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ABSTRAC

The proliferation of solaria, coupled with a growing awdreness of the
harmful effects of exposure to ultraviolet radiation (UVK) has prompted a
study on solaria and the UYR sources used in them. The detrimental etfects of
UV-B radiation have been known for some time but recently there has been
increasing concern over the effects of UV-A radiation, which had at first been
thought of as relatively harmless.

Previous studies of solaria have made radiometric measurements ot the UYR
lamp outputs, but since the biclogical eftectiveness of L¥K is wavelength
dependent, particularly in the U¥-B region where it varies by several orders
of magnitude, there is a need for spectroradiometric measurements.  Such
measurements have been made at fourteen sclaria in the Melbourne metropolitan
area. Laboratory measurements have also been made on  individual U¥K
flvorescent lamps and sunlamps. Results have been comparea with the
reguirements of Australian Standard 2635 (1983), “INSTALLATION, MATKTERANCE
AND OPERATION OF SOLARIA FOR COSMETIC PUKPOSES".
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1. INTRODUCTIOM
The adverse and beneficial etffects of radiaticn have been the subject of

many years of research. lnvestigations have been concerned primarily with
ionising radiation but in recent years there has been a dramatic increase in
the number of non-ionising radiation sources in the workplace ang in the
general community. These include coherent sources, that is, lasers which cCan
radiate in the wultraviolet (U¥), wvisible and infrared regions ot the
electromagnetic spectrum, and non-coherent sources which cover the region from
the U¥ to radiofrequency radiation. The biclogical etfects of non-ienising
radiation are now the subject of intense study but there are still many

unknowns, especially the effects of chronic exposure to low-level ragiation.

This report presents the results of a study desigred to investigate and
make measurements on the variocus ultraviolet raciation {LYR) sources employed
for artificial sumtanming. The WY region of the spectrum covers the
wavelength range from 100 to 400 nm, ano is divided intop three bandgs, the Uy-L
(100-280 nm), the U¥-B {(280-315 nm] and the UV-A (315-40G nm). lhe U¥K
tanning sources are of two main types, sunlamps, which are small, portable and
inexpensive units for home use, and UYE fluorescent lamps which are usually
incorporated into sunbeds or tanning beoths (Figure 1). The sunbeds are
availabie either as a single bed or with a movable upper portion s¢ that a
person can be simuitaneously exposed an both sices.

The fluorescent lamps used in solaria are low pressure mercury discharge
lamps which have a phosphor coating on the insioe of the glass envelope. lie
254 nm mercury emission line is absorbed by the phosphgor and is re-emitted at
Tonger wavelengths. The sunlamps consist of a lamp bulb containing a high
pressure mercury quartz burner and a tungsten filament which acts as a ballast
and a heat source. The inner surface is coatea to reflect radiation through
the front ¢iffusing surface.

The introduction of solariz (commercial establishments spectalizing in the
operation of sunbeds or tanning booths) has meant that members of  the
Australian population can increase their UVR expasures, for cosmetic PUrposes,
at & time when informed aovice is to minimize exposures during hoth working
and leisure hours. The hational health and Meaical kesearch Council is
currently considering an Australian UVR occupational exposure standard to
1imit exposure in the workplace. Application ot this stangara by state heallh
Authorities will eventually control UVR exposures ouring working hours.
However, only public education campaigns  rather than legislation, can
influence individuals to minimize their UVk exposures guring letsure hours.
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For this reason the Commonwealth Department of Health ana State Anti-Lancer
Councils have for many years promoted the use of sunscreens and protective
clothing, including headwear, to minimize exposure to solar UVK during leisure
time activities. This campaign has been regsonably successful.  However,
Australia still has one of the highest incidences ot skin cancer in the
world. The introduction of artificial sources of UYR to aod to the alreaoy
high natural levels 1is undesirable, but the use of artificial sources for
cosmetic tanning appears to have gained significant public accepiance from
about 1980, when the number of splaria operating in the Melbourne metropglitan

area rapidly increased.

1f damage to individuals using artificial UVR sources for tanning is to be

minimized, the vadiation emissions and conditions of use of the sources
require careful control. The 1983 Australian Standard AS 2635 "The
Installation, Maintenance and Cperation of Solaria for Cosmetic Purposes" was
developed for this purpose (Appendix 4). 1n particular, the standard requires
that the irradiance of a UV-A source, expressed as 2 percentage of the UV
jrradiance, shall not exceed:

0.01 “f. for the wavelength range 100 to 280 nm,

0.1 °/- for the wavelength range 280 to 300 nm and

1.0 °f» for the wawvelength range 300 to 315 nm.
The maximum irradiance of a sunbed 1is limiteo to 20U wfm

The Standard requires that the initial exposure dose shall rnot exceed
50,000 J/ne and that the maximum repeated dose be 200,000 Jin, with a

minimum time interval belween exposures of 48 hours.

5. THE EFFECTS OF ULTRAVIOLET RADLATION

2.1 UYR and the Skin
The biological effects of UVR have been studied for over sixty years.

These effects can be categorized into short term effects, where results become
evident within minutes, hours or days, and long term eftects where resulis may
not become evident for many years.



(a} Short Term Effects

(i) Interaction of UYR with the Skin

The skin has three major tissue layers, the epidermis, the oermiz and the
subcutaneous layer. The epidermis, comsisting of cells called keratinocytes,
has & tough outer layer callea the stratum cornepm rormeo from deao epitiermal
cells. This stratum corneum provides a protective layer against abrasion and
water loss, is chemically resistant and attenuates UVKR. The basal tayer ot
the epidermis contains the melanocytes, the producers of the LYK absorbing
melanin {Figure 2}. The dermis consists mostly ot connective tissues as well
as blood ves=zels, lymphatics snd nerves.

V¥R incident on the skin may unuergo reflection, refraction, scattering,
transmission and absorption or produce fluorescence (Figure 2). The
absorption and scattering processes in the skin are intlvences by many
factors, such as pigmentation, location of ares irradiated, thickness of
stratum corneum, previous U¥YR exposures and the wavelength of the incicent
Uvk. The transmission of optical radiation through the skin increases with
increasing wavelength, that is, UV-b radiation is absorbea in the epidermis
whereas the Jonger wavelength UV-A can penetrate to the dermis (Diffey,
1980}. U¥R is thought not to reach the subcutaneous layer. Absorption ot LVK
will result in photochemical reactions, such as DNA strand breaks or
stimulation of melanocytes.

{1i) Erythema
The appearance of erythema (skin reddening) following the absorption ot
UWWR is due to the dilation of small blooce wvessels in the dermis. This
dilation is due to the production {initiated by the absorption of Lvk) ot
substances which directly affect the vessel walls.

The severity of the erythema will aepend upan nmany ftactors, such asg
intensity of the UYR source, duration of exposure, wavelength of the UVK, and
the photosensitivity of the individual in question. The sensitivity ot skin
is generally classitied into six main types {Table 1). Feople with type I
skin cannot tan and are usually very sensitive to UVR so that i minimal agose
will cause erythema. At the other extreme, peaple with type V1 skin are very
insensitive to UVR.
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TAELE 1

Tanning and burning properties of different skin
types on exposure to YR,

Skin Type keaction
I always burns, never tans
11 always burns, sometimes tans
111 cometimes burns, always tans
I never burns, always tans
v moderately pigmented
VI heavily pigmented

(111} Erythemal Effectiveness of UVR
The amount of UVR which will produce a just perceptible erythema 1s
called the minimum erythemal dose {MED). The MED varies cigniticantly between
individuals of different skin types, but is of the orager of 1000 mez for
unpigmented skin at wavelengths near 300 nm t{Magnus, 1976). In the UY-A region
the MED is much higher, approximately 100,000 to 500, 000 me {Parrish et
al, 1974).

The erythemal response Ccurve of Coblentz and Stair (1934), which was
adopted by the International Commission on Illumination {CIE) as a stancara
curve in 1935, is shown in Figure 3., Recent work (Everett et al, 1969,
Diffey, 1982} has revealed similar Curves (Figure 3) but with differences
below 290 nm. The American Conference of Governmental Industrial Hygienists
adopted an occupational exposure ctandara (ACG1H, 1981) tor wavelengths below
315 nm which is based on a curve <imilar to the response curve of Lverett et
al {1969) {Figure 3)}.

