water and quickly flip the jar 
on top of the jar with the hot (clear) water. Align the jar openings. Carefully pull the 
plastic square or index card out. Let the jars stand. 

 
2. Temperature Inversion 

 
Note: fill jars to the brim. Place the remaining two jars in a shallow pan. Fill one jar with 
hot water and the other jar with ice water. Add several drops of red food coloring to the ice 
water. Place the plastic square or index card over the jar with the hot (clear) water and 
quickly flip the jar on top of the cold (red) water jar. Align the jar openings. Carefully pull 
the plastic square or index card out. Observe. 

 
Questions & Answers 

 
1.   What happens? [In the first instance, the hot (clear) and cold (red) water mix 

immediately and water in both jars turn red. In the second instance, the cold (red) 
water is denser and it won’t move upwards. The jar on top (hot) stays clear.] 

 
2.   Why do the hot and cold water mix in the first instance (normal conditions)? 

[The cold water (air) is on top of the hot water (air). In this case the water colors 
mix, illustrating that the air can move upward and disperse pollution during 
normal temperature conditions. Cold air is denser than hot air.] 

 
3.   Why don’t the hot and cold water mix in the second instance (temperature 

inversion)?  [The hot water (air) prevents the cooler water beneath (air close to 
the ground) from rising and dispersing into the atmosphere-trapping the pollution 
down where we breathe. Warm air is less dense than cold air.] 

 
Linking the activity with Clean Air Action   

 
1. Does West Michigan experience temperature inversions?  [According to 

meteorologist Mark Torregrossa, “Lake Michigan has a part in the concentration 
of ozone in West Michigan. The cooler air near the water surface and the hotter 
air aloft create a temperature inversion. A temperature inversion is a stable air 
pattern, where air doesn't get stirred up too much.”] 

 
2. Ask students to identify sources of pollution that might get trapped down near 

ground level during a temperature inversion.  
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Normal Conditions vs. Temperature Inversion 

 

 

 
Source: https://www.linkedin.com/pulse/temperature-inversion-technogreen-environmental-
solutions 
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Glossary 

Air - so called “pure” air is a mixture of gases containing about 78% nitrogen; 21% oxygen; less 
than 1% carbon dioxide, argon, and other gases; and varying amounts of water vapor. 
 
Air Quality Index (AQI) - a number used by government agencies to communicate to the public 
how polluted the air currently is or how polluted it is forecast to become. It is color coded. 
 
Airshed - a geographic area sharing the same air. 
 
Area sources - Sources of pollution where the emissions are spread over a wide area, such 
as consumer products, fireplaces, road dust and farming operations. Area-wide sources do 
not include mobile sources or stationary sources. 

Asthma - A chronic inflammatory disorder of the lungs characterized by wheezing, 
breathlessness, chest tightness, and cough.  

Attainment area - A geographic area in which levels of a criteria air pollutant meet the 
health-based primary standard (National Ambient Air Quality Standard, or NAAQS) for the 
pollutant. An area may have on acceptable level for one criteria air pollutant, but may have 
unacceptable levels for others.  

Asthma - A lung disease that can make it hard to breathe. 
 

Clean Air Action Day - A Clean Air Action Day will be called when weather forecasters 
have predicted that conditions will be conducive to the formation of ozone or high levels of 
particulate matter.  On a Clean Air Action Day, West Michigan residents will be asked to 
take certain voluntary actions to protect their health and reduce emissions. 

Clean Air Act - The original Clean Air Act was passed in 1963, but our national air 
pollution control program is actually based on the 1970 version of the law. The 1990 Clean 
Air Act Amendments are the most far-reaching revisions of the 1970 law.  

Criteria air pollutants - A group of very common air pollutants regulated by EPA on the 
basis of criteria (information on health and/or environmental effects of pollution). Criteria 
air pollutants are widely distributed all over the country.  These pollutants are sulfur 
dioxide, nitrogen oxides, carbon monoxide, ozone, lead, and particles (soot).  

Designation - The term U.S. EPA uses to describe the air quality in a given area for any of 
six common pollutants known as criteria pollutants.  An area can be meeting air quality 
standards (attainment) or exceeding air quality standards (nonattainment).   

Mobile sources - Mobile sources of air pollution are divided into two categories: On-road 
vehicles (motorcycles; passenger cars and trucks; and commercial trucks and buses) and 
Nonroad vehicles and engines (aircraft; heavy equipment; locomotives; marine vessels; 
recreation vehicles; and small engines and tools). 
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National Ambient Air Quality Standard (NAAQS) - Standards established by the United 
States U.S. EPA that apply for outdoor air throughout the country. There are two types of 
NAAQS. Primary standards set limits to protect public health and secondary standards set 
limits to protect public welfare.  

