Atmospheric Chemistry:
Monitoring Factors that Effect Ultraviolet (UV) Radiation
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Research Question
Which of the following factors influence UV exposure?

· surface reflectance

· overhead cloud type

· sunscreen brand and SPF rating applied
· clothing worn
· shade density overhead
· glass type and thickness UV must travel through
· water depth

· time of day (thickness of atmosphere)
Background Information

Our group is very diverse in our teaching areas and experience.  We have an elementary teacher from a private school, a middle school teacher who is going to teach Physical Science this fall, a high school teacher who teaches Chemistry and GIS, and another high school teacher who teaches AP Environmental science and Honors Earth Science.  We wanted to research something that we could all use in our classrooms this fall.  We decided on Atmospheric Chemistry, because we could all incorporate this topic into our curriculum.  


Within the realm of Atmospheric Chemistry, we decided on a topic that was not only intriguing to our group as teachers and scientists but that we felt would be relevant and interesting for our students when we returned to the classroom this fall – What factors (that we can measure) influence exposure to UVA and UVB rays? We were fortunate to have excellent scientists to work with, and they helped us to design an experiment with many facets so that we could explore our question.  We knew already that UV radiation had a negative impact on us and other living organisms.  We wanted to find out how different environmental factors influenced the amount of UV radiation received, and how we could better protect ourselves to limit damage from the sun.  


One of our first steps was to research the answers to several questions from the group:  What is the UV index?  What is SPF?  Why is ultraviolet radiation bad for us, but visible light is not?  What can UVA and UVB do to us?  These questions, and their answers, led us to these questions: what can we do to best protect ourselves from UV and which environments limit our UV exposure?


What is the UV index and what does it do to us?  The UV index indicates how much UV light exposure will occur. It ranges from a low of 0 to an extreme rating of 11 or higher.  Exposure to UV rays is influenced by geography, climate and time of day and year.  Equatorial countries and higher elevations receive more UV rays.  Exposure is highest during the summer between 10:00 am and 4:00 pm, and certain surfaces, such as snow and light sand reflect UV radiation and increase sunburn risks. The amount of UV radiation reaching Earth’s surface increases with altitude by 4-5% for every 1000 feet of elevation (http://www.wrh.noaa.gov/fgz/science/uv.php?wfo=fgz). Even on cloudy days UV radiation reaches the earth. The UV rays which affect us are UVA and UVB.  UVB affects the outer layer of the skin and is the primary agent responsible for sunburns.  UVA was once thought to have a minor effect on skin damage, but studies are now showing it is a major contributor because it penetrates deeper into the skin and damages collagen.  Both UVA and UVB can cause skin damage, wrinkles, can lower immunity against infection, and can cause aging skin disorders, cancer, and damage to the eyes that may lead to cataracts, macular degeneration, and even blindness. (http://www2.ncid.cdc.gov/travel/yb/utils/ybGet.asp?section=NIR&obj=sunburn.htm) (http://dermatology.about.com/cs/agingskin/g/uv.htm)

	Relationship between UV Index and UV Exposure Category

	UV Index 
	Exposure Category

	2 or less 
	Low

	3 to 5
	Moderate

	6 to 7
	High

	8 to 10
	Very High

	11+
	Extreme


The exposure categories are based on the response of fair-skinned people to UV radiation. (from http://www.arpansa.gov.au/is_uvindex.htm)


What is SPF?  SPF is an abbreviation for Sun Protection Factor.  The Center for Disease Control (CDC) says that SPF refers to the amount of time a person will be protected from a burn.  An SPF of 15 would allow a person to stay in the sun 15 times longer than they would be able to without any protection. SPF only applies to UVB radiation because UVB causes sunburns.  Sunscreen performance is affected by wind, humidity, perspiration and proper application.  Sunscreens should be liberally applied (at least one ounce) at least 20 minutes before going out in the sun.  Sunscreens should be reapplied every 2 hours, and after time in the water or perspiration.  While UVB causes sunburns, UVA causes the collagen in the skin to break down.  Therefore, dermatologists recommend using a full-spectrum sunscreen that blocks or absorbs both UVA and UVB.  (http://www2.ncid.cdc.gov/travel/yb/utils/ybGet.asp?section=NIR&obj=sunburn.htm)  