The degree of erythema produced by doses of LYK in excess ot 1 MED will
vary markedly with the wavelength ot the incident ragiation. For example, a
dose of 30 MED of 254 nm radiation produces only a more pronounced erythema
{Parrish, 1971}, while a dcose of 10 MEL of 297 mm radiation proguces an
intense erythema with blistering and oedema. Further, erythema produced by
254 nm radiation takes 5-8 hours Lo develop, whilée erythema proauced by 297 nm
radiation requires up to double that time to develop.



{iv) Tanning

Tanning can result from either of two processes, the instantaneous
darkening in the skin of existing melanin {immeaiate tanning] or the formation
of new melanin in the melanocytes (melanogenesis). The darkening of existing
melanin becomes apparent immediately after exposure to UVK, but usually fades
after less than an hour, although occazionally it may persist for a few days.
It is induced mainly by wavelengths in the 340 to 360 nm region |Hauser and
Vahle, 196%9). Melanogenesis results from the abscerption of ULV-B ragiation
followed by a series of chemical reactions. Pigmentation ot the skin results
when the melanin is transported to the stratum corneum after a latent period
of approximately four io six days. This pigmentation is longer iived than
that produced by ‘Tmmediate U¥-A tanning, ano reaches its peak after about
twanty—one days {(Groves, 1980,

If a tan is produced by UVR containing some UV-b then the ability of the
ckin to resist turther exposure to UVE is enhanced. This s aue to the
increased amount of melanin and the thickening of the stratum correum which
usually accompanies UY-B, but not UV-A, tanning (Kaidbey and Kligman, 1978).

(b) Long Term Effects
{i) Skin Ageing

The 1link between permanent skin damage and cumuiative LVR exXposure
appears beyond dispute. The cumulative absorption ot UVK rather than the age
of the person has been shown to cause the degeneration of the collagen
component of the connective tissue which holds the skim in its normally tirm
position (Smith et al, 1965; Cockerell et al, 1%61}. However, for any
individual, because UVR exposure accumulates with age, permanent skin camage
increases as the individual grows older. The accumulation of damage will be
more rapid fer those people who regularly receive high UVWk exposure tham for
those who take precautionary steps to prevent UNNECESSAryY BXpasure.

{11) Skin Cancer

The cennection between exposure to LWk and the incidence of basal ana
squampus cell carcinomas has been tirmly establishea (Blum, 1959; urbach et
al, 1972; Emmett, 1973). Studies have shown that the global incicence of
these skin cancers is highest where the levels of matural UVK are high, ano
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where there exists a fair skinned population not necessarily native to the
area (Robertson, 1969). There is evidence to syggest that the UVR wavelengths
effective in inducing skin cancer are similar to those for producing erythema
(Robertson, 1972). In general, people who develop these skin cancers have a
high susceptibility to erythema. It is generally considered that the damage
to DNA caused by U¥YR eventually Teads to formation of cancers due to the
inability of the repair mechanisms to cOpe with cumulative damage sustained
oyer a long period.

Uy® has also been implicated in the etiology of malignant melanoma.
However the relationship does not appear to be strony because the distribution
of this carcinoma over the body is not restricted to habitually UVR exposed
Areas.

2,2 UVR and the Eye
Use of solaria can often result in inadvertant exposure of the eye to

UVR. The absorption of UYR in ocular media is shown schematicaliy in
Figure 4. Values represent. the percentage of various ULVR wavelengths incident
vpan the corneal surface that are absorbed by the different occular components
(Boettrer, 1962). UYR with wavelengths less than 310 nm s absorbed
principally by the cornea and the lens. Conversely, the lens absorbs
relatively more radiation with wavelengths greater than 330 nm. It should
also be noted that for wavelengths greater than 310 nm the percentage of UVK
reaching the retina increases with increasing wavelength (Pitts, 1981}.

The two main responses of the eye to excessive amounts of UVR are
photokeratoconjunctivitis and tenticular cataracts. Photokeratoconjunctivitis
or “welder's flash" is an inflammation of the corpea and conjunctiva and
usually lasts less than 48 hours. Lenticular cataracts are alterations of the
lens or its capsule that result in apparent decreased ftransmission or
increased scattering of visible light, but the tern s uswally applied conly to
cases where there is significant impairvment to visicn.

Duripng recent years, considerable cyigence has been produced implicating
UVR as a significant factor in the "in vitro" generation of fluorescent
compounds and in protein cross—linking associated with Jens ageing ana
cataractogenesis in the mouse, rat ana humap lens. "ln wivo“ studies have
alse demonstrated that UVR s capable of generating cataracts in mouse, rat
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and primate lenses (Zigman, 1974; Pitts, 1977). In humans, epidemiological
studies (Hiller, 1977; Zigman. 1579} suggest that there is 2lso & relationship
between the incidence of cataract and exposure to sunlight, in particular,
exposure to solar UVR, In a recent study (Hollows,l98l) the opthalwic
examination of over sixty thousand Aborigines in outback Australia revealed a
positive correlation between the prevalence of senile cataract ang levels of
climatic UYR,

In a well-documented clinicel study, Lerman {1980} reported an incicent
in which three patients deweloped lens ogpacities folilowing exposure to Uk
over an 18 month period. Measurements of the radiation emissions from the
type of appliance involwed (Petersgn, 1975) indicated levels that d&id not
appear to significantly exceed the recommended maximsn permissible exposure
levels (ACGIK, 198l1). If correct. this woule suggest that the margin of
safety incorporated into these Tevels is not as wide as was thouyht.

An increase in the sensitivity of the skin to uV-A radiation can be
induced by a variety of compounds. The most dramatic effect is seen with
furocoumaring, or psoralens, and this is used to advantage in the treatment of
psoriasis. However, it hkas been noted (lLerman, 1980,1982) that these
photosensitisers can be present in the eye for up to 24 hours following
treatment. A number of other compounds used in pharmaceutical preparations,
including phenothiazines, thiazides, sulphenylureas ana coral contraceptives,
are considered to be photosensitising. Individuals who are exposed to UVK
while taking such compounds visk permanent eye damage.

3. EXPERIMENTAL METHOD

Spectral irradiance meazurements were made using an Optronics mogel 740A
spectroradiometer. This instrument consists of a small, single grating

monochromator (blazed at 300 nm) and a radiometer. The wavelength scan drive
of the monochremator controls an  automatic filter wheel which positions
optical filters in the radgiation beam to reduce unwanted orders and stray
radiatton. These are significant problems in the LY region with single
grating monochromators. The input optics of the monochromator incorporates a
guartz diffuser disc with a cosine respense. A schematic ot the experimental
arrangament is shown in Figure 5,
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Measurements of UYR were made using a solar blind photomultiplier
detector mounted on the exit port of the monochromator. The monochromator
bandwidth was set at 2 nm. The wavelength response of the spectroradiometric
system must be knmown in order to determine spectral irradiances of sources
under examination. This was achieved by calibrating the system over the
wavelength range 250 to 410 nm against a quartz halogen stanoard lamp
traceable either to the US #ational Buresu of Standards or the CSIRU hational
Measurement Laboratory. A microcomputer was programmed to  drive  ihe
monochromator over the wavelenath range 250 to 410 nm at 2 nm intervals and to
sample the detector current at each wavelength until the standard deviation of
the sample was less tham 1 percent. The minimum detection level for the
chotomultiplier was 2 x 1077 w/m? at 350 nm.

Measurements were alsg made using a calibrated silicon photediode
detector. The range covered was from 250 to 450 nm with & handwidth of
10 nm. The minimum detection level was /7 X IU_E wjmz at 450 nm.  These
recylts were used as a check of the performance of the measurement system.
The visible spectrum (400 to 750 am} was not stuaied.

The spectroradiometer system was calibrated immediately before and atter
any field measurement. Measurements were routinely taken with both
detectors. In solaria it was not always possible to eliminate all extraneous
sources of radiation, o these background levels were subtracted from all
spectral scans.

