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Summary

Spectral irradiances of 100 commercially available sunbeds in current use have been measured.

Ultraviolet (UV) A and UVB doses from sunbed use have been calculated and compared with doses
likely to be received from solar radiation. The majority of sunbeds use UVA fluorescent tubes for
irradiating the body and filtered metal halide lamps, which have a higher proportion of UVA1. for the
face. The average minimum erythemal dose per session is (-80, but irradiances for particular models
varied by a factor of two to three primarily because of decline in lamp output with age. The UVA dose
from a session on a sunbed is similar to that which might be received from 20 to 30 min sunbathing
at a Mediterranean resort or 1 h on a sunny day in Glasgow. while UVB doses are 20-25% of this
level. Responses from 200 current users of the sunbeds indicate that 38% had skin types 1 and 2,
that 17% had more than 100 annual sunbed sessions and that 35% rarely or never used the goggles

provided.

Concern has been expressed about the possible long-
term risk of exposure to ultraviolet (UV) radiation from
the use of sunbeds for cosmetic tanning. Four groups,
including our own, have found that sunbed use is a risk
factor for subsequent melanoma development in case—
control studies of melanoma.’ ® However, all of these
studies depended on patient recall of sunbed use. in
some cases many vears previously, and in none of the
studies was the output of the sunbeds quantifiable.

Quantitative data have not previously been available
on UV exposure from current sunbed models in sport
and tanning centres and how the relative UVA and UVB
dosages compare with exposure to natural UV radiation.
Previous reported studies have used radiometers with
broadband detectors, which do not give an accurate
measure of irradiances in different parts of the UV
spectrum, and have not related these measurements
to the actual use of the measured beds.”

A survey of sunbeds in commercial use in 1997 has
therefore been conducted in Scotland. UV emissions
have been measured using a spectroradiometer, and
questionnaires have been distributed at centres where
the measurements were made in order to provide
information on the current patterns of use of the beds
for which outputs were measured. Data from the two

Correspondence: Professor B M MacKie, Department ol Dermatology.
Robertson Building, University of Glasgow, Glasgow G1.2 800, LK.

components of the survey have been combined in order
to estimate typical UV exposures for sunbed users.

Materials and methods

UV spectra have been recorded from 100 sunbeds in
central Scotland. The beds were located in local council
sports centres. swimming pools and private salons.
Measurements were made on site in each centre using
a Glen Spectra SpectRad 1680 Spectroradiometer
system, which incorporated a double monochromator
and photomultiplier, attached to a DemTruck trolley to
allow easy movement. A spectrum was collected at the
central position in each sunbed using an integrating
sphere with the aperture positioned at 200 mm below
the upper surface of the bed. An additional measure-
ment was made at the position of the face, directly under
the special facial unit, where one was present. or
otherwise at 750 mm from the centre. Further measure-
ments were made at 250 mm and 500mm from the
centre towards the top end of each sunbed. where time
permitted. Measurements were recorded at 1 nm inter-
vals over the range 280-700nm in the centre of the
sunbed, between 280 nm and 550 nm at the position of
the face and over the range 280-400nm at other
positions. There was no UVC (100-280nm) present.
The sunbeds were switched on for 3 min in order to
warm up and stabilize at their maximum output belore
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any measurements were made, as the time required [or
different sunbeds to reach peak output may vary.® The
spectral transmission of eye protection recommended by
sunbed manufacturers was measured using the spectro-
radiometer with a Waldman PUVA 180 hand therapy
unit as the source. This had a similar output spectrum
to the fluorescent tubes used in sunbeds.

The spectroradiometer was calibrated by Glen Spectra
before delivery and on site after 6 months, mid-way
through the project, using a 45 W deuterium arc lamp
(200-300nm) and a 1000 W tungsten halogen lamp
(300-850nm), which had an American National Stan-
dard Institute calibration, Every 3 months, the spectro-
radiometer was checked against a 100W quartz
halogen lamp (QH3) running at 8 A, calibrated against
a National Physical Laboratory standard over the wave-
length range 280-610 nm, and every month the cali-
bration was checked against a second guartz halogen
lamp (QH4) run under the same conditions as QH3.
Finally, the spectroradiometer was monitored before and
alter each movement to a different location using a
check source incorporating a 20 W guartz halogen bulb
in order to ensure that the calibration did not vary by
more than * 10%. The spectra obtained were inte-
grated to derive irradiance values within different
parts of the UV spectrum. Terms used in the results
refer to the following ranges: UV (280-400nm); UVB
(280-315nm); UVA (315-400nm); UVA1l (340-
400 nm): UVA2 (315-340nm); and blue light (400-
550 nm}. Spectral measurements were also made with
subjects wearing only shorts lying in two of the sunbeds,
in order to determine the effect of absorption and
reduction of reflections caused by the presence ol a
body. The integrating sphere was supported between
the subject’s legs at the centre of the bed with the
aperture located at the height of the skin surface.
These results were compared with values obtained
with the integrating sphere in the normal position
used for the measurements in the same beds without
a body present, in order to obtain a correction factor
from which the dose to the skin of a user could be
calculated.

