This will be a lesson for students in grades 9-12. The subject matter is the
ozone layer – human impacts on the ozone layer – and how scientists measure
and monitor ozone levels.
This presentation was assembled as part of the outreach initiative for the
Canadian Network for the Detection of Atmospheric Change.
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Teacher: What else do you know about Nunavut?
Responses will vary depending on student knowledge and experience.
Addition al Information:
Facts about Nunavut can be found at: http://www.gov.nu.ca/en/Facts.aspx.
• Nunavut means “our land” in Inuktituk.
• Iqaluit is the capital city of Nunavut.
• Nunavut is the newest Canadian territory; it officially separated from Northwest
Territories on April 1st, 1999.
• The total area of Nunavut is 2,093,190 km2.

• The total population is 33,220.
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Teacher: What similarity do you notice in all of the animals shown?
Response: All of the animals have white fur.
Teacher: Correct. Why do you think many of the animals in the Arctic have white
fur?
Response: They need fur to maintain a warm body temperature. Their fur is
white because it provides excellent camouflage in their snow and ice-covered
environment.
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Teacher: Nunavut is the geographically the largest of all thirteen provinces and
territories, but is the least populated.
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Teacher: Raise your hand if you have heard of the ozone layer. What is special
about the ozone layer?
Response: It protects us from the Sun, chemicals can cause it to break apart, it
allows life on Earth to exist, it keeps the Earth at temperatures warm enough for
life to exist.
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This slide is a basic review of the Earth’s atmosphere. A working knowledge of
the atmosphere is required to understand the basics of the greenhouse effect.

Note: Diagram is not to scale. Earth’s radius is approximately 6371km and
Earth’s atmosphere is approximately 100km thick.

Important Points:
- The atmosphere is made up of layers.
- It extends to approximately 100km above the Earth’s surface.
- The ozone layer is located at about 25km in altitude.
- Weather occurs in the lowest parts of the atmosphere called the troposphere.
Information courtesy of: http://www.srh.noaa.gov/srh/jetstream/atmos/layers.htm
Teacher: Air becomes less dense as you move away from the Earth’s surface.
Why might this be the case?

Response: The force of gravity is strongest close to the surface of the Earth; this
means that most of the atmosphere’s air is held close to the surface (in the
troposphere).

Teacher: What are the two major gases found in Earth’s atmosphere?
Response: The atmosphere is primarily made up of nitrogen and oxygen. The
last one percent is made up of everything else (such as trace gases). These
exist at levels such as parts per million or parts per thousand.
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Teacher: Raise your hand if you have heard of the ozone layer. What is special
about the ozone layer?
Response: It protects us from the Sun, chemicals can cause it to break apart, it
allows life on Earth to exist, it keeps the Earth at temperatures warm enough for
life to exist.
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Addition Information: The ozone layer is a very important part of the Earth’s
atmosphere. It blocks out ultraviolet (UV) light which is responsible for such
things as Sunburns and skin cancer. The ozone layer continues to be an
important area of research.
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Information courtesy of: http://www.asccsa.gc.ca/eng/educators/resources/scisat/grade9-factsheet4.asp
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Note: The above ozone maps (over the Arctic region), as well as current ozone
maps, are available on the Environment Canada website at http://expstudies.tor.ec.gc.ca/e/ozone/Curr_allmap_g.htm. These maps are available for
time periods of days, months, or years, and for all regions of the globe.
Teacher: The colours on the maps show the amount of ozone that is present.
General differences can be seen between the distribution of ozone in the
summer and winter from these examples. Scientists create these maps and use
them to analyze how the ozone layer is changing.

17

Teacher: Ozone has a natural cycle in the atmosphere. Ultraviolet radiation from
the Sun strikes the ozone molecule (O3) and breaks it into an oxygen molecule
(O2) and a free oxygen atom. The oxygen molecules and atoms will eventually
recombine to form an ozone molecule.

Additional Information: CFCs are human-made chemicals that were used
extensively for many years. Originally, CFCs were thought to have no negative
impacts on the atmosphere. Once it was observed that CFCs had negative
effects on the ozone layer, the international community decided to regulate their
use. The Montreal Protocol was signed in 1987. It, and its subsequent
amendments, have been very successful in controlling the amounts of CFCs
being released to the atmosphere.

Additional Information: CFCs are very stable molecules in the lower part of the
atmosphere. They are released at ground level and eventually travel up to the
height of the ozone layer. When they reach this height, they are broken apart by
UV light, creating atomic chlorine atoms. These chlorine atoms chemically react
with ozone molecules to break down ozone into oxygen molecules and atomic
oxygen. A chlorine atom from one CFC molecule can destroy thousand of
ozone molecules (http://www.asccsa.gc.ca/eng/satellites/scisat/scisat_061213.asp).