The arrangement of input optics and monochromator mounting Timited the
minimum distance between the diffuser disc and the UV source to 60 mm. The
variation of the irradiance of a sunbed with distance from the surface was
measured with an International Light model 700A radiometer incorporating the
same input optics as the spectroradiometer, This radiomeler has separate
detection heads for measuring U¥-A and UV-bB irraciances plus the tacility te
change the calibration factor in order to make the instrument direct reading.
At the surface of the sunbed the irraasiance was approximately 15 percent
higher than at 60 mm and this correction was applied to all measurements.

Previous solaria surveys (Chan, 1982; bowker, 1984) used radiomelric
methods for determining both the spectral content and the irraaiances of the
lamps used. 1f the radiometer is calibratea against a source of similar
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spectral content to the one under investigation then the measurements will be
reasonably accurate, as will the determination of the relative amounts of UV-=A
and UV-B. Interpretation of these measurements require some understanding of
the fundamentais of the radiometer as well as knowledge of the filter
transmission and detector response.

Towards the end of the measurement programme a questionnaire was sent to
gighty-ane solaria and health or beauwty centres throwghout The Melbourne
metropalitan area reguesting information on the fypes of UYK Jamps in use, to
ensure that all types had been included in this study.

4.  RESULTS AND DISCUSSION

4.1 Spectral Distribution of UY¥R Tanning Lamps

The UVR Tamps investigated in this study fall into three main categories
according to the characteristics of their emission spectra (Figure 6). The
U¥—A fluorescent lamp has most of its emission in the range 315 to 400 nm,
with a peak at 350 nm, while the UW¥-b fluorescent Tlamp has most of its
emission in the range 280 to 350 mm, with a peak at approximately 310 nm.
some of the mercury emission lines are present in the spectra. Mest of the
Tamps used in solaria are of the UV-A type. Table 2 lists the variows brands
of U¥R lamps that were measured either in the laboratory or in solaria. There
is some yariation in the amount of UV-E emission measurea tor each lamp (Table
2), due to variations in lamp design such as the composition of the ] amp
phosphor, the transmission of the glass envelope and the transmission of the
perspex top of the sunbed. UV-E lamps are commonly usea in stand-up tanning
booths, where the lamps are mounted in the corners, or spaced along the
walls. The third type of lamp is the suniamp, which has a spectrum consisting
solely of mercury emission lines covering the W (from 250 nm) and visible
regions. 5Small portable sunlamps for domestic use are gemerally ot ihis type,
although 2 unit containing four such lamps was seen in one solarijum.

Most of the lamps have low levels of U¥-b emiscion ana thus comply with
the requirements of AS 2635 (Table 2). However some of the earlier types of



Measurements of the
as a percentage of the total U¥K.

10
TasLt 2

radiation emissions tor all lamps examined expressed

at the bottom of the table.

The requirements of AS 2635 are listed

uv-C
LAMPS 250-280 nm 280-300 nm 360-315 nm
{ of UYK {° of U¥R f° of LYK
Uy—-R LAMPS
BELLARTUM SA1-10-100W <0.001 0.014 1.13
BELLARIUM § SAl-12-100W <0.001 0.020 i.40
DR. KERN SOMNENSPEZIALIST <0.001 . 008 {1,532
PHILIPS TLE5-BOW/0Y <0.001 0. 002 0.45%
PHILIPS TLB5-100W/09 N <0.001 0.008 0.49
PHILIPS TLB5-100w/09 A <0,002 0.005 0.038
RELARIUM RA1-100w <0.001 0.009 .57
SOLARIUM Al-11-100W <3, 001 0.008 (.43
SOLARLUX Al <0.001 . 007 {.54
SONNE DA-1 <0.001 0.011 0.63
SONTEGRA SLla <0.001 0.140 G.70
SYLVANIA FL4OSBL <0.016 0.51 1.6¢
Uy-B LAMPS
OLIFHANT FL-Z0SE 0.524 18.5 33.5
TOSHIBA FL20 SE/E 0.358 17.3 34.8
Hg LINE LAMPS
BREVILLE WOTAN RZ] 0.142 4.0 23.0
ULTRA-¥ ITALUX
PHIL1PS 57265F /28 300Uk 0.114 2.88 19.14
AS 2635 REQUIREMENT <0.01 <G.1 <1.0
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UY-A lamps (for example Bellarfum) emitted levels of LV-s which were slightly
greater than 1 percent of the total UYR ana thus may not comply with the
Standard. Few of the lamps hac any detectable emission at wavelengths less
than 280 nm. Laboratory measurements of the emission spectra of the U¥k lamps
using a 3Spex model 1404, 0.8 m double grating monochromator with an
operaticnal wavelength range down to 200 nm found negligible emission below
250 nm, apart from the mercury emission line at 254 nm.

The UV-A Tamps have very similar emission spectira, with the exception of
the Sontegra 3Lla. The spectrum of the Sontegra SLla is compared to that of
the Relarium RAL UVR lamp (the most commonly encountered type) in Figure 7.
It can be seen that the main emission peak is considerably narrower for the
Sontegra Slla, lying predominately between 350 and 390 nm compared with 320 to
400 nm for the Relarium lamp. Emission in the LV-B is alsc significantiy
differgnt in that while the percentage of UV-B in the region 200-315 nm i<
below the level reguired by AS 2635, emission in the region 280-300 nm js 0.14
percent, above the required level of 0.1 percent. The Sontegra SLla is thus
the only lamp to meet the requiremenls ot AS 2635 for the region 3UU to 315
nm, but not meet the requirements for the region 280 to 300 nm.

The spectral distribution measurements of sunbeds with the same lamp types
but made at different establishments were usually in good agreement, the
exception being one sunbed with Philips TL&5 lamps {denotes in the Tables ag
Philips TL85 A). This sunbed had relatively very low levels of Uy-i {Figure
§) and the irradiance was also Yower than other similar sunbeds. One possible
explanation is the use on this sunhed of perspex with different transmission
characteristics,

4.2 Measured UV Irradiances of Solaria

The maximum irradiance for a solarium or sunbed permitted by AS 2835 g
200 W/m’ and at this intensity the recommended initial dose of 50,000 J/m
and the maximum dose of 200,000 mez would be achieved in approximately 4
minutes and 16 minutes respectively. The measured <unbed irradiances varieo
considerably, from 5.7 te 22 Mm2 {Table 3). These levels are significantly
below the maximum permitted drradiance of 200 hfmz. Aliowable exposure
times for these sunbeds can be calculated by oividing the 200,000 J/m2
maximum dose by the measured irradiance to give the time in seconds.
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Doses received in solaria will, of course, be larger than any recommended
by occupational exposure limits, which seek to limit exposures to Jevels that
will not cause biological damage. However, comparison with occupational
exposure limits allows a better perspective of the UVK levels required by AS
2635. The most generally accepted occupational UYR exposure limits are those
of the ACGIH (ACGIH, 1981), which for the wavelength range 200 to 315 nm
combine the action spectra for skin erythema and eye
photukeratucuniunctivitis. The ACGIH 1imits are applicable to enyironmental
or occupational exposures Lo artificial sources of UVR during an eight hour
working day. It defines a maximum exposure of 30 mez for monochromatic
radiation at 270 nm. A1l other wavelengths in the 200 te 315 nm band are
given a spectral effectiveness relative to that at 270 nm. For & broadband
source, such as solaria UVR lamps, the maximum allowable exposure time 1is
calculated by firstly weighting the spectral irradiance of the source with the
relative spectral effectiveness of the radiation at each particular
wavelength. The summation of these weighted spectral irradiances from 200 to
315 am is called the effective hazardous irradiance, & The maximum

eff”
allowable exposure time Tmax‘ in seconds, is then calculated from

T - 30 mez
max = Eope H,’mz

These times, which are shown 1n Table 3 for all UVK sources evaluatea, are
dependent on both the intensity and the UV-B content of the sunbed emission.