The rates at which minimum erythemal doses ( MEDs)
would be accumulated at the central position on each
sunbed were calculated by weighting the spectral data
with the McKinlay-Diffey action spectrum for the
erythemal response adopted by the Commission Inter-
nationale de 'Eclairage.” A MED of unity is the dose
required to produce a slight reddening of the skin 16—
24 h after the exposure for skin type 2, equivalent to
200)/m’. The correction factor allowing for the
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presence of a body was applied to the data, and the
irradiances were multiplied by the lengths of the ses-
sions for the corresponding sunbeds in order to obtain
the MED per session for each.

Questionnaires were distributed by the centres to
individuals using the sunbeds, secking information on
the number of sunbed sessions that individuals had per
year, their attitudes to sunbeds, their reasons for using
them, whether they had experienced any adverse reac-
tions and whether they routinely used goggles to protect
their eves. Information was also sought on their age,
their skin colouring, the reaction of their skin to natural
sunlight and their holiday habits,

In order to compare UV exposure from sunbeds with
that from natural sources, potential UV exposure levels
in each part of the UV spectrum were determined.
Measurements of UV irradiances were combined with
data on the lengths of sessions on corresponding beds to
derive UV exposure [rom single sessions for each bed.
The correction factor was applied to allow for the
presence of a body in the bed, and the results were
used to estimate UV exposure levels to the body and face
for different patterns of sunbed use.

The National Radiological Protection Board (NRPB)
provided UV spectral data recorded in Glasgow during
the summer of 1997. Values for mean UV irradiances on
sunny days during time periods 12-00-14-00, 10-00-
16-00 and 09-00-17-00 British Summer Time (BST)
were derived by averaging spectra recorded at 30-min
intervals under cloudless conditions on 10 days distrib-
uted throughout the period May (o August. The mean
for the period 12-00-14-00 was 98% of the maximum
and that for 10-00-16-00 was 85% lor UVB, 88% for
UVA2 and 90% for UVAL. An additional factor of 75%
was used to take account ol the presence ol some cloud
in order to calculate exposure on a sunny day during
the period 10-00-16-00. Examination of the data
indicated that the inclusion of this factor would give
exposure levels equivalent to the mean for the 35
‘sunniest’ days during the 4 summer months. Ten
such days occurred during weekends. and the doses
that might have been received from ten 2-h or 6-h
sunbathing sessions in Glasgow were calculated as
comparators. All exposures apply to the geometry
used for the detector system, i.e. a horizontal surface.

Average facial exposures for individuals working
outdoors were also derived for comparison. Mean
irradiances on cloudless days over the period 09-00-
17-00 BST were 74%, 80% and 83% of the peak values
for the UVB, UVA2 and UVAL parts of the spectrum,
respectively. Days over the period May—August were
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Table 1. Data on types of sunbed tested during the survey

No. of MNo. of Power of
Make code Type of sunbed Tube type” sunbeds burners” burners” Shorthand
1 ALISUN ( 28F 1 4 1 Ali
2 JK Ergoline 26 1 7 1 400w JKE26
3 JK Ergoline 38 1 12 3 400W IKE38
+ Jomi Seabreaze 1 11 2 400w 1Sh
5 Miami Sun-Power House (supplier) 1 f 1 S00W PH
6 Spectrum Professional 1 2 3 - 5P
7 Ultrabronz 300 Series 1 3 1 1000w UB300
8 Ultrabronz 400 Series 1 ] E] 1000 W TB400
9 Ultrasun Professional {2800/ 3000) 1(2) 2 1,203 00w up
10 Ultrasun Professional High Intensity (350074 300) 1(2) T jor4 S00W UPHI
11 Ultrasun Professional Magnum Power (1) ] 5 1000W uPMP
12 Ultrabronz 800 Series Burners {mlyh 5 10 1000w UBROO
13 Ultrasun Professional High Pressure Burners unlyh 3 10 1000'W UPHP
13 Ultrasun Professional Turbo Power Burners only” 1 10 1000'W UPTP

“Type 1, normal; type 2, higher power (see text).
® Filtered metal halide lamps,

divided into five categories based on average UV irra-
diances and, from this, an average level of UV exposure
over the summer period was calculated to be 47% of
that on a sunny cloudless day. A factor of 0-5 was
therefore applied to give an average irradiance for a
typical day These data were used to calculate the
exposure of an individual working outside for five 8-h
days per week for a 4-month period, with a further
factor of (-5 applied to take account of the proportion
of time that solar radiation was on one side of the face.

