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Sun Protection: Understanding the Danger: Teacher Notes

Overview

This series of interactive slides sets the context for the unit by describing the dangers of UV radiation and our need to protect ourselves against them. The final slide presents the three driving questions for the lessons in the unit.

Slide 1: Title Slide

Questions for Students:  Do you wear sunscreen? Why or why not? Are there nanoparticles in your sunscreen? How do you know?

Slide 2: Why Use Sunscreen? (Question Slide)

Have your students brainstorm ideas about why it is important to use sunscreen.
Slide 3: Too Much Sun Exposure is Bad for Your Body
This slide describes the three main dangers of UV radiation:

· Premature skin aging leads to leathery skin, wrinkles and discolorations or “sun spots.” Eyes can also be damaged by UV radiation leading to cataracts (damage to the eyes which causes cloudy vision).
· Sunburns are not only painful but are also a distress response of the skin giving us a signal that damage is being done.

· Skin cancer occurs when UV rays damage DNA in skin cells leading to genetic mutations. The mutated cells grow and divide uncontrollably forming a tumor. If caught early, the cancer can be removed; otherwise it can spread to other parts of the body and eventually cause death.
Slide 4: Skin Cancer Rates are Rising Fast

This slide describes the most dangerous consequence of UV radiation – skin cancer.
It is only recently that being tan came into fashion and that people began to spend time in the sun on purpose in order to tan. In addition, clothing today generally reveals more skin than it did in the past.
The use of tanning beds is not safe and a “base tan” only provides protection of about SPF 4.
Discussion Question for Students: Are there any other reasons that skin cancer rates might be rising?

Answer: Improvements in detection technology may mean that we identify more cases inflating the slope of the rise.
Slide 5: What Are Sun Rays? How are they doing damage? (Question Slide)

Have your students brainstorm ideas about what sun rays are and how they interact with our body.

Slide 6: The Electromagnetic Spectrum

Note: The illustrations of the waveforms at the extremes of the wavelength/energy spectrum are not to scale. They are simply meant to be a graphical representation of longer and shorter wavelengths.

You may want to discuss some of the properties and uses of the different parts of the electromagnetic spectrum further with your students:
· Gamma rays result from nuclear reactions and have a very high frequency and energy per photon (very short wavelength). Because they have a high energy, the photons can penetrate into cell nuclei causing mutations in the DNA.

· X-rays are produced in collision of high speed electrons and have a high frequency and energy per photon (short wavelength). Because they have a smaller energy than gamma rays, the x-ray photons can pass through human soft tissue (skin and muscles) but not bones.

· Ultra Violet Light is produced by the sun and has a somewhat high frequency and energy per photon (somewhat short wavelength). Different frequencies of UV light (UVA, UVB) are able to penetrate to different depths of human skin.

· Visible Light is produced by the sun (and light bulbs) and has a medium frequency and energy per photon (medium wavelength). Visible light doesn’t penetrate our skin, however our eyes have special receptors that detect different intensities (brightnesses) and frequencies (colors) of light (how we see).

· Infrared Light is emitted by hot objects (including our bodies) and have a low frequency and energy per photon (long wavelength). Infrared waves give our bodies the sensation of heat (for example when you stand near a fire or out in the sun on a hot day.)

· Radio Waves are generated by running an alternating current through an antenna and have a very low frequency and energy per photon (very long wavelength). Because they are of such low energy per photon, they can pass through our bodies without interacting with our cells or causing damage.

Slide 7: The Sun’s Radiation Spectrum I

Sun rays are a form of electromagnetic radiation. Electromagnetic radiation is waves of oscillating electric and magnetic fields that move energy through space.

Discussion Question for Students: What is the difference between UVA, UVB and UVC light?

Answer: They have different wavelengths, frequencies (UVC: ~100-280 nm; UVB: ~280-315 nm; UVC ~315-400 nm) and thus different energies.
Note: The division of the UV spectrum (as well as the division of UV, visible, infrared etc.) is a categorization imposed by scientists to help us think about the different parts of the electromagnetic spectrum, which is actually a continuum varying in wavelength and frequency.
Slide 8: The Sun’s Radiation Spectrum II

The sun emits primarily UV, visible and IR radiation. < 1% of the sun’s radiation is x-rays, gamma waves, and radio waves.

The amount of each kind of light emitted by the sun is determined by the kinds of chemical reactions occurring at the sun’s surface.
Slide 9: Does all the radiation from the sun reach the earth? (Question Slide)

Have your students think about what might happen to the radiation as it travels through space. 

If students bring up the idea of the ozone layer as protecting the earth, ask them to think about how it does this. (It does this by absorbing harmful UV rays – in other words capturing their energy so it doesn’t reach the earth).

Slide 10: The Earth’s Atmosphere Helps Protect Us

The earth’s atmosphere is made up of several layers of gases surrounding the planet. The two closest layers are referred to as the troposphere (closest to the earth, where most clouds are found) and the stratosphere (farther from the earth, where the protective ozone layer resides). Beyond this there is (in increasing order of distance from the earth), the mesosphere, thermosphere and exosphere.

You may want to remind your students that absorption is the process by which atoms or molecules capture radiation energy.

Answers to Challenge Questions on Slide:

1. What happens if the Ozone layer is partially or completed destroyed?

As the ozone layer is depleted, more of the UV light emitted by the sun will reach the earth. UV depletion is cause by several chemicals used by humans, particularly the CFCs (chlorofluorocarbons) used in many old-style aerosol sprays. Though international agreements limiting the use of such chemicals has helped the problem, the fight continues. As the Canadian Space Agency reports, in 2000:

“Observations showed a strong depletion of the ozone layer over the Arctic, by as much as 60% in some layers of the atmosphere. In the lower stratosphere, near the South Pole, the hole reached a record size in spring 2000, measuring 28.3 million kilometers. The affected area extended to the southern tip of South America.”