The ACGIH recommended Tlimit far Uy-A radiation assumes that all
wavelengths in the U¥-A contribute equally to erythema and therefore sets the
limit for the entire UV-A as being egual to the 1imit at 315 nm. In this
study the spectral effectiveness estimates of wvan der Leun {1965} for the
wavelengths in the UY-A region have been used to modify the ACGIH lTimits.
Maximum allowable exposure times calculated using these modified limits are
considerably longer (Table 3). AS 2635 permits exposure times of 2.5 to 20
hours depending upon the lamp type. Practica] consicerations would normally
restrict exposures Lo approximately 30 minutes which is c¢lose to the times
caiculated using the ACGIH {modified) erythemal response Curve. it should be
noted that the method used to calculate Eeff assumes that there are no
interactive effects between different wavelengths. However this effect,
called photoaugmentation, does oOccur (Kaidbey and Kklignan, 1975) but the
assumption should not result in a large error.
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TABLE 3

U¥ irradiances and calculated maximum permissible exposure times Tor each

source examined, Exposure times are calculated usipg limits from AS 2635,
ACGIH and a modified combination of ACGIH for the UV-E and the results of Van

der Leun (1965) for the UVY-A,

of comparison.

solar flux measurements are listed for purposes

LAMPS UY IkRADIANCE MAXIMUM TIME ALLOwABLE {mins)
(Wfm2)
SAA ACGIH KCGlH
(modified)

DR. KERN SONMENSPEZIALIST 8.6 347 28.2 16.6
RELARTUM RAL — 100MW 7.3 457 40.4 21.5
RELARIUM RAl - 100W £.0 417 35.6 20.0
RELARIUM RA1 - 100w 10.0 333 28.7 16.06
RELARIUM RAI — 100W 14.6 2¢8 17.1 10.7
RELARIUM RAl - 100w 16.0 208 15.2 9.6
RELARIUM RA]l — 100W 2.0 151 12.7 7.2
PHILIPS TLES-80W/09 7.9 422 37.0 2b.4
PHILIPS TL85-100k/09 9.7 344 28,8 18.2
PHILIPS TL65-80W/09 16.2 206 18.3 9.4
PHILIPS TLBE-100w/(9 5.7 hBL &2.7 ZB.7
SYLVANIA FL4OSBL 2.7 1235 35.6 29.4
SOLARLLX Al 6.5 hla 41.0 24.5
BELLARIUM SA]-10-100W 1.5 444 3h.2 £1.¢
SONTEGKA SL1A 8.2 406 33.4 17.2
SOLARIUM Al-1] 16.0 208 18.9 10,7
ULIPHANT FL-20SE 2.6 * 1.47 1.53
TOSHIBA FL20O SEJE Z.8 * 1.57 1.57
SOLAR FLUX (SUMMER)$ 70.7 a7 a2.17 1.5¢
SOLAR FLUX {WINTER)# 26.4 126 11.5 5.8

*  Not applicable to LV-BE lamps

$  Measured at noon in Melbourne
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4.3 Measurement Errors and Precision

Calculations of the spectral irradiance of UVR lamps are subject to
errors in the measurement of wavelength and intensity. The spectra of all
lamps examined had prominent mercury emission 1ines, which served as &
wavelength calibration of the monochromator so that wavelength errors were
never greater than 1 nm. The absolute values of spectral irradiance will have
an error of approximately 20 percent comprised mainly of the uncertainly in
the calibration of the standard lamp and in the transfer of this calibration
to the spectroradiometric system. The irradiance which is obtained by
integration of the spectral irradiances over the relevant wavelength range

will have a similar error.

The relative spectral content of wvarious LYk lamps was aetermined on
several occasions and the results are given in Table 5. The precision of
thece values for the UV-A damps is approximately 2 percent for the
300 to 315 nm range and approximately 10 percent for the 280 to 300 nm range
due to the much lower emission in this region.

TABLE 4

Results of tests to determing the uncertainty in the relative spectral
content of various UYR lamps.

LAMPS SPECTRAL QBU-BUU nm 300-315% nm

TYPE [* of UVYK “fre ot UVK
Ok KERN SONMNENSFEZLALLST Ly =-A 0.01u 0.62
0.011 0.62
0,010 .61
SONNE (Al Uy-A 0,013 (.81
0.011 0.63
0.0l? .67
.01z 0.63
BREVILLE wOTAK SUNLAMP Hg Line 3.90 20,8
4,08 26.10
L IPHANT FLZO SE Uy-H 19.1 33.7
18.8 33.5
18.6 33.1
18.1 33.6
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4.4 Erythemal Effectiveness of UV-B Ragiation

The Austratian Standard requires that less than 1.1 percent of the UVR Le
in the U¥-B region. HRadiation in this region is very efficient in producing
erythema. The U¥-B spectral irradiances have been weighted with the modified
ACGTH and CIE erythemal response values for the UV¥-b region. Results are
given in Table 5. The weighted DY-E emissions ot each lamp are very different
as a result of the dissimilarities in the two erythemal response curves
evident in Figure 3. Maximum allowable exposure times have bteen calculated
for a normalized irradiance of 10 Hfmz using the ALGIH modified erythemal
response.  These times decrease rapidiy &s the unweighted LUV-B content
increases (Figure 9). The difference between lamp types is very marked, with
maximum allowable exposure times of 1 to 2 minutes for the U¥-b lamps and 20
to 30 minutes for most of the UV-A Tamps.

4.5 Lamp Ageing
Previous results on the variation of irradiance of LYk fluorescent lamps

with time {Nachtwey and Hundel, 1981) indicatea that the UVK intensity fell to
70 percent of its dinitial value within 10 hours. Thereafter the output
cthanged very slowly, decreasing at the rate of 0.14 percent per hour.
Numerous tests on UY-B lamps in this laboratory showed that the OUY-B
irradiance decreased to 86 percent of its initial value after 10 hours, while
that of the UW-A for the same lamp fell to 94 percent during the same peripd.
The UV-6 irradiance continued to decrease more rapidly (0.1 percent per hour)
than did the W-A output (0.04 percent per hour), although both rates were
much slower than the average rate during the initial 10 hour period. It was
observed that older UY-A lamps measured in solaria had relatively less U¥-k
emission than did newer lamps of the same type. It would appear that for bhoth
U¥-A and UV-B lamps, the UV-B irradiance decreases at a faster rate than the
total WY irradiance.
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TAELE &

Measured UV-b emissions and maximum allowable exposure times calculated
for a normalized irradiance of 10 hfm2 using the ACGIH modified erythemal
response curve. The U¥-B emissions weighted by the modified ACGIH and CIE
erythemal response Curves are also given.

LAMPS U¥-b as a weighted L¥-b ac a Max imum
*f* of the “f* of the UVR Allowable
UYR ACGEIH CIE Exposure Time
(mod) {mod] (mins)
U¥-A LAMPS
PHILIPS TLE5-100Wf09 A 0.043 3.0 4.8 36
SOLARIUM Al-11-100wW 0.44 6.5 15.8 29
PHILIPS TLAS-80W/09 0.45 £.6 16.2 30
PHILIPS TLBS-100W/0% N 0.49 6.9 18.7 28
SOLARLUX Al 0.55 7.2 21.1 Zi
RELARIUM RAL - 100W 0.58 8.7 23.4 29
DR. KERN SONNENSPEZIALIST 0,62 8.4 2.0 28
SONNE DA-1 0.64 8.9 23.2 28
SONTEGRA SL1a 0.84 46.8 70.5 29
BELLARIUM 5A1-10-100W 1.14 13.3 36.0 25
SBELLARIUM S S5A1-12-100W 1.47 i7.6 43.7 24
SYLVANIA FLADSBL 2.1 £65.3 65.3 10

Hg LIKE LAMPS

PHILLIPS 57265F (28 300w 22.0 8l.1 a7.3 1.98
BREVILLE WOTAN &Z1 30.1 gl.5 98.2 1.35
L¥-E LAMPS

OL 1PHANT FL-205E 51.7 95.1 98.9 U.38
TOSHIBA FLZO SEfE 2.1 35h.6 $0.8 0.47
SOLAR FLUX {summer)* 1.8 L4.7 §2.3 16.7
SOLAR FLUX {winter)* 1.2 18.3 49.1 33.3

* Measured at noon in Melbourne
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4.6 Numbers of Solaria

The number of sclaria and other establishments listed as wsing UWR
sources for copsmetic tanning in Melbourne since 1977 is shown on & yearly
basis in Tabie 6. The total number of establishments where tannming is nat the
primary function but is offered as an option has increased steadily since the
late seventies as a result of the introduction of the UVK fluorescent lamp in
the mid seventies and its increasing availability at a relatively low cost
since then. The number of solaria (which offer tanning services exclusively)
peaked in 1982, but has since steadily decreased. This decrease in solaria
numbers could be ascribed either to the success of campaigns to inform the
public of the possible hazards of exposure to UYKR from solaria which were
initiated at about that time or to the seasomal mature of the industry
affecting economic viability.