An assessment of the UV exposure that might be
received during a 1-week holiday in the Mediterranean
was made from UV spectral data recorded at 13-30 GMT
(solar noon) and 15-00 during 1 sunny day, 4 July
1997, at Thessaloniki, Greece. The peak irradiances at
solar noon were calculated. and exposures to this
irradiance were derived for a 2-h period centred
around the solar noon, again assuming that the mean
irradiance for this period was 98% of the maximum. In
order to evaluate the exposure that a person might
receive [rom sunbathing for a 6-h period centred around
solar noon in early July, the variation in UVB. UVA2 and
UVAL solar irradiances were assumed to [ollow relation-
ships similar in form to those observed in the UK.
Irradiances derived [rom the two sets of spectral data
recorded in Thessaloniki were fitted to this relationship
in order to determine the time dependence of the
variation during the 6-h period. The average irra-
diances were 87% of the maximum for UVB, 90% for
UVA2 and 93% for UVA1. An additional 75% factor was

applied to take account of cloud cover. These irradiances
were used to estimate the UV exposure that might be
received by an individual on a 1-week holiday in which
sunbathing was a significant component.

Results

The 100 sunbeds studied comprised 13 models from
seven manufacturers (Table 1). Altogether, 85 of the
sunbeds used fluorescent tubes to irradiate the body
with additional panels that contained filtered high-
pressure metal halide lamps (sometimes referred to as
burners) in the top section to which the face would be
exposed. Four beds used only fluorescent tubes and 11
only filtered metal halide lamps.

Sunbeds using fluorescent tubes

A typical measurement from the centre of a sunbed
incorporating fluorescent tubes has a broad spectrum
mainly in the UVA with characteristic peaks at 313 nm
and 365 nm. The fluorescent tubes used in sunbeds are
of two types. The spectra are similar in form, but that for
type 2 is shifted by 1 nm towards the shorter wave-
length UVB, and the relative magnitude of the 313 nm
peak is greater (Fig. 1a). The proportion of the output in
the UVB is 0-6% flor type 1 and 1-2% for type 2. Type 1
fluorescent tubes are mainly Philips Cleo Performance P
100W tubes, although some units use 80W Philips,
Cosmulux 100 W UVA and JK Ergoline tubes. The type 2
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Figure 1. Plot of spectral irradiances for (a) fluorescent tubes type 1
{dashed curve) and type 2 (solid curve) with similar total ultraviolet
(UV) outputs and (b) a filtered high-pressure metal halide lamp
measured in sunbeds.

tubes are Sunfit 100 W and 140 W. Type 2 tubes are
fitted in some Professional Magnum Power and other
Ultrasun sunbeds, although similar models are encoun-
tered with type 1 tubes.

Irradiances in the UVA and UVB, measured at the
centres of sunbeds using fluorescent tubes, are shown in
Figure 2. UVA and UVB irradiances for individual beds
of the same type generally vary by factors of 2-3, but
the range for UVB is higher for beds in which type 1 or 2
tubes may be fitted. The UVA irradiances range from 54
to 244 W/m?® for sunbeds using tube type 1 and from
113 to 295 W/m” for those with tube type 2, while UVB
irradiances are 0-2-1-2W/m~ with tube type 1 and
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1-1-2-8 W/m" for tube type 2. The standard deviations
in the measured proportion of UVE among individual
sunbeds of similar models with type 1 tubes were = 2-
8%, excluding one ALIL two JKE38 and three UP sun-
beds, for which the proportions of UVB were 20-40%
different from the means for the remainder. Irradiances
decrease away from the centre of the bed, with the mean
value at 25cm from the centre being 95 * 5% of the
central value and that at 50cm being 81 = 10%.

The output from UV fluorescent tubes declines with
the number of hours of use, so much of the variation in
measured irradiances from sunbeds of the same type is
likely to result from the varying ages of the tubes.
Although information about the number of hours for
which sunbeds had been operated was not available,
dates when fluorescent tubes had been replaced were
obtained for sunbeds operated by Glasgow City Council.
Figure 3 shows a steady decline in UV irradiance with
time after retubing for UP sunbeds, demonstrating that
differences of a factor of three in irradiance result from
the age of the tube. Scatter in the data is as might be
expected from differences in the relative use of sunbeds
at the various centres.

