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Adapted by Rachael Shevin and Pat Tellinghuisen from “Putting UV-Sensitive Beads to the Test” by Terre Trupp, Journal of Chemical Education, Volume 78, Number 5, May 2001 p. 648a&b.

Goal:  To teach students how sunscreen and other materials block UV light. 

Fits Metro Davidson County schools Science Academic Standards for grade 6.

Text reference: pp. 492-493.

LESSON OUTLINE

I.  Introduction

Discussion of relative energies of UV light and visible light. 
II. UV-Sensitive Beads
Show the students the necklace made from UV beads and demonstrate the UV bead sensitivity to UV light by shining the black light on the necklace.  Have students look at their UV-sensitive beads and note they are white.
III. Experimenting with Sunscreen
Demonstration – Show students the acetate sheet and explain grid system.  Demonstrate the use of a Q-tip to spread hand lotion on the “hand-lotion grid” and put a UV-sensitive bead on the lotion.  Students use one bead as control, and test the other five beads with different lotions.  VSVS team members should be in charge of the black lights.  Put on sunglasses before working with the black lights.  Tell students to make observations as soon as possible after the plate has been exposed to UV light.

IV. Testing sunglasses, T-shirt, milk containers, glass, pill bottles
Students will place these items on the plastic plate and put a UV-sensitive bead on each one along with an extra one for control.  They will bring the plastic plate to you for exposure to UV light.  The procedure will be the same as in part III.

V. Review

Ask students to look at the observation sheets while you review the results with them.

Materials
16
#1  Ziploc bags containing:

13
UV-sensitive beads that turn purple in UV light (in mini bag) 


1
lens from a pair of sunglasses

1
piece yellow milk carton

1
piece white milk carton

1
piece of T-shirt material

1  
piece of glass


1    pill bottle
5
Q-tips 

8        #2
Ziploc bags containing


1oz wide-mouth bottle for hand lotion


1oz wide-mouth bottle for SPF 8 sunscreen


1oz wide-mouth bottle for SPF 45 sunscreen


1oz wide-mouth bottle for zinc oxide


1oz wide-mouth bottle for “accelerator” lotion


2  2-oz lids for used Q tips
16  clear plastic plates

16  pieces of acetate paper marked with a grid

1    bottle hand lotion 

1    bottle SPF 8 sunscreen

1    bottle SPF 45 sunscreen

1    bottle accelerator lotion

1    bottle zinc oxide

1    necklace made from UV beads

3    black lights 

16  5 oz cups for holding plastic plates over blacklight

16 Instruction sheets

32 Observation sheets (hole punched)

1   Ziploc bag marked for used acetate sheets with UV-sensitive beads
1   Ziploc bag marked for used Q-tips and 1oz cups

4   pairs of sunglasses for VSVS members (use when operating black lights)
Before you start the lesson, find plugs in the classroom for the black lights.  Plug in black lights, but do not turn them on.  Place two 5 oz cups on each side of the black lights for supporting plastic dishes.

SET-UP
While one team member starts the Introduction, another should write the following vocabulary words on the board:



UV light
, SPF, Sunscreen, ozone

Another team member should place the acetate pieces on the clear plastic plates.  There are enough sets (16) for 32 students to work in pairs.  Each pair of students will need to share the set of 1 oz containers with another pair.

WARNING: STUDENTS MUST BE CAUTIONED AT THE BEGINNING OF THIS LESSON THAT THEY MUST NOT LOOK DIRECTLY AT THE UV BLACK LIGHT, OR THE SUN.

· Give each pair of students one of the instruction sheets.

I.  Introduction.

 Review the electromagnetic spectrum, referring to the instruction sheet.  Briefly discuss the relative energy of UV light (invisible to the eye) vs. visible light.
Ask the students:  What is UV light?