TABLE 6

The numbers of solartia anc other centres in the Melbourne melropolitan
area which advertised the use of UYK lamps for tanning for each year
since 1977,

YEAR
77 78 79 - BO 8l 62 83 84
SOLARIA * * * 24 59 38 G
OTHER CENTRES 11 19 21 38 53 64 69
TOTAL 11 18 1 62 112 lue a9

* None listed
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4.7 Protective Evewear
The Australian Standard requires that protective goggles be provided in

salaria. Section 3.2 states that for protective goggles the transmission in
the wavelength ranges 180 to 315 nm and 315 to 360 am should be Tess than 0.1
and 1 percent respectively, while maintaining sufficient visible transmittance
to enable the client to locate the mamual safety switch on the sunbed, The
spectral transmissions of black, dark green and re¢ of protective goggles were
determined {Fiqure 10). A1l goggles met the reguirements of the Standard,
despite the fact that the red goagles had significant transmission in the UY-A
region.

3.8 Other Reguirements of AS 2635
A well as the technical reguirements discussed above, A5 2635 makes a

number of recommendations on the physical arrangements and procedures to be
adopted by solaria {Appendix A). Fourteen scolaria were visited guring this
study. Some note of the operating procedures was taken whilst making the
spectral measurements and conclusions drawn from these observations should be
applicabie to the majority of establishments.

Sections 2.2.1 and 2.2.2 of AS 2835 requires that each sunbed must have a
manual safety switch, for all sources of UVR, located within reach of the
sser. Each sunbed must also have an automatic timer controlling the UVK
lamps. Most of the sclaria visited complied with these reqguirements but a few
did not have the manual safety switch.

Sections 2.3.1 and 2.3.2 reguire mechanical screening to prevent user
contact with the UYR lamps and screening of the sumbed to prevent
unintentional exposures to any person other tham the user. A1l sunbeds
provided mechanical screening of the UVK lamps. This consisted of a perspex
sheet upon which the user lies. However, some solaria which had sunbeds with
moyvable upper portions oid not have mechanical screening on the upper portion
thus providing no protection in the event of lamp breakage. All solaria
visited had sunbeds in separate cubicles so that UVR screening was adeguate,
although many of these cubicles did not extend to the ceiling thus permitting
the exposure of non-users ta reflected UVK.

Section 2.4 deals with the provision of hanarails in tanning booths where
the user is in a stanging position while undergoing W¥k exposure. Only one of
the solaria visited had this type of tanning booth and no hanarail was
provided.
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Section 2.6 requires measurement ot the irradiance at least every six
manths or whenever lamps are replacea. In general such irradiance
measurements were not taken.

Section 3.1.2 includes the requirement that there be & minimum of 48
hours hetween exposures. This is to allow sufficient time for the development
of any adverse skin reaction. Many of the solarium operators were not aware
of this requirement and placed no restrictions on bookings by clients.

Section 3.2 requires that solarium operators ensure that c¢lients wear
protective eyewear. Four of the fourteen solaria visiteo provideo goggles or
protective eyewear, however, their use was not actively encouragec as only Llwo
had notices warning of the possibility of eye damage. The exposure of the
gyes to UVR should be minimized and operators and users should be made aware
of the possible dangers and of the facl that U¥R can penetrate the eyelio. In
some instances, solaris had small units meant purely for facial tanning where
users underwent exposures at wvery close range. Protective evewedar was not
used with these units as this would have interfered with the evenness of the
tan.

section 3.3 requires the sunbed tg be disinfected after each user. This
requirement was not strictly adhered to although most establiskments kept
their sunbeds in a clean condition.

section 3.4 deals with solarium supervisicn and warning notices as well
as a form of advice to clients which Tists some ot the dangers associaten with
UVR  exposures. Only three of the solaria visited had warning notices
displayed in a prominent position. Solarium supervisors shoulo be familiar
with the requirements of the standard and have some knowledge of UVE and its
effects, Most of the solarium operators were not aware of the existence of
the standard and knew very 1ittle about the effects of UYK or any of the
assoCtated hazards,

5.  COHCLUSIONS

The results of the spectral irradiance measurements made in solaria on
sunbeds and tanning booths and in the laboratory on U¥k lamps show that most
of the U¥-A fluorescent lemps meet the reguirements of AS 2635, These UY-A
lamps should cause the least biological oamage (Lo skin anoc eyes) of all ULVEK
lamps measured. The U¥-b Tamps and portable sunlamps are much more hazardous
since they emit targe amounts of UV-t ragiation. Also, as maximum allowable
exposure times are considerably shorter for the Uv-g lamp, Llhe possibility of
users achieving doses in excess of 1 MED anc thus sustgining erythema or eye

damage is5 increased,
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The wearing of protective eyewear is advisable regardless of the type of
UYR source but essential with sources emitting significant UY¥-B radiation.
This point requires much more emphasis, both in solaria, by way of warning
signs and advice to users from operators and in the written instructions
provided with sunlamps.

Education of the public, and in particular the gperators and supervisors
of solaria on the hazards of UYR exposures is needed. Closer supervision of
both users and scheduling of their exposures is necessary.

It should be emphasized that excessive exposure to UVK causes short and
long term damage to the skin and eyes. Although sclar radiation is the
principal source of UYR, the use of sunbeds and suniamps will add to the
cumulative effect and hence their prolonged use should be discouraged by
reqular public education campaigns.
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BPPENDIX A
Sections 2 and 3 of AS 2635

"The Installation, Maintenance and Operaticon of
Solaria for Cosmetic Purposes”

Reproduced by permission of the Standards Bsspciation of Australia



A% 1oJ5—1983

SECTION 2

2.1 LLTRAVIOLET IRRADIANCE.

2.1.1 Effective lrradiance. For the purpose of
this standard, the effective ultraviglet ircadiance of a
solarium 15 the maximum value of irradiance within
the 1atal region Iikety 10 be occupied by a user of the
salarium,

When measured i accordance with Appendix B,
the effective ultraviolet ircadiance of a selarium shall
notl exceed 200 Wim?,

2.1.2 Lamp Emission Characteristics, For cach
pitraviolet lamp used in & selanium, theircadiance for
gach of the following wavelepgth ranges, expressed
as a pereentage of Lhe overali ultravioler irradiance of
the lamp, shall not exceed the following cotresponding
value:

{2}y For the wavelength range 100 nm te 280 nm

............................ {.0] percent.

{b] For the wavelength range 280 om to 300 am
............................. 0.1 percent.

{c} For the wavelength range D0 om to 305 am
............................... I pereent.

2.2 SAFETY SWITCHES,

2.2.1 Manual Safety Switck. A manual safety
switch shall be lecated wathin easy reach from the
region of a selarium normally eccupizd hy a user of
the sowanium, and shall be operable to disconnect
power to all sources of ultravielel radiatien in the
solarium, in a commercial establishment, provision
shal! be made to prevent re-activation of the switch
by anv person other than a solatium supervisor (se¢
Clagse 3.4.40.

2.2.7  Aptomatic Safery Switch.  An automatic
safety switch shall be operable 1 disconnect power to
all sources of ultravielet radiation in a solarium at
the expiry of a period egual to the maximum mnal
ar repeated exposure time speciled in Clavse 3.1 {as
appropriate). or 30 min, whicheveris the sharter, The
accuracy of the timing function on the automatic
safety switch shatl be within *]10 percent for ali
settings. In o commercial establishment, prowvision
shall he made to prevent operation of the automalic
safety swilch by any person other than a solarium
supervisor (see Clause 31.4.1).

INSTALLATION AND MAINTENANCE

1.3 PROTECTIVE SCREENING,

211 Mechanical 5Screening.  All famps used in
a solarium shati be mechanmically sereened fram the
possibility of user contact, and such sereeming shall
be of sufflicient mechanical strength o withstand
accidental impact.