Sunbeds with filtered high-pressure metal halide lamps

Eleven sunbeds encountered in the survey used only
filtered high-pressure metal halide lamps, and 85 other
sunbeds had facial units using these lamps. Figure 1(b)
shows a typical spectrum from a sunbed with filtered
Philips high-pressure metal halide lamps (type HPA
400/308) running at 400 W. A total of 12-5% of the
irradiance from an unfiltered lamp is in the UVB, but
this is virtually eliminated by the filter, and 99% of the
output from metal halide lamps in UBS800 and UPHP
sunbeds is in the UVA1l, with 96% for the UPTP bed.
Irradiances from filtered metal halide lamps for the
different sunbed types are shown in Figure 4. Total
UVA outputs for metal halide lamps tend to be higher
than for fluorescent tubes. The normal maximum UVA
output encountered is 450 W/m®, although one facial
unit had an irradiance of 850 W/m®. This compared
with a maximum UVA irradiance for sunbeds using
fluorescent tubes of 295 W/m’. Mean irradiances in
different parts of the UV spectrum for sunbeds using
fluorescent tubes and metal halide lamps to irradiate the
body are compared in Table 2. Irradiances in the UVA1
from sunbeds with filtered metal halide lamps are
double those for ones with fluorescent tubes, while
irradiances in the UVA2 and UVB regions are only
10% and 30%, respectively, of the levels for fluorescent
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tubes. Irradiances for the metal halide lamps vary by a
factor of 2-5 for the same model of bed (Fig. 4), which is
greater than the variation for fluorescent tubes in the
same beds. No relationship was found between the
outputs of metal halide lamps and the times simce the
beds had been serviced.

Minimum erythemal doses from sunbed sessions

Comparison of output measurements with and without
a body in two sunbeds gave correction factors ol ()-82
and 0-83, which are similar to the factors found for
PUVA therapy units.” A correction factor of 0-825 was
therefore applied to the measured irradiance to derive
skin irradiances and doses [rom output measurements,
The rates of accumulation of MEDs were calculated for
each sunbed, and the results are plotted against total UV
irradiance in Figure 5. Thev show clear dilferences
between beds using type 1 and type 2 fluorescent
tubes and for beds using filtered metal halide lamps,
which give higher UV doses but lower rates of accumu-
lation of MED. The UPTP sunbed had a higher value for
MED per unit irradiance than other beds using metal
halide lamps owing to higher proportions of UVB and
UVA2. There was a range of = 20% in the rate of
accumulation of MED per unit UV irradiance for the
82 sunbeds using type 1 fluorescent tubes arising from
variations in the amounts of UVB.

The results were used to derive the proportion of
the MED received in one session for each sunbed by
multiplying by the session time. In council establish-
ments, a token is purchased for a session ol standard
length. uwsually 20min for sunbeds using type 1

1 23 456768898101
Make Code

position in the UVA and UVB parts ol the
spectrum. Numbers correspond Lo sunbed
codes given in Table 1,

tubes and 10 min for ones using type 2. The lengths
of sessions for the majority of sunbeds surveyed
followed this pattern, although seven sunbeds are
operated for 15-min sessions, five for 25-min sessions
and nine do not use a set length of session. In the
calculation, 20min is used for beds where there is
nol a standard session length. Figure 6 shows skin
doses that would be received in one session for the
various sunbeds in terms of the MED. The overall
average MED for one session on a sunbed is 0-80,
That for beds with fluorescent tubes is -84, while
that for a session on a bed with metal halide lamps is
(:48. There are 22 beds on which the skin dose in a
session is over one MED, of which the highest is
1-32.

80 +

o 8 & B

50 100 150 200 250 300
Days between retubing and testing

[=]

Figure 3. The UV irradiance of UP sunbeds against the time in days
since the tubes were last replaced.
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codes given in Table 1.

User survey

A total of 205 questionnaires were collected from
individuals using sunbeds at centres included in the
survey. The main results are summarized in Table 3.
The majority were female, and 7 3% of users were under
35 years old. The most common reasons given for use
were to develop a ‘base tan’ before a holiday and to feel
more relaxed. Some 38% of the respondents described
their reaction to sun as compatible with skin of type I
(always burns, never tans) or II (usually burns, tans

Table 2. Irradiances for sunbeds and natural sunlight (W/m®)

UV source UVB UVA2 UVAL UVA
Sunbed exposure
Fluorescent wube sunbed (mean) 075 20 110 130
Fluorescent tube sunbed (maximum)  2-3 40 2000 240
Metal halide lamp sunbed (mean) 0-022 20 2400 240
Metal halide lamp sunbed (maximum) 0-23 62 330 330
Facial position (mean) 017 A2 160 160
Facial position (maximum) 1-6 23 700 700
Glasgow: summer
Cloudless sky (1304 BST) -89 85 34 42

