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Virginia’s Air 

Look up in the sky…air is everywhere you look. Air seems 
like it goes forever, and for that reason, we often take it for 
granted. There’s over a trillion tons of it in Virginia, but it’s 
constantly being reused. In fact, the air you’re breathing 
now was in someone else’s lungs earlier. Air is the ultimate 
recyclable material.

That’s why it’s important to keep our air clean. Pollution 
controls on industries and motor vehicles, new fuels and 
conservation measures have reduced some air pollutants 
by 89 percent. As a result, Virginia is enjoying the best air 
quality in decades.

What is Air Pollution?
Although sometimes you can actually see dirty air, most of the time we can’t tell by looking outside whether 
our air is clean or dirty. Gases, dust or fumes released into the air are called air pollution. Some pollution can 
build up in the air over time and become a hazard to human health.

Common air pollutants include particle pollution, ground-level ozone, carbon monoxide, sulfur oxides, 
nitrogen oxides and lead. These air pollutants may retain their original form or react with other substances in 
the atmosphere, creating ozone, smog, haze, acid rain, and other undesirable effects. Common air pollutants 
also include greenhouse gases such as carbon dioxide, methane, or sulfur dioxide, which contribute to 
warming the planet through the “greenhouse effect.” Some less common air pollutants, called toxic air 
pollutants, can cause cancer, genetic mutations, birth defects, or other serious illnesses, even at low levels. 
Some of these you might have heard of are arsenic, benzene, and mercury. Companies that produce these 
pollutants must use special equipment to limit how much pollution they produce. To make sure that we are 
on the right track, the Virginia Department of Environmental Quality (DEQ) tests air quality at more than 100 
monitors across the state.

First things first: What is Air? 

Air is a mixture of invisible and 
odorless gases, mostly nitrogen 
and some oxygen. Water droplets, 
fine particles, and small amounts of 
other gases such as carbon dioxide, 
methane, ammonia, and argon are 
also part of the mix. If air is clean, we 
can neither see it, taste it or smell it.
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Where Does Air Pollution Come From?
Air pollutants have occurred naturally since the earth’s formation. Particulate matter and gases are emitted 
from every corner of the globe: from volcanoes, tree pollen, forest fires, and decaying organic matter in 
oceans and wetlands.

Much air pollution, however, results from human activities — from burning coal, oil, wood, gasoline, and 
other fuels used to run factories, cars, farm and off-road vehicles, and construction equipment, and from 
power plants that generate heat and light for our homes and businesses. Burning these fuels produces 
smoke and gases (see chart on page 8). Smoke is made of tiny particles of soot and ash suspended in the air, 
also called “particulate” matter. Sawdust from lumber mills, rock dust from quarries, and soil particles are 
other examples of man-made particulates found in the air. While some particulates are large or dark enough 
to be seen, some are too small and can only be detected with an electron microscope. 

Once particulates are added to the air, they can chemically react to form pollutants that are even more 
dangerous. For example, when nitrogen oxides and chlorine from sources such as car emissions interact 
with hydrocarbons in the presence of sunlight, a colorless gas called ozone is formed. When formed at 
ground level, ozone acts as a powerful respiratory irritant that makes it hard for people to breathe, can 
damage lung tissue, and make respiratory ailments worse. This is in sharp contrast to the ozone you may be 
most familiar with. That ozone, which exists in a layer found in the upper atmosphere (or stratosphere), has 
a protective barrier against harmful radiation from the sun.

High levels of ground-level ozone are frequently found around urban areas during hot summer months. When 
this happens, you are likely to hear people talk about a “Code Red Ozone Alert” or a “Code Orange Ozone 
Alert.” These alerts are made using the “Air Quality Index,” or the AQI. Most days, the AQI is green, which means 
that air quality is good. When the AQI is orange, sensitive people like children, the elderly, and people with 
asthma or respiratory issues should consider staying inside or reschedule strenuous outside activities.

When the AQI is Air quality is

0-50 GREEN GOOD

51-100 YELLOW MODERATE

101-150 ORANGE UNHEALTHY FOR  SENSITIVE PEOPLE

151-200 RED UNHEALTHY
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Always On the Move
Pollutants of any sort can ride the air currents for long distances. Air pollution from wildfires from as far 
away as Canada get to Virginia. Air can “cleanse” itself some when it rains; otherwise dense, poisonous 
clouds would already cover the earth. Sometimes the weather doesn’t permit this cleansing to happen,  
and the air stagnates due to a weather condition known as an inversion.

