Ozone & Smog 1
Atmosphele & Weather Name

Ozone Pollution: Smog Alert

Purpose: To recognize that invisible air pollutants and weather conditions are involved in
creating smog. To understand that not all air pollution is visible. To appreciate that human
activity can cause air pollution

Background Information: Ozone is the same Summarize each paragraph to left.
molecule no matter where it is found.
Stratospheric ozone is found 9 to 18 miles high

where it protects us from harmful ultraviolet

rays from the sun. High amounts of ozone in

the troposphere at ground level is air pollution
and can be harmful to people, animals, crops

and other materials.

High levels of ozone may cause lung and

respiratory disorders. Chemists have found

that the materials damaged by ozone include
rubber, nylon, plastics, dyes, and paints.

Ozone pollution, a component of smog, is

mainly a daytime problem during summer

months because sunlight plays a key role in

its formation. Chemical compounds react in
the presence of sunlight to produce ozone.

The sources of these compounds include cars,
trucks, power plants and factories. These

gaseous compounds mix like a thin soup in

the atmosphere, and when they interact with
sunlight, ozone is formed.

Large industrial areas and cities with heavy
summer traffic are the main contributors to

ozone formation. When temperatures are high

and the mixing of air currents is limited, ozone
can accumulate to unhealthful levels.

Weather conditions can cause smog to build

up in an area. A thermal inversion occurs
when a layer of warm air settles over a layer

of cool air that lies near the ground. This
condition prevents the smog from rising and scattering. Mountain ranges near cities may
also trap smog in an area.
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Materials:

Beaker Water Foil
Ice cubes Paper Ruler
Scissors Matches

Safety:

Do not breathe the “smog”

Be careful with the fire.

Procedure:
1. Cut a strip of paper about 15 centimeters X 1 centimeter. Fold the strip's length in half
and twist the paper.

2. Make a "lid" for a glass jar by shaping a piece of aluminum foil over the open end of
the jar. Remove the foil and put it aside.

3. Put some water in the jar and swish it around so that the inside walls of the jar are
wet. Pour out the water.

4. Place two or three ice cubes on top of the foil lid to make it cold.

5. Light the strip of paper and drop it and the match into the damp jar. Put the foil lid on
the jar and seal it tightly. Keep the ice cubes on top of the foil, in the middle. You must
do all of this very quickly.

6. What do you see in the jar? How is this like real smog? Record your observations.

7. When you're finished, release the "smog" outdoors.

Data:

Record your observations here:
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Ozone & Smog 3
Conclusion:

Read the article from http://www.ucar.edu/learn/1 5 1.htm and
http://www.windows.ucar.edu/tour/link=/teacher resources/ozone reading.html and then
answer the questions that follow.

The Facts About Ozone

Introduction

The Ozone Hole. The Ozone Hoax. Pollution. Skin Cancer. The fopic of ozone makes
headlines on a reqular basis, but why does a single molecule merit such media coverage?
How important is the ozone in our atmosphere and why are scientists so concerned about ifs
increase near the surface of the earth and its disappearance higher up in the atmosphere?

First things first - what is ozone? Ozone is made of three oxygen afoms (O,). The oxygen we
find in our atmosphere is made up of wo oxygen atoms (O,). Because of its chemical
formulation, a single afom of oxygen (O) is unstable. That is, it wants fo combine with
something else. That is why oxygen is almost always found in pairs, in ifs O, (diatomic) form,
where it is more stable. O, is less stable than O, because it wanfs fo refurn fo the diatomic
state by giving up an oxygen afom.

Atomic ) _
oxygen Diatomic

i .~ oxygen

Ozone

When enough ozone molecules are present, it forms a pale blue gas. It is an unstable
molecule that readlily combines with other atoms. Ozone has the same chemical structure
whether it is found in the strafosphere or the froposphere. Where we find ozone in the
atmosphere defermines whether we consider it fo be Dr. Jekyll or Mr. Hyde.

he COMET Program
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In the froposphere, the ground-level or "bad” ozone is an air pollutant that damages human
health, vegeftation, and many common materials. It is a key ingredient of urban smog. In the
stratosphere, we find the ‘good” ozone that profects life on earth from the harmful effects of
the sun's ulfraviolet rays.

Eleciromagnetic Specirum

To understand how ozone is generated and the functions it serves in the earth's atmosphere,
it is important fo know something about the elecfromagnetic spectrum — the energy emitfed
from the sun. Electromagnetic energy s sometimes described as traveling in waves and
sometimes as fraveling in packets of energy referred fo as phofons.

Progressing from short wavelengths fo long wavelengths, scienfists have identified gamma
rays, x-rays, ulfraviolet radiation, visible light (between 400 and 700 nanomefers), infrared
radiation (heat), microwaves, and radio waves. Short wavelengths have more energy per
photon than long wavelengihs.