Cloudless sky (average 10-00-16-00)
Average for 35 days with highest

0i6 75 13l 38

UV radiances (10-00-16-00) 057 56 23 28
Facial exposure (average daily

irradiances, (99001 7+(0) 033 34 14 17

Mediterranean holiday

Thessaloniki

(eloudless sky, solar noon) 30 21 82 103
Cloudless sky

(average 10-00=]6-() 2:H 19 7w 95
Cloud cover (75%)

average 10-00-=16-00 2-0 14 57 71

with difficulty), and 38% also indicated that they had
had some adverse reaction in the past when using
sunbeds. Thirty-one per cent ol responders had more
than 10 courses of over five sunbed sessions in a year
and, for 16%., this amounted to over 100 sessions per
vear. When asked about personal views on the relative
safety of sunbeds and solar radiation, 56% thought that
the risk from sunbeds was similar to that from solar
radiation, and 26% thought that the UV from sunbeds
was more harmful than natural sunlight.

Goggles are usually available either in the sunbed
room or at the reception, but 35% of users stated that
they either never or hardly ever used them. The lollow-
ing types of goggles supplied by sunbed manufacturers
were tested: Sunbed Goggles (Jomi Lud) SunGlobes,
Sunbed Goggles, EZ Eyes {Australian Gold), Super Sun-
nies (Herts Sunbeds); Sunbed Goggles. Super Sunnies

MED /' h
.

i L]

: el pnt =
1 -

o [ —
L] L] 100 150 200 30 302 380 400 450

Figure 5. The rate of accumulation of minimum erythemal dose (MED)
against wotal UV irradiance for sunbeds with four types of UV
source: type 2 ( ) and type 1 ( ) fluorescent tubes, and fltered
metal halide lamps in UBS00 and UPHP sunbeds { ) and in UPTP
sunbeds (A).
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Figure 6. Doses for sessions on the sunbeds surveved in terms of
minimum erythemal dose (MED) for (a) the body and (b) the face.
Numbers correspond to sunbed codes given in Table 1.

(JK Ergoline); UVAMED (Helionova). The British Stan-
dard BS EN 60335-2-27 (1992) states that the percen-
tage transmission shall not exceed 0-1% transmission
between 210 and 320 nm, 1% transmission between
320 and 400 nm and 5% transmission between 400
and 550nm. All the goggles tested fulfilled these cri-
leria.

Exposure levels to natural ultraviolet

In order to allow a comparison to be made between
levels of exposure to natural sunlight and UV radiation
from sunbeds. mean and maximum values for sunbed
irradiances were calculated for different parts of the
spectrum (Table 2). Solar irradiances that would be
encountered on sunny days in Glasgow and on a
Mediterranean holiday were calculated for comparison.
As would be expected, irradiances in the UVA are higher
for sunbeds than from natural sunlight. Average sunbed
UVEB irradiances are similar to those on a sunny day in
Glasgow. while those for the highest power beds are

similar to UVB levels in the Mediterrancan. However,
times of sunbed exposure are relatively short. Sunbeds
using metal halide lamps give double the dose in the
UVA1, but the dose from shorter wavelength UV radia-
tion is much less. The irradiances were used to derive
doses [rom UV exposures [or a session on a sunbed and
from periods of sunbathing. The average dose in the
UVA received from a sunbed session is similar to that
from sunbathing for 1 h on a sunny day in Glasgow or
for 20-30min in the Mediterranean, while the UVB
doses from sunbeds are only 20-25% of those that
might be received from natural sunlight in these times.

Doses from UV radiation that an individual might
receive over a year from sunbathing are compared in
Table 4. Twenty sunbed sessions each giving 1 MED is
the recommended maximum number per year, and this
would give a UVA dose similar to that received from a
total of 20 h spent sunbathing in Glasgow or 1 week in
the Mediterranean spending 1-2h/day sunbathing.
The UVB dose from the sunbed would, in this case,
only be 20-30% of that from the sun. If sunbeds are
used more frequently, the accumulated dose from UVA
radiation could be much higher. That from 100 sessions
per vear will far exceed the dose from a 1-week Medi-
terranean holiday in which most of the days are spent
sunbathing, although the UVB dose will be lower.

