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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO_ also take part in the wark SO collaborates closely with the
International |[Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International [Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main tagk of technical committees is to prepare International Standards. Draft International Stanglards
adopted by [the technical committees are circulated to the member bodies for voting.\Publication gs an
International [Standard requires approval by at least 75 % of the member bodies casting-a Vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 24444 was prepared by Technical Committee ISO/TC 217, CosmetieS)
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Introduction

The level of sun protection provided by sunscreen products has traditionally been estimated using the sun
protection factor or SPF test, which uses the erythemal response of the skin to ultraviolet (UV) radiation. The
SPF is a ratio calculated from the energies required to induce a minimum erythemal response with and
without sunscreen product applied to the skin of human volunteers. It uses ultraviolet radiation usually from an
artificial source

Diffetent standard methods are available and described in the technical report ISO/TR 263694},

Thesp standards are similar by some parameters but different by others. Differences can lead tq discrepancy
of results. Harmonization is therefore necessary to get the same SPF value for a single product whatever the
couniry in which it is tested.
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INTERNATIONAL STANDARD ISO 24444:2010(E)

Cosmetics — Sun protection test methods — In vivo
determination of the sun protection factor (SPF)

1 $cope

This |nternational Standard specifies a method for the in vivo determination of the sun protection
of suhscreen products. This International standard is applicable to products that containany cor
to absorb, reflect or scatter ultraviolet (UV) rays and which are intended to be placed in contac
skin.

It provides a basis for the evaluation of sunscreen products for the protection-of human skin agai
induded by solar ultraviolet rays.

2 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

21
ultrayiolet radiation
UVR
electfomagnetic radiation in the range of 290 nm_to 400 nm

211
ultrayiolet B
uvB
electfomagnetic radiation in the range of 290 nm to 320 nm

21.2
ultrayiolet A
UVA
electromagnetic radjation in the range of 320 nm to 400 nm

NOTH UVA™ = 320 nm to 340 nm; UVA | = 340 nm to 400 nm.

factor (SPF)
nhponent able
with human

hst erythema

2.2

erythema

reddenifg of-the-skincaused by-UVradiation
2.3

sunscreen products
products containing any component able to absorb, reflect or scatter UV rays, which are intended
in contact with human skin

24
minimal erythemal dose
MED

to be placed

lowest dose of ultraviolet radiation (UVR) that produces the first perceptible unambiguous erythema with

defined borders appearing over most of the field of UV exposure, 16 h to 24 h after UV exposure
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241
MEDu
MED on unprotected skin

24.2
MEDp
MED on product protected skin

25

individual sun protection factor

SPFi

ratio of the mirimal-erythemal-dose—on—productprotected—skin{MEDpto—the—minimalerpthemaldese on

b
unprotected gkin (MEDu) of the same subject:

MED (protectedskin) _ MEDp
ED (unprotectedskin) MEDu

SPFi=

=

NOTE SKFi is expressed to one decimal place (see 7.1).

2.6
sun protection factor of a product
SPF
arithmetic mean of all valid individual SPFi values obtained from all subjects.in the test

NOTE SPF is expressed to one decimal place (see 7.2).

27
test area
back betweeh the scapula line and the waist

2.8
test site
site where a product is applied or the site used for.the determination of the unprotected MED

29
exposure syb-sites
skin exposed spots

210
individual typology angle
ITA®
value characterizing the skin colour of the subject

3 GenerTI principle

The SPF test method is a laboratory method that utilizes a xenon arc lamp solar simulator (or equivalent) of
defined and known output to determine the protection provided by sunscreen products on human skin against
erythema induced by solar ultraviolet rays.

The test is restricted to the area of the back of selected human subjects.

A section of each subject’s skin is exposed to ultraviolet light without any protection and another (different)
section is exposed after application of the sunscreen product under test. One further section is exposed after
application of an SPF reference sunscreen formulation which is used for validation of the procedure.

To determine the sun protection factor, incremental series of delayed erythemal responses are induced on a

number of small sub-sites on the skin. These responses are visually assessed for presence of redness 16 h to
24 h after UV radiation, by the judgment of a competent evaluator.
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The minimal erythemal dose (MED) for unprotected skin (MEDu) and the MED obtained after application of a
sunscreen product (i.e. the MED for product protected skin, MEDp) shall be determined on the same subject
on the same day. An individual sun protection factor (SPFi) for each subject tested is calculated as the ratio of
individual MED on product protected skin divided by the individual MED on unprotected skin i.e. MEDp/MEDu.

The sun protection factor for the product (SPF) is the arithmetic mean of all valid SPFi results from each
subject in the test.

4 Test subjects

4.1 | Selection of the test subjects

4.1.1 General

For subject inclusion and non inclusion criteria, refer to Annex A.

4.1.2[ Skin phototype of the test subjects
Test [subjects included in the SPF test shall be only phototypes |, Il orAll according to Fitzpatr|ck[’] or shall
have|an ITA® value > 28° by colorimetric methods (see Annexes A afid E) and be untanned on the test area.
An SPF test should not contain subjects who are all of the same phetotype.
A competent scientist or technician should examine each subject to ensure that there is no copdition which
might put the subject at risk and that the outcome of the ‘test cannot be compromised by hdverse skin

condftions such as sun damage, pigmentation marks and-previous history of abnormal responge to the sun
(see Annex A).

4.1.3| Age restriction

Test pubjects below the age of consent or. alder than 70 y shall not be included in the SPF test papel.

4.1.4) Frequency of participation.in tests

Since a sufficient interval after-a‘previous test is needed in order to allow for reversal of skin tanfing resulting
from [that previous test, a test site that has been exposed to UV should not be used in a sulsequent test
before two months have elapsed and the site is clear.

4.1.5| Ethics and.consent

All testing shall be done in accordance with the Declaration of Helsinkil®l and National Regulatigns regarding
human studies; if any.

Informed, written (signature) consent shall be obtained from all test subjects.

4.2 Number of test subjects

The minimum number of valid SPFi results shall be 10 and the maximum number of valid SPFi results shall be
20. In order to achieve between 10 and 20 valid results, a maximum of five individual invalid results may be
excluded from the calculation of the mean SPF. Consequently the actual number of test subjects used will fall
between a minimum of 10 and a maximum of 25 subjects (i.e. a maximum of 20 valid results plus 5 rejected
invalid results).

Results may only be declared invalid and excluded from the calculation of the mean SPF according to 6.7.4 or
because of non-compliance with the related protocol.

© 1SO 2010 — All rights reserved 3
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In order to determine the number of test subjects, the 95 % confidence interval (95 % CI) on the mean SPF
shall be taken into account. A minimum of 10 subjects shall be tested. The test shall be considered valid for
the first 10 subjects if the resulting range of the 95 % CI of the mean SPF is within £17 % of the mean SPF. If
it is not within £17 % of the mean SPF, the number of subjects shall be increased stepwise from the minimum
number of 10 until the 95 % CI statistical criterion is met (up to a maximum of 20 valid results from a maximum
of 25 subjects tested). If the statistical criterion has not been met after 20 valid results from a maximum of 25
subjects, then the test shall be rejected. For details on statistical definitions, sequential procedure and
calculations, refer to Annex D.

4.3 Test area

The back is[ the chosen anatomical region for the test area. The individual product test sites ang the
unprotected test site shall be delineated within the region between the scapula line and the waist.

Skeletal protfusions and extreme areas of curvature should be avoided.