Another way to prevent sunburn is to wear appropriate clothing.  According to the CDC, dark clothing with a tight weave is more protective than light-colored, loosely woven clothing.  High –SPF clothing has been developed which provides an SPF of 30 or higher.  Wide-brimmed hats and sunglasses with UV protection also help prevent excessive sun exposure. (http://www2.ncid.cdc.gov/travel/yb/utils/ybGet.asp?section=NIR&obj=sunburn.htm)

Why is ultraviolet radiation bad for us, but visible light is not?  The Sun emits all forms of electromagnetic radiation including visible light and UV. Visible light has wavelengths between 400-700 nm and UV has wavelengths between 1 – 400 nm. Because wavelength is inversely proportional to the energy of the radiation, UV radiation is higher energy than visible light. Visible light does not have the energy to damage skin tissues but UV does.  Luckily, the Earth’s atmosphere absorbs and scatters much of the incoming UV radiation. Aerosol particle concentrations and cloudiness can scatter UV and visible light up to 18 % (Finlayson-Pitts & Pitts, 1999). Stratospheric ozone absorbs the most dangerous form of UV, UVC, which has wavelengths lower than 280 nm. The ozone layer also partially blocks UVB, the form of UV that has been shown to cause sunburns, cancer by damaging DNA, and premature aging.  The ozone layer is transparent to UVA which causes premature aging, DNA damage, and possibly skin cancer.   

In the ozone layer, entering UV breaks the bonds of oxygen molecules and creates free radicals.  

O2 + UV ( O+2 + O+2
These single oxygen ions quickly react with other oxygen molecules to make two ozone molecules:

2O+2 + 2O2 ( 2O3
This chemical process is interrupted when chlorine from chlorofluorocarbons (CFCs) reacts with the ozone and oxygen ions to form ClO.  Disruption to the processes generating O3 has caused a decrease in the thickness in the ozone layer especially in polar regions.  Decreasing the amount of CFCs produced appears to have caused a decrease in the thinning of stratospheric ozone (Kalnajs, personal communication).

Hypothesis
The following factors increase the UV exposure on skin and eyes: high albedo (surface reflectance), thinner clouds, low SPF sunscreen, lack of sunscreen, thin or open-weave clothing, low shade density, thinner low quality glass, and mid-day exposure. 
Sites:

All experiments took place at the Cal-Wood Environmental Education Center, near Boulder, Colorado[image: image1.jpg]
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.
1) The area around the lodge including the deck on the east side
2) Lower pond and the surrounding area

3) On the road below the burn area, below Solitude Camp

4) Upper Haybunk trail

5) Upper Hillside trail

6) Balarat

7) Tecolote trail

8) Various places on the road below the Tecolate trail and Private Residence

Equipment and materials
1. UV monitors

2. Metric ruler

3. Field Journal

4. GPS unit

5. Kestrel unit

6. Compass

7. Variety of Sunscreens, lip balms, clothing, and glass (including eyeglasses and sunglasses)

Quality Control

The Ultraviolet (UV) monitors we used for this study were small, inexpensive hand-held units, on which we were not able to check calibration.  We used 5 different units for the study.  We took multiple readings with multiple units to ensure that our data was as precise and accurate as possible.  We did notice some variation between units, but were unable to determine which units were performing more accurately, and which were not.  With the exception of Meter #2 which consistently read 2 or more whole numbers higher than all of the other meters, the units were consistent with their readings and with one another.  For accuracy, we used as many readings as possible to compile our results.

