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SUMMARY

Background/Purpose
Acquiring a tanned skin, either by sunbathing, sunbed use, or a combina-
tion of both, is a desirable objective for many people. The objective here
was to compare the ultraviolet (UV) exposure resulting from a 2-week
vacation spent sunbathing with sunscreen-protected skin, with that from a
typical course of 10 sessions on a sunbed.

Methods
A numerical analysis combining data on sunlight and sunbed UV levels,
time spent tanning and spectral absorption properties of different types of
sunscreen.

Results
The analysis showed that unless a sunscreen provides optimal broad-
spectrum protection, a 2-week sunbathing vacation that avoids sunburn on
sunscreen-protected skin can result in a higher cumulative UV exposure
than a typical 10-session sunbed course. The lowest exposures for a given
sun protection factor (SPF) are obtained when sunscreen delivers broad-
spectrum protection that approaches the ideal of uniform absorption at all
wavelengths throughout the UV spectrum.

Conclusion
In extreme cases of recreational sun exposure where sunscreens providing
suboptimal broad-spectrum protection are used, the UV insult to the skin
is likely to result in higher cumulative exposures than commonly employed
sunbed practices.

Photodermatol Photoimmunol Photomed 2015; 31: 307–314

Despite the best efforts of public health agencies and
others, a tanned skin remains socially desirable because of
its perceived physical attractiveness by people with white
skin. Many people seek to acquire this endpoint either by
sunbathing, sunbed use or a combination of both.

Sunbeds are widely condemned by most health pro-
fessionals as there are now a number of observational
studies that show a significant association with both

melanoma (1) and nonmelanoma skin cancer (2) espe-
cially when use begins early in life. Yet how does the
risk of acquiring a tan through a course of sunbed ses-
sions compare with that achieved during a 2-week sun-
bathing holiday when sunscreens are applied to prevent
sunburn?

In this study, we explore this question and show that
when inappropriate sunscreens are used, acquiring a
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sun-induced tan carries with it a higher cumulative
ultraviolet (UV) exposure than a similar tan achieved
through sunbed use.

METHOD

Tanning with sunlight

Maximum daily unweighted UV levels (so-called ambi-
ent UV), which occur on the ground, under a com-
pletely open (i.e. no shade), cloudless summer sky are
about 130–150 J/cm2 for all latitudes from the tropics to
the temperate (i.e. 10–50 degrees) (3). At this time of
year and over this latitude range, there are about 12–
16 h of daylight and if we make the reasonable assump-
tion (4) that people on a sunbathing vacation are outside
for a maximum of half of these hours symmetrical about
solar noon, the fraction of ambient UV that is available
(5) is {1 � [1 � ½]2}, which is 0.75, equivalent to an
ambient exposure of about 100 J/cm2.

People will not receive these maximum ambient expo-
sures because it would be extremely unlikely for someone
to lie flat in the unshaded sun all-day without moving. A
sunbather might spend half the time lying on their back
and half the time face down, resulting in a maximum
exposure on much of the body surface of about 50% of
ambient UV during the period of sun exposure, which
equates to 0.75 9 50%, or 37.5% of daily ambient UV.
This value is close to that observed in a study (6) of 25
Danish sun seekers taking a week’s holiday in the Canary
Islands (28°N, 16°W) in March 2010, where on average,
subjects received 33.5% of daily ambient UV.

So someone sunbathing whilst remaining horizontal
for 6–8 h on a clear summer’s day with no shade, cloth-
ing or other protection would receive a maximum daily
skin exposure of about 100 9 50% = 50 J/cm2. And
repeating this behaviour each day for a 2-week vacation
results in a cumulative unweighted UV exposure on
unprotected skin of 50 9 14 = 700 J/cm2.