5 Apparatus and materials
5.1 Sourge of ultraviolet radiation

5.1.1 Gengdral

The artificial |light source used shall comply with the source spectral .specifications as described in 5.1.2 and
Annex B. A Xenon arc solar simulator with appropriate filters is recommended.

5.1.2 Quality of ultraviolet radiation

5.1.2.1 The solar UV simulator shall emit a continuous spectrum with no gaps or extreme peaks of
emission in the UV region. The output from the solar YV simulator shall be stable, uniform across the yhole
output beam| (particularly important for a single large-beam) and suitably filtered to create a spectral quality
that complieg with the required acceptance limits (see Table B.1).

5.1.2.2 o ensure that appropriate amounts of UVA radiation are included in the spectrum of the solar UV
simulator, the total radiometric proportion)of the UVA 1l (320 nm to 340 nm) irradiance of the simulator|shall
> 20 % of the total UV (290 nm to_400 nm) irradiance. Additionally, the UVA | region (340 nm to 40 nm)
irradiance shall be > 60 % of the total UV irradiance.

5.1.2.3 he source speetral specification is described in terms of cumulative erythemal effectivenegs by
successive wavelength bafnds from < 290 nm up to 400 nm. The erythemal effectiveness of each wavelgngth
band is expressed as a‘percentage of the total erythemal effectiveness from <290 nm to 400 nm, or gs the
percentage relative cumulative erythemal effectiveness (% RCEE). The definition and calculation of % RCEE
values is dedcribed.in Annex B and the acceptance limits are given in Table B.1.

)
7

If total irradiance is strong, an excessive feeling of heat or pain may be induced in the irradiated skin of
subjects. Therefore, total irradiance shall not exceed 1 600 W/m2. When total irradiance is < 1 600 W/mZ2, it
shall still be confirmed, prior to conducting an SPF test, that the irradiance to be used (UV, visible and near-
infrared rays) will not induce an excessive feeling of heat in the skin.

5.1.4 Uniformity of beam
51.41 When a large-beam UV source is used to simultaneously expose several sub-sites (i.e. at least

two sub-sites) within an irradiation series by varying the exposure time, the intensity of the beam shall be as
uniform as possible. The minimum beam irradiance, at any sub-site, shall be no more than 10 % lower than
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the maximum beam irradiance at any sub-site. If the variation exceeds 10 %, then appropriate compensation
for different irradiance should be made in the exposure time on each sub-site.

5.1.4.2 For a small beam UV source, which exposes sub-sites individually, the erythema generated
following exposure shall be as uniform as possible. An uneven erythema in unprotected skin (such as a half-
moon shape) indicates that the irradiance is not uniform and the delivery system shall be corrected.

5.1.5 Maintenance and monitoring the UV solar simulator output

5.1.51 Radiometry

BefoJe UV exposure of each test site, the UV irradiance should be measured and recorded with'[a radiometer
calibfated against a spectroradiometric measurement of the solar simulator output.

5.1.5|2 Spectroradiometry
It is recommended that a complete spectroradiometric check (UVA and UVB) ef output spectrum|and intensity
be made by the laboratory at least once every 18 months or after 3 000h-of lamp running time and after
changing any significant physical (optical) component of the solar simulator. This periodical inspgction should
be cqnducted by a competent and suitably qualified person.

The gimple use of specific filters is not in itself adequate assurange that the UV output is of the correct quality.
Detalled instructions for ensuring correct lamp output are given.in Annex B.

5.2 | Reference sunscreen formulations

5.2.1| General
The method is controlled by the use of oneof three reference sunscreen formulations to verify the test
procgdure. Therefore one of the prescribed reference formulations shall be measured on the $ame day as

prodyicts are tested. Whether a low or high-SPF reference formulation is to be used depends on the expected
SPF pf the test products.

5.2.2| Expected SPF < SPF 20
Any ¢ne of the following reference sunscreen formulations shall be used: P2, P3 or P7.

If a high SPF reference’ formulation is used, there is no necessity to also include the low SIPF reference
formdlation in the testveven though there may be low SPF test products.

5.2.3| Expected SPF > SPF 20

One pfthe following reference sunscreen formulations shall be used: P2 or P3.

If a high SPF reference formulation is used, there is no necessity to also include the low SPF reference
formulation in the test even though there may be low SPF test products.

5.2.4 Acceptance SPF limits for the reference sunscreen formulations

Acceptance SPF ranges for the reference sunscreens are shown in Annex C. If the mean SPF obtained in any
test does not fall within the acceptance limits of the reference values then the entire test (i.e. all test products)
shall be rejected. If the 95 % confidence interval on the mean SPF for the reference sunscreen falls outside a
range defined by the mean reference sunscreen SPF £17 %, then the entire test (i.e. all test products) shall be
rejected.
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5.2.5 Formulae and preparation of the reference sunscreen formulations

The formulae details and manufacturing instructions for the reference formulations are given in Annex C.

6 Procedure

6.1 Main steps

— delineation of test sites on the back of the subject;

— weighing of the product;

— applicatipn of the product;

— waiting period before UV exposure;
— UV expqsure;

— MED asgessment;

— calculatipns.

6.2 Test ¢onditions

Product appljcation, UV exposures and MED assessment should-be carried out in stable conditions, with the
room temperpture maintained between (22 + 4) °C.

6.3 Position of the test subjects

All steps in the procedure shall be performed in the:same position: an upright, seated or prone position.
Powder shodyld be tested in the prone position to prevent the samples from falling off the surface.

6.4 Procedure for product application

6.4.1 Gengdral

The amount|of product applied and the uniformity of spreading on the test sites affect the magnitude and
variability of [the test results. It is therefore very important to follow the recommendations set out in 6.4.2 to
6.4.5.

6.4.2 Test Fites and product application

6.4.2.1 The test sites intended for UV exposure shall be free from blemishes and have an even colour
tone.
6.4.2.2 The minimum total area for a test site for product application shall be 30 cm2 and the maximum

shall be 60 cm2,

6.4.2.3 The positions of the test products and reference sunscreen test sites shall be distributed
randomly on the backs of subjects over the whole test group in order to reduce error arising from anatomical
differences in skin. The unprotected test site used to determine MEDu should be randomized as one of the
test sites across the test area and across subjects.

6.4.2.4 There shall be a minimum distance of 1 cm between the borders of adjacent test sites.
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6.4.2.5 Before product application, the test area may be cleaned by using a dry cotton pad or equivalent.

6.4.2.6 The test sites shall be delineated by a method which does not interfere with the test or harm the
subject e.g. skin marker and/or a template made from non-absorbent material.

6.4.3 Amount of product applied

6.4.3.1 The amount of test product and reference sunscreen formulation applied to the skin before
spreading shall be (2,00 + 0,05) mg/cm?.

6.4.3.2 The balance used to weigh the products should be capable of weighing to the nearest 0,000 1 g,
i.e. tqthe nearest0,T mg.

6.4.3{3 All products should be homogeneous and should be shaken if necessary,before|weighing, to
ensufe uniform dispersion.

6.4.3|4 When handling the product during weighing or before application to\the skin, take appropriate
meagures to prevent evaporative loss of the volatile components. It is important that the total quantity of
weighed product is transferred to the product application site.

6.4.3(5 The amount of product to be applied is weighed in a syringe-or in another device sugh as a watch
glass. A method of weighing by loss is strongly recommended.