UV stands for Ultraviolet, a portion of the light spectrum that is beyond the violet light that we can see with our eyes.  Most UV radiation is absorbed by the ozone layer or reflected back into space. There are three kinds of UV radiation:  UVA, UVB, and UVC.  UVA light fades colors in plastics and clothes as well as contributes to smog.  UVB radiation is mostly absorbed by ozone, but the amount that makes it through can cause damage to the DNA molecules in living cells.  UVC light is very dangerous, but it is all blocked by the sun’s atmosphere.

Background information for VSVS volunteers:


The three wavelength bands of UV radiation are UVA (315-400nm), UVA (290-315nm) and UVC (220-290 nm).  The amount of UVB light that reaches the ground depends on where the sun is in the sky, the amount of ozone in the atmosphere, and the cloudiness of the sky.  On a clear summer day, the maximum amount of UVB radiation occurs around midday, and so most of the sunburn radiation occurs during the hours of 11am-1pm. 

Ozone Depletion  (You might want to leave this discussion until the end, especially if time is short.)   

The amount of screening of UV radiation from ozone has decreased by about 3% 

over the last decade. 

Ozone depletion is primarily caused by chlorine contained in chlorofluoro carbons 

(CFC’s).

An ozone hole forms over Antarctica every spring  (this has happened since the 

late 1970s).  Ozone losses over the Antarctica may contribute to changes
 in ozone over the whole globe.

The production of CFC’s is now regulated, but it will be at least 50 years before 

the ozone level reverts to that present before depletion began.

Some countries announce a “time-to-burn” index.

Where does UV light come from?


Although most UV comes from the sun, humans have ways to make UV light.  One of these that we will experiment with today is a blacklight.

Why do we want to block UV light from our bodies?
When UVB light damages DNA, our cells might not work right.  Sometimes this makes the cells grow uncontrollably, a condition called cancer.  UVB light also damages the tissue in our eyes.

How do you know if your skin has received too much UV light?


It turns red and becomes tender, i.e., you get a sunburn.

What are some ways to block UV light?

There are many ways to block UV light.  They include:  sunscreen, long sleeves and pants, wide brimmed hats, sunglasses, and staying in the shade. Glass in windows transmits less than 10% of sun-burning UV light.

II.
UV-Sensitive Beads 
· Show the students the necklace made from UV beads and note the color (white).

· Shine the black light on the necklace or, if the sun is shining, take it to an open window/door and note what happens to the beads (turn color). 
· Tell the students that the intensity of the color of the beads depends on how much UV light they absorb.  Have them notice that the beads turn darker colors the longer they are exposed to light.

· Point out the purple beads in the necklace and tell the students that they will be using just the purple beads for this experiment because these change to a more intense color than the others.

· Notice that the color goes away when the necklace is no longer exposed to UV.

· Explain that this color change is due to the presence of UV light.

· Pass out the #1 Ziploc bags, plastic plate and acetate grid to each pair of students.  

· Have each pair look at the UV-sensitive beads and note the color (white or pale blue).

III.
Experimenting with Sunscreen

Since most students should be familiar with sunscreen and SPF, keep this discussion brief.  The one aspect they may not realize is that the only part of the light affected by sunscreen is UV.

What does sunscreen do?


Most students will probably answer that sunscreens keep you from getting sunburned.  You may want to mention that there are special chemicals in sunscreens that absorb the UV light before it can damage your skin.

How do you know how well a sunscreen blocks UV light?


All sunscreen is labeled with an SPF (Sun Protection Factor) number that indicates how well it absorbs UV light.  For example, for a given person using a sunscreen with an SPF of 15 means that it should take 15 times as long before skin damage occurs than it would on unprotected skin.  Doctors recommend everyone (even those with dark skin) wear an SPF of at least 15 whenever they are in the sun.
Who should wear sunscreen?

Everyone!  “Although darkly pigmented persons develop skin cancer on sun-exposed sites at lower rates than lightly pigmented persons, UV exposure will still increase their risk for developing skin cancer.”
A. Demonstration

Hold up one of the acetate sheets and explain the grid system.  