But this would be unlikely to happen because the
consequence is likely to be severe sunburn, so sun-
bathers normally apply a topical sunscreen to reduce the
likelihood of burning. The minimum sun protection fac-
tor (SPF) necessary to prevent sunburn can be easily
estimated. The ambient erythemally effective UV during
a clear summer day is around 70 SED (Standard Ery-
thema Dose; 1 SED is equal to 100 J/m2 of erythemal
effective UV radiation (7)) in the tropics falling to about
50 SED at temperate latitudes (8). So someone who
spends the whole day (sunrise to sunset) sunbathing
on a clear summer’s day would receive a daily skin

exposure of about 60 SED 9 50% = 30 SED. If they
have white skin that burns fairly easily in sunlight (sun-
reactive skin types I and II), they would need to use a
sunscreen that reduces this exposure to about 3 SED or
less if they are to avoid erythema (9). In other words,
the sunscreen should provide 30 SED divided by 3
SED = 10-fold protection, or put another way, have an
effective SPF of 10. For skin types III and IV, where a
typical MED is around 5 SED (9), a sunscreen delivering
an effective SPF of 6 or higher should theoretically be
sufficient to prevent erythema.

Even though the protection against sunburn will be
the same for different products with same SPF, the
cumulative UV exposure on sunscreen-protected skin
depends not just on the SPF but also on the spectral
absorbance profile of each product.

Sunscreens

We consider three types of candidate sunscreens having
nominal SPFs of 15, 30 and 60. The composition of each
sunscreen is given in Table 1, and their spectral absorp-
tion profiles are shown in Fig. 1.

The A-type products contain active ingredients which
absorb mainly UVB radiation and are typical of sunscreens
used in the 1980s and 1990s. Because their absorption in
the UVA is limited, it is not possible to achieve SPFs
higher than 30 at allowable concentrations of the active
UV filters used in these products. The UVA protection
potential, expressed as the critical wavelength (10) (CW),
is 337 nm and 353 nm for the SPF 15 and 30 products,
respectively; that is, far below the CW threshold of 370 nm
required by the US Food and Drug Administration (FDA)
for labelling as a broad-spectrum sunscreen (11).

B-type products combine active filters that absorb
both UVB and, to a lesser extent, UVA and typify many
products that have been on the market for the past 10–
20 years. The CWs for these products are between 370
and 373 nm, thus fulfilling the FDA criterion for label-
ling as a broad-spectrum sunscreen.

Finally, C-type products are modern, broad-spectrum,
state-of-the-art sunscreens that provide balanced protec-
tion across the UV spectrum. For these products, the
CW is 380 nm, that is well exceeding the FDA criterion
for labelling as a broad-spectrum sunscreen.

Another way of thinking about these three different
classes of sunscreen would be to regard A-type products
as providing primarily UVB protection, B-type products
as providing partial broad-spectrum protection and
C-type products as providing optimal broad-spectrum
protection.
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Applying any of these products would reduce the
2-week cumulative unweighted UV exposure on protected
skin to a value equal to 700/UVPF J/cm2, where UVPF is
the Ultraviolet Protection Factor defined as the ratio of the
unweighted UV exposure on unprotected to that on
sunscreen-protected skin. The UVPF clearly depends on
the spectral absorbance profile and application thickness
of the topical sunscreen, and is expressed as:

UVPF ¼

R400

290
EðkÞ

R400

290
EðkÞTðkÞ

(1)

E(k) is the solar spectral irradiance measured in Albu-
querque (38°N) at noon on 3 July 1986 (12), which has

been adopted (13) by the sunscreen community as a
‘standard sun’ and which we use as an exemplary mea-
sure of summertime UV; and T(k) is the transmission of
UV of wavelength k nm through the sunscreen layer of
a specific product.

The transmission T(k) for a given product is calcu-
lated (14) according to the concentrations and absor-
bance spectra of the UV filters given in Table 1,
together with the required application thickness in
mg/cm2. A software tool, known as the ‘sunscreen
simulator’ for the calculation of T(k), as well as SPF and
other metrics, is freely available (15).

In equation 1, we focus on the protection against all
wavelengths of UV and not limit ourselves to consider-
ing just the protection against sunburn, as expressed by
the SPF. Deleterious effects of UV exposure to the skin

Table 1. The percentage composition of active ingredients in each sunscreen

Product A (absorbs mainly UVB) SPF 15 SPF 30 SPF 60

Critical wavelength 337 nm 353 nm
INCI USAN
Benzophenone-3 Oxybenzone – 6.0 Not feasible
Ethylhexyl methoxycinnamate Octinoxate 7.0 7.0
Phenylbenzimidazole sulfonic acid Ensulizole 4.0 4.0

