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Letter received on

2 Sept. 2004
7183
MINISTRY OF ECOLOGY AND MINISTRY OF HEALTH AND SOCIAL
SUSTAINABLE DEVELOPMENT PROTECTION
Economic Studies and Environmental Health Directorate-General
Evaluation Department Paris, 06 Sept 2004
From:

Director-General of Health

Director of Economic Studies and Environmental
Evaluation

to:

Director-General of the French Environmental
Health Safety Agency

The Director of the Health Watch Institute

Re: Constitution by Afsse of a group of experts resibm$or evaluating the health risks associated
with the use of tanning installations that emiraviolet radiation, and examination by InVS of
the feasibility of studies enabling the exposuréhef French population to UV radiation to be
characterized.

Encs.: Afsse note on the risks associated with UVA ddaté9 April 2004
Referral to Afssaps on UVA radiation dated 14 A2

The opinion from Conseil Supérieur d’'Hygiene Pubdigle France — CSHPF (the French Higher Public
Health Council) dated 4 April 1996 led to the regigdn of suntanning practices in tanning establisits
and control of their application. Recently, twoogp by the National Academy of Medicine dated Marc
2003 and May 2004, and the Afsse note dated 19 2064, drew the attention of the public authositie
to the danger of exposure to UVA radiation.

You are therefore requested to reassess the hesdthassociated with exposure to radiation of radtu
origin and the use of tanning installations in ademce with the procedures defined in the schettule
this letter. These procedures have two aspects. o rélates to the current state of scientific
knowledge, and will form the subject of recommeraet to the public authorities. The second will
define the work needed to characterize the expasfttee population to ultraviolet radiation.

We hope that the two documents requested can el by the end of the first quarter of 2005.

Copies: Afssaps
DGS/SD3
DGS/SD5

Director-General of Health
Prof. William Dab
8 Avenue de Ségur, 75350 Paris 07 SP, Telephor&d 66 60 00

Director of Economic Studies and Environmental Eviduma
Dominique Bureau
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Appendix — Description and organization of work

1. State of scientific knowledge
Afsse has been requested to set up a working gebigh includes (among others) representatives from
the Health Watch Institute and the French HealthdBets Safety Agency. This working group is to
prepare an experts’ report on the following sulgject
- articles published or in press relating to the theafffects, and especially the carcinogenic
effects, of exposure to UV radiation and the us#aohing installations which emit ultraviolet
radiation. The review of the existing literaturdladopt a critical position, taking account of the
specific features of the French situation (interraedskin phototypes, types of UV radiation
authorized by French legislation);
- the relevance of using limit values based on th@mal erythema dose (inducing acute effects)
to evaluate carcinogenic risks (melanoma, bashboel squamous-cell epithelioma);
- the relevance of the use of sunlamps which only EA radiation;
- the justification for prohibiting the use of all staetic products during sessions in tanning
booths, especially antioxidant substances;
- the most relevant European and international sfierdnd regulatory positions designed to
regulate tanning devices that emit ultraviolet atidn. A comparative study will be envisaged
for this purpose.

2. Characterization of exposure

At the same time, in order to characterize the supmof the French population, a second workingigro
will be set up by the Health Watch Institute. Afssed Afssaps will be represented on this working
group, whose role will be to propose study projetdtsigned to investigate and specify the risks
associated with exposure to UV radiation (the priipo of the population exposed to UV radiation,
exposure practices, existence and frequency oflaets, extent of photodermatitis, immunodepression,
etc.). The feasibility of these studies will be ewaed by the working group, which will issue cortere
proposals designed to allow evaluation and suereik of the population’s exposure to UV radiation.

8 Avenue de Ségur, 75350 Paris 07 SP, Telephoneg(0yB310 56 60 00
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Preamble

History of UV risk management in France

The carcinogenic action of UVB radiation has beravin for a long time. It was long
believed that UVA radiation presented no dangehealth, and could be used as a
tanning aid. However, following a referral to theeath Ministry by the Consumer
Safety Commission (CSC) in 1995, a working groughefFrench Higher Public Health
Council (CSHPF), requested by the Directorate-GarafrHealth to evaluate the risks
of using tanning apparatus, cast doubt on the lessnkss of UVA radiation in 1996. It
proposed to CSHPF the basis for legislation desigadimit the use of UVA tanning
devices. This legislation was passed in the forrD@tree no. 97-617 of 30 May 1997,
relating to the sale and availability to the puldiccertain types of tanning devices
using ultraviolet radiation, and its implementinggulations. Similar, and sometimes
identical legislation was subsequently passedversé countries, especially in Europe.

Decree no. 97-617 of 30 May 1997 introduced sevenalvations:

- minimum conformity of equipment used for artifici@nning purposes to the
international safety standards governing this tyfpequipment;

- compulsory notification of operation of tanningtaidations to Prefectures;

- regular technical inspections of installations ppraved organizations;

- personnel training regarding the risks associatéti e use of ultraviolet
radiation;

- obligation to give information to the public in ifidial tanning establishments
and at the time of sale of tanning devices to tiidip;

- prohibition on use of tanning installations by miio

- limitation of use to only the UV1 and UV3 equipmed¢fined in French
standard NF EN 60335-2-27, which are the types with lowest irradiation
levels.

These regulations, designed to give the using publguarantee of the safety of the
installations made available to them and compratensformation about the risks
involved, were brought into effect gradually. Teah inspections of tanning
installations were introduced in 1999. To date, s@000 establishments have been
inspected by 9 organizations approved by the Minisif Health to inspect this
equipment. Some establishments which do not speeial tanning (especially in the
hotel industry and sports establishments) are swadlly notified. Personnel training has
been organized since the end of 1997. At the beggnof 2005 there were some 500
trainers responsible for giving training in bealatis’ schools, vocational colleges and
the various vocational training centres offeringirimg for beauticians, with an
estimated total of 12,000 installations. Howevéere is a high rate of opening and
closing of these installations in France, and & tugnover of training personnel.
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Context and aims of the referral

Although the risks associated with exposure to UdBiation have long been known,
the mutagenic activity of UVA radiation has beerokn for less than 10 years. In
1995, the Canadian team led by Drobetsky (Drobetslal., 1995) demonstrated for the
first time in Chinese hamster cell cultures that AJVadiation induces genetic

“signature” mutations different from the UVB signe¢ mutations which were already
known and identified in human skin cancers. Thdofahg year, a French team
comprising CNRS (National Scientific Research Gantresearchers and clinical
practitioners from St Louis Hospital, led by AlaBarasin (Robert et al., 1996),
demonstrated that UVA radiation can be as mutagesitJVB radiation for human

cells.

Nevertheless, some epidemiological studies faiediédmonstrate the existence of a
major risk. However, in 2002, an American studyvséo that the risk that users of
artificial tanning devices will develop squamoudl-s&in cancer is multiplied by 1.5,
and the risk of developing basal-cell skin cansanultiplied by 2.5. More recently, in
November 2003, a large cohort study conducted ogr dw0,000 Norwegian and
Swedish women, monitored for 8 years, showed thatrisk of melanoma associated
with the use of tanning devices at least once atimismmultiplied by 1.5 (2.6 for people
aged 20-29) (Veiergd et al., 2003).

The National Toxicology Program in the USA classifiUVA radiation as probably
carcinogenic in man in its 10th Report on Carcimsgeublished in November 2002.

Finally, in 2004, the team led by Gary Halliday tbk Sydney Melanoma and Skin
Research Institute published results in the Prangsdof the US National Academy of
Science (Agar et al., 2004) demonstrating that Udéiation can play a central role in
the malignant transformation of human epidermignstells. This team studied the
specific lesions and mutations associated with UWAd UVB radiation. It
demonstrated that UVA mutations are found in themgeative basal layer of the
epidermis, while UVB mutations are situated higimethe epidermis; this corresponds
to penetration of different ultraviolet wavelength# the epidermis, UVA penetrating
more deeply than UVB.

All these results demonstrate that ultraviolet aidn with a high wavelength have
major implications for public heath as regardsrikke of skin cancer. These aspects will
be discussed in greater detail later in this report

The attention of the public authorities was drawntlie risk of exposure of the
population to ultraviolet radiation in two repoitsued by the National Academy of
Medicine in March 2003 and March 2004, and in tbeenssued on 19 April 2004 by
Afsse which, in the context of its science watclsstan, wished to report on the current
state of knowledge concerning the risks associtttdnatural and artificial ultraviolet
radiation and inappropriate use of sun protectia@pcts. The health and environment
ministries asked Afsse to reassess the health ressociated with exposure to
ultraviolet radiation of natural origin and the usktanning devices. Afsse set up a
group of experts including representatives of theademy of Medicine, IARC,
members of Institut National de la Santé et de &cherche Médicale — Inserm
(National Institute of Health and Medical Researaf@search laboratories and
dermatologists specialising in this field, as wa#l InVS and Afssaps to which the
referral was directed, to answer the questionswsthe Ministry’s referral:
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- to review articles published or in press relatimg the health effects, and
especially the carcinogenic effects, of exposur&tradiation and the use of
tanning installations that emit ultraviolet radwti The review of the existing
literature having to adopt a critical position, itakinto account of the specific
features of the French situation (intermediate gimototypes, types of UV
radiation authorized by French legislation);

- to evaluate the relevance of using limit valuesedasn the minimal erythema
dose (inducing acute effects) to evaluate carciniegesks (melanoma, basal-
cell and squamous-cell epithelioma);

- to evaluate the relevance of using sunlamps whith @mit UVA radiation;

- to justify a prohibition on the use of all cosmegicducts during sessions in
tanning booths, especially antioxidant substances;

- to present the most relevant European and intemeltscientific and regulatory
positions designed to regulate tanning deviceseimat ultraviolet radiation in a
comparative study.

However, as the consequences of exposure to naodadrtificial ultraviolet radiation
are hard to differentiate in terms of global eféed¢he group of experts decided to base
their report on a global analysis of UV risk. Ind#&@n to the objectives stated in the
referral, Afsse extended the study to the possibles associated with domestic use (in
the home or public places such as offices and d$shad lamps known as “full-
spectrum” lamps which emit ultraviolet radiatioroab the visible spectrum, including
large proportion of UVB radiation according to theailable documentation. This
marketing of lamps destined for the general pulsicecent, and performed through
distribution circuits in specialist shops or oviee internet. This distribution is still very
marginal, but could develop more widely. The exgegroup also considered the
possible consequences of using sun protection ptsduvhose efficacy basically
focuses on UVB radiation, as the use of these mtsdtan lead to an increased duration
of exposure, and therefore an increased risk assolcwith exposure to UVA radiation.

INVS and Afssaps have been asked to report orréiff@aspects of ultraviolet radiation.
In parallel with the referral to Afsse, a secondkimg group has been set up by InVS
to characterize the exposure of the French populafproportion of the population

exposed to UV radiation, exposure practices, extgeand frequency of accidents,
etc.). Afssaps has prepared a report on “ultravicdeliation and use of cosmetic
products”. The work of the various working groupgresented in a joint report.

The report should enable the reader to read eamptehresulting from the work of the
various working groups separately. There will capsantly be some repetition,
especially in the definitions.
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Introduction

The practice of deliberately exposing the body uaskine for tanning purposes is a
very recent one. For centuries, white skin wasfélsion, especially among the upper
classes, who believed that dark skin should beveddor the lower classes. The trend
began to reverse in the late 19th century, whenthesdvocates recommended
sunbathing for anaemia sufferers. The benefitaungkine for the synthesis of vitamin
D became known in the beginning of the 20th centlignned skin rapidly became
fashionable with the appearance of paid holidayk9iB6, which enabled large numbers
of people to go to the seaside in summer. But & daring the 30-year boom period
after the Second World War, when the duration ad p@lidays increased from one to
three weeks, that travel to sunny areas multiglgdter holidays in the mountains and
summer holidays by the sea). Later, in the Sewerdied Eighties, the reduction in
airline charges allowed many people to fly to togpidestinations. This is when the
development of tanning centres began. In just adewvades, a suntan thus became an
aesthetic advantage synonymous with good healttniggndsocial class.

In scientific terms, ultraviolet radiation is pawst the non-ionising electromagnetic
radiation spectrum emitted by the sun, in the samg as visible radiation (light) and
infrared radiation. Although ultraviolet radiatiane invisible to the naked eye, the body
reacts to them with protective mechanisms: darlgeaimd thickening of the outer layer
of the skin. As a result of their penetration itite skin and their mutagenic potential,
exposure to ultraviolet radiation, whether natusalartificial, involves some major
medium- and long-term health risks, especiallyskmsitive populations like children.

The attention of the public authorities was drawrhe risks associated with exposure
of the population to artificial ultraviolet radiat in 1997 (Decree no. 97-617 of 30 May
1997 relating to the sale and availability to tlublp of certain types of tanning devices
using ultraviolet radiation, and its implementinggulations). In a referral dated 6
September 2004, the French health and environmigmstries asked Afsse and InVS to
reassess the health risks associated with expdeuudtraviolet radiation of natural
origin and the use of tanning installations. Iniadd to a review of the current state of
scientific knowledge, accompanied by recommendatitmnthe public authorities, the
report defines the work needed to characterize ekgosure of the population to
ultraviolet radiation (referral to InVS).

Understanding the risks of ultraviolet radiatioquies firstly a brief introduction to the
physics of the various types of radiation, inclgdmeasurement of ultraviolet radiation,
the UV index, the erythema dose and limit valuexoBdly, the report will describe the
biological and health effects of ultraviolet rathat and analyze earlier experts’ reports
on the subject. A third part of the report will atm characterize the behaviour of the
French population and its exposure to ultravicéeliation. Next, the report will assess
the usefulness of sun products (referral to Afssapd the risks associated with the use
of cosmetic products other than sunscreens durkppseire to ultraviolet radiation
Fifthly, the European and international positioelating to UV-emitting equipment will
be described. Finally, the group of experts wilus a number of recommendations to
the public authorities relating to exposure to ganning installations and other sources
of UV radiation designed for domestic or industtiaé.
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| The physics of ultraviolet radiation

The main source of exposure to ultraviolet radrmatfor most people is the sun,
However, some individuals are exposed to substaamaounts of UV radiation

originating from artificial sources, including apptus used for tanning purposes,
industrial sources (such as welding arcs, paingrpetisation and reproduction work),
domestic sources (halogen lighting, “daylight” ligly) and therapeutic medical
sources.

.1 Ultraviolet radiation

Ultraviolet radiation is emitted by natural andifasial sources. It is a portion of the
non-ionising part of the electromagnetic spectrsityated in the wavelength interval
between 100 and 400 nm. 100 nm has been convellyichasen as the limit between
non-ionising radiation and ionising radiation witbwer wavelengths. Ultraviolet
radiation is usually divided into three regiong timits of which have been arbitrarily
determined: UVA (315-400 nm), UVB (280-315 nm) dddC (100-280 nm). These
limits were recently confirmed by the Internatio@dmmission on Illumination (CIE).
However, in the medical sphere and in the fieltiofogy in general, 320 nm is used as
the wavelength separating UVA and UVB radiationwHs recently proposed that a
distinction should be made between UVA-1 (400-34%) and UVA-2 (340-320 nm)
radiation.

1.1.1 Solar radiation

The sun is the main source of UV exposure for npesiple. The broad spectrum and
intensity of the UV radiation emitted by the sursuk from its very high surface
temperature. The levels of UV radiation that rettol earth’s surface depend on the
time of year, the transmission properties of theasiphere, and the emission power of
the sun. UVA and UVB radiation penetrate the earthtmosphere, while UVC
radiation are absorbed by the stratospheric ozyes |

Sunlight undergoes absorption and diffraction ire tbutermost layers of the
atmosphere, and then in the stratosphere and fwhpoes before reaching the earth’s
surface. Absorption by molecular oxygen, @nd absorption by ozone {Oare the
most important phenomena. The boundary betweetrdpesphere and stratosphere is
situated some 10 km from the earth’s surface. Tiaospheric ozone layer, formed 10-
40 km above the earth’s surface, in practice prisvath UV radiation with wavelengths
under 290 nm (UVC) and a substantial proportion4@Qer cent) of UVB radiation
from reaching the earth’s surface. The compositibthe solar radiation spectrum at
ground level is therefore between 290 and 400 nm.

At ground level, ultraviolet radiation consists tfo major components: radiation
received directly from the sun and radiation difesl in the atmosphere. The ratio
between direct and diffracted radiation varies withvelength and the height of the sun
above the horizon. Individual exposure to solarawiblet radiation depends on
geographical location, altitude, time of year, timieday, and possibly cloud cover.
Although the reduction in the quantity of stratospét ozone leads to a forecast increase
in terrestrial UV radiation, no significant increalsas been documented at our latitudes
because of increasing atmospheric pollution angospheric ozone. The spectral
irradiance of ultraviolet radiation (at 300 nm}heoretically at its peak at midday (local
solar time) when the sun’s elevation is at its heighis irradiance is at least ten times
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greater than the value observed before 9 a.m.|(kmtar time) or after 3 p.m. (local
solar time). 70 per cent of exposure to ultraviosetiation is therefore received during
the four central hours of the day (local solar jimes. from midday to 4 p.m. in
summer. Solar irradiance also increases more t0@@ times between 290 and 310 nm.

1.1.2 Artificial UV radiation

Artificial sources of ultraviolet radiation emit &pectrum of radiation with
characteristics specific to each source. Its sauare the very different lamps used in
medicine, industry, commerce, research and the h&uweh sources can produce high
amounts of local exposure if used incorrectly.

Conventionally, these lamps can be classified umdertypes: radiation produced by
incandescence and radiation produced by electlisaharge into a gas. The latter will
be subdivided according to whether the gas pressutegh or low. The emission
bandwidth in discharge lamps depends on the pressuthe gas and the presence of
specific additives (metal halides).

“High-pressure” sources

In a sealed source under vacuum, the wall of widohsists of quartz to which
impurities may be added, an electrical dischargmriaes mercury, which emits UVA,
B and C radiation in a very precise spectrum ofiataeh. These “high-pressure”
sources were used only by the medical professitih1860. Since then, they have been
used for tanning purposes with filtration (ordin@fass suppressing a higher or lower
proportion of UVC and UVB radiation, according teetthickness of the glass — UVA
radiation pass through it more or less completaty the UVA-2 fraction, 320-340 nm,
may be entirely suppressed).

“Low-pressure” tubes

Since 1960, “low-pressure” tubes have been maderdiog to the same mercury
discharge principle, but the silica tube is coatdgth “powders” which specifically
absorb UVC and UVB radiation and release UVA oiblésradiation. The composition
of the powders can be modified to obtain differgmtes of tubes suited to the user’'s
needs: “narrow-spectrum” UVB tubes, “broad-spectrudVB tubes, UVA tubes
associated with more or less UVB, and pure UVA subkhis reflects the different
technical characteristics created by the regulatassification laid down by the
international standard CEI 60 335-2-27 — 1985.

Workplace and industrial sources

Except for electric arc welding, industrial sourees generally enclosed, but accidental
exposure may still occur. Specific recommendatitingting exposure to optical
radiation exist in the form of a voluntary stand@ACGIH 1999). Non-laser optical
sources are produced by heating a material to desoence, by electrical discharge
into a gas or vapour, or by excitation of the luesicence of a material.

The emission spectrum of welding arcs depends erctimposition of the electrodes
and the metals to be welded. The use of this eqempmequires major protection of the
eyes (full mask with welder’'s glass which has sjeaharacteristics) and the face,
neck and arms in general.
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The production of optical radiation by laser isragess similar to that of discharges into
a gas. Monochromatic emission may be very highe@afly in the ultraviolet and
visible spectra. These lasers are mainly used ensgmi-conductor industry, which
requires extremely high precision. Lasers are atsd for cutting processes, and their
high intensity makes even very short exposure geriangerous to the eyes and skin.

Examples of industrial and commercial applications of lamps emitting UV
radiation (Table I-1).

Table I-1: Industrial and commercial applications d lamps emitting ultraviolet, infrared and
visible radiation

Industrial sphere Application Lamps Emission spectra

Ink polymerisation High-pressure mercury UVA UVB, UVC

Metal halides UVA
Ink drying Incandescence Infrared
Printing High-pressure xenon UVA, visible
Metal halides UVA
Engraving High-pressure mercury| UVA
Fluorescent UVA, visible
Tungsten halogen Visible
Document copying — | Exposure Fluorescent UVA, blue
diazo systems High-pressure mercury| UVA
Metal halides UVA
Document copying — | Exposure Fluorescent Blue, green
zinc oxide Tungsten halogen Visible
Fixing Tungsten halogen Infrared
Painting polymerisation High-pressure mercury| UVA, VB, UVC
Drying Incandescent Infrared
Tungsten halogen Infrared
Semi-conductors Exposure High-pressure mercur UVA
Printed circuits Exposure High-pressure mercur UVA
Fluorescent UVA

Chemical reactions Photochemical reactory  High-pressure mercyry  UVA
UVA, visible
General reactions Drying, polymerisation,| Incandescent Infrared
shrinkage, etc.
Tungsten halogen Infrared
Cosmetics Tanning Fluorescent UVA
UVA
Food hygiene Insect traps Fluorescent UVA
Skin diseases Fluorescent UVA, UVB
Medical Psoriasis High-pressure mercury  UVA, UVB
treatments Vitiligo Metal halides UVA, UVB
Torn muscles Incandescent Infrared
Tungsten halogen Infrared
Hyperbilirubinaemia Fluorescent Blue
(neonatal jaundice) Metal halides
Germicides Water, foodstuffs, Low-pressure mercury | UVC
Sterilization operating blocks, High-pressure mercury| UVC
instruments Metal halides UVB, UVC

Some industrial operations, such as arc weldingp alenerate the emission of
ultraviolet radiation. Office and household lampsng halogen bulbs without a UV
filter are liable to generate considerable quatitf UV radiation.
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Lamps emitting “natural” light

Low-consumption lamps and fluorescent tubes destinereplace ordinary lamps and
lighting tubes are currently available on the marléeccording to their distributors,
these lamps and tubes emit “natural” light whichsigpposed to imitate sunlight, i.e.
with a large UVA and UVB component, the proportioh UVB apparently being
greater than in suntan cabins according to thertidviy. Lamps designed for use in
industrial processes (drying and polymerisationjehalso appeared even more recently
on the market destined for the general public, et been diverted from their original
use for use in the home. These lamps emit UV (AarBl C), visible and infrared
radiation in varying proportions.

These lamps and tubes are not currently classtthasg devices, and are sold without
any controls in shops or by mail order. Howeveeytmanifestly emit artificial UV
radiation not conforming to French legislation o¥ thnning devices, and in particular
do not conform to the technical regulations laidvdan Decree no. 97-617 as regards
the type of UV equipment on free sale to the pyli¢B irradiance (which exceeds the
limit established by the decree), and rules regatothe information to be given to the
public.

The risk is that the people who use these lampsb&ilpermanently exposed to UVA
and UVB radiation, especially in the workplace @ promoters recommend them for
use in offices, shops and even schools, allegiagttiey have beneficial effects on the
health. The levels of exposure to the UV radiagamtted by these lamps are currently
unknown. In the absence of standardization of thed, these exposure levels are liable
to become high in the event of prolonged use oksd#vtubes or lamps at a short
distance as recommended by the manufacturers.

[.2 Measurement of ultraviolet radiation, metrology  , UV index, erythemal
dose and limit values

1.2.1 Measurement of ambient ultraviolet solar radi ation

Solar ultraviolet radiation has been measured wode for years. However,
coordinated measurements have only been obtainddeirast decade, because the
databases used for epidemiological studies atdistiled, as is evaluation of individual
exposure. Ultraviolet radiation detectors marketediestined for research were only
developed recently. Calibration procedures havenb@aproved. A schematic
distinction is made between two types of appardinsed spectroradiometers, which
can scan the entire spectrum in a few minutes, laoddband dosimeters, which
evaluate solar radiation in a few seconds. Indi@iddosimeters, which are easily
installed in a strategic position on individualgldng to the second type. Broadband
apparatus often incorporates a weighting functepresentative of the biological action
spectrum. An erythemal efficacy spectrum is usedejpidemiological studies. The
uncertainty of measurement of ultraviolet radiatiocurrent practice is relatively large:
around 30 per cent.

The effective biological UV radiation (UVReff) atgaven wavelength is the ultraviolet
radiation multiplied by a specific efficacy factof the biological effect in question
(erythema, pigmentation, carcinogenicity, etc.) that wavelength (see figure of
erythemal efficacy spectrum and non-melanoma skamcer action spectrum,
ISO/CIE/CEI standard). Each weighted componertiés tadded to each wavelength in
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the range considered. It is expressed in W(eff) (see weighting factors — Table [-2).
These curves are used in standard CEl 60335-2-Q7 ®0evaluate the emission limits
of tanning devices.

Table 1-2 Weighting factor for each wavelength oftie non-melanoma skin cancer (NMSC) action
spectrum and the erythema action spectrum.

Wavelength Weighting factor (SA\) Wavelength Weighting factor Wavelength Weighting factor
\) NMSC? Erythema A) NMSC? Erythema A) NMSC? Erythema
nm nm nm
250 0.010900 1.000000| 300 0.991996 0.648634 350 0.000394 0.000708
251 0.011139 1.000000 301 0.967660 0.522396| 351 0.000394 0.000684]
252 0.011383 1.000000| 302 0.929095 0.420727| 352 0.000394 0.000661
253 0.011633 1.000000| 303 0.798410 0.338844 858 0.000394 0.000638
254 0.011888 1.000000| 304 0.677339 0.272898| 354 0.000394 0.000617
255 0.012158 1.000000| 305 0.567466 0.219786 855 0.000394 0.000596
256 0.012435 1.000000 306 0.470257 0.177011 356 0.000394 0.000575|
257 0.012718 1.000000| 307 0.385911 0.142561 357 0.000394 0.000556
258 0.013007 1.000000 308 0.313889 0.114815) 358 0.000394 0.000537|
259 0.013303 1.000000| 309 0.253391 0.092469 359 0.000394 0.000519
260 0.013605 1.000000| 310 0.203182 0.074473 360 0.000394 0.000501
261 0.013915 1.000000| 311 0.162032 0.059979 361 0.000394 0.000484
262 0.014231 1.000000| 312 0.128671 0.048306 362 0.000394 0.000468
263 0.014555 1.000000 313 0.101794 0.038905| 363 0.000394 0.000452|
264 0.014886 1.000000| 314 0.079247 0.031333 364 0.000394 0.000437|
265 0.015225 1.000000| 315 0.061659 0.025235 365 0.000394 0.000422
266 0.015571 1.000000| 316 0.047902 0.020324 366 0.000394 0.000407
267 0.015925 1.000000| 317 0.037223 0.016368 367 0.000394 0.000394
268 0.016287 1.000000 318 0.028934 0.013183 368 0.000394 0.000380
269 0.016658 1.000000| 319 0.022529 0.010617| 369 0.000394 0.000367|
270 0.017037 1.000000 320 0.017584 0.008551 370 0.000394 0.000355]
271 0.017424 1.000000| 321 0.013758 0.006887 371 0.000394 0.000343
272 0.017821 1.000000| 322 0.010804 0.005546 372 0.000394 0.000331
273 0.018226 1.000000| 323 0.008525 0.004467 373 0.000394 0.000320
274 0.018641 1.000000| 324 0.006756 0.003597| 374 0.000394 0.000309
275 0.019065 1.000000 325 0.005385 0.002897| 375 0.000394 0.000299
276 0.019498 1.000000| 326 0.004316 0.002333 376 0.000394 0.000288
277 0.019942 1.000000| 327 0.003483 0.001879 377 0.000394 0.000279
278 0.020395 1.000000| 328 0.002830 0.001514 378 0.000394 0.000269
279 0.020859 1.000000| 329 0.002316 0.001462 379 0.000394 0.000260]
280 0.021334 1.000000 330 0.001911 0.001413 380 0.000394 0.000251
281 0.025368 1.000000| 331 0.001590 0.001365 381 0.000394 0.000243
282 0.030166 1.000000 332 0.001333 0.001318 382 0.000394 0.000234|
283 0.035871 1.000000| 333 0.001129 0.001274 383 0.000394 0.000226
284 0.057388 1.000000| 334 0.000964 0.001230 384 0.000394 0.000219
285 0.088044 1.000000| 335 0.000810 0.001189 385 0.000394 0.000211]
286 0.129670 1.000000| 336 0.000688 0.001148 386 0.000394 0.000204]
287 0.183618 1.000000 337 0.000589 0.001109 387 0.000394 0.000197|
288 0.250586 1.000000| 338 0.000510 0.001072 388 0.000394 0.000191
289 0.330048 1.000000| 339 0.000446 0.001035 389 0.000394 0.000184]
290 0.420338 1.000000| 340 0.000394 0.001000| 390 0.000394 0.000178
291 0.514138 1.000000| 341 0.000394 0.000966 391 0.000394 0.000172
292 0.609954 1.000000 342 0.000394 0.000933 392 0.000394 0.000166|
293 0.703140 1.000000| 343 0.000394 0.000902 393 0.000394 0.000160]
294 0.788659 1.000000 344 0.000394 0.000871 394 0.000394 0.000155|
295 0.861948 1.000000| 345 0.000394 0.000841 395 0.000394 0.000150
296 0.919650 1.000000| 346 0.000394 0.000813 396 0.000394 0.000145)
297 0.958965 1.000000| 347 0.000394 0.000785| 397 0.000394 0.000140
298 0.988917 1.000000| 348 0.000394 0.000759 398 0.000394 0.000135
299 1.000000 0.805378 349 0.000394 0.000733 399 0.000394 0.000130
400 0.000394 0.000126
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Figure I-1 Erythema and human skin cancer action spera
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————— Non-melanoma skin cancer action spectrum
—— Erythema action spectrum

The erythema action spectrum is defined by theWahg parameters:

Table I-3 Erythema action spectrum

Wavelength Q) Weighting factor (S\)
A <298 1
298 <\ < 328 190942980
328 <A <400 160150400

I.2.2  Standard Erythema Dose

The Standard Erythema Dose (SED) measures theeemgthultraviolet radiation
equivalent to effective erythemal exposure of 1002] The Minimal Erythema Dose
(MED) is the dose that produces barely perceptdrghema (with clearly defined
edges) in an individual on a defined surface. Inegal, a weighting function represents
the relative efficacy for a particular effect, slardized at the point which is usually
most effective. In 1997, the Erythemal Efficacy &pem for human skin became an
ISO/CIE standard, which allows the erythemal efficaf a given UV source to be
calculated by convolution with the emission spettaf that source.

[.2.3 UV Index

The UV index is a tool designed for communicatiorihte general public. It is the result
of a joint study by the WHO, UNEP, the World Metglogical Organisation (WMO)
and the International Commission on Non-lonisingligiion Protection (ICNIRP). It
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has been standardized by ISO/CIE. It expresseerytaemal power of the sun (UV
index = 40 x B W.m?) (Table 1-4), and is usually accompanied by ppodtection

advice.

Table 1-4 UV Index and Erythema Unit (*) (SED)

(*) Exposure to 2 SED triggers slight but visiblegthema in a sensitive (phototype 1) non-acclinediz

person.
Number of Duration of exposure
UV index erythema units Strength of sun corresponding to
per hour the erythema unit (SED)

1 1 SED Weak 2h20

2 2 SED Weak 1h10

3 2.5SED Average 45 min

4 3.5 SED Average 35 min

5 4.15 SED Strong 30 min

6 5 SED Strong 25 min

7 6 SED Very strong 20 min

8 7 SED Very strong 18 min

9 8.5 SED Extreme 16 min

10 9.5 SED Extreme 14 min

11 10.5 SED Extreme 12 min
[.2.4  Limit values

Occupational health medicine (ACGIH) and ICNIRP éaastablished the maximum
daily doses that a worker exposed to UV radiatian eceive without suffering from
acute and long-term effects on the eyes. The casnaa&ellular bilayer highly sensitive
to UVB, and above all UVC radiation, which can aayhotokeratitis. The maximum
daily dose has been fixed at 30 J.m-2Eff, i.e. wster one-third of the SED. This dose
takes account of the average cell repair capatéple 1-5 shows the limits of effective
irradiance according to the daily exposure time.

Table I-5 Maximum duration of exposure to UV, basedn eye exposure limits (ICNIRP)

Daily exposure time Effective irradiance:
Eert (MW/mM?)
08 hours 1
4 hours 2
2 hours 4
1 hour 8
30 minutes 17
15 minutes 33
10 minutes 50
5 minutes 100
1 minute 500
30 seconds 1000
10 seconds 3000
1 second 30,000
0.5 second 60,000
0.1 second 300,000
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There are currently no recommended maximum lingtshie human skin, as the “eye”
values are low and take no account of the adaptatighe skin as a result of repeated
exposure. However, the doses received by the legal of the epidermis are of the
same order of magnitude as the ocular values. Shper cent of ultraviolet B and 50
per cent and UVA radiation is absorbed by the carfser and the Malpighian bodies.
To determine the maximum doses for the epiderresd figures need to be corrected
by the coefficient of absorption of the cornealdiesyand the Malpighian layer on the
one hand, and take account of the skin adaptatimauped by repeated exposure on the
other. Data relating to natural protection and &sdeapprotection is available for each
phototype based on daily infraerythemal exposure&faeeks (e.g. holidays) (Table I-

6).
Table 1-6 Progress of natural photoprotection by adptation based on exposure to sunlight
Day 1-8 Day 8-15 Day 15-21
Phototype natural adaptive natural adaptive natural adaptive
protection (*) | protection protection protection protection protection
[ 1 2 2 3 3 3
Il 2 4 4 6 6 8
Il 3 6 6 9 9 12
I\ 4 8 8 12 12 20
V 6 12 12 16 16 24
VI 10 20 & + 20 & + 20 & + 20 & + 20& +
0 (vitiligo) 1 15 15 3 4 4

The values are standardized in relation to the(naiural photoprotection of phototype I)
(*): the natural protection of phototype | is eqt@P SED
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Il The biological and health effects of ultraviolet radiation
1.1 Analysis methodology

In order to be included in this report, scienti@pers had to have been published in an
international journal after peer review by a SdfenReading Committee, although not
all journals are of equivalent quality. Bibliogragdl research was performed by
consulting the bibliographies of international rgpoon the subject and the
bibliographical databases generally used by ssisntReports on major studies and
published abstracts were also analyzed. Commuaitatmade at congresses and
symposiums which were not subsequently publishee wet taken into account.

Each article was examined on the basis of qualitgr@a corresponding to the field of

expertise. For example, in epidemiology, the qualiriteria are based on the
representativeness of the cases studied, elimmalfidias, the quality of information

gathering, the choice of exposure indicators amditiclusion of confounding factors,

the quality of statistical analysis and the powkthe study, depending mainly on the
number of cases studied. In biology, these critesliate to dosimetry, the design of the
experiment, statistical processing of the data,thadelevance of the biological models
studied.

Each expert was asked to analyze publications ajmgeen his/her field of expertise;
some fields were dealt with by two or three expewvtso worked on them jointly.

The conclusions are based on the weight of evidanckiding the scientific quality of
the studies, their replicability, consistency betwestudies, and the biological
plausibility of the results obtained.

When an expert considered as necessary to comsektarnal person known for his/her
expertise, the inclusion of the information andnign of that external person was left to
the discretion of the expert; this information ® mentioned in specific statements in
the report.

[I.2 Review of prior experts’ reports

[1.2.1 1ARC Monographs on the Evaluation of Carcino  genic Risks to Humans
(IARC, 1992)

The IARC Monographs evaluate the carcinogenic ngkchemical, biological and
physical agents, and classify them according tera defined in the preamble to each
volume, which have remained unchanged since theg es&ablished in 1972.
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The IARC evaluation of ultraviolet radiation is pemted in the table below:

Agent Degree of evidence of Overall
carcinogenicity* evaluation of
Man Animal carcinogenicity**

Solar radiation S S 1
Broad-spectrum UV radiation S Not evaluated

UVA radiation S 2A

UVB radiation S 2A

UVC radiation S 2A
Sunlamps and sunbeds use of L 2A

* |, limited; S, sufficient. ** 1, carcinogenic toumans; 2A, probably carcinogenic to humans.

Epidemiological studies have shown that exposursutdamps and sunbeds increases
the risk of malignant cutaneous melanoma. The mskeases with exposure time,
especially among people exposed before the agé pé&rs or those who have suffered
sunburn.

11.2.2 Environmental Health Criteria (IPCS, 1994)

This volume in the “Environmental Health Criterigéries, the result of collaboration
between the United Nations Environment Programm@lEP), the World Health
Organization (WHO) and the International Commissmm Non-ionising Radiation
Protection (ICNIRP), is presented as “an authavigat scientific review of
environmental and health effects of UV radiatiothweference to global ozone layer
depletion ”. After summarising the physical chaeaistics and sources of UV radiation,
and some data relating to exposure in humans,dhene presents the current state of
knowledge of the health and environmental effe€ld\o radiation, based on the results
of experimental studies conductedvivo andin vitro and epidemiological studies. The
international recommendations relating to exposlimdts, a series of protective
measures, and directives relating to current rekeaare also given. The last part
presents evaluations by international institutions.

I1.2.3  Risks associated with the use of UV-emitting tanning devices (CSHPF,
1996)

Report written by the “UV-emitting Equipment” Worlg Group for the

“Environmental Health Risks Evaluation” sectiontb& French Higher Public Health

Council.

The use of tanning devices which emit ultravioksdiation has greatly increased since
the early Eighties, especially among young pedpl&rance and the rest of the world.
In the short term, the main risks associated witifi@al UVA radiation are skin burns
and photosensitization. In the medium term, exposoirUVA radiation can accelerate
skin aging. In the longer term, exposure to arafit)\VA radiation appears to be a risk
factor for skin cancer. Numerous recent studies demonstrated the possibility of a
direct mutagenic effect of UVA radiation, and son@se-control studies have shown
that an increased risk of melanoma is associatdd exposure to sunlamps and
sunbeds. The eyes, as well as the skin, are a fargacute and chronic lesions caused
by UV radiation. The interaction between exposuweattificial UVA radiation and
exposure to sunlight may also be a source of pdditan effects.

A French decree classifies equipment under 4 catsgand lays down restrictions on
their use. Equipment emitting ultraviolet radiatio; subject to the regulations
applicable to electrical equipment, i.e. the lowtage decree. The Working Group
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recommends a series of measures designed to rddudsks associated with the use of
tanning devices, and strongly discourages its use.

A Recommendation by the Working Group relating amning devices that emits
ultraviolet radiation is annexed to the report.eibgr with a proposed decree relating to
the availability of this equipment to the publiey enplementing regulation drafted by
the Working Group, and the Swedish, French and igan regulations and legislation
relating to sunlamps.

I1.2.4 IARC Handbooks of Cancer Prevention (IARC, 2 001)
The IARC Handbooks evaluate the potential protectffect of agents and compounds

against the development of cancer.

Cutaneous melanoma

The results of 15 case-control studies were aVeilabevaluate the potential protective
effect of sunscreens against cutaneous melanontathéde studies are difficult to
interpret because of problems of confounding: pasitonfounding of sunscreen use
with sun exposure, sun sensitivity and history ah-selated neoplasia; negative
confounding with other sun-protective behaviourg(euse of protective clothing,
wearing a hat or staying in the shade). Adjustmémtghese factors seem to be non-
existent or insufficient in all studies.

Studies relating to the ability of sunscreens ®vpnt the development of melanocytic
naevi, considered to be precursors of some cutane@lanomas, suffer from the same
problems of confounding as mentioned above.

Basal-cell and sguamous-cell carcinoma

The four studies on the ability of sunscreens tagmt against basal-cell and squamous-
cell carcinoma suffer from the same problems oftrding confounding with
individual sensitivity and sun exposure as mentibabove. Two studies have shown
that sunscreens have a significant protective e#gainst actinic keratosis.

Sunscreens can prevent sunburn, and have provectiediness in the prevention of
UVR-induced provocation of certain cutaneous digesad-inally, sunscreens may
reduce the development of skin aging.

The overall evaluation by the Working Group of tb@ncer-preventive activity of
sunscreens was as follows:

* Topical use of sunscreens reduces the risk of saribthumans.

* Sunscreens probably prevent squamous-cell carcinointne skin when used
mainly during unintentional sun exposure.

* No conclusion can be drawn about the cancer-praseattivity of topical use of
suncreens against basal-cell carcinoma and cutamaelanoma.

» Use of sunscreens can extend the duration of iotait sun exposure, such as
sunbathing. Such an extension may increase théarslutaneous melanoma.

11.2.5 Artificial tanning sunbeds — risks and guida  nce (WHO, 2003)
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This report summarizes in a few pages the classifioc of skin types based on sun
sensitivity, the biological effects of sunbeds, thasons why sunbeds represent a public
health challenge, recommendations for Governmentalthle Ministries, and
recommendations for the management of sunbed amesafThese recommendations
are the outcome of a workshop held by WHO at th&@B8SKIN inaugural conference
in 2000.

[1.2.6 Exposure to artificial ultraviolet A radiati ~ on for tanning purposes (National
Academy of Medicine, 2003)

This report clearly and concisely defines the rigksociated with sunbed use and the
regulatory provisions and legal aspects of the sale use of sunbeds for tanning
purposes:

- Exposure to artificial UV radiation has no healénbfits.

- UVA radiations (UVAL1 fraction) are as damaging aéBJradiations, and have no
immediate symptomatic effects, thus encouragintéppged exposure, which is
even more harmful.

- The increased power of new equipment (same dosaslorter time) makes
exposure to UVA radiation even more aggressive.

- The pigmentation obtained by exposure to UVA radimtioes not protect against
the harmful effects of solar radiation.

- Artificial UV radiation causes an alteration of @pimal cells, which can lead to
the development of skin cancer.

- Individual sensitivity to UV radiation strongly ioences the risks of exposure.

- The existence of legislation presupposes thattr@gon of tanning devices for
public use is acceptable in terms of risks.

- The current legislation is widely ignored.

It is necessary to attract the attention of pudlithorities to the risk of litigation against
the government if immediate or delayed harm redrois exposure to UV rays.

The National Academy of Medicine:

- advises strongly against the use of sunbeds

- deplores the fact that legislation gives consuradedse impression of safety

- asks public authorities to strengthen warningsiagplections; and

- recommends long-term medical monitoring of anyohe wegularly uses indoor

tanning appliances.

The National Academy of Medicine has assessed d¢lal lissues raised by the
marketing of sunbeds and their availability for pailuse, stating that this is largely a
problem of liability. In practice, any harm caudedhe responsibility of the operators
(establishments for technical problems, ill-infoadng@ersonnel, etc.), of the users
(knowledge of risks) and of the State.

[1.2.7 Sun and Health (National Academy of Medicine , 2004)

This report is an update of a 1997 report on tifecef of sunlight on the human body.
In view of the biological evidence available sinttee earlier report, the National

Academy of Medicine has formulated a set of projsogad recommendations designed
to ensure better prevention in France.

Proposals:

- to campaign against misconception, often baseditaated knowledge
- to give better information about UV irradiation ciitons
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- to give information about the risks associated withburn
- to give better information about protective produahd improve their
performance
- to promote screening and early diagnosis
- to move towards personalized prevention by idemgffthe persons at risk.
Primary and secondary prevention:

- use sunscreens and sunglasses which protect eqtfaltyively against UVA
and UVB rays
- do not use sunscreens to prolong sun exposure
- give priority to prevention for children (proteatiof eyes, education)
- improve early screening by developing self-obséowatechniques
- develop research into the identification of persatngsk (genetic tests, DNA
repair tests).
Finally, the report summarizes the biological aspemn which its conclusions are
based.

11.2.8 Guidelines on limits of exposure to ultravi  olet radiation of wavelengths
between 180 nm and 400 nm (incoherent optical radia  tion) (ICNIRP, 2004)

This report is an update of the report by the h@gonal Commission on Non-lonising
Radiation Protection (ICNIRP) entitled “Guidelinesn UV Radiation Limits”,
published in 1996. The IPCS report (IPCS, 1994) wssd as scientific basis for
establishing new recommendations.

ICNIRP concluded that although the estimated headtks of exposure to ultraviolet
radiation are now better understood, recent dataoticuggest that the exposure limits
proposed in 1989 should be modified. The reportstheonfirms that the
recommendations relating to the limit values esthbd in 1989 are still valid.

The scientific data on which the conclusions arabmemendations on the limit values
presented in the report are based are summarizedappendix.

11.2.9 Report on Carcinogens, 11th Edition (Nation  al Toxicology Program, 2005)

The 11th and latest edition of the “Report on Gargens” by the National Toxicology
Program was published in 2005. Solar radiationexgbsure to sunlamps and sunbeds
were mentionned for the first time in the “Ninth gget on Carcinogens” (2000), and
broad-spectrum UV radiation and its UVA, UVB and O\omponents in the “Tenth
Report on Carcinogens” (2002). Evidence for theioagenicity of broad-spectrum UV
radiation originates from studies on solar radratend exposure to sunlamps and
sunbeds. The listings for the exposures relatééMoadiation are as follows:

- solar radiation igknown to be a human carcinogen

- exposure to sunbeds and sunlamgp&@vn to be a human carcinogen
- broad-spectrum UV radiation ksiown to be a human carcinogen

- UVA radiation isreasonably anticipated to be a human carcinogen
- UVB radiation isreasonably anticipated to be a human carcinogen

- UVC radiation igeasonably anticipated to be a human carcinagen

Evaluation of exposure to sunlamps and sunbedsisedon sufficient evidence of
carcinogenicity from studies in humans, which iatiis a causal relationship between
exposure to sunlamps and sunbeds and human cancer.
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[1.2.10 Health Effects from Ultraviolet Radiation  (National Radiological Protection
Board, 2002)

This important document contains an exhaustiveerewf the health effects of UV
radiation:

- For most individuals, the main source of exposor&JV radiation is the sun.
Some individuals may also be exposed to artifis@lrces, such as sunbeds or
medical treatments.

- Some individuals are hypersensitive to UV radiat{photosensitivity) due to
genetic or metabolic factors or other abnormalities may develop
photosensitivity after taking medication.

- The tissues mostly affected are the skin and tles.dyxcessive acute exposure
to UV radiation causes sunburn and acute damagetoornea and connective
tissue.

- Chronic exposure of the eyes to UV radiation insesathe risk of developing
certain connective tissue disorders and cataractd, may be responsible for
macular degeneration of the retina, a major cabi®éiralness. The relationship
with ocular melanoma is uncertain.

- Chronic sun exposure leads to skin aging, and nmayease the risk of
melanoma and non-melanoma skin cancer. Melanontaeismain cause of
mortality from skin cancer. Short, intense exposwg@ch as sunbathing seem to
play an important part in the development of metaap and possibly of
squamous-cell carcinoma. Exposure during childhisgorticularly important.
Sunbeds represent a major source of intense, iittentn exposure to UV
radiation, and consequently represent a poterdiatin risk.

- The main known beneficial effect of exposure to tddiation is biosynthesis of
vitamin D triggered by UVB radiation. However, shperiods of everyday life
spent outdoors allow a sufficient amount of vitarbinto be synthesized, and
additional exposure has no benefits.

- Numerous studies demonstrate that UV radiation drasmmunosuppressive
effect, but the health significance of this effesctinclear.

- The risks associated with UV radiation can be aersibly diminished by
reducing exposure (avoiding sunbathing and dirgpbsure at the hottest time
of day, protecting oneself against the sun by seekhade, wearing suitable
clothing and applying sunscreen). Artificial UV soess, especially sunbeds,
should also be avoided.

[1.2.11 Exposure to Artificial Ultraviolet Light an d skin cancer (IARC, under
preparation)

A working group of international experts was ga#iteby IARC to evaluate the risk of
skin cancer, especially melanoma, in relation tposxre to artificial ultraviolet
radiation for tanning purposes. The working grosigurrently finalizing a report that
will be published by IARC, and a shortened versbthe report will be published in a
scientific journal.

[1.3 Biological effects of UV radiation

11.3.1 Short-term effects
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The interactions between UV radiation and the aaéscomplex phenomena leading to
immediate or delayed reactions, which are visiblg@ sometimes painful.

Actinic erythema

This is the classic “sunburn” produced by a suéiiti dose of UV radiation. This
erythema is induced by disorders caused by absarpfi UV radiation by the DNA of
the cells and their membrane. These complex lestanse the release of substances
that spread through the epidermis and reach thiéazags, which dilate. Stimulation of
the nerve endings causes pain. The intensity amdtido of the erythema are
proportional to the quantity (dose) of UV radiati@ceived by the various keratinocyte
layers.

Classically, the following distinction is made:
- Traces of erythema:scarcely visible reddening, not clearly delimited.
- Erythema 1+: slight reddening with clearly defined edges, nohfag
- Erythema 2+: definite reddening, slightly sensitive.
- Erythema 3+: major reddening accompanied by oedema (swellingapfilary
dermis), which is very uncomfortable and interfength sleep
- Erythema 6+: this intense, purplish erythema is rapidly accongxhry the
appearance of blisters. This is an actual burnchkvhiill leave scars and altered
pigmentation.

The Minimal Erythema Dose (MED) is defined as thwamtity of ultraviolet radiation,
whatever the wavelength responsible, needed toecalight erythema with clearly
defined edges 16-24 hours after exposure. Thistijyamaries according to the solar
sensitivity of the individual. This dose has allavine construction of the reference
erythemal efficacy spectrum (CIE 1987), on the basiwhich the erythemal efficacy
of all UV-emitting sources is calculated. The effee irradiance of UV equipment must
meet the values set out in the table which defihedype of UV sources.