400 nm_ 700 nm 1 mm im 1km 100 km
Wavelengih —
Shortwave radiation Longwave radiation

The COMET Program

Ozone Is constantly being formed in the earth's afmosphere by the action of the sun's
ulfraviolet radiation on oxygen molecules. Ulfraviolet light splits the molecules apart by
breaking the bonds between the atoms. A highly reactive free oxygen atom then collides with
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another oxygen molecule fo form an ozone molecule. Because ozone is unstable, ulfraviolet
light quickly breaks it up, and the process begins again.

Ozone in the Stratosphere

Ozone and oxygen molecules in the stratosphere absorb ulfraviolet light from the sun,
providing a shield that prevents this radiation from passing fo the earth's surface. While boith
oxygen and ozone fogether absorb 95 fo 99.9% of the sun's ulfraviolet radliation, only ozone
effectively absorbs the most energetic ulfraviolet light, known as UV-C and UV-B, which
causes biological damage. The profective role of the ozone layer in the upper atmosphere is
so vital that scientists believe life on land probably would not have evolved - and could not
exist foday - without it.

The ferm "shield” as a description of ozone in the strafosphere is a bit misleading because
the molecules do not form an impermeable sphere around the earth. Ozone confinuvously
breaks apart info its oxygen atoms and reforms as ozone molecules, so a particular ozone
molecule doesn't last very long. The “shield” changes constantly, but the atmospheric
chemical processes maintain a dynamic equilibrivm that keeps the overall amount of ozone
constant - that is, it would if humans dlid not contribute fo the chemical processes.

About 90% of the ozone in the earth's afmosphere lies in the region called the strafosphere
between 16 and 48 kilometers (10 and 30 miles) above the earth’s surface. Ozone forms a
kind of layer in the strafosphere, where it is more concentrated than anywhere else, but even
there it is relatively scarce. Ifs concenfrations in the ozone layer are typically only 1 fo 10 parts
of ozone per 1 million parts of air, compared with about 210,000 parts of oxygen per 1 million
parts of air.

Ozone in the Troposphere

The other 10% of the ozone in the earth's atmosphere is found in the froposphere, which is
the portion of the atmosphere from the earth'’s surface fo about 12 km or 7 miles up. In the
froposphere, ozone is not wanted. Ozone is even more scarce in the froposphere than the
strafosphere with concentrations of about 0.02 fo 0.3 parts per million. But even in such small
doses, this molecule can do a lot of damage.

And just fo confuse things even further, ozone in the froposphere is one of the greenhouse
gases. As discussed in the Greenhouse Effect section, the naturally occurring greenhouse
gases (including ozone) are what make earth habifable for life as we know it. But scientists
are very concerned about the warming effects of increased greenhouse gases caused by
human activity. So, in the froposphere, accelerated ozone levels deal us a double whammy -
as a key ingredient in smog and as a powerful greenhouse gas.
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Concluding Thoughts

Ozone s found in two diifferent layers of the atmosphere - the froposphere and the
stratosphere. The sirafospheric ozone, or “good ozone, ” profects life on earth from harmful
effects of the sun's UV rays. We have good reason fo be concerned about the thinning of the
ozone layer in the strafosphere. Tropospheric ozone, or "bad ozone, " is an air pollutant that
damages human health, vegetation, and many common materials. We have good reason fo
be concerned about the buildup of ozone in the froposphere. In this and the following
sections, we will explore the various aspects of ozone fo help your students beffer
understand this complex, and sometimes seemingly contradictory, molecule. Although
simplistic, the saying "Good up high and bad near by, " sums up ozone in the atmosphere.

Questions:

The Facts about Ozone
Introduction
1. Ozone is made of oxygen atoms.

2. Ozone is less stable than diatomic oxygen, so it tries to give up

3. We see ozone as a gas.

4. Ozone is described as Dr. Jekyll (stratospheric ozone) or Mr. Hyde (tropospheric ozone).
Please note two characteristics of each type of ozone:
Ozone in the stratosphere:

Ozone in the troposphere:

Electromagnetic Spectrum
5. As a review, please write the names of the electromagnetic spectrum from longest to

shortest wavelengths:

6. Ultraviolet radiation splits apart oxygen molecules (remember, 2 oxygens), setting the

stage for ozone to be created. collide with to form an

ozone molecule.

Ozone in the Stratosphere

7. Only ozone blocks the most energetic ultraviolet light, which are and
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8. What would likely not exist today if ozone was not in the upper atmosphere?

9. Most ozone lies in the stratosphere, which is between ___ and miles above the
Earth's surface.
10. Ozone would keep up a dynamic equilibrium which "shields" life on Earth, if not for

contributing to the chemical processes.

Ozone in the Troposphere

11. Ozone is found in small amounts in the troposphere, the layer found from the Earth's

surface to miles up. In this region of the atmosphere it is considered a
gas. As this type of gas, it has a effect.

12. Ozone is also a key ingredient in . Yuck!

Concluding Thoughts

13. What simple saying sums up a lot about ozone in different regions of the atmosphere?
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