Normally, as you go higher up in the air, the temperature drops. Hot polluted gas from cars or smokestacks 
rises through the cooler air above and blows away. Sometimes a layer of warm air forms above the cooler air 
below (often in a valley like Roanoke or Charlottesville). When this inversion happens, the polluted air will 
rise up to the warm layer and then stop. When this occurs, pollution levels can rise.

While the air may be cleansed after a good rain, many of the chemicals and small particles washed from the 
atmosphere become land or water pollution. In fact, scientists have estimated that as much as 25 to 30 
percent of the nitrogen pollution in the Chesapeake Bay is a result of air deposition.

Chesapeake Bay

Airshed
Watershed

The Chesapeake Bay watershed is the area from which water drains into the estuary. The Chesapeake Bay airshed is much 
larger, can change according to the current weather pattern, and can transport air pollution from power plants in the Midwest 
all the way to the Bay.
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What Are the Effects of Air Pollution?
Air pollution is dirty and expensive. More important, 
polluted air can make healthy people cough and 
wheeze. For people who are sick or especially sensitive, 
air pollution may worsen an existing condition and 
mean discomfort, limited activities, increased use of 
medication, and more visits to doctors and hospitals. 
A growing body of scientific studies suggests that air 
pollution has long-term effects and contributes to the 
development of lung disease.

Our noses and sinuses have a built-in filtration system 
that traps large dust particles before they get into our 
lungs. And lungs have a natural defense system that helps 
protect us against some of the air pollutants we breathe. 
But people respond differently to air pollution and very 
small particles are not filtered out. How people respond, 
or their level of risk, depends on several factors. These 
include the amount of pollution in the air, the amount of 
air breathed in a given time, and age and overall health. 
High levels of ozone pollution can cause shortness of 
breath, chest pain when inhaling deeply, wheezing, and 
coughing. Children, people with respiratory disease, and 
individuals who exercise outdoors are at particular risk 
from high ozone levels. It can make these problems  
worse and can even damage lung tissue.

What Can Be Done?
Managing air is a complex undertaking because air 
is constantly on the move. Air is affected by sunlight, 
dust particles, water vapor, and wind currents — not 
to mention factors that humans control like cars and 
factories. When it comes to air pollution, technology 
has served as both a culprit and a cure. Of all the types 
of pollution, odors are probably the hardest to control 
because we can smell even tiny amounts of so many 
substances (the nose is a great piece of monitoring 
equipment!). A new technology called biofilters  
actually uses bacteria to “eat” odors.

Goodbye, Acid Rain

“Acid rain” is produced primarily 
by emissions of sulfur dioxide and 
nitrogen oxides from coal and other 
fossil fuel power plants and cars. The 
gases combine with water vapor to 
create acids, which are washed out of 
the sky by precipitation. Acid rain can 
harm aquatic plants and animals, soils, 
and can even corrode stone buildings. 
It was a big problem for Virginia from 
the 1970s until very recently. While 
“normal” rainfall has a pH of about 5.5, 
precipitation in Virginia can be up to 
three times more acidic, or about pH 
5.0, which is a significant improvement 
from the 1980s and 1990s, when the pH 
was as low as 4.3. Much of the acid rain 
that affected Virginia and the Northeast 
came from emissions from large coal-
fired power plants in the Midwest. 
Some of the plants emitted more than 
all the sources in Virginia combined. 
After the passage of the Clean Air Act 
in 1970, and even more so with the 
passage of Clean Air Act amendments 
in 2000, emissions from power plants 
and vehicles decreased. One provision, 
Title IV, called for reductions of sulfur 
dioxide of approximately 10 million 
tons per year and two million tons of 
nitrogen oxides per year. Although 
the U.S. and Europe have been very 
successful in reducing acid rain, it’s still 
a very big problem in growing countries 
in Asia.
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What is the Government Doing about Air Pollution?
The U.S. Congress passed important federal air pollution laws, known collectively as the Clean Air Act (1963; 
and amended in 1967, 1970, 1977, 1990, and 2000). National air quality standards (or pollution limits) spell 
out how clean the outdoor air has to be, and it’s up to each state to meet these standards. In 1966, the 
Virginia General Assembly passed the Virginia Air Pollution Control Law. The regulations are administered 
and enforced by DEQ.