(Source: http://www.space.gc.ca/asc/eng/sciences/ozone_layer.asp)
2. Why are we concerned about UV, but not IR or visible light?

We are concerned about UV radiation because it is higher in energy than IR and visible radiation (this will be covered in more detail in the following slides). Even though there is less of it, it has the potential to damage humans, while it is currently thought that IR and visible radiation do not.
Slide 11: How can the sun’s rays harm us? (Question Slide)

Have your students brainstorm ideas about how sun rays might interact with our body. What part(s) of our body do they interact with? How do they affect them?

Slide 12: Sun Rays are Radiation

If students are not already familiar with the concept of wavelength, it may help to draw a wave on the board and indicate that the wavelength is the distance between peaks.
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The speed of light in a vacuum is always the same for all wavelengths and frequencies of light. (c = 300,000,000 m/s)

You may wish to point out to students that the letter ‘c’ is the same c in the famous E=mc2 equation showing the relationship between matter and energy.
You may also want to discuss the concept that all light travels at the same speed in the same medium and that this does not depend on the frequency or wavelength of the wave. For example, in other mediums (e.g. air, water) light travels slower than in a vacuum. The speed of all light in water is ~225,563,909 m/s (only 75% of speed in a vacuum.)
Slide 13: Radiation Energy I

Example: Imagine that you are outside your friend’s window trying to get their attention. You can throw small pebbles at the window one after another for an hour and it won’t break the window. On the other hand, if you throw a big rock just once, you will break the window. It doesn’t matter if all the pebbles put together would be bigger and heavier than the one rock; because their energy is delivered as separate little packets, they don’t do as much damage. The same is true with energy packets.

h is Planck’s constant (6.26 x 10-34 J s)

Slide 14: Radiation Energy II

Total Energy can not be predicted by the frequency of light.
You may want to talk with your students about the different things that the total energy depends upon. For example: time of day (10am-2pm is the most direct and strongest sunlight), time of year, amount of cloud cover (though some UV always gets through), altitude.

You may want to explore the UV index site with your students and look at how the index varies by location.
Slide 15: Skin Damage I

Discussion Question for Students: Which kinds(s) of UV light do you think we are most concerned about and why?

Answer: The theoretical answer would be UVC>UVB>UVA in terms of concern because of energy packet size. This is true for acute (immediate) damage, though as shown in next slide, UVA has now been found to cause damage in the long term. UVC is currently not a major concern because it is absorbed by the atmosphere and thus doesn’t reach our skin.

Slide 16: Skin Damage II

Premature aging is caused by damage to the elastic fibers (collagen) in the dermal layer of the skin. Because UVA radiation has a lower frequency and thus lower energy per photon, it is not absorbed by the cells of the top layer of the skin (the epidermis) and can penetrate deeper into the skin (to the dermis) where it does this damage.
Both UVA and UVB can enter the cell nucleus and cause mutations in the DNA leading to skin cancer.

Most of the rapid skin regeneration occurs in the epidermal layer. The dermal layer does not regenerate as quickly and thus is subject to long term damage.

Slide 17: Sun Radiation Summary I

This slide and the following one sum up the differences between the different kinds of radiation emitted by the sun. There is a corresponding student handout that students can use as a quick reminder during the course of the unit.

This graph contains the all the information about wavelength, frequency, energy and amount of each kind of radiation emitted by the sun. Note that the different “kinds” of radiation are really points on a continuum.

Common Misconception: We see “black light” (UVA light) because it is close to the visible spectrum.
The Real Deal: If that were true, we would be able to see all objects as bright under black light and that doesn’t happen. For example at a party only certain clothes appear bright. What actually happens is that black light causes some materials to fluoresce or phosphoresce meaning they absorb the UVA light and re-emit violet light in the visible spectrum that our eyes can detect.

Slide 18: Sun Radiation Summary II

This slide and the previous one sum up the differences between the different kinds of radiation emitted by the sun. There is a corresponding student handout that students can use as a quick reminder during the course of the unit.

This chart summarizes the all the information from the previous graph and lists the effects of each kind of radiation on the human body. 

Note: Different diagrams may have different cutoffs for the divisions between UVA, UVB, UVC, visible and IR. This is because the electromagnetic spectrum is a continuum and the divisions between categories are imposed by scientists, thus not always well agreed upon.

Example: What determines if it is a “warm” versus a “hot” day? If you set the cutoff at 80 degrees Fahrenheit does that mean that a change from 79(F to 81(F is more meaningful than a change from 77(F to 79(F?

Slide 19: With all of this possible damage, it pays to wear sunscreen, but which one should you use? (Question Slide)
Discussion Questions for Students: What do you look for when you are buying a sunscreen and why? Do you think that your sunscreen is doing a good job to protect you?

Answers will vary. The goal of the discussion is for students to get their existing knowledge out on the table and to start to think critically about the consumer decisions they make and how they relate to science. 
Slide 20: There Are So Many Choices!

This slide is an animation presenting the many different sunscreens available and the many different claims their labels make.

Slide 21: The Challenge: 3 Essential Questions

These three questions will guide the upcoming unit:

1. What are the most important factors to consider in choosing a sunscreen?

2. How do you know if a sunscreen has “nano” ingredients?

3. How do “nano” sunscreen ingredients differ from other ingredients currently used in sunscreens?

Each of the unit activities will help students develop their ideas about the questions. By the end of the unit, students should be able to explain and justify their answers to each question. For now, use the Clear Sunscreen Initial Ideas Worksheet to gives students the chance to brainstorm their initial answers to these questions before they begin the unit.
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