As metal halide lamps are used to irradiate the face in
most sunbeds, facial exposure has been analysed sepa-
rately (Table 4). The total UVA exposure from these
lamps was higher than for fluorescent tubes, but the
exposure in the UVA2 is only about 10% of that for
fluorescent tubes. For comparison, the maximum UVA
dose [rom working outside for 8 h/day. 5 days/week
during the 4 summer months is higher than the dose
[rom 20 sunbed sessions (Table 4), but the angle at
which solar radiation is incident on the face may reduce
this exposure by 50%. so the UVA1 exposure from 20
sunbed sessions would be similar to that from working
outdoors, but the exposure to UVA2 and UVB radiation
is much lower.

Discussion

We have found a wide range in UV irradiances in
sunbeds in current commercial use in central Scotland.
Irradiances from beds in which tubes have just been
replaced are three times greater than those for similar
beds in which the tubes had been in place for 1 year. The
manufacturers of sunbeds recommend that fluorescent
tubes should be changed every 500-600h for this
reason. The irradiances of filtered high-pressure metal
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Table 3. Responses Lo questionnaires distributed to sunbed users
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No. of respondents in group

(Male/female 35/170)

% of those responding (17/83)

Age group (vears)

Under 25 fif 3l
25-34 Kd 41
35-44 43 21
Over 45 11 5
Reason [or sunbed use
To develop a base tan before a holiday 103 50
To make a holiday tan last longer hb 32
To feel more relaxed u4 46
Other 23 11
Skin type defined by user
(1) Never tan, always burn 18 g
{II) Usually burn. then tan 539 29
(1) Tan, but eccasionally burn 94 46
{IV) Never burn. usually tan 33 16
Adverse reaction to sunbed use in past
Redness/sunburn and prickly sensation f 3
Redness and sunburn 28 14
Prickly and uncomfortable 44 21
Pattern of sunbed use
(figures in brackets represent courses of more than five sessions)
1-4 courses per year 41 (40) 32(31)
5-10 courses per year 351015 28 (12)
2 10 courses per year 51(319) 40(31)
Wearing of eve protection
Never 45 24
Mot very often 22 11
Usually 34 18
Always 89 47
Table 4. Exposure 1o the body over 1 year from various activities for different parts of the UV spectrum (k]/m?)
UV source UVBE UvVA2 UVAL UvA
Sunbed exposure: 20 sessions
Fluorescent tube sunbed (mean) 15 440 2300 2800
Fluorescent tube sunbed (maximum) 27 760 4400 5200
Metal halide lamp sunbed (mean) 0-33 42 5400 5400
Metal halide lamp sunbed (maximum) 33 89 7900 KOO0
Facial position (mean) 3-7 140 3500 J600
Sunbed exposure: 100 sessions
Fluorescent tube sunbed (mean) 80 2200 12,000 14,000
Metal halide lamp sunbed {mean) 1-h 210 27,000 27,000
Facial position (mean) 18 H80 17,000 18,000
Glasgow: sunny, summer days
Sunbathing for 2 h between 12-00 and 14-00 on 10days 47 450 1800 2200
Sunbathing for 6 h per day on 10days 120 1200 4900 6200
Outdoor worker. 8 h per day. 5 days per week (May-August) 113 1170 4800 BOO0
Mediterrancan holiday
Sunbathing for 2 h per day. 12-00-14-00 on 7 days 115 810 3on 3900
Sunbathing for 6h per day, 10-00-16:00 on 7 days 290 2200 B6H00 10,800
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halide lamps used for facial units and for whole-body
irradiation in a small proportion of beds vary by factors
of 2-5 for the same model of bed. A number of variables
may contribute to this, including the age of the lamps,
the stability of the lamp power supply and differences in
the material used for the filter. Differences in the rate of
accumulation of MEDs with UV irradiance for dilferent
lamps can be clearly seen in Figure 5. The higher rate
and higher proportions of UVB and UVA2 for the UPTP
sunbed are likely to be caused by a lower level of
filtration than in other metal halide lamp beds. The
scatter in the results for beds with tube type 1 results
from variations in the proportions of UVB that are likely
to be caused by differences in the filtration of the plastic
covers used in dilferent models. Variations in the pro-
portion of UVB of 20—-40% for a few individual beds of
similar type could be caused by the use of a different
filter, alterations in the properties of the filters with time
or inadequate cleaning.

