Ultraviolet Light  – Teachers’ Background Notes

If you mention ultraviolet (UV) light, most people immediately think about sun-beds, counterfeit banknote detectors, insect traps or the ‘black light’ that makes your white clothes glow in the dark at night clubs.   UV light is involved in all of these, but science makes much greater use of it than most people realise.  
Surgical instruments are sterilised in hospital using UV light, while dentists use it to cure (solidify) white dental fillings.  Structural engineers use it to detect welding faults, and in the art world UV light can be used to detect forgeries and alterations to paintwork.  It seems that there are a multitude of beneficial uses.  However, we also know that UV light can be harmful.  Natural sunlight in the middle of summer may give us a nice tan, but excessive exposure to the harmful rays increases the risk of developing skin cancers and eye disease.  
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We cannot see the ultraviolet light produced by the sun, as it is part of the electromagnetic spectrum between the indigo end of the visible spectrum (400nm) and the X-ray region (100nm).  As there is quite a large energy change across this section of the electromagnetic spectrum, scientists have divided ultraviolet light into three types according to their wavelength and physical properties: UV-A; UV-B;  and UV-C.

UV-A (400-315 nm) is the main component of natural UV light, with the longest wavelength and the least energy.  It is able to penetrate deep into the skin tissue rather than causing surface sunburn, but consequently damages collagen fibres resulting in premature aging of the skin.  Vitamin A in the epidermis is also thought to be destroyed by UV-A, making skin repair more difficult.  
UV-B (315-280 nm) is blocked, to some extent, by the ozone layer, but the remaining rays can produce sunburn, skin cancers and cataracts in the eyes, as UV-B has more energy than UV-A.  Exposure to excessive UV-B can damage the DNA in the epidermis leading to cellular mutations and carcinomas. 
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Every year in Britain, skin cancers affect 50,000 people.  
The most dangerous of these skin cancers is malignant 
melanomas.  
                                                                             malignant melanoma
                                                                                         © University of Heidelberg
A good web-site showing the warning signs is www.bbc.co.uk/science/hottopics/sunshine/dangers  
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UV-B is also responsible for an increased risk of cataracts – a cloudy patch that develops in the lens of the eye causing partial or total blindness.

eye cataract
© National Eye Institute
UV-C (280-100 nm) is totally absorbed by the earth’s atmosphere, so it is not normally a problem.

Under normal conditions of exposure to sunlight, UV-A triggers the release of a brown pigment called melanin from melanocytes in the skin resulting in a tan which protects underlying tissue.  At the same time UV-B stimulates increased melanin production. There is a nice animation showing melanin production at www.bbc.co.uk/science/hottopics/sunshine/suntans.shtml#anim.
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Most sensible people who are spending a lot of time exposed to the sun, such as crickets or holiday tour guides, use suntan lotion on their skin.  This provides protection while the slow process of natural tanning takes place.  
To provide this protection, suntan lotions contain blockers and absorbers.  Blockers, such as titanium dioxide, are favoured by cricket bowlers but are unpopular with other people as they tend to give a white appearance to the face and body. Absorbers, such as avobenzone, are less visually obvious, and work by rapidly and harmlessly changing light energy into heat. 
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The sun protection factor (SPF) of the suntan lotion is normally displayed on the front of bottle, and the higher the number the better the protection.  Under ideal conditions if a person who normally burns after 15 minutes uses a SPF-8 suntan lotion, the protection should last for 2 hours (15 minutes x 8), but this depends on the type of skin, how much suntan lotion has been absorbed, and whether it has been removed by activities such as swimming. 
 It must be remembered that the SPF relates to the product’s effectiveness against UV-B, and does not guarantee any protection against UV-A. Consequently many manufacturers use a five star rating to indicate the ability of the suntan lotion to block UV-A, relative to UV-B.  A two star suntan lotion has a low UV-A to UV-B ratio of 0.4, whilst a 

five star suntan lotion should block nearly as much UV-A as UV-B.  As these numbers are relative, a four star rating on a SPF-15 suntan lotion is not the same as a four star rating on a SPF-30 suntan lotion.
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In addition to suntan lotions, people in sunny countries can protect themselves by wearing broad rimmed hats and dark glasses, but there are some people who are at a greater risk.  

Mountaineers need special sunglasses to protect their eyes at high altitudes, as there is a thinner atmosphere to filter out the ultraviolet light.  Additionally, ice and snow reflect the rays and can cause snow-blindness.   Normal glass is no use as it is transparent to UV-A, and spectacles made of modern acrylic plastics provide only limited protection, with none at all from the side.  To overcome these difficulties, sun glasses for use at high altitude are made from polycarbonate which blocks most of the UV, and are designed to curve round the face giving all-round protection.

Another group of people who are at risk from UV light are car and lorry drivers.  Most windscreens and sun roofs are made of laminated glass which gives protection to the drivers from both UV-A and UV-B, but the side windows give virtually no protection unless they have been tinted.  In the USA, skin cancers are much more common on the left arm than the right arm.  In Britain the reverse is true.

Office workers in “glass” tower blocks may also be at risk.  Window tint is a transparent dyed, or metallised, plastic film which is often applied to double glazing units.  In many cases this is for security reasons, but window tint can also act as a UV and IR rejector.
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Despite all these worrying concerns, exposure to small amounts of UV is essential in keeping us healthy.  Vitamin D production in the skin is stimulated by UV-B, and this promotes mineralisation and the development of strong bones.  
In cases where the body suffers from a severe lack of vitamin D during childhood, the weakened skeletal tissue is not strong enough to properly support the weight of the developing body.  This results in “rickets”, where the legs become bent and permanently deformed.
Normal sunlight also destroys some of the bacteria on our skin and helps to clear up minor infections, but for more serious conditions such as eczema and psoriasis a more controlled exposure to UV as part of a hospital treatment programme can provide some respite.
Exposure to UV can alter the structure of some chemicals. For example, UV can be responsible for the fading of coloured photographs and water-colour painting, but if the chemicals being altered are medicines then the consequences could be life-threatening.   For this reason many medicine bottles are made of a brown coloured plastic which protects the content from UV light.  
The changeover from glass to plastic bottles by beverage manufacturers has also resulted in unexpected problems.  While changes in beverage colour caused by exposure to UV light are well documented, changes to taste and vitamin content are more concerning as they occur even more rapidly.  To ensure the extended shelf life of its products, many lemonade companies are now considering incorporating ‘ClearShield’ into its containers.  This polymer additive provides UV protection at the 390nm level, and will reduce degradation of the beverage components.

Useful web-sites

www.captaincutaneum.com
www.bbc.co.uk/science/hottopics/sunshine

www.solar-center.stanford.edu/activities
www.stevespanglerscience.com
www.foodqualitynews.com
© www. captaincutaneum.com