The erythemal efficacy of each wavelength is weighaiccording to the erythemal
efficacy curve, and adjusted to 298 nm (see figuré table). The erythemal efficacy
curve can be expressed as mathematical functioll@ass:

EEQ)=1.0 (250< A < 298 nm)
EE (\) = 107094 %) (298< A <328 nm)
EE () = 13025 (14 (328< A <400 nm)

In 1997, the CIE recommended the universal use rofeythema unit called the
Standard Erythema Dose (SED), the value of whichlGs mJ.cm-2 (100 J.m-2),
standardized according to the erythemal efficagyeat 298 nm. This unit allows the
erythemal power of all UV sources to be calculated.
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The speed of appearance of erythema depends csetesity of the sunburn. It will
appear a few hours after exposure to UV radiattoiminate within 24-36 hours, and
disappear on the 3rd day, to be replaced by evidgmientation. The erythema may
last for over a week. Sunburn may be accompaniedydneral symptoms (fever,
headache and vomiting), depending on the size efddimaged areas and the dose
received.

UVB radiation is mainly responsible for erythemaut tJVA radiation is also partly
responsible.

Actinic erythema should not be observed after expoto solaria.

Thickening of epidermis

As a reaction to aggression by UVB radiation, tlegakinocytes of the basal layer
actively divide on about the 3rd day, thus contiil to global thickening of the
epidermis. The Malpighian layer will double in tkness, and the number of layers of
the stratum corneum will also increase. This metliag after repeated irradiation,
provided that there is no blistering, the thicknesthe epidermis will have practically
doubled, thus shielding the basal layer againstatii®n of UVB radiation. A certain
degree of photoprotection is therefore obtainegl etktent of which also depends on the
neo-melanins synthesized (see below). In the albsendurther irradiation, peeling
causes the thickened epidermis to return gradt@ityrmal (in 5 weeks).

Long UVA radiation (340-400 nm), which are onlygéitly absorbed by the epidermis,
do not lead to thickening of the skin, and therefcaiuse hardly any peeling.

Only moderate thickening of the epidermis shoulabgerved after exposure to solaria.
This is mainly due to the small amounts of UVB edidin present in the emission of
low-pressure UV tubes.

Immediate pigmentation

If sufficient quantities of UVA (10 J/cm?) are réoed on the surface of the epidermis,
the melanins present in the melanocytes and keaties undergo polymerization,
which leads to immediate pigmentation that is \Vesilwhen irradiation ends. This
phenomenon is transient. A person who has spendaiien the open air will have a
healthy appearance in the evening, but nothingefs the next day. Melano-
compromised people do not develop this type oftr@acand their appearance does not
benefit from exposure to UVA radiation.

Immediate pigmentation is desired after exposus®taria.

Adaptive pigmentation (tanning)

Delayed pigmentation or adaptive pigmentationiggered at higher doses of UVA and
UVB radiation. It is visible on the third day afteradiation, and lasts for 3-4 weeks in
the case of a single irradiation. This is the tagmeaction.

In the event of repeated exposures, this pigmemtatill be increasingly intense, and
last longer if peeling remains within normal physgcal limits. The melanocytes and
melanogenesis are stimulated, both directly by Unadiation and indirectly by the
products of interaction of the UVB radiation absadtbby the keratinocytes. The
intensity of tanning depends strongly on the genahility to produce melanins (the
concepts of phototype and phenomelanogenotype aamimeolay here). In addition to
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this neomelanogenesis, which is moderately protectihere is a thickening of the
epidermis, which gives melano-competent people gh hidegree of global
photoprotection.

In exposure to solaria, repetition of UVA sessiewery 48 hours produces attractive
pigmentation in melano-competent people. Howeveategtion against solar radiation
remains relatively low, and far from that obtaire@dhe same tanning level caused by a
series of exposures to the sun, as there istltidgening of the epidermis.

Production of vitamin D

Exposure to sunlight is perhaps the most imporsantrce of vitamin D, because it
satisfies the need of most human beings for vitanifHolick, 1994). The ultraviolet
radiation of the sun triggers the synthesis ofmmitaD in the skin (Holick 1994; Holick,
2002). The season, latitude, time of day, cloudecovog and sunscreen products
modify exposure to UV radiation and synthesis daamwin D (Holick, 2002). For
example, exposure to sunlight from November to &aty at the latitude of France is
insufficient to synthesize enough vitamin D in &len. Complete cloud cover halves
the energy of ultraviolet radiation, and shade ceduit by 60 per cent. Industrial
pollution, which increases the screening effectp aleduces solar exposure, and can
contribute to the development of rickets in indivats whose dietary intake of vitamin
D is insufficient (Wharton et al., 2003). Sunscieeiith a protection factor of 8 or more
block the UV radiation that produce vitamin D, lius still important to use sunscreens
regularly in order to reduce the consequences oéssive exposure to sun. Initial
exposure to solar ultraviolet radiation (10-15 nb@suwithout sunscreen) is sufficient
for the synthesis of vitamin D, and should be foka by application of a sunscreen
with a factor of at least 15 to protect the ski@-15 minutes of exposure of the face,
arms, hands or back to the sun at least twice & wathout sunscreen is usually
sufficient to provide adequate vitamin D synthe@iolick, 2002). It should be
remembered that the vitamin D provided by skin sgaits due to exposure to ultraviolet
radiation is merely an addition to the normal digtatake. Oily fish contains large
amounts of vitamin D. For example, a dessertspdarfficod liver oil represents 3.4
times the daily allowance, and 100 g of mackergrasents 90 per cent of the
recommended daily allowance. Finally, a six-yedlofe-up study of patients suffering
from Xeroderma pigmentosum did not show a vitamidddciency in those children,
despite the total photoprotection used (Sollittalet1997).

During exposure to the sun, irradiation of the dlynUVB radiation causes photolysis
of a constituent of the cell membranes, 7-dehydhaesterol (provitamin D3), and
converts it to previtamin D3, which is found in tepidermis and dermis. Endogenous
vitamin D3 reaches the circulation, where it birtdsa transport protein. Under the
action of excess UVB radiation, the previtamin aserted to inactive lumisterol and
tachysterol. This is caused by modulation of vitarB in the epidermis. The bones
accumulate the excess vitamin D produced duringngpand summer, which
compensates for the production deficiency in winféis is valuable for pale-skinned
people and those living in temperate countriespéople with phototypes V and VI,
melanin considerably attenuates UVB radiation, sea deficiency can be found in
northern countries. Whatever the situation, a da¢t in vitamin D can compensate for
this deficiency. The hypovitaminosis D observedame populations does not currently
justify exposure to artificial UVB radiation (US NJ| 2004; Australian Health
Authorities, 2004).
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Two articles recently published on this subjectllido and Jenkins, 2003; Gillie, 2004)
have been challenged in scientific circles. To défthe beneficial role of artificial UV
exposure, the authors review the ability of vitanidp apart from its role in the
prevention of osteomalacia and rickets, to preeentain cell multiplications and other
cardiovascular diseases. These effects were foonoetminor, if not negligible in
relation to the risk of carcinogenicity involved WV exposure. The important role
played by vitamin D in preventing osteomalaciaantfle rickets and bone fragility (in
menopausal women and the elderly) is undeniable. arhount of sunshine in France
and the absence of nutritional deficiencies is ntbesm enough to provide a sufficient
vitamin D level. Any deficiency can easily be comgated by a few glasses of milk or
a balanced diet, especially one containing fish.

The tanning device industry is currently promotihg idea that the vitamin D produced
by artificial tanning is necessary. Claims thaamin D has non-specific antitumoral
effects are far from being demonstrated and receghiand the population does not
need a vitamin D supplement provided by UV sessidhe health status of the French
population does not justify recourse to vitamin Bduced by artificial UV radiation.
The WHO has clearly stated that any vitamin D deficy must be remedied by dietary
means, not by exposure to UV radiation (WHO, 2003).

Table 1I-1 Recommended daily allowance of vitamin Oor the French population (Tec. et Doc.
Lavoisier, 2000)

Age group Recommended allowance

(ng/day)

Children aged 1-3 years 10

Children aged 4-12 years 5

Adolescents aged 13-19 years 5

Adults 5

Elderly persons 10

Pregnant and lactating women 10
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Table II-2 Dietary sources of vitamin D (Tec. et Do. Lavoisier, 2000)

Foodstuff Quantity of vitamin D
(1g/100 g)

cod liver oil 200
salmon, herrings, anchovies, pilchards 12-20
sardines, rainbow trout, mackerel, margarine 8-12
eel, tuna, oysters, caviar, egg yolk 3-8
river trout, dab, lumpfish roe 1.5-3
mullet, heifer's and lamb’s liver, butter,
ham, bacon, paté, mushrooms 0.6-1.5

Keratitis and cataracts

The eyes are naturally protected against intengmsexe to solar radiation by the
specific geometry of the ocular adnexa: supergiliadge, eyebrows, eyelashes, eyelids,
nasal crest and temporal area. Two reflexes comples geometrical protection: the
narrowing of the palpebral fissure (blinking) areluction in pupil diameter. This

reduces the quantity of ultraviolet radiation acpamying daylight that reaches the
sensitive layers of the eye.

Exposure of the cornea to ultraviolet radiatiomgders inflammation of the cornea
(keratitis) and temporary blindness (snow blindhéssa few hours. These symptoms
are reversible in a few days, but in the long tefmepeated, will cause peripheral
proliferations (pterygium).

UVA radiations penetrate to the lens, causing dation of the cells that constitute it
in the long term. This central or peripheral opaetion constitutes cataracts
(progressive loss of vision). It can reasonablyebiémated that 400,000 invalidities a
year are thus created in France, requiring somstimsgor surgery.

There are few risks of acute alteration of theneetHowever, observing an intense light
source can cause retina burning similar to thatesl in people who watch a solar
eclipse without protection. This effect is known'eslipse blindness”.

Macular degeneration, a disorder of the retina Wwieads to progressive blindness that
cannot be corrected, is believed to be caused bgssiwe accumulated quantities of
UVA and blue light (see chapter 11-3-4).

In view of these serious complications, the posdnisks of exposure to artificial UV
radiation without eye protection arising from exp@s to solaria are evident. Eye
protection which filters nearly all UV radiation cérpart of the visible radiation is
essential. Closing the eyes is not enough.

In conclusion

The risks associated with exposure to ultravi@deliation can be immediately dramatic,
or appear later as a result of accumulation of sloS&in cancer and photo-induced
aging are the price of overexposure, i.e. an imizaabetween the individual's solar
capital and the UV doses received during the fifet(see chapter IIl).

Moreover, acute reactions involving both exogenand endogenous substances are
responsible for acute damage which can evolve wsvahronicity. Eye protection is
essential. The biological effects of ultravioletligion of natural (solar) or artificial
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origin are similar, and there is no need to usdi@al UV radiation to ensure a
sufficient supply of vitamin D.

11.3.2 Genotoxic effects

Photogenotoxicity

The alteration in the chemical structure of the DN#Ay cause the appearance of
mutations or lead to cell death. The main typedamhage caused by the UVB and UVA
components of solar radiation to the DNA are clgavaf the nucleotide chain, covalent
protein adducts and products of modification ofdsasThe nature of the physico-
chemical processes at the origin of the modificeticaused by exposure to UV
radiation depends on the wavelength of the incigéotons.

Measurement of DNA lesions by methods such as inmassays (use of monoclonal or
polyclonal antibodies directed against a given tgpphotodamage) and methods using
repair enzymes (such as DNMglycosylases associated with the comet test) recti
chromatography methods (especially high-performanagpuid chromatography
associated with tandem mass spectrometry dete¢Bownki et al., 2000) provides
information about the mechanisms and extent ofddmeage involved in the genotoxic
effects of the different types of ultraviolet raba.

UVB radiation (290-320 nm), the luminous energy of which is diseabsorbed by the
DNA, mainly induces modifications of the pyrimiditeases (Cadet and Vigny, 1990,
Douki et Cadet, 2001):
* Formation of dimeric photoproducts between two adjaent pyrimidine bases

- cyclobutane dimers,

- pyrimidine (6-4) pyrimidone and Dewar valenspiiner photoproducts resulting

from strong doses of irradiation or in the presesicgVA.
- specific UVB irradiation signature: tandem ntiglas CC - TT.

* Photochemistry of purines in far-UV spectrum
Although UVB pyrimidine photochemistry is quantitely the largest, purine
photochemistry also presents some interesting fesitu
- dimerization of adenine, a minor photoproducbad formation has not yet been
observed in cell DNA
- oxidation of guanine to 8-oxo-7,8-dihydroguan{BeoxoGua) in DNA isolated
after exposure to UVB and UVC radiation.

The harmful effects of UVB radiation are largelyp&ined by the formation of dimeric
photoproducts of pyrimidines (Douki et al., 200Bhe level of formation of 8-oxoGua
is 100 times weaker than cyclobutane dimers. Thel lef these photoproducts in the
cell DNA is around one lesion per “ribrmal bases per Jm

UVA radiation and visible light are not absorbed by the DNA. However, the
endogenous or exogenous chromophores, in an ex@ied after absorption of
luminous energy, can degrade the genome. Thisioeasthose preferential target is
the guanine base, is called photosensitization déoet al., 2000) (Ravanat et al.,
2000).

! paragraph taken from Afssaps report
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Photosensitization reactions to visible light or A)\fadiation involve two main
mechanisms:

* The type 1 mechanisminvolves an electron or hydrogen atom transfer treac
between the excited photosensitiser and the stibsirae main targets in the DNA
are the bases (especially guanine). The lattec@meerted by an oxidation reaction
to an electron in their radical cation. The lattan then react with water or be
deprotonized. A secondary reaction of this typeracpss is formation of the
superoxide radical by reaction of molecular oxygéth the anion radical of the
photosensitiser; by dismutation, this superoxiddical can generate hydrogen
peroxide which, in the presence of a transitionamigt reduced form (ferrous ion,
for example), is at the origin of the highly reaethydroxyl radical.

* The type Il mechanism involves energy absorption by the photosensitiset a
transfer on oxygen. This molecule is in an excgtde called a “singlet”, allowing
it to react with the exclusive substrate, the goarbase, specifically to form 8-
oxoGua. UVA radiation induces oxidative stress, niyai through type I
photosensitization mechanisms. There is also a ntynfmrmation of cleavage of
DNA chains and products of oxidation of the pyrim&l bases, which results
mainly from the action of the hydroxyl radical.

The photo-oxidant aspect of UVA radiation, unlesssidered as the formation of 8-
oxoGua, only seems to play a minor part in the fareffects of sunlight. The study of
8-oxoGua formation alone is therefore insufficientefine the mechanisms involved in
the effect of UVA radiation.

Cutaneous photocarcinogenesis

Skin carcinomas, the most frequent skin cancersam, are mainly represented by
basal-cell carcinoma (BCC), with a slow evolutiamddocal malignity, and the more
aggressive epidermoid carcinomas (EC).

The role of exposure to sunlight in the appeararice carcinoma is established on the
basis of clinical, epidemiological and experimenta@rguments. Cutaneous
photocarcinogenesis is attributed 65 per cent toBUAhd 35 per cent to UVA,
according to a calculation based on the De Graijidve (De Laat et al., 1997).

The keratinocytes associated with human EC expmem® mutations secondary to
UVA (formation of 8-oxoGua) than to UVB radiatioayclobutane dimers) (Agar et al.,
2004).

Intermittent and “burning” solar exposure, partaoly during childhood, is the main
risk factor for melanoma, and has also been estadi on the basis of clinical,
epidemiological and experimental arguments. UVBatiahs and, more recently, UVA
radiations, are blamed.

The genetic susceptibility and mechanisms invohiad photocarcinogenesis of
melanoma and carcinoma are very different. Thesrplayed by different wavelengths
of the solar spectrum also differ, according to tia¢ure of the cancer. It is therefore
reasonable to assume that any protection offeregubyfilters against malignant skin
tumours must be adapted to the type of cancer prdeented.
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11.3.3 Immunosuppressive effects

The skin’s immune defences provide protection agja@xternal aggression (bacteria,
fungi and viruses). These defences are greatlyedltat low doses of UVB and UVA
(below the erythema dose). UVB radiation reducesnitimber of Langerhans cells and
reduces their ability to present antigens to tHgniphocytes. Exposure to UV radiation
induces the release of different cytokines (intéde 10, TNFe, prostaglandins, etc.)
involved in photoimmunosuppression. Moreover, c¢@eanic acid absorbs UVB
radiation and isomerizes into trans-urocanic acidictv has immunosuppressive
properties. This depression is reversible, andei$oration takes around 3 weeks. This
phenomenon has only been recognized for a few yaadshelps to explain a number of
summer disorders (herpes, pityriasis versicolopetigo, etc.). Skin tolerance is also
involved in long-term tumour promotion. Followingmosure to solaria, the skin’s
defences are lowered, and skin infections have bbserved at tanning centres with
poor hygiene.

11.3.4 Photo-induced skin aging

Two phenomena are superimposed in skin aging:

- firstly, intrinsic physiological skin aging, a gdmmally programmed
phenomenon associated with morphogenesis and caliration, which is
accentuated by a deficiency of sex steroids in-pesiopausal women and by
smoking

- secondly, extrinsic aging, basically created by oolr solar irradiation
associated with UVA and UVB radiation, and to asérsdegree with infrared
radiation.

Photo-induced skin aging, also known as heliodatimatomprises the specific clinical
and histological modifications exclusively assoethtvith chronic exposure to the sun,
and excludes pre-cancerous and cancerous lesions.

The two types of aging, physiological and photodiced, are closely linked; however,
there are qualitative and quantitative differenisesveen them in clinical, histological,
immunohistochemical and biochemical terms. In éydpeople, the difference in skin
texture between areas usually exposed to the digthitprotected areas is evident, with a
sharp transition on some areas of the body sut¢heabreasts and cleavage, back and
buttocks.

Clinical aspects

The clinical manifestations of heliodermatitis amainly located in uncovered areas: the
face (nose and cheeks), back of the hands andriiased hey vary considerably from
one person to another, and even between peopleeasame age and phototype who
undergo the same chronic solar exposure (thus dtidg individual genetic
susceptibility).

Skin lesions may be isolated, but gradually meigelving:
- thickened, wrinkly, dry skin
- sagging skin which has lost its elasticity
- a yellowish background colour with a sprinkling telangiectases (indicating
attacks on the dermal vascular network) and pigamgnspots (indicating
alterations of the melanocytes): hypomelanosis l{soadourless marks on the
limbs), freckles (small buff-coloured spots) anadtigines (brown spots)
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- appearance of small lines, then deeper wrinkles.
Some clinical aspects particularly demonstrate ithportance of alterations of the
elastic fibres of the dermis (elastosis):
- citrine skin, in which the yellowish colour and dimpled surfanake the skin
resemble lemon bark
- elastosis of the neckwhich resembles a “plucked chicken skin”, comsgsbf
small yellowish-white papules scattered over arnthempatous, telangiectatic
background
- elastoidosis with cysts and comedones, a combination of yellowsspules,
cystic nodules and blackheads on the temples anohdrthe eyes
- cutis rhomboidalis nuchae in which the skin is criss-crossed by deep weskl
giving it a “leathery” appearance.

Histological aspects

The histological modifications associated with bdéérmatitis concern the epidermis
and dermis, but the dermal connective tissue andeills are the preferential target of
solar radiation. The UVA radiation which penetrdeeply into this tissue play a large
part in forming these lesions.

The structural modifications of heliodermatitis &y different from those observed in
intrinsic skin aging, which is characterized bydspimal atrophy with flattening of all
the cell layers and the dermoepidermal junctiord aspecially by rarefaction of the
dermal fibroblasts, whose activity is greatly regldicwhich reduces the synthesis of
elastic fibres and collagen.

Epidermis

While the stratum corneum is thickened to somergxtbe underlying epidermis may
be of normal thickness, hyperplastic or atrophige(db reduction of epidermopoiesis).
The keratinocytes may be dysplastic, presentingiedy nuclei and signs of disordered
maturation (dyskeratosis, parakeratosis).

The melanocytes are irregularly distributed thraughthe basal membrane. Their size
and dendricity and the arrangement of the melanesame often abnormal, indicating
disorders of their melanization functions. Melartecgiensity is practically doubled in
photoexposed areas, which may explain the appearahsenile lentigines in skin
exposed to the sun.

The number and functional activity of the Langemharells are reduced in the
chronically sun-exposed skin of elderly people.sTimajor loss, amounting to around
50 per cent, may explain the reduction in delaygoehsensitivity reactions and above
all the emergence of malignant cell clones at tigiroof skin cancers caused by photo-
induced immunodepression.

Dermoepidermal junction

The basal membrane is thickened, the dermoepidgunation is flattened, and the
epidermal papillae disappear.
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Dermis

In heliodermatitis, the dermis is considerably rfiedi as a result of attack of
fibroblasts, elastic and already formed collagém®$, and of the vascular network.

The pathognomic histological alteration found ifidaermatitis is represented by solar
elastosis, which corresponds to dystrophy of thastel tissue. This elastotic
degeneration is situated in the superficial anddieidlermis, where thick, fragmented
elastic fibres appear in large numbers and becontangled, forming balls of
amorphous, granulous material. Under the dermoapiaejunction there is a narrow
area (the Grenz zone) which appears to be frelastosis, but where the fibroblasts are
numerous and hyperactive, indicating excessiveepraynthesis. The collagen fibres
are altered by basophilic degeneration. There de@ease in the number of mature,
insoluble collagen fibres (as a result of degrasatinder the effect of proteolytic
enzymes secreted by the inflammatory dermal iafiéy, while soluble collagen fibres
increase. Fundamental substance strongly increasgdth elevated levels of
proteoglycans and glycosaminoglycans. A moderdlgnmmatory infiltrate is present in
recent lesions, composed of polynuclear neutroplyisphocytes and mast cells whose
enzymatic secretions are involved in alterations tlié macromolecules of the
connective tissue. This inflammatory reaction iscasated with the action of UV
radiation on the dermis. Vascular modifications avenerous, with thickening of the
capillary walls, a reduction in the number of ckgpies, and focal dilations
corresponding to the telangiectases clinically okt These vascular alterations lead
to a major reduction in the oxygen exchange capaaitd normal transfer of
micronutrients in the dermis.

11.3.5 Photo-induced skin cancers

Some 80,000 new cases of skin cancer are diagmo$ednce every year. The number
is constantly growing, with an annual increase pkE¥ cent. Ultraviolet radiation is the
major etiological factor responsible for these @scwhose aggressiveness depends
largely on their histological form. 90-95 per ceftthem are the result of proliferation
of keratinocytes (basal-cell carcinomas, by far thest frequent, and epidermoid
carcinomas, which are rarer), and are highly respento simple treatment without a
lethal prognosis, while the other 5-10 per centsinof malignant melanomas
(proliferation of melanocytes) with a far more ses prognosis.

For decades, it has been universally recognizedstia cancers are induced by light
radiation of solar origin or originating from aitial sources, on the basis of
epidemiological and experimental arguments. Theagenic and carcinogenic effects
of UVB radiation in animals and in man have longit&nown, whereas the oncogenic
effects of UVA radiation have only been recogniteda few years. The carcinogenic
risk of UV-emitting tanning devices is thereforet@pical subject, which can be
considered a public health problem.

Photocarcinogenesis is defined as all the phenorteathng to the formation of skin
tumours by light radiation. The process of canegian is the result of damage caused
by ultraviolet radiation accumulated in the epidafmells. Every alteration which
escapes the exogenous and endogenous repair ngulgparticipates in the various
stages leading to cancerization. These processe®ite or two decades, proceeding in
stages, some of which have clinical symptoms, wbilers have only manifestations
which are histologically detectable (dystrophy, mgsia) or biologically detectable
(gene mutation, appearance of neoantigens).
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Skin carcinomas

Basal-cell carcinomais the most frequent type of skin cancer (60 gert)c It appears
after the age of 50, and is mainly located on e sf uncovered areas: head and neck
(90 per cent) and back of the hands. Charactefized slow, malignant extension,
purely local development (no metastasis), it mastlestroyed (by surgical excision or
radiotherapy), as it becomes insidiously infilingtiand may be a source of local
damage.

Epidermoid (or squamous-cell carcinoma is less frequent than basal-cell carcinoma
(30 per cent of skin cancers). It appears on exjstiesions (actinic keratosis,
leucoplakia of the lips), and is mainly locateduncovered areas. It is more serious
because of its rapid, invasive locoregional develept and of its frequency of lymph
node extension, although there is a low risk ofasigisis.

The carcinogenic role of UV radiation explains khgher frequency of skin cancer:
- inregions exposed to the light (face)
- in people with pale skin (red or blond hair)
- in people who work outdoors (sailors, farmers)
- in people who live in very hot regions (black peoplre protected by their
melanic pigmentation)
- among people who have received heavy doses atetif/VV radiation.

The major carcinogenic effect is due to UVB radiatinamely wavelengths between
290 and 320 nm, with peak efficacy at 293 nm. U\adliations were long considered
harmless, and their carcinogenic efficacy was leldeto be negligible. This mistaken
idea has been reviewed in the light of recent studi

- UVA radiations cause fewer tumours than UVB radiagi, but only if the
irradiation is of short duration (up to 20 weels$)the irradiation is prolonged
up to 250 J/cf just as many tumours are caused by UVA as UVEatiauhs in
most of the models studied, at doses equivaletiidee received by intensive
UVA tanning enthusiasts (20 minutes’ exposure Sdaweek.

- The action spectrum of cutaneous carcinogenesfsiallel to the erythema
spectrum up to 313 nm, but if very different beyobdcause the erythemal
efficacy declines regularly in UVA radiations, withe carcinogenic efficacy,
after a decline in the short UVA wavelengths, risearply around 360 nm.

- Analysis of erythemal efficacy and carcinogenegisca shows that UVB
radiation is around 1000 times more effective thAfA in inducing erythema,
while the UVA/UVB carcinogenic efficacy ratio is Q0If the spectral efficacy
for each of the two effects is related to the reéaguantity of UVA and UVB
radiation received during natural solar exposurdéi¢v contains at least 20
times more UVA than UVB radiation) it will be fourtdat UVB radiation make
a 96 per cent contribution to erythema, and ardfnger cent to carcinogenesis,
leaving 35 per cent of the responsibility to UVAliation.

Experimental epidemiological studies confirm thet tarcinogenic risk is proportional
to the cumulative dose of UV radiation received imyrthe lifetime, but the
carcinogenic dose is not known in man. Dose beipggak small repeated doses are
more harmful than more intense but less frequesg¢slo
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Cutaneous melanoma

Among the multiple “moles” which some people présanelanoma is fortunately
exceptional but extremely serious (over 25 per guapttality within 5 years), and
current treatments have little effect on it. Thialignant tumour, consisting of atypical
melanocytes, is constantly increasing (its freqyeshmubles every 12 years), reaching
an incidence of 10 new cases per 100,000 inhabitaett annum in Ile-de-France in
1994 (50 cases per 100,00 inhabitants per annuxuastralia).

In most cases, melanoma appears in healthy skihenform of a pigmented spot,

resembling a mole but differentiated by its irreguedges (asymmetrical lesion),
multicoloured appearance (brown, dark purple, pamkbluish areas) and irregular

surface. More rarely (some 25 per cent of casefgmoma is a degeneration of a mole
whose edges, colour and appearance change. Astremely serious, melanoma is a
public health problem, and it is consequently esakto know whether exposure to UV

radiation increases the risk of melanoma.

The number of melanocytic naevi is an essentiklfastor

While it is acknowledged that solar exposure coumgs a melanoma risk factor (which
accounts for some 65 per cent of melanomas), gsnatso play an important part,
because they cause several predispositions of ¢tenocyte system: phototype, genesis
of melanocytic naevi, and familial melanomas.

- Some ethnic factors increase the risk of melangrake skin (white people are
roughly 100 times more liable to melanoma than kl@eople), tanning
difficulty (the decisive factor), liability to sumion, photoinduced freckles, blond
or red hair, grey or blue eyes.

- Early exposure to sun promotes the appearance lahowytic naevi in children.
There is a significant correlation between the g@nes of a large number of
naevi in children and overexposure to sun, whethesnic (over 4 hours a day)
or acute (history of sunburn). Although a direatklibetween naevi and
melanomas has not been clearly established, tloziaien between multiple
melanocytic naevi and intermittent exposure to sh@ is still synergic for
melanoma risk.

- A family history of melanoma or dysplastic naevinsttutes a risk factor
additional to the risks associated with exposure@rototype.

UV radiation has long been suspect

The role of short wavelength ultraviolet radiatigsvB: 290-320 nm), responsible for
sunburn, is suggested by indirect arguments:
- increased incidence of melanoma with decreasetlidati(correlated with an
increase in UVB radiation)
- high rate of melanoma among people with a defigigncUVB-induced DNA
damage repair processes.

Recently, ultraviolet radiation with longer wavedgins (UVA: 320-400 nm) has also
been accused:
- increased incidence of melanoma in Scandinavia eo&tp with southern
Europe, which may be explained by different phgteywhile UVA irradiance
is equivalent, and by “cultural habits”: numerowsa&dinavians spend a “week
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in the Canaries” in winter, leading to sudden, nst exposure because “you
need to show you friends that you’'ve been abro&at”;many of them, being
able to tan is a sign of good health

- melanoma has been induced in a tropical fish oXip&ophorus genus by UVA
irradiation whose carcinogenic efficacy is only tifies less than that of UVB
radiation in this experimental model

- melanoma risk is doubled by exposure to the adifidV radiation emitted by
sunlamps and sunbeds (see below).

A high level of exposure to sun in childhood is ajon risk factor

Exposure to UV radiation undoubtedly plays a partthe genesis of melanoma.

However, the elective distribution of melanomahe treas usually covered by clothes
means that a preponderant role is played by infém&emittent exposure to the sun and
clothing habits, with irradiation of the areas wm@d by fashion, like women’s legs in

the Fifties and Sixties.

Many recent studies emphasize the importance ehgg exposure which is responsible
for sunburn in childhood or adolescence. Studiesnofigrants to Australia, Israel and
New Zealand demonstrate that the risk is highesbtngnthe white population, and
multiplied 3-4 times in the event of migration dwgichildhood. Childhood is therefore
a crucial age for the future risk of melanoma. Ashvave seen, the interaction between
phototype, number of melanocyte naevi, solar ex@osnd history of sunburn is
complex, requiring a multifactorial analysis to adish the percentages of
responsibility. Equally, exposure to the sun befibe age of 15 contributes to the risk
of melanoma, and in practice it is advisable totppmtect adults, and especially
children, effectively against UVB and UVA radiatiaspecially:

- those with a pale phototype who do not tan

- people with multiple melanocytic naevi

- particularly if there is any family history of dylagtic naevi or melanoma.

Action mechanisms

In the genesis of skin cancer, the action mechaniesmUV photons are not fully
understood, and in any event are complex and at&idPhotocarcinogenesis is a multi-
stage process, in which UV radiation can parti@pditectly or indirectly at all levels:
initiation, promotion and transformation. UV irration causes numerous epidermal
disorders, some of which are strongly suspectg@hdfcipating in photocarcinogenesis,
especially DNA alterations, the production of oxiggted free radicals, and induction of
immune deficiency,

DNA alterations

The cell DNA is the main target for aggression by thdiation. The nucleic acids
absorb UVB radiation, which directly creates sgeclkesions: pyrimidine dimers,
addition products and strand breakage. These plomopts profoundly alter genome
expression and are more or less rapidly repairedcayplex, almost error-free
mechanisms.

UVA radiations alter the DNA directly, and also irattly through reactive oxygen
species, which are responsible for chain breakstepr-nucleobase bridges and
oxidative lesions of bases. These lesions arenegpaiith frequent errors.
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Persistent (unrepaired) DNA damage may be resplendiir mutations which

profoundly alter the functioning of the genes. Tih&k between this UV-induced
damage to the DNA on the one hand and mutatiommobgenes (ks) and tumour-

suppressing genes on the other is well establidinegarticular, geng53 regularizes

DNA repair by triggering the release of mitosiseaftepair; it is altered by ultraviolet
radiation, and its mutations are strongly involuetumour promotion.

Free radicals

The generation of oxygenated free radicals duroigrsexposure to UV radiation has
been extensively demonstrated (see Chapter IVad),tlaeir excessive production is a
harmful action which targets proteins, DNA and meanie lipids (lipid peroxidation).
This production of free radicals has a number afseguences: membrane ruptures,
inactivation of receptors, release of products efogidation which are considered
mutagenic and cytotoxic, and release of inflamnmatizediators via arachidonic acid.
The role of the free radicals, which are extengiweolved in heliodermatitis, seems to
be equally important in photocarcinogenesis. Legsibnucleic acids and DNA repair
enzymes can cause malfunctions in cell differeiotiand cell behaviour. Moreover, in
addition to the attack on the DNA which may occtrtlee initiation and promotion
stage, the free radicals are probably involvedhatpinduced immunosuppression and
ornithine decarboxylase activity. Production of gepated free radicals may be
triggered by both UVB and UVA radiation, as studies cell models clearly
demonstrate. It involves the intervention of vasioandogenous photosensitisers,
especially phaeomelanin which, unlike eumelaniny @ involved in these reactions,
thus explaining the increased risk of carcinompdaople with blond or red hair.

Immunosuppression

Numerous experimental studies demonstrate that &tlation (especially UVB, but
also UVA) has a suppressant effect on the immunestesy This
photoimmunosuppression is responsible for a reddh contact hypersensitivity and
delayed hypersensitivity reactions, associated \lign presence of antigen-specific
suppressor T lymphocytes. UVB radiation may induteal and systemic
immunosuppression.

The mechanisms involved in photoimmunosuppressierct@amplex, including:

- a direct action on the epidermal Langerhans cellspse antigen-presenting
function is impaired

- isomerization of trans-urocanic acid into a ciseamic derivative with
Immunosuppressive properties

- production and release of cytokines by the epidecels (TNF, IL-1, IL-12
and especially IL-10);

- infiltration of the epidermis by monocytic cells 36+, DR+), antigen-
presenting cells which may be responsible for tla¢esof tolerance observed
after UVB irradiation.

ODC activity

Ultraviolet radiation, via the production of freadicals, increases the activity of
ornithine decarboxylase, an enzyme involved inkiosynthesis of polyamines, whose
activities increases during malignant transfornmatio
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Carcinogenesis induced by artificial UV radiation

Carcinogenicity of UV radiation

UVA radiation is carcinogenic, and its efficacy, iath is admittedly less than that of
UVB radiation, has been analyzed in the precedimapters. This carcinogenic action of
UVA radiation is far from negligible, increasingetltarcinogenic action of the UVB
traces always present in the emission spectrumhef sources used for tanning.
Moreover, phaeomelanins present specific absormidiVA radiation, and may have a
carcinogenic effect resulting from photosensit@atieactions.

Genotoxicity and mutagenicity of UVA radiation

Although they are not directly absorbed by the DNIAVA radiation is genotoxic as a
result of oxygen-dependent photosensitized reasti@xygen activation leads to a
cascade of reactions: chain breaks, and bonds ertW&A and proteins which are
difficult to repair, at least without errors. THigoe of lesion consequently involves a
higher potential risk of mutation than those caubgdJVB radiation; in fact, UVA
radiation is now considered as mutagenic as UV Batiah.

Initiation and promotion of melanoma

A number of recent experimental studies have fahatl UVA radiation is involved in
the initiation and/or promotion of experimental av@mas; however, extrapolation to
man is subject to reservations. An experimentaldystwsing the tropical fish
Xiphophorus (which has a single anti-oncogene RE3honstrated that UV radiation
can trigger the appearance of melanoma; although tAdiation are less active than
UVB radiation, their carcinogenic efficacy is 10@nés greater than their cytotoxic
efficacy. In mice with melanoma, the growth andsdmination of the tumour are
activated by UVA irradiation.

Epidemiological studies

At least nine case-control epidemiological studies/e examined the association
between exposure to sunlamps and sunbeds andsth@frimelanoma. Six of these
studies showed little or no association, but tleguiency of use of sunlamps and beds in
these studies was very low.

More recently, three more detailed studies, whagktaccount of constitutional factors
and natural exposure to sunlight, demonstrated ttleatisk of melanoma is globally
doubled by exposure to artificial UV radiation, atiét this risk can be considerably
higher in some categories of individuals (see tetaiparagraph 11.3.3).

Ocular melanoma

Some publications have suggested the possibility pbsitive correlation between the
onset of ocular melanoma and exposure to UV ragiath recent French publication
(Guenel et al., 2001) seems to confirm this coti@ta
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In conclusion

Skin carcinogenesis induced by ultraviolet radiatonstitutes one of the major public
health problems, and specific education is required

The UVA radiation delivered for tanning purposesansidered carcinogenic. In the
case of melanoma, this risk appears to be low,ithist doubled in artificial tanning
enthusiasts who undergo 10 sessions a year.

The carcinogenic risk of sun and solaria is cunngatThis photo-addition effect is
particularly high in inveterate sunbathers who ratteveekly UVA sessions all year
round; in their case, the risk of developing skanaer is multiplied by 10.

11.3.6 Dose-effect relationship

There is a dose-effect relationship between theutatme dose and the risk of non-
melanoma skin cancer (see chapter Il on exposeawiour), while there is no simple
dose-effect relationship for melanoma (see par@.2l).

11.3.7 Medical applications

Dermatologists regularly use phototherapy to treaettain well-defined disorders,
especially when other treatments are ineffectivenam-existent. The indications and
irradiation doses are carefully evaluated, andrnmeat protocols are applied after being
devised by recognized specialists in photodermgyol®he various contraindications of
phototherapy, which the dermatologist alone canessssare strictly researched
(integument examination, phototype, medicines takeassociated dermatitis,
photodermatitis, etc.).

The protocols are adapted to the skin type, and@ease in dose takes account of skin
type, the patient’s tolerance, and the dermattisd treated. The number of sessions is
controlled, and the overall dose received is alweweuated and recorded. Monitoring

of the patients treated is essential, at regul@rvals during the treatment and in the

medium and long term after the sessions. Amongéhemmendations issued during

the treatment, it is agreed that a cycle of 20isess year should not be exceeded. The
global dose received by patients, whatever theepttiand disorders treated, is a tenth
of the doses received during tanning sessions.

From the technical standpoint, the equipment istltrcontrolled; it operates under the
responsibility of a dermatologist, and the radma@mnitted is regularly measured.
Exposure to ultraviolet radiation for purely cosimgburposes is always refused by
dermatologists.

The various phototherapies

- PUVA treatment: emission of UVA (broad-spectrungiasions and prescription of
psoralen to be taken orally or applied locally (aggion or baths) before the
sessions

- Phototherapy: broad-spectrum UVB.

More recently:

- Narrow-spectrum UVB phototherapy: 311 nm — TLOL1.

- Excimer laser: 308 nm.

- UVA 1 phototherapy (340-400nm).
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The disorders treated

Psoriasis was the first type of skin disease tcefiefrom phototherapy, and the first
results immediately showed that phototherapy wasm@ionally interesting. Later, T-
cell lymphomas were treated, and phototherapy ifeped to more aggressive
treatments whenever possible. The most common rduagplications include PUVA
treatment, UVB treatment and UVB 311 treatment,etbgr with the more recent
excimer laser and UVA 1 treatments.

Other indications and the wavelengths chosen:
- Vitiligo: UVB 311 or excimer laser

- Lichen planus: PUVA or UVB treatment

- Generalized or localized scleroderma: UVA 1.

Numerous other indications can be envisaged, lmub#st protocols are often not well
established, and there is not a sufficiently lasgeof studies to confirm their efficacy.
The protocols are designed to achieve the greaffisacy with the lowest doses, but
the necessary efficacy/tolerance comparisons dralways well established.

In conclusion

Phototherapy cannot be accepted without very stnietlium- and long-term clinical
monitoring during treatment. The protocols are giesd to achieve the greatest efficacy
at the lowest exposure doses, and wavelengths whidrantee the absence of
complications are chosen.

Comments

- Dynamic phototherapy is currently being evaluated.

- Extracorporeal photophoreses<(vivoPUVA treatment of blood lymphocytes after
leucapheresis) is mainly used to treat lymphoma.

- The treatment of neonatal jaundice is based on sexpoto violet light, and is
essential to prevent permanent after-effects.

11.3.8 Luminotherapy

The effect of ambient lighting on mood is now wellown. It has been demonstrated
that bright lighting increases vitality and redua@elancholy in some populations
(Einon D., 1997). These observations have led eéouge of bright light to treat certain
forms of depression (SAD — Seasonal Affective Dieos). The CIE possesses a report
(1995) indicating the correlations between différnetensities of depression which can
be effectively treated by daily exposure to différentensities of light. A specific light
receptor, which activates the cells of a gangliord a&onsequently certain sites
responsible for regulating the circadian and nendloerine functions, was recently
identified in the retina. This pathway is differdmdm the one that induces vision and
visual reflexes. Suitable lighting can effectivetgat certain disorders, and optimum
lighting strategies in relation to health and wading can be developedltraviolet
radiation is not involved in these mechanismsand the necessary quantity of light is
around 2500 lux. These guantities are regularlgived on clear, sunny days, and are
not considered dangerous to the various partseoéye.
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1.4 The health effects of UV radiation

I1.4.1 The different skin types. Are there any feat
population?

ures specific to the French

Skin sensitivity to UV radiation

The phototype of each individual corresponds td fierson’s tendency to sunburn
(actinic erythema) and pigmentation (tan). It i@rfectly related to complexion, hair
colour, presence of freckles and body hair colour.

Categories of skin sensitivity to ultraviolet raiba, known as phototypes, have been
established. They can be defined as follows:

Table 11-3 Characteristics of the different phototypes

Phototype Hair Complexion Freckles Sunburn Tan

0 White Albino 0 Always ++ 0

I Red Milky +++ Always ++ 0

Il Blond Pale ++ Always + Slight tan
1] Light brown Pale + Frequent Pale tan
I\ Dark brown Dark 0 Rare Dark

V Dark brown Dark 0 Exceptional Very dark
VI Black Black 0 None Black

The most commonly used simplified classificationtle Fitzpatrick classification
(Fitzpatrick TB, 1988):

Type I. always burns, never tans

Type II: always burns, sometimes tans

Type lll: often burns, always tans

Type IV: never burns, always tans

Type V: moderately pigmented people (brown-skinned Mediteans, Asians and
Arabs)

Type VI: black race.

Moreover, the sensitivity of each phototype canelzpressed by SED units and the
corresponding effective erythemal dose. Melano-comgsed, melano-competent and
melano-protected individuals correspond to a sifigglion of the phototype
classification resulting from consensus by spestwljFitzpatrick et al, 1995).

The skin cancer registers show that over 90 pet ckpeople with skin cancer are
melano-compromised. These types of cancer are ggnapamong melano-protected
people.

Table 11-4 Sensitivity of the different phototypes

Phototypes Characteristics Sensitivity (SED)| Dose (J.ri)
I Burns very easily, with no 251 150-350
Melano-compromised tanning (freckles: always)
Il Burns and tans minimally 301 200-400
Melano-compromised (freckles: sometimes)
] Burns and tans moderately 45+2 250-650
Melano-competent
\Y) Burns minimally and tans 6.0+£2 400-800
Melano-competent well
\% Never burns, tans profusel 7525 500-1000
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Melano-protected
Vi Never burns, black skin 12.0+4 800-1200
Melano-protected

Melano-compromised people (red-haired phenotypéations in thex-MSH receptor)
are capable of melanogenesis which has a negadlaade in terms of genotoxicity by
ultraviolet radiation, leading to major photocaogenesis (some 90 per cent of skin
cancers).

Melano-competent people present a positive glob#rte, as the melanin produced
effectively protects them against ultraviolet raidia. People belonging to this group
account for some 10 per cent of skin cancers, fgbbecause their natural and
acquired photoprotection capacity is exceeded.

(Naturally) melano-protected individuals are chégestic of mixed-race, Asiatic and
Negroid populations, who only exceptionally suffesm skin cancer, mainly in areas
with little pigmentation (e.g. burn scars from whithe melanocytes have disappeared).
Their natural photoprotection is very high becaokthe location of the melanosomes,
and consequently the melanins, either “cappinghekeratinocytes (Asian population)
or in the stratum corneum (Negroid population), shthey constitute a protective
shield.

This hypothesis, which has been consistently etifin epidemiological studies

relating to Australian, American and European papoihs, is supported by almost
daily observation of the absence of skin cancefitiiginous areas without melanin or

melanocytes, and the high frequency of malignantanmma and squamous-cell

carcinoma in African and Indian albinos. In thetdgt melanocytes are present and
produce an excess of phaeomelanins due to lackewdral enzymes required for

eumelanin synthesis.

How are phototypes distributed among the French paglation?

The available data are based on sporadic studiggntitular sections of the French
population.

The phototype classification was empirically desigirio provide a tool allowing the

individual risk of exposure to the sun to be estedaand suitable protection principles
recommended. In view of the highly diversified geénéneritage, individuals rarely

present all the characteristics that define a phipt according to the Césarini
classification. In practice, the expert's decisionattribute a given type to a given
person is partly subjective.

A specific study was conducted in 1998 on the SWMIX cohort (the SU.VI.MAX
“Antioxidant Mineral and Vitamin Supplements” stugdya nutritional epidemiological
study conducted in France from 1994 to 2003) tocrles the frequencies of the
characteristics used to determine phototypes areptd the Césarini classification on
a large sample of French adults at national lemadl to study the links between those
characteristics (Guinot et al., Sun Reactive Skypelin a French General Adult
Population). This phototype research was conduamtetthe basis of data collected from
4,912 volunteers: 2,868 women and 2,044 men. Horyetes cohort cannot be
considered statistically representative of the Engoopulation.
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Significant links have been shown between each acenistic used to determine
phototypes according to the Césarini classificaéiod gender.

23 per cent of women said that they had brown acklhair at the age of 20 (as
opposed to 32 per cent of men), 38 per cent say flad a dark complexion (49 per
cent of men), 12 per cent women reported that glesays burn after exposure to the
sun (9 per cent of men), and 35 per cent saidtliegt obtained a dark or very dark tan
(50 per cent of men). 3 per cent of women had pfpéol or Il as opposed to 2 per cent
of men, 13 per cent phototype llla as opposed foe6 cent of men, 48 per cent
phototype llIb as opposed to 45 per cent of med,3hper cent had a phototypdV

as opposed to 47 per cent of men.

The global distribution of individuals between phigpes is as follows:

Phototype | 0.3%
Phototype Il 13%
Phototype Ill 46.4%
Phototype IV 34.2%
Phototype V 6.1%

To study the possible geographical effects, thedfraegions were arbitrarily divided
into two sets: North versus South of France, andtWersus East of France. Significant
links were found between each characteristic andgmhical location: dark
complexions were found more frequently in the EdStper cent) than the West (35 per
cent), and in the South (51 per cent) than theN@B6 per cent); light brown hair was
more frequent in the West (68 per cent) than thet & per cent), and in the North (66
per cent) than the South (61 per cent); freckleeewnore frequently reported in the
West (37 per cent) than the East (17 per cent),theadNorth (30 per cent) than the
South (21 per cent); a dark or very dark tan wasenfiequently reported in the West
(47 per cent) than the East (37 per cent), ané@not a slight tan was more frequent in
the North (31 per cent) than the South (26 per)cémd frequency of phototypes V was
similar in the West (7 per cent) and East (6 p@t)cand less frequent in the North (5
per cent) than the South (9 per cent).
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In a recent case-control study (Bataille et al. 200h press), the distribution of
phototypes in several European Union countriesfauaisd to be as follows (Table II-5):

Table 1I-5 Distribution of phototypes in various EU countries

COUNTRY EYES HAIR PHOTOTYPE?
Eye colour| Total | % Hair colour | Total | % | Phototype| Total | %
black black 3 55 v 15 28.3
brown 19 35.8 dark brown 19 35.1 I 20 37.7
Belgium green 12 22.6 |light brown 18 33.3 Il 11 20.7
hazel 2 3.7 auburn 8 14.8 | 7 13.2
blue 20 37.7 |blond 5 9.2
red 1 1.8
black 3 1.7 black 8 4.7 \Y) 54 315
brown 49 29.1 dark brown 45 26.6 1] 53 30.9
France green 22 13 light brown 54 31.9 Il 44 25.7
hazel 45 26.7 auburn 46 27.2 | 20 11.6
blue 49 29.1 blond 14 8.2
red 2 1.1
black black 3 3.1 v 8 8.5
brown 11 11.8 |dark brown 21 22.3 [l 59 62.7
green 23 24.7  |light brown 23 24.4 I 25 26.5
Sweden hazel auburn 22 23.4 I 2 2.1
blue 59 63.4 |blond 22 23.4
red 3 3.1
black black 4 2.3 v 37 21.8
brown 51 30.1 dark brown 42 24.8 I 88 52
Netherlands |green 36 21.3 |light brown 29 17.1 Il 33 195
hazel 2 1.1 auburn 55 325 | 11 6.5
blue 80 47.3 blond 35 20.7
red 4 2.3
black black 5 3.1 v 13 8
brown 40 24.8 dark brown 44 27.3 I 60 37.2
UK green 41 25.4 |light brown 46 28.5 Il 64 39.7
hazel 12 7.4 auburn 34 21.1 | 24 14.9
blue 68 42.2 |blond 22 13.6
red 10 6.2

2 In this study, this variable was declared by thigjects, unlike the eye and hair colour variablesich
were recorded by the mvestlgator There is obvyouasblas in this declaratlon for example, Swedes

’\f\f\l‘\
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Table 11-6 Data in the literature relating to the phototypes of the French population

Character- No. of cases Place of = Author Results
istics of study | Age groups study Skin colour Hair colour Phototype data Other data
studied
Evaluation of 573 children Montpellier Verneset 85% of children 49% of children had 43% of children had
children’s sun aged 3-15 years al., 1999 had a fair light brown hair, hazel or green eyes,
exposure complexion, 40% were blond, 34% had brown or
15% had an 1% had red hair, black eyes, and 23%
intermediate and 10% had brown had blue or grey eyes
complexion or black hair
Sun educatior 228 children Marseille,  Bastuji et According to the  Fitzpatrick
campaign aged 9 years Tours, al., 1999 classification, 41.4% of children were
Paris phototype | or I, 35% were
phototype Ill, and 23.6% phototype
IV-VI
Sun exposure 200 adolescent: Marseille Grob et al., 25% (e) to 28% (a) were resistant to
and habits (a) aged 13-1¢ 1993 sun; 10% (c) to 11% (a) were
years and 15( moderately resistant to sun; 36% (e)
children (b) to 42% (a) were moderately sensitive
aged 3 years to sun; 27% (e) to 18% (a) were very
sensitive to sun
Evaluation of 241 adolescent: Saint Michel et = 22% of adolescents11% said they had
understanding aged 13-15 Etienne al., 2000 said they had a fair blond or red hair
of sun risk years complexion
Study of 3,464 young South-east Buyscaylet 45% of subjects 30% had blond or 38% of subjects had the phenotype
prevalence of men aged 18 tc etal., 1998 said they had a fair red hair characteristics of skin resistant to sun
the main types 24 years complexion 63% of subjects had and equivalent to a phototype IV or V

of dermatitis
in young
people

53% said they had brown hair
a dark complexion

2% had “coloured”

(vellow or black)

skin

(dark complexion and brown hair).
26% of subjects had the
characteristics of a skin sensitive to
sun and equivalent to phototype | or
I (fair skin and blond or red hair)
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Evaluation of 2,868 women National Guinotet 38% of women 23% of women said 0.3% phototype |, 2.2% phototype 1135% of women said

frequency of (35-60 years), study al. said they had athey had brown or 10.8% phototype llla, 46.4%they achieved a deep or

phototypes in and 2044 mer dark complexion, black hair at the agephototype lllb, 34.2% phototype IVvery deep tan vs. 50%

a large sample (45-60 years or vs. 49% of the men of 20, vs. 32% of and 6.1% phototype V of men, and 37% of

of French inclusion in the the men women had a phototype

adults cohort) > IV vs. 47% of the
men
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The data are extracted from recent epidemiologstaldies conducted in France on

populations of different ages and origins, andteeta different evaluations of the elements

constituting the phototype. Schematically, it can dstimated on the basis of these rather
heterogeneous data that some 30-40 per cent adctslgre phototype | or Il and 25 per cent
are phototype IV or V.