Total 11.0 17.0

Product B (absorbs UVB and,
to a lesser extent, UVA) SPF 15 SPF 30 SPF 60

Critical wavelength 370 nm 373 nm 373 nm
INCI USAN
Bis-ethylhexyloxyphenol
methoxyphenyl triazine

Bemotrizinol 1.5 1.5 3.0

Diethylamino hydroxybenzoyl
hexyl benzoate

n/a 1.0 6.0 10.0

Ethylhexyl methoxycinnamate Octinoxate 5.0 6.0 10.0
Ethylhexyl triazone Octyltriazone – 1.8 5.0

Total 7.5 15.3 28.0

Product C (absorbs UVB and
UVA about equally) SPF 15 SPF 30 SPF 60

Critical wavelength 380 nm 380 nm 380 nm
INCI USAN
Bis-ethylhexyloxyphenol
methoxyphenyl triazine

Bemotrizinol 1.0 1.0 2.0

Diethylamino hydroxybenzoyl
hexyl benzoate

n/a 2.0 6.0 10.0

Ethylhexyl methoxycinnamate Octinoxate 3.0 5.0 10.0
Methylene bis-benzotriazolyl
Tetramethylbutylphenol

Bisoctrizole 2.7 – –

Octocrylene Octocrylene – 3.5 6.0
Total 8.7 15.5 28.0

INCI, International Nomenclature of Cosmetic Ingredients; USAN, United States Adopted Names; SPF, sun protection
factor.
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are not limited principally to the UVB waveband, as in
the case of sunburn, but can be precipitated also by
longer wavelength UVA radiation (16).

It is now well-established that the protection achieved
(i.e. effective SPF) is often less than that expected (17)
(i.e. labelled SPF) because people normally apply much
less sunscreen, typically 0.5–1.0 mg/cm2, than the 2
mg/cm2 used in the in vivo assay to determine a
product’s SPF (18). Consequently, we calculate the
UVPFs, and hence the cumulative 2-week UV exposure,

on sunscreen-protected skin for each product and for
application thicknesses of 0.5, 1 and 2 mg/cm2.

Tanning with sunbeds

Surveys (19, 20) of the UV emissions from modern sun-
beds have found typical unweighted ultraviolet irradi-
ances of around 30 mW/cm2 although values from any
individual unit can range from about 10 to 50 mW/cm2.
Exposure times per session vary from about 3 to 15 min
and typically are around 8 min. This results in an
unweighted UV exposure dose per session of about 15
J/cm2. The erythemal dose for an exposure time of
8 min is about 2 SED, that is clinically suberythemal. A
typical course – for example, before going on holiday to
acquire a baseline tan – might be 10 sessions, and so a
single course, which is normally sufficient to produce a
tanned skin in appropriate skin types, would result in a
cumulative unweighted UV exposure of about 150 J/cm2.

RESULTS

Figure 2 shows the transmission of UV radiation
through the three product types each having an SPF of
30 and applied at 2 mg/cm2. The difference in UV expo-
sure to the skin arises largely from the different trans-
missions in the UVA1 range (340–400 nm). The
respective areas under each of these transmission curves
indicate that Product A transmits 3-fold the amount of
total UV radiation compared with Product B, whilst
Product B transmits almost twice as much as Product C.

The cumulative UV exposure following 2-week sun-
bathing is shown in Fig 3 for each combination of
product, labelled SPF and applied thickness.

Figure 4 shows, for each of the three sunscreen types,
how the effective SPF is expected to vary, estimated
using the BASF sunscreen simulator (15), according to
the applied thickness; note the quasi-linear relationship
(21, 22). The grey dotted horizontal lines in Fig 4 indi-
cate the threshold SPFs above which sunburn would not
be expected to occur for skin types I & II and III & IV,
respectively.

From this figure, it is evident that sunburn is likely to
be avoided if the effective SPF is 10 or higher for skin
types I & II; this would apply to SPF 15-labelled prod-
ucts (whether type A, B or C) if applied at average
thicknesses greater than about 1.3 mg/cm2, to SPF 30-la-
belled products applied at average thicknesses greater
than about 0.7 mg/cm2 and to SPF 60-labelled products
at thicknesses greater than about 0.3 mg/cm2. For
melano-competent skin types III & IV, avoidance of
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sunburn is expected if SPF 15, SPF 30 and SPF 60 prod-
ucts (again whether type A, B or C) are applied at average
thicknesses greater than about 0.7, 0.4 and 0.13 mg/cm2,
respectively.