6.4.4) Mode of delivery

6.4.41 General
The lise of a finger cot is optional but is recommended. When employed, a new finger cot shall be used for

each|new application of product and should not be\pre-saturated with the test product. When a naked finger is
used| the finger should be cleaned between product applications.

6.4.42 Liquid type products (e.g. lotions, liquids, milks, creams, sprays and sticks)
6.4.4{21 To aid uniform coverade, droplets (approximately 15 per 30 cm2, 30 per 60 cm?2) of the product
should be deposited within the teSt site using a syringe/pipette, then spread over the whole test sfte using light
pressgure.

6.4.4(2.2 Spreading time should be in the range of (35 + 15) s depending on the surface [and ease of
spreading of the produet)

6.4.4/3 Powders

6.4.4{3.1  «In the case of powder products, aliquots of powder should be transferred to the skin|in a grid-like
manner,” using a spatula or finger.

6.4.4.3.2 The accumulated powder is tapped and then spread over the whole test site using a finger with or
without a finger cot. Alternatively, the tip of a pre-loaded cosmetic applicator puff may be used instead of a
finger. In this case, it is important to verify that (2,00 + 0,05) mg/cm? of test powder product remains on the
skin after spreading, by weighing the powder remaining on the tip of the applicator puff.

6.4.4.3.3  Purified water or another suitable solvent that has no UV protection properties may be applied on
the skin before the powder application to help the sample adhere to the application site.

NOTE Powders present a unique form of cosmetic product. The modified method for these, described above, takes
into account the need to present a reproducible application on the skin.
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6.4.5 Drying time between application and UV exposure
Exposure of the test site to the sequence of UV doses shall start 15 min to 30 min after the application of the

product(s). Any extraneous exposure of the test sites to UV light (artificial or natural) shall be avoided during
this period and for a period of 24 h after exposure.

6.5 Procedure for UV exposure

6.5.1 Exposure sub-sites or skin exposed spots

6.5.1.1 here a template is used to demarcate the exposure sub-sites (e.qg. large-beam UV solar
simulator), tHe template should be of non-absorbent material.

6.5.1.2 The minimum area of each exposure sub-site is 0,5 cmZ2.

6.5.1.3 The minimum distance between borders of each exposure sub-site (spots)ishall be at|least
0,8 cm.

6.5.1.4 The distance between any exposure sub-site and any edge of the test site shall be at least 1|cm.
6.5.1.5 The minimum number of exposure sub-sites used shall be five for Unprotected MED (MEDu|) and

five for protegted MED (MEDp).

6.5.2 Provisional MEDu

Before starting the main test, it may be necessary to determine-a-provisional MEDu in order to centre the UV
dose rangesf|for the exposures of MEDu and MEDp. A provisional MEDu is a pre-test in which the MEDU of a
subject is defermined prior to establishing the test MEDu. This'is performed by applying a preliminary serjes of
UV exposuregs up to one week before the test.

6.5.3 Estimated/anticipated MEDu

The MEDu can be estimated by colorimetric techinique (ITA°) without UV exposure (Annex E) or predicted by
an experienged technician (i.e. history of the'subjects) (anticipated MEDu).

6.5.4 MEDu

For each subject, the unprotected-MEDu shall be determined on the same day as the test product protpcted
MEDp.

6.5.5 Incremental progression of UV dose

6.5.5.1 For the~unprotected site, the range of UV doses applied shall be established using the subject's
provisional MEDU; the estimated MEDu or the anticipated MEDu. A minimum of five sub-sites centered fon or
close to the provisionaliestimated-MEDyY shall be-exposed-with-incremental N doses using-arecommended
geometric progression of 1,25 x. Other geometric progressions of less than 1,25 x may be used (e.g. 1,2;
1,15; 1,12) but should be consistent throughout the test.

6.5.5.2 For the product protected sites, the UV doses delivered are defined by the expected MEDp, which
is the multiple of the expected SPF of the test product and the provisional MEDu for the subject. A minimum of
five sub-sites centered on or close to the expected MEDp shall be exposed with incremental UV doses using a
recommended geometric progression of 1,25 x. Other geometric progressions may be used (e.g. 1,2; 1,15;
1,12). A maximum geometric progression of 1,15 shall be used for expected SPF > 25. Smaller geometric
progressions (e.g. 1,12) may be used but shall also be consistent throughout the exposure sequence.
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Product removal

After UV exposures, reference and test products may be gently removed, using an appropriate means.

6.7

6.7.1

Procedure for MED assessment

General

The minimal erythemal dose for unprotected skin (MEDu), that for test product protected skin (MEDp) and the
MEDp for the reference sunscreen formulation, shall all be determined on the same day.

6.7.2

The

(betw

shall

to thd

6.7.3

6.7.3
norm

6.7.3

reco

6.7.3

6.7.3
respqg

and

subje

6.7.4

Test

Time of assessment of MED

MED shall be assessed when the erythemal response is optimal, i.e. 20 h + 4 h after
een 16 h and 24 h). During the time interval between UV exposure and MED assessmen
avoid any extra UV exposure (artificial UV light or sunlight) to the exposed area”Any additio
test area will invalidate the whole test.

MED assessment

1 The MED shall be assessed visually. The observer's_eyesight should have been
al colour vision. A yearly check of acuity of vision is recommended.

2 Visual assessment should be performed in sufficient and uniform illumination. At leas
mmended.

3 The determination of MEDs shall be carried out in a room with matt, neutral wall colo

4 Erythemal responses shall be observed in a “blind” manner. The observers
nses on any subjects should not be the*same persons as the ones who performed produ
exposure. The observers shall be nottaware of the test design (randomization of test g
ct.

Data rejection criteria

data are deemed invalid and shall be rejected under the following circumstances:

the series of UV expesures on a subject fails to elicit an erythemal response on any sub-si
after exposure;

[«

Il sub-sites’in the exposure series show an erythemal response 20 h + 4 h after exposure.

erythemal responses within an exposure series are randomly absent 20 h + 4 h after exposure;

JV exposure
, the subject
nal exposure

checked for

t 450 lux are

Urs.

bf erythemal

ct application
ites) on that

e,20ht4h

he reference

rejected.

and shall be

When one of the above rejection criteria applies to a test product treated exposure series, then all data for that
test product on that subject are invalid and shall be rejected.

If invalid data (whether MEDu or MEDp) have to be rejected for any one product on more than five subjects,

then

the whole test for that product is invalid and shall be rejected.

If invalid data have to be rejected for the reference sunscreen on more than five subjects, then the whole test
is invalid and shall be rejected.

Any

additional exposure to the test area will invalidate the whole test.
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6.7.5 Expression of MEDs

MEDs shall be expressed in terms of energy (J-m=2), or MED units or time (seconds). Units of time may only
be used where the flux rate of the solar simulator is constant throughout the test and has been recorded in

units of radia

nt flux.

All irradiance measurements made for a specific study shall be made using the same radiometer, previously

calibrated ag

ainst a spectroradiometric measurement.

7 Calculation of the sun protection factor and statistics

71 CaIanIation of the individual SPF (SPFi)

The SPFi of

SPFi=

both the reference sunscreen and the product under test for each subject is calculated as be

MED (protectedskin) _ MEDp

I
SPFi is exprd

7.2 Calcu

The SPF re
arithmetical 1

The minimun
A maximum

justified. A si
calculated fo

SPF is expre)

7.3 Statis

The statistic
measured sh
reference su

Consequentl
produce a m
the measure]
which falls w

MED (unprotectedskin) MEDu

bssed to one decimal place.

flation of product SPF

sult for the test product and for the reference sunscreen formulation is calculated a
hean of all valid individual SPFi values.