2.3.2 LUlraviolet Screening.  Sufficientuliravioler
screcning shall be provided to ensure that ail uleea-
vigiel radiation emitted by a solanwm is contained
within the region narmally occupied by a uscr of the
solarivm, therchy minimizing the possibility of
unintentwonal exposure of any person other than the
salarium wser.

24 HANDRAILS., For a solarium where 4 user
may underge ultraviolet expesure in a standing
position, at least one handrail shall be installed for the
purposc of providing user support.

15 GENERAL REQUIREMENTS. Subject to
the appropeiate requirements of this siandarcd, all
artificial tanning eguipment 1p a solarium shall
otherwise comply with the raquirements of AR XXXX.
All electrical equipment shall camply with the require-
ments of AR YYYY.

L6 MEASUREMENTS. Compliance wih Clavse
2.1.1 and Clause 3.1, as determined 10 ascordance
with Appendix B, shall be verslied at intervals not
exceeding 6 months, or immeditely subsequent to
any one of the {ollewing occurrences, whichever
transpires first:

(ay Any item of artificial tanning eguipment is
commissioned or replaced.

(h] Cne or more satapum lamps are added or
replaced.,

fvy There is any change to an item of solanum
equinment which might possibly affect com-
pliance with Clause 2. F.| or Clavss 3.1, =g &
change relating 10 ultraviolel lamp conligura-
tian or location, any change affecting a filter
or a reflector, a change relating o o selarium
power supply, el

COFYAIGHT



SECTION 3.

31 MAXIMUM EXPOSURE TIMES.

3.1.1 Maximum Initini Exposure. When deter-
mined in accordance with Paragraph B3 of Appendix
B, the time for an initial solarium exposure shall not
exceed the time reguired Lo administér a dose of 50 000
Jim? of ultravialet radiation, (See Clause 1.4.2)

3.1.2 Mazximum Repeated Exposure. When
determined in accordance with Paragraph BS of
Appendix B, the time for cach repeated solarium
exposure shall nal excced the time required (o
administer a dose of 200 000 Ifm? of ultraviolet
radiation, and such repeated cxposure shall be
adiministered no sooner than 48 h after the previous
exposure [including the initial exposure}. (See Clause
144}

3.2 EYE PROTECTION. In a commarcial estab-
lishment, the solarium operator (see Clause 1.4.6) shall
ensure thal prolective poggles are worn by every user
of a solarium during any peried for which the solarium
is operalive {see Mote). The protective goggles shall
comply with the following requirements:

{a) The speciral transmittance of the goggles shall
not exceed ---

(i1 for the wavelength range 180 nm Lo 315 nim
.......................... 0.1 percent;

(it} for the wavelength range 313 nm to 360 nm
............................ | percent.

(b] For wavelengths longer than 400 nm, Lhe
spectral transmittance of the goggles shall be
sufficient to enable a solarium user weanng the
popgles Lo visually focale the manuzl safety
switch specified in Clause 2.2.1.

fc) The gopples shall be eyccup goggles which form
a light-tight sca) against the skin surrounding
the ¢yes such thatthe transmission of light to the
eves (rom all directions is Nitered by the goggles.

{dy The pogeles shall include 2 headband which
enables their secure attachment over the eyes.
NOTE: T is sirongly recommended thal profestive gopgles be

worn by & salarum :up-:n'isur {see Clause 3.4.1), or any othar
peoson, when in the viciny of an operative salanum.

3.3 HYGIENE. In z comméercial establishment,
any part or surface of a salanum which may be subject
to body contael with a user of the solanum shall be
cither  thoroughly disinfecled or, if disposable,
completely replaced alter the selarium has been used
bv any person. For Lhe purposes of this clause, suitable
disinfecting substances include the {ollowing:

fa} Ethanal {ethyl alcobol) BP, in a dilution con-
tarning 70 percent (V] F).

(b} Fropan-2-ol (isopropyl alcohel) BPC, in a
dilution containing 30 percent (¥} ).

AS 26351913

OPERATION

(c) Any quarternary ammonium compound which,
in a solution containing | part tn 300 of watcr
{m; ), has a sterilizing elfect at least equal to the
substance speaified in (a) above.

{d) Anynon-irritant disinfectingsotution which can
be shown to have a disinfecting action at least
equal to any of Lhe substances specified in (a), (b)
or [¢) above,

3.4 SUPERYISI0N AND INFORMATION

34,1 Solarium Supervision. In a commercial
establishment, all solarium use by any clicnl of the
establishment shall be subject to supervision at all
times. A solarium supervisar, whether the solarium
aperator (ser Clause 14.6) or an appointee of the
solarium operator, shall be a person who s thoroughly
familiar with the requirements of this standard and
properly instructed as to their practical implement-
ation.

3.4.2 Warning Nolices. In a commercial
tstablishment, one ar more nhotices presenting the
following informatien shall be placed so as to be
withia the immediate view of every client entering the
establishment or awaiting solarium exposure:

fa} A requestthatevery chentreadsand ;igns aform
of advice to clients befare commencing a course
of salanum exposure. (See Clause 3.4.3.)

fb) Advice that clients should not undergo solarnum
exposure within 48 k ol any previous solanwm
exposurc and shotld avoid intentional exposure
to sunlight within 48 b both belore and alterany
solarium exposure,

ic) Advice that protective goggles must be worn by
every client while undergoing solarium exposore,

{d} A request that clicnts do not smoke, ¢zl or drink
while undergaing salanum exposure,

143 Farm of Advice to Clienis, Pror 1o the
commencement by a client ol 2 commercial ¢stablish-
mcol of a course of ane or mars solarium exposure
sessions, the solarium operator (see Clause 1.4.6) shall
ensure that a form of advice to chicnis, as sel out in
Appendix A, is handed to the client.

The solarium operator shatt further ensure the
following:

{a] That the client signs and dates the farm.

b} That the clienl returns the signed and daied
form, and thal—

(1] the original signed and dated form is filed in
the records of the establishment for a penod
af not less than 2 years; and

fii} a copy of the signed and dated form is
handed to the client,

COPYRIGHT



APPERDIX B

Irradiance and kormalized Spectral Irradiance Measurements,

Tahles Bl to BE:; Sunbeds.

Tables b7 to BS: UV-A Lamps.

Table B9: Sunlamps.

Table B1CG: Tanning booth.

Table E1l: thoontime %o0lar Fluxes.



TABLE Bl: Spectral irradiance as a percentage of the UV
irradiance for sunbeds with Relarium KAL-100w Jamps.

WEYELENGTH iy B C

(nm)

307 00 00 01
304 L0 L0l .01
306 L0l .01 01
308 01 08 02
310 A3 .13 03
3z A2 09 .14
314 09 .14 12
31k 13 21 .14
318 20 .29 .21
320 28 37 .29
322 .38 A8 .35
324 47 60 .48
326 .60 .78 Bl
328 .76 .95 .70
330 i 1.31 .93
332 1.18 1.43 1.13
334 1.38 1.55 1.32
336 1.51 1.67 1.45
338 l1.62 1.76 1.56
340 i.66 1.76 1.59
342 1.69 1.77 1.62
344 1.69 1.78 1.65
348 1.74 1.79 1.73
348 1.77 1.80 1.70
350 1.81 1.82 1.30
352 1.81 1.80 1.80
354 1.81 1.89 1.82
356 1.a0 1.74 1.83
358 1.7% 1.78 1.81
36 1.69 1.76 1.79
Ky i.68 Z2.09 1.78
36d 1.53 Z2.08 1.76
366 2.36 1.51 7.36
368 1.71 1.48 1.73
370 1.48 1.37 1.54
37e 1.4°2 1.27 1.43
374 1.33 1.21 1.35
376 1.25 1.1¢ 1.26
378 1.14 1.03 1.14
380 1.09 .96 1.058
382 L8 85 .96
384 .90 37 .91
386 .84 .64 .85
388 74 57 73
3490 62 L5 .61
397 .54 .35 .54
394 A4 .24 A3
395 .36 24 .37
98 W33 .21 .28
400 .32 .24 .27

UV Irradiance {(w/m¢) 8.0 14.6 22.0



TABLE B2: Spectral irradiance as a percentage of the LY
irradiance for sunbeds with Relarium RAL-100W 1amps.