Put the acetate sheet back on the plastic plate.  Place one UV bead on the 

control grid.  

Show them a Q-tip and the 1 oz container of lotion.  

Dip the Q-tip in the lotion, spread a good amount on the grid marked lotion, 

immediately put a UV-sensitive bead on the lotion.  (Tell them this is 

important since the lotion will dry out if the bead is not placed on the 

lotion quickly.)  They should do SPF 45 last.  

· Pass out the eight #2 bags, one for every two pairs of students.  

· Have students get out 6 beads.  (The other beads are for later experiments.)

· Tell the students to use a Q-tip to “paint” the acetate with the first lotion and IMMEDIATELY  place a bead on top of the lotion.   Put the used Q-tip on the 2 oz lid, which you will pick up later.  Continue with the second lotion etc, using a different Q-tip for each lotion. Make sure that a good amount of lotion is used, and that the SPF numbers on the lotion container match with the corresponding number on the acetate sheet. Leave one bead unpainted (as the control).

· VSVS members should be in charge of the black lights.  Put on the sunglasses whenever you are putting plastic plates on black lights.  Have student pairs bring their plastic plate with acetate sheet to you and tell the students to return to their desk, so they will not be standing around looking at the black light. 

· Put the plate/acetate/beads on the cups so the plate straddles the light, and leave it there for 1-2 minutes.  Make sure that the plate is positioned so that all beads are exposed evenly.  (There is room for two plastic plates over each black light.)  

· Then return the plate to the student pair.  It’s better if the students do not stand around the black light – both for safety from viewing the black light and to avoid blocking the area.  

· Tell them they should quickly look at the beads before fading occurs and compare the color (intensity of purple) with those on the chart. These intensities are ranked 0-5.
· Tell them to record the intensity number on their observation sheet .

· Tell students to carefully remove the acetate sheet with beads and give it to a VSVS member.   Students will use the plastic plate in part IV.
· COLLECT ALL ACETATE SHEETS AND BEADS AND PUT THEM IN THE LARGE ZIPLOCK BAG MARKED “USED”.  COLLECT ALL 2 OZ LIDS WITH USED Q-TIPS AND PUT THEM IN THE SECOND ZIPLOCK BAG MARKED “USED”.  PUT BOTH IN KIT BOX – WE WILL REUSE BEADS!
Does sunscreen really work?  Yes!!

Does lotion provide any protection? No!!

What does zinc oxide and “accelerator” lotion do?
IV. Testing sunglasses, T-shirt, milk containers, glass
· Place each of the following on the plastic plate:

· sunglass lens

· piece of T-shirt

· yellow milk container piece

· white milk container piece

· glass plate

· pill bottle

· Take out 7 clean beads from the plastic bag.  Do not use ones that have been soiled with sunscreen.

· Place one bead on each of the items on the plate and use the seventh bead as control by placing it directly on the plate. 

· Have the students bring their plate to the black light and follow the same procedure as before. 

· Leave the plate on the black light for about 1 minute, then return the plate to students.

Remind them again to make their observations quickly, and record them on the observation sheet.

Do sunglasses block UV?  Yes!!

You may want to elaborate that these sunglasses were cheap.  The cheapest we could buy.  Expensive glasses may provide no more UV protection than these!

Does clothing protect you from UV light?  Yes!!
Purity advertises (or used to advertise) that their milk was better because it came in a yellow plastic carton.  Are they right?  Yes!!
UV light damages many things other than human skin.  One of the vitamins added 
to milk is vitamin D.  If vitamin D is exposed to UV, it will begin to break down 
and not be useful to the body anymore.  Vitamin C, which is found in small 
quantities naturally in milk, also breaks down very quickly when exposed to light.  
Juices high in vitamin C, like orange juice, must be packaged in opaque 

containers.  The white milk jug may offer slightly more protection than the glass.