Procedures  

Albedo Experiment

Albedo is reflective light off of a surface, expressed as a ratio (reflected radiation/incoming radiation).  For this experiment, we focused on UV radiation only.  We used surfaces available to us at Cal-wood, including water, meadow, pine and aspen forest, the wood decking around the lodge, gravel, and a white canvass teepee.   A reading was taken with the UV meter facing the sun and a reading with the meter facing the surface to be measured.  This was repeated several times for each surface measured.  Each meter has an automatic timer to measure the UV index.  The timer gives the reading after a four second time lapse. 
Cloud Cover and Shade Density Experiments 

These experiments measured the incoming UV radiation taken with either two or three UV meters at different locations around the Cal-Wood property.  We chose locations based on the different types of shade density they afforded us to test.  For cloud cover we were opportunistic in our search.  We took readings when the different cloud types were available overhead.  The UV meters were placed on the ground facing the sun and two readings were taken from each meter.  Time of day, cloud cover and shade density were noted and these results were recorded.

Other data recorded at the same time for each location, but not used in this report: temperature, GPS location, wind speed and direction, azimuth and cardinal direction of sun.  

Semi-diurnal Experiment  

This experiment measured the incoming UV radiation over time.  The readings were taken on the back deck on the east side of the lodge at Cal-Wood, every thirty minutes for a twelve-hour period.  Three UV meters were placed on the floor of the deck, facing the sun and readings were taken.  Then the same meters were used to take another reading that was hand-held so the meter was perpendicular to the sun’s rays.  These results were recorded.

Sunscreen and Lip Balm Experiment

This experiment measured the UV transmittance through sunscreens and lip balms.  The readings were taken in the same location as the diurnal measurements, by wrapping two UV meters in one layer of clear plastic food wrap.  Four readings were taken with the sensors for each of the following conditions; placed on the floor of the deck, facing the sun: one without wrap, one with wrap and no substance and two with the substance evenly applied using a cotton swab over the sensor on the wrap.  Clean swabs and wraps were used for each sunscreen and lip balm sample.  These measurements were recorded.  A subgroup of sunscreens was exposed to the sun for three hours and then retested with the procedure above.

Clothing Experiment

This experiment measured the UV transmittance through a variety of fabric samples.  The readings were taken in the same location as the diurnal measurements.  One UV meter was used, with three measurements taken, one outside of the fabric, and two under the fabric with the fabric resting tightly over the sensor.  These measurements were recorded. 
Glass Experiment

This experiment measured the UV transmittance through different types of glass.  One glass tested was thin silica glass in the form of a microscope slide.  This experiment was conducted on the east facing deck of the lodge.  The UV transmittance was measured by placing the slides over the sensor and a reading was taken.  A control measurement without glass was taken before the addition of a new slide.   In order to test the effect of glass thickness on UV transmittance, the slides were added in increments of one, until a UV index of one was obtained.  The results were recorded. 
Automobile glass was tested by taking a UV reading outside the car as a control measurement, then two readings were then taken with the sensor directly behind the windshield and two were taken behind each front side door window.  Two different cars were used.  The results were recorded. 

Measurements of window glass were taken in the lodge using a window facing the north deck.  The testing procedure was the same as the automobile glass procedure.  The results were then recorded.

Eyeglasses were measured for UV transmittance.  The sunglasses, reading glasses, and prescription glasses tested were provided by some of the participants of the workshop.  The procedure was carried out on the east facing deck of the lodge.  One control reading and two UV index readings were taken by placing the sensor directly behind the glass.

Water Experiment

These measurements were taken at the lower pond on the Cal-Wood property.  The UV meter was placed into a zip top plastic sandwich bag and was then submerged one to six centimeters below the pond surface.  Two readings were taken for each centimeter of submergence, as well as one control measurement above the water’s surface before each depth measurement.   The results were recorded.  