WAVELENGTH y L F
{nm)
307 .0 L0 01
304 01 .00 .01
306 L2 0l 01
308 .02 .01 .02
310 04 NP L3
e .09 g .05
314 2l .09 .18
316 .13 .12 .17
3ls .21 .18 17
320 .30 .26 .26
322 A2 .36 .35
324 .53 A6 A6
376 bh 58 .58
328 B0 .73 .68
330 80 .93 . 80
332 1.05% 1.18 . 94
334 1.11 1.41 1.0G6
330 1.¢78 1.51 1.27
338 1.41 1.62 1.32
340 1.53 1.67 1.45
342 1.53 1.68 1.52
344 1.63 1.7¢ 1.58
34% 1.7¢ 1.73 1.64
348 1.69 1.71 1.73
350 1.80 1.83 1.73
KLY 1.84 1.84 1.80
354 1.84 1.78 1.85
366 1.599 1.77 1.81
358 1.77 1.73 1.77
360 1.77 1.77 1.78
36e 1.561 1.74 1.64
RYT: 2.03 1.83 1.81
266 1.494 234 2.45
3&8 1.04 1.61 1.88
370 1.53 1.46 1.53
37 1.42 1.40 1.50
374 1.38 1.35 1.29
376 1.24 1.74 1.34
378 1.16 1.13 1.22
380 1.06 1.06 1.11
38e L95 .97 LUg
284 L9 91 L93
386 .86 .86 .56
388 77 .80 .84
390 .78 .69 .77
3Gy .68 .56 A5
394 .64 A6 .69
RY=I LGB .36 .GB¢
295 .55 Ry Y
400 47 .29 .52

BV Irrvadiance (WimZ) 16.0 10.0 7.3



TABLE B3: Spectral irradiance as a percentage of the UY
irradiance for sunbeds with Philips TL65-80w/09

lamps.

WAVELENGTH A i
{nm}
306 .01 .01
308 .01 .M
310 01 L2
31z .02 A7
314 .16 .19
316 7 07
318 A1 .13
320 A7 .19
322 .24 .28
324 .35 .37
326 .44 .46
378 .53 60
330 .68 .76
332 B0 .91
334 .98 1.13
336 1.18 1.31
338 1.37 1.52
340 1.58 1.77
342 1.83 1.93
344 1.98 2.10
346 z.06 2.21
348 Z2.24 2.34
350 2.36 2.45
352 2.47 2.56
354 2.53 Z2.58
356 2.55 2.43
358 Z.43 2.26
360 2.1 2.20
367 Z2.13 1.94
364 2.05 £.24
366 2.27 1.96
368 1.76 1.56
370 1.54 1.49
372 1.41 1.32
374 1.30 1.16
76 1.11 1.00
378 .93 .BO
380 .78 LB5
382 .08 .53
324 52 .45
386 .44 A0
358 .33 .34
390 L35 L33
397 .31 .25
394 .25 .23
396 20 .19
3498 .15 .15
400 .13 A2

Oy Ipradiance {wimZ) 16.2 7.9



TABLE E4: Spectral irradiance as a percentage of the LY
irradiance for sunbeds with Philips TL85-100w/ 0%

lamps.
WAVELENGTH A My

{nm)

a0z L0 Lol
304 00 L0
306 .00 U0
308 00 .01
310 L0 2
312 01 .15
314 .00 .05
316 .01 .09
318 .01 .14
320 .02 .19
327 .04 25
374 .05 L33
376 08 .44
376 .15 .55
330 23 .79
332 .36 1.01
334 57 1.31
336 i 1.h¢
338 .97 1.68
340 1.17 1.79
342 1.37 1.94
344 1.58 2. 10
248 1.58 Z2.25
348 £.17 Z2.36
350 .46 £.47
isy .05 .53
354 2.74 Z.43
356 2.73 £ .34
358 z.71 2.76
260 ¢.60 Z2.16
g2 £.63 2.0d
364 £.48 1.91
366 3.30 .46
368 2.10 1.60
370 1.88 1.40
372 i.64 1.21
374 1.39 1.03
376 1.17 87
378 1.03 .74
IB0 B8 .65
38z .80 .57
384 A0 O
386 .5 .43
3B8 A8 . 30
390 A0 .29
397 .31 .23
294 .23 .17
396 .18 .14
398 18 17
400 .15 W17

U¥ Irradiance {(w/m¢) 5.7 9.7



TABLE B5: Spectral irradiance as a percentage of the UV
irradiance for sunbeds with the designated lamps.

WAYELENGTH SOLARLUM SONTEGRRA SOLARLUX
{nm} A1-11 SL1a Al
294 .00 .0l . 00
2496 00 02 .00
298 .00 .01 .00
300 L0 07 L0
a0z 0 03 00
304 00 .03 0
308 i 03 .
308 01 .04 01
310 ,01 .04 .0z
312 L7 .31 17
314 .13 U5 L7
316 .06 .05 11
318 .09 .05 .16
320 .15 L0k .22
322 LeZ .UB .28
324 .32 .05 .38
326 .41 .05 Y
328 .52 .05 .69
330 .65 05 .84
332 .78 .05 1.1¢
334 1.01 06 1.42
336 1.21 .05 1.61
338 1.43 .05 1.79
340 1.68 R 1.9]1
342 1.92 .05 2.03
344 z.09 .05 .18
346 .0 L7 2.9
348 2.35 .11 2.43
350 z.46 .19 2.45
352 2.53 .36 2.45
354 Z.56 71 Z.38
356 2.50 1.30 £.2h
358 2.41 1.86 2.23
360 .18 2.587 2.11
362 2.11 3.38 1.98
3nd 2. 10 3.91 2 .60
366 2.21 5.08 1.84
368 1.69 4.71 1.47
370 1.49 4.54 1.32
372 1.43 4.10 1.11
374 1.¢24 3.3¢ .95
376 1.09 2.77 .81
378 .01 2.29 .70
380 .71 1.86 b
382 LT 1.53 Y
384 A7 1.25 A6
3186 A1 L33 . 30
388 W36 67 W31
394 3 Ab 28
g7 .24 W37 .18
394 .25 .20 .13
396 | .13 10
iag A6 LU UG
400 13 .09 L0g

UY Irradiance [wimé) 16.0 8.2 6.6



TAELE B86: Spectral irradiance as a percentage of the Uy
jrradiance for sunbeds with Dr. Kern Sonnenspezialist
and Bellarium SA1-11-100W lamps.

WAYELENGTH DR. KERN BELLARIUM
{nm} SONKENSPZ. SA1-10-100W
302 .00 NH
304 .00 LUl
306 .00 01
308 .01 03
310 02 04
312 .24 .21
314 .06 .13
316 .05 .20
318 .15 .29
320 .20 .37
kY .25 .46
324 .35 .06
326 47 .71
328 .60 .89
330 .78 1.07
332 .99 1.28
334 1.27 1.45
336 1.52 1.57
328 1.77 1.64
340 1.87 1.67
342 1.97 1.73
344 2.07 1.77
346 2.18 1.84
348 2.29 1.88
350 2.39 1.53
352 2.41 1.95
354 2.44 1.89
356 2.34 1.83
358 2.18 1.77
360 2.23 1.76
362 2.05 1.70
364 1.83 1.65
366 Z.41 2.08
368 1.61 1.48
370 1.46 1.38
vz 1.23 1.28
374 1.03 1.14
376 88 1.63
378 .75 .95
380 .66 88
382 .59 .82
384 .49 78
386 42 .71
388 32 .62
380 27 .55
392 20 A7
394 .15 .39
396 .10 .33
398 08 . 30
400 07 .30

UY Trradiance {w/mé} 9.6 7.5



TABLE B7: Spectral irradiance as a percentage of the UV
irradiance for single lamps.