Are drugs protected in the yellow bottles? “Yes”.
Typical window glasses transmit less than 10% of UV light (this is why you don’t get sunburned while driving in a car with the windows up).  Orange juice in glass containers would lose even more Vitamin C when exposed to light.
V. Review - Ask the students to look at the observation sheets while you review the results with them.
Note – The UV-sensitive beads can be obtained from Educational Innovations catalog (www.teachersource.com).  Use the UV-PUR beads for this experiment. 

Additional Resources Consulted:  (accessed May-July 2002)

http://www.cdc.gov/mmwr/preview/mmwrhtml/rr5104a1.htm
http://katipo.miwa.cri.nz/lauder/uvinfo.htm
Instruction Sheet
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Source:  http://www.lbl.gov/MicroWorlds/ALSTool/EMSpec/EMSpec2.html
Sunscreen Color Chart
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Vocabulary words:


UV light

SPF

sunscreen

ozone

1.  EXPERIMENTING WITH SUNSCREENS
· Look at the grid on the acetate.

· Place one of the beads on top of the acetate in the “control” square.

· Paint the second square with the hand lotion and IMMEDIATELY place a bead on top of the lotion.

· Place the used Q-tip on the 2-oz lid.

· Use a new Q-tip and paint the third square with the SPF 8 lotion.  IMMEDIATELY  place a bead on top of the lotion.

· Place the used Q-tip on the 2-oz lid.

· Continue with the zinc oxide, “accelerator” and SPF 45 lotion.  Make sure you match the correct lotion with its labeled square.  Use a new Q-tip for each new lotion.
· Take your plate and beads to a VSVS team member who will expose the beads to the UV light.  Do not stand around the black light – both for safety from viewing the black light and to avoid blocking the area.  
· When the plate is returned to you, quickly look at the beads before fading occurs.  Compare the intensity of the color purple with those on the chart.  Find the color closest to the changed beads and note the number under the color.  Record the results on the observation sheet.

· Remove the acetate sheet with beads and give to the VSVS member.  You will use the plastic plate again in the next experiment.

2. EXPERIMENTING WITH SUNGLASSES, T-SHIRT, MILK CONTAINERS,       GLASS.

· Place each of the following on the plastic plate:

· sunglass lens

· piece of T-shirt

· yellow milk container piece

· white milk container piece

· glass plate
· pill bottle
· Take out 6 clean beads from the plastic bag.  Do not use ones that have been soiled with sunscreen.

· Place one bead on top of each of the items on the plate and use the sixth bead as the control by placing it directly on the plate. 

· Take your plate to the black light and follow the same procedure as before. 

· When the plate has been returned to you, quickly make observations and record the results on your observation sheet.

Does Sunscreen Really Work? -  Observation Sheet

NAME  ___________________________________________

Vocabulary words:


UV light


SPF


sunscreen


ozone

	
	Color Intensity of bead after UV exposure

	
	0
	1
	2
	3
	4
	5

	Disk Condition
	Control (no lotion)
	
	
	
	
	
	

	
	Control (SPF 0 lotion)
	
	
	
	
	
	

	
	SPF 8 lotion
	
	
	
	
	
	

	
	SPF 45 lotion
	
	
	
	
	
	

	
	Accelerator lotion
	
	
	
	
	
	

	
	Zinc oxide
	
	
	
	
	
	

	
	

	
	Control
	
	
	
	
	
	

	
	Covered with sunglasses
	
	
	
	
	
	

	
	Covered with t-shirt
	
	
	
	
	
	

	
	White milk carton
	
	
	
	
	
	

	
	Yellow milk carton
	
	
	
	
	
	

	
	Glass 
	
	
	
	
	
	

	
	Pill bottle
	
	
	
	
	
	


Note:  
Color Intensity = 0 means there is no change in the original color of the bead.  


The bead has absorbed no UV light.


    
Color Intensity = 5 means that the color of the bead has changed to the most 



intense purple that it can, and that it has absorbed a lot of UV light.

Review questions.
What SPF sunscreen should be worn when outside?

What kind of container would be best to store orange juice in? 
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