Nonattainment area - A geographic area in which the level of a criteria air pollutant is 
higher than the level allowed by the federal standards. A single geographic area may have 
acceptable levels of one criteria air pollutant but unacceptable levels of one or more other 
criteria air pollutants; thus, an area can be both attainment and nonattainment at the same 
time. It has been estimated that 60% of Americans live in nonattainment areas. 
 
Ozone - Ground level ozone is formed in the lower atmosphere primarily by nitrogen oxides (NOx) 
reacting with volatile organic compounds (VOCs) on warm, sunny days. Nitrogen oxides are 
released into the atmosphere as a by-product of any combustion.   
 
Particle pollution - Particulate matter (PM), also known as particle pollution, is a complex 
mixture of extremely small particles and liquid droplets that get into the air. Once inhaled, 
these particles can affect the heart and lungs and cause serious health effects.  
 
Point source - Specific points of origin where pollutants are emitted into the atmosphere 
such as a factory smokestack.  Any of a large number of sources -- such as manufacturing 
operations, oil and gas refineries, food processing plants, and energy generating facilities -- 
that emit substances into the atmosphere 
 
Pollutant - Pollutants are what make the air dirty or polluted. Sometimes you can see 
pollutants and sometimes you can’t.  Ozone is a pollutant that you can’t see.  Dust and soot 
are pollutants that you can see.  Dust and soot are also called particle pollution. 
 
Source - Any place or object from which pollutants are released. Sources that stay in one 
place are referred to as stationary sources; sources that move around, such as cars or planes, 
are called mobile sources. 

Temperature inversion - One of the weather conditions that are often associated with 
serious smog episodes in some portions of the country.  In a temperature inversion, air 
doesn't rise because it is trapped near the ground by a layer of warmer air above it. 
Pollutants, especially smog and smog-forming chemicals, including volatile organic 
compounds, are trapped close to the ground.  As people continue driving, and sources other 
than motor vehicles continue to release smog-forming pollutants into the air, the smog level 
keeps getting worse.  
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Teacher Evaluation Form 

Your feedback is necessary to make these resource guides a success. 
Remain anonymous, if you wish, but please do complete the following items and return 

this form to the West Michigan Clean Air Coalition: 
 
Name                                                                                                                   

School                                                                                                                 

Address                                                                                                               

City                                                  State                              Zip                       

Phone Number (        ) (         -                ) Email_________________                                               

Please tell us what grade level and/or subjects you teach:                                

Total number of students participating in class using Clean Air Action classroom 
materials                              

 
 
Circle which Clean Air Action Resource Guide(s) you used. 
    

_ K-5    Grade 6-8  Grade 9-12 
 

Please rate your agreement with the following statements using a scale of 1 to 5. 

(1)  Clean Air Action background information is complete and helpful. 

 1 = strongly disagree  2 = disagree    3 = neutral       4 = agree         5 = strongly agree 
 
(2)  Clean Air Action classroom science activities are useful and relevant to classroom       

needs. 
 
 1 = strongly disagree  2 = disagree    3 = neutral       4 = agree         5 = strongly agree 

 
(3)  Clean Air Action classroom science activities are complete and easy-to- follow. 

 
 1 = strongly disagree  2 = disagree    3 = neutral       4 = agree         5 = strongly agree 

 
 
(4)   Clean Air Action classroom activities are easy to integrate into daily lessons. 

 
 1 = strongly disagree  2 = disagree    3 = neutral       4 = agree         5 = strongly agree 

 
(5)  Activities are well-received by students. 
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   1 = strongly disagree    2 = disagree  3 = neutral  4 = agree  5 = strongly agree 
 
 
 
(6)  It is worthwhile to teach about Clean Air Action in my classroom. 

 
   1 = strongly disagree    2 = disagree  3 = neutral  4 = agree  5 = strongly agree 

 
(7)  I will use Clean Air Action classroom activities and lessons again next year. 

 
   1 = strongly disagree    2 = disagree  3 = neutral  4 = agree  5 = strongly agree 

 
 
 
 
What did you like best about the Clean Air Action Teacher Resource Kit?  ( Please give us an idea 
of what worked well for you.) 

 
 
 
 
 
 
 
 
 
Please give us an idea of what did not work well for you, any information you felt was missing, etc. 

 
 
 
 
 
 
 
 
 
What changes would most help you meet you teaching needs? Please use a separate sheet for 
additional comments if necessary. 

 
 
 
 

Fax or send completed form to West 
Michigan Clean Air Coalition c/o 

Grand Valley Metro Council 
40 Pearl Street NW – Suite 410 

Grand Rapids, MI 49503 
Phone (616) 776-7696 

Fax (616) 774-9292 
 