Irradiances from sunbeds have been compared with
those from solar radiation in Glasgow and in the
Mediterranean. The major difference is that the major-
ity of the exposure from sunbeds is in the UVA, in
particular the UVAL, part of the spectrum. Relative
risk from exposure to radiation from sunbeds and
natural sunlight therefore depends on the relative
risks from UVA and UVB. Comparing exposures [rom
UVA, the mean irradiance for sunbeds using fluorescent
tubes is three to four times that from natural sunlight
on a sunny day in Glasgow and one to two times that in
the Mediterranean (Table 3). The UVB irradiance from a
sunbed hitted with fluorescent tubes is similar to that on
a sunny summer day in Glasgow and 30-50% of that
from the Mediterranean sun. so the rate of accumula-
tion of MEDs on a sunbed is significantly less than that
for solar radiation (Fig. 6). The use of filtered high-
pressure metal halide lamps for irradiating the lace
means that the rate of accumulation of MED for the
face is much lower than that for the body, but the: UVAL
exposure may be higher.

The UVA exposure from 20) sessions on a sunbed
using fluorescent tubes is similar to the dose that might
be received from a few hours sunbathing in Glasgow on
10 days during the summer, but it is likely to be less
than that received during a 1-week holiday in the
Mediterranean devoted to sunbathing (Table 4). The
UVB exposure from sunbeds would be much less in both
cases. Sunbed use would be likely to make up the largest
component of the UVA dose to the body and face for
those in the survey who had over 100 sessions per year.
It should be noted, however, that our calculations do

not take into account protection provided by the use of
sun screens during exposure to natural sunlight.

The relative risks to health of UVA and UVB exposure
are not yet well established. Most studies relating to this
have been carried out on albino hairless mice.” '
Action spectra relating to damage to the elastin and
collagen in the dermis of the skin, which leads to
photoageing, peaks in the UVB, declining sharply in
the UVA.'" However, UVA radiation penetrates deeper
into the dermis than UVB.'*'?

There is current concern aboul the carcinogenic
potential of UVA. An action spectrum for the induction
of basal and squamous cell carcinoma, derived from a
study of albino hairless mice,'! indicates that the rela-
tive eflfectiveness for the induction of non-melanoma
skin cancer by UVAL1 is a factor of a thousand less than
for UVB.'? A person having 100 sunbed sessions per
year, each giving a dose of 1 MED, between the ages of
20 and 40, is likely to have a significantly increased risk
of developing basal cell carcinoma and squamous cell
carcinoma at the age of 70 years.'” although exposure
in childhood and adolescence may be the most critical
factor.'* The risk of malignant melanoma is of greater
concern, and recent studies have suggested that UVA
exposure may be a risk factor. UVA radiation induces
melanoma in fish with unexpectedly high efficacy’*'®
and is only slightly less effective than UVB in the
induction of melanocyte hyperplasia, considered to be
the precursor lesion for melanoma in  shaved
opossums.'”

The Health and Safety Executive'® advise that
‘people who have [air sensitive skin that burns easily
or tans slowly or poorly’ (skin types 1 and 2) should
not use sunbeds for cosmetic tanning. This group
comprised 38% of sunbed users who completed ques-
tionnaires, and a similar percentage reported some
adverse reaction after sunbed use in the past. More
effort should be made to discourage these individuals
and anyone exposed to photosensitizing agents from
using sunbeds. The fact that 50% of respondents use
sunbeds to develop a so-called ‘base tan’ before a
holiday indicates that further public education is
needed. The protection derived from natural UV radia-
tion results from a combination of increased melanin
content and thickening of the epidermis not produced
by UVA.}9-2!

Our survey of sunbed users indicated that 16%
admitted to over 100 sessions per year, confirming the
results of other surveys.>* The British Photodermatol-
ogy Group recommend that exposures for any skin type
should not exceed 20 sunbed sessions in a vear.”” This
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recommendation keeps sunbed exposure to UVA at a
similar level to recreational exposure from natural
sources (Table 4). Until more evidence is available
about the degree of risk from exposure to the UVA,
this recommendation seems prudent.

Guidance for those using sunbeds recommends the
use of goggles for eye protection throughout all sunbed
sessions.®** Some 35% of our responders did not use
the goggles. It is thought that the majority of users
would have closed their eyves during the sessions. The
skin in the evelid is less than 1 mm thick, but the
penetration of UV radiation is poor,””*® and so little
UV will pass through a closed eyelid. However, the eyes
could be exposed unprotected for up to 1 min, if the user
was required to set a time switch or turn on the
machine before lying on the sunbed. For the most
powerful facial unit in the survey. the maximum per-
missible ocular exposure for UVAZ” would be exceeded
in 12s.