[1.4.2 Epidemiological studies — natural UV radiati  on

Exposure to solar UV radiation (see also chapter I}

The NRPB Working Group has considered the annyad®xe values calculated by Diffey as
being representative of the exposure of an AngkwBapopulation. It estimates that this
population receives between 3 and 6 per cent amhignradiation in temperate countries.
The annual value of the UV radiation received by Hrench population can therefore be
estimated, knowing that there is a factor of 3 leetwthe UV radiation received in northern
France and that received in the south of the cgyatrerage cumulative annual sunshine data
supplied by the National Meteorology Board).

Examples of annual exposure:

Office workers 200 SED (exposure at weekends anididyd) =
3-6% of total ambient UV radiation (temperate
countries)

Children under 18 years old 300 - 400 SED

Outdoor workers 400 - 800 SED

Melanins and photocarcinogenesis

Epidemiological analysis of skin cancer (melanobesal-cell carcinoma and squamous-cell
carcinoma) shows that predominantly phaeomelanfulations form the majority of skin
cancer sufferers (IARC, 1992).

In 1988 (Césarini, 1988), it was suggested thakphelanins act as a carcinogenic agent
under UV irradiation. It can now be stated with meartainty that the photoproducts inducing
DNA strand breaks are more numerous with phaeonmslathan eumelanins as the
wavelength evolves towards the UVA range (Hill &itl, 1987).

Studies relating to the precursors of eumelaninge hproduced similar results, clearly
demonstrating the production of lesions in the @nes of their precursors (Koch, Chedekel,
1986; Land et al., 1986; Miranda et al., 1987; Rbaul et al., 1995; Kipp et al., 1999).
Unlike eumelanin polymers, phaeomelanins and eumrelgrecursors are soluble, and
therefore able to diffuse at all intracellular lbsyeincluding nuclear levels, and in the
underlying tissues (collagen, elastic tissue, geetfs, pilar cells, etc.). Phaeomelanins and
eumelanin precursors are identifiable in the urthejr quantity increases after full-body UV
skin irradiation and during pregnancy (role @fMSH). It can be concluded that only
eumelanin polymer is photoprotective, while its quesors are photosensitizing. Actinic
erythemas, whether repeated or isolated and inteas® mutagenic and potentially
carcinogenic.

The actual photoprotection provided by the melaniast be evaluated not only in qualitative
terms, but also on the basis of the kinetics ofnrmdanogenesis. This demonstrates the
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inequality of different types of epidermis in trecé of UV aggression, as shown in the table
below.

Table 11-7 Skin phototypes defined by questionnairen tanning ability and the appearance of freckles
during childhood

No tan Freckles +++ Phototype | Melano-compromised
Slight tan Freckles+ Phototype I Melano-compromise
Medium tan No freckles Phototype Il Melano-commpete
Dark tan No freckles Phototype IV Melano-competent
Naturally dark skin No Phototype V Melano-protecte
Naturally black skin No Phototype VI Melano-proest

Consensus classification: Fitzpatrick T.B., CesaliRi, Young A., Kollias N. and Pathak M.A.

A simple classification perfectly reflecting the laiguous relationships between UV radiation
and melanocytes is proposed in this recent studyp@rick TB, Bologna JL, 1995) which
combines the different concepts of phototypes aathnogenotypes.

Skin cancer

The various types of skin cancer, i.e. melanomara@melanoma skin cancers (basal-cell
and squamous-cell cancers, described as epidegaoithomas by French authors), are now
the most frequent types of cancer, and their freques increasing among all fair-skinned

populations, reaching epidemic proportions. In Aal&t, recent population studies indicate

that the incidence of basal-cell carcinoma in mgnover 2 per cent, the incidence of

squamous-cell carcinoma is one per cent, and tbidence of melanoma is over 50 per

100,000 (Diepgen and Mahler, 2002). In Europes istimated that although the population
of the European Union (25 member states) will rencainstant between 2000 and 2015, a 22
per cent increase in non-melanoma skin cancer lisops aged over 65, and 50 per cent in
those aged over 80, is to be expected (Boyle ,e2@03).

Numerous factors are involved in the developmentthafse types of cancer, especially
pigmentation characteristics (eye, hair and skiow) and sensitivity to sun (the Fitzpatrick
phototype in the strict sense of the term), but exyposure is one of the most important.
However, there are numerous differences betweewatheus types of skin cancer.

Although non-melanoma skin cancer is more frequenten than women, melanoma is
equally frequent in both sexes (though sometimgatyy more frequent in women). A large

proportion of melanomas occur in young patientsenghs the incidence of non-melanoma
skin cancer increases with age; these types ofecaace clearly an illness of aging

populations. Finally, while chronic exposure toasatadiation is clearly a risk factor for non-

melanoma skin cancer (although recent results tendequate basal-cell cancer with

melanoma), the risk factor for melanoma is intetenit exposure.

Non-melanoma skin cancer

The epidemiology of non-melanoma skin cancer is l&ss well known than that of
melanoma. In particular, only a little data hasrbsgstematically collected from populations.
Few registers in Europe and the rest of the wanidimely collect notifications of basal-cell
skin cancer, and recording of squamous-cell caisogften incomplete, as these lesions rarely
require hospital treatment, and a large proportime treated without histological
confirmation.
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Basal-cell and squamous-cell cancer (often collebti described as non-melanoma skin
cancers) are the most frequent types of cancerdéT&B). They account for over a third of
all cancers in the USA (approx. 600,000 cases g.yBasal-cell carcinoma is around 4 times
more frequent than squamous-cell carcinoma, and & 18-20 times more frequent than
melanoma. However, the incidence estimated by gurgea population is much higher than
that recorded in the registers.

Table 11-8 Incidence per 100,000, standardized foage, of non-melanoma skin cancers among Caucasians
in Australia, the USA and Europe (studies after 199), according to Diepgen and Mahler, 2002.

Country Year Basa-cell carcinom Squamou-cell carcinom
Men | Women Men | Women
Australia
Townsville* 1998 2055 1195 1332 755
Nambour* 1996 2074 1579 1035 472
Tasmania** 1993 145 83 64 20
USA
New Hampshire 1991 159 87 32 8
Rochester 1997 175 124 155 71
Others 1994 407 212 81 26
Europe
Wales, UK 2000 128 105 25 9
Hull, UK 1994 116 103 29 23
Scotland, UK 1998 50 37 18 8
Finland 1999 49 45 7 4
Netherlands 1991 46 32 11 3
* investigation
** register

Epidemiological studies (descriptive studies, cramsstional studies, case-control studies and
cohort studies) of non-melanoma skin cancer weadyaead in detail in a monograph by the
International agency for Research on Cancer) (IAR@92). This analysis is summarized
below.

The descriptive studies revealed a number of chenatics indicating that the risk of skin
cancer is associated with sun exposure: host fctoratomical distribution, geographical
distribution and occupational exposure.

Skin cancer mainly effects fair-skinned populations incidence is lower among naturally
pigmented populations, but a high frequency of sguas-cell skin cancer has been recorded
among albinos in those populations. Non-melanonia ckncer mainly affects parts of the
body chronically exposed to sunlight, such as ts&dhand neck. However, a special feature
of the anatomical distribution of basal-cell canisethat it is almost absent from the back of
the hands, and rare on the forearms. This canseradfects parts of the face which receive
relatively little light.

Since the late 1930s, the incidence and mortalitpan-melanoma skin cancer has been
inversely related to latitude, i.e. proximity tcetlequator. The results of the second national
cancer survey in the USA conducted in 1947-48 skothat the incidence doubles every 3°
48’ (approx. 265 US miles) of latitude, from therthoto the equator. This gradient is more
marked for anatomical locations on the head, neat apper limbs, all of which are

habitually exposed. Several later studies showedssociation with local levels of UV

irradiation, and studies of immigrants to Austral@gowed that migration from a less sunny
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country is associated with increased risk. Finalgyeral studies have shown an association
between non-melanoma skin cancer and outdoor emmgofy

Several cross-sectional studies conducted in Eurdpstralia and the USA have analyzed a
number of sun exposure parameters (job, leisureosexp, sunburn, actinic lesions) in
different populations. These studies show that risk of squamous-cell skin cancer is
multiplied by a factor ranging between 1.7 and d¥edepending on the degree of exposure
and the exposure parameter. However, while a ativel between the risk of actinic keratosis
(a pre-cancerous lesion, the precursor of squarceliskin cancer) and squamous-cell skin
cancer and the cumulative dose of sun exposuneowik, several studies published since the
1990s, especially a study conducted with fisherme@Ghesapeake Bay (Vitasa et al., 1990),
have begun to indicate that for basal-cell skincearihe cumulative dose is less important,
and intermittent exposure probably constitutesigiefactor.

A dozen case-control studies and at least threertstudies in the USA and Australia have

confirmed these results, and shown that basalsgndmous-cell skin cancers differ in their

relationship to sun exposure. While there is a datiwe relationship between sun exposure
and the risk of squamous-cell cancer, there isanetation between the accumulated dose of
sun exposure and the risk of basal-cell cancervérsely, the risk increases with recreational
exposure during childhood and adolescence, anchtine sensitive an individual is to the sun,

the higher the risk will be.

The involvement of ultraviolet radiation, and espg UVB radiation, in the genesis of non-
melanoma skin cancer is indicated by the very feetjdevelopment of skin cancer in patients
suffering from the rare disease Xeroderma pigmemp®ssociated with a deficiency in UV-
induced DNA lesion repair (Setlow et al., 1969)d aaracterized by extreme sensitivity to
sunlight (Kraemer et al., 1984).

Finally, in a large majority of cases of squamoahl-gkin cancer, there is a “signature” UVB
mutation of P53 gene; this mutation is already gmesn actinic keratosis, and precedes the
appearance of cancer (Ziegler et al., 1994). GéBagpmutated less often in basal-cell cancer
(Moch et al., 2001).

Melanoma

The individual risk of melanoma is influenced byshéactors (pigmentation characteristics,
reaction of skin to sun) and an environmental factan exposure (for a review see Elwood
and Gallagher, 1994, Boyle et al., 1995, Armstrd2@)4, Doré and Boniol, 2004). Studies
conducted in the 1980s established a correlatidwdss sun exposure and the risk of
melanoma, and sun exposure is now considered tolbading cause of melanoma (IARC,
1992). However, the correlation between sun exgoand melanoma is not a simple one. The
total accumulated dose of solar radiation is netdhly factor involved, and the type of sun
exposure, according to age, plays an important. melereover, although the ultraviolet
component of the solar spectrum seems to contritsuteducing melanoma, the ultraviolet
wavelength(s) which contribute to the developmehtmmlanoma are not yet definitely
known.
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Epidemiological situation of cutaneous melanomBrance

The Health Watch Institute’s weekly epidemiologiballetin no. 2/2004 of 6 January 2004
describes the epidemiological situation of cutasemelanoma in France, and its impacts in
terms of prevention.

In France, epidemiological surveillance of cutareemelanoma is based on mortality and
incidence data. However, incident cases of melanaraanly recorded by a dozen General
Cancer Registries, which cover no more than 1Xeet of the French population, and do not
constitute a sample statistically representativéhefwhole country. It is therefore necessary
to use methods of estimation based on this data.

In 2000, some 7,231 new cases of cutaneous melanappeared in France: 42 per cent in
men and 58 per cent in women. The 95 per cent demnde interval is wide: 6,132-8,330

cases, because the estimated number of casesyibased on a limited number of cancer
registers. Cutaneous melanoma is believed to haee tesponsible for 1364 deaths in 2000,
704 of them in men (52 per cent), 47 per cent adiwldied before reaching the age of 65.

The geographical distribution of the melanoma nlitytalata in 1993-1997 shows a clear
predominance of deaths in Brittany, Pays-de-Ldd@&sse-Normandie and Alsace. The lowest
rates are observed in Corsica.

Melanoma is one of the tumours whose incidencedseasing most. In France, between 1978
and 2000, the incidence increased by 5.9 per caraqmum in men, and mortality by 2.9 per
cent per annum. In women, the incidence increasetia same period by 4.3 per cent per
annum, and mortality by 2.2 per cent per annum.ah tmorn in 1953 is ten times more likely
to suffering from cutaneous melanoma than one o913, while the factor is six to one for
women. The net risk for a man of dying of cutanem@tanoma is multiplied by 2.7 per cent
between these two cohorts, while the risk is mlgtgpby 2.1 for women.

On the international scene, France presents intBatee rates of incidence of cutaneous
melanoma; high rates are found in the countriesoothern Europe (in Norway 1993-1997:
men 14.3/100,000 and women 16.1/100,000), and d&s1in southern Europe (Italy, Sassari:
men 3.4/100,000 and women 2.6/100 000). This rewtith gradient demonstrates the
importance of phototypes in the onset of melanoma.

Sun exposure is a risk factor for melanoma

The factors involved in the rapid increase in th@dence of melanoma are by no means fully
understood. However, it is clear that the incraassun exposure of fair-skinned individuals
and the method of exposure are involved. The riske&anoma is higher in individuals who
are fair-skinned, have blond or red hair, are $imesto sunburn, and who develop freckles,
than in those with a darker skin (Berwick, 1998).

The conclusion that solar radiation causes melansnizased on the positive association
between melanoma and residence at low latitudgsy@aents drawn from studies of migrants
which indicate that the risk of melanoma is asdediavith exposure to sunlight in the place
of residence in early life, the anatomical disttibn of melanoma, which favours areas
regularly or usually exposed to the sun, and argusndrawn from case-control studies and
cohort studies which indicate that melanoma is @ased with residence in hot climates, is
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correlated with solar skin lesions, and is poslkyiessociated with intermittent sun exposure
and a history of sunburn (IARC, 1992).

The incidence of melanoma in Caucasians is inwensdhted to the latitude of residence

(Boyle et al., 1995). This incidence is highestcountries like Australia, a sub-tropical

country where the population is mainly of Celtiggor (MacLennan et al., 1992), and the

warmer regions of the USA. The risk of melanomassociated with the latitude of residence
in Australia and the USA, and Caucasian populatimmsy near the Equator are at higher risk
then those living near the poles (Jelfs et al. 4)9%he situation is less clear in Europe, where
the incidence in Scandinavia and Switzerland isiéighan in France or Italy (Parkin et al.,

2002). This probably reflects different skin pigrtegions and the extent of intermittent

recreational sun exposure. Conversely, melanomarésin dark-skinned people; in the USA,

its incidence among African Americans is only atlieof that found among Caucasians
(Parkin et al., 2002). Moreover, although the iecice increases every year among
Caucasians in Europe, the USA, Canada and Austthl®increased incidence is very low

among the pigmented populations of African or Asiaigin in those countries (Boyle et al.,

1995)

The risk of melanoma increases among North Eurapedm emigrate to Australia and
Israel. In those two countries, increased incideiscassociated with duration of residence
(Holman and Armstrong, 1984, Steinitz et al., 1989pwever, for superficial spreading
melanoma, emigration to Australia after the ag@®is not accompanied by increased risk;
the highest risk is associated with emigration tefthe age of 10. In Israel, it has been
suggested that in addition to the possibility oh ssxposure associated with residence in
Israel, there may be an increase in real exposuahably due to an increase in leisure
activities (Steinitz et al., 1999).

Several case-control studies report that subjebts mave undergone short periods of strong
exposure to the sun, such as residence or emplayméopical or subtropical regions, have
an increased risk of melanoma (Table 11-9). Fomepda, men who served with the US forces
in the Pacific theatre during World War 1l presargignificant excess of melanoma compared
with those who served in the USA or Europe (retatigk = 7.7, 95 per cent Cl: 2.8 - 21.3).
Moreover, the tumours in men who served in the fleattieatre were more often associated
with an existing mole (Brown et al., 1984). Moreaatly, it was shown in a case-control
study in Europe that the risk of melanoma is inseelaby residence in a hot country (adjusted
OR = 2.7, 95 per cent CI: 1.4-5.2), and this rigkréases further if the subjects take
advantage of their stay to sunbathe (OR = 4.7,8@%ent Cl: 1.4 — 13.5), or if they arrived in
the hot country before the age of 10 years (OR3=9b per cent Cl: 1.7 — 11.1) (Autier et al.,
1997).

Numerous case-control studies conducted in Auairéie USA, Canada and Europe have
studied the association between incidence of metanointermittent sun exposure
(occupational and total) and history of sunburndiffierent ages (Elwood and Gallagher,
1994). These studies were analyzed in detail inomagraph by the International Cancer
Research Centre (IARC, 1992). More recently, Elw@wdl Jopson (1997) conducted a
systematic review of 20 case-control studies wiaichlyzed the incidence of melanoma, sun
exposure and sunburn (Table 11-8). Globally, thisra significant positive association with
intermittent recreational sun exposure such asatbimy (OR = 1.71), a significantly lower
risk for intense occupational exposure (OR = 0,884 a low, almost insignificant risk for
total exposure (OR = 1.18). The risk is signifidgnncreased by sunburn at all ages (OR =
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1.91), in adolescence (OR = 1.73) and childhood €0R95). These results clearly show the
specificity of the correlation between the risk mélanoma and intermittent sun exposure
(reflected by sunburn), contrasting with the regctin risk associated with intense

occupational exposure.

A history of sunburn indicates unaccustomed, irgenum exposure and skin sensitivity. Three
major studies in Canada (Elwood et al., 1985), Alist (Holman et al., 1985) and Europe
(Autier et al., 1994) demonstrate that the risknglanoma is associated with the tendency to
sunburn rather than an actual history of sunburn.

In addition to the type of exposure, the age ofosype is an important risk factor for
melanoma. Studies of immigrants and case-contuoliess have demonstrated the role of sun
exposure in childhood and adolescence. Analysesazse-control study conducted in Europe
shows that the risk of melanoma associated withvanglevel of sun exposure at adult age
increases with stronger exposure in childhood,tbat the increased risk is greater than the
mere sum of the risks associated with exposur&ildimod and exposure at adult age. Strong
sun exposure at adult age does not constituterafisant risk factor for melanoma unless
there was substantial exposure during childhoodiéAand Doré, 1998). Moreover, analysis
of the anatomical distribution of melanoma in relatto the type of sun exposure shows that
intermittent sun exposure has greater potentiaidace melanoma in people aged under 50,
while in older people, melanoma is most often entened in parts of the body continuously
exposed to sunlight (Elwood and Gallagher, 1998).

The risk of melanoma is associated with an envimmial factor: sun exposure. However,
although it shows a similar geographical and ethdistribution, melanoma differs
considerably from squamous-cell carcinoma in teahsocio-economic class, distribution
based on sex and age, anatomical distribution yoel of sun exposure. In the early 1980s,
these differences gave rise to the hypothesis wfrrnttent versus cumulative exposure
(Holman et al., 1983).

It is therefore not surprising that there is noaclelose-effect relationship between sun
exposure and risk of melanoma. Equally, this catieh may appear different according to
the country where the study was conducted: a regitim strong solar radiation or a more
temperate climate. For example, in Queenslandiseincreases with total dose, whereas in
Western Australia and Canada, the risk increasestl@n decreases with increased sun
exposure, and eventually increases again as & wddihle strongest total exposures (Elwood
and Gallagher, 1994). The correlation between i$le of melanoma and the dose of solar
radiation received is complex, and probably vaweéh the intermittence of the dose, the age
at which it is received, and the characteristicghef host. Intermittent and constant exposure
can be intrinsically different, with contradictogffects, with the result that the risk for a
given individual depends on the relative contribnd made by accumulated and acute sun
exposure.

Afsse, InVS, Afssaps — Evaluation of ultraviolediegion exposure risks — May 2005 -58 -



Table 11-9 Risk of melanoma associated with short @riods of intense sun exposure

Author Year Place Exposure Risk 95% P
(RR or OR) Cl
Paffenbarger 1978 USA Outdoor work 3.9 0.01
etal. registered with the

University’s  labour
medicine departmen
(retrospective cohor
study)

Brown et al. 1984 New York  Service with the US 7.7 2.8-21.3 0.0002
forces in the Pacific
compared with the
USA and Europe

Elwood etal. = 1986 Nottingham Residence A year in 1.8 0.6-5.1

UK a tropical or sub-

tropical region

Mackie et al. 1989 Scotland  Residence_>5 years Men 2.6 1.3-54
in a tropical or sub- Women 1.8 0.8-4.0
tropical region

Beitneretal. = 1990  Stockholm Residence > 1 year i 1.9 1.0-3.6
the Mediterranean, |
tropical or subtropica
region in the last 1(
years

Adutier et al. 1997 Europe Residence > 1 yeari 2.7 before 1.4-5.2
the Mediterranean, i the age of 10 1.7 -11.1
tropical or subtropica years: 4.3
region

Table 11-10 Risk of melanoma and sun exposure.
Results of 29 case-control studies (Elwood and Japsg 1997)

Sun No. of No. of Odds 95%
exposure studies cases Ratio Cl
Intermittent exposure 23 6,934 1.71 1.54-1.90
Occupational exposure 20 6,517 0.86 0.77 — 0.96
Total sun exposure 11 3,540 1.18 1.02-1.38
Sunburn (all ages) 19 4,771 1.91 1.69 -2.17
adolescence 7 1,826 1.73 1.44 -2.07
childhood 9 2,732 1.95 1.66 —2.31

These data demonstrate the specificity of the peséssociation with intermittent exposure
(reflected by sunburn) and the reduced risk assatiaith occupational exposure.

Exposure to solar ultraviolet radiation is a riaktbr for melanoma

Epidemiological arguments indicating that sun exjpess one of the causes of melanoma are
supported by biological arguments indicating tHa DNA lesions caused by ultraviolet
radiation play a central role in the pathogenesma&anoma.

Patients suffering from Xeroderma pigmentosum, e rdisease (approx. 800 cases
worldwide) associated with a deficiency in the iepd DNA photoproducts induced by UV
radiation (Setlow et al., 1969), suffer from exteesensitivity to ultraviolet radiation, and
have a greatly increased risk of developing skimcea melanoma, basal-cell and squamous-
cell carcinoma (Kraemer et al., 1984). 70 per adrthese patients develop tumours at the
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median age of 8 years (57 per cent non-melanonmecskicer and 22 per cent melanoma), i.e.
50 years younger than the population as a wholesd@nesults show the importance of DNA
repair mechanisms in the aetiology of melanoma.

It has been demonstrated that the ability to reP&IA lesions induced by UV radiation is
reduced in patients suffering from basal-cell gaonia, a disease that involves a high risk of
melanoma (Wei et al., 1995), and that patientsesui from melanoma manifest increased
sensitivity to inducement of chromatid breakagealyV-mimetic mutagen (Wu et al., 1996).
More recently, it has been shown that some patisatfering from melanoma present a
deficiency in repair of DNA lesions induced by Usdiation (Landi et al., 2002, Pedeux et
al., 2002).

Melanoma can be experimentally induced by UV imfidn in animals like the opossum
(Monodelphis domesti¢aand freshwater fish (Ley et al., 1989, Setlowakt 1989). More
recently, melanoma was induced by UVB irradiatioh lmman skin grafted onto
immunologically tolerant mice (Attilasoy et al.,98 Berking et al., 2001).

It is believed that the ultraviolet component oé tholar radiation spectrum is involved in
inducing melanoma (IARC, 1992). In reality, howevére ultraviolet radiation in solar
radiation is graduated, increasing from the patethé equator (Figure II-1). The intensity of
UV radiation at a given place varies accordinghe height of the sun above the horizon,
namely the season and time of day, the maximumgbebserved at the summer solstice,
towards the middle of the day, when the sun istathighest point (zenith). Erythemal
intensity (mainly UVB) is nearly three times highier the one-hour period around solar
midday between latitude 60° N and the equator,enmié daily erythemal dose only varies by
a factor of two due to the fact that the lengthtred day increases with latitude. For UVA
(315-400 nm), the variation with latitude is smagllbecause the stratospheric ozone layer
absorbs part of the UV radiation and affects enyihleradiation more than UVA radiation. In
fact, the ozone layer absorbs all the UVC (100-280) and part of the UVB radiation (280-
315 nm), so that the spectrum of UV radiation tiea@iches the earth’s surface is limited to
290-400 nm (Diffey and Elwood, 1994). The intensttly solar ultraviolet radiation also
increases with altitude, and as the atmospherdiimndr at high altitude, the solar UV
radiation spectrum in the mountains is deviatedarowthe shortest wavelengths. Moreover,
the intensity of solar UV radiation in a given as influenced by reflection and diffraction
(albedo) by snow, water and sand. Thus on a summyner’'s day on a sandy beach, a person
under a beach umbrella will be protected againgtctliradiation, but may be exposed to 80
per cent of the incident UV radiation. Moreovenrastrial UV radiation is influenced by
cloud. Although the influence of cloud on UV radbat is highly complex, its effect on
ultraviolet radiation levels can be expressed usingebulosity factor of 1-0.5C, where C
represents the fraction of sky covered by cloudfé®iet Elwood, 1994). As the size of the
water droplets constituting the clouds (2-60 pm)cansiderably larger than ultraviolet
radiation wavelengths, the transmission of ultreetioradiation through the clouds is
independent of wavelength, and sunburn is possésn when the sun is masked by mist.
This can happen in summer in San Francisco, fanpia

As the distance between sun and earth is shortergdine austral summer than in summer in
the northern hemisphere, and due to the variatiottsickness of the ozone layer, the highest
levels of ambient erythemal radiation and UVA rédia are observed between 20 and 30°
latitude south in December and January. It is foegenot surprising that the maximum

incidence of melanoma is observed in the southemisphere, and that epidemiological
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studies conducted in areas of strong ultravioldiateon like Queensland tend to indicate that
melanoma risk is affected by the total accumulatedexposure, thus reflecting the high level
of exposure to ultraviolet radiation throughout gfear. Conversely, in studies conducted in
temperate climates like Canada and Europe, stritrayiolet radiation is recorded during the

holidays, and is reflected by intermittent exposeirsunbathers.

There is currently a fairly broad consensus thalanmma is caused by exposure to solar
ultraviolet radiation. Armstrong and Kricker (19%%timate that 67-97 per cent of melanoma
in different populations is attributable to sun espre. Recent epidemiological studies in the
USA and Europe indicate that the development ofesdh lesion indicating the risk of
melanoma) in children and the development of metanare influenced by short periods of
intense UVB exposure (Autier et al., 2003, FearaleR003). However, it is not impossible
that exposure to UVA radiation plays a part in tevelopment of melanoma (Armstrong,
2004).

Figure 1l-1 Ambient erythemal radiation and UVA (fro m dawn to 6.30 p.m. in clear skies during the
month of maximum sunshine (Diffey and Elwood datal994)
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Although complex interactions exist with host saéuy factors and conduct (intermittent vs.
continual exposure), it is likely that melanomaasically caused by high levels of exposure
to ultraviolet radiation. Gilchrest et al. (1999 ve proposed a mechanism to explain the
difference between induction of melanoma and squ&reell carcinoma by ultraviolet
radiation. According to this hypothesis, after adiblet radiation the most badly damaged
keratinocytes undergo apoptosis, while the leastadgd repair their DNA almost perfectly.
The mutations are “fixed” in the basal layer of #ygidermis, and can give rise to clonal
expansion. Repeated exposure to low doses leadstonulation of mutations, and gives rise
to actinic keratosis and cancer. Conversely, in tielanocytes, a high initial dose of
ultraviolet radiation causes substantial lesions i apoptosis, the mutated melanocytes
survive and divide (freckles and moles are clofeswatated melanocytes), and intermittent
exposure to high doses gives rise to melanoma.

Effect of exposure to ultraviolet radiation on thenoral progression of melanoma

Exposure to ultraviolet radiation may also playaatpn the growth and tumoral progression
of melanoma. Exposure to ultraviolet radiation sdseal and systemic immunosuppression,
which may be involved in promoting the growth of lam@mma (for a review, see Kripke,
1994). Experimentally, local irradiation of micecieases the growth of a transplanted
melanoma; this effect may be due to local inductibiterleukin-10, and is not suppressed
by a UVB filter (Donawho et al., 1994, Wolf et al994). Moreover, UVB irradiation of
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human melanoma lines increases their tumorogen&ity metastasis capacity in the nude
mouse (Singh et al., 1995). Recent data also stigigaisUV radiation may play a part in
immunosuppression (Nghiem et al., 2001).

An odd phenomenon is the existence of seasonatiars in the incidence of melanoma,
with the peak incidence in summer. These variatistsch have been known for some 20
years, have been observed in several populatiodsirafoth hemispheres, and no clear
explanation has yet been given (for a review, see@nd Boniol, 2004). It is possible that
the peak incidence in summer is due to increasagndsis in summer, when people wear
fewer clothes and active screening campaigns ardumbed in some countries; however, this
peak incidence has been observed in families ah higk of melanoma monitored
prospectively, and in Hawaii, where the climate ahathing do not change significantly
during the year. Another explanation may be thatgased intensity of ambient ultraviolet
radiation promotes the last stages of malignamisfcamation. Several arguments militate in
favour of this hypothesis (Doré and Boniol, 20(jstly, the extent of the seasonal variation
in incidence of melanoma varies inversely withtlate, and therefore with greater exposure
to ambient UV radiation. Secondly, there is no seak variation in the incidence of
melanomain situ (pre-invasive). Finally, the cases of melanomauiised in summer show
all stages of development, not only thin melanomlai¢h would correspond to an increase in
early diagnosis), and analysis of the thicknesghef melanomas diagnosed in Burgundy
shows that those diagnosed in summer are significdnicker (mean 1.99 mm + 2.23;
median 1.07) than those diagnosed in winter (mead 1 1.79; median 0.7) (Boniol and
Doré, 2004). No published study has yet analyzes dlinical evolution of melanoma
according to the thickness of the initial tumoud d&ime season of diagnosis.

Effect of exposure to ultraviolet radiation on nadity due to melanoma

Exposure to sunlight, and especially intermittegtreational exposure, is the main known
risk factor for melanoma. However, it has been kmdar some 20 years that sun exposure
can also affect the survival of melanoma patie@tse of the first observations was made by
Lemish et al. (1983), who demonstrated that suhvh@eased with incidence in a number of
populations, and suggested that melanoma couldabegizally more benign if it occurred in
association with a high level of ambient sun expesln fact, the incidence and survival rate
of melanoma are positively associated in time dadegp(Armstrong, 2004). Two studies have
demonstrated a possible association between metasonvival rate and solar elastosis, a
skin lesion indicating sun damage (Heenan et @b 11Barnhill et al., 1996). These findings
suggest that sun exposure may increase the melaswwigal rate, but may also be explained
by an association between incidence and early tigbeaf melanoma. A recent study of very
high quality (based on 528 cases identified bygsster and followed up for an average of 5
years) evaluated the association between screemagures, solar elastosis and risk of death.
Multivariate analysis, which took account of indival variables, demographics, sun
exposure, screening, and the clinical variablesheftumour, showed that sun exposure is
associated with increased survival (Berwick et2005). The mechanism of this effect is not
known, but it illustrates the possibility that seale pathways exist in the malignant
transformation of melanocytes (Whiteman et al.,@®ivers, 2004). It has been suggested
that this effect may be mediated by vitamin D, @héproliferative and proapoptotic effects of
1,25(OH)YD3 having been demonstrated in other cell models,thustis merely a plausible
speculation at present. Another explanation mightthat sun exposure induces the least
aggressive melanomas, especially by inducing nmedéion and increasing the DNA repair
capacity, which may reduce further mutations inedamoma (Gilchrest et al., 1999).
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Other cancers

A number of ecological studies have suggestedsilmaexposure is liable to interfere with the
incidence or mortality rate of some types of canespecially breast, colon, and prostate
cancer and lymphomas.

In the USA, an exploratory case-control study aficea death certificates registered in 24
States between 1984 and 1995 demonstrated thdengisi sun exposure is negatively and
significantly associated with mortality from breastarian, colon and prostate cancer. Breast
and colon cancer were also negatively associatdd agcupational sun exposure (Freedman
et al., 2002).

A positive association between latitude of resideand mortality from prostate cancer has
been interpreted as indicating that ultravioleiatdn may protect against the development of
this type of cancer (Hanchette and Schwartz, 19®2gnse-control study has provided results
compatible with this theory. Sunburn in childhoddR = 0.18; 95 per cent Cl 0.08-0.38),

regular holidays abroad (OR = 0.41, 0.25-0.68) smabathing (OR = 0.83, 0.76-0.89) are
associated with a reduced risk of prostate camwdaie low UV exposure is associated with

increased risk (OR = 3.03, 1.59-5.78). Moreovee, thses in which UV exposure is lowest
develop cancer at a younger age (median 67.7 y@dr§)3 61.5-74.6) than those in which

UV exposure is greatest (72.1 years, Q1-Q3 67.8}7p.= 0.006 (Luscombe et al., 2001).

As regard malignant Non-Hodgkin Lymphoma (NHL), theda are contradictory (see Hughes
et al., 2004, for a review). On the one hand, egiold studies have shown a geographical
distribution and parallel time trends between NHid akin cancers, a negative correlation
between incidence of NHL and latitude in Europppaitive correlation between incidence of
NHL and regional levels of ultraviolet radiationtime UK and Wales, and an increased risk of
NHL with emigration from the UK to Australia. On ehother hand, the incidence and
mortality rate of NHL increase with latitude andclilee with the increase in ambient UV

radiation in the USA. Moreover, the associationwasn personal history of basal-cell or

squamous-cell carcinoma, which may indicate a Ihéylel of sun exposure and the risk of

NHL in cohorts of cancer registers, and a weak@aton between sensitivity to sunlight and

individual risk of NHL, tend to support a causak@sation. However, two recent case-
control studies in Australia (Hughes et al., 2084)1 Scandinavia (Ekstrom Smedby et al.,
2005) demonstrate an inverse correlation betweenesposure and risk of lymphoma. In

both studies, the reduction in risk is around 30geant; however, in the Scandinavian study,
the association with personal history of skin campesists.

The greatest caution is required when interpretivegresults of these studies. In fact, studies
based on mortality data may reflect the fact that population of patients who die differs
from the population of incident cases. For examipteedman et al. (2002) observed a marked
socioeconomic gradient for prostate cancer, whaldgBsgences in socioeconomic status were
usually weaker in other studies. The mechanismsiwed in these apparently protective
effects against UV exposure are unknown. The faat & personal history of skin cancer
proved to be a risk factor for lymphoma in the Staavian study may imply that another
risk factor, such as deficiency in a specific DNdpair pathway, may be common to both
types of cancer (Egan et al., 2005).
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Solar ultraviolet radiation is a proven carcinogeman. It is the main environmental cause
of skin cancer and of melanoma, a tumour which rdmunties disproportionately to the
mortality rate among young adults.

The rather surprising results referred to abovesequently need to be confirmed by new
studies which take full account of sun exposuré, supported by studies of the mechanisms
involved. The importance of the potential publi@ahie consequences makes any use of these
results premature.

Cataracts

Cataracts are the main type of eye damage assbaidtie exposure to UV-B radiation. An
association between sun exposure (especially 8bfaB radiation) and an increased risk of
senile cataracts has long been suggested. Howtbeemitial studies lacked precision in the
evaluation of cataracts, and failed to distinguishween the different types of cataract. Most
studies, with a few exceptions, have not evaluttiedndividual exposure of the eye to UV-B
radiation, but used ambient levels or isolated beha. Ecological studies show that there are
more cataracts in hot countries, but while the amblevels of UVB radiation may vary by a
factor of 3-4 from one part of the world to anothiedividual behaviour can change eye
exposure by a factor of 20 at a given place.

The epidemiological arguments in favour of thisoagagtion come from studies conducted in
Australia, China, Tibet and the USA (see TayloQ4,%or a review).

In the USA, the arguments are based on populatiiies (sailors from Maryland, Beaver
Dam Eye Study) and analysis of the cataract surdatg from the Medicare programme
(which constitutes the healthcare cover for neallythe 30 million Americans aged 65 and
over, and funds 85 per cent of the 1.3 million eataremovals performed every year).
Analysis of the Medicare data, adjusted for agex, sece and income, access to
ophthalmologists and opticians and the cost ofeyrgshows that the most important factor
in individual risk of undergoing cataract surgesythe latitude of the place of residence.
Latitude is directly correlated with the proportiohUV-B in solar radiation, as the angle of
incidence of the sun determines the penetratiob\fradiation into the atmosphere. The
probability of cataract surgery in the USA increassy 3 per cent for each 1° reduction
(towards the south) in latitude (Javitt and Taylk$94).

A study of 838 sailors (mean age, 53 years) workinghesapeake Bay (Maryland) evaluated
individual ocular exposure to UV-B and showed airdf correlation between UV-B
exposure and the risk of cortical and posteriorcapbular cataracts (Taylor et al., 1988).
Annual ocular exposure was calculated for eaclorsaibm the age of 16 years by combining
a detailed occupational history with local solapesure measurements. Cataracts were
evaluated in terms of type and severity by ophtleédgical examination. Some degree of
cortical cataracts was found in 111 sailors (13gaest), and of nuclear cataracts in 229 sailors
(27 per cent). Logistical regression showed thghRsumulative levels of UV-B exposure
significantly increases the risk of cortical catasa(coefficient of regression 0.70). The
doubled cumulative exposure increases the rislodfcal cataracts by a factor of 1.6 (95 per
cent confidence interval: 1.01 to 2.64). The saihose mean annual exposure fell within
the upper quartile presented a non-significantigreased risk factor of 3.30 (confidence
interval: 0.90 to 9.97) compared with those whoggosure fell within the first quartile. The
mean annual UV-B exposure of the sailors with cattiens opacity was significantly higher
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(by 21 per cent). No association was found betwasslear cataracts and UV-B or UV-A
exposure.

Another population study has shown that exposutg\MeB radiation may be associated with
the severity of lens opacity in men (Cruikshanksakt 1992). The correlations between
exposure to sun and solar UV radiation and thegbeexee of lens opacity have been studied
in the inhabitants of Beaver Dam, Wisconsin. Pe@ged 43-84 were examined using a
standardized photographic evaluation of lens opaeihd answered a questionnaire about
their medical history and exposure to light. Theutes of this study, adjusted for other risk
factors, show that men with the highest levels mbi@nt exposure to UV-B have a risk of
suffering from severe cortical opacity 1.36 timesager than men whose exposure levels are
lower. No association was found between nuclearssis or posterior subcapsular opacity in
men. Moreover, no association with UV-B exposures voaind in women, who are at less risk
of being exposed to UV-B radiation. The absencaryf association in women, the group
most liable to suffer from cortical opacity, suggethat other factors may be important in the
pathogenesis of lens opacity.

In conclusion, there is sufficient experimental girthat exposure to artificial UV-B sources
may cause cortical opacity in laboratory animalserE is limited evidence that exposure to
solar UV-B radiation causes cortical opacity in maqually, there is limited evidence that
exposure to solar UV-B radiation causes posterigiocapsular cataracts in man. The
epidemiological data suggest that nuclear catametsiot associated with exposure to solar
UV-B radiation (Dolin, 1994).

11.4.3 11.4.3 Epidemiological studies — artificial UV radiation

Exposure to solaria

A UV tanning session corresponds to exposure ¢éadt 2 SED. In practice, one session
corresponds to approximately 1 MED, i.e. for phgpet 1l = 3 SED, phototype Ill =5 SED
and phototype IV = 7 SED.

Taking account of the national incidence of skina based on latitude, the increased risk of
skin cancer based on the number of annual arlifldé tanning sessions over a 10-year
period between the ages of 20 and 30 can be ctduda follows:

Risk = (Annual dose of ultraviolet radiation)® (agef
where:
o = numerical constant
B = biological amplification factor.

This calculation was established by the NRPB, andlased on studies by Fears et al., 1977,
Slaper & Van der Leun, 1987, and Diffey, 1987. Hetails and tables, see Board Statement
on Effects of Ultraviolet Radiation on Human Heatthd Health Effects from Ultraviolet
Radiation, NRPB (1995).

Risk of skin cancer based on number of annual@essn a 10-year period:
10 sessions: risk multiplied by 1.03

30 sessions: risk multiplied by 1.10

100 sessions: risk multiplied by 1.39

300 sessions: risk multiplied by 2.73.
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Skin cancer

It has long been believed that exposure to thécati UV radiation of solaria presented no
great danger, especially as several epidemiologicalies were unable to prove the existence
of a high risk. However, in 2002, an American stgtipwed that in users of artificial tanning,
the risk of developing squamous-cell carcinoma wastiplied by 2.5, and the risk of
developing basal-cell carcinoma was multiplied by (Karagas et al., 2002). More recently,
a cohort study conducted on 106,379 Norwegian anedsh women, monitored for 8 years,
showed that the risk of melanoma associated withuge of tanning devices at least once a
month is multiplied by 1.5 (2.6 in the 20-29 ageup) (Veierad et al., 2003).

Melanoma

Most epidemiological studies which have explored torrelation between exposure to
tanning devices and skin cancer analyzed the etioalwith melanoma. These studies were
examined in two recent general reviews (Autier,£0hd Young, 2004), and the older ones
were analyzed in detail in a monograph by the hatonal Cancer Research Centre (IARC,
1992).

Sun exposure is a known cause of melanoma. It mengfore be suspected that exposure to
tanning devices can also be a risk factor, dudeoeimission spectrum and the similarity of
use between this equipment and natural sun expqsuréathing). Several studies have
shown a positive association between the use ificait tanning and melanoma, sometimes
dependent on the total dose received or the duaratfoexposure, but the methodological
limitations inherent in case-control studies intjgatar make it difficult to establish a definite
causal relationship (Swerdlow and Weinstock, 1998).

Table II-11 summarizes the main features and resofit 13 case-control studies of the
association between exposure to sunlamps and/bedsrand risk of melanoma.
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Table 11-11 Correlation between use of tanning devies and melanoma. Case-control studies

Reference | Country, Type of Cases| Controls | % exposure Crude Adjusted Comments
year of study of controls OR OR
publication (95% CI) (95% CI)
Holman et = Australia, Population 511 511 1.1 - Global exposure 9%
al. 1986 (0.6-1.8)
Swerdlow = Scotland, Hospital 180 120 8.3 4.1 3.4 OR for duration of use:
etal. 1988 (0.8-20.3) (0.6- never vs > 1 yr.
20.3) Adjusted for moles, hair

and eye colour,
phototype and sun

exposure.
@sterlind et Denmark, Population 474 926 18 0.7 Adjusted for age, sex,
al. 1988 (0.5-1.0) host factors and sun
exposure
Mackie et  Scotland, Hospital 280 280 M 2.6 M1.3 Adjusted for moles,
al. 1989 (0.9-7.3) (0.2-7.9) freckles, sunburn,
F1.5 F1.2 tropical residence and
(0.8-2.9) (0.5-3.0) phototype.
Walter et Ontario, Population 583 608 M 14 M1.9 - Adjustment for age,
al. Canada, F 17 (1.2-3.0) moles, phototype and
1990 socioeconomic status
F1.5 does not change the
(0.99-2.1) results.
Greater effect for lentigo
M+F 1.6 maligna melanoma and
(1.2-2.2) lesions of face or
extremities.
Garbe et Germany, Hospital 856 705 7 1.0 15 Adjusted for moles, hair
al. 1993 (0.7-15) (0.9-2.4) colour, phototype and
different recruitment
centres.
Autier et  Germany, Hospital 420 447 M 14 1.0 2.1 Adjusted for age, sex
al. Belgium F 17 (0.7-1.3) (0.8 -5.4) and holidays in the sun,
and France, with 10 hours’
1994 cumulative exposure

and exposure that began
before 1980.

Westerdahl Sweden, Population 400 640 25 - 1.3 Adjusted for sunburn,
et al. 1994 (0.9-1.8) hair colour, moles, and
sun exposure.
Holly et California, Population 452 930 38 0.9 - Study conducted in
al. USA, 1995 (0.7-1.2) 1981-86 among women
age 25-59.
Chen etal. Connecticut, Population 624 512 M 16 1.3 1.1 Adjusted for age, sex,
USA, 1998 F 22 (0.97-1.7) (0.8-1.5) phototype and sun
exposure.
Walter et. Ontario, Population 583 608 - Trunk 1.6  Adjusted for age, sex
al. Canada, (1.1 -2.3) and phototype.
1999 Rest of
body 1.5
(1.1-2.1)
Westerdahl Sweden, Population 567 913 M 33 - 1.8 Adjusted for moles, skin
etal. 2000 F 57 (1.2-2.7) type and sunburn.
Bataille et UK, 2004 Hospital 413 416 M 16 - 1.2 Adjusted for age and
al. F 31 (0.8-1.7) sex. Significant risk

among fair-skinned
young people (OR = 2.7;
(1.7 — 6.1), adjusted for
sun exposure)

M = male, F = female
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Eight case-control studies have failed to show emyelation between exposure to tanning
devices and risk of melanoma. The first studiesielanoma, conducted in Canada (Gallagher
et al., 1986 — not included in table), Australieoliidan et al., 1986) and Italy (Zanetti et al.,
1988 — not included in table), which were publisiedhe second half of the 1980s, did not
show any correlation with the use of tanning devicEhe Danish study by Osterlind et al.
(1988) also showed no correlation, nor did a Gerstady (Garbe et al. 1993). A hospital
case-control study conducted in Scotland showeahasignificant increase in risk associated
with an exposure period of over one year (Swerdéval., 1988). Another hospital study
conducted in Scotland showed a low, non-signifigaatease in risk (Mackie et al. 1989). A
study conducted on women aged 25-56 in the Sarcis@nBay area, published in 1995 but
conducted ten years earlier, between 1981 and 14i86not show any correlation with
superficial spreading melanoma or nodular melandtoavever, it should be noted that in the
studies conducted around 20 years ago, exceptisttidy by Holly et al., the rate of use of
artificial tanning in the population was very lofrom 7 per cent in Germany to 18 per cent in
Denmark.

Six more detailed case-control studies, which taskount of constitutional factors and
natural solar exposure, show a positive associdigiween exposure to tanning devices and
the risk of melanoma.

» A case-control study of 583 cases and 608 contrelsuited from the population of
Southern Ontario, Canada (Walter et al., 1990)wsldoa significant association (OR=1-
6; 95 per cent CI (1.2 - 2.2)), which is more markar men (OR=1.9; (1.2 - 3.0)) than for
women OR = 1.5; (0.99 - 2.1), trend not signifiganthe age-adjusted cumulative
exposure rates show a significantly increased triskd, based on duration of exposure
among both men and women. A new analysis of theystias confirmed this significant
association between exposure to tanning devicesnatahoma risk (Walter et al., 1999).