WAVELENGTH BELLARIUM BELLARIUM S SOLARIUM
{nm) S41-10-160W SA1-12-100MW #1-11-100w
307 .01 .02 .00
304 .01 .02 .00
306 .02 .04 .01
308 .04 .05 0]
310 .06 .08 R,
312 .15 A1 L03
314 .28 .53 .22
316 .19 23 .07
318 .28 .33 11
320 .39 45 .17
322 .52 .59 .25
324 67 .73 .36
126 .80 .88 .48
328 .94 1.00 .59
330 1.07 1.13 71
332 1.19 1.24 .85
339 1.37 1.39 1.04
136 1.46 1.49 1.24
138 1.57 1.59 1.45
340 1.66 1.66 1.61
347 1.72 1.67 1.80
344 1.77 1.76 1.98
306 1.82 1.76 2.11
348 1.79 1.79 2.22
350 1.81 1.78 ?.37
352 1.81 1.82 Z.39
354 1.85 1.78 2.41
156 1.80 1.75 2.3%
358 1.76 1.72 ?2.29
360 1.66 1.64 2.15
367 1.60 1.56 2,07
164 2.41 1.54 1.91
366 1.78 1.90 ?.27
368 1.44 1.37 1.64
370 1.38 1,30 1.49
372 1.32 1.29 1.35
374 1.23 1.22 1.74
376 1.12 1.11 1.09
378 1.02 .99 .93
380 .89 .90 77
382 .81 82 .67
384 74 .74 .56
386 .66 .66 .48
388 .61 .62 .43
390 .57 57 .38
397 .53 .54 .34
394 A8 .49 .29
396 43 44 .25
198 .38 .47 27
400 .33 .37 .18

UY Irradiance {W/mZ} 1.4% 1.6% 1.8%

* Laboratory measurements at & distance of 0.6 metres.



TABLE B&: Spectral irradiance as a percentage of the UV
irradiance for single lamps.

WAVELENGTH DR. KERN RELARIUM SONNE
(nm) SONRENSPZ ., HAL1-100w DA-1
302 .01 .00 .01
304 (0 .01 .00
306 01 .1 .0
308 01 .02 .01
310 .02 .03 L2
ez 08 7 . 08
314 .18 .15 .19
216 .08 .10 .09
3i8 .13 16 .13
320 .19 25 .20
322 .29 37 .30
324 A0 49 L]
¥a Y .0l .53
328 .65 76 < BB
330 .79 .B5 .80
332 .93 1.02 .94
334 1.15 1.21 1.16
336 1.33 1.30 1.34
338 1.55 1.41 1.48
340 1.70 1.53 1.68
342 1.87 1.58 1.87
344 2.03 1.69 2.0z
346 Z.16 1.75 2.16
348 2.25 1.77 2.27
350 7.34 1.78 2.34
352 2.37 1.84 2.38
354 .45 1.86 .47
356 Z2.36 1.87 2.41
358 2.28 1.80 2.31
360 2.12 1.74 2.11
362 1.98 1.72 2.01
364 £.46 2.16 g.4]1
366 1.98 1.86 1.94
368 1.53 1.52 1.54
370 1.40 1.47 1.40
372 1.34 1.42 1.29
374 1.20 1.37 1.20
376 1.03 1.27 1.63
378 .87 1.17 BB
380 . 1.05 Ae
JBZ .61 .98 .61
3B4 .5l .91 .50
186 A3 . B2 A3
388 .38 A7 .37
3490 .34 .74 L33
392 .30 .71 .29
394 .20 .66 .24
3096 .21 .61 .21
398 17 .54 A7
400 14 L6 .13

UV Irradiance {w/m2) 1.4 1.4% 1.65%

* Laboratory measurements at a distance of U.6 metres.



TABLE B9: Sunlamp spectral irradiance as a percentage
of the U¥ irradiance.

PHILIPS BREVILLE
WAYELENGTH n7265F 28 WOTAN RE1
{ rim ) 300w ULTRA-VITALUX
2Hd 00 .01
266 .01 .00
268 .00 .00
270 .00 I
272 .00 .60
274 .00 G0
276 .01 .02
278 01 01
280 .04 .12
282 L0d .03
284 .0 02
286 .02 .03
288 .03 .13
290 .19 .21
202 .04 .08
294 .10 10
296 .05 LGB0
298 1.01 .70
300 .10 .20
302 1.87 3.00
204 .40 .19
306 .11 W15
308 L1 16
310 12 .19
312 .36 Z.41
3ia 7.37 7.80
316 .98 A0
318 .21 .26
320 .19 .23
322 .19 .23
324 .18 23
326 .18 .23
328 .19 23
330 .20 .24
332 .21 .25
334 87 1.31
236 1.47 70
338 20 .2
340 .23 .23
342 .18 .20
344 .18 .14
346 .16 .18
348 .16 .17
350 .15 .16
352 .14 .15
354 .14 d7
356 .19 .17
358 .15 .14
360 .15 .15
362 .18 .23
364 4.43 14.00

366 21.90 1¢.50



368 2.37 .67

370 .41 .37
172 28 22
374 .16 .13
376 .13 12
378 11 11
380 .17 .11
382 .12 .10
384 .08 .07
186 11 .09
388 .09 .08
350 .16 .20
392 .36 .25
294 13 .07
396 .08 07
398 .08 .08
A00 .09 .07

Uy Irradiance (W/mZ) 1.7* 1.6%

x Laboratory measurements at 3 distance of 1.6 meires.



TABLE B10: Spectral irradiance as a percentage of the UY
irradiance for single lamps measured in a tanning

tooth,

WAVELENGTH OLIPHANT TOSHIBA SYLVAKIA
(nm) FL-20SE FL 20-SE/E FLAOSEL
22 01 01 .00
274 .07 i) .00
276 .04 .03 .00
278 .09 .07 .00
280 .17 .13 .00
28¢ .2h .21 L1
7284 .37 .31 01
2BE 57 .44 L0l
288 57 .59 02
290 B8 78 L2
292 1.03 .05 .03
294 1.27 1.18 L3
296 1.53 1.43 4
2098 1.78 1.70 s
300 1.97 1.89 LUs
02 2.25 2.13 07
304 z.19 2.17 LB
306 Z2.29 2.29 07
308 2.29 2.32 .07
310 2.28 Z.28 .08
317 Z2.30 2.31 10
314 3.25 3.10¢ 43
3l& 2.10 2.13 .15
318 1.94 1.94 20
320 1.77 1.78 .27
322 1.62 1.63 .36
324 1.46 1.50 A6
376 1.36 1.41 58
228 1.249 1.3% Ll
330 1.19 1.24 .84
332 1.08 1.12 .99
334 1.02 1.04 1.20
336 87 .91 1.34
238 W75 .79 1.60
340 .65 .67 1.76
347 LY LB 1.96
344 .50 .53 2.05
346 A5 .49 2.15
344 A2 L5 2.30
350 .39 LAE 2.36
352 L34 .38 Z2.43
354 .30 L34 2.42
356 .29 .30 Z.28
358 22 2B 2.25
360 .18 W7 2.07
Ry .15 .18 1.480
364 .H8 .42 2.00
3656 .30 L34 1.76
368 .11 .13 1.46



370 10 .1z 1.33
372 .09 1 1.21

374 .08 10 1.08

376 07 .09 .94

378 .06 A7 L77

380 .05 .06 .64

382 .05 05 .54

384 .04 .05 45

386 .04 04 .39

388 .03 .04 .35

390 .03 .04 .30

397 .03 .04 .27

394 .03 .03 .23

396 .03 ,03 .20

308 .02 .03 15

400 .02 .02 .10

UV Irradisnce (w/mé)  2.6% 2.7% 2.8%

* Maasured at a distance of (.3 metres.



TABLE B11: Solar flux measured at noon in Melbourne.,

wavelength versus spectral irradiance as
a percentage of the UV irradiance.

WAVELENGTH SOLAR FLUX SOLAR FLUX
{nm) SUMMER WINTER
300 .1 .0
302 .1 0
304 - .1 U
306 .2
308 .2
310 .3
312 A
314 4
316 5
318 N
320 5
3ze 7
324 9
g
0
9
9

.0

- =

326 .
328 i.
330 .
332 .
334
336
338
340
342
3da
346
348
350
352
354
356
358
360
362
364
366
368
370
372
374
376
378
380
382
384
386
388
390
392
394
396
198
400

-

1
1
Va
.2
.3
3
!
.4
N
7
.7
8
-8
.8
7
.8
.3

—

-

[ A

LI

1.
l.
1.
1.
1

-

P NP O e W BT e e R =

£

—
L]

.8
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1
1
2
H
1
1
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5
9
¢
5
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7
9
9
6
5
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0

UV Irradiance {(Wfm?) 70.7 26,4





