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Protection of the skin against damaging ultraviolet 

radiation (UVR) by sunscreens and cosmetics or 

testing pharmaceuticals and care products for 

photosensitization requires as a radiant testing source 

one which has a spectrum like the sun's. It is the sun 's 

UV which wrinkles, burn s, tans , photosensitizes and, 

in the extreme , cau ses skin cancer. 

T he testing source need emit only UVR (Figure 
1). It is an advantage to delete other parts of the solar 

spec trum from the source's output since the int ensit y 

of the UVR can be increased. In sunli ght UVR is 

abo ut 6% of the total irradi ance . Ma king UVR 90% or 

more of the output means that the source's total 

intensity can be equal to that of sunlight, with no 

more heating effect while the UV is 15 tim es more 

int ense than for an overhead sun in a clear sky. The 

80 milliwatts per squ are cent im eter of so lar 

maximum ir rad iance for sma ll areas of skin is below 

the thermal discomfort limit so that UVR can be eve n 

more than 15 times the maximum in sunli ght before 

the discomfort leve l is reached. In practice, UVR 

intensities of 20-25 tim es solar are u sed for test in g 

with the 1 cent imeter di ameter output solar UV 

simulator . Photo effects in the skin ar e within wide 

limits recipro cal, that is the effect is only due to the 

tota l do se and not the intensit y which produces the 

dose. Very low int ensiti es wh ich requir e hours to 

theoretically produce an effect may have that effect 

reduced or eliminated by the repair p rocesses in th e 

skin. Very high intensities which cause the skin to be 

excess ively heated may produce a false h eat ery th ema 

or actually burn the skin. 

The heatin g effect from th e simulator 's output is 

du e to th e power absorbed by the skin. Fair skin 

absorb s less energy in th e visible than does dark skin 

but in the ultraviolet region all skins absorb similarl y. 

T he spectral shape of the test sourc e (solar UV 

simulator) is cri tically important, particularly for th e 
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Figure 1. 

UVB component (Figure 1). In sunlight the intensity 

of UV R begin s falling at an acce lerated rate for 

wavelengths sho rt er than 330n m. un til there is 

negligible int ens ity by about 295nm. UVB wh ich 

exten ds from 3 15nm. to 280 nm . is strongly affected 

by ozon e th ickness in the atmosp here. Although the 

total p ower in the UVB is never more than a tenth of 

the tota l UVR , its biologic effects are mu ch greater. 

In or der to simul ate solar UVR the artific ial source 

must have a con tinuous, fairly smoot h spectrum. In 

add ition, the UVB spectrum must have a rapid fall off 

lik e th a t of the ozone absorpt ion of the su n 's 

spect rum. 

The sun 's irradiance is simil ar to that of a black 

body radiator a t about 5,600 °K. This temp erature is 

also that of the arc in the xenon lamp . Consequently, 

the spect ral output of that lamp emi ts a cont inuum in 

th e ultraviolet region like that of the extra -terrestria l 

sun (Figure 2). T h e strong absorbance of ozone for 

UVB wavelength s is simulated by the WG 320 filter 

ma nufactured by the Schott Co. In particular a filter 

thickness of approxima tely 1 mm . simul ates the 

absorp tion of about 2.5mm. of ozone . T he 

abso rptivit y of eac h WG320 melt is measured to 

dete rmin e th e exact WG320 filter thickn ess that best 
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simulates a 2.5mm ozone absorption. The resulting 

spectral output conforms to the COLIPA standard. 

The unwanted visible and infrared wavelengths of 

the xenon 'lamp can be eliminated in 2 different ways; 

either by absorbing them in a black glass filter 

immersed in a water bath, or transmitting them 

through an interference filter which reflects UVR. 

This second method is preferred, although the first is 

possible . 

The optical layout of the first Solar UVR 

Simu lator, built in 1965, is shown in Figure 3. The 

basic schema is followed in all UVR simulators made 

today. Radiant energy from the lamp is collected and 

collima ted , here by lenses and a mirror, in other 

configurations by only a mirror. The collimated beam 

reaches a 45 ° interference filter reflect in g about 90% 

of the UVR and about 10% of the visib le. The 

reflected UVR beam passes through a WG320 filter 

which h as an ozone -like absorption. Following the 

WG320 is a black glass filter absorb in g most of the 

remaining visible radiation. The beam then strikes a 

lens wh ich images the collimating lens on the subject 

in a uniform 1 centimeter diameter spot. 

The intensity of the spot permits a 15-30 second 
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LENSES 

irr adiation to elicit sunbu rn 111 an average, 

una cclimated Caucas ian. 