* In a hospital case-control study conducted in Beilgand France, and based on a register
in Germany (Autier et al. 1994), the risk of melar@was increased by exposure for a
cumulative duration of 10 hours or more which bed@nyears before the diagnosis of
melanoma (OR = 2.7; (1.1 - 7.8), after multipleustinents OR = 2.1; (0.8 - 5.4), same
trend, but not significant), and greatly increasetbng people who had accumulated 10
hours or more of exposure for tanning purposessaiigred skin burns (OR =9.0; (2.1 —
38.6)). When adjusted for a variety of factors]uding number of weeks’ holiday in the
sun, this risk persists (OR = 7.4; (1.7 — 32.3))e Tisk is therefore concentrated in people
who manifest “risky” behaviour in relation to UV sees.

» Two case-control studies relating to 400 casescdiddcontrols, and to 571 cases and 913
controls, recruited from among the population otutBern Sweden in 1988-1990 and
1995-1997, were published by the same team in 29@42000 (Westerdahl et al., 1994
and 2000). These two studies support the theonytfigause of tanning devices is a risk
factor for melanoma. In the first study, the risisaciated with use of this equipment was
found not to be significant (OR = 1.3; (95 per cént0.9 - 1.8)); however, the risk was
significantly increased by 10 annual exposure eass{OR = 1.8), and much higher in
patients under 30 years old (OR = 7.7 for 10 sessus. none). In the latest study, after
adjustment for host factors and sun exposure,ishearas significant for regular use (OR
=1.8; (Cl 1.2 - 2.7)). The risk is associated wirgguency of use and number of sessions,
with a dose-response relationship up to a tota25tf sessions. Analysis by age groups
shows that the highest adjusted risk is observedegular use among people under 36
years old (OR = 8.1; (1.3 — 49.5)).
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* A non-significant increase in the risk of melano@R = 1.1; (ClI 0.8 — 1.5) after
adjustment) with the use of tanning devices wasntep in a study of 624 cases and 512
controls recruited among the population of Conmetti USA (Chen et al., 1998).
However, in that study, the risk was found to lgmgicant for home use, but not for use
of commercial installations, and appeared partitplagh for at least two different types
of equipment (OR = 3.5; (Cl 1.3 — 9.1) after adjusnt).

* Finally, a hospital case-control study of 413 camed 416 controls recruited in the UK
did not show any significant increase in risk agsed with the use of a solarium (OR =
1.2; (ClI 0.8 — 1.7) after adjustment for age ang).s€onversely, this risk proved
significant in fair-skinned young people (OR = 2A€j 1.7 — 6.1) after adjustment for sun
exposure). It is not impossible that in this stuithg, 7-year delay between exposure to the
solarium and diagnosis of melanoma led to undemesbn of the long-term risk
(Bataille et al., 2004).

In these studies, the rate of use of tanning deuigethe control population is higher than in
the first studies conducted before 1990. This ratged from 14 per cent in men in Canada
and Europe to 57 per cent in women in Sweden. biseased during the 1990s, and in the
two studies conducted on the same population ind8wen 1988-1990 and 1995-1997, the
exposure rate practically doubled in 7 years.

All these case-control studies suggest the existeha correlation between the use of tanning
devices and the risk of melanoma, but although sofrttem show a more marked risk in
some age groups and phototypes, it is difficuldtaw any final conclusions. In practice,
case-control studies suffer from a number of mathagical limitations. Firstly, they do not
constitute the ideal method of demonstrating anege in relative risk if the relative risk is
low (between 1.0 and < 2 ). Secondly, the answitsngby melanoma patients about their
exposure may be biased by the fact that they khew diagnosis at the time of the interview.
This interview bias may lead patients to minimibeit exposure, but even the controls,
knowing the risks of the recorded exposure, may ailsconsciously bias their responses
(“differential misclassification”). Finally, the ktion of controls may lead to the inclusion of
persons whose conduct differs from that of the gEnpopulation (selection bias). Such
biases are liable to have influenced the resultstudies like that of Holly et al. (1995), in
which sun exposure did not appear as a risk fa@ond a multicentric European study
conducted in 1999-2001 on 597 cases and 622 centatrently in press. In that study, the
use of tanning devices was the highest ever redofldeVries et al., 2002); the host factors
(such as skin and moles) were found as expectedsusuexposure did not emerge as a risk
factor (Bataille et al., submitted).

The preferable method for calculating a low relatnsk is the longitudinal cohort study. In
this type of study, exposures are recorded befogediagnosis, and this recording is less
subject to interview bias. Moreover, a prospectwbort study relating to a large number of
individuals is far more powerful than a case-cdnstady, and therefore more appropriate to
demonstrate the existence of a moderately highivelask.

A prospective cohort study of this kind was recepiliblished (Veiergd et al., 2003), and is
summarized in Table 1I-12. 106,379 women aged 3@tthe time of their inclusion in the
cohort in 1990-1991 were recruited in Norway ande&en, in the Uppsala region, and
monitored for 8.1 years on average; this represant®hort of 866,668 person years of
observation. During the monitoring of the coho@y Icases of melanoma were diagnosed in
the cohort. The results of this study, adjustedhiost factors and sun exposure, provide the
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most convincing arguments for a causal relationsiepiveen melanoma and exposure to
tanning devices. The study shows a significantease in relative risk of melanoma (RR =
1.6; (1.04 - 2.3)) among 18 per cent of women wéqmorted using a solarium at least once a
month, at an age of between 10 and 39 years. Taveerisk is highest for women aged 20-
29 who are exposed at least once a month, (RR;£12%- 4.5)).

Table 11-12 Relative risk of cutaneous melanoma degmding on solarium use.
Summary of results of a prospective cohort study 006,379 women aged 30 to 50 years, monitored for 8
years (Veiergd et al., 2003)

Use of tanning devices and age wher Frequency Number of Multivariate RR*
used Number (%) cases (95% ClI)

10-19 years

Never 84,182 (98) 152 1

Rarely or= once per month 1,665 (2) 4 1.5(0.5-4.1)
20-29 years

Never 71,133 (80) 123 1

Rarely 11,618 (13) 19 1.1(0.7-1.9)

> once per month 6,391 (7) 18 2.6 (1.5-4.5)
30-39 years

Never 44,338 (50) 78 1

Rarely 28,383 (32) 51 0.9(0.6-1.3)

= once per month 15,169 17) 36 1.4(0.9-2.2)
40-49 years

Never 17,345 (42) 27 1

Rarely 14,514 (35) 33 1.4 (0.8 —2.3)

> once per month 9,550 (23) 22 1.7 (0.9 -3.0)
10-39 years (combined)

Never/rarely 65,230 (82) 111 1

= once per month 14,377 (18) 34 1.6 (1.04 -2.3)

*Poisson regression. Multivariate models include,agea of residence, hair colour, number of surtband the
annual number of weeks of summer holiday.

A recently published meta-analysis, which bringgetber the data from nine case-control
studies and from the cohort study by Veiergd et(2003), found a positive association

between exposure to tanning devices and the riskeddnoma, and estimated a significant
overall risk level (OR = 1.25; (1.05 — 1.49)), wihbstantial heterogeneity. Evaluation of the
exposure criteria “first exposure as young addlt’e(studies) and “longest period or greatest
frequency of exposure” (six studies) showed a figant increase in risk (OR = 1.7; (1.3 —

2.2), and OR = 1.6; (1.2 — 2.1), respectively) hwib marked heterogeneity. Although it is

not possible to determine precisely how much the afstanning devices contributes to the

individual’'s risk of melanoma, it seems clear thaén low use of such equipment increases
this risk. Moreover, the risk increases with thietey period, and the length of time such
devices are used is positively correlated to thle Ievel (Gallagher et al., 2005).

To sum up, the epidemiological studies, specificalmeta-analysis and a cohort study, show
that the use of tanning devices increases theofiskitaneous melanoma by a factor of 1.25 to
1.50. This risk increases with the frequency andation of utilisation and is more marked
when the person exposed is a young adult. It shoelldoted that a moderate but significant
increase in a given risk can cause a large incrieade number of patients, depending on the
frequency of use in the population — an importamihpat a time when artificial tanning is
becoming increasingly popular.
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Basal-cell and sqguamous-cell cancers

A number of case studies have linked exposuretificed UV radiation to skin cancer, but
very few case-control studies have explored thatimiship between exposure to tanning
devices and the risk of basal-cell and squamousskiel cancers.

In the early and then in the late 1980s, two hasfhiased case-control studies conducted in
Ireland showed no relationship between the usarofihg devices and the risk of skin cancer.
In the studies of both O’Loughlin et al. (1985) aHdrity et al. (1989), fewer cases than

control subjects reported having used sunlampsrmrexds (not significant).

A case-control study of 306 cases of squamouseagtinomas diagnosed in 1977-78 in 12
hospitals in the Montreal area, each case beinghedtwith two controls from the same
hospital, showed a positive association with the afsa sunlamp (OR = 13.4; (1.4 — 130.5)
after adjustment for hereditary factors and exposarsunlight. It should be noted, however,
that this study was conducted by post, and thatebgonse rate was low, at about 30 per cent
of both cases and controls (Aubry and MacGibbo85).9

Another case-control study in Canada, conductedngmmale subjects in the province of
Alberta, studied 226 cases of basal-cell cance, cEes of squamous-cell cancer and 406
population control subjects. It showed no significencrease in risk for exposure to various
types of non-solar UV sources after adjustmenhémst factors (OR = 1.2; (0.7 — 2.2), and OR
= 1.4; 0.7 — 2.7), respectively) (Bajdik et al. 969 Most basal-cell cancers in patients under
40 years of age are observed among women.

A recent study examined risk factors among 30 womatnents and 30 matched controls.
Although the patients’ average total exposure noitag devices was twice that of the controls
(152.2 sessions versus 83.1), this differencetisigoificant (Boyd et al., 2002).

The only meaningful results are the findings ofagezcontrol population study of 603 cases
of basal-cell cancer and 293 cases of squamous@edler, all residing in the state of New

Hampshire (USA), and 540 control subjects (Karagjaal., 2002). In this study, 78 per cent

of cases and 66 per cent of controls respondednané of the subjects had used tanning
devices, with utilization rates ranging from 9.2r ment (male controls) to 28.4 per cent

(female cases). The risks of basal-cell and squaraell cancer were significant (OR = 1.5;

(1.1 - 2.1), and OR = 2.5; (1.7 — 3.8), respeqgpivéhdjustment for various risk factors does

not change the results. As in the case of melangtim@sisks increase when the first exposure
occurred at a younger age. These results suggashthuse of tanning devices is a risk factor
for non-melanoma skin cancers.

Concern in the scientific and medical community ouethe increasing use of sunbeds

In recent years, the scientific and medical comtyuhas expressed its concern over the
increasing use of sunbeds.

As early as the late 1980s, the Photobiology Taskcd- of the American Academy of
Dermatology and the British Photodermatology Groegpmmended that cosmetic tanning in
sunbeds be discouraged (Bickers et al., 1985; Ydtel., 1990).
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In March 1996, France’'s Conseil Supérieur d’Hygidpgblique (Higher Public Health
Council) issued an opinion recommending, amongrothimgs, that any reference to any
beneficial health effect whatsoever be prohibitecdvertising for such equipment and that
information and warnings for users be mandatoryn@ed Supérieur d’Hygiéne Publique de
France, 1996; Doré et al., 1997).

More recently, two reports from France’s Nation@ladlemy of Medicine called attention to
the risks of intentional exposure to artificial Usdiation and requested the prohibition of
tanning in sunbeds (Tubiana and Rouessé, 2004 xB2a63).

Dermatologists in the United States and Canada hleerequested that tanning booths be
prohibited.

In the United Kingdom, Cancer Research UK and theb®d Association held a joint
meeting in 2004 to draw up a code of good practice.

Very recently, the radiation safety and health axties in the five Nordic countries (Finland,
Sweden, Norway, Denmark and Iceland) issued a jopmihion discouraging the use of
sunbeds for non-medical purposes and warning o#izparticularly minors, of the risks of
skin cancer. The five Nordic countries requested tihhe European Union place a stricter limit
on the power of tanning devices.
http://www.sst.dk/upload/forebyggelse/cff/sol_huatkit/nordic_sunbed_position.pdf
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[1.4.4 Other effects of UV radiation

Effects of UV radiation on skin aging

Little is known about the skin condition of the pdgtions of the industrialized countries,

even though, in terms of public health, skin pathas are responsible for major morbid

phenomena. Chronic exposure to sunlight, or torathgironmental factors such as cigarette
smoke, frequently has repercussions on the skmyraanly known as photo-aging, that vary

with anatomical location, total exposure time alnel individual’s phototype. A French study

(Malvy et al.,, 2000) was conducted to determine ré#erence values of skin condition

markers in adult French subjects and to assessethBonship between skin photo-aging

markers and behavioural and environmental facibngs research was conducted as part of
the SU.VI.MAX study described above (see the saatio skin types).

A cross-sectional analysis was conducted in 199% snb-sample of 6,663 subjects (3,057
women and 3,606 men), from 45 to 60 years of agtheattime of their inclusion in the
SU.VI.MAX cohort. The total exposure to sunlightsvestimated using a self-evaluated scale
with four levels (“How would you describe the extém which your skin has been exposed to
sunlight during your entire lifetime: not at allightly, moderately or highly exposed?”). The
phototype was determined by medical examinatiomgughe classification proposed by
Césarini (Césarini, 1977). Skin photo-aging was suezd using the photographic scale of
Larnier et al. (Larnier et al.,, 1994), a six-lewstgale, each level being defined by three
photographs to illustrate the diversity and ranfjéeatures. The information on photo-aging
was analyzed as a dichotomous variable (slight talerate, or moderate/serious to very
serious). First, a series of logistical regressiaas conducted to test for the effect of each
factor, adjusting for age; next, a multiple logiati regression model was constructed using
the variables selected in the preceding stage.r&gpanalyses were carried out for men and
women.

Men and women belonging to the same age groups sbawparable rates of prevalence of
photo-aging. Definite photo-aging of the skin wasrfd in 1,194 women (39 per cent), 22 per
cent in the 45-49 age group, 36 per cent in th&%@ge group and 42 per cent in the 55-60
age group; and in 1,450 men (40 per cent), 17 gefria the 45-49 age group, 38 per cent in
the 50-54 age group and 45 per cent in the 55-60@agup. The self-evaluations of exposure
to sunlight were similar for the two sexes and wérand to be linked to phototype
(percentage of subjects stating that they had Imginly exposed to sunlight during their
lives: phototype | and II, 7 per cent; llla, 7 pent; 1llb, 10 per cent; IV, 14 per cent; V and
VI, 24 per cent).

After adjustment for body mass index, smoking axgbsure to sunlight, the variables found
to be significantly linked to definite photo-agingp women were age; menopause;
geographical location, with an effect due to UVtpabion in the areas of southern France that
receive the most sunlight; and skin phototype, vatimore marked effect for the lighter
phototypes (I and Il). Smoking was found to haveirapact for women, although it was
barely significant statistically. No connection wdeund between the use of oral
contraceptives and skin photo-aging. For men, & Wwand that age and region of residence
had an impact, and that there was more marked fawtg for the darkest phototypes (V and
V).
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These results suggest that the prevalence of dkimogaging in the overall adult French
population is determined by age, sex, phototypgiore of residence and, for women, by
menopausal status. Women of phototypes IlIA, 118l &V faced a significantly lower risk of
definite photo-aging than women of lighter photaygl and Il). The reason might be that
they have better natural protection against thecedfof the UVA radiation in sunlight, or that
they have protected themselves better when expossanlight than women of phototypes |
and II. In men, in contrast to what was observedrdomen, the relative risk of photo-aging
was not significantly higher among the paler phgies. Subjects with a phototype higher
than IV show a risk of definite skin photo-agingeé times higher, which could reflect
differences in behaviour, with increased exposur®regy male subjects who have better
natural protection but are given to neglecting @cbve measures. Thus, darker-skinned
subjects will show photo-aging effects at a latge @han lighter-skinned subjects. Photo-
aging seems to be partly determined by host factsush as the melanin level in the
epidermis, which is taken into account in assesgimajotypes.

The lack of the expected association between gkitopaging and the self-evaluation of total
exposure to sunlight during the subjects’ lifetimeprobably due to the inadequacy of the
variable used to estimate exposure to sunlightbetin sexes, an unexpected connection was
found between geographical location and skin plagiog. As southern France is a region
deemed to have a high level of ambient ultravieiation, subjects who live there may have
adopted the behaviour of protecting themselves filmasun. In conclusion, the findings of
this study show a high frequency of skin photo-ggma sample of French adults drawn from
the general population. The high rates of prevaesfahis condition suggest the influence of
both host-specific determinants and determinamisusiing from the host’s environment and
behaviour.

Photodermatitis

Photodermatitis is a general term for all skin d&es involving photosensitivity, i.e. in which
the skin shows abnormal reactions to light.

The diagnosis of photodermatitis is based on thesegice of lesions that appear

predominantly on the face (forehead, cheekbonese aad back of the neck), but are absent
from the areas under the nostrils and chin as aglthe eyelids. Lesions on the wrist and

dorsum of the foot that leave the areas covered Wyistwatch and shoes untouched are also
symptomatic. The lesions may either follow the grattof a sunburn (phototoxic reactions) or

be due to more polymorphous reactions (urticagaema etc.).

Photobiological exploration is used to reproduce ld#sions, specify the reaction mechanism
and identify an agent or product that may be inegdlin the reaction. The equipment uses
artificial UV sources, and the procedure consistdatermination of the minimum erythema
dose (MED), phototests (with the aim of reproducthg observed lesions by means of
irradiation) and photopatch tests (which confirra thle of certain pharmacological agents in
the appearance of lesions by reproducing themearpthsence of the photosensitizing agent).
Exploration of photodermatitis is supplemented hkgtdhogical studies of the lesions,
metabolic studies or biological tests (e.g. porphgssays).

The main types of photodermatitis may be classifiesl sub-groups:
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- dermatitis exacerbated by sunlight (lupus erythesw, recurrent herpes labialis, acne
etc.). These diseases also appear without theemdhki of light, which acts in such cases as
a non-specific stimulant;

- photodermatitis due to exogenous photosensitizggn (drugs, cosmetics, botanical
substances etc.);

- photodermatitis due to photosensitivity connectedhetabolic anomalies that lead to the
accumulation of endogenously produced photosemsjtifactors (porphyria, pellagra
etc.);

- genetic and metabolic photodermatitis due to anesah the formation (albinism) or
distribution of natural UV protection factors sua melanin (vitiligo), or to deficiencies
in DNA repair systems (Xeroderma pigmentosum). €hdsficiencies are reflected by
exaggerated sensitivity to sunlight with enhancedite effects (sunburns that are
disproportionately severe in relation to the qugnwf light received) and, most
importantly, an increased risk of cancer;

- idiopathic photodermatitis (polymorphous light etiaps, solar urticaria etc.). The nature
of these reactions is not known.

Effects of UV radiation on the eye

In adults, the cornea of the eye absorbs all UV@ maost UVB radiation. UVA radiation
passes through the cornea and is absorbed by yht&altine lens. Visible light and infrared
radiation reach the retina. The transmission ofataah by ocular media changes throughout a
person’s lifetime: the eyes of infants and childaea particularly vulnerable to UV radiation,
with a narrow transmission window at about 320 fat tcloses at about 10 years of age.
Transmission of blue light (400-500 nm) falls fr&®80 per cent in children to 20 per cent in
subjects over 60 years of age. It is therefore napo to protect the eyes beginning in early
childhood.

The acute risk of ultraviolet radiation and visibtgt for the eye:

- Acute actinic keratoconjunctivitis:

This condition appears following unprotected expesto sunlight (particularly when the

sun’s radiation are reflected by snow, sand or egymar to artificial light such as that of

welding arcs, high-pressure discharge lamps anteslsn The symptoms of “arc flash” and
“snow blindness” are tearing, redness and inteaseip the eyes, difficulty in keeping them

open in the presence of light (photophobia) aneedirig of having sand in one’s eyes. A few
seconds of exposure to intense UV radiation areugmoto cause these lesions, but
photokeratitis is characterized by a latency petiat varies inversely to the severity of the
exposure. This period generally ranges from 6 toh&f@rs. The subject is then visually
incapacitated for 6 to 24 hours and recovers 48slater. Unlike the skin, the ocular system
does not develop a tolerance to repeated expasl¥ radiation.

- Acute solar retinopathy (Bacin, 2001):

The damage inflicted on the retina by UVA radiatibas been amply demonstrated in
research on animals. The alteration affects theaviseceptor cells, whereas exposure to blue
light damages instead the pigmented epithelium.réhiea is considered to be six times more
sensitive to UV radiation than to radiation in theible spectrum such as blue light. Acute
solar retinopathy occurs after looking at the seug.(during observation of eclipses) or after
prolonged exposure to sunlight without eye protectSources of intense artificial light such
as welding arcs and some surgical microscopeslsardamage the retina.
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UV radiation can cause other lesions in some stdjrdhe long term:

- Cataracts:
The crystalline lens is a colourless, avasculagirex lens. A cataract is an opacification of
the crystalline lens due to a change in its comjmwsiwith higher water content and, most
importantly, denaturation of its constituent progeiEpidemiological studies, some of which
involved over 100,000 people, give reason to thinak cataracts may be directly linked to UV
exposure. This research demonstrated, among dtimgst that areas receiving considerable
UV radiation show a high prevalence of cataractefailed analysis of these epidemiological
studies is given in section 11.4.2 above, “Epidéegical studies — natural UV radiation”).
Moreover, studies conducted on animal models andivo established an undeniable
relationship between UV exposure and the appearancataracts. The mechanism through
which cataracts occur is probably connected to gghatdation of aromatic amino acids,
including tryptophan. The repercussions of UV-inellicataracts are considerable in terms of
both blindness and the number of cataract opeapenformed.

- Senile macular degeneration (SMD):
This disease of the retina currently affects onewdry four people in the 75-85 years age
group. It causes patrtial but virtually incurablentdhess by cutting out the centre of the field
of vision. Repeated exposure to UV radiation maylleo SMD. SMD is a frequent cause of
visual disability, and its social impact is progdtto be even greater in the future, as the
proportion of the French and European populatioglyito exhibit this pathology increases.

Lipofuscin, an aging pigment of the pigmented egitm of the retina, accumulates
throughout an individual’s lifetime and might bespensible for both the malfunctioning of
visual receptors and SMD. The release of retimadié during inflammatory reactions caused
by exposure of the retina to sunlight also suggtsts polyunsaturated fatty acids may be
involved in light-induced lesions.

SMD is a degeneration of visual receptors and tigen@nted epithelium. A form of this
condition called “exudative” SMD is characterizddoaby the growth of vessels stemming
from choroidal capillaries. Oxygen-reactive specae produced at the macula in large
guantities under the effect of blue radiation (3¢® nm) as radiation is converted into an
electric signal directed at the optical nerve. dsbeen amply demonstrated that when the
macula is illuminated the oxidation metabolism ighty active and the oxidation defences
come into play.

It has been shown that these defences often falhdolevel of the retina or the blood in
subjects with SMD. The proportion of carotenoid pauwnds, whose role in vision is well

known, decreased, particularly in subjects who smekhich is a recognized risk factor for
the onset of SMD (Bonne, 2003). Therapeutic tr{alsl supplements containing selenium
versus placebos) showed the value of dietary soppiétion in slowing the progression
towards more serious forms of SMD. Various stud@s radiation penetration have
demonstrated that a significant proportion of ambi&lVA and even sometimes UVB

radiation are absorbed in the crystalline lens, tad the more dilated the pupil, the higher
the proportion absorbed. This absorption causeadugl clouding of the crystalline lens.

A recent epidemiological study (Tomany et al., 2008a cohort of over 6,000 individuals
seems to establish a link between SMD and proloeg@dsure to the sun (particular during
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adolescence) and suggests that the risk is reduc@yer 50 per cent if individuals protect
their eyes by wearing sunglasses and hats, capsars.

It is thus essential, during sessions of exposutificial UV radiation with a high level of
blue visible light, to wear goggles designed speilfy to absorb all such radiation. Note that
repeated surveys in various countries have shoan4@ per cent of tanning device users
refused to wear such protective device for cosnreasons (avoiding “panda eyes”), despite
the specific recommendations on this subject. Tiblesrof later symptoms are apparently
quite real.
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Il Behaviour and exposure °

[11.1.1 Exposure to natural UV radiation

Measuring natural UV radiation of environmental origin

Ultraviolet (UV) radiation is the highest-energydiation of the entire range of non-ionizing
radiation emitted by the sun that reaches the 'sastirface. For this reason, it has not only
major biological effects on human beings, fauna #od (skin cancers, cataracts, loss of
vegetation, etc.) and chemical effects on the affe3 produced by human activity
(production of tropospheric ozone and other toxdsas through photolysis). The energy from
UV radiation that reaches the ground depends otudat with the maximum levels at the
equator and the minimum levels at the poles. Framae an average position. The baseline
publications in the literature are based on onevaasurement campaigns conducted in 1993
and have not been updated (Elwood et al., 1993)siragospheric ozone layer, which absorbs
a high proportion of short wavelengths, is a ndtbearier that protects us in part from solar
UV radiation; the thinning of this layer, which hlasen observed for several decades now, is
thus likely to lead to increased UVB irradiation tine troposphere and at ground level
(Henriksen et al., 1990; Jones, 1992). The climatidations observed today also have a
powerful effect on the amount of UV radiation reiaghground level, as they tend to change
the duration of cloudy periods during which the 'sumadiation are screened by clouds. In
short, analysis of the impact of various activeapaters on UV radiation (ozone, cloudiness,
aerosol sprays, ground reflection factor) and efdffects of changes in these parameters over
time is itself a broad, complex field of study.

The scale of the biological and photochemical cqueaces of variations in ground-level UV
radiation from the sun has made the internatioo@ngific community aware of the need to
develop a climatology of such radiation and to rtmmlong-term trends. This led to the
establishment of an international network, the Neknfor Detection of Stratospheric Change
(NDSC), and the formation of an ad hoc working groThe two French stations for
measuring ground-level UV radiation, located atle-Willeneuve d’Ascq and Briangon-

Villard St Pancrace, have been an integral pathisefglobal network since 2001.

Measurements are taken fairly regularly in manyntoes, particularly in Europe. The
European Union played an important role in the trocson of a European network by
providing financial support to instrument companiszampaigns and establishing a database
at the Finnish Meteorological Institute (FMI) in Idimki; these activities were conducted as
part of the Scientific UV Data Management (SUVDAMgxpject, which was followed by the
European Database for Ultraviolet Radiation Clinegg and Evaluation (EDUCE)
programme. The two French stations send their dagalarly to this database. At the same
time, a project for satellite-based measuremersbtdr radiation (the SoDa programme) was
developed starting in 1985.

Satellite observation

Since 1985, the SoDa programmewiw.soda-is.com has been using observations by
meteorological satellites to measure the solamatewt received at ground level. Through the
use of the proper algorithms, this makes it posdiblestimate the shares of UVA, UVB and

% This section is drawn from the work of the InVS estp’ group.
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erythemal UV radiation. It thus provides a databas®prising a time series of UV radiation
data (daily, monthly and annual observations) foanEe’'s entire territory, divided into
squares 5 km to a side. The advantage of this rystethat its grid completely covers
France’s national territory and the ease of measent it offers. As the archive is currently
limited to 21 years, however, it does not allowcaddtion of variations in UV exposure in
relation to climate change. An example of a UV esxpe map for France is given below
(Figure I1I-1).

Figure IlI-1: Example of geographical distribution of UV radiation (1993-2002 average)

Ten-year average UVA radiation, August 1993-2002
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Royaume-Uni — United Kingdom; Belgique — BelgiungyB-Bas — Netherlands; Luxembourg — Luxembourg;
Allemagne — Germany; France — France; Suisse {z&hand; Italie — Italy; Monaco — Monaco; Andora
Andorra; Espagne — Spain.

Ground-level observation

Two stations in France are currently equipped Wit spectroradiometers, which are
recalibrated regularly and have participated siwsfog in several European campaigns.
These instruments record, at 30-minute intervéie, dpectrum of total solar UV irradiance
received at ground level in a horizontal plane.
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The Lille-Villeneuve d’Ascq station, located in@il-lying urban, industrial area and attached
to the Lille University of Science and TechnolodySTL), has been equipped since 1997
with a UV spectroradiometer with a Jobin Yvon daulsionochromator; it has been in regular
use since 1999.

The Briangon-Villard St Pancrace station, a sita moderately high mountainous area (1,310
m) that belongs to the Centre Européen Médical ®miclitnatique de Recherche et
d’Enseignement Universitaire — CEMBREU (Europeandidal and Bioclimatic Centre for
Research and University Teaching) has two UV speatiiometers. One of them is similar to
that of the Lille station, while the other uses entham double monochromator with similar
characteristics. These instruments, which have beeperation since 1999, are managed by
Joseph Fourier University in Grenoble. The usevas tnstruments, though it may seem
redundant, makes it possible to avoid interruptiongneasurement when one instrument
needs recalibration or repair, and to validatediua through regular cross-checking.

These two stations for spectral measurement of §bfaradiation operate as a network. Their
scientific purposes are as follows:

- to study the natural variability of this radiatiand the various parameters that modulate
it;

- to detect any long-term trends related, in pardicub human activity;

- to provide spectral UV data allowing validation ofimatologies based on satellite
observation;

- to make this data available to various communitiéspotential users (the medical
community, biologists, photochemists, atmosphenenaists, etc.).

Sécurité Solaire data and the MOCAGE model: seiplembnitoring of exposure based on
meteorological satellites

The following information on Sécurité Solaire datad the MOCAGE model was obtained
from P. Cesarini of the not-for-profit organizati@gcurité Solaire (Solar Safety) and V.H.
Puech of the French meteorological agency Météndera
(http://www.ecmwf.int/research/EU_projects/ GEMS/waitkps/Dec_2003)8

From 1994 to 1998, the not-for-profit organizat®@curité Solaire (Solar Safety), recognized
as a WHO collaborating centre for the Intersun pogne, took measurements of
environmental UV radiation at stations locatedenesal regions (Paris, Blagnac, Perpignan,
Caen, Lille, Bordeaux, Nantes, Briangon, Font Rom®lontpellier and Toulon). The
instrument used was a broadband sensor providsynthetic analysis of UV irradiation in
the form of a UV index. The findings of these sasdhave neither been published nor been
included in an official report; they are simply edtin Sécurité Solaire’s report of activity.

Based on UV index data, cloudiness data and datéghenchemical composition of the
atmosphere, including ozone, as measured by mébgaral satellites, a mathematical model
of the correlation between the amount of sunlightd gahe chemical parameters was
constructed so as to compute the UV index. The made application of the MOCAGE
(MOdele de Chimie Atmosphérique de Grande Echellarge-Scale Model of Atmospheric
Chemistry) project, is now operational and is uleedJV index forecasts, which are currently
transmitted to the media by Sécurité Solaire. Tlheehhas national coverage and the data is
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recorded in the form of forecasts. As we learnethefexistence of this model and data only
late in our survey, we were not able to identifyy ameas where the information from this
system converges with or complements the data sitegnfnom the other measurement
systems described herein.

I11.1.2 Human behaviour with respect to natural UV radiation: review of the French
data

Considering the impact of intermittent UV exposward the role of exposure during
childhood, information on human behaviour with gpo UV radiation is very important in
analyzing UV risk.

In one century, the behaviour of the populationdAM#stern countries with respect to UV
radiation has changed radically, from aversion strang affinity (Albert et al., 2002; Albert
et al., 2003; Albert et al., 2003). This affinityrfexposure to UV radiation typically takes the
form of intermittent exposure, particularly in ca&ation with leisure activities, owing to the
increase in leisure time and the fact that it isyet® engage in leisure activities in countries
that receive a great deal of sunshine, particuldwiyng the winter. It is also linked to the use
of sunbeds, the recreational aspect of which ik hatelling point and an argument in favour
of their development.

Most of the information available to date comesiretudies of the populations of other
Western countries (Australia, Canada, Great Britdia Scandinavian countries), which also
provide methodological principles and comparatie¢ad Coogan et al., 2001; Godar, 2001,
Godar et al., 2001; Godar et al., 2003; Sandby-Mdat al., 2004; Sandby-Moller et al., 2004;
Thieden et al., 2000; Thieden et al., 2001; Thiedeal., 2004; Thieden et al., 2004). The
French data is rather limited, but for this repoetfelt it would be useful to review this data.

The SU.VI.MAX cohort

The SU.VI.MAX cohort is a national cohort of voleets participating in a controlled trial
concerning absorption of a precise dose of fooglempents (recommended doses of vitamins
A, E and C, selenium and zinc) (Hercberg et al981HHercberg et al., 2004). The cohort
consists of 12,741 subjects, at least 35 yearg@®foa their inclusion in the cohort, recruited
in 1994 and monitored for 8 years. The minimum fagenclusion in the cohort was 35 years
for women and 45 years for men; the maximum age6fas

Among the many studies of the SU.VI.MAX cohort, @f@dministered questionnaire to
study behaviour concerning solar exposure and giiotewas developed with a view to later
estimation of this cohort’s risk of photo-aging ahé occurrence of skin pathologies related
to different types of behaviour. The first parttié questionnaire dealt with the description of
the skin phototype (Guinot et al., 2005) and hatatsarding exposure to and protection from
the sun during the preceding year; the second edvéabits of exposure to sunlight,
evaluated in terms of total exposure over the stilsjéfetime. This questionnaire was sent to
the 12,741 volunteers in the cohort in February71®eventy per cent of the questionnaires
were returned, and 91 per cent of these were ushblal, the data for 4,825 women and
3,259 men were analyzed. An initial descriptive lgsia yielded indicators summarizing
exposure to and protection from the sun (Guinotlet 2001); then, a classification of
individuals according to their habits regardingasaxposure and protection was developed
(Mauger et al., 2004).

Afsse, InVS, Afssaps — Evaluation of ultraviolediegion exposure risks — May 2005 -81-



The research concerning a typology of behaviours eanducted by sex. Individuals who
reported that they did not intentionally exposenteelves to sunlight were considered to be in
a class by themselves. Thereatfter, a first analyasperformed for individuals having stated
that they deliberately exposed themselves to shinigd used sun protection products, and a
second analysis for individuals having stated thaty deliberately exposed themselves to
sunlight and did not use sun protection producte $ame analytical strategy was used for
the two sub-samples: firstly, an analysis of theyneorrespondences found was performed in
order to obtain an accurate summary of the infolonatsecondly, an ascending hierarchical
cluster analysis (Ward's method) was conductedotwsituct the classes; lastly, to make it
easy to assign any individual to a class, a detisge was constructed in order to determine
decision-making rules based on a small number estipns (CART algorithm and Gini
coefficient).

Table IlI-1: Exposure of women to sunlight (SU.VI.MAX study)

No deliberate exposure to sunlight during lifetime C0, n=1,558
Deliberate exposure to sunlight and uSan protection without sunscreen. C1, n=284
of sun protection products Moderate exposure.
Medium-strength sun protection. C2,n=1,364
Intense exposure.
Strong sun protection. C3, n=466
Moderate exposure.
Deliberate exposure to sunlight withoddoderate and prudent exposure. C4, n=58
use of sun protection products Moderate and imprudent exposure. C5, n=136
Intense exposure. C6, n=43

A decision tree based on six questions and tersid@ecmaking rules was obtained (Figure
11-2).
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Figure I1I-2: Decision tree for women

Habitude de pratiquer le bronzage au cours deela Vadulte ‘

Exposition volontaire Pas d 'exposition volontaire

Utilisation d 'un produit de protection solaire| CcO
pendant les pratiques de bronzage

Non ‘ Oui

‘ Exposition au cours de la vie+ ‘ Indice de protection solaire utilisé sur le cords
Peu ou modérément exposée | Beaucoup exposée au soleil SPF0a15 SPF >15, Pas de produit avec un filtre solaire
Pratique du bronzage aux heure C6 Indice de protection solaire utilisé Indice de protection solaire
les plus ensolleillées (11h-16kh) sur le visage utilisé sur le corps

‘ Pas de produit aveq Pas de produit avec

Non Oul un filtre solaire SPF 0415 ou>15 SPF >15 un filtre solaire
Indice de protection solaire utilisé
sur le visage
Pas de produit avec un fiItrT
solaire ou SPF 0 a 15 SPE >15
Indice de protection solaire utilisé C3

sur le visage

Pas de produit avec
SPF0a15 un filtre solaire

! !

C2 C1
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Tanning habits during adult life

Deliberate exposure No deliberate
exposure
Co
Use of a sun protection product during tanning
No Yes
Exposure during Sun protection factor used on body
lifetime
Little or Extensive exposure SPF 0-15 SPF > 15, no products with sunscreen
moderate
exposure
Tanning during the hours of strongegg Sun protection factor used on face Sun protectetof used on body
sunlight (11 a.m.—4 p.m.)
No Yes No products with SPF 0-15 or > 15 SPF > 15 No products
sunscreen sunscreen
C4 C5 Cil C2 C1

Sun protection factor used on face
No products withSPF > 15
sunscreen or SPF O-

15
C3
Sun protection factor used on face
SPF 0-15 No products with
sunscreen
C2 C1

with
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Table 111-2: Exposure of men to sunlight (SU.VI.MAX study)

No deliberate exposure to sunlight during lifetime C0, n=1,547
Deliberate exposure to sunlight arg8ln protection without sunscreen. |C1, n=209
use of sun protection products Many exposures

Medium-strength sun protection. | C2, n=458
Few exposures

Strong sun protection. C3, n=131
Few exposures
Deliberate exposure to sunlighfiew exposures C4, n=293
without use of sun protectioMany exposures C5, n=118

products

A decision tree based on eight questions and elaesision-making rules was
obtained. The questions were the same as for wowiéim,two additional questions:
one on how important sunbathing was to the subjiet, other on whether a sun
protection product was used regularly the precegeay.

The limitation of this national cohort, from theastipoint of learning about UV
exposure, is its demographic representativenese $hbjects studied belong
exclusively to the generations from 1930 to 196ih Whe age composition differing by
sex, which makes it impossible to estimate morenmgcgeneration-based changes in
behaviour with respect to natural and artificial WAdiation. Moreover, the cohort was
formed on the basis of voluntary involvement in writional supplementation trial,
which may introduce selection biases from the giamd of social representativeness,
and potentially from that of behaviour with respectUV radiation.

Montpellier child study

A 1993 study, based on a self-administered quesdios, of 573 children aged 3 to 15
in the Montpellier area (Vergnes et al., 1999) $wuigformation on exposure to the sun
during the summer of 1992. Children from junior aeatary schools in “priority
educational zones” and vocational secondary scheetse excluded. The skin types of
the sample are described. Eighty-five per cenhefahildren were light-skinned, and 15
per cent dark-skinned. Hair colour was light brawd9 per cent of cases, blond or red
in 40 per cent, black or dark brown in 11 per c&mxposure to UV radiation during the
summer was considerable, exceeding 6 hours peindayme cases, which for an entire
summer amounts to 366 hours of median exposure pidportion of children having
suffered from a sunburn was 89 per cent. This salgg examined the sun protection
behaviour concerning protection from the sun (ste&st use or wearing a t-shirt). The
study showed that most of the recommended protectigasures were not followed.
This one-off study was not repeated, and it coveredther geographical areas. The
exclusion of certain population categories for ogassof feasibility makes it difficult to
generalize the study’s conclusions.

Montpellier adult study
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This national study, analyzed in 2001, was condldiging a randomized multicentric
interventional trial for prevention and early diagis of skin cancer in health
examination centres (Stoebner-Delbarre et al., 2O0ie cohort consisted of a sample
of 41,143 adults over 30 years of age residing rem&e and having had a periodic
check-up in a health examination centre. The sarepttuded people who unable to
read French, blacks and Asians, and people whaedfto participate in the study. In
all, 33,021 people completed the self-administepeglstionnaire, which included items
on awareness of the risks associated with expadsutbe sun, attitudes, beliefs and
behaviour regarding such exposure, and the sonthldemographic characteristics of
the persons surveyed. Adults’ attitudes with redareixposure to the sun were analyzed
using correspondences factorial analyses. Thisystoginly provided information on
how informed the adult population is concerning as¢gpe to the sun. It was not
intended to collect information on exposure itselfy to determine the time budget of
those surveyed with respect to UV exposure.

I11.1.3 Exposure to artificial UV radiation

The UV dosimetry of a typical tanning session is known. One UV tagnsession
corresponds to an exposure of 2 standard erythessa (SED) units. In fact, one
session is equivalent to approximately one mininaupthema dose, i.e. 3 SED for skin
type II, 5 SED for skin type Ill, 7 SED for skingg IV. There is very little data on use
of artificial UV radiation, however, since only tvgeneral population studies have been
conducted.

International data

The use of sunbeds is growing rapidly in the dgyetbcountries today, particularly in
Northern Europe but also in France. In the UnitedeS, it was estimated ten years ago
that approximately a million people a day visitethaning salon and that the tanning
industry generated annual turnover of over $1dsilliDe Leo, 1994).

* The minimum erythema dose (MED) is defined as theuanof ultraviolet radiation, regardless of

wavelength, needed to cause a light sunburn wéhrlyl defined edges 16 to 24 hours after exposure t
the sun. This amount varies with subjects’ serigjtito sunlight. This dose was used to construet th

reference erythemal efficiency spectrum (CIE, 198Wijch is used as the basis for calculating the
erythemal yield of all sources of UV radiation. Té#ective irradiation of UV appliances must comply

with the values prescribed in the table definingety of UV sources.

The erythemal efficiency of each wavelength is widhaccording to the erythemal efficiency curve and
normalized to 298 nm. The erythemal effectivenessectmay be expressed in terms of mathematical
functions:

EE Q) =1.0 (25 . < 298 nm)
EE () = 1094 %8 (298< 1 < 328 nm)
EE () = 1¢*015 (4% (328< ) < 400 nm)

In 1997, the CIE recommended the universal use efghemal unit, the standard erythema dose (SED),
having the value of 10 mJ/ch{100 J/nf) normalized in accordance with the erythemal &ficy curve
to 298 nm. This unit will be used to define the keyhal power of all UV sources.
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A 1991 case-control study by the Melanoma grouphef EORTC in five centres in
Germany, Belgium and France showed that 19 perafeait control subjects had used
sunlamps or sunbeds. Use of this equipment was megeent in Germany (25.3 per
cent) than in Belgium (19.9 per cent) and Francé p@r cent), and was more frequent
among young people (31 per cent of the under-40gagep) having a high socio-
economic level and low tanning capacity (27 pett oéblond and 30.8 per cent of red-
haired people). Eighty-four per cent of the expesureported had begun after 1979
(Autier et al., 1994).

Another case-control study by the same group, ®figk of melanoma, conducted from
1998 to 2000 in Sweden, the Netherlands, the Uritieddom, Belgium and France
among subjects under 50 years of age (the avegg®fathe control subjects was 37
years), showed that 57 per cent of the controlesubjused artificial tanning at least
once, with the highest rates of use found in Swe8&nper cent). Such exposure was
more frequent among women (61 per cent) than m8npgt cent). This new study
showed the very high prevalence of exposure imtréhern countries (Sweden and the
Netherlands) and that the use of tanning devicbeéeming more frequent among men
and young people, with considerable variation frone country to another. among
men, rates of exposure were highest in Sweden ¢r&gnt) and the Netherlands (60
per cent), but of only 39 per cent in the Unitechdgddom and 13 per cent in France.
Exposure before the age of 15 years was reporte®igmr cent of all control subjects,
but the figure for Sweden was 20 per cent. Theageeiage of first exposure was 20
years in Sweden, 23 in the United Kingdom and 2#rance (Bataille et al., 2005).

This considerable increase in the use of tannimicds in Sweden is confirmed by two
studies conducted in the same region in southerd&win 1988-90 and in 1995-97. In
1988-90, 46 per cent of individuals under 30 yeazfrage had used sunlamps or a
solarium at least once in their lifetime (56 pentcef women and 12 per cent of men,
these percentages being higher in the 15-24 aggprwhile this proportion was only
24 per cent in the over-30 age group (31 per cEmtomnen and 16 per cent of men)
(Westerdahl et al., 1994). After 1995, the perogmtaf the 16- to 80-year-old
population using such equipment was 41 per cemnt/@yper cent of women and 50 per
cent of men from 18 to 50 years of age reportedifieeof a solarium (Westerdahl et al.,
2000).

Since 1989, 13 studies have examined the use oingrdevices by children and
adolescents (11-19 years of age), primarily in NgrwSweden and the United States.
All of these studies show frequent use by childred adolescents, sometimes at very
young ages (see Lazovich and Forster, 2005, feviaw). According to the most recent
studies, 30 per cent of Swedish adolescents (18eEs) and 24 per cent of US
adolescents stated that they used tanning dewaceis7.5 per cent and 11.78 per cent
respectively reported frequent use (ten or moregia year). Very few countries have
adopted regulations on tanning booths, and wherk segulations do exist, they often
say nothing about whether minors should be allotsagse them. According to a recent
study, France is the only country with a regulattbat prohibits access by minors
(Dellavalle et al., 2003).

® European Organization for Research on Treatmenante€l.
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French data

Information on exposure to artificial UV radiatias highly fragmented in France. In

practice, only two studies estimate such exposand,sources of information provided

by the tanning industry are very limited.

The linkage between intentional and unintentionglosure has never been explored in
a sample of the French population.

The SU.VI.MAX study

In 2001, a self-administered questionnaire on bielbawvith respect to solar exposure
and protection was sent specifically to the 12, F&nch adult volunteers in the

SU.VI.MAX cohort. Over 60 per cent of the questiamas were returned, and 97 per
cent of these were usable. This analysis, condusaedrately for each sex, sought to
describe the use of artificial tanning devices dhersubjects’ lifetimes.

Of the 7,359 individuals who completed the quest#re, 1,179 (16 per cent) — 953
women (22 per cent) and 226 men (8 per cent) —rregdhat they had used tanning
devices during their lifetimes. In both sexes, #kin phototype distribution among
users was similar to that among non-users.

Forty-four per cent of women having used such d=vigelong to the age group that
was youngest at the time of inclusion in the coli@st44 years), as against 33 per cent
of women who had not used them (for men, no datvislable concerning this age

group).

Table I11-3: Use of tanning devices during lifetime(SU.VI.MAX study)

Women Men
Use of tanning devices during lifetim¢ Users Non-users | Users Non-users
953 (22%) 226 (8%)
Regular use 7% - 6% -
Usez= five years 10% - 10% -
Residence in northern France or lle-p48% 39% 45% 36%
France region
Practice of tanning in sunlight betweest% 37% 53% 38%
11 a.m. and 4 p.m. during lifetime
Regular application of sun protectip89% 24% 17% 7%
products while tanning
Gradual exposure of skin to sun 54% 43% 53% 38%
Practice of naturism during lifetime 13% 6% 19% 8%
Sunburn in adulthood 93% 88% 93% 89%
Very or extremely extensive practice| 7% 20% 26% 11%
tanning

Furthermore, knowledge of the risks associated exjposure to the sun seems as high
among users of tanning devices as among non-usgadless of sex. More than 95

per cent of users have heard of melanomas and kihatwsunburn can have serious

consequences for their skin.
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The reasons given for use of artificial tanningides are as follows:

Table IlI-4: Reasons given for use of artificial tanning devices (SU.VI.MAX study)

Cosmetic reasons 35%
Preparing skin for exposure to sun 34%
Medical reasons (acne, psoriasis, vitiligo, rickefisamin D deficiency 10%
and allergies)
Trying out the equipment because it was availabl@ning to curiosity 6%

For mental or physical well-being 2%
To avoid exposure to natural UV radiation 1%
Other reasons 2%
No reason given 23%

A link was found with skin phototype (Fitzpatrickt$assification): individuals with the
lightest skin types reported more often that thegduan artificial tanning device to
prepare their skin for exposure to the sun.

Adult cohort

In the Montpellier adult study, 2 per cent of sultgereported that they use sunbeds
(Stoebner-Delbarre et al.,, 2001). There is no als/imethodological explanation for
the scale of the discrepancies between these sediie reason probably lies in the
diversity of behaviour with respect to UV radiatigrarticularly artificial UV radiation,
but this aspect needs to be measured more acguratel

Economic data

Not enough economic data are available on the sémt@nalytical monitoring of the

tanning business, which according to its practéisn is growing (personal

communication from E. Boutet, Chairman of Franc&gndicat National des

Professionnels du Bronzage en Cabine — NationabJaf Tanning Booth Operators).
The number of installed tanning devices can beiodthfrom declarations made to the
prefects [the Direction Départemental des Affai&mmnitaires et Sociales — DDASS
(Department of Health and Social Affairs) and Dii@e Départementale de la
Concurrence, de la Consommation et de la Répressésn Fraudes —-DDCCRF
(Department for Competition, Consumer Affairs andue Control) of each territorial

department], but as such declarations are voluntée number of devices may be
understated. Furthermore, in addition to the meuenber of devices installed,

information is needed on their activity and how hntitey are used.

Reasons for tanning — Physiological effects of UXpesure

Research on the reasons why people want to bedarae shown the importance of
psychological and sociological motivations amongnegers: they want a positive
image in the eyes of others (for a review, see Yo@004, and Lazovich and Forster,
2005).
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More recently, research studies have sought tdifganore physiological effects. One
of the main reasons given by university students wkit tanning salons is the relaxing
effect of UV sessions (Knight et al., 2002). Thieet might be due to the release of the
many neuroendocrine mediators produced in the skiresponse to UV irradiation
(Gilchrest et al., 1996). Although no increase he serum concentrations of opioid
peptides (beta-endorphin and metenkephalin) wasctht after exposure to tanning
devices (Gambichler et al., 2002), it has recebhdgn demonstrated that exposure to
tanning devices does cause a real physiologicateffeinforcing stimulus). Fourteen
young adults (one man and thirteen women from 222tgears of age) who habitually
use tanning devices were exposed twice a weekXaveeks, during the same session,
to two identical tanning devices equipped withefit transparent to visible light and
infrared, one of which was transparent to UV radiai4 per cent UVB, 96 per cent
UVA) and the other opaque to UV radiation. The filters were indistinguishable. At
the end of each week, subjects were offered a dession with the device of their
choice. Of the 12 participants who took advantaigthe offer at least once, 11 chose
each time the device that emitted UV radiatioralinthis device was selected 39 times
out of 41 (Feldman et al., 2004).