The Clean Air Act enabled DEQ to work with Virginians 
to reduce hazardous air pollutant emissions, decrease 
ground-level ozone pollution, and require better 
pollution control technologies on new and existing 
sources of toxic pollutants.

In northern Virginia, the emissions issue is more of a concern 
than in other parts of the state. This is why DEQ implements 
Air Check Virginia, a vehicle inspection program designed to 
reduce pollution by requiring emissions control equipment 
for every car. Nearly all of the 1.7 million vehicles in Northern 
Virginia have been fitted with this equipment.

Historic Achievements
Virginia has less air pollution than we’ve had in decades. In 2019, Virginia saw only four days when air quality 
at one of DEQ’s monitoring sites reached levels that are harmful for sensitive people such as young children 
and those with respiratory conditions like asthma. And, 2019 was the first year that Richmond had no such 
days. For comparison, in both 1993 and 1998, Virginia reported more than 100 days with ozone levels that 
are harmful to sensitive groups. Fine particulate pollution has also decreased almost 50 percent since 2000. 

Question: 

If we are constantly breathing in 
oxygen, why doesn’t it all get used up?

Answer: 

Photosynthesis. Green plants use 
light (the sun) and carbon dioxide 
(what we exhale) to produce glucose 
and oxygen.
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DEQ supports improvements in air quality through its air permitting programs for industrial facilities, as 
well as through facilitating solar development and encouraging cleaner vehicles. DEQ manages Northern 
Virginia’s vehicle emissions inspection program, and encourages the adoption of electric vehicles (EV) 
through grant programs and the establishment of Virginia’s EV charging network. By participating in the 
Transportation Climate Initiative, DEQ is working with a group of 12 states and the District of Columbia to 
further reduce emissions from the transportation sector. 

Just like we said goodbye to acid rain, if we continue to work together, we can also reduce greenhouse  
gas emissions.

Prevention is Key
Like so many other forms of pollution, the surest solution to air pollution is prevention. This means many 
things. It means wise transportation and community planning. It means adopting new processes and 
materials for industrial operators. It means each person doing their share by conserving the resources they 
use, particularly electricity and gasoline.

There are several ways to cut down on emissions while travelling. You can drive less in general, or take a bike 
instead. Carpooling with family members and neighbors is a great way to save time and money. Try to use 
public transit when possible, or invest in a hybrid car that uses exponentially less energy.

Air pollution is higher in northern Virginia than it is in other parts of the state. This is why DEQ implements 
Air Check Virginia, a vehicle inspection program designed to reduce air pollution by requiring emissions 
control equipment for every car. Most of the nearly 1.7 million vehicles in Northern Virginia have been fitted 
with this equipment.

Urban forests

Even in an urban setting, trees remain one of the most effective natural pollution reducers in our 
environment. Tree roots hold on to stormwater, and leaves remove existing air pollution including 
particulates, ozone, and carbon dioxide. Planting more trees in an urban setting can help lower 
temperatures during the summer as tree leaves and canopies also store heat, trap radiation, shade 
buildings and streets, and naturally lower temperatures, which can reduce air conditioning use by 30 
percent. If you’d like to help clean the air and the water, it may be as easy as planting a tree.
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DEQ supports improvements in air quality through its air permitting programs for industrial facilities, as 
well as through facilitating solar development and encouraging cleaner vehicles. DEQ manages Northern 
Virginia’s vehicle emissions inspection program, and encourages the adoption of electric vehicles (EV) 
through grant programs and the establishment of Virginia’s EV charging network. By participating in the 
Transportation Climate Initiative, DEQ is working with a group of 12 states and the District of Columbia to 
further reduce emissions from the transportation sector. 

Just like we said goodbye to acid rain, if we continue to work together, we can also reduce greenhouse  
gas emissions.

Prevention is Key
Like so many other forms of pollution, the surest solution to air pollution is prevention. This means many 
things. It means wise transportation and community planning. It means adopting new processes and 
materials for industrial operators. It means each person doing their share by conserving the resources they 
use, particularly electricity and gasoline.