Photodamage to the eve varies with wavelength. The
cornea is primarily affected by exposure to UVB radia-
tion and becomes more sensitive with repeated expo-
sures.'” The lens contains chromophores that absorb
UV light between 295 and 400 nm. The lack of protein
turnover in the central part of the lens means that any
damage caused by absorption in the lens will tend to
accumulate over time.”® UV radiation has been linked
to the development of certain types of cataracts.””
Concern has been expressed about the possibility of
injury through the accumulation of damage from
subthreshold exposures.’” Although UVB is thought
to have a greater effect. the possibility of a link to UVA
has also been suggested.’' It would be prudent to
exercise caution until it has been established whether
there is a link between UVA and cataracts.’” In two
case—control studies. the use of sunlamps has been
associated with subsequent development of intraocular
melanoma.****

In conclusion, this survey has shown that sunbeds
are widely used by individuals with fair skin, that many
individuals use them more [requently than is wise and
that over one-third do not use protective goggles. These
facts, together with advances in UV cabinet design to
reduce exposure times necessary to obtain a tan and the
increased availability of sunbeds for purchase by mem-
bers of the public, must stimulate more research into the
hazards of high doses of UVA to human health in terms
of skin ageing, of skin cancer risk and possibly also of
immunological effects. Only when this is available will it
be possible to offer evidence-based advice and informa-
tion to potential sunbed users.

SUNBED USE IN SCOTLAND 437

Acknowledgments

The authors acknowledge the Department of Health for
their support of this project and the many operators of
sunbeds for access to their equipment. They would also
like to thank Dr Colin Driscoll and Mrs Irene Clark from
NRPB for the provision of natural sunlight spectral data
collected in Glasgow, and Dr Ann Webb of UMIST for the
supply of solar spectral data collected in Thessaloniki.
Greece.

References

1 Sverdlow AJ, English JSC, MacKie EM ei al. Fluorescent lights
ultraviolet lamps and risk of melanoma. Br Med | 1987; 297:
H47-30.

MacKie R. Freudenberger T. Aitchison TC. Personal risk factor

chart for cutaneous melanoma. Lancet 1989 ii: 487-90.

Walter SD. Marrett LI, From L et al. The association of cutaneous

malignant melanoma with the use of sunbeds and sunlamps. Am |

Epidemiol 1990: 131: 232-43.

4 Autier P, Dore [F. Lejeune F et al. Cutaneous malignant melanoma

and exposure to sunlamps or sunbeds. An EORTC multicentre case

control study in Belgium France and Germany. Int | Cancer 1994;

58: 809=13.

Westerdahl . Olsson H, Masback A et al. Use of sunbeds or

sunlamps and malignant melanoma in Southern Sweden, Am |

Epidemiol 1994: 140: 691-5. ®

6 Wright AL. Hart GC. Kernohan E et al. Survey of the variation in

ultraviolet A sunbeds in Bradford. Photodermatol Photoimmimnol

Photomed 1996: 12: 12-16.

McKinlay AF, Diffey BL. A reference action spectra for ultra-violet

induced ervthema in human skin. Commission Inte de I'Felairage |

1987: 6: 17.

8 Dilfey BL. Hart G. Ultraviolet dosimetry. In: Ultraviolet and Blue-
Light Phototherapy— Principals, Sources, Dosimetry and Safety Insti-
tute of Physics and Engineering in Medicine Report no. 76. York:
IPEM. 1997; 23-8.

9 Berger H. Tsambaos D. Mahrie G. Experimental elastosis induced

by chronic uliraviolet exposure. Arch Dermatol Res 1980; 269:

39-49.

Bissett DL, Hannon DP, Orr TV. Wavelength dependence of histo-

logical. physical and visible changes in chronically UV-irradiated

hairless mouse skin, Photochem Photobiol 1989; 50: 763=9.

11 De Gruijl FR, Sterenborg HJCM. Forbes PD et al. Wavelength
dependence of skin cancer induction by ultravielet irradiation of
albino hairless mice. Cancer Res 1993: 53: 53-60.

12 National Radiological Protection Board. Health effects from ultra-
violet radiation, Doctiments NRPE 1993; 6: 7=182.

13 IRPAJINIRC, Guidelines. Health issues of ultraviolet X sunbeds
used for cosmetic purposes—a statement by the Intemational
Non-lonizing Radiation Committee of the International Radiation
Protection Association. Health Phys 1991; 61: 285-8.

14 Gallagher RP, Hill GB, Coldman A| ef al. Sunlight exposure,
pigmentary lactors and risk of nonmelanocytic skin cancer. Arch
Dermatol 1995; 131: 157-613,

15 Setlow BB, Woodhead AD, Grist E. Animal model for ultraviolet
radiation-induced melanoma. Platylish—swordtail hybrid. Proe
Nat! Acad Sci USA 1989; 86: 8922-h,

16 Setlow RB, Grist E. Thompson K et al. Wavelengths eflective in

(25

[*]

"]

=1

1

© 1998 British Association of Dermatologists, British Journal' of Dermatologey 139, 428-438