Results
Fluctuations of Incoming UV Radiation throughout the diurnal cycle: 

Table 1: Variations of incoming UV throughout half a diurnal cycle

*Measurements were taken on the back deck on the east side of the lodge at Cal-Wood on June 25, 2007
	Time
	Atmospheric
	Data Collection Method I
	Data Collection Method II

	of Day
	Conditions
	Meter Parallel to Ground
	Meter Perpendicular to Sun's Rays

	 
	
	UVI 1
	UVI 2
	UVI 3
	Average UVI

Method I
	UVI 1
	UVI 2
	UVI 3
	Average UVI Method II

	6:30:00
	Clear, Sunny
	0
	0
	0
	0
	1
	1
	1
	1

	7:00:00
	Clear, Sunny
	0
	0
	0
	0
	3
	3
	3
	3

	7:30:00
	Clear, Sunny
	1
	1
	1
	1
	5
	6
	5
	5

	8:00:00
	Clear, Sunny
	1
	2
	1
	1
	6
	7
	7
	7

	8:30:00
	Clear, Sunny
	4
	6
	5
	5
	9
	8
	9
	9

	9:00:00
	Clear, Sunny
	7
	7
	6
	7
	10
	11
	10
	10

	9:30:00
	Clear, Sunny
	9
	8
	8
	8
	11
	12
	10
	11

	10:00:00
	Clear, Sunny
	10
	11
	9
	10
	12
	13
	11
	12

	10:30:00
	Clear, Sunny
	11
	13
	11
	12
	12
	15
	12
	13

	11:00:00
	Clear, Sunny
	12
	15
	12
	13
	13
	15
	13
	14

	11:30:00
	Clear, Sunny
	12
	15
	13
	13
	13
	15
	13
	14

	12:00:00
	Clear, Sunny
	14
	15
	13
	14
	14
	15
	14
	14

	12:30:00
	Clear, Sunny
	14
	16
	14
	15
	15
	18
	14
	16

	13:00:00
	Clear, Sunny
	14
	15
	14
	14
	14
	18
	14
	15

	13:30:00
	Clear, Sunny
	13
	17
	14
	15
	13
	17
	14
	15

	14:00:00
	Clear, Sunny
	13
	16
	13
	14
	15
	17
	15
	16

	14:30:00
	Clear, Sunny
	12
	13
	12
	12
	13
	14
	12
	13

	15:10:00
	Clear, Sunny
	12
	13
	12
	12
	14
	16
	14
	15

	15:40:00
	Clear, Sunny
	11
	12
	11
	11
	12
	12
	12
	12

	16:00:00
	Thin layer of cirrus
	9
	10
	9
	9
	11
	13
	11
	12

	16:30:00
	Cirrus (thickening)
	8
	8
	9
	8
	11
	13
	11
	12

	17:00:00
	Cirrus and altostratus
	2
	2
	2
	2
	2
	2
	2
	2

	17:05:00
	Cumulus, altostratus and cirrus
	1
	1
	1
	1
	1
	1
	1
	1

	17:30:00
	Altostratus and Cirrus
	2
	2
	2
	2
	1
	2
	2
	2

	18:00:00
	Thick stratus deck
	1
	1
	1
	1
	1
	1
	1
	1

	19:00:00
	Thick stratus deck 
	0
	0
	0
	0
	0
	0
	0
	0
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Figure 1: Variations of incoming UV throughout half a diurnal cycle
*Measurements were taken on the back deck on the east side of the lodge at Cal-Wood on June 25, 2007

UV Albedo (UV Reflectance from ground cover):
Table 2: UV reflectance from ground cover

*Measurements were taken on June 25, 2007.  All measurements were taken within one hour, while air temperature varied only slightly.
	Type of
	Location - UTM 13
	Incoming UV (based on UV Index)
	Reflected UV (based on UV Index)