[11.1.4 Conclusions of studies on human behaviour w ith respect to UV radiation
in French population groups

To date, there are no general studies of the Frpaphlation, covering all age groups,
on human behaviour regarding natural or artifitid radiation. The studies that have
been conducted have served to validate the quesii@s and a methodology. The
behaviour of teenagers and young adults, howeventirely beyond the scope of these
studies, although these age groups are a commeaigit for tanning booth businesses
and are important for campaigns aimed at betternmihg the public about the risk of

UV radiation. Moreover, it is noteworthy that iretlsU.VI.MAX study, use of sunbeds

was more frequent among the youngest generatiohsirig recalled that the minimum

age for inclusion in this cohort was 35 years fasnven and 45 years for men.

Childhood is the period of life when intense exgesmay have a substantial impact on
the subsequent risk of cancer, but the only stwdylable on this aspect is limited to a
single French region and dates from 1993. Measwsuun exposure is also a way of
monitoring the real impact of preventive educatampaigns on this topic, in order to
make adjustments in the messages and actionss& tdaenpaigns.

Individual dosimeters can be used for direct mesment of the UV dose received by
the skin, supplementing the data collected throseglfradministered questionnaires.
There are several types of such dosimeters: pdbrsifilm badges that react to a broad
UV spectrum but have the disadvantage of beingkfjugaturated; films containing.
subtilis spores, which are sensitive to erythemal UV raaha{Moehrle et al., 2000;
Moehrle et al., 2000); and individual digital dositars worn on the wrist (Thieden et
al., 2000) that measure only UVB radiation or a hhd fitted to the erythemal curve.
Digital dosimeters that can record UVA and UVB esyi@ over long periods have been
developed (Autier et al., 2000) and used to meah@exposure of children and adults
during ordinary life or on holiday (Thieden et &Q04; Autier et al., 2000; Rigel et al.,
2003) and the exposure of professional athletesefivle, 2001; Moehrle et al., 2003).
A recent study measured exposure to erythemal Udiatian among preschool
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children, during outdoor activities at nursery sah@nd compared the data from the
biological dosimeters worn on the children’'s shewdd with the ambient UV
measurements obtained using the same dosimeteedplafixed locations on the roof
of the school and with measurements of total anibiévi radiation provided by the
Swedish Meteorological Institute (Boldeman et2004). Quite recently, a study by the
EORTC’s Melanoma group showed that measurementd\# and UVB exposure
taken with electronic dosimeters correlated wethwi/VA and UVB irradiation data
from a weather satellite (Boniol et al., 2005).hsltigh the EORTC studies included
French subjects, no study to date has measuredotizeterm exposure of French
population segments to natural UV radiation. Thee uwf meteorological data,
supplemented by a detailed description of outdativiies and of the environment
(full sunlight or shade), should make it possildestaluate the UV doses received by
substantial segments of the population.

[11.1.5 UV exposure and occupation

There is little documentation on work-related expesto UV radiation. An evaluation
of such exposure by occupation was made as part epidemiological study on ocular
melanoma (Guenel et al., 2001). This evaluatiooydh rudimentary, gives a relatively
complete picture of UV exposure in work environnsernh the absence of usable data
from measurements, UV exposure was evaluated orbdles of the judgement of
industrial health experts. This evaluation invohdgtermining indices of probability,
frequency and intensity of UV exposure for eachupetion defined by the five-digit
International Standard Classification of Occupai@$CO) code. In addition, solar UV
radiation was distinguished from artificial UV raton. A brief summary of the main
findings of this evaluation is provided here.

Exposure to natural UV radiation (outdoor occupatians)

Outdoor occupations involve exposure to solar UMiaton. The intensity and
frequency of such exposure vary greatly from ommupation to another. They may also
differ substantially between individuals having #@mne occupation, depending on local
circumstances or the individual's activities. Thaimoccupations exposed to solar UV
radiation are listed in Table IlI-5. Seamen, fishen and mountain guides are
particularly exposed occupational categories (Mieeh2001; Moehrle et al., 2003;
Moehrle et al., 1999; Moehrle et al., 2000).

Table I1I-5: Examples of occupations exposed to sal UV radiation

ISCO code| Designation Intensity of Frequency of
exposure exposure

6.41-9.81 |Seamen and fishermen high high

9.71 Dockers high high

6.22-6.23 |Farmers and farm workers average high

6.31 Forest workers average high

9.73-9.74 | Construction equipment drivers average high

9.51-9.52- [ Masons, construction workers, roofel@yerage high

9.53 carpenters
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7.11-7.12 |Quarry workers, stonecutters average high
9.31 Building painters average average
8.57 Electrical and telephone linemen average average
1.80 Athletes and sportsmen average average
3.70-4.52 |Postmen, street vendors average low
0.41 Aircraft pilots and navigators low low

Exposure to artificial UV radiation

Some occupations can involve exposure to artificidoduced UV radiation. The main
examples are listed in Table Ill-6. The spectrumadificial UV radiation can be
substantially different from that of solar UV ratilen. In particular, it can include UVC
radiation (arc welding), which is particularly hdti

Table I1I-6: Examples of occupations exposed to aificial UV radiation

ISCO code| Designation Intensity of Frequency of
exposure exposure

8.72 Welders (inc. arc welders) high high

8.73 Sheet-metal workers, boilermakers high average

8.93 Metallurgical furnace operators average high

8.71 Plumbers average average

8.74 Structural steel workers average average

8.91 Glass blowers average average

5.70 Beauticians average low

7.24 Metal casters low average

Associated risks

* Risk to the skin

A number of studies show a negative associationwdszt exposure while engaged in an
outdoor occupation and the risk of melanoma (Elwebdl., 1997), suggesting that
people who work outdoors have a lower risk of metaa than those who work
indoors. However, work-related exposure is assediawvith increased risk of
epidermoid carcinomas and basal-cell carcinomasitfHet al., 1989; Morales Suarez-
Varela et al., 1992).

e Other risks

- Non-cancer risk:

Exposure to UV radiation emitted by arc welding sesiocular burns, well known to
welders under the name of “arc flash”. A risk ofatacts has been described among
oyster farm workers on the Chesapeake Bay (Delawag?) (Javitt et al., 1994;
Taylor, 1989).

- Cancer risk:
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Exposure to artificial UV radiation has been linkex an increased risk of ocular
(choroidal) melanoma. The risk factors identifiexdrp to two types of activities that are
probably mutually exclusive (use of sunbeds andsyitirof certain occupations,
particularly arc welding). The association betwemmlar melanoma and the use of
sunbeds has been shown by case-control studiely @tal., 1990; Tucker et al., 1985;
Vajdic et al., 2004). Arc welding (which generatagge amounts of UV radiation) is
associated with greatly increased risk of oculalam@ma; in France, a study estimated
this risk at 7.3 (95 per cent Cl: 2.6-20.1) (Guestedl., 2001; Holly et al., 1990; Tucker

et al., 1985).
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IV Cosmetic products and UV radiation °

IV.1 Sun protection products

IV.1.1 Types of sunscreens and how they work

Properties expected of a cosmetic sun protection gduct

Given the properties expected in terms of protgctite skin against UV radiation (UV
absorption, skin biology), a sun protection produetst satisfy the following specific
requirements: sun protection, safety, local toleearstability and resistance to water
and perspiration. In addition, as a cosmetic produnust be pleasing to the senses.

Regulations and assessment of UV screens

Appendix VII of the 28 European Commission Directive 2002/34/EC adapting
Directive 76/768/EEC for technical progress listss2inscreens that may be contained
in sun protection products and sets the maximuncexnations allowed and the
conditions of use for each. Some of the 27 sunserdisted in Appendix VIl of
Directive 2002/34 are rarely used. Examination h#d tist of sunscreens most often
found in products currently on the market, drawn hyp manufacturers, shows that
virtually none of them covers long wavelength UVAdiation. Internationally, the
regulatory frameworks of Europe, Japan and theddrfitates show some differences as
regards the type and number of sunscreens permfttesl US Food and Drug
Administration has a list of 16 sunscreens), th&imam concentrations permitted and
the status of the products that contain them (tivereounter sale in the United States).
Before UV screens are put on the market, they @atuated for safety and efficacy. In
Europe, this evaluation is conducted by the Sdierfiommittee on Cosmetic Products
and Non-Food Products intended for Consumers (SECN# 2004, it became the
Scientific Committee on Consumer Products, or SC@P)accordance with the
SCCNFP guidelines (“Notes of guidance for testiigasmetic ingredients for their
safety evaluation”), the5revision of which was adopted on 20 October 200re is

no specific evaluation of the UV protection ageintsunscreens. Apart from tests for
phototoxicity and photosensitivity, the evaluatiprocess is the same as that for the
other ingredients, taking into consideration tisgecific properties, concentrations and
area of application.

The evaluation is based on knowledge of the toxiot the ingredients. The UV
absorbency of the finished product is affected mfolgical and technical factors, as
variations in these factors can change what becarhése substance once applied to
the skin.

Evaluation of the effectiveness of sun protectionrpducts

Sun protection products must be effective and hemgst be proven to maintain their
photoprotective power under reasonably foreseeadniditions of use. The stability of

® This section is drawn mainly from the work of thisgaps expert group.
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the finished product must be assured. This evalmais based in particular on
measurement of UV protection indices.
Evaluation of effectiveness involves, among otlméngs, measurement of protection
indices. The protection coefficient determined in this waycalled ‘static”, since it
provides information on photoprotection at a givenment but not on how long it
remains active, as certain factors are often rananto account, such as perspiration,
rubbing that removes the product from the skintacnwith water, the penetration of
the product over a longer period, and the physactivities of users. The evaluation
must also consider the “persistence” of sunscreemswhether they remain effective
under normal conditions of use for a sufficientnd period.
The evaluation of the finished product also inchidgecific trials and topical bio-
availability studies in order to assess tliyrfamic” aspect, including a number of
factors that may modify the effectiveness of the grotection product:
- the substantivity of the product, as sunscreensatteaeasily removed from their
target site offer less long-lasting protection;
- the time elapsed between application of the prododtexposure to the sun, i.e.
the latency period required for the product to act;
- time required for application;
- persistence of the product.

The substantivity of sun protection products, whglmply described in the literature,
is connected in particular with their ability tohete to or combine with keratinized
substrates. Some sun protection products may fosurface film, others diffuse into
the skin and attach themselves to keratinized gatiest The sunscreens belonging to
the former category are easily removed from thenget site and their protective power
will not last long, whereas the latter will be higlpersistent.

The physical parameters that affect adsorptiorttegesame as those that influence skin
penetration, namely: the concentration, moleculze and molecular configuration of
the applied substance, the pH and hydration ofhtbrey layer, possible interactions
between the adsorbed product and the “fibrous redgids-water” complex of the
horny layer.

The set of methods used serves to evaluate theigtieffectiveness and ensure that it
is safe. Each method is used to measure and esalnator more parameters, but none
of them captures all of the parameters needed terrdne a minimum duration of
protection, especially since many of them cannatdy@rolled. This refers in particular
to:

- the fact that displaying an application frequenefirted in a solar simulator
cannot capture all the geographical factors thaerdene the amount of
sunshine (longitude, latitude, etc.);

- the fact that displaying an application frequenafirted in terms of water
resistance in standardized conditions cannot captit the possibilities
regarding how many times and how long the user gotge water;

- the fact that displaying an application frequenefirted by local bio-availability
studies cannot capture real-life conditions related@nperceptible perspiration,
the rate at which sweat is produced and evaporatetihence to the frequency
of re-application;
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- the fact that displaying an application frequenagfirled in standardized
conditions cannot capture the extent of users’ ighysactivity (most sun
protection products are subject to a sharp falh@&ir protection indices after 30

minutes of physical exercise).

IV.1.2 Sunscreen effectiveness

The methods used to assess sun protection, ioothitro

and in vivo, help to

demonstrate that external UV protection agents effective in preventing solar

erythema (sunburn).

Where the long-term effects of UV radiation are acamned, there is no scientific proof
of a correlation between the use of sun protecpimducts and protection against a
biological effect, since the action of a UV protentagent on a biological effect can be

measured only indirectly.

Current scientific knowledge on the subject is swamped in Table V-1 below.

Table 1V-1: Current state of scientific knowledge o the effectiveness of sunscreens

Short-term effects of UV radiation

Prevention of Real and documented
erythema

For dermatolog
prevention of erythema

of UV radiation.

Long-term effects of UV radiation

Prevention of skin | Human research studies on prevention of
aging elastosis: in progress.

skio proof in human studie
of the effect of external su
protection agents i

certain agents sho
promise inin vitro studies.

Prevention of Studies in progress
photo-
immunosuppression
(PIS)

A complex biologi
phenomenon, certainly n
due to a one-wa
mechanism, in which th
study protocol seen
largely to determine th
expected results.

The current data
reassuring, howeve
sunscreens  with  hig
protection indices for UVE
radiation and, MOS
important, for UVA
radiation provide effectiv
protection against th
decrease in cellule
immune reactions observ
in vivo after exposure t
UV radiation.

not a meaningful parameter
for ensuring protection
against the cellular effects

preventing skin aging;

Prevention of skin | - Two Australian clinical stuslishow a decline i

n No proof in human stud

ies,
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cancer pre-cancerous keratosis after application | exadfept a single study on
sunscreens. prevention of squamous-
- Most of the arguments in favour of the protectigell cancers and actinic
role of sun protection products with respect to |tkeratosis (epidemiological
appearance of skin cancers are based on stugligties of broad-spectrum
performed orin vitro models. products).
- A few animal studies have shown that sunscreens

have beneficial effects on the promotion of light-
induced tumours, but these studies are few in numbe
conducted under conditions that are not readily
comparable and for the moment do not allow much to

be predicted about effects on human beings.
- Older studies on mice showed that locally-applied
sun protection agents with sunscreens helped &y el
the occurrence of non-melanoma skin cancers [after
repeated irradiation with UV sources emitting mginl
UVB radiation.
- These results have been contradicted in humans by
some 15 epidemiological studies, all of which fouard
higher relative risk of melanoma or non-melangma
skin cancer among habitual users of externallyiagpl
sun protection agents than among non-users.| The
difficulty lies in how to interpret these findingBo
they reflect a real effect of the sunscreens (irleta
protection, overly narrow spectrum, improper useg o
perverse effect due to an increase in users’ exposu
time after application of sun protection products?

Effectiveness of sun protection products in preveimin of solar erythema

Although sun protection products offer real, docotad effectiveness in preventing

sunburn, in practice this protection is not comgl@wing to poor choice of protection

index with respect to the solar UV index, insuffici repetition of sunscreen

application, irregular spreading of the product dimel fact that certain skin areas are
forgotten.

Effectiveness of sun protection products in preveiin of skin aging

The effectiveness of topical sun protection prosluictpreventing skin aging has not yet
been demonstrated in human subjects, although astedies on prevention of skin
elastosis in humans are in progress. Other studiss, conducted on humans, have
shown the value of certain topical sun protectiagerds in preventing damage
connected with light-induced aging of the skin (Fanoier et al., 1992; Séité et al.,
1998; Séité et al., 2000). Research studies coaedumt animals have shown that some
UVA screens can counter light-induced aging of $ikires in cases of chronic exposure
(Takeuchi et al., 1998).

Effectiveness of sun protection products against WNhduced immunosuppression

The aim of protection against photoimmunosuppresgS) should be to reduce light-
induced skin tolerance and the promotion of skimcea (Meunier et al., 1998).

This theoretical objective runs into a major diffiy, however, in that the product must
not interfere with the physiological processes Itegy from the interaction of skin and
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sun, and must not disturb the equilibrium of immue&ctions, an equilibrium designed
to suppress any auto-immune skin reactions ainadist

Protection against PIS should therefore be tramsitand suitable for high-risk
situations. It may be provided through various nseaotably the use of sun protection
products.

Epidermal Langerhans cells and dermal dendritidscplay a key role in these
photoimmunological processes, and the main obgeativprotection against PIS is to
preserve and maintain the “sentinel” function ofeg@ antigen-presenting cells
(Meunier, 1999).

In most cases, for both mice and humans, the agtjglit of sunscreens helps to prevent
a light-induced decrease in the number of epidetraafjerhans cells. Sunscreens also
seem to protect Langerhans cells against UV-induoedtional alterations. When
applied to human tissue explants, they offer cotegbeotection against decreases in the
antigen-presenting capacity of epidermal cells fioadiated skin.

In humans, the application of a sunscreen befopo®xe to a strong UVB dose
prevents CD36+DR+CDla- macrophage cells from mafilhg the epidermis and
prevents the modifications in T lymphocyte proldton observed after a mixed
epidermal cell-lymphocyte reaction (Meunier et 4095).

Protection indices, however, are not correlatedh wite capacity to preserve skin
immunity. In humans, for instance, a chemical steest (SPF 12) or a mineral screen
containing zinc oxide (SPF 16) offer complete pctt against erythema 24 hours
after a UVB dose equal to four MED units. Thesessoeens also prevent UVB-
induced IL-10 transcription, but reduce only in tpéine migration of epidermal
Langerhans cells (Hochberg and Enk, 1999).

In healthy volunteers, a single dose of UVA-I (3@ nm) radiation equivalent to that
received in a few hours of sun on a beach in sutime(60 J/crf) reduces the number
of epidermal Langerhans cells and the antigen-ptege capacity of epidermal cells.
Prior application of a sunscreen with a UVA proiattindex of 3 prevents only a part
(60 per cent) of these functional alterations. Tdhasa points up the need to increase
protection against long-wave UVA radiation by irdilug sunscreens primarily intended
to absorb this spectrum in product formulationsr{lay et al., 2001).

Although most studies have shown that sunscreevs &arotective effect against the
decrease in contact hypersensitivity reactions, dtiength of this effect is highly
variable. Some publications report complete pratectwhile others suggest that the
coefficient of PIS protection is less than that tbe inflammation. Moreover, a
sunscreen having a high UVA protection index offeedter protection against the
decrease in contact hypersensitivity reactionsdadiby a solar simulator.

In in vivo studies on mice, the suppression of reactionSandida albicanshas been
found to be caused by not only UVB but also UVArdiation (320-340 nm). The
latter segment of the spectrum is held to playta vole, since it induces a reduction of
immunity equivalent to that of sunlight (Ulrich aKdipke, 2002).

In humans, chronic irradiation by solar simulateads to a decline in delayed
hypersensitivity reactions. This decline can bevenéed by applying, before each
exposure, a broad-spectrum sunscreen formulatitim avlJVB protection index of 30
and a UVA index of 12. Contact hypersensitivity atgans to nickel have also been
studied after exposure of volunteers in a solamukitor. Here again, the decrease in
immune responses can be prevented only by applicafi a sunscreen that stops both
UVB and UVA radiation (Damian et al., 1997).

Afsse, InVS, Afssaps — Evaluation of ultravioletiegion exposure risks — May 2005 - 98 -



A study of 160 healthy volunteers sought to evalutite protective action of a
sunscreen formulation against cutaneous immunosepian induced by UV radiation
from a solar simulator. The model used involvedutttbn of contact hypersensitivity
reactions to dinitrochlorobenzene. It was shown Htate UV exposure, equivalent to
intense sunburn, caused a sharp reduction in ingatian against dinitrochlorobenzene
and that prior application of a sunscreen haviingv protection index of 15 and a
UVA protection index of 9 offered effective protiet against this drop in immunity
(Serre et al., 1997).

In humans, a sunscreen formulation with a UVB mtid@ index of 25 and a UVA
protection coefficient of 14 prevents the decraaseontact hypersensitivity reactions
induced by exposure to a solar simulator. Thesdirfgs suggest that the use of
sunscreens that protect against both UVB and U\@ateon helps to prevent a photo-
induced decline in contact hypersensitivity reawdioand delayed hypersensitivity
reactions (Moyal and Fourtanier, 2001).

The current data concerning the ability of sungtsde protect against PIS is reassuring
on the whole. Sunscreens with high UVB and, mogiairtant, UVA indices provide
effective protection against the decline in celldma¢ged immune responses obserued
vivo after UV exposure. Some human studies have poitteéte need for increased
protection in the long UVA band for better preventi of UV-induced
immunosuppression.

Prevention of immunosuppression effects requiresue of substances that limit DNA
lesions, increase DNA repair capability (repairyanes) and inhibit the release and
activity of immunosuppressive cytokines. Knowleaddehe mechanisms linking effects
on DNA to immunosuppressive action should makeogsible to develop new UV
protection strategies (Meunier et al., 1998).

Effectiveness of sun protection products against mhodermatitis

In reducing the quantity of UV radiation receivedthe skin, the use of sun protection
agents forms part of the preventive treatment bffaims of photodermatitis. The

effectiveness of sun protection agents in casgmlyimorphous light eruption, which

has been proven by some clinical research stuiiesften only partial, reflecting

incomplete coverage of the action spectrum of thetquermatitis concerned by the
absorption spectrum of the photoprotection agent.

For these pathologies, which are often highly disgb French dermatologists have
called for high-index sunscreens (for both UVA dodB) having a status allowing

reimbursement of the patient by the public headurance system.

Effectiveness of sun protection products against @ho-induced carcinomas

Older research studies have shown that the appliicat topical sun protection agents
of the sunscreen type delayed the occurrence ofrmelanoma skin cancers in mice
after repeated irradiation with UV sources thatmanily emit UVB radiation. These
results have been contradicted in humans by somepidemiological studies, all of
which found the relative risk of melanoma or nonlanema skin cancers to be higher
among habitual users of sun protection agents #émaong non-users (Huncharek and
Kupelnick, 2002).
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* In order for a sun protection product to be ablgitevent carcinogenesis, the
first requirement seems to be that its UVB and UptAtection coefficients be
not too distant from each other.

The most rational explanation for this disturbimgding is guilty neglect of the role of

UVA radiation: it is now clear that all types of Wddiation contribute to skin damage
caused by the sun, through direct action affeatergain chromophores (UVB) and also
through indirect mechanisms involving the generatboxygen-reactive species (UVA
and UVB).

In addition, spectral effectiveness depends orbtbkgical effect considered. In fact,
given the relative amounts of UVB and UVA radiatigteived during one day, it is
accepted that in natural exposure conditions UVdatzon bears only 10 to 15 per cent
of the responsibility for erythema, but perhap4®80 per cent of the responsibility for
inducing cutaneous carcinomas. No publicationshin ¢urrent literature indicate the
relative contributions of UVA and UVB to the var®biological effects; the ratio cited
above is based on a calculation in terms of thegivel effectiveness of UVA and UVB
radiation for the effect considered, based on expertal data. Where cancerogenesis is
concerned, the calculation is based on De Gruglsve (De Laat et al., 1997) in
comparison to the relative amounts of UVA and UV&liation received during
exposure to natural sunlight.

A topical sun protection agent with a high UVB mation coefficient and a “UVB
protection coefficient/UVA protection coefficientatio less than 10 offers complete
protection against sunburn. If, however, this raigreater than 1.5 or 2, the amount of
UVA radiation not stopped by this topical sunscreean agent allowing prolonged
exposure without erythema — could reach levels bigbugh to promote carcinogenesis.
In fact, by eliminating the warning signal provideg sunburn, the highly effective
erythemal protection offered by topical sunscreeith very high UVB coefficients
seems to induce people to prolong their exposuore.tFor example, Autier et al. (2000)
have shown that while average daily exposure testimeduring summer holidays is 2.4
hours for users of an SPF 10 sun protection produistfigure rises to 3 hours for users
of an SPF 30 sunscreen (p < 0.05). Such behavasumcrease the risk of skin cancer.
The development of new topical sunscreens offebieiter UVA coverage soon led to
fresh research to dispel the worrying impressidh g the epidemiological studies.
Given the time it takes for cancers to form, thsselies were mostly concerned with
analyzing protection against two recognized faciorshe generation of skin cancer,
namely DNA damage and photoimmunosuppression, disaweagainst experimental
cancerogenesis in mice.

For example, a sunscreen covering UVA radiatiorpdemlly the shortest UVA
wavelengths) was assessed soon after its markatHafor the protection it could offer
against the formation of dimers (Ley and Fourtari®®7). Two sunscreens were tested
in mice: a pure UVB sunscreen and a UVB-UVA sunscréAfter irradiation with a
solar simulator (Schott WG 320 filter) deliveringnissions similar to those of the sun at
the seaside, both sunscreens offered significaptiegtion against the formation of
thymine dimers, with the UVB-UVA sunscreen perfongnisomewhat better. After
irradiation with a UVA-rich source (WG 345 filtef)pwever, the UVB-UVA sunscreen
was much more effective.
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These results contradict those obtained in twoissudn protection against photo-
induced mutation of gene P53, in which it is obedrthat the addition of a UVA screen
does not provide better protection than a pure WdBeen against P53 mutation,
although the broader-spectrum sunscreen is mormctefé against P53 induction
triggered by UV radiation (Berne et al., 1998; 8eit al., 2000).
In studies on mice using a solar simulator, the UYWBA sunscreen proved more
effective than the UVB sunscreen in preventing Wdticed tumours (Fourtanier,
1996). Despite the clear superiority of the bropeesrum sunscreen, it should be noted
that low, repeated UV doses without photoproteciwa less cancer-inducing than
doses only twice as large administered after agfitin of a sun protection product
based on an SPF 4 UVB-UVA sunscreen. Protectionnsg&rythema is thus not
correlated with protection against tumorogenesespide the extension of coverage to
the UVA band. This study also found that increadimg concentration of the UVB-
UVA sunscreen does not change its protective vafizénst UV-induced tumours.
The most recent epidemiological studies, conduaii¢id UVA-UVB protection agents,
show that the latter can prove effective in prewventhe appearance of new naevi
(moles) in children (Gallagher et al., 2000), wiasran earlier study had shown that the
use of sunscreens was correlated with an increageinumber of naevi (Autier et al.,
1998). The latter result is important given thdink has been established between the
number of naevi and the risk of melandma
A single study has shown that use of a broad-sp@csunscreen can prevent the
occurrence of squamous-cell carcinomas, but notothiaasal-cell carcinomas (Green et
al., 1999). This finding illustrates the complexiy cancerogenesis mechanisms, and
hence the difficulty of preventing them.
In sum, the addition of UVA-blocking agents is pably a step towards enabling
topical photoprotection to offer some protectioaiagt skin cancer.

* The second requirement is that one must not famepply the sun protection

product regularly and in sufficient quantities.

The amount of topical sunscreen actually appliedi$srs (0.5 or even 0.25 mg/fris
far below the amount recommended for the evaluatibprotection coefficients (2
mg/cnf) (Bech-Thomsen and Wulf, 1992). This is importhetause the findings of

" Note by the Afsse expert group:

Nine published epidemiological studies have exaththe relationship between the development of naevi
in children and the use of sunscreens.

Six of these studies (Luther et al., 1996; Azizakt 2000; Darlington et al., 2002; Dulon et 2002;
Wachsmuth et al., 2005; Bauer et al., 2005) confhm positive association observed by Autier et al.
(1998) between the number of naevi and the usarafcseens, and none of them contradicts it. The most
recent of these studies (Bauer et al., 2005), tlike of Autier et al. (1998), finds the largest rgn of
naevi among children who do not use sunscreen dteqr themselves from the sun and shows that
clothing offers excellent protection.

The study by Gallagher et al. (2000) is the onlyspeztive interventional trial and remains the ctiydy

to have demonstrated a moderate reduction in thelalgment of new naevi. However, the observed
effect is concentrated in children with many freskland no effect was observed in children without
freckles. The reason for this interaction with fleskis still obscure, but might be attributablehe fact
that children with freckles are particularly sengtto UV radiation. Very recently, a randomized
prospective interventional study in 1,232 Germaiildokn, monitored for three years, showed no
reduction in the number of naevi associated withube of sunscreens (Bauer et al., 2005).
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Wulf et al. (1997) show a dramatic decrease in &RéN the quantity applied falls from
2 to 0.5 mg/crh

Phillips et al. (2000) also emphasize the importanicobservance. This study examines
the protection offered against UV-induced histotafjidamage after four consecutive
days of irradiation, depending on whether the @pigunscreen is applied daily or
intermittently (skipping one of the four days).sliows that regular use of an SPF 15
broad-spectrum sunscreen provides better protethi@m intermittent use of the same
product and better protection than intermittent afsa narrower-spectrum product with
an SPF twice as high.

e Conclusion

The role of sun protection products in preventikig €ancer is open to question owing
to the fact that their effectiveness is not defielly established, that their coverage of
the spectrum should be as complete as possiblethibee is a need for careful use
which does not however obviate all risk, such pobsiurequire meticulous use, and
finally to the cost of the products. As avoidandettee sun and wearing clothes as
protection are not always easily compatible withitaia leisure activities, broad-

spectrum UVA and UVB topical photoprotection progumay have a place in the
prevention of skin cancer because they reducertimuat of UV radiation received by

the skin.

Sun protection products therefore certainly do nonhstitute the basis of cancer
prevention, and finding new strategies should reradeading concern.

Effectiveness of sun protection products against nenhoma

The relationship between melanomas, solar expoandethe use of sun protection
products has been examined by many epidemiologtadlies. All of the studies have
been analyzed, and their conclusions are summaiizetthe following paragraphs
(Bastuji-Garin and Diepgen, 2002).

The findings of the case-control studies can baldd/into four broad groups:

» Six studies are too biased to allow any conclustorize drawn:
- Two studies owing to a bias in selection of the tadnpopulations [Spain
(Rodenas et al., 1996) and Austria (Wolf et al98)%
- Two studies without multivariate analysis [USA (Gam et al., 1985) and
Norway (Klepp and Magnus, 1979)].
- Two studies that take account of age, sex and pe@obut not exposure to the
sun [Denmark (Osterlind et al., 1988) and Swedazit(Br et al., 1990)].

* Four studies with multivariate analysis show nok linetween the use of sun
protection products and the occurrence of melanomas
- Two studies in which the sunscreen is a confounéctpr [USA (Herzfeld et
al., 1993) and Australia (Holman et al., 1986)]eTimk identified disappears
when phenotype and solar exposure are taken ictoiat
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- Two studies in which the link between sunscreenamkmelanoma disappears
when age, sex, individual risk and solar exposueetaken into account [ltaly
(Naldi et al., 2000) and Australia (Youl et al. 020).

« Three studies show that sunscreen products havetecpive effect. These studies
take account of phenotype and solar exposure [US@llY et al., 1995), USA
(Fisher et al., 1996) and Brazil (Bakos et al.,200In the study by Holly et al.,
however, exposure to the sun does not appearisis factor. The third study shows
a protective effect even for sunscreens with apostection index.

 Three studies with limited analytical biases shdvatttopical sun protection
products have a harmful effect. These studies sé&keunt of phenotype and solar
exposure [Sweden (Westerdahl et al., 1995; Wedtkmretaal., 2000) and Europe
(Autier et al., 1995)]. However, questionnaire bigaannot be eliminated
(particularly memorization bias), protopathic b{esverse causality bias) cannot be
eliminated, and the types of protective producesiese not specified.

Other studies (Pincus et al., 1991; Azurdia et1&99) show that the recommendations
for use of sun protection products are generallyatserved (some areas of the body
are often forgotten, not enough sunscreen is applMoreover, according to a study by

Robinson, the average time elapsed between thariagiof exposure and application

of sunscreen is 51 minutes.

As regards an association between application lwfjha-index sun protection product

and increased solar exposure time, two randomizedbld-blind prospective studies

conducted by the same research group among yowtig atiow that the use of an SPF
30 sun cream was associated with an increase obxépmately 25 per cent in exposure

time (Autier et al., 1999; Autier et al., 2000) aawdl increase in UVB exposure (Autier

et al., 2000). This result was not duplicated bgther study conducted using a different
methodology and an older population sample (aveepe 39 years) (Dupuy et al.,

2005).

On the basis of all these studies, it emerges rbatink has yet been established
between the use of sunscreens and the occurremoelahomas, in terms of both risk

and protection (Huncharek and Kulpelnick, 2002; meret al., 2003). The fact is that,

given the contradictory findings of the studie® thck of a dose-effect relationship and
the lack of proof that exposure precedes the amisetelanoma, there are no grounds
for associating the use of sunscreens with theroggce of melanomas. Conversely,

there is no proof that sunscreens provide protectio

Note (Afsse working group)

The effectiveness of sun protection products irvgméng skin cancer and the non-
carcinogenic effects of the sun is the subject ah@ograph by the International
Agency for Research on Cancer (IARC, 2001). Thelepiological and experimental
data available in 2000 was analyzed in detail bynggrnational working group, whose
conclusions show no substantial difference froms¢hof the Afssaps working group
(see section 11.2.4).

IV.1.3 Methods for evaluating cosmetic sun protecti  on products
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The methods used to evaluate cosmetic sun prateptimducts are explained in detail
in Appendix 1.

IV.2 Risks related to the association of UV radiati on with cosmetic
products other than sunscreens and dietary suppleme nts (Afsse)

The pathologies classified under the general tgshotosensitivity” constitute a huge
set of conditions with different etiologies, alkasiated with abnormal skin reactions to
radiation in the UV and visible spectra. These tieas may be caused by either
sunlight or artificial light sources, and they mesa great variety of clinical symptoms.
Photosensitivity conditions may be divided rouginlp two groups: genodermatitis and
photosensitive reactions to certain chemical ararphceutical products. In addition,
many pathological conditions may be exacerbatediarsbme cases triggered by UV
radiation. We will discuss here only those photsger reactions that are linked to
chemicals and molecules that may be used in cosmetiharmaceutical products.
Photosensitive reactions due to chemical prodedtser systemic or topical, represent a
problem of growing importance, as new productscarestantly arriving on the market.
Once these agents penetrate the skin, they maytatzbation and trigger an abnormal
reaction. The reactions induced by UV radiation rbayphototoxic, i.e. capable of
affecting the entire population if the agent isyied in sufficient quantity, or linked to
a biochemical and immunological reaction, whicleef§ only part of the population.
However, both types of reaction may be triggeresuianeously by the same molecule
in the same individual.

The chemical mechanisms through which a substamcadsorbed and changes its
structure under the effect of UV radiation are higlcomplex. Products of
photoreactions, and possibly the oxygen-reactivexisg produced by the reaction as
well, set off processes of cellular destructioncosis or apoptosis) that cause clinical
signs to appear. The latter resemble severe sunim@ametimes accompanied by
blisters, and appear very soon after the irradiatichich may be of low intensity. The
clinical signs vary considerably depending on thedpcts involved, but generally this
type of reaction is marked by the rapid appearasfcerythema, accompanied by a
burning sensation during exposure. The differeraieserved depend on the chemical
reaction and on where in the epidermis the phototeroduct is located.

The drugs most often responsible for this type #eot are non-steroid anti-
inflammatories, antibiotics, antifungal agents, rdtics, substances used to treat
cardiovascular disorders, and behaviour modifiemsthis context, the behaviour of
psoralens is unusual: irradiation stabilizes thw&rlayering between the DNA strands,
thus adding photomutagenicity and photocarcinogignio the phototoxic effect. Most
of these substances are activated by UVA radiaitihpugh some reactions are more
particularly dependent on UVB radiation.

A special case is the therapeutic use of the phtt@iing and phototoxic properties of
porphyrin derivatives to destroy tissue. These treas are obtained through high-
intensity visible light, which penetrates more dgepto tissue than UVA and UVB
radiation.

A number of substances prove to be phototoxic waygulied to the skin. They cause
acute photodermatitis and rather frequently a ikExgic reaction with an eczematous
rash on the areas exposed to sunlight. Here ag&A, radiation is the most frequent
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cause of the reactions. The substances most frdgumplicated include bergamot and
citrus extracts (psoralens), polycyclic hydrocabdtars), perfumes (musk ambrette)
and dyes (fluorescein). With the increasingly wpmtesd use of sun protection products,
phototoxic and photoallergic reactions to organimsereens have become more
common, leading to the withdrawal of some benzophesg, para-aminobenzoic acid
(PABA) and other substances.

It is not the task of the expert group commissiobgdfsse to provide complete lists of
photosensitizing drugs and substances, since tistsevill vary as certain substances
are withdrawn and others arrive on the market. Ahnanalysis of the product
descriptions colligated by the Vidal pharmacolobitiationary might make it possible
to compile a list, although any such list could betexhaustive where either new or old
drugs are concerned and would have to be updatgthaally, and although very little
is known about the effects of drug combinationssaps was recently assigned the task
of drawing up a regularly updated list of photosziag drugs.
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\% European and international positions concerning U V-
emitting appliances

V.1 Developments in the standardization of applianc es designed
specifically for tanning

V.1.1 Description of the IEC 60 335-2-27 standard

Appliances designed specifically for tanning weedirted in an international standard
prepared by the International Electrotechnical Cassian (IEC). This standard came
into effect in 1985. As its title indicates, it digs to all such appliances sold throughout
the world, but it was not implemented in the Unit&thates, which follows the
recommendations of the FDA (US FDA, “Sunlamp praduperformance standards:
final rule”, 21 CFR 1040n Federal Register 50: 336552, and US FDA, “Policy on
maximum timer intervals and exposure scheduledafasnps”, Rockville, MD, 1986).
The IEC 60335-2-27 standard is part of the stant8adety of household and similar
electrical appliances: Part 2-27: Particular regmignts for appliances for skin exposure
to ultraviolet and infrared radiation”. It was firprinted in 1985 (IEC Technical
Committee 61). At that time, a number of counthesl introduced different technical
standards concerning tanning devices.

The standard presents a classification of UV-engttappliances that allows some
national authorities to exclude certain types gfli@mces from their markets for reasons
of health and user safety. The very title of thendard includes the word “safety”,
which applies not only to electrical and mechanisalety but also to the radiation
emitted by the appliance. The standard underwenpminodifications in 1990 (2
edition), 1995 (% edition) and 2002 (% edition). Usually, once the international
standard is approved by the European Standardsiiiter Standards Committee
(CEN/CENELECQC), it is implemented directly as a Epgan standard (EN 60 335-2-27)
and, in France, as a standard of the French s@dsdgency AFNOR (NF-EN 60335-2-
27). New editions of standards are published apprately every two years. The
current (4 edition of IEC 60335-2-27 was adopted in 2004hiould be noted that the
French decree 97-617 dated 30 May 1997 is baseitheo® edition published in
1995.

According to the % edition of standard 60335-2-27, UV-emitting appdias must
belong to one of the types listed in the clasdiificga the physical characteristics of
which are presented in Table V-1.

Table V-1: Definition of types of UV-emitting appliances by effective irradiance

Types of UV appliances Effective irradiance
W/m?
250 nm <A <320 nm 320 nm <A <400 nm
1 < 0.0005 >0.15
2 0.0005 to 0.15 >0.15
3 <0.15 <0.15
4 >0.15 <0.15
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A = radiation wavelength

The types of UV-emitting appliances are definediticle 3 of the standard:

Type 1 appliance:appliance including a UV emission source such thatbiological
effect is caused by radiation of wavelength gretitan 320 nm and characterized by
relatively high irradiance in the 320-400 nm range.

Type 2 appliance:appliance including a UV emission source such thatbiological
effect is caused by radiation of wavelength lesntlor greater than 320 nm and
characterized by relatively high irradiance in #®-400 nm range.

Type 3 appliance:appliance including a UV emission source such thatbiological
effect is caused by radiation of wavelength lesntlor greater than 320 nm and
characterized by limited irradiance over the ertikéradiation band.

Type 4 appliance:appliance including a UV emission source such thatbiological
effect is mainly caused by radiation of wavelerigés than 320 nm.

Appendix 2 presents three examples of type 1 apd 8/tanning appliances found in
tanning salons or sold to individuals. The left-tharolumn presents the emission
spectrum as recorded by a spectroradiometer, andght-hand column the erythemal
effectiveness of these sources after weightinghbyerythemal response of human skin.
It can be seen that the erythemal risk of type dliapces stems primarily from UVA
radiation, whereas the erythemal activity of typepliances sold to the public is
primarily concentrated in the UVB band. For theey® appliance TL 09, used both
therapeutically and very often in solaria, the leeyhal activity is divided equally
between the UVB and UVA bands.

According to the standard, “The appliances must mottoxic or present a similar

danger. Appliances including UV emission sourcestmot emit dangerous amounts of
radiation and their effective irradiance must faithin the values specified in Table V-

1.”

Article 32.101 of standard 60 335-2-27 also spesifthe conditions in which
compliance checks should be conducted: aging diaames before measurements and
a distance of 0.3 metres.

V .1.2 Changes to the IEC 60335-2-27 standard

Document 60335-2-27 edition 2004-1, consolidatedalmendment 1-2004, has been
suspended pending the submission of an enquiryrtrégathe European Commission,
as the substantial changes included in it revegmngks in terms of public health.

In 1990, Technical Committee 61 of the IEC, whishrésponsible for changes to the
standard, decided to entrust the task of improtimegstandard to a group of delegated
experts from a number of countries, in order teetakcount of technological advances
and whether the tanning devices are safe. Thisrexgeup is now called Maintenance
Team 16, or MT16. Despite the opposition of muchMd16 (which, it should be
emphasized, is merely a consultative body), thees@gat of Technical Committee 61,
which oversees publication of the standard as wasll MT16, submitted for an
international vote some substantial changes tosthadard that might have serious
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consequences in terms of public health if they weaesposed into national standards
and enacted as legislation in the countries hasiradp standards.

In 2004,amendment 1(2004-07) to the A edition of the standard (2002-09) adds a
type 5 UV appliance: an appliance including a UVission source such that the
biological effect is caused by radiation of wavefgnless than or greater than 320 nm
and characterized by relatively high irradianceraye entire UV radiation band. In
addition, this amendment shifts the classificatiahjch previously was normative in
nature, to an appendix where it has merely infoionat status. Moreover, the
maximum total effective irradiance is limited toAl/m? and the effective irradiance is
weighted according to the action spectrum of skincer (International Commission on
lllumination, or CIE). This limit (based on the sktancer effectiveness spectrum)
should be lowered to about 0.8 W/nequivalent of the erythemal effectiveness
spectrum. The whole of amendment 1 was draftedsabdhitted to international vote
by the secretariat of the IEC’'s Technical Commitéde without consulting MT16,
which was opposed to it. The text was approved aftmajority international vote. It
should be emphasized that the majority of yes wots® made by countries that auet
concerned by the safety problems of UV tanning devices, hes¢ countries’
populations consist mainly of Asian and African ples, who are naturally protected
against skin cancers (skin phototypes 1V, V and VI)

The scientific experts of many countries considet tthe upper limit of 1 W/fm
(cancer) or 0.8 W/f(erythema) is not acceptable, as this amounts3@ominutes of
exposure (the usual maximum period of sunbed tiners dose of 1.28 kJ/fmor 12.8
SED units. This corresponds to a UV index of 12jciwhs regarded as extremely high
power (the tropical sun at noon), and four timesNED for an average skin phototype
| or Il. The risk of sunburn is therefore consideea

In this new version of the standard, the definitddmaximum radiation power is aimed
at satisfying the European Commission, which hatitized the 2002 standard for not
setting an upper limit for type 1, 2 and 4 tanneggpliances. For this reason, the
legislation in force in some countries prohibitedmpletely or partially, the marketing
of type 1, 2 and 4 appliances (see section onstegific subject). It should be noted
that type 3 appliances can be sold to the genetdig as they are limited to 0.3 W/m
(erythemal), which for 30 minutes of exposure antsua a dose of 0.48 kJis 4.8
SED = UV index 6, the equivalent of strong sunljghlhich causes a light sunburn after
25 minutes of exposure for a pale-skinned subject.

Lastly, the latest proposaafiendment 3, currently up for international vote, would
tend to abolish the current definitions of tannampliance types and recognize only two
classes: appliances for sale to the general pibikcformer type 3) and appliances for
businesses providing UV radiation to the publicisThroposal has not received the
assent of the expert group. The French delegataiadvno to all the proposals of
amendments 1 and 2. In any event, it seems prdéethht these changes in the
international standard be transposed neither inbmfean standards nor into French
standards, the basis for French regulation.

V.2 International scientific positions
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A number of international bodies have taken offipiasitionsspecifically on the use of
UV-emitting appliances for tanning. These positi@ne in almost all cases combined
with recommendations on utilization for the safeffy users. Virtually all of them
discourage use of these appliances, and their meematations for use are intended to
ensure a measure of safety for those users whodwisitegard the advice not to use
them. See also section 1I-2 for the analysis dfsrisy these bodies.

V.2.1 ICNIRP

The International Commission on Non-lonizing RadmatProtection (ICNIRP) is an
independent group of experts formed to evaluatensific knowledge of the effects of
non-ionizing radiation on human health. ICNIRP sented the International Non-
lonizing Radiation Committee (INIRC) of the Intetimmal Radiation Protection
Association (IRPA) in 1992. As a consultative int&tional scientific body, ICNIRP is
not concerned with the social, economic or politecspects of radiation protection. As
its member experts are not affiliated with commarar manufacturing businesses,
ICNIRP is independent of all commercial interestsis formally recognized by the
World Health Organization (WHO), International LaboOrganization (ILO) and
European Union (EU) as a non-governmental orgapizatorking in the field of
protection against non-ionizing radiation. It mains close links with other scientific
and technical organizations such as internatiotaaldardization and research bodies.
ICNIRP has published a statement entitled “Genéggiroach to Protection against
Non-lonizing Radiation”, spelling out its overahifpsophy (ICNIRP Statement, 2002).
It has also proposed exposure limits for both taeegal public and workers in terms of
skin and eye exposure over an 8-hour period (ICNHErRIelines, 2004):

Exposure of the eyesUltraviolet radiant exposure in the spectral regl&0 to 400 nm
incident upon the unprotected eye(s) should noeexc30 J.M effective spectrally
weighted using the spectral weighting factors coeth in Table I-2, and the total
(unweighted) ultraviolet radiant exposure in thectml region 315 to 400 nm should
not exceed 10J.m?

Exposure of the skin. For the most sensitive, non-pathologic, skin ptypes (known
as “melano-compromised”), ultraviolet radiant exjpesin the spectral region 180 to
400 nm upon the unprotected skin should not ex@@d.n¥ effective spectrally
weighted using the spectral weighting factors doethin Table I-2. This limit should
be considered a desirable goal for skin exposuraitimize the long-term risk, but it
must be recognized that this limit is difficult &@hieve in sunlight and judgment must
be used in its practical application. It has a v&unpstantial safety factor for dark skin
phototypes (known as “melano-competent”) and maeegally for individuals who
have been conditioned by previous, repeated expsqknown as “melano-adapted”,
I.e. tanned).

To determine the effective irradiance of a broadbsource weighted against the peak
of the spectral effectiveness curve (270 nm), dtlewing weighting formula should be
used: Bx= X E, . SQ) . A,

where:
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Eer = effective irradiance imW.cmi® or W.nmi? normalized to a monochromatic
source at 270 nm;

E, = spectral irradiance from measurementgWhcm? or W.m?%;

S(\) = relative spectral effectiveness (unitless);

A\ = bandwidth in nanometers of the calculation oasueement intervals.

In its Statement on UV tanning appliances used for cosmetic purgosster
considering the effects of UV radiation on the skimd the various classes of UV
tanning appliances, ICNIRP issued the followingaosions:
- [ICNIRP] recommends against the use of UV-enmttappliances for tanning or
other non-medical purposes. People at particulsid risk should be particularly
counselled against the use of tanning appliances:
* People of skin phototype | or II;
e Children (i.e. under 18 years of age);
» People who have large numbers of naevi (moles);
» Persons who tend to freckle;
* Individuals who have a history of frequent chilehburn;
* People who have pre-malignant or malignant skiioies
» People who have sun-damaged skin;
* Those who are wearing cosmetics, as these may eatheir sensitivity to
UV exposure; and
» Persons taking medication. In this case they shee&k advice from their
physician to determine whether the medication vmibke them UV-
sensitive.
Should persons decide, in spite of the above recamdations, to use tanning
devices, steps should be taken to minimize the (Agdpendix A to the ICNIRP
Statement). After analysis of the effects on thie sikd eyes and the risk of cancer
and immunosuppression, the conclusions are cledr apply in particular to
phototype | and Il subjects and to children, asl|wad subjects displaying
photosensitivity enhanced by the use of certaigsior cosmetics or displaying a
special risk owing to a pathology related to slkanaer.

V.2.2 WHO

In 2003, the World Health Organization publishedd@ument entitled “Artificial
tanning sunbeds: risks and guidariceds part of the Intersun programme, aimed at
reducing the global risks connected with UV oversyre, which result from the socio-
economic development of pale-skinned populatiomgsdn the industrialized countries
and from the depletion of the stratospheric ozayer. The document is available on
the WHO websitehttp://www.who.int/UV/publications/sunbeds/eff’his document is
based on the recommendations cited elsewhere her&iNIRP, EUROSKIN, NRPB
and French regulations — and reproduces their nmpbrtant points. The WHO
document, which is addressed to political and secanomic stakeholders in various

8 ICNIRP Statement, “Health issues of ultravioletrtimg appliances used for cosmetic purposes”, Healt
Physics 84: 119-127, 2003.