Note: It may be appropriate to show the chemical reaction to grade 11 and 12
chemistry, earth and space sciences, or environmental science students. Or
alternatively, students could generate the equations from the diagram above.
The ClO attacks another O3 molecule producing atomic oxygen and a chlorine
ion. The chlorine can then participate through many cycles.
CFCl3 + hv  CFCl2 +Cl
Cl + O3  ClO + O2
ClO + O3 + hv  Cl + 2O2

Teacher: Can someone come point to the location of the ozone hole on the
ozone map? (Student should point to the center of the map.) An ozone hole
appears during certain times of the year, why might this be the case?

Response: In order for rapid ozone destruction to happen, temperatures must be
cold enough to allow for the generation of PSCs (Polar Stratospheric Clouds).
Surface chemistry takes place within these clouds. Chlorine or bromine (from
CFCs and other ozone depleting chemicals) is converted into an active form that
rapidly destroys ozone when sunlight is present.
Teacher: What thickness (in DUs) defines an ozone hole?
Response: An ozone hole is defined as an area of the ozone layer of 200DUs or
less.
Information courtesy of:
http://ec.gc.ca/ozone/default.asp?lang=En&n=2ED3F6DA-1

Teacher: Allow students to analyze and discuss the profiles above with a partner,
and then as a whole class.
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Additional Information: Ozonesondes are instruments that are launched by
balloon into the atmosphere. They measure the amount of ozone found in
layers of the atmosphere as it rises and then transmit the information to
computers on the ground using radiowaves
(http://www.ozonelayer.noaa.gov/action/ozonesonde.htm).
There are many ways to measure ozone from instruments on the ground. One
example is a spectrometer. There are different types of spectrometers (all
shapes and sizes). A spectrometer can measure the amount of sunlight that is
absorbed by certain gases in the air. This can be analyzed to determine the
amount of each gas (http://exp-studies.tor.ec.gc.ca/e/ozone/ozone.htm). Further
details will be given later in the presentation.

Teacher: The Atmospheric Chemistry Experiment on SCISAT-1 is an example of
a Canadian Satellite. Its monitors the atmosphere to track changes in ozone, air
quality and pollution mainly caused by human activity.
Additional information: This satellite was built by ABB Bomem of Quebec City,
Canada, in cooperation with the Canadian Space Agency. SCISAT measures
over 30 different chemicals as it orbits over the Earth’s polar regions, as well as
tropical and mid-latitude locations. Some of the chemicals it monitors in the
stratosphere affect (and often deplete) ozone, which protects life on Earth from
harmful UV radiation. These data are used to support ozone-protecting policies
and initiatives like the Montreal Protocol. SCISAT not only measures ozone
depletion, but also collects data on climate change, and air quality and pollution.
Together with other satellite data and ground-based measurements, scientists
continue to build their understanding of Earth’s atmosphere.
Information courtesy of: http://www.asccsa.gc.ca/eng/satellites/scisat/scisat_061213.asp

Additional Information: Spectrometers are ground-based instruments that are
used to measure gases in the atmosphere. Spectrometers gather Sunlight and
analyze it to get information about gases in the atmosphere
(http://acebox.uwaterloo.ca/eureka/Eureka2008/Our%20Instruments.html).
Spectroscopes are a small hand-held instruments that allow the user to view the
spectrum of a light source.
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Additional Information: A basic understanding of the light spectrum is important.
Students should be reminded that white light can be broken down into the visible
spectrum. This can be done in several ways (prism, diffraction grating). This
effect can be seen in the light reflected from the surface of a CD/DVD or rainbow
in the sky.
If possible, use a prism to demonstrate white light being split into the visible light
spectrum of colours.
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This is a picture of the inside of a UV-visible spectrometer. The spectrometer is
about the size of a microwave. Sunlight enters the spectrometer through the
shutter. It is reflected by mirror #1 and sent to the diffraction grating. The
diffraction grating splits the light into a spectrum. You can see this because the
diffraction grating has rainbows across its surface. The spectrum then reflects
off of mirror #2 and into the CCD. The CCD is a very high-quality camera. This is
used to record the spectrum, which is then analyzed to determine the trace gas
concentrations present in the atmosphere.
Information courtesy of Cristen Adams.
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Teacher: The Sun emits light which gives an effectively complete spectrum.
Each gas in the atmosphere absorbs specific wavelengths of light. When the
light reaches the spectrometer, the spectrum will be missing regions where the
light has been absorbed by the gases in the atmosphere. The missing parts of
the spectrum are used to give information about the gases in the atmosphere.
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Teacher: The top spectrum is an example of light coming from the Sun. The
middle spectrum is an example of light that has passed through a gas(es). The
gas(es) has absorbed some of the wavelengths resulting in the pieces missing
from the spectrum. The bottom spectrum is an example of the fingerprint of the
gas(es).
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Teacher: This slide shows how a spectroscope (simple spectrometer) works.
The light enters the instrument through an entrance slit. The light hits a
diffraction grating which breaks it up into the spectrum. The light then travels to
the viewer’s eye where the spectrum can be seen and analyzed.
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