	Surface
	Longitude
	Latitude
	Meter 1
	Meter 2
	Meter 3
	Average
	Meter 1
	Meter 2
	Meter 3
	Average

	gravel lot
	466752E
	4444470N
	10
	12
	10
	10.7
	0
	0
	0
	0.0

	Meadow
	466752E
	4444470N
	10
	12
	10
	10.7
	0
	0
	0
	0.0

	white teepee
	446733E
	4444601N
	9
	11
	10
	10.0
	2
	3
	2
	2.3

	deep shade
	466865E
	4444669N
	0
	0
	0
	0.0
	0
	0
	0
	0.0

	gravel road
	466865E
	4444669N
	10
	13
	10
	11.0
	0
	0
	0
	0.0

	rock outcrop
	466390E
	4444690N
	10
	14
	11
	11.7
	0
	0
	0
	0.0

	Water
	467436E
	4444584N
	4
	5
	4
	4.3
	0
	0
	0
	0.0

	Water
	467436E
	4444584N
	8
	10
	8
	8.7
	0
	0
	0
	0.0


Note: Since our meters only measured to the nearest whole number, we were unable to measure small amounts of UV reflectance.  Therefore, the measurements in the table above with a stated value of zero may not necessarily reflect the exact value.  
The low precision of our meters prevented us from measuring reflectance from surfaces with albedos less than roughly 10%.  The data above shows that a bright white surface (the white teepee) has an ultra violet albedo >20%, which suggests that bright white snow would also reflect approximately 20% of the incoming UV light.  Other natural surfaces similar to those tested reflect between 0 and 10% of the incoming UV radiation.
UV Transmittance through cloud cover: 
Table 3: Transmittance of UV through various cloud types

*Measurements were taken on the property of Cal-Wood on June 24, 25 & 26 2007
	Cloud Type
	Minimum 

% Transmittance UV
	Maximum

% Transmittance UV
	Average

% Transmittance UV

	Cirrus
	62
	106
	83

	Cumulus
	11
	31
	22

	Altostratus
	11
	24
	18

	Stratus
	0
	20
	13

	Nimbostratus
	0
	20
	9
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Figure 2: Transmittance of UV through various cloud types

UV Transmittance through trees:
Table 4: Transmittance of UV through various types of shade

*The direct sun measurements were taken directly adjacent to each area of shade as a control
	Shade Type
	UVI in Shade
	UVI in Direct Sun
	% UV Transmittance

	No Shade Meadow
	9
	9
	100

	No Shade Water
	10
	10
	100

	Light Broken Pine
	3
	10
	30

	Medium Broken Aspen
	2
	11
	18

	Medium Broken Pine
	2
	11
	18

	Heavy Broken Pine
	1
	12
	8

	Deep Shade Pine
	1
	12
	8
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Figure 3: Transmittance of UV through various types of shade

UV Transmittance through sunscreen:
Table 5: Transmittance of UV through sunscreen

*Measurements were taken on the east porch of the Cal-Wood lodge on June 25, 2007
	Sunscreen
	Meter #1
	Meter #2
	Average

	Brand and SPF
	UVI through
	Avg UVI through
	%
	UVI through
	Avg UVI through
	%
	%

	 
	clear wrap
	sunscreen
	 Transmittance
	clear wrap
	sunscreen
	 Transmittance
	 Transmittance

	Target - 30
	11
	1.5
	13.6
	11
	3.0
	27.3
	20.5

	Aveeno - 30
	12
	4
	33.3
	12
	6.5
	54.2
	43.5

	No-Ad - 30
	13
	5
	38.5
	12
	5.0
	41.7
	40.0

	Coppertone Sport - 30
	12
	5
	41.7
	13
	4.5
	34.6
	38.5

	Banana Boat Cream - 30
	12
	7
	58.3
	10
	6.0
	60.0
	59.0

	Neutrogena - 45
	12
	2.5
	20.8
	11
	3.0
	27.3
	24.0

	Banana Boat Mist - 50
	11
	1.5
	13.6
	12
	1.0
	8.3
	11.0

	Banana Boat Cream - 50
	12
	7.5
	62.5
	13
	7.0
	53.8
	58.2

	Coppertone Water Babies - 50
	11
	3.5
	31.8
	13
	4.0
	30.8
	31.3

	Neutrogena Helioplex - 70
	13
	2
	15.4
	14
	3.0
	21.4
	18.0
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Figure 4: Transmittance of UV through various sunscreens