® WHO, “Artificial tanning sunbeds: risks and guida#, WHO, Geneva, 2003.
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countries, particularly recommends that, beforeirfbegg a series of tanning sessions,
customers be obliged to read the recommendatiothsign a consent form, in order to
ensure that they are fully aware of the risks.

V.2.3 EUROSKIN

EUROSKIN devoted a European conference with intenal participants to the
problems raised by the use of tanning devices. dun@nt published in thEuropean
Journal of Cancer Preventiom 2001° containing, in addition to a general statement
on subjects who should not use tanning devicesngbrr of specific recommendations
on the information that should be given to cust@mand the various provisions
concerning how to operate the UV-emitting appliandeshould be noted that each of
these recommendations reproduces an article dfrdrech decree of May 1997.

V.2.4 NRPB

In 1995 and 2002, the UK’s National Radiologicabtection Board (NRPB) published
a report entitled “Health effects from ultravioletdiation”, by a group of scientists
specializing in public health Appendix B of this work is concerned in partiquteth
the use of UV-emitting appliances and cosmeticitepnThis very complete document
discourages the use of such appliances for tanaimgy recommends that users
specifically, and the public in general, be infochw the risk of effects dangerous to
human health. The document basically reproducesptigtions of the American
Academy of Dermatology (2001, 2004) and the AcaéeRiancaise de Médecine
(2003).

V.2.5 United States

An important step in recognition of the dangeroasure of artificial UV radiation was
taken in 2002 under the US National Toxicology FPaog with the publication of the
10" edition of the report on carcinogéhdJVA, UVB and UVC radiation are all listed
as agents reasonably assessed as carcinogeniarf@nhbeings. An entire section is
devoted to exposure to the sun and to UV-emittipgliances. The report reminds
readers that the American Medical Association presk a resolution in December
1994 requesting that the use of UV radiation fon-needical purposes be entirely
prohibited. As the US regulatory system is basedhenindividual states, this report is
of capital importance because it was prepareddatré level. Twenty-seven states have
adopted regulations concerning the provision oficigl tanning sessions to the public.
V.3  Regulatory stances

1% Greinert R., McKinlay A., Breitbart E., The Europe&ociety of Skin Cancer Prevention —
EUROSKIN, “Towards the promotion and harmonization gKin cancer prevention in Europe.
Recommendations”, Eur J Cancer Prev 10: 157-621..200

1 NRPB, “Statement by the advisory group on nonaiong radiation, use of sunbeds and cosmetic
tanning”. In: Health Effects from Ultraviolet Rad@ 13, pp. 279-82, 2002.

12 US Department of Health and Human Services, Pidsialth Service, National Toxicology Program,
“The report on carcinogens”, 10th ed., Dec. 2002.
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V.3.1 List of official documents (regulations or he alth  authorities’
recommendations)

Table V-2: Legislation or health authorities’ recommendations for selected
countries

Austria Presnorme Onorm S 1132 (01/01/2002), protectivesrdr operation of solaria where
UV radiation is emitted.

Belgium “Royal decision on requirements for exploiting sialg 2000.

Canada “Lignes directrices pour les propriétaires, les apgurs et les usagers de salons de

bronzage” (Guidelines for owners, operators andsusétanning salons) (Comité de
radioprotection fédérale-provinciale-territoriale Federal, provincial and local
Radiological Protection Committees). Implementatafrthe regulations of the RED
Act: regulations on sunlamps, 2002-03.

Finland Decree on the limitation of public exposure to namzing radiation (294/2002
section 4, Ultraviolet radiation. Supplemented I8/%1 (1989) on solarium safety and
SONT 9.1 (2003) on solarium safety conditions asgé@ttions (draft).

France Decree 97-617 dated 30 May 1997 and implementigglagions dated 10 September
1997, 9 December 1997 and 16 September 2002 (tabs drelow).
Germany Certification of solaria (proposed by the Bundesdiit Strahlenschutz, Munich).

Currently, UV exposure conditions in solarium masmply with Germany’s DIN
5050-2: 06-1998 standard.

Netherlands No formal legislation. Several reports (1987, 198din the Dutch Health Council.

Norway Forkskrifter of 8 April 1983 on solaria/alpine subelegation of authority: regulation
by royal decree on the use of UV radiation for ceopurposes, 1 July 1983.

Spain 19574 Royal Decree 1002/2002 dated 27 Septembé&: 28@ulation on the sale and
use of UV tanning devices.

Sweden Regulatory code concerning sunbeds (SSI FS 199&&julation of tanning devices

used by the public complies with the criteria o tBRN 60335-2-27 standard. P8
September 1998 and 3 November 1998.

USA FDA Sunlamp Performance Standard 21CFR140.2, acaoieg by a guide (1986) on
timers and exposure frequencies.

We have no information for the following countriddnited Kingdom, Switzerland,
Italy, Portugal, Denmark, Poland and eastern Ewmomeuntries.

V.3.2 Comparison of the different legislations and health authorities’
recommendations

To the best of our ability with the information atr disposal, we have tried in
Appendix 3 to identify the most significant compara features. The comparison
yielded a few important points that may be mentibhere.

It was found that most of the Nordic countries haee reasons of consumer safety,
allowed only type 3 UV appliances to be used, sgttihe limit for both UVA and UVB
radiation at 0.15 W.if i.e. a total UV irradiance of 0.3 W:mThis is the equivalent of
the tropical sun (UV index 12), which the WHO terrfextreme”. Some Nordic
countries reported that such appliances are alddsthe public.

A joint public health opinion issued by the radmgileal protection and health authorities
of five Nordic countries (Sweden, Finland, Norwageland and Denmark) in 2005
recommends, in keeping with the positions of iraional (WHO, ICNIRP, 2003),
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European (EUROSKIN, 2000) and national bodies Rrench Academy of Medicine,
the French Dermatological Society, etc.), thateased safety precautions be taken in
the use of UV-emitting tanning devices.
http://www.sst.dk/upload/forebyggelse/cff/sol_huatkit/nordic_sunbed_position.pdf

It should be noted that the main countries produdifV tubes and sunbeds (the
Netherlands, Germany and Italy) have not adoptegisliion placing limits on
manufacturers. The United States has restrictivgilagions imposed by the FDA,
which has never recognized the IEC 60335-2-27 stahdAn attempt has been made
within MT16 to align the IEC standard with the F3fandard, primarily where safety
objectives are concerned; obviously, this runs tauto the wishes of manufacturers,
who want to market all types of UV appliances, etlese that fall outside the current
standards (type 5).

The European Commission has rightly expressed conoeer the lack of power
density upper limits for type 1 and 2 appliancesis(tdoes not concern type 4
appliances). Under pressure from manufacturersipger limit of 0.6 W.rit eff (UV
index 24), or 1 W.M NMSC, has been proposed. This limit seems paaityul
dangerous since all the appliances are equippsdvatit 30- or 60-minute mechanical
timers, which, if the full timer duration is usetkliver erythemal quantities of radiation
that are frankly unacceptable in terms of usertgafEmers are a central issue in the
discussions with the FDA, which does not want toeexl a maximum possible dose of
4 MED (4 x 200 J.r eff).

Spain has legislation requiring that customers sigegister and an informed consent
form and that they have a tanning log book indigattheir schedule of tanning
sessions, which should be suited to the charattsrief the UV appliance. This
initiative has given rise to recommendations frame WHO (2003) and should be
adopted in the French regulatory framework, whiduld allow better monitoring of
the artificial UV radiation received by the popidat

The total cumulative annual dose allowed, whichuigently set at 15 kJ.freff, stems
from the 60335-2-27 standard. This is clearly gy\Jarge dose for the palest skin types
(phototypes Il and Ill), as it is considerably gexahan that received through exposure
to ambient natural UV radiation, which already asua large number of skin cancers.
Finland wishes to set a total annual dose no greéhsn 5 kJ.rif eff. It has been
demonstrated, moreover, that three sets of terirtgraessions per year are practically
enough to ensure a permanent tan, with the fous#t’ ‘being natural exposure to the
sun during the holidays. In these conditions, tleximum annual dose should depend
on the phototype — 9 kJfNMSC) for phototype II, 15 kJ.A(NMSC) for phototype
I, 21 kJ.m? (NMSC) for phototype IV — which is not clearlyespfied in standard
60335-2-27.
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V.4  Current state of regulations and results of tec  hnical inspections in
France since the regulations were implemented

V.4.1 The decree and its implementing regulations

Decree 97-617 dated 30 May 199@lating to the sale and public availability oftegn
tanning devices that use ultraviolet radiation.

The decree consists of 20 articles and 3 appen¢licemandatory registration, content
of instructions for use and informing the publi€he decree is supplemented by three
executive orders.

Order dated 10 September 1997elating to the training of staff who use UV-emmji
tanning devices made available to the public.

Order dated 9 December 1997relating to the terms of certification of bodies
authorized to inspect UV tanning devices.

Order dated 14 September 1998isting the specialized bodies certified to caryt o
technical inspections of UV tanning devices. Thasik updated regularly.

The important points of decree 97-617 may be sunmupeas follows:

- The classification of appliances follows that oketi995 IEC 60335-2-27
standard. Only type 1 and 3 UV appliances are pggrdi

- It excludes phototype | subjects and minors fromgithese appliances.

- It provides for specific training for operators, eavmust always be present when
tanning sessions are in progress (automatic mashieeexcluded).

- It provides for mandatory declaration of UV apptas to the prefect (the
DDCCRF or DDASS of the territorial department camesel) and an initial
inspection of appliances, followed by inspectionsrg two years, in accordance
with a technical guide that certified inspectiordias are required to follow (see
below).

V.4.2 Technical inspections

The circular of 16 September 2002, DGS SD7/DGCCRFon 2002/486 defines the
content of the technical guide for inspection aoiniag installations, to be carried out by
certified inspection bodies.

Specific points for technical inspections (somengiin this guide are based on the
content of the NF-EN 60335-2-27 standard):

Point 1: Inspection of sunbeds (hygiene and mechanicatygaf

Point 2: Inspection of ceiling fixtures (high-pressure do-pressure safety)

Point 3: Inspection of high-pressure and low-pressuretersitverification of appliance class
3.1 Inspection points: 25 cm from emitter andfocontact with horizontal plate (bed)
3.2 Inspection procedures: five-minute pre-heatification of class, tolerance of plus pr
minus 30 per cent for UVB radiation, plus or mirissper cent for UVA
3.3 Measurement instrument: Solatel spectroradienfambient temperature below 30°C

~
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Point 4:

Point 5:
Point 6:
Point 7:

Point 8: Checking the information provided for the pulifgppendix 3 of decree), availability for users

Point 9:

Point 10:Checking of staff qualifications: training ceitéite (less than five years old). Checking

Electrical safety inspection (appliances and eiledt installations), earthing, timer contrg
duration of operation

Inspection of quality of attachments

Inspection of ventilation systems

Checking that goggles are supplied, verificatdlCE markings (directives 89/686/EEC)

Checking of documentation (instructions for ugappliances)
9.1 Receipt acknowledging declaration to the Rtefe
9.2 Compliance with Appendix 2 of the decree

9.3 Previous technical inspection form (less tihao years old), posting of inspectian

acceptance certificate

updating of staff knowledge by certified occupatibimaining.

V.4.3

Since 1999, a regular meeting of inspection bodrepresentatives of appliance
manufacturers, the Ministry of Health and the DGEQOfkas been held to review the
conduct and results of inspection operations ammggse improvements. In 2004, the

Inspection results (details in Appendix 4)

DGCCRF and the DDASS for each territorial departhmovided a review of their

administrative checks. The group of physicians whm the instructors who will teach
in cosmetology schools and vocational high schatds prepared an overview of its

teacher training activities.
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VI Conclusions

VI.1 Responses to the questions referred to Afsse

» Works published or in press concerning the healthféects of exposure to
UV radiation and of the use of UV-emitting tanninginstallations

A review of all the works published or in press ceming the health effects of
exposure to UV radiation and the use of UV-emittiagning installations yielded the
following information:

Exposure to UV radiation has one beneficial eflaethuman health, but the dose of
UVB radiation necessary and sufficient for vitanbinsynthesis is well below 1 MED
per week. Exposure to UV radiation also has harmfiigicts, in both the short and long
terms, on the skin, eyes and immune system.

Exposure to UV radiation is carcinogenic for hunieings. This effect has long been
known for UVB radiation (280-315 nm), whereas thetagenicity of UVA radiation
has been demonstrated more recently.

The DNA lesions produced by UV irradiation depend thhe wavelength of the
radiation, and are caused by different moleculachrasisms. UVB radiation is a direct
cause of pyridimine dimers and photoproducts, #ywair of which can lead to the
appearance of UVB signature mutations (C — T or-COOJ transitions). UVA radiation

acts through oxidative mechanisms and can prodig signature mutations (T — G
transversions).

Exposure to solar UV radiation is the main envirental cause of both non-melanoma
skin cancer (epidermoid carcinoma and basal-calt&g and melanoma.

Prevention of skin cancer requires reduction of osxgpe to the sun. This
recommendation should not be called into questimmacount of a recently published
study indicating that patients show a higher rateswrvival when melanoma is
accompanied by histological lesions from solartelss, as this result may be due to the
heterogeneity of melanomas.

Similarly, the results of recent epidemiologicaldies linking a reduction in the
incidence of certain tumours (lymphomas) to solgrosure need to be confirmed and
studied in greater depth (in one of these studigsarticular, solar keratosis was still a
risk factor). Moreover, no demonstrated mechanisim currently be put forward to
explain these apparently beneficial effects of expe to the sun, and there is no reason
whatsoever to retract the European Code againsteCarecommendation to avoid
excessive exposure to sunlight.

Concerning the use of artificial UV sources forrig purposes, this practice was long
considered to be risk-free and even able to proyid#ection against the harmful
effects of natural irradiation. We know today thfais is not true. In certain (melano-
competent) individuals, exposure to UVA radiatioduces a redistribution of pigment
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without increasing melanin synthesis and withogteasing the thickness of the horny
layer of the epidermis. This short-lived “cosmetieffect provides no protection
whatsoever against the effects of UVB irradiatiand the UV doses received during
artificial tanning sessions are added to thoseivededuring natural UV exposure, thus
increasing the risks.

The risk of melanoma associated with tanning thinoexgposure to artificial UV sources
has been the subject of many epidemiological ssudike recent publication of a meta-
analysis of nine studies and of a very large proype cohort study allow us to assert
today that tanning through exposure to artifici thadiation increases the overall risk
of melanoma by a factor of 1.25, i.e. an increaser® fourth. This risk is further
increased by early or frequent exposure (by a faotd..6 to 1.7, and in the case of
women who engaged in artificial UV tanning fromt®29 years of age the factor rises
to 2.6, an increase of 160 per cent).

Where other skin cancers are concerned, fewer estudie available, but a recent
publication suggests that the increase in the ofskpidermoid cancer and basal-cell
cancer is roughly the same as the increase ingk®f melanoma (1.5 to 2.5).

It should be noted that a moderate increase incaskbring a considerable increase in
the total number of patients when a sizeable poribthe population is exposed. The
increase in artificial UV tanning observed todayaisource of concern in terms of
public health.

* The relevance of using limit values based on the mimum erythema dose to
evaluate carcinogenic risks

In the international IEC 60335-2-27 standard, thghemal effectiveness spectrum of
UV radiation in the 250-400 nm band is used to esia the erythemal risk of artificial
UV sources and to define the various classes ofappliances. This spectrum is also
used to evaluate the dose delivered during theifrediation session and the emission
power of appliances. It should be recalled that 8pectrum is an IEC/ISO standard
(1997). The spectrum was derived from several previerythemal effectiveness
spectra obtained from study of human skin. Theicagenic (non-melanoma skin
cancer) effectiveness spectrum of UV radiation stasdardized by the IEC in 2002. It
is based on values resulting from carcinogenesper@xents conducted on hairless
mice by research teams in Philadelphia (USA) andedit (Netherlands). The
tumorigenic effectiveness curve in mice (the SCURxumve) was adjusted to take
account of the difference in UV absorption betwhaman skin (which has a thickness
of ~ 20 cellular layers) and mouse skin (~ 6 cellulayers). The tumorigenic
effectiveness spectrum was introduced in amendtéminternational standard 60335-
2-27 in 2004 for calculation of the carcinogeniskriof UV appliances and of the
recommended annual doses. Roughly speaking, itulipted by a factor of 2 for a
given wavelength: for 325 nm UV radiation, for exgey 0.6 W/ on the erythemal
spectrum corresponds to 1.0 W/on the tumorigenic effectiveness spectrum (for the
nanometer-by-nanometer correspondences, see tghatimgifactors in Table 1-2).
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Experience has shown that the introduction of @reinogenic effectiveness curve for
non-melanoma skin cancers, which was done withatimeof reducing the total annual
doses in accordance with this curve, has in factsead confusion and may have
contributed to the observed excesses. It wouldrefegable not to use this reference in
the future in setting emission limits for the vaisatypes of UV appliances.

As the proportionality between the erythemal effestess spectrum and the
carcinogenic effectiveness spectrum is fairly goitddoes not seem necessary to
introduce multiplication of the various action spac The erythemal effectiveness
spectrum may thus be considered as representditalesffects.

» The relevance of using lamps that emit only UVA rathtion

All suntanning is a response to an aggression byiomwizing UVA and UVB radiation.
Until 1990, as we lacked the technical capabildyidentify and quantify the DNA
lesions induced by UVA radiation (lesions produdedirectly by oxygen-reactive
species generated by absorption of UVA radiatiorebgiogenous substances), it was
thought that UVA radiation was safer than UVB whesed for tanning purposes. The
most recent studies, however, have demonstratédJiha radiation induces mutations
and cancer. In addition, it is mainly UVA radiatithrat causes photoaging.

From the standpoint of health, therefore, themoigpoint in using lamps that emit only
UVA radiation in tanning devices.

» Grounds for prohibiting the use of all cosmetic pralucts during sessions in
sunbeds, especially antioxidant substances

There are a number of medical reasons for the Ipitadn of cosmetic products during
tanning sessions:

- The application of water/oil or oil/water prepacais on the horny layer and the
epidermis induces increased penetration of UVAAW® radiation.

- Topical preparations can convey photosensitizilgigtoxic or photoallergenic
substances that cause abnormal reactions, incge#istn genotoxicity of UV
radiation.

- Any use of topical products containing photopratectgents, such as UVB or
UVA filters, changes the radiation received by bdeger cells in an
unpredictable and potentially dangerous manner.

As regards the use of antioxidant preparationsa&img oral products intended to
protect or restore the natural defensive capadith@epidermis, the results obtained to
date are too fragmented and incomplete to allovo uscommend such practices during
exposure to natural or artificial UV radiation.

* The most relevant European and international positins, both scientific and
regulatory, on regulation of UV-emitting tanning devices
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The expert group adds its voice to the many wasiiagd negative judgements
concerning tanning by artificial sources issuedabyariety of national and international
public health bodies (WHO, ICNIRP, EUROSKIN, NRABance’s National Academy
of Medicine) and unequivocally advises against tise of UV tanning devices. In
addition, the expert group wishes to retain thesifecation of UV-emitting appliances
used for tanning purposes as set forth in the NF6EBB5-2-27 standard "4edition,
2000.

VI.2 Responses to the questions referred to InVS
» Exposure of the population to UV radiation (InVS waking group)

Three complementary sources of data are curremtlfadle for measuring the natural
(environmental) exposure of the French populatiobV¥ radiation.

The European SoDa programme, coordinated by this Bahool of Mines in Sofia-
Antipolis (www.soda-is.cory measures solar radiation at ground level through
observations made by weather satellites. Emploguigble algorithms, it estimates the
proportions of UVA, UVB and erythemal UV in solarVUradiation. It has thus
compiled a database constituting a time series\ofratliation data since 1985 (daily,
monthly and annual observations) for France’s entrritory, divided into squares 5
km to a side. The advantage of this system isithajrid completely covers France’s
national territory and that the measurements iredlare easily taken. The database
makes it possible to reconstruct the recent solarekposure of individuals or a given
population. As it currently covers only 21 yeahs airchive cannot be used to calculate
variations in UV exposure in relation to climateange.

Two ground-level stations in France are currenthquipped with UV
spectroradiometers, which are recalibrated regukamtd have participated successfully
in several European campaigns. These instrumentsdeat 30-minute intervals, the
spectrum of total solar UV irradiance receivedraugd level in a horizontal plane. The
Lille-Villeneuve d'Ascq station, located in a lowkshg urban, industrial area and
attached to the Lille University of Science and Aredogy (USTL), has been equipped
since 1997 with a UV spectroradiometer with a Jobwon double monochromator; it
has been in regular use since 1999. The BrianctarifiSt Pancrace station, located in
a moderately high mountainous area (1,310 m) atGéetre Européen Médical et
Bioclimatique de Recherche et d’Enseignement Usiteire — CEMBREU (European
Medical and Bioclimatic Centre for Research andvdrsity Instruction), which is run
by Joseph Fourier University in Grenoble, has had tJV spectroradiometers in
operation since 1999. One of these is similar &b ¢ the Lille station, while the other
uses a Bentham double monochromator with similaradteristics. These two stations
for spectral measurement of solar UV radiation afgeas a network. Their scientific
purposes are as follows:

- to study the natural variability of this radiati@md the various parameters that
modulate it;
- to detect any long-term trends related, in pardicub human activity;
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- to provide spectral UV data allowing validation diimatologies based on satellite
observation;

- to make this data available to various communitiepotential users (the medical
community, biologists, photochemists, atmosphemnenaists, etc.).

Lastly, from May to October, the French meteoratagiagency Météo France and the
NGO Sécurité Solaire publish projections of the lddex (a general indicator of solar
UV radiation) for metropolitan France. Initialljhdse projections were based on ground
measurements taken by Sécurité Solaire at a smalber of sites from 1994 to 1998
using broadband Robertson-Berger sensors, andaj@cpons concerning the amount
of sunshine and cloudiness. They are now generayed chemical model of the
atmosphere (MOCAGE) developed by Météo Franceertains to be demonstrated,
however, whether the information derived from thystem in any way converges with
or complements the data from the other measuresysteéms described herein.

Considering the impact of intermittent exposure tralrole of exposure in childhood,
information on human behaviour with regard to U\diadion is very important in
analysis of UV risk. Most of the information avdila today stems from studies of
Western countries’ populations (Australia, Canallae,United Kingdom, Scandinavia),
which provide us with methodological principles aimdormation for comparative
purposes. The data on the French population is wbatelimited, but there are three
studies available:

The SU.VI.MAX cohort: A national cohort of voluntese participating in a

controlled trial concerning absorption of dietarypplements. The cohort
consists of 12,741 subjects, at least 35 yearggefan their inclusion in the
cohort, recruited in 1994 and monitored for 8 yeArsested analysis within the
cohort provided information on the skin phototygeand in France and the
subjects’ behaviour with regard to UV exposure.sTénalysis showed that 22
per cent of women and 8 per cent of men reportatittiey had used artificial
UV radiation.

A 1993 cross-sectional study, based on a self-adtaned questionnaire, of 573
children aged 3 to 15 in the Montpellier area. $kim phototypes of this sample
are described, and responses to the questionnareiseed to estimate total
exposure to UV radiation over the summer.

A national study, analyzed in 2001, was conducteding a randomized
multicentre interventional trial for prevention aedrly diagnosis of skin cancer
in health examination centres. The cohort consisfedsample of 41,143 adults
over 30 years of age residing in France and havatya periodic check-up in a
health examination centre. This cohort providesrimiation on adults’ attitudes
with regard to exposure to the sun, but was nenithtd to collect information
on exposure itself, nor to determine the subjdotge budget with respect to UV
exposure. In this study, 2 per cent of subject®nted that they use sunbeds.
There is no obvious methodological explanation fbke scale of the
discrepancies in these results. The reason probasyin the diversity of
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behaviour with respect to UV radiation, particwaartificial UV radiation, but
this aspect needs to be measured more accurately.

Lastly, individual dosimeters can be used for direeasurement of the UV dose
received by the skin, in addition to the data fritvea questionnaires, and have been used
to measure the exposure received by children dtsagtuordinary daily activities or on
holiday. A study by the EORTC’s Melanoma Group sbdvihat measurements of
UVA and UVB exposure taken with electronic dosimeteorrelated well with UVA
and UVB irradiation data from the SoDa project.haligh the EORTC studies included
French subjects, no study to date has measurelbribeterm exposure of the French
population to natural UV radiation. The use of metéogical data, supplemented by a
description of outdoor activities and of the enmim@nt, should make it possible to
evaluate the UV doses received by substantial setgnoé the population.

In conclusion, it is worth noting that to date #ere no general studies of the French
population, covering all age groups, on human bielawvith respect to natural or
artificial UV radiation. The studies that have beenducted have served to validate the
qguestionnaires and a methodology. The behaviouteehagers and young adults,
however, is entirely beyond the scope of theseiesudlespite the fact that these age
groups are a commercial target for tanning buseseasd are important to campaigns
aimed at better informing the public about UV risk.

Work-related exposure to UV radiation is not weltdmented. In the absence of usable
data from measurements, UV exposure was evaluayedelermining indices of
probability, frequency and intensity of UV expostive each occupation defined in the
International Standard Classification of OccupaidqiSCO). In addition, solar UV
radiation was distinguished from artificial UV ratdon.

Outdoor occupations involve exposure to solar UMiaon. The intensity and
frequency of such exposure vary greatly from ommupation to another. They may also
differ substantially between individuals having #@me occupation, depending on local
circumstances or the individual’s activities. Seapfeshermen and mountain guides are
particularly exposed occupational categories.

Some occupations can involve exposure to artificiproduced UV radiation. The
spectrum of artificial UV radiation can be subsiahyt different from that of solar UV
radiation. In particular, it can include UVC radet (e.g. arc welding), which is
particularly harmful.
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VIl  Recommendations

VII.1 Exposure to the sun

Ultraviolet radiation plays a vital inductive rale the earth’s ecological system and in
the development of plants, animals and humansexgbsure to solar UV radiation is
also the primary cause of skin cancer and othdtthpeoblems such as cataracts. The
incidence of skin cancer is rising substantiallgigreat many countries, bringing death,
suffering and disease at a heavy cost to healtiersigs The health authorities can, step
by step, introduce measures to reduce the riskgmdsure to both natural and artificial
UV radiation to improve the health of the populaidor which they are responsible.

The health authorities can make a significant doation to controlling skin cancer:

* by creating a physical environment that offers ghackas, e.g. at bus stops,
playgrounds, rest areas and schools;

* by encouraging photoprotective measures in sclayasecreation centres;

* by inducing responsible behaviour on the part dfitesses providing access to
tanning devices or to natural solaria;

* by providing plentiful information liable to influee the public’s knowledge,
attitudes and behaviour through education and camgation via the media.

Within the general population, children should pedfically targeted, as it is widely

accepted today that children spend more time owusddwan adults and that they are
more at risk of the carcinogenic effects of UV edidin. Strategies aimed specifically at
protecting children should be encouraged in ordeetluce the future incidence of skin
cancer. The development of good habits in childhbelps substantially in ensuring

regular use of suitable photoprotection in adulthoo

VII.1.1 A preventive approach
* Increased use of the UV index

Efforts to inform the public can be based on mordespread use of the UV index, a
simple indicator of solar intensity. These projex, made by the national
meteorological agency on the basis of measurenignggound and satellite networks,
should be extended not only to areas offering sbuactivities but also to summer
resorts in the mountains, public swimming poolsusement parks etc. The UV index
would thus be associated by category with differninggnsities of sunlight and with
personal photoprotection items. Better knowledgethef UV index would certainly
influence people’s behaviour with respect to UV @yre and make it possible to reach
them with simple messages on the prevention of clinter.

* Preventing photo-induced skin cancers

As excessive exposure to the sun plays a fundahiain initiating and promoting
skin cancer, so prevention necessarily involvesiced exposure to the sun and the use
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of topical sun protection agents from the earl@stdhood years, especially since the
depletion of the ozone layer which threatens thiel thnillennium will likely cause a
dramatic rise in the frequency of skin cancersti@aarly melanoma.

The aim is not to impose sweeping photoprotecti@asares on the entire population
and throughout life, but rather to inform our fellacitizens about the dangers of UV
radiation and to advise them as to ways of pratgdtiemselves from it, particularly for
individuals in the paler phototypes, people withnsnanaevi and people exposed to
intense sunlight.

The medical and paramedical professions are thegb@sed to deliver messages on
primary prevention, many of which are simply comsemse advice:

- Teach people how to assess their own skin’s seitgito sunlight.

- Remind them that the more sensitive their skin,ntoee gradual their exposure
to the sun must be, and that they should avoichthes when sunlight is most
harmful, i.e. between noon and 4 p.m. in summer{ina¢f of the daily UV dose
is received during this four-hour period).

- Make clothing — a simple, inexpensive means ofgutodn — the first line of
defence by recommending that tightly-woven cottimthing be worn.

- Recommend the use of topical photoprotection, whth aim not of increasing
the number of hours of exposure but of protectikip @reas that cannot be
protected by clothing, on condition that the suatgetion product is effective
against both UVB and UVA radiation. Products offigriprotection only against
UVB should be prohibited, since, by suppressing phgsiological warning
represented by sunburn, they would allow overexmogao UVA radiation,
which probably plays a much larger role in carcegsis than had been
thought.

- Limit exposure to artificial UVA radiation and pnbit minors from using
sunbeds.

The foremost target of primary preventive educatghrould be parents, not only
because they can control how much their childreneposed, but also because they
can serve as an example for adolescents (who paased far too much) and give them
advice. Photoprotective measures should begingreérliest years of childhood, as the
habits developed in childhood will then have ewdrgnce of persisting into adulthood.

» Attract the attention of the resident population ard tourists

- Post signs to deliver messages about protectiom fiee sun in densely-
populated areas and areas where the risks of quasare are high: stadiums,
training grounds, public swimming pools, parks gaddens, the seaside etc.

- Distribute information leaflets about locations wnéhe level of exposure to the
sun can be high.

- Distribute information leaflets for parents withildnen in school.

- Distribute simplified leaflets to tourists.

* Educational strategies
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Educate people who run programmes and activitias yloung children,

adolescents and adults.

Inform supervisory staff in charge of outdoor aitibs.

Encourage a multidisciplinary approach to sun mtode, regardless of the
educational level concerned.

Encourage parents to follow the recommendationsthef sun protection
programme before children go to school or leaveotddoor activities.

VII.1.2 Proper use of sun protection

The expert group recommends effective use of sategtion items, but this term must
not be taken to mean topical UV filters alone.

VII.2

Limit exposure during the hours when the sun is iteaenith (noon-4p.m.).
Stay in the shade.

Wear protective clothing suited to the temperataneditions.

Wear a wide-brimmed hat to protect eyes, face @&a#t.n

Protect your eyes with wrap-around sunglassesioffayV filtration complying
with the recommendations of the European Commis@iges 1, 2 or 3). Type
4 sunglasses, recommended for intense sunlighhareompatible with driving
a car.

Use topical sun protection products with a protecindex of 15 or higher on
areas not protected by clothing. It is recommentieat such products be
reapplied every two hours. One must be careful,dvan not to let the use of
sun protection products, particularly those witghhprotection indices, lead to
an increase in exposure time. The reason for thithat the UVB protection
index of such products is always much higher tienUdVA index, and hence an
increase in exposure time can increase the riskskii cancer and skin
photoaging. Campaigns should be conducted to infoepublic of this.

Keep children under one year of age out of the sun.

Tanning facilities 13

Analysis of the literature suggests that the UMatoin received in tanning sessions can
constitute a substantial addition to natural UViatdn and thus contribute to the
initiation of skin cancer. It is therefore recomrded that people should not expose
themselves to artificial UV sources. The healthhatities have an important role to
play in discouraging exposure to such sourcesgastlin the locations devoted to
physical exercise that are under the authoritiesitrol (swimming pools, gymnasia

etc.).

There is no proof that the use of artificial tarnidevices is less dangerous than
exposure to the sun. Considering that exposureMaradiiation in general should be

3 The National Academy of Medicine representativehenworking group declared that he did not agree
with the other members’ conclusions concernindiaidi tanning facilities, particularly as regartise
regulation of such facilities. He expressed hisveien a letter appended to this report as Appefdix
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limited, the use of UV tanning devices for othearthmedical purposes cannot be
recommended. People under 18 years of age andepayal are particularly sensitive
to UV radiation (skin phototypes | and Il) are sigty advised not to use such
appliances. Where they are used, it is necessdipitaannual UV doses and to provide
users with all the information they need to redsken damage and all other health
risks. In addition, it is important that tanningvae operators be sufficiently well
acquainted with the risks associated with UV radiato help users reduce the risk to
their persons and to avoid improper use of theiappes. Considering the importance
of this personalized advice and of direct contifod, use of automatic appliances is not
acceptable under any circumstances.

The effective irradiance of a tanning device shoubd exceed the irradiance of the
tropical sun, and the spectral distribution ofrédiation should be fairly close to that of
the tropical sun. The irradiance and spectral ibigtion should meet the specifications
for type 3 UV appliances as defined in the EN 603357 standard (1997). The spectral
characteristics (for both UVA and UVB radiation)dapower levels of such appliances
can vary widely. To facilitate the choice of a givappliance and inspection by the
health authorities or national radiological proi@ctauthorities, the various types of UV
appliances should be clearly identified, as shth#dsources of replacements.

In practical terms, the health authorities could:

- introduce or strengthen legislation in order to ueasthat tanning device
operators provide accurate and adequate informsditimeir customers;

- conduct occasional inspections to ensure that eytegdion is actually used,;

- ensure that accurate information is given to coregsm

- put a stop to advertising claiming that the uséaahing devices carries no risk
and may be good for one’s health, and stop the gtiomof artificial tanning;

- verify that proper hygiene is maintained;

- establish controls concerning the age limits atcidustomers can be admitted
(over 18 years);

- provide specific guidance for adolescents on thegdes of artificial tanning
(sun protection programme).

The expert group also echoes the positions of thdOWwhich recommends that
tanning devices not be used when the potentiakuser
- are of skin phototype I, i.e. they cannot tan d&y tburn easily;
- are under 18 years of age;
- have a large number of naevi (moles);
- tend to have freckles;
- have been subject to frequent sunburn in childhood;
- display pre-malignant or malignant skin lesions;
- have skin damaged by the sun;
- have applied cosmetics that might increase thesigeity to UV radiation;
- are taking medication. In this case, the indivitkuphysician is the only person
gualified to determine whether the treatment makesndividual more sensitive
to UV radiation.
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VII.2.1 Limit values for exposure to artificial UV~ radiation

It should be recalled at the outset that the U\eindf a type 3 tanning appliance is
approximately 12, the equivalent of a tropical slinthe proposed changes in IEC
standard 60335-2-27 were implemented, they woldavedh UV index of 24 — a level of
exposure not reached naturally anywhere on earth.

Most medical and scientific bodies, learned soesetnd international organizations
recommend avoiding exposure to artificial UV raidiat If some people choose to
ignore these recommendations, however, it is ableda set certain limits, while at the
same time indicating that these limits do not méideeuse of UV appliances risk-free,
particularly in cases where the person undergdagia number of sessions:

- First exposure to UV appliances: 100 3.Ey
- Total annual exposure: three series of ten sessionsmelano-competent
subjects — phototype IIl, 15 kTT{NMSC); phototype 1V, 21 kJ.fn(NMSC)

Some clinical studies have shown that above tenarsessions of exposure there is a
significant risk of melanoma. The formula used &culate risk predicted a significant
risk of non-melanoma skin cancer.

VI1.2.2 UVB/UVA ratio of tanning devices

The current regulatory framework in France (Arti8l@f decree 97-617) provides that
the irradiance in the UVB band (< 320 nm) of typarid type 3 appliances must not
exceed 1.5 per cent of their total UVA + UVB irradce. This provision could be
eliminated for the sake of clarity and ease ofrptetation, and replaced by a reference
to the tropical sun at the zenith. The Europeannt@bs Toiletry and Perfumery
Association (COLIPA) and the European Commissionehdefined a standard solar
irradiance, whose UVB/UVA ratio could be used asipper limit value.

VII.2.3 Cosmetic products

Draft recommendations concerning the labelling wi protection products are being
developed at Afssaps

The first part of these draft recommendations cetlee following items:

- The marketing of sun protection products offeringthb UVA and UVB
protection.

- Harmonization of labelling to facilitate product roparison and choice by
consumers.

- The wording and simplification of the technical anmhation printed on the
labelling to help consumers understand the risks.

- Classification of sun protection products in a tedi number of categories
according to defined criteria.

- Harmonization of the methods used to evaluate soitegtion products.

- Information on proper use of sun protection prosluct
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Vil.2.4 Regulatory changes

It is recommended that the exposure time offeredstiybed timers be limited by
indexing it to the total power emitted by the apptie, such that the latter cannot
deliver more than 8 SED units.

- All melano-compromised subjects should be inform#tht under no
circumstances should they be exposed to artifig\aradiation.

- The prohibition on minors should be strictly enfeiic

- Following the recommendation of the WHO, the custoshould be required to
complete, sign and date an informed consent foriarédeginning any series of
artificial tanning sessions. One copy of the fosrfar the customer, while the
other must be preserved for two years by the tansaion. This document,
which must be presented at the request of inspedificers, as the latter are
defined by the regulations, would provide more @edénformation on the use
of tanning devices (Appendix 5 contains a propdsgtfor this consent form).

- The working group suggests that only type 3 appkanbe allowed under
French regulations; this will simplify inspectionand avoid dangerous
appliances that attempts to deregulate the indusinid bring onto the market.

- Prohibition of advertising and promotion of tannirgvices and of the
establishments making them available to the public.

- Prohibition of all claims that exposure to artiiciUV radiation offers health
benefits.

- The power of UV tanning devices should be limitedHat of a tropical sun (UV
index 12, or 0.3 W/feff (weighted by the erythema action spectrum)isTh
proposal would align the French position with that the Scandinavian
countries, where over 35 per cent of the populatisas UV appliances but
where people are much less exposed to the sunrttiaance.

VII.3 Other UV sources designed for domestic or ind  ustrial uses

At the request of the expert group, Afsse has ftiymmaquested the National Testing
Laboratory (LNE) to take measurements in a vargdtgonfigurations in which “full-
spectrum” lamps and tubes are employed for domestgimilar uses. Depending on
the results obtained, it may be necessary to isst@mmendations on the distribution
and use of such lamps. The LNE has submitted thtgaliresults from these
measurements, which seem reassuring but cover oméy type of lamp: Osram
“Fluocompact” lamps, Dulux type, power 15 and 3Qts;aand Osram tubes, Biolux L
type, 36 watts/72-965. These emission sources egsepted in some advertising
materials as emitting a spectrum identical to tifathe sun; in fact, this is not true, as
they emit in a spectrum of discontinuous radiatidtareover, despite the claims of
distributors, the UV emissions of the Fluocompaotbb and tubes are particularly
weak, with appreciably less UVA than a traditionampact fluorescent lamp. In terms
of UVB irradiance, the 15-watt lamp emits 0 UVB alt illumination levels (like a
traditional lamp), while the 30-watt lamp and th@\8att tube have UVB irradiance
levels ranging from 0.2 1TOW/n? to 4 10° W/ n? for levels of illumination ranging
from 200 lux (reading) to 1,000 lux (workplace). eTtevels of UVA and UVB
irradiance of these lamps, which are supposed tefresentative of the solar spectrum,
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are in fact practically the same as UV emissionsfa traditional fluorescent lamp or
tube. However, their UV irradiance is roughly 3 20 times less than that of a
traditional tungsten halogen lamp, for identicalels of illumination. These lamps
therefore cannot be considered to be significantcas of UV radiation, despite the
claims of their distributors.

In the absence of data on the other types of laowpghe market, however, and
particularly lamps initially designed for industriaise, we should give some
consideration to recommendations that might be made

These sources are designed to be used for dilestinlation and to replace ordinary
tubes and lamps, notably in the home and workplageng the risks to be considered
are acute and long-term ophthalmic risks, photoseaton risks and risks of skin
cancer. Limit values based on those used for expdasuwork environments (ACGIH
and ICNIRP) may be proposed. However, the UV iaade depends on a variety of
factors connected to how these lamps are used @uafdamps or tubes, distance to
the lamp, direction etc.). As it would be futile iy to assess all configurations that
might be met with, it is necessary to make certagsumptions, overstating the
irradiance to a reasonable extent, in order touatal the exposure situations which
users of such equipment may face. The main parasngted to determine the limits on
use of these lamps are the distance to the soact¢ha length of time they are used.
Thus, 10 hours of exposure and a distance of 20ware selected as values to
characterize the risks connected with use of “$pkctrum” lamps. On the basis of
research by the ACGIJ and ICNIRP, the effectivadiance of the source at 20 cm (a
plausible distance for desk lighting) should nateed 0.8 mW/m Moreover, in view
of the fact that these limit values were establisher well-informed workers, an
additional safety factor should be introduced foe tgeneral public or uninformed
workers in order to take the most photosensitivapf@into account.

The experts group would like to see the establistinod a regulatory framework
(developed by the health and consumer affairs mnieg) for any sources that exceed
these limit values. These recommendations couldissaed on the basis of the
provisions of the Council Directive of 19 Februd§73*. The regulations on the sale
of and provision of public access to certain tagnitevices that emit UV radiation
could then be extended to all UV sources made aailto the public. In selling full-
spectrum lamps, manufacturers and distributors ldhitxerefore inform consumers on
the risks of prolonged exposure to UV radiation aleérly explain the proper practices
for use of their products. In fact, it seems thaistrof these products are not used for
their initial purpose (e.g. horticulture). Statensethat this type of lamp may have a
beneficial effect on health or even that it canused for ordinary day-to-day lighting
should be prohibited. Their use in places of pubsembly, particularly places where
children are present, and as lighting for occupatigoremises should therefore be
prohibited.

4 The directive relates to electrical equipment desityfor use within certain voltage limits and
providing in particular for the adoption of techalicneasures such that radiation which could cartet
hazard is not produced.
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VIl.4 Proposal for UV exposure studies *°.

Recommendations for improving knowledge of the Ehepopulation’s exposure to UV
radiation and improving knowledge of its effectshmalth

Improving knowledge of exposure

Recommendation 1. To improve knowledge of environmeal exposure to UV
radiation

As regards environmental exposure, two complemgrggstems exist, which must be
supported and whose consistency should be encalirage

SoDa projectwww.soda-is.com

Measurement of exposure to UV radiation throughtvet French territory has been
conducted from a meteorological satellite, but qrdytly exploited. This project should
be encouraged in order to create a database camgpastime series of UV radiation
(daily, monthly and annual observations) for theol@hcountry, by geographical cells
measuring 5 km square. Exposure could be evaluatddmonitored by associating it
with a geographical information system.

Subsequently, these measurements could be assbowititethe available registers, and
laws could thus be drawn up. By applying these leawthe whole country, a digital

atlas of the distribution of exposure to UV radatiwould be obtained. At the end of
this study, an important source of reliable dataewealuation of the health impact of
natural UV radiation would be obtained. It would@provide regional quantification of
the risks affecting different categories of popiglat Conducting this study would
require additional support for the SoDa programmbich is mainly funded by the

Ecoles des Mines de Paris and Armines, the Eurofpace Agency, the International
Energy Agency and the ADEME. The study would bedumted in parallel with the

work already planned, and would exploit its resultse work would be planned in such
a way as to take account of the specific charattesi of this public health problem,
including a quarter-hourly evaluation of UV radwtiand increased precision of UV
measurements.

Ground-level measuring stations:

The second system is based on ground-level spect@surements. The sites of the two
French stations are typical: one in an industr@ez without mountainous areas and
with a high population density, and the other inaaga where numerous tourists go in
for snow and altitude sports. The influence of thparticular atmospheric and
orographic characteristics on UV radiation (ozor@lypion, high aerosol content,

!5 This part of the recommendations was drafted byrtW& experts’ group
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altitude, relief and snow reflectance) could therefoe studied and monitored over the
long term. A third station situated by the sea, emalsequently in a typical place of our
French coastal areas where large concentratiosgromer visitors are exposed to UV
radiation for long periods, would usefully compléte set of stations.

At the present time, the two existing stations fareled from the resources of the two
laboratories that created and operate them: LOALille, and the IRSA team in
Grenoble. Unfortunately, there is no specific pevar funding to guarantee that they
can continue to operate in future, as they aranmtln obtaining national or European
contracts, which always have a fixed term.

The extension of the present network to three astatiis certainly desirable and
conceivable by involving a third laboratory in tbperation of the new site. However,
the size of the complex would require additionahln resources to allow multi-annual
data readings.

Satellite and ground-level measurements: a compi@aneapproach.

These two systems are wholly complementary: thellgat system is based on
measurements and calculation that provides comgleterage of the country, while
ground-level measurements enable the model to hdated in several atmospheric
situations. Coordination between these projectsilshioe encouraged. The convergence
and complementarity of these projects with the Mdtéance MOCAGE model should
also be systematically studied as regards methggpkignificance of indicators and
feasibility.

Recommendation 2: To improve knowledge of behaviourelating to natural and
artificial UV radiation

It is essential to evaluate practices relating xtposure to natural and artificial UV
radiation by all age groups of the population, uiddhg children, teenagers and young
adults. The studies conducted to date, both woddwind on French populations, have
provided a fairly sound methodology based on seffygleted questionnaires. However,
the French studies do not cover the whole populatnd do not focus on the teenage
and young adult age groups, which have the masireitime and are the “commercial”
target of tanning professional;itermittent exposure during holidays should algo b
evaluated, including for children.

If these surveys are repeated, the impact of pteresampaigns could be assessed on
the basis of validated indicators (so that the amgss of the campaigns can be adapted
if necessary), and the interaction between expdasunatural and artificial UV radiation
could be measured. These studies should be comducseveral regions of France to
take account of the differences in distributiorpbbtotypes, sunshine and behaviour in
relation to natural and artificial UV radiation. d¢e studies could be based on a self-
completed questionnaire. The standard questionmaitdd cover the characteristics of
the respondents (age, phototype, sex and occupaticsccordance with an existing
methodology [Rosso et al., 2002]. The questionnawald be filled in by respondents
every three months. It would relate to voluntargl amvoluntary sun exposure habits
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(weekdays, weekend, winter and summer holidayshduhe preceding three months.
The questionnaire would include details of visitstvimming pools, fithess centres and
establishments offering artificial UV treatment.eTQuestionnaire could be completed
by items giving information about the perception toe UV risk associated with
immediate effects (sunburn, tanning, feeling of Iveeing) and long-term effects
(photo-induced skin aging and skin cancer). In taaldito answering this questionnaire,
a smaller number of respondents could be directymened in the context of school
and occupational medicine by a dermatologist tdhitterecognise photoinduced skin
lesions (solar lentigines and naevi) and phototypas number of respondents, which
would necessarily be smaller, could be 1000 to 28 the direct examination being
repeated every two years for six years. This exatiwin could be completed by
ultraviolet photographs allowing evaluation of gaphoto-induced damage in small
children. The current technologies (UV sources adigital cameras) allow
standardization and reproduction of documents [Baigand Kligman, 1997]. Several
cohort studies (adults and children) are currebyng conducted to provide more
information about environmental and nutritional espre, and the addition of a “UV
exposure knowledge” facet should be considered.

The practice of exposure to artificial UV radiatigtanning installations) should be
specifically studied, by describing the financiakal for this market (which have never
been published), investigating practices, and eraleang to better draw up more
accurate profiles of the people who frequent tleesdres, the history of their exposure
to UV radiation, and their motives. This could fotine subject of a feasibility study.

Recommendation 3: To improve knowledge of advertisg messages relating to
exposure to UV radiation

This report does not analyze the social repredentatthat support and encourage
exposure to UV radiation of natural and artificalgin. These representations, which
are strongly present in advertising messages, redtinectly or indirectly, are a major
part of the reason for exposure to UV radiationerEhare also open advertising
practices aimed at the general public, the netwbtieauty treatment professionals, and
health professionals. These messages probablyseggrthe majority of the information
messages regarding the UV risk received by the lptipn, and are only moderately
counterbalanced by health education messages. l€dge/l of these advertising
campaigns, analysis of their impact on the behavidyopulations, and conformity of
the messages to legislation should be systematiqalfsued, as should work on
knowledge of the social representations of UV exypesThis project could be included
in the terms of reference of the National Healtdviéntion and Education Institute.

Recommendation 4. To improve knowledge of occupatial exposure to UV
radiation
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Some jobs that are particularly exposed to solaarbficial UV radiation can present
specific risks to health. This applies in particula welders, who are at high risk of
ocular melanoma, to maritime jobs and to mountaisure jobs.

A better characterization of exposure to UV radiatin jobs exposed to artificial UV
radiation seems necessary.

This characterization of exposure, conducted oanapte of exposed workers, could be
useful, firstly for the conduct of epidemiologicstudies designed to confirm the links
between UV radiation and risk of ocular melanonmal secondly for the introduction of

suitable preventive measures.

Recommendation 5: To coordinate actions in the fidlof knowledge of exposure to
UV radiation; proposal for an observatory of humanexposure to UV radiation

The actions required to improve knowledge of thepybation’s exposure to UV
radiation are based on a wide variety of skillseifhntroduction and development
should cover the different fields of UV exposurdnisTrequires a global approach, a
concerted strategy between the parties involved,amoperational structure. Such an
approach could be coordinated by a body which cdddcalled the “Human UV
Radiation Exposure Observatory”, and would be resiibe for these actions and the
production of indicators. Production of indicatomuld take account of European
recommendations, in order to facilitate the combpititp of the French data with those
of other countries.