A further feature to note from Fig 3 is that a given
increase in application thickness results in a much
greater reduction in cumulative exposure for more spec-
trally balanced products. For example, doubling the
application thickness from 0.5 to 1 mg/cm2 for the SPF
30 A-type product results in a 15% reduction in cumula-
tive UV dose, whereas for a similar increase in thickness
for the SPF 30 C-type product, there is almost a halving
in cumulative UV dose.

For the A-type products absorbing largely in the UVB
region, the cumulative sunbathing exposure exceeds that
from a 10-session sunbed course even for the SPF 30
product (SPF 60 products are not possible – see above)
applied at a thickness of 2 mg/cm2. For the SPF 15 pro-
duct applied at more typical thicknesses of 0.5 to
1.0 mg/cm2, the cumulative sunbathing exposure is
about 3.5 times higher than expected from a 10-session
sunbed course.

B-type products perform better, as expected, but even
here a product applied sparingly at an average thickness
of 0.5 mg/cm2 will result in a higher cumulative sun-
bathing exposure than that from a 10-session sunbed
course even for the SPF 60 product.

It is worth noting that the SPF 30 B-type product,
which incorporates some UVA protection, has a CW of
373 nm and so satisfies the US FDA requirement for
labelling as a broad-spectrum sunscreen (11), results in
a higher cumulative sunbathing exposure than that from
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a 10-session sunbed course at typical thicknesses of 0.5
to 1.0 mg/cm2. Furthermore, the SPF 15 B-type product
fails to deliver a lower cumulative sunbathing exposure
than that from a 10-session sunbed course even when
applied at the ‘correct’ thickness of 2 mg/cm2.

A 2-week sun-seeking vacation with skin protected by
a sunscreen typical of C-type products, which are state-
of-the-art broad-spectrum products, confers less UV
exposure than a 10-session sunbed course for SPF 30 and
SPF 60 products even when applied thinly (0.5 mg/cm2),

and for the SPF 15 product when applied at 1 mg/cm2

or greater.
Finally, by way of addendum, we calculate that a

hypothetical sunscreen with the ‘ideal’ spectral absorp-
tion profile providing equal absorbance at all wave-
lengths across the UV spectrum (290–400 nm) (23)
results in the lowest cumulative UV exposure for a given
SPF and is less than that from a sunbed course for
products labelled SPF 15 or higher at application thick-
nesses greater than 0.5 mg/cm2.

DISCUSSION

Despite the widespread negative publicity about the dan-
gers of using sunbeds and the commonly held percep-
tion that sunbathing with sunscreens is ‘safe’ providing
that sunburn is avoided, this analysis has demonstrated
that unless the sunscreen provides up-to-date broad-
spectrum protection, a 2-week sunbathing vacation that
avoids sunburn on sunscreen-protected skin can result
in a higher cumulative UV exposure, and by implication
a greater health risk, than a 10-session sunbed course.

Our assumptions regarding personal sun exposure
during a 2-week sun-seeking vacation probably err on
the high side compared with the UV exposure received
by many sun seekers, who will combine lying horizontal
under a shade-free sky with periods of sitting, standing
or seeking some shade during the day. So whilst this
means there will be some uncertainty in the absolute
values of the cumulative UV doses from sunbathing, our
conclusion that the more balanced the spectral absorp-
tion profile of a sunscreen, the more favourable will be
the UV burden to the skin remains unchanged.

In this analysis, we have compared the cumulative
unweighted UV exposure from sunbathing and sunbed
use. The spectral power distributions of sunlight and
sunbeds, which generally employ fluorescent lamps, are
quite different. This means that an unweighted UV
exposure of 30 J/cm2 in summer sunlight results in an
erythemally weighted exposure of about 10 SED,
whereas the same unweighted UV exposure from a
sunbed incorporating fluorescent lamps would result in
an erythemal exposure of about 4 SED. Put another
way, a given erythemal exposure from a sunbed would
result in an unweighted UV exposure that is around 2.5
times that from the same erythemal exposure in
sunlight.

