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The Science Behind the Sunscreen Quiz: Teacher Answer Key 

30 points total

1. Why is UV light a source of health concern when visible and infrared light are not? (2 points)
· UV light is a higher frequency light than visible and infrared and thus has a higher energy per photon. 

· This higher energy allows it to do damage even though the total amount of UV light reaching the earth is less than for visible and infrared light.

2.  List 2 kinds of damage to the body caused by UV radiation. (2 points)
Any of the following four answers are acceptable.

· Sunburn

· Pre-mature skin aging

· Skin cancer

· Cataracts

3.  Explain in your own words why it is important to block UVA light. (2 points)
· Even though it does not cause short-term damage like sunburns, UVA light has been found to cause long term damage including premature skin aging and skin cancer. 

· It is especially dangerous because it has been found to penetrate more deeply into the skin than UVB light and because the effects are not immediately apparent, we may not realize that damage is being done.

4. How do you know if a sunscreen protects against UVA light (now and future)? (2 points)
· Currently, the only way to tell how well a sunscreen protects against UVA rays is by looking at the ingredients and knowing which ones absorb UVA light.

· A new FDA rating for UVA light based on a 4-star system should be implemented in the next few years (more stars will equal greater UVA protection).

5. How do you know if a sunscreen protects against UVB light? (1 point)
· A sunscreen’s SPF (Sunburn Protection Factor) number indicates its ability to absorb UVB light (a higher number equals greater UVB protection).

6. For each of the following absorption graphs, circle the correct answers for a) what kind(s) of light are strongly absorbed and b) whether it is an organic or inorganic sunscreen. (4 points)
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a) UVA 
UVB

b) Organic 
Inorganic
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7. Why do sunscreens that use nano-sized TiO2 clusters appear clear on our skin while sunscreens that use traditional sized TiO2 clusters appear white? (5 points) 
· Suspended clusters scatter light maximally for wavelengths twice as large as their diameter.

· Since visible light has  ≈ 400-800 nm, cluster with a diameter of 200-400 nm (such as traditional TiO2) scatter much visible light. 
· The scattered rays that are reflected towards our eyes are of all colors in the spectrum, making the sunscreen appear white. 
· Clusters smaller than 100 nm in diameter (such as nano TiO2) do not scatter appreciably in the visible range. 
· The visible light passes through the sunscreen and is reflected by our skin. Thus our skin color is what we see, making the nano-sized TiO2 particles effectively clear.

8. How do you know if a sunscreen has “nano” ingredients? (2 points)
· Contains inorganic ingredients (ZnO or TiO2) 
· Sunscreen appears clear on the skin.

9. Briefly describe one benefit and one drawback of using a sunscreen that contains “nano” ingredients: (1 point each, a total of 2 points)
Benefits (Either of the following answers is acceptable)

· Block whole UV spectrum

· Appear clear, people less likely to underapply

Drawbacks (Either of the following answers is acceptable)
· New chemicals not fully studied; possible harmful effects still unknown. FDA is not treating nano-versions of known chemicals as new; needed health studies may not occur.

· Very small particles are more likely to cross membranes and get into unintended parts of the body

10. In what ways are “nano” sunscreen ingredients similar and different from other ingredients currently used in sunscreens?  For each of the four categories below, indicate whether “nano” sunscreen ingredients are “similar” or “different” to organic and inorganic ingredients and explain how. (1 point each, total of 8 points)
	
	Organic Ingredients (e.g. PABA)
	Inorganic Ingredients (e.g. Classic Zinc Oxide used by lifeguards)

	Chemical Structure
	
Similar
 or
Different
How: Nano ingredients are small ionic clusters while organic ingredients are molecules.
	
Similar
 or
Different

How: Nano ingredients are a kind of inorganic ingredients. Bother are ionic clusters but the nano clusters are smaller.

	Kinds of Light Blocked
	
Similar
 or
Different
How: Organic ingredients each block a small part of the UV spectrum (generally UVB) while nano ingredients block almost the whole thing,
	
Similar
 or
Different

How: Both nano ingredients and traditional inorganic ingredients block almost the whole UV spectrum.

	Way Light is Blocked
	
Similar
 or
Different

How: Both nano and organic ingredients block UV light via absorption. (The specific absorption mechanism is different, but students are not expected to report this)
	
Similar
 or
Different

How: Both nano and inorganic ingredients block UV light via absorption.

	Appearance on the Skin
	
Similar
 or
Different

How: Both nano and organic ingredients appear clear on the skin.
	
Similar
 or
Different
How: Traditional inorganic ingredients appear white on the skin while nano ingredients appear clear.
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