N number of valid SPFi values shall be ten and the*'maximum number of valid SPFi values tw
pf five results may be excluded from the calculation of the mean SPF, but each exclusion sh
Xth invalid result automatically invalidates the whole test for that test product and no SPF ¢
[ it.

ssed to one decimal place.

tical criterion

bl criterion for all SPF measurements is that the 95 % confidence interval on the mean
all fall within a range)of +17 % of the measured mean SPF. This applies to test product
nscreen products(

y, the actual ‘humber of subjects tested is defined as the number (minimum ten) requir|

pan test product SPF with a 95 % confidence interval (CI) which falls within a range of +17
d mean-SPF for the tested product and a mean reference product SPF which has a 95

thinithe range of +17 % of the measured mean SPF for the reference sunscreen formulation|

ow.

5 the

enty.
all be
an be

SPF
5 and

ed to
% of
% CI

A minimum
subjects is in

ften vatid Tesufts 15 onty sufficient i the statisticat criterion 15 fulfitted—f not, the mum
creased from ten until the statistical criterion is met up to a maximum of twenty valid results.

The full statistical procedure for this calculation is described in Annex D.

7.4 Validation of the test

er of

The mean SPF of the reference sunscreen formulation used in the test shall fall within the acceptance limits
shown in Annex C and shall comply with the £17 % Cl statistical criterion described in 7.3.

10
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Test report

The test report shall contain at least the following information:

a)

b)

product identifier and expected SPF;
subject information (number, name or identification code, skin phototype or ITA® value, age and gender);
characterization of the UV source (% RCEE compliance and intensity in units of radiant flux);

reference sunscreen used;

individual MED for unprotected skin, test product protected skin and reference sunscreen.prgtected skin;

individual SPFi values expressed to one decimal place, including all valid data and'rejected data for the
test product and for the reference sunscreen;

mean SPF values, standard deviation on the mean and 95 % CI;
protocol deviations if any;
ifentification, by subject, of the technician who conducted the test;

date of the test.
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Annex A
(normative)

Selection criteria for the test subjects

A.1 Rationale
Experience has shown that, as skin melanization increases (from skin phototype | to 1V), the exposure|dose
needed to generate erythema also increases and the SPF tends to decrease. In addition, comparing subjects
of the same|phototypes (I to IV) untanned and then after sun tanning, led to the same conclusion. These
observations| suggest that only skin phototypes | to Il should be utilized in the SPF test and that‘the inclusion
of tanned subjects with these phototypes should be avoided.
Correlation $tudies between the individual SPF of sun protective products and\the colorimetric| skin
characteristigs of the subjects’ skin at the time of the SPF determination showed that SPF begips to
significantly gecrease when the individual typology angle (ITA°) of the subjects falls under the value of about
28° (i.e. fron] “intermediate” skin colour category to “tanned” category). These findings justify the exclusjon of
skin phototyge IV or “tan/mat” skin colour category.
Measuring the skin colour in the CIE 1976 (L*a*b*) colour spacel®] and:characterizing this colour by the| ITA®
value at the {ime of the SPF test may allow the selection of subjects‘according to their actual response fo UV
light at that npoment.
A.2 Selection criteria for the test subjects
A.2.1 Skin|phototypes
Subjects should be selected using the Fitzpatrickl”l skin phototype or colorimetric ITA° value. The| skin
phototype of|subjects shall be Fitzpatrick type I, Il, lll or the colorimetric ITA® value of subjects shall be greater
than 28°.
— The Fitzpatrick skin phototype‘definitions are based on the first 30 min to 45 min of sun exposure after a

winter s¢ason of no sun exposture, i.e.:

Type | Always burng’easily: never tans

Type Il Always burns easily: tans minimally

Type lll [:  Burms moderately: tans gradually

Type IV|:~_Burns minimally: always tans well

Type V Rarely burns: tans profusely

Type VI : Never burns; deeply pigmented
12 © 1SO 2010 — Al rights reserved
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— Colorimetric ITA values and skin colour categories are defined by the colorimetric descriptors of Chardon
et al.l'0 using the CIE (1976) L*a*b* colour space.

Skin colour categories ITA® values ranges

Very light > 55°

Light > 41° to 55°

Intermediate >28°to41°

Tan (or matt) > 10" 10 28°

Brown >-30° to 10°

Black < -30°

wherge ITA = {arc tangent [(L* — 50)/b*]}180/3,141 6

A.2.]

It is recommended that new subjects first be interviewed by a h€alth professional to establish

statu

Subje
Thein
sunb

Subjects should be adequately informed of theyaims and potential risk (direct or secondary e

study
SPF

When there is some doubt on the provisional SPF value of the test product, a screening sh

perfo
progf

SPF

perfo
test.

Prior

» Medical and ethical considerations

5 and suitability prior to inclusion in the subject panel.
bcts should be checked visually by a competent scientist or technician before participatin

skin colour shall be uniform over the whole testiarea without pigmentation, nevi, or the
irn (erythema) shall be present on the test area.

and any discomfort they may experiencé: Each subject shall give a written agreement to
ests.

rmed. To protect the subjects, it is recommended to start with a lower SPF value and f
essively.

measurements should.not impart harmful, long-lasting effects on human volunteers. Test
rmed by competent\personnel in order to avoid any damage to the skin of the volunteers in

to starting-any test, the study supervisor must possess adequate information on the product

their medical

g in a study.
like and no

ffects) of the
participate in

ould first be
0 increase it

5 have to be
volved in the

to be tested.
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A.2.3 Non-inclusion criteria

All non-inclusion criteria shall be checked before testing.

The following conditions shall automatically disallow inclusion of a subject in the test group:

and persons below the age of consent or > 70 years;

pregnant or lactating women;

using medication with photo-sensitizing potential;

a) children
b)

c) subjects
d) subjects
e) subjects
f)  subjects
g) subjects
h) subjects
i) subjects|
j)  subjects|
A.2.4 Freq
There shall

of discolorati

14

using anti-inflammatory medication;
with dermatological conditions;
with a history of abnormal response to the sun;

accustomed to using tanning beds;

having excessive hair in the area of the test.

Liency of subject participation (interval between two tests)

bn resulting from previous tests, i.e. not less)than two months.

having had sun exposure on the back area in the previous four weeks prior to SPF testing;

having marks, blemishes or nevi or presenting existing sun damage in the test area;

e a sufficient interval between two successive UV exposures to the same test site for resojution
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Annex B
(normative)

Definition of the UV solar simulator output

B.1 Introduction

The faim of these specifications is to define practical criteria for defining and measuringy|the spectral
compliance of UV solar simulators used for SPF determination, e.g. xenon arc lamp.

B.2 |Rationale for specifications

B.2.1 UV range

Because UV rays are responsible for most of the sun's damaging effects on skin, the erythemal protective
efficiTncy of sunscreen products is tested within this range of wavelengths. Therefore, the definition of the
specirum of the UV solar simulator is limited to the terrestrial UV-wavelengths, i.e. from 290 nm tq 400 nm.

Wavelengths below this range (< 290 nm) do not occur in terrestrial sunlight and should be exgluded, whilst
thosg above this range (> 400 nm) may cause undesirable side effects (particularly thermal|effects) and
should be removed using appropriate devices.

B.2.2 Sun UV spectra

Measgured solar spectra have been published.taking into account different geographical latitudes and altitudes,
and variations due to year, season, time ef.day and ozone content.