Returning from a sun-seeking holiday having experi-
enced sunburn is not uncommon (6). In a survey of typ-
ical sun worshippers with a high motivation to tan who
returned through Basel–Mulhouse Airport (24), almost
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one-half reported getting sunburnt on holiday despite
the vast majority claiming to have used sunscreen. In
more than 95% of instances, the sunscreen used was
labelled SPF 15 or higher (24).

It is important that this analysis is not interpreted by
protagonists of indoor tanning as indicating that sunbed
tanning is safer than outdoor tanning even when sun-
screens are used. We have deliberately chosen an
extreme sunbathing scenario, that is 6–8 h sunbathing
in a horizontal position for 2 weeks under clear skies
with no shade. In the survey above of returning holiday-
makers from the tropics and subtropical regions (24),
sun-sensitive individuals (skin types I and II) comprised
one-half of those interviewed, yet the incidence of sun-
burn in this group was not statistically different from
those (skin types III and IV) who reported good toler-
ance of sun exposure. This is perhaps surprising as we
might have expected a higher incidence of sunburn in
the former group as they would be expected to develop
less in the way of photoadaptation.

The labelled SPF applies when sunscreen is applied at
2 mg/cm2. Assuming a sunbather applies sunscreen at
this thickness twice a day to most of the body surface
(~1.5 m2), this equates to about 30 mg per application,
which is 60 mg or one-third of a typical 200 ml bottle
per day. So 2 weeks of this pattern of application would
require nine bottles of sunscreen. Clearly, this amount is
one of the reasons that people tend to apply sunscreen
at lower surface densities and is a reason why in our
analysis we estimated the cumulative 2-week UV

exposure for application thicknesses of 0.5 and 1 mg/
cm2, as well as 2 mg/cm2.

We have shown that under conditions of prolonged
sunbathing under high insolation, sunscreens that do
not provide the level of broad-spectrum protection that
is now possible by appropriate formulation may prevent
sunburn if applied sufficiently thickly but at the same
time result in a cumulative UV exposure to the skin that
exceeds that from a typical 10-session sunbed course.
Had we chosen to reverse the comparison and, for
example, compared 50 sessions on a sunbed with 1–2 h
strolling around in strong sunshine for 2 weeks, we
would have found that the cumulative UV exposure
from the sunbed was an order of magnitude greater than
from sun exposure, even if no sunscreen was applied.

In conclusion, in extreme, but not unrealistic, cases of
recreational sun exposure where sunscreens providing
suboptimal broad-spectrum protection are used, the UV
insult to the skin is likely to result in higher cumulative
exposures than commonly employed sunbed practices.
The lowest skin exposure for a given SPF is obtained
when the sunscreen delivers broad-spectrum protection
that approaches the ideal of uniform absorption at all
wavelengths throughout the UV spectrum.

ACKNOWLEDGEMENT

We thank Dr Denis Dudley for suggesting the notion to
compare UV exposures from sunbed use with that on
sunscreen-protected skin during sunbathing.

REFERENCES

1. Boniol M, Autier P, Boyle P, Gandini S.
Cutaneous melanoma attributable to
sunbed use: systematic review and meta-
analysis. BMJ 2012; 345: e4757.

2. Wehner MR, Shive ML, Chren M-M
et al. Indoor tanning and
nonmelanoma skin cancer: systematic
review and meta-analysis. BMJ 2012;
345: e5909.

3. Diffey BL, Elwood JM Tables of
ambient solar ultraviolet radiation for
use in epidemiological studies of
malignant melanoma and other
diseases. In: Gallagher RP, Elwood JM,
eds. Epidemiological aspects of
cutaneous malignant melanoma. Boston,
Kluwer Academic Publishers, 1994, 81–
105.

4. Diffey BL. An overview analysis of the
time people spend outdoors. Br J
Dermatol 2011; 164: 848–854.

5. Diffey BL. A behavioural model for
estimating personal exposure to solar
ultraviolet radiation. Photochem
Photobiol 2008; 84: 371–375.

6. Petersen B, Thieden E, Philipsen PA,
Heydenreich J, Young AR, Wulf HC. A
sun holiday is a sunburn holiday.
Photodermatol Photoimmunol Photomed
2013; 29: 221–224.