There are several ways to cut down on emissions while travelling. You can drive less in general, or take a bike 
instead. Carpooling with family members and neighbors is a great way to save time and money. Try to use 
public transit when possible, or invest in a hybrid car that uses exponentially less energy.

Air pollution is higher in northern Virginia than it is in other parts of the state. This is why DEQ implements 
Air Check Virginia, a vehicle inspection program designed to reduce air pollution by requiring emissions 
control equipment for every car. Most of the nearly 1.7 million vehicles in Northern Virginia have been fitted 
with this equipment.

Scenes like this one in King William County in 1948 were not uncommon before the passage of the Clean Air Act. (Courtesy of the 
Library of Virginia)

Additional Resources 
• KidWind – Resources for students and teachers 

• Virginia Department of Environmental Quality 

• National Oceanic and Atmospheric Administration 

• U.S. Environmental Protection Agency, Office of Air and Radiation

Fundamental Learnings Related to Air
• Air is one of the physical or abiotic (nonliving) factors that influence living organisms. 

• There are two main types of air pollutants: primary and secondary. Primary pollutants are those emitted 
directly into the air, such as smoke and chemicals (particulates, oxides of nitrogen hydrocarbons, sulfur 
dioxide, and carbon monoxide). Secondary pollutants are produced from the chemical interactions of 
primary pollutants with other atmospheric compounds. Examples are smog, acid rain, and ozone. 

• Particulates are small particles such as dust or soot that contribute to air pollution. Natural processes 
such as forest fires and volcanic eruptions, as well as man-made processes such as burning coal or oil 
(fossil fuel), release air pollutants. 

• Burning fossil fuels emits chemical by-products. These combine with moisture in the atmosphere to form 
acids, which fall as acid precipitation (rain or snow). 

• Air pollution affects the health of lakes, forests, wildlife, crops, water supplies, and humans. 

• Ozone in the air we breathe damages our health while ozone in the upper atmosphere protects us from 
harmful radiation.

https://www.kidwind.org/
https://www.deq.virginia.gov/
https://www.noaa.gov/
https://www.epa.gov/aboutepa/about-office-air-and-radiation-oar
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Pollutant Description Sources Effects

Carbon 
monoxide (CO)

Colorless, 
odorless gas

Gas burning vehicles, 
Indoor sources include 
kerosene or wood 
burning stoves

Headaches, reduced 
mental alertness, heart 
damage, death

Lead (Pb) Metallic element Vehicles burning 
leaded gasoline,                      
metal refineries

Brain and kidney damage, 
contaminated crops       
and livestock

Nitrogen 
oxides (NOx)

Several gaseous 
compounds made 
up of nitrogen    
and oxygen

Gas burning vehicles, 
power plants 
burning fossil fuels, 
coal-burning stoves

Lung damage, deteriorates 
buildings and statues, 
damages forests, causes 
acid rain and is a precursor 
to ozone (smog)

Ozone (O3) Gaseous pollutant Formed when vehicle 
exhaust and other 
fumes react in the 
presence of sunlight

Lung damage, eye 
irritation, respiratory tract 
problems, vegetation 
damage, smog

Particulate 
matter (PM)

Small particles of 
soot, dust, or other 
matter, including 
tiny droplets           
of liquid

Diesel engines, power 
plants, windblown 
dust, wood stoves, 
pollen

Lung damage, eye 
irritation, crop damage, 
reduction in visibility, 
discoloration (from soot)

Sulfur dioxide 
(SO2)

Gaseous compound 
made up of sulfur 
and oxygen

Coal-burning power 
plants and industries, 
coal-burning          
stoves, refineries

Eye irritation, lung 
damage, kills aquatic life, 
reacts in atmosphere to 
form acid rain, damages 
forests, deteriorates 
buildings   and statues

Major Man-made Air Pollutants
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Ways to Reduce Your Contribution to Air Pollution
• Avoid unnecessary car trips. If you must drive, combine errands.

• Carpool, vanpool, or use public transportation (buses, subways, trains) when possible. 

• On good air quality days, walk or ride your bike when you can.

• Keep your car engine properly tuned and tires properly inflated. 

• Avoid excessive engine idling while driving. Idling for more than 30-40 seconds uses more gas than 
restarting the engine.

• Limit the use of gasoline-powered equipment such as lawn mowers. 