For the purpose of this method, a set of selected representative spectra were compiled.

B.2.3 Erythemal balance between wavelengths

The erythema induced«by sunlight UV in unprotected human skin is mainly generated by [wavelengths
between 290 nm and-320 nm, with a maximum effectiveness around 308 nm. For this reason, spme previous
attempts to standardize UV solar simulator output concentrated on UVB wavelengths alone. Howgver, when a
high |SPF product-'is tested, the erythemal contribution from UVA wavelengths can become important,
espegially if the/sun product protects predominantly in the UVB wavelengths. Therefore, it is hecessary to
incIuIe all VYA and UVB wavelengths when standardizing the UV solar simulator output.

B.2.

+
<

The accuracy of the SPF measured is dependent on the absorbance characteristics of the sunscreen filtering
system to be tested in conjunction with the source spectrum. Therefore, it is important to define the source by
the spectral distribution of its erythemal efficacy as well as its overall spectral irradiance characteristics.

Thus, the source spectral specification is described in terms of cumulative erythemal effectiveness by
successive wavelength bands from 290 nm up to 400 nm. The erythemal effectiveness of each wavelength
band is expressed as a percentage of the total erythemal effectiveness from less than 290 nm to 400 nm, or
as the percentage relative cumulative erythemal effectiveness (% RCEE). Wavelengths below 290 nm should
be excluded from any source by appropriate filters. Wavelengths above 400 nm should be limited as much as
possible and are not included in the calculation of % RCEE. Since RCEE values and the distribution of the
UVA proportions of the UV spectrum are calculated as relative percentages, the spectral irradiance need not
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be measured in absolute energy units; however absolute irradiance measurements are needed to determine

the total irrad

iance of the source.

B.2.5 Solar simulator and filtration

A lamp that produces a continuous spectrum can readily be adapted to fulfill the % RCEE acceptance limits
for the output between 290 nm and 400 nm by using specific optical filters. To ensure uniformity in spectral
shape in SPF testing, it is recommended that UV solar simulators utilizing a xenon arc lamp, filtered with a
dichroic UV filter to minimize IR radiation, and UV shaping filters such as Schott WG320 and UG11/1mm or
equivalent filters be used.

The simple y
correct qualif

B.2.6 UVs
The limits pr|

the measure

B.3 Mode

B.3.1 UVs

The % RCEH
calculated frf
Table B.1 an

These practi
components

se of the recommended filters is not, in itself, an adequate assurance that the UV output is
y and so the spectral output shall be confirmed by spectroradiometric measurement.

plar simulator acceptance limits

escribed in terms of % RCEE values are shown in Table B.1. They have been determined
 spectral outputs of actual UV solar simulators.

of operation

plar simulator acceptance limits
E limit values are given in Table B.1. The actual % RCEE values, for an individual solar simy
bm spectroradiometric measurements, shall fall within the limits listed in columns 2 and
d those also reported in Table B.2, columns 9 and*10.

cal limits take into account the uncertainty, in spectroradiometric measurements and in o
of the solar simulators. They have been,defined and restricted as tightly as possible.

Table B.1 — % RCEE acceptance limits for the UV solar simulator output

Df the

from

lator,
3 of

ptical

Spectralranige Measured % RCEE
\U Lower limit Upper limit

<290 <0,1

290 to 300 1,0 8,0
290 to 310 49,0 65,0
290 to 320 85,0 90,0
290 to 330 91,5 95,5
290 to 340 94,0 97,0
290 to 400 99,9 100,0

To ensure that appropriate amounts of UVA radiation are included in the spectrum of the solar simulator, the
total radiometric proportion of the UVA 1l (320 nm to 340 nm) irradiance of the simulator shall be > 20 % of the
total UV (290 nm to 400 nm) irradiance. Additionally, the UVA | region (340 nm to 400 nm) irradiance shall
> 60 % of the total UV irradiance.

16

© 1S0O 2010 — All rights re

served


https://standardsiso.com/api/?name=cd6afc5fc26c0ba3e9a91aae3ca31a91

ISO 24444:2010(E)

B.3.2 Quality of the UV solar simulator output

B.3.2.1 Spectroradiometric measurements

The output spectrum of the UV solar simulator, including all filters and optical components, shall be measured
with a spectroradiometer. The spectroradiometer should be fitted with a double monochromator and its
resolution bandwidth should be <2 nm (1 nm is recommended) in order to ensure that all energies are
represented in an amplitude range of at least 5 decades. Measurements shall be made in steps not exceeding
the bandwidth.

The instrument shall have been calibrated against standard light sources for its response to spectral

irradi
wave

The

B.3.2

The
this g

A UV
UV s
the u
radio
varia
expo
sites

Bnces, for its wavelength accuracy (eg mercury lamp) and for linearity of signal resp
lengths over an irradiance range covering the actual source measurement range.

nits of source irradiance should be in actual spectral energy (W/m2-nm, mW/cm2-nm).

.2 Radiometric measurements

JV irradiance of the solar simulator is controlled with a radiometer thatdas’been previously
ource spectrum against the spectroradiometric measurement (see B¢3.2.1).

dose is the result of multiplying the UV source irradiance by the‘exposure duration. When

plar simulator is used, allowing simultaneous exposure of seyeral sub-sites by varying the e
niformity in beam irradiance should be as high as possible." This uniformity can be meas
meter. The range of irradiance variation over all the exposure sub-sites should be less thar
ion exceeds 10 %, then appropriate compensation far;different irradiance levels should be
sure time on each sub-site. Solar simulators with light guides or multiple small beams, expq
for the same duration but with varied irradiance-values should be checked to ensure that €

onses at all

calibrated for

b large-beam
posure time,
ired with the
10 %. If the
made in the
bsing all sub-
ach beam or

guidg generates uniform erythemal responses.

A su bilize before

starti

table warm-up time (typically 10 min) should be allowed for the UV solar simulator to sta
Ng exposures. This is to ensure a consistent irradiance over the whole exposure period.

B.3.2.3 Calculation of percentage relative cumulative erythemal effectiveness (% RCEE)

An e
given

ample of calculations for-a~xXenon arc UV solar simulator that complies with the output specifications is
in Table B.2.

The
(1994
the U

measured spectral-jrradiance of the UV solar simulator (Table B.2: column 2) is multiplie
D) standard skif.erythemal action spectrum (column 4) to obtain the spectral erythemal eff
V solar simulator (column 5).

i by the CIE
bctiveness of

The
formi

CIE (1999) erythemal effectiveness E at each wavelength is calculated in relative units from|the following

laes

E=10 for wavelengths 250 nm < 4 < 298 nm

E =10 0,094 (298-4) for wavelengths 298 nm < 1 < 328 nm

E =10 0015 (139-) for wavelengths 328 nm < 1 < 400 nm

The spectral erythemal effectiveness values (column 5) of the UV solar simulator spectrum are then integrated
from 290 nm to the various successive reference wavelengths (300 nm, 310 nm, 320 nm, 330 nm, 340 nm,
350 nm and 400 nm) in order to produce the cumulative erythemal effectiveness for each wavelength band
(column 7) and the total erythemal effectiveness calculated up to 400 nm (7 value, last row, column 6 or 7).
Integration can be performed by approximation techniques such as the trapezium or rectangle methods using
a spreadsheet, applying wavelength intervals of 1 nm. The example shown uses the trapezium method to
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calculate the areas of each 1 nm interval from 280 nm to 400 nm (column 6), which are then summed to each
reference wavelength to give the cumulative erythemal effectiveness value (column 7). Finally, the percentage
relative cumulative erythemal effectiveness (% RCEE, column 8) is calculated at the reference wavelengths
as the percentage ratio of the cumulative erythemal effectiveness (column 7) at each of these wavelengths to
the total integrated value at 400 nm (7 value, column 7).