Such an observatory should employ metrologists llamwith the physics of UV
radiation, skin cancer epidemiologists and derrnogists. It should guarantee the
consistency of actions in the field and ensure tihette are no population categories or
practices which have not been studied from thedgt@int of UV exposure risk. It is not
necessary for this body to have an independent rashmaitive structure: agreements
between establishments could govern its operateomy InVS could handle its
administrative requirements.

Recommendation 6: To improve knowledge of the effexof UV radiation

Non-melanoma skin cancers (squamous-cell and lsafialarcinoma) are not subject to
epidemiological surveillance in France. Knowleddette incidence of these cancers
does not necessarily require the creation of astegiln view of the moderate severity
of these carcinomas, the complexity of the headite metwork that identifies them and
their social consequences (e.g. an impossibilitake out loans), which suggest under-
declaration, the methodology of these studies shdod adapted and tested at a
feasibility stage. Knowledge of the incidence aidas indicating strong UV exposure,
such as naevi, should also be obtained, primanigugh feasibility studies [Autier et
al., 1998; Daures et al., 1995]. However, popufastudies should be designed in such
a way that they can be repeated, so that theyitatesindicators of the history of past
exposure at individual level.
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VIIl  Abbreviations and acronyms

ACGIH: American Conference of Governmental IndadtHygienists

Afssaps: Agence francaise de sécurité sanitairepdeduits de santé (French Health
Products Safety Agenty

Afsse: Agence francaise de sécurité sanitaire enmgmentale (French Environmental
Health Safety Agency)

CIE: International Commission on Illumination (Comssion Internationale de
I'Eclairage)

COLIPA: The European Cosmetic Toiletry and Perfunfssociation

CSHPF: Conseil supérieur d’hygiene publique de éearrench Higher Public Health
Council)

DDASS: Direction départementale des affaires smeffaet sociales (Department of
Health and Social Affairs at the level of Frenchiterial departments)

DGCCREF: Direction générale de la concurrence, amfsommation et de la répression
des fraudes (General Directorate for Competitioonstimer Affairs and Fraud
Control)

EC: European Commission

EORTC: European Organization for Research on Treatiiof Cancer

IARC: International Agency for Research on Cancer

ICNIRP: International Commission on Non-lonizingdration Protection

IEC: International Electrotechnical Commission

INVS: Institut de veille sanitaire (Health Watclsfitute)

MED: minimum erythema dose

MOCAGE: Modele de chimie atmosphérique de grandelée (Large-Scale Model of
Atmospheric Chemistry)

NMSC: non-melanoma skin cancer

NRPB: National Radiological Protection Board

SED: standard erythema dose

SPF: sun protection factor

UNEP: United Nations Environment Programme

UV: ultraviolet

UVReff: effective UV radiation

WHO: World Health Organization

WMO: World Meteorological Organization
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Introduction

Ultraviolet radiation is part of the non-ionizindeetromagnetic radiation spectrum
emitted by the sun, in the same way as visibleatauh (light) and infrared radiation.

Although ultraviolet radiation is invisible to theaked eye, the body reacts to it with
protective mechanisms: darkening and thickeninghefouter layer of the skin. As a
result of its penetration into the skin and its ag@nic potential, exposure to ultraviolet
radiation, whether natural or artificial, involveeme major medium- and long-term
health risks, especially for sensitive populatibke children. The risks associated with
exposure to UVB radiation have long been known, re@e the mutagenic activity of
UVA radiation has been known for less than ten year

The attention of the public authorities was firsawn to the risks associated with

exposure to artificial ultraviolet radiation in 13%nd legislation was passed in 1997
(Decree no. 97-617 of 30 May 1997 relating to thke &ind provision to the public of

certain tanning devices using ultraviolet radiatiand its implementing orders).

Following a study of the mutagenic role of UVA ratiibn conducted by G. Halliday’s
team in 2004, Afsse informed the French MinistryHeflth of its results in a note dated
19 April 2004, and added an FAQ section to its wels July 2004. The Health and
Environment Ministers than requested Afsse (refat® September 2004) to reassess
the health risks associated with exposure to utitatvradiation of natural origin and
with the use of tanning facilities. To reply to thyeestions posed by the Ministry’s
referral, Afsse set up a group of experts includiegresentatives of the Academy of
Medicine, IARC, members of Inserm research laboieto and practitioners
specializing in the field, as well as representgivf InVS and Afssaps, to which the
referral was addressed.

As it is difficult to differentiate between the @®yuences of exposure to natural and
artificial ultraviolet radiation in terms of ovelaffects, the experts’ group decided to
base its report on a global analysis of the UV.riBkus in addition to the objectives
stated in the referral, Afsse extended the studydlude the possible risks associated
with domestic use of “broad-spectrum” light bulbgigh emit ultraviolet radiation in
addition to the visible spectrum. The experts’ groalso considered the possible
consequences of the use of sunscreens (mainltiefeagainst UVB radiation), which
can lead to longer exposure and therefore an isetedsk associated with exposure to
UVA radiation.

InVS and Afssaps were requested to deal with diffeaspects of ultraviolet radiation.
In parallel to the referral to Afsse, a second wagkgroup was set up by InVS to
characterize the exposure of the French populatidnile Afssaps issued a report
entitled “Ultraviolet radiation and the use of cadio products”. The proceedings of the
various working groups are presented in a joinorep
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The physics of ultraviolet radiation

Ultraviolet radiation is a portion of the non-iomg part of the electromagnetic
spectrum, situated in the wavelength interval betw&00 and 400 nm. It is usually
divided into three regions: UVA (315-400 nm), UVB30-315 nm) and UVC (100-280
nm), and can be emitted by natural sources (sathation) or artificial sources.

The effective biological ultraviolet radiation (U¥R) at a given wavelength is the
value of the energy level of the ultraviolet ragiatmultiplied by a specific efficiency
factor of the biological effect in question at thedvelength. It is expressed as VW.m
(eff). The biological efficiency of ultraviolet ration (Ef) is used in standard IEC
60335-2-27 2002 to evaluate the emission limiteanhing devices.

The Standard Erythema Dose (SED) measures thesemgtHJV radiation equivalent to
effective exposure of 100 JanThe Minimal Erythema Dose (MED) is the dose that
produces barely perceptible erythema (with cleddfined edges) in a given individual
on a defined surface.

In 1997, the Erythemal Effectiveness Spectrum feman skin became an ISO/IEC
standard, which allows the erythemal effectivenesa given UV source to be
calculated by convolution with the emission spettif that source. The ratio between
the solar emission spectrum and the erythemal tefeaess spectrum is used to
calculate the UV index, a tool designed for comroation to the general public. It
expresses the erythemal power of the sun (UV irdé@ x B« W.m?2).

Limit values

The international scientific bodies responsible ttoe subject of exposure of workers
and the general public (ACGIH and ICNIRP) have ldfghed the maximum daily
doses that a worker exposed to UV radiation carivecwithout the risk of acute or
long-term effects on the eyes. The maximum dailyedoas been fixed at 30 Rr&ff,

I.e. just under one-third of the SED. This doseetaliccount of the average cell repair
capacity.

There are currently no recommended maximum limotshuman skin, as the values
established for ophthalmological risk take no actai the thickness of the skin and its
thickening as a result of repeated exposure. Thamen limits recommended only
constitute advice for indoor workers, and cannoajyelied to outdoor workers.
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The biological effects of ultraviolet radiation

Short-term effects of ultraviolet radiation

Actinic erythema

Its intensity and duration are proportional to ¢uantity of UV radiation received.

UVB (E=5%)

(sunburn) It appears a few hours after exposure to UV ragfiaand culminates between 24 and 36 hours, treappiars on the 3rd day, [téE== 80%)
be replaced by marked pigment darkening UVA (E=96%
Possibility of fever, headache and vomiting, deji@mon the size of the damaged areas and the dosied. (Eef _(20_%) 0)
off =
Thickening of The keratinocytes in the basal layer actively divagound the 3rd day after irradiation. uvB
epidermis This provides a degree of photoprotection.

Skin peeling allows a gradual return to normal imeéeks in the absence of new irradiations.

Immediate pigment
darkening

The melanins present in the melanocytes and keraties polymerize; this leads to immediate pignasrkening, which is
visible when irradiation ceases.

This is a temporary phenomenon.
This reaction is not developed by melano-comprothjseople.

UVA (10 J/cm?)

Adaptive pigment
darkening (tanning)

Visible on the 3rd day after irradiation, and pgisior 3-4 weeks in the case of a single irragimti

In the case of repeated exposures, the pigmenewdsiikcreasingly, and this lasts for as long asimgeeemains within norma
limits.

Exposure to solaria: protection against solar tamhaemains fairly low; much lower than that o, with an equal tan, from
series of exposures to the sun, as there istliidening of the skin.

UVA

UVB
a

Production of
vitamin D by the
skin

This is a complement to vitamin D of food origir0#8 of needs would be covered by a few minutes’ sumof a small part @
the body twice a week).

Vitamin D is needed to fix calcium to the bone nxatr
A real deficiency can be observed in Nordic coastin people with phototypes V and VI, but eatiogds rich in vitamin D can
compensate for this deficiency. The risk of hypawiinosis D observed in some populations no longstifies exposure t
artificial UVB radiation.

fUVB

Phototoxicity and

The presence in the integument of endogenous suestgporphyria) or exogenous substances (medjaiaestrigger phototoxiq

photoaller gy reactions which present clinically as severe sumbur
Phototoxic reactions are theoretically restricted itradiation and substance deposit sites. Phetopdl reactions, often
eczematous, extend far beyond the irradiated afé&y. require prior contact with the allergen.

Keratitisand Inflammation of the cornea (keratitis) and tempgpralindness (snow blindness) are observed a fewshaftier exposure. ThegeJVA

cataracts symptoms are reversible in a few days, but canecaasipheral proliferations (pterygium) in the lotegm in the event of
repetition. uvB
In the long term, the cells constituting the crifsta lens are opacified (cataract) by UVA radiatideading to a gradual loss pf
vision.
There is little risk of acute damage to the retidawever, observation of a bright light source canse retina burning similar to

that found in people who watch a solar eclipse ovittprotection.
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- Inthe long term, UV exposure may be involved ie-aglated macular degeneration.
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Photogenotoxicity - An alteration in the chemical structure of the Di#n cause the appearance of mutations or leadl eeth (apoptosis). UVA

- Main types of damage caused by the UVB and UVA aomepts of solar radiation to the DNA: breakagehefnucleotide chain,
covalent adducts with proteins, and products ofifreadion of bases.

- The nature of the physico-chemical processes imebla the modifications caused by exposure to Wiataon depends on the
wavelength of the incident photons.

Skin - Mainly comprises basal-cell carcinoma (BCC), featirslow development and local malignity, and sqoasacell carcinoma UVA (35%)

photocar cinogenesis (SCC), which is more aggressive.

- Main risk factor: intermittent, “burning” solar eapure, especially during childhood, for melanomad BE&C. It is acknowledge
that SCC is associated with chronic exposure.

- The genetic susceptibility and mechanisms invoinetie photocarcinogenesis of melanomas and canzinare very different.

- The roles of the different wavelengths of the sef@ctrum also differ, according to the naturehefdancer.

uvB

4 UVB (65%)

The skin’s immune defences protect against extagaiession (bacteria, fungi and viruses). Thefendes are considerably impaired by weak doses/& &hd UVA (below the

been observed in tanning centres with poor hygiene.

Mainly observed in uncovered areas: the face (aosecheeks), back of the hands and forearms. iksraonsiderably from one person to another, aed between people of th
same age and phototype who undergo the same clsmlaicexposure (thus indicating individual genstisceptibility). The histological modificationsrm@rn the epidermis an
dermis, but the dermal connective tissue and ils eee the preferential target of solar radiatiodiVA radiation, which penetrates deeply into théste, plays a large part
forming these lesions.

Some 80,000 new cases of skin cancer are diagriode@dnce every year. The number is constantly grgwwith an annual increase of 7 per cent. Uloketiradiation is the

by UV radiation accumulated in the epidermal cells.
The mutagenic and carcinogenic effects of UVB raiiain animals and humans have long been knowrereds the oncogenic effects of UVA radiation hamby deen
recognized for a few years. The carcinogenic rfidd\d-emitting tanning devices is therefore a topmabject, which can be considered a public heaitiblem.

Skin carcinomas - basal-cell carcinoma (60%): slow malignant extemspurely local (no metastasis) UVA (35%)
- squamous-cell carcinoma (30%): occurs on exises@hs (actinic keratosis, leucoplakia of the lips) UVB (65%)
Skin melanomas - Risk factors: solar exposure, genetic (fair skailufe to tan easily, blond or red hair, etc.), iemof moles, family history of | UVA
melanoma, high solar exposure during childhood uvB

Some publications have suggested a positive ctioelaetween the onset of ocular melanoma and expds UV radiation. A recent French publicatioaldting to workers
seems to confirm this correlation.
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Health effects of ultraviolet radiation

Characteristics of phototypes:

Phototype Hair Complexion Freckles Sunburn Tan
I Red Milky +++ Always ++ 0
Il Blond Pale ++ Always + Slight tan
1] Light brown Pale + or - Frequent Pale tan
\% Dark brown Dark 0 Rare Dark
V Dark brown Dark 0 Exceptional Very dark
VI Black Black 0 None Black

Data specific to the French population

° A specific study was conducted in 1998 on the SW¥X cohort (however, this
cohort cannot be considered really statisticalfyresentative of the French population):

Phototype | 0.3%
Phototype Il 13%
Phototype IlI 46.4%
Phototype IV 34.2%
Phototype V 6.1%

° According to a recent case-control study (Batatlal. 2005, in press):

Phototype | 11.6%
Phototype Il 25.7%
Phototype IlI 30.9%
Phototype IV 31.5%

Epidemiological studies — natural ultraviolet radi@n

The population receives 3 to 6 per cent of ambidinaviolet radiation in temperate
countries. Some examples of annual exposure:

200 SED (exposure at weekends anddyd)=
3-6% of total ambient UV radiation (temperate

Office workers

countries)
Children under 18 years old 300 - 400 SED
Outdoor workers 400 - 800 SED

Melanins and photocarcinogenesis

Epidemiological analysis of skin cancer (melanontmsal-cell carcinoma and
squamous-cell carcinoma) shows that predominanthaepmelanic (red-haired)
populations form the majority of skin cancer suffsr(IARC, 1992).
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Skin cancer

The various types of skin cancer, i.e. melanomarmmdmelanoma skin cancers (basal-
cell and squamous-cell cancers, described as epiiticarcinomas by French authors),
are now the most frequent types of cancer, and trexjuency is increasing among all
fair-skinned populations, reaching epidemic prapod. In Europe, it is estimated that
although the population of the European Union (Zsnier states) will remain constant
between 2000 and 2015, a 22 per cent increasenimatanoma skin cancer in persons
aged over 65, and 50 per cent in those aged oveis80 be expected (Boyle et al.,
2003).

Basal-cell and squamous-cell cancer (often collebtidescribed as non-melanoma skin
cancers) are the most frequent types of canceral8ai carcinoma is around four
times more frequent than squamous-cell carcinomd, th are 18-20 times more
frequent than melanoma. However, the incidencenestid by surveying a population is
much higher than that recorded in the registerse fdtal of 80,000 cases of non-
melanoma cancer is therefore probably significantigerestimated, as numerous skin
tumours, especially basal-cell and squamous-cektimama in situ, are destroyed
without histological analysis.

Non-melanoma skin cancer

The epidemiology of non-melanoma skin cancer isléas well known than that of
melanoma. In particular, only a little data has rbesystematically collected from
populations.

Epidemiological studies (descriptive studies, cremstional studies, case-control

studies and cohort studies) of non-melanoma skiceraare analyzed below.

« Skin cancer mainly affects fair-skinned populatioN®n-melanoma skin cancer
mainly affects parts of the body chronically expgbs$e sunlight, such as the head
and neck. However, a special feature of the anandistribution of basal-cell
cancer is that it is almost absent from the backhef hands, and rare on the
forearms. This cancer also affects parts of the fabich receive relatively little
light.

* Since the late 1930s, the incidence and mortafityom-melanoma skin cancer has
been inversely related to latitude, i.e. proxintdythe equator.

* There is an association with local levels of U\adhation and studies of immigrants
to Australia show that migration from a less suriaya more sunny country is
associated with increased risk.

* There is an association between the risk of noranweha skin cancer and outdoor
employment.

» Several transverse cross-sectional studies cordiuct&urope, Australia and the
USA have analyzed a number of sun exposure paresngtd, leisure exposure,
sunburn, actinic lesions) in different populatiohbese studies show that the risk of
squamous-cell skin cancer is multiplied by a factorging between 1.7 and over 3,
depending on the degree of exposure and the ex@pamameter.
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* A dozen case-control studies and at least thre@rtatudies in the USA and
Australia have shown that there is a cumulativati@hship between sun exposure
and the risk of squamous-cell cancer, but no caticel between the accumulated
dose of sun exposure and the risk of basal-cettaraifConversely, the risk increases
with recreational exposure during childhood and lestence, and the more
sensitive an individual is to the sun, the higherisk will be.

Melanoma

In 2000, an InVS study estimated the number of wages of cutaneous melanoma
which had appeared in France at 7,231: 42 perinemen and 58 per cent in women.
However, the 95 per cent confidence interval isewid,132-8,330 cases, because the
estimate is based on registers which only covergiahe French population. Cutaneous
melanoma is believed to have been responsible, 8&41deaths in 2000, 704 of them in
men (52 per cent), 47 per cent of whom died befeaehing the age of 65. The number
of deaths is known with a fairly high degree ofgisen.

Melanoma is one of the tumours whose incidencedseasing most. In France, between
1978 and 2000, the incidence increased by 5.9qm@rpger annum in men, and mortality
by 2.9 per cent per annum. In women, the incidémceased in the same period by 4.3
per cent per annum, and mortality by 2.2 per cenigonum. A man born in 1953 is ten
times more likely to suffer from cutaneous melandhsn one born in 1913, while the
factor is six to one for women. The net risk faman of dying of cutaneous melanoma
is multiplied by 2.7 between these two cohorts,levkiie risk is multiplied by 2.1 for
women. In view of this rate of progress, the inaicke of melanoma in 2005 can be
estimated at 8000.

The individual risk of melanoma is influenced by shofactors (pigmentation
characteristics, reaction of skin to sun) and arirenmental factor: sun exposure. Sun
exposure is now considered to be a leading causelainoma. Studies conducted in the
1980s established a correlation between sun expasut the risk of melanoma, but it is
not a simple one. The total accumulated dose @ir galdiation is not the only factor
involved, and the type of sun exposure, accordm@gde, plays an important role.
Moreover, although the ultraviolet component of skéar spectrum seems to contribute
to inducing melanoma, the ultraviolet wavelength{shich contribute to the
development of melanoma are not yet definitely kmow

The conclusion that solar radiation causes melansmased on:

» the positive association between melanoma andamesgat low latitudes;

* arguments drawn from studies of migrants, whichcaig that the risk of melanoma
is associated with exposure to sunlight in theelafcresidence in early life;

« the anatomical distribution of melanoma, which isrenfrequent in skin regions
regularly or usually exposed to the sun, especiatgrmittently;

» findings drawn from case-control studies and colstudies which indicate that
melanoma is associated with residence in hot cémas correlated with solar skin
lesions, and is positively associated with intetamt sun exposure and a history of
sunburn.
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There is currently a fairly broad consensus thdanmma is caused by exposure to solar
ultraviolet radiation. Armstrong and Kricker (1998%timate that 67-97 per cent of
melanoma in different populations is attributable wun exposure. Recent
epidemiological studies in the USA and Europe iatichat the development of moles
(a lesion indicating the risk of melanoma) in cheld and the development of melanoma
are influenced by short periods of intense UVB expe (Autier et al., 2003, Fears et al.
2003). However, it is not impossible that expodoré&VA radiation plays a part in the
development of melanoma (Armstrong, 2004).

Exposure to ultraviolet radiation may also play atpin the growth and tumoral

progression of melanoma. Exposure to ultravioleiatzon causes local and systemic
immunosuppression, which may be involved in prongpthe growth of melanoma and
non-melanoma cancer. An odd phenomenon is theeexistof seasonal variations in
the incidence of melanoma, with the peak incidencimmer. These variations, which
have been known for some 20 years, have been @usanseveral populations and in
both hemispheres, and no clear explanation hasegst given.

Exposure to sunlight, and especially intermitteetreational exposure, is the main
known risk factor for melanoma. However, it hasrb&aown for some 20 years that
sun exposure can also affect the survival of metenpatients. These findings suggest
that sun exposure may increase the melanoma slraig but may also be explained
by an association between incidence and early tigteof melanoma. The mechanism
of this effect is not known, but it illustrates thessibility that several pathways exist in
the malignant transformation of melanocytes.

Other cancers

A number of ecological studies have suggested ititahse sun exposure is liable to
interfere with the incidence or mortality rate oftge types of cancer, especially breast,
colon, and prostate cancer and lymphomas. Thebkerratirprising results need to be
confirmed by new studies which take full accounsoh exposure, supported by studies
of the mechanisms involved.

Epidemiological studies — artificial UV radiation

A UV tanning session corresponds to exposure deast 2 SED. In practice, one
session corresponds to approximately 1 MED, i.epfwtotype Il = 3 SED, phototype
[l =5 SED and phototype IV =7 SED.

Risk of skin cancer based on number of annual@essn a 10-year period:
- 10 sessions: risk multiplied by 1.03
- 30 sessions: risk multiplied by 1.10
- 100 sessions: risk multiplied by 1.39
- 300 sessions: risk multiplied by 2.73.
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Melanoma

The risk factors are now well established: palenskumber of naevi > 50, repeated
sunburn (Gallagher et al., 2005).

Epidemiological studies, and especially a metayaimgmland a cohort study (Veiergd et
al., 2003), have found that the use of tanning aviincreases the risk of skin
melanoma by a factor of between 1.25 and 1.50. fi$ksincreases with the frequency
and duration of use, and is most marked when thesxe takes place in a young adult.
It should be noted that a modest but significactease in risk may lead to a major
increase in the number of patients, due to theufrqy of use among the population, as
the use of artificial tanning is becoming incregdmpopular. Exposure to artificial
ultraviolet radiation may double the annual dossa=ived in some areas (face, neck,
arms, legs, etc.).

Basal-cell and sgquamous-cell carcinoma

A number of case studies have linked exposuretiiical UV radiation to skin cancer,
but very few case-control studies have exploredrét@&ionship between exposure to
tanning devices and the risk of basal-cell and soues-cell skin cancers. The only
meaningful results are the findings of a 2002 Awwaari study, which showed that the
risk that users of artificial tanning devices wdévelop squamous-cell skin cancer is
multiplied by 2.5, and the risk of developing basall skin cancer is multiplied by 1.5
(Karagas et al., 2002). As in the case of melanptm@srisks increase when the first
exposure occurred at a younger age. These resujgest that the use of tanning
devices is a risk factor for non-melanoma skin easi.c

Other effects of UV radiation

Effects of UV radiation on skin aging

Little is known about the skin condition of the pdgtions of the industrialized
countries, even though, in terms of public healkin diseases are responsible for major
morbidity. Chronic exposure to sunlight, or to otlevironmental factors such as
cigarette smoke, frequently has repercussions erskin, commonly known as photo-
aging, that vary with anatomical location, totapesure time and phototype. The results
of a French study published in 2000 (Malvy et 2000) suggest that the prevalence of
skin photo-aging in the overall adult French popatais determined by age, sex,
phototype, region of residence and, for women, Bnopausal status. Histologically
observed actinic elastosis indicates actinic sging

Photodermatitis

Photodermatitis is a general term for all skin dg&s involving photosensitivity, i.e. in
which the skin shows abnormal reactions to lighd &V radiation. Photobiological
exploration can help diagnose the type of photodétis, detect the wavelength(s)
involved in the disorder, and identify any prodactgent involved in the reaction.
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Effects of UV radiation on the eye

In adults, the cornea of the eye absorbs all UvV@ amost UVB radiation. UVA
radiation passes through the cornea and is absbsp#te crystalline lens. Visible light
and infrared radiation reach the retina.

The acute risk of ultraviolet radiation and visibight for the eye:

- Acute keratoconjunctivitis: This condition appe&osdowing unprotected exposure
to sunlight (particularly when the sun’s radiatianreflected by snow, sand or
cement) or to artificial light such as that of walgl arcs, high-pressure discharge
lamps and sunbeds. The symptoms of “arc flash™andw blindness” are tearing,
redness and intense pain in the eyes, difficultye@ping them open in the presence
of light (photophobia) and a feeling of having samdne’s eyes.

- Acute solar retinopathy: Acute solar retinopathguws after looking at the sun (e.g.
during observation of eclipses) or after prolong&dosure to sunlight without eye
protection. Sources of intense artificial light s welding arcs and some surgical
microscopes can also damage the retina.

UV radiation can cause other lesions in some sthjrdhe long term:

- Cataracts: Epidemiological studies, some of whiololved over 100,000 people,
give reason to think that cataracts may be dirdotlyed to UV exposure. This
research demonstrated, among other things, thas aszeiving considerable UV
radiation show a high prevalence of cataracts.

- Senile macular degeneration (SMD): This frequestase of the retina currently
affects one of every four people in the 75-85 yeays group. It causes partial but
virtually incurable blindness by cutting out thentte of the field of vision.
Repeated exposure to solar radiation (visible + Whay lead to SMD. A recent
epidemiological study (Tomany et al., 2004) of &ad of over 6,000 individuals
seems to establish a link between SMD and prolonggabsure to the sun
(particularly during adolescence) and suggeststtiatisk is reduced by over 50
per cent if individuals protect their eyes by wagrsunglasses and hats, caps or
visors.

Behaviour and exposure

Exposure to natural UV radiation

Satellite observation

Since 1985, the SoDa programme (www.soda-is.cora)bie@n using observations by
meteorological satellites to measure the solaratamt received at ground level. The
advantage of this system is the complete coveradgeamce’s national territory by its

grid, and the ease of measurement it offers. Asatiehive is currently limited to 21

years, however, it does not allow calculation afatsons in UV exposure in relation to

climate change.
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Ground-level observation

Two stations in France (Lille-Villeneuve d’Ascq aBdiancon) are currently equipped
with UV spectroradiometers, which are recalibratedularly and have participated
successfully in several European campaigns. These s$tations for spectral
measurement of solar UV radiation operate as aarktwith the following purposes: a)
to study the natural variability of this radiatiand the various parameters that modulate
it; b) to detect any long-term trends; c) to prevepectral UV data allowing validation
of climatologies based on satellite observationtodnake this data available to various
communities of potential users.

Sécurité Solaire data and the MOCAGE model: sequential monitori ng of exposure based

on meteorological satellites

This is an application of the MOCAGE (MOdéele de i@ie Atmosphérique de Grande
Echelle — Large-Scale Model of Atmospheric Chemjstrroject. This model, which is
already operational, forecasts UV indexes whichaargounced to the media by Sécurité
Solaire.

Convergence and complementarity of information leetv this system and other
measuring systems has not been studied.

Human behaviour with respect to natural UV radiati@view of the French data

Most of the information available to date comesrfrstudies of the populations of other
Western countries (Australia, Canada, Great Britdie Scandinavian countries), which
also provide methodological principles and compeeatlata. The French data is rather
limited.

The SU.VI.MAX cohort :

The SU.VI.MAX cohort is a national cohort of voleets participating in a controlled

trial concerning food supplements, which includesen relating to studies of exposure
to ultraviolet radiation. This study supplies infation about the phototype of the
population and analyzes behaviour by classifyirdjviduals on the basis of their sun
protection and exposure habits. The limitation lois tnational cohort in terms of

knowledge of UV exposure lies in its demographipresentativity, as all volunteers
belong to the generations born between 1930 an@. 196

Montpellier child study

A 1993 study, based on a self-administered questios, of 573 children aged 3 to 15

in the Montpellier area, sought information on esyo@ to the sun during the summer of
1992. Exposure to UV radiation during the summes w@nsiderable, exceeding 6 hours
per day in some cases, which for an entire summmeuats to 366 hours of median

exposure. This one-off study was not repeated, mndther geographical areas have
been covered.

Health Examination Centres study
This was a national study conducted in 2001 onnapta of 33,021 individuals aged
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over 30 years old, resident in France, during @earnzed multicentric interventional
trial for prevention and early diagnosis of skimear in health examination centres.
This study mainly provided information on how infeed the adult population is
concerning exposure to the sun. It was not interidaxbllect information on exposure
itself, nor to determine the time budget of thaseayed with respect to UV exposure.

Exposure to artificial UV radiation

Information on exposure to artificial UV radiaties highly fragmented in France. In
practice, only two studies estimate such exposayethe SU.VI.MAX study, which
found that 22 per cent of women and 8 per centai hmve used a tanning device, and
b) the Health Examination Centres Study, which stbwhat 2 per cent of subjects
frequent tanning booths. The financial data for ithetustry does not allow analytical
examination of this business, which according tovmfacturers is growing.

Conclusions of studies on human behaviour with eespo UV radiation in French
population groups

To date, there are no general studies of the Frpaphlation, covering all age groups,
on human behaviour regarding natural or artifitis radiation. The studies that have
been conducted have served to validate the quesii@s and a methodology. The
behaviour of teenagers and young adults, howesemntirely beyond the scope of these
studies, although these age groups are a commeaggait for tanning booth businesses
and are important for campaigns aimed at betterimihg the public about the risk of

UV radiation. Although childhood is the period dg€lwhen intense exposure may have
a substantial impact on the subsequent risk ofarartbe only study available on this

aspect dates from 1993.

UV exposure and occupation

There is little documentation on work-related expesto UV radiation. An evaluation
of such exposure by occupation was made as part epidemiological study on ocular
melanoma. In the absence of usable data from neasmts, UV exposure was
evaluated on the basis of the judgement of incaldigalth experts.

Exposure to natural UV radiation (outdoor occupations)

Outdoor occupations involve exposure to solar UMiaton. The intensity and
frequency of such exposure may differ substantiayween individuals having the
same occupation, depending on local circumstancesh@® individual’'s activities.
Seamen and fishermen are particularly exposedigaik, as are mountain guides, ski
instructors, swimming instructors, lifeguards, domstion workers, etc.

Exposure to artificial UV radiation

Some occupations can involve exposure to artificiproduced UV radiation. The
spectrum of artificial UV radiation can be subsiahyt different from that of solar UV
radiation. In particular, it can include UVC radiat (arc welding), which is especially
harmful.
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Cosmetic products and UV radiation

Sun protection products

Current scientific knowledge indicates that suntgrton products effectively protect
against erythema (sunburn). This protection is s&agy, but insufficient. There is no
parallel between the acute effects of ultravioliation, especially erythema, and its
chronic effects, because their biological mechasiane different. The disappearance of
sunburn due to the use of sun protection produmsequently does not guarantee an
equivalent reduction in skin aging and the riskaficer.

The acute toxic effects of sun exposure, especalyhema, are associated with the
dose received, and also with the dose rate; the intense the ultraviolet radiation, the
greater the risk of sunburn. Sunscreens reduceintiemsity of the radiation that
penetrates into the skin, and therefore the ddsearad the risk of sunburn. The chronic
toxic effects of sun exposure (skin aging, actikieratosis and squamous-cell
carcinoma) are the consequence of the total cumelaose of ultraviolet radiation
absorbed by the skin. If sun protection produotsused to sunbathe for longer, the total
dose absorbed by the skin will be very high, ang im& even greater if no warning is
given by sunburn.

The quantity of ultraviolet radiation that penedsatinto the skin, after application to
skin protected by a sun protection product, is ceduby a percentage that varies
according to the value of the protection factor )(RBun protection factor =
MEDprotectedMEDunprotectey. FOr example, a product with a factor of 10 b&O0 per
cent of UVB radiation, but allows 10 per cent tepghrough permanently. Thus if the
dose received by the skin is equal to the MED, aumlwill appear, and the more
intense the solar radiation the more rapidly it esyp, despite re-application of the
product. For a person with a fair phototype (whalsuns after approximately 20
minutes) using a sun protection product, this apoads to the onset of erythema after
3 hours’ exposure in the South of France in Junene hour’s exposure in the tropics.

Thus the incorrect use of a preventive measureimeiease the risk by suppressing
warning signs. Information about the correct useswh protection products should

therefore emphasize the fact that these produetsiesigned to protect the skin under
normal exposure conditions, but do not allow theetof exposure to be increased under
any circumstances.

Risks related to the association of UV radiatiothwtosmetic products other than
sunscreens and dietary supplements

The pathologies classified under the general tgghotosensitivity” are associated with
abnormal skin reactions to radiation in the UV argible spectra. These reactions may
be caused by either sunlight or artificial lightiszes, and they present a great variety of
clinical symptoms. Photosensitivity conditions niseydivided roughly into two groups:
genodermatitis, and photosensitive reactions tdaiceichemical and pharmaceutical
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products. In addition, many pathological conditionay be exacerbated and in some
cases triggered by UV radiation. Photosensitivectieas due to chemical products,

either systemic or topical, represent a problergrofving importance, as new products
are constantly arriving on the market. Once thegnts penetrate the skin, they may
absorb radiation and trigger an abnormal reactibime reactions induced by UV

radiation may be phototoxic, i.e. capable of afferthe entire population if the agent is
provided in sufficient quantity, or linked to a blemical and immunological reaction,

which affects only part of the population. Howevbagth types of reaction may be

triggered simultaneously by the same molecule énstime individual.

I nter national, European and national positions concer ning UV-emitting appliances

Appliances designed specifically for tanning wesedirted in an international standard
prepared by the International Electrotechnical Cassian (IEC). This standard came
into effect in 1985 and was amended in 1990 and X#C standard 60335-2-27). It
classifies UV-emitting appliances under four typepending on the power of the UVA
and UVB radiation emitted.

Pursuant to article 5 of Directive 73/23/EEC (ttenk:Voltage Directive), the European
Commission considers that the legislation goverrimg safety of UV tanning devices
used for cosmetic purposes (harmonized standar@@85-2-27: 1997) is insufficient.
The Commission consequently requires applianceBet@adapted to conform to the
harmonized standard, which will prevent changeshto international standards after
1997 (especially the 4tkdition, and its amendments 1 and 2) from beingraikto
account in the drafting of European standards.

A joint public health opinion issued by the radmilmal protection and health authorities
of five Nordic countries (Sweden, Finland, Norwageland and Denmark) in 2005
recommends, in keeping with the positions of irigomal (WHO, ICNIRP, 2003),
European (EUROSKIN, 2000) and national bodies Btench Academy of Medicine,
the French Dermatological Society, etc.), thateased safety precautions be taken in
the use of UV-emitting tanning devices.

As regards legislation, France has passed Decre®/r@l7 dated 30 May 1997 relating
to the sale and public availability of certain tamgn devices that use ultraviolet
radiation. The Decree is supplemented by threeutecorders. The important points
of Decree no. 97-617 may be summed up as follows:

- The classification of appliances follows that thie 1995 IEC 60335-2-27
standard. Only type 1 and 3 UV appliances are i

- It excludes phototype | subjects and minors fimimg these appliances.

- It provides for specific training for operatonsho must always be present
when tanning sessions are in progress (automait:service machines are
excluded).

- It provides for mandatory declaration of UV apptes to the Prefect, and an
initial inspection of appliances, followed by insfiens every two years. The
technical regulations that certified inspection iesdare required to follow are
set out in a circular.
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Conclusions

Conclusions of Afsse experts’ group

Exposure to UV radiation has a beneficial effechaman health, but the dose of UVB
radiation necessary and sufficient for vitamin Dhteesis is well below 1 MED per
week. Exposure to UV radiation also has harmfub@#, in both the short and long
terms, on the skin, eyes and immune system.

Exposure to UV radiation is carcinogenic for hunteings. This effect has long been
known for UVB radiation, whereas the mutagenicity WA radiation has been
demonstrated more recently.

Exposure to solar UV radiation is the main envirenial cause of both non-melanoma
skin cancer and melanoma. Prevention of skin camemgrires reduction of exposure to

the sun. Furthermore, the recent publication ofl@piological studies which indicate a

higher survival rate when the skin adjacent torttedanoma presents elastosis lesions,
or a reduction in certain tumours (lymphomas) assed with exposure to the sun, do

not justify the withdrawal of the recommendatiortlie European Code against Cancer
to avoid excessive exposure to the sun.

It was long believed that UVA radiation presenteddanger to health, and could be
used as a tanning aid. We know today that thisoistrue, and that the UV doses
received during artificial tanning sessions areealdw those received during natural UV
exposure, thus increasing the risks. Some epidegimal studies have failed to

demonstrate the existence of a major risk. Howether,recent publication of a meta-

analysis of nine case-control studies and of a lage prospective cohort study allows
us to assert today that tanning through exposueatificial UV radiation increases the

overall risk of melanoma by a factor of 1.25, ae.increase of one fourth. This risk is
further increased by early or frequent exposurea(figctor of 1.6 to 1.7, and in the case
of women who engaged in artificial UV tanning fr@@ to 29 years of age an increase
of 160 per cent). Furthermore in 2002, an Ameristudy showed that the risk that

users of artificial tanning devices will developuagous-cell skin cancer is multiplied

by 2.5, and the risk of developing basal-cell stéamcer is multiplied by 1.5. Increased
use of artificial UV radiation for tanning purposisstherefore a source of concern in
terms of public health.

As regards the establishment of limit values onssioin and exposure for carcinogenic
risks, the proportionality between the erythemale@fveness spectrum and the
carcinogenic effectiveness spectrum is fairly gosal,it does not seem necessary to
introduce multiplication of the action spectra. Téwgthemal effectiveness spectrum
may thus be considered as representative of aittstf

The use of sunlamps that only emit UVA radiatiortanning devices is inappropriate
from the health standpoint. All suntanning is apm®se to aggression by UVA and
UVB radiation, and the most recent studies have atstnated that UVA radiation
induces mutations and cancer. In addition, it isnigaUVA radiation that causes
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photoaging.

There are a number of medical reasons for the ppitadn of cosmetic products in
tanning booths:

- The application of water/oil or oil/water prepaons on the stratum corneum
and the epidermis induces increased penetratibVéf and UVB radiation.

- Topical preparations can convey photosensitizinghototoxic or
photoallergenic substances that cause abnormaliaesc increasing the
genotoxicity of UV radiation.

- Any use of topical products containing photopobive agents, such as UVB or
UVA filters, changes the radiation received by Ibdeger cells in an
unpredictable and potentially dangerous manner.

As regards the use of antioxidant preparationaking oral products intended to protect
or restore the natural defensive capacity of théegmis, the results obtained to date are
too fragmented and incomplete to allow us to recemsnsuch practices during
exposure to natural or artificial UV radiation.

The experts’ group adds its voice to the many weaymiand negative judgements
concerning tanning by artificial sources issuedabsariety of national and international
public health bodies (WHO, ICNIRP, EUROSKIN, NRABance’s National Academy
of Medicine) and unequivocally advises against tise of UV tanning devices. In
addition, the experts’ group wishes to retain tlasification of UV-emitting appliances
used for tanning purposes as set forth in the NFBEBB5-2-27 standard, 4th edition,
2000.

Conclusions of the InVS experts’ group

Three complementary sources of data are currendiladle for measuring the natural

(environmental) exposure of the French populatmobV radiation.

- The European SoDa programme measures solar radigtiground level through
observations made by meteorological satellites, esitmates the proportions of
UVA, UVB and erythemal UV in solar UV radiation féirance’s entire territory,
divided into squares 5 km to a side. It providemdy, monthly and annual database
dating back to 1985.

- Two ground-level solar ultraviolet radiation spattmeasuring stations in Lille-
Villeneuve d’Ascq and Briangon-Villard St Pancraeee equipped with UV
spectroradiometers which record the spectrum @l ®adlar UV irradiance at 30-
minute intervals. The scientific purposes of thése measuring stations, which
operate as a network, are to study the naturahbgity of this radiation and the
parameters that modulate it, to detect the long+-teeends, and to provide spectral
UV data allowing validation of climatologies baseal satellite observation and for
biological, medical and atmospheric chemistry agaions.

- Lastly, Météo France and Sécurité Solaire publigieptions of the UV index (a
general indicator of solar UV radiation) for metoitan France from May to
October.
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Considering the impact of intermittent exposure #redrole of exposure in childhood,
information on human behaviour with regard to UMiagion is very important in the
analysis of UV risk. Most of the information avdila today stems from studies of
Western countries’ populations (Australia, Canadbe United Kingdom, and
Scandinavia). The data on the French populatisonsewhat limited, and mainly based
on three studies:

- The SU.VI.MAX cohort, a national cohort of 12,7¢&lunteers participating in a
controlled trial of dietary supplements. The col@s provided information on the
skin phototypes found in France and the subjeat$ialiour with regard to UV
exposure: 22 per cent of women and 8 per cent of iegorted that they had used
artificial UV radiation.

- A 1993 cross-sectional study, based on a selfiadtered questionnaire, of 573
children aged 3 to 15 in the Montpellier area, wWhéstimated the exposure to UV
radiation over the summer.

- A national study, conducted during a randomibea for prevention and early
diagnosis of skin cancer in Health Examination @=ntThis cohort of 41,143
adults over 30 years of age provides informatioradults’ attitudes with regard to
exposure to the sun, but was not intended to daliéarmation on exposure itself.
In this study, 2 per cent of subjects reported thay use sunbeds, but this figure
needs to be measured more accurately.

Individual dosimeters allow direct measurementhef YV dose received, in addition to

the data from questionnaires, and have been usewagure the exposure received by
children or adults in ordinary daily activities on holiday. Although certain studies

included French subjects, no study to date hasunedghe long-term exposure of the
French population to natural UV radiation.

In conclusion, to date there are no general studfiéise French population, covering all
age groups, on human behaviour with respect toraatu artificial UV radiation. The
behaviour of teenagers and young adults is entlielyond the scope of these studies,
despite the fact that these age groups are a cariahrget for tanning businesses and
are important to campaigns aimed at better infogntine public about UV risk.

Work-related exposure to UV radiation is not weticdmented on the whole. It has
been evaluated by determining indices of exposoireatural and artificial ultraviolet
radiation for each occupation. Outdoor occupation®lve exposure to solar UV
radiation of an intensity and frequency which vaneatly from one occupation to
another and between individuals having the samepaton. Seamen, fishermen and
mountain guides are particularly exposed occupaticategories. Some occupations
can involve exposure to artificially produced U\diation. This artificial UV radiation
can be substantially different from solar UV raabiat In particular, it can include UVC
radiation (e.g. arc welding), which is particulanigrmful.

Recommendations

Recommendations by the Afsse experts’ group
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1. Exposure to the sun

Ultraviolet radiation plays a vital role in life agarth, yet exposure to solar UV radiation
is the primary cause of skin cancer (the incideoicevhich is rising in a great many
countries) and a major cause of cataracts. Thethheaithorities should introduce
measures to reduce the risks of exposure to bdtirataand artificial UV radiation to
improve the health of the populations for whichytlaee responsible.

The health authorities can make a significant douation to reducing exposure to
ultraviolet radiation by creating shady areas & btops, playgrounds, rest areas and
schools, encouraging photoprotective measures hoots and recreation centres,
inducing responsible behaviour on the part of besses providing access to tanning
devices or to natural solaria, and providing plehinformation liable to influence the
public’s knowledge and behaviour via the media.

Within the general population, children should Ipedfically targeted, as they spend
more time outdoors than adults and are more atafigke carcinogenic effects of UV
radiation. The development of good habits in clolotth helps substantially in ensuring
regular use of suitable photoprotection in adulthoo

A preventive approach

* Increased use of the UV index

Efforts to inform the public can be based on mordeapread use of the UV index, a
simple indicator of solar intensity. These projest, made by the national
meteorological agency, should be extended to asfagng tourist activities, summer
resorts in the mountains, public swimming pools,usement parks, etc. Better
knowledge of the UV index and the personal probectmethods associated with
different levels would certainly influence peopldiehaviour and make it possible to
reach them with simple messages on the preventiskim cancer.

* Preventing photo-induced skin cancers

As excessive exposure to the sun plays a fundameiain initiating and promoting
skin cancer, so prevention necessarily involvesiced exposure to the sun from the
earliest childhood years.

The aim is not to impose sweeping photoprotecti@asares on the entire population
and throughout life, but rather to inform our feli@itizens about the dangers of UV
radiation and to advise them as to ways of pratgdthemselves from it, particularly for
individuals in the paler phototypes, people withngnanaevi and people exposed to
intense sunlight.

The medical and paramedical professions are thedt@sed to deliver messages on
primary prevention, many of which are simply commsemse advice: teach people how
to assess their own skin’s sensitivity to sunligamind them that they should avoid the
hours when sunlight is most harmful (between nowth 4 p.m. in summertime), make
clothing the first line of defence (tightly-woverotton clothing provides simple,
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inexpensive protection), recommend the use of &dhotoprotection, with the aim not
of increasing the number of hours of exposure bptatecting skin areas that cannot be
protected by clothing, limit exposure to artificidVA radiation, and prohibit minors
from using sunbeds.

Protective sunglasses are recommended from an ageyduring sports and outdoor
activities. The material should be suitable forldden and ensure sufficient UV
filtration.

The foremost target of primary preventive educasibauld be parents, not only because
they can control how much their children are exdodeit also because they can serve
as an example for adolescents (who are exposeddamuch) and give them advice.
Photoprotective measures should begin in the sagfigars of childhood, as the habits
developed in childhood will then have every chaofcgersisting into adulthood.

» Attract the attention of the resident populationd gourists

- The attention of the resident population and tasirishould be attracted by
billboards carrying photoprotection messages astlidution of information leaflets
in busy areas and areas where the risks of ovesexpare high (stadiums, training
grounds, public swimming pools, parks and gardénesseaside, etc.).

* Educational strategies

As regards education, a multidisciplinary approdoh sun protection should be
encouraged at all educational levels. It is impdrt@ inform the staff in charge of
outdoor activities, educate people who run actsifor children, adolescents and adults,
and encourage parents to follow the recommendatibttse sun protection programme
before children go to school or leave for outdocivities. Information about sun risk
prevention should be given in schools.

Proper use of sun protection

The experts’ group recommends effective use ofpsatection items, but this term must
not be taken to mean topical UV filters alone. Suatection involves a number of
measures designed to reduce exposure to ultravadettion:

- Stay in the shade.

- Limit exposure during the hours when the sumeiar its zenith (noon-4 p.m.).

- Wear protective clothing.

- Wear a wide-brimmed hat to protect eyes, fackratk.

- Protect your eyes with wrap-around sunglasseampbong with the
recommendations of the European Commission.

- Use topical sun protection products with a pratectactor of 15 or higher on areas
not protected by clothing.

- Keep children under one year of age out of the sun

Draft recommendations concerning the labelling wf gprotection products are being

Afsse — Evaluation of ultraviolet radiation expasuisks — May 2005 -21-



developed by Afssaps. This project is designedarmbnize the methods of evaluation
and labelling of sun protection products, simpliigchnical information, classify
products in a limited number of categories to feat#® choice by consumers, and
provide information on proper use of sun protecpooducts to consumers.

2. Tanning facilities

The UV radiation received in tanning sessions deddo natural UV radiation, and thus
contributes to skin photocarcinogenesis. Thereasproof that the use of artificial
tanning devices is less dangerous than exposubetsun; it is therefore recommended
that people should not expose themselves to aatifitv sources.

Considering that exposure to UV radiation in gehshauld be limited, the use of UV

tanning devices for other than medical purposesaabe recommended. However, if
they are used, the experts’ group considers thainkcessary to limit the risks for users
by limiting the annual UV doses and providing ussith all the information they need

to reduce skin damage and all other health tidksaddition, it is important that tanning

device operators be sufficiently well acquaintedhwihe risks associated with UV

radiation to help users reduce their personal astl to avoid improper use of the
appliances. In view of the importance of this pasized advice and of direct control,
the use of automatic appliances is not acceptatderany circumstances.

The experts’ group recommends that people agedruh8eand those who are

particularly sensitive to ultraviolet radiation {iskphototypes | and Il) should be

strongly advised not to use artificial tanning ded, and supports the view of the
WHO, which recommends that individuals should ne¢ tanning devices if they are
phototype |, have numerous naevi and/or freckledfeed frequent sunburn in

childhood, present pre-malignant or malignant s&sions or sun-damaged skin, have
applied cosmetics or take medicines which couldeiase their sensitivity to ultraviolet

radiation.

The health authorities have an important role taypih discouraging exposure to
artificial ultraviolet radiation, at least in thedations devoted to physical exercise that
are under the authorities’ control (swimming poglgnnasia etc.).

In practical terms, the health authorities could:

- put a stop to advertising claiming that the uséaohing devices carries no risk and
may be good for one’s health, and stop the promaifaartificial tanning;

- introduce or strengthen legislation in order toueashat tanning device operators
provide accurate and adequate information to thestomers;

- more strictly control the age limits at which custrs can be admitted (over 18
years);

- conduct occasional inspections to ensure that egtegiion is actually used and
proper hygiene is maintained;

- provide specific guidance for adolescents on thegdes of artificial tanning (sun
protection programme).

L The representative of the French National Acadeheaticine on the experts’ group took a differeptroon on this point. See
Chapter VII.2 and Annex.
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Current French legislation provides that irradiamcéhe UVB band of type UV-1 and
UV-3 appliances must not exceed 1.5 per cent of tbal UVA + UVB irradiance.