• Limit or halt open burning. If you need to have a fire, make it hot. A smoldering fire is not safe or efficient. 
Never burn garbage, cardboard, or magazines because they can emit harmful pollutants.

• Turn off unnecessary lights and electric appliances. The less energy used, the less must be generated by 
power plants.

There are many sources of air pollution. Can you identify the ones you can help control?
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Air Pollution in the City
Information for Teachers

Abstract
During this lesson students will use pollution 
measurements from DEQ’s monitoring stations and 
a computer simulation, Smog City to evaluate the 
relationship between city size, temperature, and 
ground-level ozone pollution. 

Objectives
Students will be able to:

• Conduct a controlled data experiment

• Collect data in an organized manner

• Analyze data to reach a conclusion

• Communicate findings

Time 1-2 class period (45 minutes)
Materials Computer Lab 

Teacher Background
Ozone, a gas containing three atoms of oxygen, is “good up high and bad nearby.” Ozone occurs both in the 
Earth’s upper atmosphere, where it is protective, and at ground level, where it is harmful. 

When we breathe air with high levels of ozone, it can be harmful to our health, and can cause chest pain, 
coughing, throat irritation, and airway inflammation. It can even reduce lung function and harm lung tissue. 
Ozone can damage plants and even rubber. People most at risk of experiencing health effects from increased 
ozone levels are “sensitive people” – those with asthma, children, the elderly, and people who are active 
outdoors. 

In the Earth’s lower atmosphere, near ground level, ozone is formed when pollutants (specifically nitrogen 
oxides and volatile organic compounds) emitted by cars, power plants, industrial boilers, refineries, 
chemical plants, and other sources react chemically in the presence of sunlight, especially in urban areas on 
hot days. At ground level, ozone is a harmful air pollutant. 

Ozone occurs naturally in the Earth’s 
upper atmosphere, from about 6 to 30 
miles above the Earth’s surface, where 
it forms a protective layer that shields 
us from the sun’s harmful ultraviolet 
rays. Manmade chemicals are known to 
destroy this beneficial ozone. An area 
where the protective “ozone layer” has 
been significantly depleted-for example, 
over the poles is sometimes called “the 
ozone hole.” The United States, along 
with over 180 other countries, is phasing 
out the production and use of ozone-
depleting substances. The ozone hole 
should recover by 2065.

http://www.smogcity2.org/smogcity.cfm?preset=ozone
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DEQ scientists calibrate air quality monitoring equipment frequently 
to ensure the accuracy of data collected.

Air quality in Virginia is better than it has been since DEQ began measuring it in the 1970s. New cars are 
more than 90 percent cleaner than they were in 1970, and emissions from factories have declined. DEQ 
also regulates and limits emissions of many types of pollution, including nitrogen oxides and volatile 
organic compounds, the precursors to ozone. At the same time, vehicle use has more than doubled, energy 
consumption has increased by more than 50 percent, and climate change is a growing concern. For these 
reasons, it is important for students to know when ozone pollution levels are highest, and how they can 
reduce their and their families’ contribution to it. 

Remind students not to wait until air quality gets bad to reduce their contribution to pollution. They can 
take many steps that can decrease the production of the pollutants that create ground-level ozone pollution 
such as conserving energy to reduce emissions from energy production and taking the bus or carpooling.

To help people avoid the negative effects of 
ozone and other types of pollution, the 
Virginia Department of Environmental 
Quality (DEQ) measures pollution levels 
across Virginia. You can find hourly ozone 
levels and graphs on the DEQ website, and 
sign up to receive air quality forecasts and 
health alerts, expressed using the Air 
Quality Index (AQI). The AQI is usually 
green, or good, but when it becomes 
orange or red due to elevated levels of 
pollution, you and your students may want 
to reschedule strenuous outdoor activities. 

https://www.deq.virginia.gov/Programs/Air/AirQualityMonitoringData.aspx
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Activity
1. As students enter the room, have the following question on the board “What is the relationship 

between city size, temperature, and the amount of pollution?” Students should write down their 
hypotheses. 

2. Ask students to share their ideas with the class, making sure that all hypotheses have an explanation 
for their ideas. 