UV Transmittance through lip balm:
Table 6: Transmittance of UV through lip balm

*Measurements were taken on the east porch of the Cal-Wood lodge on June 25, 2007
	Lip Balm
	Meter #1
	Meter #2
	Average

	Brand and SPF
	UVI through
	Avg UVI through
	%
	UVI through
	Avg UVI through
	%
	%

	 
	clear wrap
	Lip balm
	 Transmittance
	clear wrap
	lip balm
	 Transmittance
	 Transmittance

	Burt's Bees - 0
	12
	11.5
	96
	11
	11
	100
	98

	Blistex - 15
	12
	8.5
	71
	11
	8
	73
	72

	Chapstick - 15
	11
	6
	55
	15
	6
	40
	48

	Softlips - 20
	12
	7
	58
	12
	7.5
	63
	61

	Rocky Mountain - 30
	12
	6
	50
	12
	6
	50
	50
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Figure 5: Transmittance of UV through various types of lip balm

UV Transmittance through eyeware:
Table 7: Transmittance of UV through eyeglasses

*Measurements were taken on the east porch of the Cal-Wood lodge on June 25, 2007
	Description
	Incoming UVI (control)
	UVI through eyeglasses

	polarized sunglasses
	14
	0

	cheap sunglasses (~$15)
	14
	0

	mid-price sunglasses
	13
	0

	mid-price sunglasses
	14
	0

	prescription sunglasses
	13
	0

	cheap reading glasses
	12
	2

	prescription clear glasses
	12
	0


All sunglasses, ranging from $15 to >$100 blocked all incoming UV radiation.  Even clear prescription glasses blocked all UV.  The only pair of eyeglasses that did not completely block UV radiation was a cheap pair of nonprescription reading glasses.

UV Transmittance through clothing:
We tested ten samples of clothing of various weights and types of material, and all blocked 100% of incoming UV radiation.  Two of the shirt samples were sold specifically as “SPF clothing” or “UV protection” gear, but these shirts did not have a measurable advantage over the other clothing samples.  
UV Transmittance through glass:
Table 8: Transmittance of UV through glass

*Measurements were taken on the east porch of the Cal-Wood lodge on June 25, 2007
	Thickness
	Meter #1
	Meter #3
	Average

	 
	 