For the sake of clarity and ease of interpretatibis, provision could be replaced by a
reference to the tropical sun at the zenith.

The effective irradiance of a tanning device shooutd exceed the irradiance of the
tropical sun, and the spectral distribution ofrédiation should be fairly close to that of
the tropical sun. The irradiance and spectral iBigion should meet the specifications
for type 3 UV appliances as defined in the Eurodelrc0335-2-27 standard (1997).
The UV index of a type 3 tanning appliance is agpnately 12, the equivalent of a
tropical sun. If the proposed changes in IEC stah@®335-2-27 were implemented,
they would allow a UV index of 24 — a level of espoe not reached naturally
anywhere on earth.

Most medical and scientific bodies, learned soegetind international organizations
recommend avoiding exposure to artificial UV raiat If some people choose to
ignore these recommendations, however, it is abldés® set certain limits: 100 Jm
Eet for first exposure to UV appliances, and total alraxposure of three series of ten
sessions for melano-competent subjects of photayé5 kJ.m?) and phototype IV

(21 kJ.n).

This does not mean that the use of UV devices ptes® health risks. The formula

used to calculate risk has predicted a significeskt of non-melanoma skin cancer, and
some clinical trials have shown a significant iase in the risk of melanoma above ten
annual exposure sessions.

Regulatory changes

The working group proposes the following changeth¢oregulations:

- It is recommended that the exposure time offdngdunbed timers be limited by
indexing it to the total power emitted by the apptie, such that the latter cannot
deliver more than 8 SED units.

- All melano-compromised subjects should be infednthat under no circumstances
should they be exposed to artificial UV radiation.

- The prohibition on minors should be strictly ermied.

- Following the recommendation of the WHO, thetooser should be required to
complete, sign and date an informed consent forfarédbeginning any series of
artificial tanning sessions. One copy of the fosiiar the customer, while the other
must be preserved for two years by the tanningnsalbis document, which must
be presented at the request of inspection offi@sshe latter are defined by the
regulations, would provide more precise informatoonthe use of tanning devices
(see the annexed draft consent form).

- The working group suggests that only type 3 iapgks be allowed under French
regulations; this will simplify inspections and a&vdhe dangerous appliances that
attempts to deregulate the industry would bringpdhe market.

- Advertising and promotion of tanning devices afdhe establishments making
them available to the public should be prohibited.

- All claims that exposure to artificial UV radia offers health benefits should be
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prohibited.

- The power of UV tanning devices should be limhite that of a tropical sun (UV
index 12, or 0.3 W/feff (weighted by the erythemal effectiveness spa}. This
proposal would align the French position with tb&the Scandinavian countries,
where over 35 per cent of the population uses UMiapces but people are much
less exposed to the sun than in France.

3. Other UV sourcesdesigned for domestic or industrial use

Some “broad-spectrum” sources supposed to reprdtiecsolar spectrum, including its

UV components, are currently on sale. These soweesffered for direct lighting use

instead of ordinary tubes and lamps, especialljhéone lighting and the construction of
solaria, and in the workplace. The risks which mosttaken into account relate in
particular to the acute and long-term ophthalrsksj the risk of photosensitization and
the risk of skin cancer.

At the request of the experts’ group, Afsse comiois=d the Laboratoire National
d’Essais (French National Test Laboratory) to penfoirradiance and spectral
distribution measurements in various configuration®lving “broad-spectrum” lamps
and tubes for domestic or similar use. While tingt fiesults on a single model of lamps
and tubes show that the UV emissions are negligibleiew of the results of tests on
other lamp models it may be necessary to estalliggulatory framework on the basis
of the Council Directive of 19 February 1973 he regulations relating to the sale and
availability to the public of certain tanning desscthat use ultraviolet radiation could
then be extended to all UV-emitting sources maddave to the public.

When selling broad-spectrum lamps, manufactureds distributors should therefore
inform consumers of the risks of prolonged exposiardJV radiation, and clearly
explain the proper practices for use of their patsiuln fact, it seems that most of these
products are not used for their initial purposey.(éhorticulture or industrial use).
Statements that this type of lamp may have a baakfffect on health, or even that
they can be used for ordinary day-to-day lightislgould be prohibited. Their use in
premises open to the public, and especially todobil, or as lighting in workplaces,
should consequently be prohibited.

InVS recommendations

To improve knowledge of the exposure of the Frgpahulation to ultraviolet radiation
and knowledge of the effects of such exposure erhtalth, the InVS working group
has issued the following six recommendations.

 Recommendation 1: Improving knowledge of environmental exposure to UV
radiation

As regards environmental exposure to ultravioldtaion, two complementary systems

2 Directive relating to electrical material desigrieduse within certain voltage limits, which reqesrtechnical measures to be
taken to ensure that dangerous radiation is natymed.
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exist, which must be supported and whose consigteimauld be encouraged: a satellite
measuring system and a system based on groundaf@aeduring stations.

These two systems are wholly complementary: thellgat system is based on
measurements and a calculation that provides acgndring the whole country, while
ground-level measurements enable the model to bdated in several atmospheric
situations. Coordination of these projects shoel@&bcouraged.

Measurement of the exposure to UV radiation througthe French territory has been
conducted, but only partly exploited. This projetiould be encouraged in order to
create an ultraviolet radiation database for thelavlcountry and evaluate and monitor
exposure by associating it with a geographicalrmfition system. This would produce
a digital atlas of the distribution of exposureU¥ radiation, and a major source of
reliable data for evaluation of the health impaichatural UV radiation. There would
also be a regional quantification of the risks iftedent population categories.

The convergence and complementarity of these pmojedth the Météo France
MOCAGE model should also be systematically studied.

* Recommendation 2: To improve knowledge of behaviour relating to natural
and artificial UV radiation

It is essential to evaluate practices relating xposure to natural and artificial UV
radiation by all age groups of the population, uddhg children, teenagers and young
adults. The current French studies do not covemthale population, and do not focus
on the teenage and young adult age groups, whigh th@ most leisure time and are the
commercial target of tanning businesses.

Studies based on existing validated questionnastemild be conducted in several
regions of France to take account of the differene distribution of phototypes,
sunshine and behaviour in relation to natural anidicgal UV radiation. Intermittent
exposure during holidays should be evaluated, gty for children. The practice of
exposure to artificial UV radiation (sunbeds) sliodle specifically studied, by
describing the financial data for this market (whibave never been published),
investigating practices, and endeavouring to drgwmore accurate profiles of the
people who frequent these centres, the histonheit exposure to UV radiation, and
their motives. Several current cohort studies (&dahd children) have been organized
to give more information about environmental anttihanal exposure. The addition of
a “UV exposure knowledge” arm could be envisaged.

If these studies are repeated, the impact of ptenerampaigns could be measured,
and their messages adapted if necessary.

* Recommendation 3: Toimprove knowledge of advertising messagesin relation
to exposureto UV radiation

The social representations that support and engeuexposure to UV radiation of
natural and artificial origin should be analyzeche$e representations, which are
strongly present in advertising messages, eitlrectlly or indirectly, are a major part of
the reason for exposure to UV radiation. Thereatse open advertising practices aimed
at the general public, networks of beauty treatmpmfessionals, and health
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professionals. These messages probably represenm#jority of the information
messages regarding the UV risk received by the lptipo, and are only moderately
counterbalanced by health education messages. kdgel of these advertising
campaigns, analysis of their impact on the behavabpopulations, and the conformity
of the messages with legislation should be sysieait pursued, as should work on
knowledge of the social representations of UV exypesThis project could be included
in the terms of reference of the National Healtv@ntion and Education Institute.

e Recommendation 4: To improve knowledge of occupational exposure to UV
radiation

Some jobs are particularly exposed to solar orfi@gdi UV radiation. Better
characterization of occupational exposure to aréfiUV radiation seems necessary.
This characterization of exposure could be usefultifie conduct of epidemiological
studies designed to confirm and improve knowledd§ethe health risks of such
exposure, and would allow the introduction of duliggpreventive measures.

* Recommendation 5: To coordinate actions in the field of knowledge of
exposure to UV radiation: proposal for an observatory of human exposure to UV
radiation

The actions required to improve knowledge of theuytation’s exposure to UV

radiation are based on a wide variety of skillseifhntroduction and development
should be designed to cover different fields of E©Xposure. This requires a global
approach, a concerted strategy between the paredved, and an operational
structure. Such an approach could be coordinatea bydy which could be called the
“Human UV Radiation Exposure Observatory”, and wilobke responsible for these
actions and the production of indicators.

Such an observatory should employ metrologists lfamwith the physics of UV

radiation, skin cancer epidemiologists and dernogists. It should guarantee the
consistency of actions in the field, and ensuré¢ shadies of the UV risk exhaustively
cover the various population categories and exgogractices.

It is not essential for this body to have an inaemnt administrative structure:
agreements between establishments could goveapétsation, and InVS could handle
its administrative requirements.

 Recommendation 6: To improve knowledge of the effects of UV radiation

Non-melanoma skin cancers (squamous-cell and lsaflatarcinoma) are not subject to

epidemiological surveillance in France. Knowleddethe incidence of these cancers
does not necessarily require the creation of regstn view of the moderate severity of
these carcinomas, the complexity of the health catevork that identifies them and

their social consequences (e.g. an inability t@imbbank loans), which suggest under-
declaration, the methodology of these studies shdid adapted and tested at a
feasibility stage. Knowledge of the incidence didas indicating strong UV exposure,

such as naevi, should also be obtained, primdrityugh feasibility studies.
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The organization and repetition of population stégdcould enable indicators of the
history of past exposure to be obtained at indiaidevel.
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ANNEX 1: Evaluation methods for cosmetic sunscreeproducts
(extract from Afssaps report)

The efficacy of sunscreens in protecting againstsiiort-term effects of UV radiation
can be evaluated by measuring protection factotis thie aid ofin vitro and/orin vivo
methodologies

As regards the long-term effects of UV radiatidrere is currently no scientific proof
that the use of sunscreen protects against anydwall effect. The methods of
evaluating the action of a sunscreen on a biolbgitfact are indirect measurements
performed with the aid ofn vitro techniques (genome protection, inhibition of
biological cell effects, and protection againstfjohionmunosuppression).

Protection factors

(Afssaps Sunscreen Working Group /Minute no. 2/Ma2003, Minutes nos. 3 and
4/April 2003 and Minute no. 8 of 15/12/03) [10].

Preamble

The labels of sunscreen products usually includeding of the following kind:
“contains UVA filters”, “with UVA filters”, “broadspectrum protection”, “extra-broad
UVA and UVB absorption spectrum,”, “100% anti-UVAYB/IR”, “blocks short UVA
rays”, “30A UVA protection factor”, “Reinforced UVAprotection”, “UVB 30/UVA
307, “25B 7 A", “SPF 30, UVA factor 10", “SPF 60PD 55, PPD 12", “broad spectrum
according to Australian standard”, etc.

These indications, which are based on differentsmesment methods, cause confusion
among French consumers rather then providing irdtion.

Moreover, awareness of the biological effects aased with exposure to UVA
radiation has accelerated the development and mmagkef sunscreens offering
protection against UVA radiation [10 (1), (4), (7)3)]. However, there is currently no
standardization of the anti-UVA protection factpranted on products. This situation is
due to the difficulty of defining UVA protection,nd associating a standardized
evaluation method with it [10 (16)]. In the field mternational harmonization and
standardization, the present aim is to develop nglei validatedin vitro method
correlated with then vivo PPD method. However, UVA labelling does not cursent
enable users to tell which of two products with Hane sun protection factor (SPF)
offers the greatest protection against UVA radratio

Principles and aims of methods used to determioggtion factors

The methods used to determine protection factonshbsaimplementedn vivo or in
vitro, but are not based on the same principles.



In vivo, measurement of the SPF (Sun Protection Factorpsed on the erythemal
response to UVB radiation, while measurement of-dAMA factors is based on
Immediate Pigment Darkening (IPD) or Persistentrféigt Darkening (PPD).

In vitro, the principle of methods for determining the podive efficacy of sunscreens
is based on the Beer-Lambert law, which involvesasneing the absorption spectrum of
the filter in solution, or of the product applied & substrate that simulates the skin
texture, by transmission spectrophotometry.

The efficacy of protection against UVB or UVA ratiga or both, or their effects on a
skin response, is then determined by calculatieggtilantity of “effective” energy that
reaches the epidermis in both UVA and UVB radiatisith and without taking into
account the action spectrum of UV radiation for daenage in question.

In vivo methodologies used to determine protection factors

In vivo determination of UVB protection factors

Thein vivo method used in Europe to evaluate protection ag#ie short-term effects

of UVB radiation is the one established by COLIP&Y4) in humans [9]. It defines a
sun protection factor (SPF) based on the ratio éetwhe minimal erythema dose on
skin protected by the product (MEDp) and the minier@thema dose on unprotected
skin (MEDnp).

The advantages and limitations of the $®P#vo include the following parameters:

e Advantages:
- The method used to evaluate protection agamsshort-term effects of UVB
radiation (SPF) established by COLIPA (1994), whishwidely used in
Europe, is currently being revised in order to hamipe and globalize the SPF.

- Protection against solar erythema is directigleated.
* Limitations:

- The method of evaluating protection against shert-term effects of UVB
radiation (SPF) requires modifications to the mdtiogy, especially as
regards the number of subjects (the minimum shbaldhanged to 10 and the
maximum to 20), the 95% confidence interval, folichithe standard deviation
from the mean should be under 17%, a reductior2éé in the doses of UV
radiation for high SPFs, and redefinition of theardcteristics of the solar
simulator).

- The dose used in trials (2 mgRnis approximately 3 times higher than the
amount currently used by consumers.

According to the experts in the group, the UVB éaaibtained by determination of the
SPF (COLIPA method) should not be an average faeiibra 95% confidence interval
that must be under 17%, but a determination ofni@mum SPF (COLIPA method)
that protects 90% of users or a duly validated edent methodology, as proposed by
the experts.



Deter mination of UVA protection factors [10]

= Invivo methodologies designed to determine UVA protectamtors

France is one of the few European countries tamuse/o methods of evaluating UVA
protection factors. These methodologies are basaabservation and measurement of a
biological response by the skin which is speciicUiVA radiation: IPD (Immediate
Pigment Darkening) or PPD (Persistent Pigment Darkp. As regards the factors
printed on packaging, different wording is possiblepending on the methodology used
and the country from which the product originateés present, there is no
standardization of the UVA protection factors pethon products.

- Erythema protection factor and phototoxic protection factor

These methods are based on measurement of theemgytlor pigment darkening

induced, and calculation of the protection faciorilar to that of the SPF. This method
Is rarely used nowadays, as it is unreliable. Tihetqoxic method required the use of
psoralens, which is ethically unacceptable.

- IPD: Immediate Pigment Darkening

The pigment darkening induced by UVA radiation a®sult of oxidation of melanin
and its precursors (the Meirowski phenomenon) isasued immediately after
irradiation and for 15 minutes thereafter. Thisnsgigment darkening, which appears
shortly after exposure to UVA radiation, is tempgragartly reversible when exposure
ends, and oxygen-dependent. When exposure ends;otbar fades gradually but
rapidly for two hours, and then fades more slowdy £4 hours. The skin colour
observed within two hours is called Immediate PigmBarkening (IPD), and that
observed subsequently is called Persistent Pigiarkening (PPD). The wavelength
which is most effective in inducing IPD is arourdD3m. The dose/response curves are
linear above 4 J/cAfil0.(11)], [10.(12)].

An IPD protection factor is obtained by calculatihg ratio between the doses required
to produce the response with and without sunsaeehed to the skin, as in the case of
the SPF.

* Advantages: the methodology is easy to use.

e Limitations:

- Unrealistic UVA doses (1-6 J/&n

- Photoinstability of filters not taken into acedwue to low doses.

- Measurement taken in the area in which pigmarkehing fades rapidly (steep
slope), causing the protection factor thus obtatodae overestimated.

- Pigment darkening is relatively difficult to ass. As the reading is taken
shortly after irradiation, pigment darkening may bestaken for thermal
erythema.

- Uncertain reproducibility.

- Its clinical significance is considered low bynse critics, because the action
spectrum of IPD is different from the action spaatf erythema, skin cancer
and photoaging.

- Only volunteers belonging to phototypes Il,dtid IV are included in the test.



- PPD (Persistent Pigment Darkening)

This method derives from IPD. The pigment darkenmiuced by UVA radiation is
measured two hours after irradiation, i.e. when daekening has stabilized. The
calculation is performed in the same way as for.IPD

* Advantages:
- The doses of UVA radiation applied (15 J&@mre more realistic than for IPD,
and the photoinstability of filters is taken intocaunt.
The measurement is taken in a stabilized aregigrhent darkening, which
makes the reading more reliable.

e Limitations:
- The cost of the method, largely due to the fHwt the volunteers are
immobilized for a fairly long period, from irradiah to reading.
- Only volunteers belonging to phototypes Il,dHd IV are included in the test.
The problem of the action spectrum is the samerkD.

= Invitro methodologies used to determine UVA protectiondesct

In vitro, the Sayre/Agin [10.(14)] and Diffey/Robson [10.(5)]10.(6)] method, used

since the 1990s, involves a comparative measurematht the aid of an integrating-

sphere spectroradiometer, of the transmission 28thnm to 400 nm every 5 nm, the
specimen being subjected to UVA radiation from @bk known source covering the
whole of the UV spectrum (xenon not filtered).

The intensities of the UVA radiation transmittece aneasured by a detector after
passing through a monochromator. The monochrompatitection factor (mP¥# is the
ratio of the UV intensities recorded at a wavelbrigbefore and after application of the
product.

Different protection factors can be calculated fribra monochromatic values obtained.
The main methods of calculation and the variationghe basic method are set out in
the table overleaf:
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- Australian standard ASNZS 2604, 1997

The official Australian method (AS/NZS-2604, 199%vised in 1997 and 1998)
involves determining the transmission values ofdpats tested between 320 and 360
nm. The products must block at least 90% of UVAiaddn out of the whole range
defined. Four methods are proposed: the first teoducted in a quartz cell, measure
the percentage transmission of the product in mwiuh a solvent mixture, while the
last two measure the transmission of the produgliegpto quartz plates.

If over 90% of the radiation is blocked, the pradcenforms to the Australian standard.
This method is not very representative of real dmmts, but offers good
reproducibility. It takes little account of long Wadiation (UVA1) [10.(17)].

- APP Method / UVA-Protection Percentage
A similar methodology, but a different method ofoceation.

- Boots star rating system

Boots is the market leader for sunscreens in the Th¢ company has developed and
implemented a UVA protection labelling system. THéA protection is indicated by
stars: one star corresponds to “moderate”, and $tars to “maximum”. The system is
based on measurement of optical density valuesesepted as a function of
wavelength, and calculation of the areas per wagtheunit under the UVA and UVB
portions, by integration, of a specimen appliead twubstrate that simulates the porosity
and texture of the skin.

The result is evaluated by calculating the ratidotdl absorption in the UVA spectrum
to total absorption in the UVB spectrum, called théA ratio. However, this method is
not representative of real conditions.

- Critical wavelength method

The critical wavelength method evaluates the umfty of the absorption spectrum of a
sunscreen. The critical wavelength is the wavelerigim which the integral of the
absorption spectrum curve reaches 90% of the iatdgtween 290 and 400 nm. If this
value is between 340 nm and 370 nm, the producbisidered to offer a certain
protection against UVB and UVA radiation. If thelwa exceeds 370 nm, the product is
classed as “broad-spectrum”. This method is oftensidered to be insufficiently
discriminating.

= Choice of method used to determine UVA protectactdrs

The reviews of methods presented in the literatiorénot give a clear-cut opinion of a
particular methodology [10(10)], [10(12)], but degeon which biological or radiation
effects the authors are interested in, and theraspectrum they focus on.

A combination ofin vivo andin vitro methods is often considered to provide the most
reliable evaluation of UVA protection.

The PPD method seems to be the most popalaivo method today, although some



authors consider that its significance is insuéiiti (action spectrum mainly active
around 340-360 nm). This method has formed theestilgf numerous validations,
especially by French manufacturers’ teams, whoseclasions indicate that it is
sufficiently precise and reliable.

Some publications show that PPD allows the levelsratection against UVA-induced
cell damage to be quantified.

The PPD method has been tested and accepted Bgpghaese Association of Cosmetic
Manufacturers as the official UVA evaluation anddlding method for sunscreen
products in Japan since 1 January 1996 [10. (3)js Ts thein vivo method most
commonly used, but manufacturers are working ordeéheslopment oin vitro methods
correlated with PPD.

= Conclusion

Despite its weaknesses, the PPD method currentlgaap to be the most interesting of
the various approaches proposed to evaluate UVEegtion. The method proposed by
the DGK (German Society for Scientific and Appli€dosmetics), with which
encouraging results have been obtained, is alsthwarf attention. The new methods
under development and their correlation with ergtnethods, especially PPD, should
also be taken into consideration in future

Summary of methods of measuring sun protection faots that protect against the
short-term effects of UV radiation:

Parameter measured | Methodology | Recognition of method | Reliability
ANTI-UVB FACTORS
Appraisal of erythema Invivo in COLIPA method widely | The new version should
humans used in Europe. finalize the standardization of
Undergoing the method, which is still
harmonization with a open to criticism
view to world
recognition.
Transmission Invitro: based
spectrophotometry on the Beer-
Lambert law
ANTI-UVA FACTORS
Photo-oxidative methods | Invivoin No international Bias (phototypes Il and V)
- Persistent Pigment humans validation
Darkening
measurements:
(reading after 2h) =
PPD
(immediate reading) =
IPD
Transmission Invitro: based| Under development at | Needs standardization due to
spectrophotometry on the Beer- | European level variations:
Lambert law - Diffey method
- modified Diffey method
(Australian standard)
- modified Diffey method




| | | (Boots method) |

The description of the methodologies used to meapustection factors gives rise to
the following comments:
- no opposition between then vitro (physical) andin vivo (biological)
approaches
- complementarity ofn vitro andin vivo methods (screening and photostability
in vitro, biological effectsn vivo)
- correlations betweem vivo/in vitro methods currently not well established,
and criticized.

= Invitro, the advantages and limitations of the tests deline following parameters:

e Advantages:
- UVA protection measurements (UVA/UVB ratio, bdospectrum, UVA
protection factor, etc.).
- Repeatability and reproducibility (in particulaiowing the implementation of
photostability studies).
- Simple, rapid, non-onerous methods allowing pldtcontrols for comparison
purposes and for quality control of products.

e Limitations:

- No reference standards.

- Measurement substrate: should be transparédsi tadiation, non-fluorescent,
photostable, compatible with the formulation, allogv even spreading
(pigskin, human epidermis atratum corneum, rough silica plate, adhesive
film such as Transpore™, polymethyl methacrylatd(fA) plates.

- Physical and optical limits of measuring appasafthe quantities applieith
vitro must be consistent with the physical limit of tipgparatus.

- Quantity of product applied and spreading teghei (obtaining a better
correlation with the SPin vivo while reducing the quantity applied to 0.75
mg/cnf.

- Lack of harmonization ofin vitro methodologies for determining sun
protection. The main difficulty involved is the expression dfet results in
terms of a sun protection level. In fact, whileghanethods are quantifiable,
there is no extrapolation in terms of sun protectio

- No evaluation on irradiated products.

= Invivo, as regards UVA protection factors, the followpayameters are among the
advantages and limitations of the tests:

e Advantages:
- The method used to evaluate protection agamesshort-term effects of UVA
radiation (PPD), which is standardized, has beeogerized by Japan since
1996 and used by many manufacturers [10. (8)].
e Limitations:
- No international harmonization of the UVA prdiea factors displayed on
products.



- PPD attracts criticism, especially due to the akvolunteers with phototypes
Il and IV. The question arises as to why PPD issgm as a measurement
parameter: for ethical (good marker for UVA erytte®m physiological,
financial or technological reasons?

- The experts query the significance of the UVAtpction factors displayed on
products, which are sometimes very high.

The present objective is to develop a single vididian vitro method correlated
with thein vivo PPD method

Methods used to evaluate the protection providedunscreens against photo-induced

ading

At present, there is no validated method of evalggthoto-induced aging.

In vivo studies have been conducted on animals, espebailgss mice, to evaluate the
dermal elastosis induced by UVB radiation afteesdpd irradiations.

Modelling tests to evaluate elastosis have alsm bmeducted, using mouse lines
transfected by a human elastin-coding gene.

Few in vivo clinical trials on photoprotection and skin agingve been conducted in
humans. The trials conducted were placebo-conttolend relate to skin biopsies
photo-exposed after application of a sunscreen.

Methods used to evaluate the protection providedunyscreens against UV-induced
immunosuppression [4]

Evaluation methods relating to photoimmunosuppoes@P1S) and photoprotection are
based on different experimental models in animald bumans (hairless and haired
mice, tissue explants, and healthy volunteers), éepglend on the type of immune
reaction evaluated ir{ vitro antigen-presenting activity by performing mixed
lymphocyte or lymphoepidermal cultures, and stagésnduction or detection of
contact hypersensitivity (CH) reactions and delaygde hypersensitivity (DTH)
reactions).

Studies conducted on humans only evaluate proteeafi@inst certain types of immune
reaction which are modified by UV radiation: stagésnduction and detection of CH
reactions, DTH reactions, number and antigen-pteggnactivity of LCs, and
production of cytokines.

In vivo, hypersensitivity reactions are used in animals #&odnans to evaluate
photoimmunological effects. The study models emaplPIS to be evaluated are as
follows:

- contact hypersensitivity reactions (CHR)
- delayed type hypersensitivity reactions (DTHR)
- allogenic presentation



- production of cytokines (interleukins, etc.).

Contact hypersensitivity reactions (CHR), and esplgcthe stages of sensitization and
detection, serve as models forvivo evaluation of the immunosuppressive action of
UV radiation. Inability to sensitize an individuadter application of hapten to irradiated
skin defines the concept of photo-induced skinrasiee. Applied to tumour neo-
antigens, this acquired tolerance demonstratesdlleeof PIS in promoting epithelial
cells that are liable to become cancerous.

It is often difficult to draw up experimental preotas relating to the induction phase, as
it requires the use of sensitizing agents (whi@aten irritants) and the formation of
different groups of healthy volunteers. The intgnsif photoimmunological effects
depends on the doses of UV radiation delivered,vamether the irradiation is acute or
chronic.

The implementation of experimental protocols relgtio the detection stage is easier,
as each subject known to be allergic can act @dsdriswn control.

Delayed type hypersensitivity reactions (DTHR) &xterial or fungal antigens affected
by exposure to UV radiation have recently servedtady models for evaluation of
various sun filters against PIS.

At present, there are no immunosuppression markbigassays or validated
experimental models which enable PIS to be evaluate

It is consequently impossible to define an immumppseassion protection factor (IPF)
and establish a correlation between protectionnasg#ie inflammatory skin reaction as
defined by the SPF and protection against alterataf skin immunity induceth vivo
by solar exposure.

The few studies that have endeavoured to compafe dRd SPF have given
contradictory results, in which the IPFs are highrelower than the SPFs. In view of the
diversity of the experimental conditions and théidilty of transposing the results
from mice to humans, it is currently impossiblectompare the SPF and IPF. However,
immunosuppression probably appears at a lower thasethat required to produce an
erythematous reaction.

Methods used to evaluate sunscreens in the preveami of photodermatitis

These methods are mainly usage tests, conducteat natural, spontaneous conditions
of exposure to sun under medical supervision @bgervation of polymorphous light
eruptions triggered by application of a produca tgkin area/control area).

Pursuant to the Huriet Act, they also include lalbary challenge tests designed to
trigger photodermatitis by planned exposure to WMiation. These tests are often
conducted on patients who suffer from polymorphdight eruptions; 30 seconds’
exposure at 0.5 J/énsan be enough to trigger polymorphous light eruggion some



patients. UVA sunscreens with a very high protecfactor are required for this type of
patient.

Methods of evaluating photogenotoxicity
(Afssaps Sunscreen Working Group /Minute no. 4/Ii2003) [11].

There is currently no validated method allowimgvivo evaluation of the protection
provided by sun filters against the long-term efeaf UV radiation, especially on the
DNA. The protection provided by sunscreens agdimstappearance of skin cancer is
usually evaluateth vitro andin vivo with animal models.

DNA protection is evaluated indirectly with the aftlseveral markers, including:

1) Testing for DNA photoproducts such as 8-oxoguaror pyrimidine dimers
(comet test, immunohistochemical analysis, etc.).

2) Evidence of DNA repair (comet test, UDS teft,)e
3) Monitoring of apoptosis (measurement of sunlmaits by histology, etc.).

4) Induction of p53 (immunohistochemical analysis,.).
In vitro, sunscreens reduce the appearance of mutatiotieeqd53 gene, a
suppressor gene that plays an important role inlaggg the cell cycle and
cell apoptosis, in epidermal cells. P53 can be doimthe skin of irradiated
mice months before skin tumours develop. It is @éf@e an essential early
factor in photocarcinogenesis.

However, studies relating to the protection of gpb8 against mutations are
difficult to interpret, and cannot be consideredradictive test as they stand.
Account must be taken of the fact that the funcbbp53 is to allow a cell to

repair its DNA damage and to commence apoptosipfgsis is a crucial

mechanism for eliminating cells undergoing mutatiand therefore avoiding

carcinogenesis; protecting against induction of |g5Berefore a double-edged
sword.

In animals, the application of sunscreens partlguces the induction of tumour

progression by exposure to UVB radiation and tmen&dion of sunburn cells. However,

these results seem to depend on the type of aningal)V radiation used, and the sun
filter.

Some studies conducted on animals have demonsteattin beneficial effects of sun

filters on the induction of photo-induced tumoupsit there are few of these studies,
which were conducted under conditions that areicdilff to compare, and are not
currently predictive of the effects on humans.

The currently available data, obtainéd vitro and in vivo in animals, tends to
demonstrate that sun filters may have a benefeffalct against the adverse long-term



effects of solar exposure. However, a number ofstoies still remain, such as the
extent of the protective effects, the exact praporof the anti-UVB and anti-UVA
effects, the erythemal protection factor value rasnfwhich protection against effects
on the DNA can be expected, and the most signifioerogical marker to monitor.



Bibliography

[4] Sunscreens and UV-induced immunosuppression

Beissert S, Schwarz T. Mechanisms involved in uitdat light-induced immunosuppression. J Investig
Dermatol Symp Proc, 4, 1999, 61-4.

Berneburg M, Krutmann. J. Photoimmunology, DNA iepand photocarcinogenesis. J Photochem
Photobiol B, 54, 2000, 87-93.

Bestak R, Barnetson RSC, Nearn MR, Halliday GM. ssmgen protection of contact hypersensitivity
responses from chronic solar-stimulated ultraviolgtadiation correlates with the
absorption spectrum of the sunscreen. J Invest Btleim105, 1995, 345-51.

Damian DL, Halliday GM, Barnetson RS. Broad-spectsumscreens provide greater protection against
ultraviolet-radiation-induced suppression of cohtaygpersensitivity to a recall antigen in
humans. J Invest Dermatol., 109, 1997, 146-51.

Davenport V, Morris JF, Chu AC. Immunologic protent afforded by sunscreens in vitro. J Invest
Dermatol., 108, 1997, 859-63.

Dumay O, Karam A, Vian L, Moyal D, Hourseau C, StoebA, Peyron JL, Meynadier J, Cano JP,
Meunier L.. Ultraviolet Al exposure of human skirsudts in Langerhans cell depletion and
reduction of epidermal antigen-presenting cell fiomc partial protection by a broad-
spectrum sunscreen. Br J Dermatol., 144, 2001,-8161

Fourtanier A, Gueniche A, Compan D, Walker SL, YgQuAR. Improved protection against solar-
simulated radiation-induced immunosuppression lsyrsscreen with enhanced ultraviolet
A protection. J Invest Dermatol., 114, 2000, 620-7.

Meunier L. Photoprotection and photo-immunosuppoesién man. Eur J Dermatol., 8, 1998, 207-8.
Meunier L. Ultraviolet light and dendritic cells. EiDermatol., 9, 1999, 269-75.

Meunier L. Mécanismes de la photoimmunosuppres$goréle des cellules dendritiques. Ann Dermatol
Venereol., 126, , 1999, 762-4.

Meunier L, Bata-Csorgo Z, Cooper KD. In human dejmigraviolet radiation induces expansion of a
CD36+ CD11b+ CD1- macrophage subset by infiltratiand proliferation; CD1+
Langerhans- like dendritic antigen-presenting calis concomitantly depleted. J Invest
Dermatol., 105, 1995, 782-8.

Meunier L, Raison-Peyron N, Meynadier J. Cancerargég et immunosuppression photo-induite. Rev
Med Interne 19, 1998, 247-54.

Meunier L, Gonzalez-Ramos A, Cooper KD: Heterogesepopulations of class Il MHC+ cells in
human dermal cell suspensions: identification ofnaall subset responsible for potent
dermal antigen-presenting cell activity with feasiranalogous to Langerhans cells. J
Immunol, 151, 1993, 4067-4080.

Moyal D. Immunosuppression induced by chronic ultket irradiation in humans and its prevention by
sunscreens. Eur J Dermatol., 8, 1998, 209-11.

Moyal D, Fourtanier A. Broad-spectrum sunscreensige better protection from the suppression of the
elicitation phase of delayed-type hypersensitividgponse in humans. J Invest Dermatol.,
117, 2001, 1186-92.

Nghiem DX, Kaziml N, Clydesdale G, Ananthaswamy Hjpke ML, Ullrich SE. Ultraviolet A
radiation suppresses an established immune respomslécations for sunscreen design. J
Invest Dermatol., 117, 2001, 1193-9.

Ravanat JL, Douki T, Cadet J. Direct and indirefea$ of U.V. radiation on DNA and its componeidts.
Photochem Photobiol., B 63, 2001, 88-102.

Roberts LK, Beasley DG. Commercial sunscreen Istiprevent ultraviolet-radiation-induced immune
suppression of contact hypersensitivity. J Investniatol, 105, 1995, 339-44.

Roberts LK, Beasley DG. Sunscreen lotions prevemtaviblet radiation-induced suppression of
antitumor immune responses. Int J Cancer, 71, 198702.

Roberts LK, Beasley DG, Learn DB, Giddens LD, Bedydtanfield JW. Ultraviolet spectral energy
differences affect the ability of sunscreen lotidasprevent ultraviolet-radiation-induced
immunosuppression. Photochem Photobiol., 63, 18B&4.

Serre 1, Cano JP, Picot MC, Meynadier J, Meuniedrhmunosuppression induced by acute solar-
simulated ultraviolet exposure in humans: prevenbg a sunscreen with a sun protection
factor of 15 and high U.V.A. protection. J Am Ac@drmatol., 37, 1997, 187-94.



Ullrich SE, Kim TH, Ananthaswamy HN, Kripke ML. Suwreen effects on U.V.-induced immune
suppression. J Investig Dermatol Symp Proc., 49,168-9.

Walker SL, Young AR. Sunscreens offer the same Bl.\pirotection factors for inflammation and
immunosuppression in the mouse. J Invest Dermdi@8, 1997, 133-8.

Wolf P, Cox P, Yarosh DB, Kripke ML. Sunscreens 3ddN5 liposomes differ in their ability to protect
against ultraviolet-induced sunburn cell formatiafierations of dendritic epidermal cells,
and local suppression of contact hypersensitiditywvest Dermatol., 104, 1995, 287-92.

Wolf P, Donawho CK, Kripke ML. Analysis of the proteve effect of different sunscreens on ultraviolet
radiation-induced local and systemic suppression cohtact hypersensitivity and
inflammatory responses in mice. J Invest Dermat®i0, 1993, 254-9.

[9] COLIPA

COLIPA (The European Cosmetic Toiletry and Perfumergosgtion), CTFA (Cosmetic, Toiletry &
Fragrance Association of South Africa), JCIA (Jagosmetic Industry association): International Sun
protection factor (SPF) Test method. February 2003

[10] Methods of determining UVA protection factors

10.1 - Baron ED., Fourtanier A, Compan D, Medai§koCooper KD., Stevens SR. High Ultraviolet A
Protection Affords Greater Immune Protection Caoniirg that Ultraviolet A Contributes to
Photoimmunosuppression in Humans. Journal of ligegste Dermatology, 121: 4, 869-875

10.2 - Bernerd F, Vioux C, Lejeune F, AsselineauThe Sun Protection Factor (SPF) inadequately
defines broad-spectrum photoprotection: demonstratising skin recontructed in vitro
exposed to U.V.A., U.V.B. or solar simulated raigiat Eur J Dermatol., 13(3), 2003 May-Jun;
242-9.

10.3 - Burren R, Scaletta C, Frenk E, Panizzon R@plégate LA, Sunlight and carcinogenesis:
expression of P53 and pyrimidine dimers in human &xlowing U.V.A.1, U.V.A.1+2 and
solar simulating radiation, Int. J. Cancer, 76,8,981-206.

10.4 - Cole C, Sunscreen protection in the ultdavicA region: how to measure effectiveness,
Photodermatol Photoimmunol Photomed, Aug;17(2-2001.

10.5 - Diffey BL, Robson J: A new substrate to meassunscreen protection factors throughout the
ultraviolet spectrum. J Soc Cosm Chem. 40, 198%;1133.

10.6 - Diffey BL, Robson J: The influence of pigmeima and illumination on the perception of
erythema. Phodermatol Photoimmunol Photomed. R,148-47.

10.7 - Gasparro Francis P., Sunscreeens, skin lpbtiigy and skin cancer: the need for U.V.A.
protection and evaluation of efficacy, environmeéritealth perspective volume 108, March
2000, supplement 1.

10.8 - JCIA. JAPAN Cosmetic Association standarch $trotection Factor Test method & Japan

Cosmetic Industry Association measurement stanidgandVA protection efficacy. 1999.

10.9 - LIM et coll.,, American Academy of DermatojoGonsensus Conference on U.V.A. protection of
sunscreens: summary and recommendations. J. And. Besamatol., 44, 2001, 505-508

10.10 - Members of the DGK (German Society for Biifie and Applied Cosmetics) Task Force ‘Sun
Protection’, H. Gers-Barlag, E. Klette, R .Bimcza@k, Springob, P. Finkel, T. Rudolph, H.U.
Gonzenbach, P.H. Schneider, D. Kockott, U. Heinri¢thTronnier, R. Bernklau, W. Johncock,
R. Langner, H.J. Driller & H. Westenfelder, In vittesting to assess the U.V.A. protection
performance of sun care products, Internationatnidwf Cosmetic Science, Volume 23 Issue
1 - February 2001, 3.

10.11 - Moyal D, Chardon A, Kollias N, Determinatiof U.V.A. Protection Factors Using the Persistent
Pigment Darkening (PPD) as the End Point. (Pai€a)ibration of the Method, Photodermatol
Photoimmunol Photomed, 16, 2000; 245-249

10.12 - Moyal D, Chardon A, Kollias N, U.V.A. Preat®n Efficacy of Sunscreens Can Be Determined
by the Persistent Pigment Darkening (PPD) Meth®durt(2), Photodermatol Photoimmunol
Photomed., 16, 2000, 250-255.

10.13 - Routaboul C, Denis A, Vinche A, Immediatgnpent darkening: description, kinetic and
biological function, European Journal of Dermatologgl.9, issue 2. March 1999, Bioderma

10.14 - Sayre RM, Agin PP: Comparison of human gatection factors to predicted protection factors
using different lamp spectra. J Soc Cosm CHz5n1984, 439-445.



10.15 - Seite S, Moyal D, Verdier MP, Hourseau Quranier A. Accumulated p53 protein and U.V.A.
protection level of sunscreens. Photodermatol Rimoboinol Photomed. Feb;16(1), 2000, 3-9

Life Sciences, L'OREAL Advanced Research Laboratoriesnt@ de Recherche Charles
Zviak, Clichy, France

10.16 - Skov L, Villadsen L, Ersboll BK, Simon JC,rBar JN, Baadsgaard O, Long-wave U.V.A. offers
partial protection against U.V.B.-induced immunepmession in human skin, APMIS,
108(12), 2000 ; 825-30

10.17 - Standards Australia, Standards New Zeal8adscreen products evaluation and classification.
1998: AZ/INZS 2604

[11] Methods of evaluating photogenotoxicity
Ananthaswamy et al., J Invest Derm Symp Proc, 1998,
Béani J.C. et al., Ann dermatol Venereol, 1996.
Naylor et al., Arch Dermatol, 1997 |



ANNEX 2: Spectral analysis and erythemal efficacy fathree representative sources of
tanning equipment

Spectral analysis and erythemal efficacy of threeaepresentative sources of tanning equipment
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ANNEX 3: Inventory of practices in various Europeancountries and the USA relating to

UV-emitting devices

Inventory of practices in various European countries and the USA

Belgium UV-3 — ? — — — Yes 18
Canada No — No No No — Yes 16
Spain Uv-3 — Yes Yes Yes Yes Yes 18

1 year
Finland UV-3 — No — Yes — Yes 18
France UVv-1 UV-3 Yes Yes Yes Yes Yes 18

UV-3 2 years

UVB < 1.5%
total UV
Norway Uv-3 — Yes No — — Yes —
import

Sweden UV-3 UV-3 Yes No Yes — Yes 18
USA No — — — — — Yes —

Belgium Yes 4 sessio

Canada — No — Yes — — — <0.003 — Yes
Spain | Yes Yes + card Yes Yes 100 — 0.00 — —
Finland — — Yes — 100 5 — — —
France | Yes No Yes Yes 100 15 — 30 min —

1lh
Norway — Yes — Yes — 100 — <0.002 — —
Sweden — — — Yes — 100 — — 30 min —
USA — — — Yes — 117 412 — 4 MED —
MED**

* = conform to EN170 CE marking UVB < 0.001, UVAO<01
* = MED = 200 J.n¥ erythemal eff.




ANNEX 4: Results of technical inspections of UV taming installations and training

of teachers at beauticians’ schools and colleges

Results of technical inspections

1999 2681 |1424 (51%) |880 (33%) |473 (18%)

2000 2708|1488 (55%) |1285 (47%)459 (18%)

2001 2641 |1937 (73%) |611 (23%) |285 (11%) |121 105 66
2002 1408 | 941 (67%) |336 (24%) |254 (18%) |156 (11%) | 46 (3%) |20 (1%)
2003 1330 | 955 (72%) |285 (21%) |200 (15%) |114 (9%) |112 (8%) |28 (2%)
TOTAL 8060

2002 2063 |1746 (85%) |286 (14%) |152 (7%) 46 (2%) |20 (1%)
2003 2405 [1950 (81%) [321 (13%) |194 (8%) | 67 (3%) | 58 (2%) |49 (2%)
TOTAL 4468

Declarations made to Prefects (DDCCRF [Departmentaluthority for

Competition, Consumer Affairs and Fraud Control] or DDASS [Departmental

Authority for Health and Social Affairs])

Inventory (ordered in 2004) of the number of UVrang installations declared since

the decree came into force:

- 12,000UV tanning installations have been declared, 8,86&vhich are beauty

parlours

- 13,678 UV devicesre held1,2180f which aretype UV-1 and 11,312f which are

type UV-3.1,145 devices of “undetermined” type are listethm inventory.

Sixty-four French departmental authorities perfadmespections in 2004, which
revealed that 317 businesses had closed down, imgingpe probable number of

installations to 11,728.

DGCCREF inspections

The DGCCRF (Authority for Competition, Consumer &fg and Fraud Control)
performed a number of inspections and surveys let2000 and 2003:

DGCCREF inspections and surveys

2000 (66) 1666 91 440
2002 (57) 1478 106 287
Q32003 (21) 555 111 168

In an information note issued in 2004, the DGCC&gorted as follows:

- beauty professionals are well informed about thgulaions; non-conformities

were mainly found in the hotel trade
- the declaration obligation was met on the whole




- technical inspections found a 37% contraventiore rghajor and minor non-
conformities)

- in most establishments, at least one person hb&lsequired qualification, but the
need for refresher courses (every 5 years) isleatlg perceived

- information aimed at the public is generally walbyided, but information about
undesirable risks is often absent

- protective glasses with CE markings are generatlyiged.

In conclusion, the regulations are unevenly applied, but théowslup of orders to
conform shows that the rate of conformity is hifferaa DGCCRF inspection. “The last
survey confirms the improvement in the safety of W&tices in the beauty sectors
The difficulties of the approved organizations, ehiare reliant on a small number of
measuring devices and a small number of authorizaihed inspectors The setting
up... of numerous tanning centres has led to the digappee.. or termination of this
service by beauticians. Inspections should be continued and strenghtemeanining
centres... sports and fithess centres, whose managers appéer less aware of the
dangers of UV radiation than beauty professiondf¢he number of initial inspections
performed since 1998 by the approved technicakictspn bodies is compared with the
number of establishments declared to DDASSs and CR¥3, the deficit is around
25%. The total number of establishments supplying fddiation to the public is
therefore likely to be around 12,000 at most imEea This figure is very different from
the 40,000 devices claimed by some supposedly ésgmtative members of the
profession”. The difference between establishmdatétes declared and inspected is
due to installations in hotels and service apartsjemhich are not inspected by the
DGCCREF or technical inspection bodies.

Teaching of UV training: teacher training

Teacher training (situation at end of 2004)

Number of teacher training sessions 11

Number of diplomas awarded 580
Number of teachers trained 550

Of which State education 180
Number of refresher sessions 3
Number of teachers who have attended refresher 198

courses




02/12/1997 69 12/2002 37

21/01/1998 80 01/2003 44

07/04/1998 66 01/2003 42

19/11/1998 34 01/2003 — (2004) 11

17/12/1998 39 01/2003 — (2004) 8
sub-total 288 sub-total 142

08/04/1999 31 (2004) 0

03/02/2000 34 2003 — (2005) 2

12/04/2001 41 2003 — (2006) 1

31/01/2002 58 (2007)

16/01/2003 61 (2008)

22/01/2004 67 (2009)

TOTAL 580 198

NB: the number of vocational training courses held subsequently by trained teachers in their associated

establishments is unknown.




ANNEX 5: Obtaining informed consent before a seriesf tanning sessions

This project was launched by the WHO in its docuni@mtificial tanning: risks and
recommendations”. This document is intended byWH4O to make clients aware of
the dangers of UV radiation, dissuade them fromeugwoing multiple exposures to both
artificial UV and solar radiation (surveys showtthansumers of artificial UV radiation
are also sunbathing “addicts”), and draw particalhention to the prohibition on UV
sessions for minors. Isolated projects have alrdagin conducted in France since
Decree 97-617 came into force (Sabne et Loire DDASS

This document has been criticized in some quadarshe ground that it reduces the
liability of professionals. Other criticisms, si@uilto those made during the passing of
decree no. 97-617, have been raised. Accordingotoescritics, the French health
authorities are rendered legally liable by the meassing of legislation regarding the
use of a known carcinogen, because UV radiationt inasconsidered risk-free as it
forms the subject of legislation by the public auities. However, the same could be
said of other known carcinogenic products, suchiohacco and alcohol, which also
benefit from a legislative and regulatory frameworke working group considers that
this document would have dissuasive effects andowage clients to take
responsibility, which would outweigh the possibtdavourable effects.

Example of client’'s consent form: important informagn relating to the use of sunbeds
Please read the following information carefully.

Exposure to ultraviolet (UV) radiation leads torskiging and can cause skin cancer.
People who have fair skin or do not tan easily &haot use sunbeds.

All intentional exposure to artificial UV radiatiomust be avoided during the 48 hours before arer aft
exposure to sunlight or a sunbed.

Protective sunglasses must be worn during expdsuagtificial UV radiation. You must not read dugim
tanning session.

The risk is higher, and the use of sunbeds is iisabile, if:
- you have already been treated at least once far ketatosis or skin cancer; or
- you have already presented an abnormal reactiallevgy to light.

The risk may be higher if you are pregnant, if yake certain medicines, or if you apply medicinesertain
cosmetics to your skin.

In case of doubt, please consult your doctor befodergoing a UV radiation session.

I, the undersigned (name in block capitals) ........ ged over 18 years, have carefully read and f
understood the above information and decided t@rgalexposure to UV radiation in this establishment

ly

Signature:

Date:

Name of establishment:




ANNEX 6: Letter from Professor Jacques Bazex

Toulouse Hospital

Toulouse, 3 May 200%

To: Dr. Gilles Dixsaut,
Inspector-General of Public Health
Head of Physical Agents Unit

French Environmental Health Safety

Agency
27-31 Avenue du Général Leclerc
94704 Maisons-Alfort Cedex
VE/JB
Dear Sir,
I should be grateful if you would send me a copyheffinal draft drawn up by our working group.

I would remind you of the two points under discaoasi

Firstly, it seems wholly unacceptable for the slightestlicad judgment to be left to a person w
operates sunbeds. This person cannot be considapatble of assessing skin type, questioning tleatc

no
li

about tolerance of exposure to the sun, judgingnéueire of a pigmented element, knowing whether

patients are taking medicines, etc.; these argshivhich should be done by a member of the meg
profession.

The second pointelates to the concept of tolerating an activitiilev controlling it. | believe it ig
perfectly possible to pass legislation concernimgdevices which can be distributed and indicativegy

characteristics, but | do not think it is acceptatd say that a certain device can be used forirtgn
purposes.

As | have already said, this would give the practiacertain scientific and medical backing.

If it is impossible to prohibit this practice, th@uld be borne in mind that among the activitiegutated
by the State, protection of the health of individuia one of the primary concerns, and the pricil

prevention is imperative.

| should be very pleased if we could discuss tinestters again.

Yours faithfully,

Prof. Jacques Bazex

ical

]