3. Pass out the activity sheets and ask students to take a look at the graph shown below. 

4. Explain that the two lines are measuring the same thing in two different locations. 

The top (blue) line is data from DEQ’s ozone monitor in Arlington, near Washington D.C., and the 
bottom (gray) line is from DEQ’s monitor in Wythe County in rural southwest Virginia. 

The data was collected each hour on the same day in July, 2018.  

Do students have any ideas about what makes the two cities different, or why ozone levels change 
throughout the day?

What are the differences between Arlington and Wythe counties?

What types of activities emit air pollution? What happens to the air, or the air’s temperature, through 
the course of a day? 
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Pollution is higher in Arlington primarily because there are more people and more cars that emit the 
pollutants that cause ozone. Pollution increases throughout the day as the temperature increases and 
emissions from cars react with sunlight to create ozone pollution. Pollution decreases as temperature 
and sunlight decrease.

5. Tell students they will be visiting the computer lab today (and possibly tomorrow). While they are 
there, they will conduct a controlled experiment to see how different variables affect the amount of 
pollution or air quality. The better the air quality, the lower the numerical value. 

6. Take students to the lab and have them open the Smog City application in Windows Explorer. (It does 
not always load in Google Chrome.)

7. Once students are familiar with the program, challenge them to design an experiment that will test 
the effects of only one of the two possible variables: time of day and city size. Both of these variables 
are displayed under controls as “the sun or moon” and as “growth.” Students should write up their 
procedures and design a data table before beginning. (Alternatively, use the Size Protocol and Time 
Protocol shown below)

8. Once the procedures and table are complete students may begin. 

9. When they have finished collecting data, ask students to write a formal conclusion in their science 
notebooks. What did they discover? What was the relationship between the independent and 
dependent variable?

10. Students can now go back and repeat steps 6-8 controlling for the other variable. This will give them 
a complete picture. Note: If you are pressed for time, you might elect to have half the class control for 
temperature (time of day) and the other half control for city size (amount of emissions released into 
the air). Advanced groups might carefully control both variables simultaneously.

11. Have students share their findings. Did all groups agree about what was causing their results? Why? 
Ask students to relate their findings to asthma. What size city is best for a student with asthma? Why? 
When is the safest time of the day to be outdoors? When is the most dangerous? Why?

http://www.smogcity2.org/smogcity.cfm?preset=ozone
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Air Pollution in the City 
When we breathe air with high levels of 
ozone, it can be harmful to our health. Ozone 
is formed when pollutants emitted by cars, 
power plants, industrial boilers, refineries, 
chemical plants, and other sources react 
chemically in the presence of sunlight, 
especially in urban areas on hot days.

In this activity, you will study why air pollution 
levels are different from place to place and 
throughout the day. What can you guess 
about the two different locations this data 
was collected?

Temperature Protocol
1. Open the Smog City application in Windows Explorer. (It does not always load in Google Chrome.)

2. Change the temperature to low.  Read the Air Quality Index on the sign labeled AQI for ozone. Record 
this data in the column marked “Air Quality Index.”

3. Observe the cars, ozone pollution, and total emissions (displayed underneath the population slider). 
Record this information in the observational notes. Read the information box that describes how 
temperature affects air pollution.

4. Repeat with the remaining temperatures.

Size Protocol
1. Open the Smog City application in Windows Explorer. (It does not always load in Google Chrome.)

2. Take note of the different things you can control, including Weather Conditions, Emissions Levels and 
Population. 

3. Change the population to the lowest setting – a small city. Read the Air Quality Index on the sign 
labeled AQI for ozone. Record this data in the column marked “Air Quality Index.”

4. Observe the cars, ozone pollution, and total emissions (displayed underneath the population slider). 
Record this information in the observational notes. Read the information box that describes how 
population affects air pollution.

5. Repeat with the remaining population sizes. 

http://www.smogcity2.org/smogcity.cfm?preset=ozone
http://www.smogcity2.org/smogcity.cfm?preset=ozone
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Air Pollution in the City
Data sheet

Size Protocol Data:

Population Air Quality Index Observation Notes

Low (small city)

Medium

High (large city)

Conclusion:
How does the size of a city affect the buildup of ozone pollution in a city?

Temperature Protocol Data:

Population Air Quality Index Observation Notes

Low (small city)

Medium

High (large city)

    
Conclusion:
How does the time of day affect the buildup of ozone pollution in a city?