	control
	through
	%
	control
	through
	%
	%

	# slides
	mm
	(no glass)
	glass
	transmittance
	(no glass)
	glass
	transmittance
	 transmittance

	1
	1
	11
	9
	82
	10
	8
	80
	81

	2
	2
	11
	8
	73
	10
	7
	70
	71

	3
	3
	11
	7
	64
	10
	7
	70
	67

	4
	4
	11
	6
	55
	10
	6
	60
	57

	5
	5
	11
	6
	55
	10
	5
	50
	52

	6
	6
	11
	5
	45
	10
	5
	50
	48

	7
	7
	11
	5
	45
	11
	5
	45
	45

	8
	8
	11
	4
	36
	10
	4
	40
	38

	9
	9
	11
	4
	36
	10
	4
	40
	38

	10
	10
	11
	4
	36
	10
	3
	30
	33

	11
	11
	11
	3
	27
	11
	3
	27
	27

	12
	12
	11
	3
	27
	10
	3
	30
	29

	13
	13
	11
	3
	27
	11
	3
	27
	27

	14
	14
	11
	3
	27
	11
	2
	18
	23

	15
	15
	11
	3
	27
	11
	2
	18
	23

	16
	16
	11
	2
	18
	11
	2
	18
	18

	17
	17
	12
	2
	17
	11
	2
	18
	17

	18
	18
	12
	2
	17
	11
	2
	18
	17

	19
	19
	12
	2
	17
	11
	2
	18
	17

	20
	20
	12
	2
	17
	11
	1
	9
	13

	21
	21
	12
	2
	17
	11
	2
	18
	17

	22
	22
	12
	2
	17
	11
	1
	9
	13

	23
	23
	12
	2
	17
	11
	1
	9
	13

	24
	24
	12
	2
	17
	12
	1
	8
	13

	25
	25
	12
	1
	8
	11
	1
	9
	9

	26
	26
	11
	1
	9
	11
	1
	9
	9

	27
	27
	12
	1
	8
	12
	1
	8
	8

	28
	28
	12
	1
	8
	12
	1
	8
	8

	29
	29
	12
	1
	8
	11
	1
	9
	9

	30
	30
	12
	1
	8
	12
	1
	8
	8
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Figure 6: Transmittance of UV through various thicknesses of silica glass

UV Transmittance through water:
Table 9: Transmittance of UV through water

*Measurements were taken at the lower pond at Cal-Wood on June 25, 2007
	Depth below water
	UV Index
	% UV Transmittance

	water surface
	10
	100

	1 cm below water
	8
	80

	2 cm below water
	5
	50

	3 cm below water
	4
	40

	4 cm below water
	3
	30

	5 cm below water
	2
	20

	6 cm below water
	1
	10
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Figure 7: Transmittance of UV through water

Discussion
Sources of Error
General limitations on our experiment include the capabilities of the equipment, time for sample collection, weather changes, and site variation (lack of snow, white sand, and elevation changes).  

Five different Oregon Scientific Portable UV monitors (models: EB612/UV888) were used in this experiment.  These are small, handheld devices intended for use by people working or recreating in the outdoors to help them minimize the adverse effects of UV exposure.  The field of view is unknown:  the UV sensor sits below the surface of the unit and is covered by a plastic shield.  The range of UV detection by the sensor is limited to less than 180 degrees because of the sides of the unit. How the meter is positioned relative to the direct incident rays from the sun was determined to be important.  If the meter is laying flat on the ground when the sun is low on the horizon, the UVI values are lower than when the meter is held perpendicular to the sun’s rays, and therefore it seems that the sensor’s field of view may be as low as 45 degrees.  

When measuring the amount of UV radiation, the meter’s precision is limited to whole numbers calibrated to the UV Index (UVI), not Watts/meter2.  In order to convert the UVI to Watts/meter2, we would need to be able to separate the different wavelengths and calibrate them to the degree of damage they have on skin.  Of the five meters that were available, only two were used consistently.  One meter was consistently 2-5 UVI units higher than the others.  The remaining two meters were not available for the entire experiment. 

When finding the diurnal UV flux, we were very limited by the weather.  Two days were completely cloudy and, predictably, clouds started to roll in every sunny afternoon.  Because of this, only morning data were collected.  These data were then “flipped” around solar noon (approximately 1:10 pm) to predict the maximum UVI during the afternoon hours. This method was validated by Fisher and Kalnajs (personal communication).

Environmental sources of error were numerous.  Surface reflectance of UV was an initial variable but we found it to be relatively inconsequential.  This revelation was supported by our research (Johan Moan, University of Oslo):  UV radiation is only minimally reflected by grasslands (2-5%) and water (4-7%).  We did not have access to snow which does reflect 20-100% of UV radiation.  We were not able to consistently estimate the percent cloud coverage and UVI did not appear to drop until the clouds were directly in line with the sun.  We were not able to determine cloud thickness, layering and elevation. We qualitatively described the amount of shade due to time.  The water in the pond was quite murky and we would have liked to measure the percent UV transmittance in different temperatures of clear water but we did not have sunny weather. 