7. CIE. Standard Erythema reference action
spectrum and standard erythema dose.
CIE S 007/E-1998. Commission
Internationale de l’�Eclairage, Vienna, 1998.

8. Diffey BL. A simple technique for
estimating daily ambient erythemal UV
from the UV Index. Photodermatol
Photoimmunol Photomed 2009; 25: 227–
229.

9. Harrison GI, Young AR. Ultraviolet
radiation-induced erythema in human
skin. Methods 2002; 28: 14–19.

10. Diffey BL. A method for broad spectrum
classification of sunscreens. Int J Cosmet
Sci 1994; 16: 47–52.

11. Food and Drug Administration.
Labeling and effectiveness testing;
sunscreen drug products for over-the-
counter human use. Available at http://
www.gpo.gov/fdsys/pkg/FR-2011-06-17/
pdf/2011-14766.pdf. Accessed 9 March
2015.

12. Sayre RM, Cole C, Billhimer W,
Stanfield J, Ley RD. Spectral comparison
of solar simulators and sunlight.
Photodermatol Photoimmunol Photomed
1990; 7: 159–165.

13. SPF Test Method. The European
Cosmetic Toiletry and Perfumery
Association (COLIPA), Brussels, 1994.

14. Herzog B, Osterwalder U. In silico
determination of topical sun protection.
Cosmet Sci Technol 2011; 62: 1–8.

Photodermatol Photoimmunol Photomed 2015; 31: 307–314 313

ª 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

Sunscreens and sunbeds

http://www.gpo.gov/fdsys/pkg/FR-2011-06-17/pdf/2011-14766.pdf
http://www.gpo.gov/fdsys/pkg/FR-2011-06-17/pdf/2011-14766.pdf
http://www.gpo.gov/fdsys/pkg/FR-2011-06-17/pdf/2011-14766.pdf


15. Anonymous. BASF sunscreen simulator,
BASF SE, Ludwigshafen, Germany. 2010.
Available at http://www.personal-
care.basf.com/europe/by-market-segment/
sun-care/basf-sunscreen-simulator. Accessed
9 March 2015.

16. Premi S, Wallisch S, Mano CM et al.
Chemiexcitation of melanin derivatives
induces DNA photoproducts long after
UV exposure. Science 2015; 347: 842–
847.

17. Diffey B. Sunscreens: expectation and
realization. Photodermatol Photoimmunol
Photomed 2009; 25: 233–236.

18. ISO 24444: 2010. Cosmetics – sun
protection test methods – in vivo

determination of the sun protection
factor (SPF).

19. Nilsen LT, Aalerud TN, Hannevika M,
Veierød MB. UVB and UVA irradiances
from indoor tanning devices. Photochem
Photobiol Sci 2011; 10: 1129–1136.

20. Tierney P, Ferguson J, Ibbotson S, Dawe
R, Eadie E, Moseley H. Nine out of 10
sunbeds in England emit ultraviolet
radiation levels that exceed current safety
limits. Br J Dermatol 2013; 168: 602–608.

21. Bimczok R, Gers-Barlag H, Mundt C
et al. Influence of applied quantity of
sunscreen products on the sun
protection factor – a multicenter study
organized by the DGK Task Force Sun

Protection. Skin Pharmacol Physiol 2007;
20: 57–64.

22. Osterwalder U, Sohn M, Herzog B.
Global state of sunscreens.
Photodermatol Photoimmunol Photomed
2014; 30: 62–80.

23. Osterwalder U, Herzog B. The long way
towards the ideal sunscreen - where we
stand and what still needs to be done.
Photochem Photobiol Sci 2010; 9: 470–481.

24. Reinau D, Achermann C, Arnet N,
Meier CR, Hatz C, Surber C. Sun
protective behaviour of vacationers
spending holidays in the tropics and
subtropics. Br J Dermatol 2014; 171:
868–874.

314 Photodermatol Photoimmunol Photomed 2015; 31: 307–314

ª 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

Diffey et al.

http://www.personal-care.basf.com/europe/by-market-segment/sun-care/basf-sunscreen-simulator
http://www.personal-care.basf.com/europe/by-market-segment/sun-care/basf-sunscreen-simulator
http://www.personal-care.basf.com/europe/by-market-segment/sun-care/basf-sunscreen-simulator