B.3.3 Evaluating compliance

For each reference waveband, the % RCEE values of the source (Table B.2, column 8) shall comply with
those specified in Table B.1 (or in Table B.2, columns 9 and 10). All values shall lie within the acceptance
limits. If the UV solar simulator spectrum is outside the limits in any of the wavebands, then the filtration needs
to be adjusteld o comply with the spectral oufput specifications.

In addition, the solar simulator spectrum shall include less than 0,1 % of UVB-RCEE below 290,am and, to
ensure that fhe solar simulator contains the correct balance of UVA :UVB, the output from the'lamp system
should contajn > 60 % UVA | (340 nm to 400 nm) and > 20 % UVA I (320 nm to 340 nm).

The total irragliance of the source should be measured.

B.3.4 Adjusting UV solar simulator output

If the output gpectrum of the UV solar simulator needs to be adjusted to fit.thé acceptance specificationg, this
may be achig¢ved either by checking the xenon lamp's elapsed life and replaeing it if necessary, or by adgpting
the spectral shaping filters within the UV solar simulator, particularly the thickness of the short cut-off filter.

If the total irrpdiance of the UV solar simulator exceeds 1 600 W/ni?; the irradiance can usually be reducged by
lowering the| electrical current supplying the xenon lamp, provided that the current remains in the nprmal
operational stability range. If total irradiance is adjusted in this;way, then the quality of the emission spe¢trum
should be checked again to ensure that the acceptance specifications are met.
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Table B.2 — Example of calculation: xenon-arc UV source and RCEE values

1 2 3 4 5 6 7 8 9 10
UV Source RCEE accept. range
s o S |t | ot St S
) Irradiance Normalized : : : : : : Lower Upper
(S} limit limit
nm Wern-2.nm-1 to 320 nm {E} {ExS} 1/2{ExS}dl | SUM{ExS} [Sum{ExS}T
280 1,523E-05 1,75E-06 | 1,00E+00 | 1,52E-05
281 1,848E-05 2,12E-06 | 1,00E+00 | 1,85E-05 | 1,69E-05
282 2,904E-05 3,34E-06 | 1,00E+00 | 2,90E-05 | 2,38E-05
283 1,878E-05 2,16E-06 | 1,00E+00 | 1,88E-05 | 2,39E-05
284 2,139E-05 2,46E-06 | 1,00E+00 | 2,14E-05 | 2,01E-05
285 2,837E-05 3,26E-06 | 1,00E+00 | 2,84E-05 | 2,49E-05
286 2,935E-05 3,37E-06 | 1,00E+00 | 2,94E-05 | 2,89E-05
287 2,627E-05 3,02E-06 | 1,00E+00 | 2,63E-05 | 2,78E-05
288 2,927E-05 3,36E-06 | 1,00E+00 | 2,93E-05 | 2,78E-05
289 4,308E-05 4,95E-06 | 1,00E+00 | 4,31E-05 | 3,62E-05
290 4,405E-05 5,06E-06 | 1,00E+00 | 4,40E-05 | 4,36E=05 | 2,74E-04 0,00 % — <0,1%
291 5,500E-05 6,32E-06 | 1,00E+00 | 5,50E-5 |\&95E-05
292 8,279E-05 9,52E-06 | 1,00E+00 | 8,28E-05%| 6,89E-05
293 2,379E-04 2,73E-05 | 1,00E+00 | 2,38E~04 | 1,60E-04
294 8,219E-04 9,45E-05 | 1,00E+00 | 8,22E-04 | 5,30E-04
295 2,685E-03 3,09E-04 | 1,00E+00 2,68E-03 | 1,75E-03
296 8,029E-03 9,23E-04 | 1,00E+00 | 8,03E-03 | 5,36E-03
297 2,102E-02 2,42E-03 |~F00E+00 | 2,10E-02 | 1,45E-02
298 5,030E-02 5,78E-03_| 1,00E+00 | 5,03E-02 | 3,57E-02
299 1,041E-01 1,20E-02 | 8,05E-01 | 8,39E-02 | 6,71E-02
300 1,886E—01 2,17E-02 | 6,49E-01 | 1,22E-01 | 1,03E-01 | 2,29E-01 4,0 % 1% 8,0 %
301 3,352E-01 3,85E-02 | 5,22E-01 | 1,75E-01 | 1,49E-01
302 5,358E-01 6,16E-02 | 4,21E-01 | 2,25E-01 | 2,00E-01
303 8,059E-01 9,25E-02 | 3,39E-01 | 2,73E-01 | 2,49E-01
304 1,126E+00 1,29E-01 | 2,73E-01 | 3,07E-01 | 2,90E-01
305 1,563E+00 1,80E-01 | 2,20E-01 | 3,43E-01 | 3,25E-01
306 2,009E+00 2,31E-01 | 1,77E-01 | 3,56E-01 | 3,50E-01
307 2,576E+00 2,966-01 | 1,43E-01 | 3,67E-01 | 3,61E-01
308 3,081E+00 3,54E-01 | 1,15E-01 | 3,54E-01 | 3,60E-01
309 3,700E+00 4,25e-01 | 9,25E-02 | 3,42E-01 | 3,48E-01
310 4,248E+00 4,88E-01 | 7,45E-02 | 3,16E-01 | 3,29E-01 | 3,19E+00 55,7 % 49,0 % | 65,0 %
311 4,769E+00 5,48E-01 | 6,00E-02 | 2,86E-01 | 3,01E-01
312 5,384E+00 6,19E-01 | 4,83E-02 | 2,60E-01 | 2,73E-01
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Table B.2 (continued)