When examining how the percentage of UV transmittance through glass, we were not able to determine the glass composition of the eyeglasses, window glass, or auto glass.  Finally, we were limited by the available sunscreens.  Ideally, a full suite of SPF for each brand of sunscreen would have made the experiment more consistent.  Instead, we had a variety of brands and SPF ratings available.  We had no knowledge of how old the sunscreens were or how they had been stored.  We also did not record the active ingredients. When testing the percent UV transmittance through the sunscreens it was difficult to control the thickness and completeness of coverage.  
Conclusions

Diurnal fluctuations of UV:

Our data showed that UV radiation peaked at solar noon, as expected.  Since the sun’s rays must travel through a thicker layer of atmosphere in the morning and evening, one would expect the amount of UV radiation that reaches the surface of the earth to be less than at solar noon.

UV Albedo:


Our data showed that the only surface with a measurable level of reflectance was the bright, white fabric of a teepee.  This suggests that snow and ice would have a measurable albedo.  According to our research, the only natural surface with a UV albedo high enough for us to measure with the meters used is one of snow.  Since visible light is fairly reflective on natural surfaces, we also expected to see UV reflectance readings on natural surfaces.  However, all our meter readings were zero except for the teepee.
Transmittance of UV through protective barriers:


Of the natural barriers tested, we found that clouds and shade from trees can both dramatically reduce UV exposure if the density of shade is great enough.  While thin shade layers reduce UV levels, they may still transmit sufficient UV radiation to cause skin damage.  Based on our measurements and controls, we conclude that UV rays are very direct and are minimally scattered, if at all.  For example, under thick shade the UVI may read 2 or 3; yet if one steps one meter away, into an area of full sun, the UVI will rise significantly.  


We also tested many unnatural barriers.  From our sunscreen tests, we found that there was not an obvious trend between UV protection and SPF rating.  For example, sunscreens with SPF of 30 varied greatly in their level of protection, and many sunscreens with higher SPF ratings than 30 provided less protection.  Additionally, there is a wide variation of effectiveness within each brand tested.  This is disconcerting; one must test out a product to determine actual effectiveness.  We had similar findings with the various lip balms tested.  However, we found that all types and thicknesses of clothing tested blocked out 100% of the incoming UV radiation.  This leads us to conclude that there is no benefit to spending extra money for “SPF clothing.”  Similarly, cost was not a factor for sunglasses that claim to block 100% of UVA and UVB.  All sunglasses tested, regardless of price, blocked 100% of the incoming UV radiation.  Even clear prescription lenses blocked out all UVA and UVB; the only glasses that transmitted some UV were inexpensive, nonprescription reading glasses.  We were also comforted to find that automobile glass and window glass block UV rays effectively. 

Attenuation of UV rays as thickness of transparent material increases:


Our research supported Beers Law, which states that transmittance of light decreases according to a logarithmic function as thickness of transparent material increases.  We showed this to be true with both silica glass and pond water.  We were surprised that at only a 6 cm depth of pond water, the UV transmittance had dropped down to nearly 10%.  
Next Questions

Possible ideas for further research:

· Effect of elevation changes on surface UV measurements
· Variations of UV radiation in a given location throughout the year
· Test how UV transmittance changes with clarity/turbidity of the water 
· Test how UV transmittance and reflectance compares to that of visible light

· Test the relationship between tropospheric ozone concentrations and UV intensity.
Sources

http://www2.ncid.cdc.gov/travel/yb/utils/ybGet.asp?section=NIR&obj=sunburn.htm)

Johan Moan, University of Oslo

Fisher and Kalnajs

Finlayson-Pitts & Pitts, 1999

(http://dermatology.about.com/cs/agingskin/g/uv.htm)

(http://www.wrh.noaa.gov/fgz/science/uv.php?wfo=fgz
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