Testing with UVA, 320-400 nm. , (Figure 1) is 

imp ortant in the eva luat ion of newer sunscreens, for 

pharmaceutical and cosmetic firms concerned with 

th e photosensitization potential of their products, and 

medically for testing subjects with suspected 

photosens itiviti es. The UVA testing mode is readily 

obt ained from the Simulator by merely absorbing the 

UVB part of the output. A sharp cut -off filter in the 

Schott WG series, the WG345 at 2mm . thickness, 

absorbs the UVB . The remaining UVA has an 

in tensity of about 65 -75 milliwatts per square 

centimeter. With such an int ensity skin responses 

requiring 30 joules per square centimeter of UVA can 

be elicited in less than 8 minutes. In sun light this dose 

would require about 21
/, hours on a cloudless day if 

rep air mechanisms in the skin weren 't reducing the 

dose 's effectiveness. 

The d escribed simulator (Figure 4) allows both 

UVB and UVA testing to be carr ied out with a 

similar ity to effects obtained in sunli ght. If the 

simulator 's UVB didn't have an ozone -lik e 

attenuat ion , simulator r esults cou ld be different from 

sunlight's. Filters having a less steep attenuatio n than 

ozone could permit wave length s below 290 nm. to 

irradiate the skin which, depending on the spectral 

absorption of the sunscreen, could give an incorrect 

protection factor. 

T h e xenon arc lamp requires a special power 

supply. The lamp has a maximum life of 1,000 hour s. 

These expenses and the relativel y sma ll area that can 

be irradiated has encouraged the use of alternate 

lamps which ar e less expensive and irradiate a larger 

area. Meta l halide and fluoresc ent type lam ps h ave 

been used for solar simul ation. However, these lamp s 

cannot properl y simulate the UVB because of 

mercur y spectral lines in their outputs . Also, the larg e 

irr adiated area is not uniform in int ensity or in 

spectrum and obta ining accurate readings for an 

irr adiated site can be difficult. Offsetting the cost for 

Figure 4. 



Figure 5 

xenon arc simulators are their outstanding 

characteristics; the output for the xenon lamp is 

spectrally close to sunlight in both the UV-B and A, 

the intensity is high, the uniformity is good and 

reproducible, accurate measurements of intensity and 

dose are easily made, and the l cm. diameter spot per 

irradiation is adequate without using an excess skin 

area. 

Measuring the simulator output is essential and 

should be taken before and after irradiations. The 

UVB measurement is best taken with a detector 

which has the erythema action spectrum as the 

detector response. This allows the subject to be 

measured in respect to the reference sensitivity of fair 

skinned, untanned Caucasians. Contrariwise, using a 

spectrally unweighted UVB detector allows least 

biologically effective UVB wavelengths to have the 

major effect on the meter reading, masking the effect 

of low power but more biologically effective 

wavelengths at the short end of the UVB. 

The UVA detector should have a flat spectral 

response, in distinction to the UVB detector. 

The Solar UV Simulator should be the least 

demanding aspect of skin testing . Uniform and 

reproducible application of the sunscreen or putative 

sensitizer, reading of the minimal erythema dose and 

selecting an adequate number of similar subject for 

SPF tests are where the mam concerns m 

phototesting are directed. 

For photosensitivity testing it 1s usual to first 

determine that the subject has a normal response to 

the full UVR spectrum. The subject is then 

challenged with a patch test using the potentially 

photosensitizing material and only UVA radiation. 

Doses below 20 joules per cm 2 should not normally 

cause erythema. Covering small areas of test material 

with an opaque patch avoids sensitization from 

ambient light. Most photosensitizing materials are 

phototoxic but certain materials in particular 

individuals may cause a photoallergic reaction. lo 
properly handle this possibility, it is recommended 

that a dermatologist trained in photo responses be 

involved with photosensitivity testing. 

• The Simulator has made possible routine 

medical testing of suspected photosensitivities and the 

differential diagnoses of various diseases . 

• It has allowed numerous new products entering 

the consumer market to be tested for possible 

photosensitization . 

• Perhaps, most importantly, it has allowed the 

development and validation of sunscreens which 

prevent skincancers and sunburn, reduce the 

development of wrinkles and allow normal as well as 

photosensitive people to safely spend more time 

outdoors. 
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Precision 

CLINICAL SPF TESTING 
INSTRUMENTATION 

Solar Light Ultraviolet simulators and radiometers conform 
to FDA & COLIPA spectral irradiance standards for clinical 
SPF testing. 

Experience 
Used worldwide for over 35 years, providing consistent SPF 
results, year after year, lab after lab. 

Flexibility 
Optional, UV-8 + A spectral irradiances for IPD, PPD and 
phototherapy test protocols are available. 
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