1 2 3 4 5 6 7 8 9 10
UV Source RCEE accept. range

s o S |, | ot S S

) Irradiance Normalized : : : : : : Lower Upper

(S} limit limit
nm Wern-2.nm-1 to 320 nm {E} {ExS} 1/2{ExS}dl | SUM{ExS} |Sum{ExS}T
313 5,978E+00 6,87E-01 | 3,89E-02 | 2,33E-01 | 2,46E-01
314 6,399E+00 7,36E-0T | 3,13E-02 | 2,07TE-01 | 2,77E-0T
315 6,896E+00 7,93E-01 | 2,52E-02 | 1,74E-01 | 1,87E-01
316 7,250E+00 8,33E-01 | 2,03E-02 | 1,47E-01 | 1,61E-01
317 7,731E+00 8,89E-01 | 1,64E-02 | 1,27E-01 | 1,37E-01
318 8,060E+00 9,26E-01 | 1,32E-02 | 1,06E-01 | 1,16E-01
319 8,338E+00 9,58E-01 | 1,06E-02 | 8,85E-02 | 9,74E-02
320 8,700E+00 1,00E+00 | 8,55E-03 | 7,44E-02 | 8,15E-02 | 5,01E+00 87,4 % 85,0% | 90,0 %
321 8,988E+00 1,03E+00 | 6,89E-03 | 6,19E-02 | 6,81E-02
322 9,320E+00 1,07E+00 | 5,55E-03 | 5,17E-02 | 5,68E-02
323 9,54TE+00 1,10E+00 | 4,47E-03 | 4,26E-02 | 4,72E-02
324 9,755E+00 1,12E+00 | 3,60E-03 | 3,51E-02 | 3,89E-0Q2
325 9,918E+00 1,14E+00 | 2,90E-03 | 2,87E-02 | 3,19E-02
326 1,015E+01 1,17E+00 | 2,33E-03 | 2,37E-02 |-2,62E-02
327 1,029E+01 1,18E+00 | 1,88E-03 | 1,93E-02.{ 2,15E-02
328 1,042E+01 1,20E+00 | 1,46E-03 | 1,52E202 | 1,73E-02
329 1,060E+01 1,22E+00 | 1,41E-03 |.1,50E-02 | 1,51E-02
330 1,071E+01 1,23E+00 | 1,36E-03.| 1,46E-02 | 1,48E-02 | 5,35E+00 93,3 % 91,5% | 956 %
331 1,085E+01 1,25E+00 | 1,32E203 | 1,43E-02 | 1,45E-02
332 1,099E+01 1,26E+00 |-1,27E-03 | 1,40E-02 | 1,42E-02
333 1,108E+01 1,27E+00°) 1,23E-03 | 1,36E-02 | 1,38E-02
334 1,120E+01 1,29E+00 | 1,19e-03 | 1,33E-02 | 1,35E-02
335 1,127E+01 129E+00 | 1,15E-03 | 1,29E-02 | 1,31E-02
336 1,135E+01 1,30E+00 | 1,11E-03 | 1,26E-02 | 1,28E-02
337 1,143E+01 1,31E+00 | 1,07E-03 | 1,22E-02 | 1,24E-02
338 1,149E+01 1,32E+00 | 1,04E-03 | 1,19E-02 | 1,21E-02
339 1,160E+01 1,33E+00 | 1,00E-03 | 1,16E-02 | 1,18E-02
340 1,166E+01 1,34E+00 | 9,66E-04 | 1,13E-02 | 1,14E-02 | 5,48E+00 95,5 % 94 % 97,0 %
341 1,176E+01 1,35E+00 | 9,33E-04 | 1,10E-02 | 1,11E-02
342 1,185E+01 1,36E+00 | 9,02E-04 | 1,07E-02 | 1,08E-02
343 1,189E+01 1,37E+00 | 8,71E-04 | 1,04E-02 | 1,05E-02
344 1,194E+01 1,37E+00 | 8,41E-04 | 1,00E-02 | 1,02E-02
345 1,196E+01 1,37E+00 | 8,13E-04 | 9,72E-03 | 9,88E-03
20 © 1SO 2010 — Al rights reserved
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Table B.2 (continued)

ISO 24444:2010(E)

1 2 3 4 5 6 7 8 9 10
UV Source RCEE accept. range
s o S |t | ot S S
) Irradiance Normalized : : : : : : Lower Upper
(S} limit limit

nm Wern-2.nm-1 to 320 nm {E} {ExS} 1/2{ExS}dIl | SUM{ExS} |Sum{ExS}T

346 1,200E+01 1,38E+00 | 7,85E-04 | 9,42E-03 | 9,57E-03

347 1,204E+01 1,38E+00 | 7,59E-04 | 9,74E-03 | 9,28E-03

348 1,212E+01 1,39E+00 | 7,33E-04 | 8,88E-03 | 9,01E-03

349 1,215E+01 1,40E+00 | 7,08E-04 | 8,60E-03 | 8,74E-03

350 1,220E+01 1,40E+00 | 6,84E-04 | 8,34E-03 | 8,47E-03 | 5,57E+00 972'%

351 1,224E+01 1,41E+00 | 6,61E-04 | 8,09E-03 | 8,22E-03

352 1,230E+01 1,41E+00 | 6,38E-04 | 7,85E-03 | 7,97E-03

353 1,231E+01 1,42E+00 | 6,17E-04 | 7,59E-03 | 7,72E-03

354 1,229E+01 1,41E+00 | 5,96E-04 | 7,32E-03 | 7,46E-03

355 1,234E+01 1,42E+00 | 5,75E-04 | 7,10E-03 | 7,21E-08

356 1,233E+01 1,42E+00 | 5,56E-04 | 6,85E-03 | 6,98E>03

357 1,232E+01 1,42E+00 | 5,37E-04 | 6,62E-03 {6, 73E-03

358 1,234E+01 1,42E+00 | 5,19E-04 | 6,40E-08\| 6,51E-03

359 1,234E+01 1,42E+00 | 5,01E-04 | 6,19E~03 | 6,29E-03

360 1,233E+01 1,42E+00 | 4,84E-04 | 5,97E-03 | 6,08E-03 | 5,64E+00 98,5 %

361 1,230E+01 1,41E+00 | 4,68E-04.-{ 5,75E-03 | 5,86E-03

362 1,225E+01 1,41E+00 | 4,52E-04 | 5,54E-03 | 5,64E-03

363 1,217E+01 1,40E+00 |~4,37E-04 | 5,31E-03 | 5,42E-03

364 1,212E+01 1,39E+00_| 4,22E-04 | 5,11E-03 | 5,21E-03

365 1,200E+01 1,38E+00 | 4,07E-04 | 4,89E-03 | 5,00E-03

366 1,183E+01 1,36E+00 | 3,94E-04 | 4,66E-03 | 4,77E-03

367 1,171E+01 1,35E+00 | 3,80E-04 | 4,45E-03 | 4,55E-03

368 1,153E+01 1,33E+00 | 3,67E-04 | 4,24E-03 | 4,34E-03

369 1,130E+01 1,30E+00 | 3,55E-04 | 4,01E-03 | 4,12E-03

370 1,102E+01 1,27E+00 | 3,43E-04 | 3,78E-03 | 3,89E-03 | 5,69E+00 99,3 %

371 1,073E+01 1,23E+00 | 3,31E-04 | 3,55E-03 | 3,66E-03

372 1,042E+01 1,20E+00 | 3,20E-04 | 3,33E-03 | 3,44E-03

373 1,005E+01 1,16E+00 | 3,09E-04 | 3,11E-03 | 3,22E-03

374 9,649E+00 1,11E+00 | 2,99E-04 | 2,88E-03 | 2,99E-03

375 9,370E+00 1,08E+00 | 2,88E-04 | 2,70E-03 | 2,79E-03

376 8,977E+00 1,03E+00 | 2,79E-04 | 2,50E-03 | 2,60E-03

377 8,597E+00 9,88E-01 | 2,69E-04 | 2,31E-03 | 2,41E-03

378 8,195E+00 9,42E-01 | 2,60E-04 | 2,13E-03 | 2,22E-03
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Table B.2 (continued)

1 2 3 4 5 6 7 8 9 10
UV Source RCEE accept. range
Ty - o] R | e, | e, St ek
) Irradiance Normalized : : : : : : Lower Upper
(S} limit limit

nm Wern-2.nm-1 to 320 nm {E} {ExS} 1/2{ExS}dIl | SUM{ExS} |Sum{ExS}T

379 7,707E+00 8,86E-01 | 2,51E-04 | 1,94E-03 | 2,03E-03

380 7,176E+00 8,25E-01 | 2,43E-04 | 1,74E-03 | 1,84E-03 | 5,72E+00 99,8 %

381 6,708E+00 7,70E-01 | 2,34E-04 | 1,57E-03 | 1,66E-03

382 6,14TE+00 7,07E-01 | 2,26E-04 | 1,39E-03 | 1,48E-03

383 5,57TE+00 6,41E-01 | 2,19E-04 | 1,22E-03 | 1,31E-03

384 4,994E+00 5,74E-01 | 2,11E-04 | 1,06E-03 | 1,14E-03

385 4,423E+00 5,08E-01 | 2,04E-04 | 9,03E-04 | 9,79E-04

386 3,860E+00 4,44E-01 | 1,97E-04 | 7,61E-04 | 8,32E-04

387 3,348E+00 3,85e-01 | 1,91E-04 | 6,38E-04 | 7,00E-04

388 2,846E+00 3,27E-01 | 1,84E-04 | 5,24E-04 | 5,81E-04

389 2,389E+00 2,75E-01 | 1,78E-04 | 4,25E-04 | 4,74E-04

390 1,996E+00 2,29E-01 | 1,72E-04 | 3,43E-04 | 3,84E-04°( 5,73E+00 | 100,0 %

391 1,626E+00 1,87E-01 | 1,66E-04 | 2,70E-04 | 3,06E*-04

392 1,29TE+00 1,49E-01 | 1,60E-04 | 2,08E-04 |-2,39E-04

393 1,016E+00 1,17E-01 | 1,55E-04 | 1,57E-04-| 1,83E-04

394 7,810E-01 8,98E-02 | 1,50E-04 | 1,ME-<04 | 1,37E-04

395 5,916E-01 6,80E-02 | 1,45E-04 (-8,55E-05 | 1,01E-04

396 4,438E-01 5,10E-02 | 1,40E-04"1 6,20E-05 | 7,37E-05

397 3,24TE-01 3,73E-02 | 1,35E204 | 4,38E-05 | 5,29E-05

398 2,312E-01 2,66E-02 |~1;30E-04 | 3,01E-05 | 3,70E-05

399 1,598E-01 1,83E-02”) 1,26E-04 | 2,01E-05 | 2,51E-05

400 1,073E-01 1,23E=02 | 1,22E-04 | 1,31E-05 | 1,66E-05 | 5,73E+00 | 100,0 % 99,9 10040 %

UV irrad (W-m~2:8/03E+02 | UVe irrad. (W-m~2-ery), T: 5,73E+00 | Conclusion: Complies

E is the erythemal effectiveness.
S is the source ifradiance.

W.L. is the wavelength A of the source.
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Annex C
(normative)

SPF reference sunscreen formulations

C.1 Mean SPF and acceptance limits for reference sunscreen formulations

Reference Acceptance limits

sunscreen Mean SPF SD (Mean +2SD)

formulation Lower limit Upper limit
P2 16,1 1,2 13,7 18,5
P3 15,7 1 13,7 17,7
P7 4,4 0,2 40 4,8

C.2 [P2 high SPF reference formula

C.2.1 Ingredients mass fraction (%)
Phase 1: lanolin 4,5
theobroma cacao (cocoa) seed butter 2,0
glyceryl monostearate 3,0
stearic acid 20

ethylhexyldimethyl PABA (CAS 21245-02-3)
(2-ethylhexyl-4-(dimethylamino)-benzoate) 7,0

benzophenone-3 (CAS 131-57-7) 3,0
Phase 2: water 71,6
sorhitol (liquid 70 %) 5,0
triethanolamine 1,0
methylparaben 0,3
propylparaben 0,1
Phase 3: benzyl alcohol 0,5

© 1SO 2010 — Al rights reserved 23


https://standardsiso.com/api/?name=cd6afc5fc26c0ba3e9a91aae3ca31a91

ISO 24444:2010(E)

C.2.2 Manufacturing process

melt the

49°Cto

ingredients of phase 1 and mix using a propeller agitator at 77 °C to 82 °C until uniform;

mix phase 2 using a propeller agitator, at 77 °C to 82 °C;

54 °C;

to 41 °C;

compen

sate for water loss and homogenize, avoiding air entrapment; cool batch to 27 °C to 32 °C,

C.2.3 Physdicochemical data

Appearance:
pH:

Viscosity (20

NOTE Th

Density (20 1

white/yellowish fluid emulsion
8,0£0,5

°C): range of values: 19 000 to 33 000 mPa-s [Brookfield®!) rtetating viscometer, RV

helipath type, spindle B, speed 10 r/min (0,167 s~1), rotation time 60 s]
e values provided above are specific to the material used.

C): 0,970 + 0,05 g/cm3

C.2.4 Storage and expiry

Twelve mont

C.2.5 Anal

hs at 20 °C from the fabrication date, in awessel protected from light.

ytical data

C.2.51

The formula
solution is dil

The concent

Prlnciple

on is sampled gravimetrically and dissolved in methanol, in which the analytes are soluble]

uted with HPLC mobile-phase and analysed by reverse phase HPLC.

add the batch of step 1 to the batch of step 2 and mix until smooth and uniform; slowly cool the batch to

add benzyl alcohol of phase 3 to the batch of step 3; mix until uniform and continue to cool batch to 35 °C

type,

The

rations of the analytes in the sample are determined by quantification against a mixed external
standard sollition of analyte raw materials.

C.2.5.2 Chemicalsfreagents

C.2.5.21

Benzophenone-3, production raw material, various suppliers.

C.2.5.2.2

C.25.23

C.25.24

Ethylhexyldimethyl PABA, production raw material, various suppliers.
Methanol, HPLC grade.

Water, fresh distilled.

1)

The RV type Brookfield rotating viscometer is the trade name of a product supplied by Brookfield Engineering

Laboratories. This information is given for the convenience of users of this International Standard and does not constitute
an endorsement by ISO of the product named. Equivalent products may be used if they can be shown to lead to the same

results.

24
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C.2.5.2.5 Glacial acetic acid, of high purity.
C.2.5.2.6 Solution, with mass fractions of 85 % methanol and 1 % acetic acid.

Add 10 ml of glacial acetic acid to 850 ml of methanol and make up to 1 000 ml with water. Filter under
vacuum through a 0,45 um PTFE membrane filter.

C.2.5.2.7 Mixed standard

Accurately weigh 30 mg of benzophenone-3 (C.2.5.2.1) and 70 mg of octyl dimethyl PABA into a 100 ml
volumetric flask and dissolve in and make to volume with methanol. Mix well.

C.2.4.2.8 Mixed working standard

Pipette 5 ml of mixed standard (C.2.5.2.7) into a 50 ml volumetric flask and make to volume with solution in
accordance with C.2.5.2.6.

C.2.5.3 Apparatus — HPLC
Injector: Injection volume 10,0 pl
Column: Type reverse phase C8 5 ym

4,6 mm x 250 mm or equivalent
Mobile phase  solution in accordance with C.2.5.2.6.

Flowrate 1,5 ml/min
Detegtor:  Type uv

Wavelength 308 nm [or 254 nm for fixed wavelength detection (less sensitive, I¢ss specific)]
Data Quantification  peak area

C.2.5.4 Sample preparation

C.2.54.1 Using an analytical balance, weigh approximately 1 g of formulation, to the neares{ 0,1 mg, into
a 50 ml volumetric flask.

C.2.54.2 Add methanol (C:2.5.2.3) to dissolve the sample and make up to volume.
C.2.54.3 Ultrasonieate the flask for 5 min and shake to completely mix the sample.
C.2.54.4 Pipette-1 ml into a 10 ml graduated tube and make up to volume with HPLC mobile phase.

C.2.54.5 Analyse the sample and mixed working standard (C.2.5.2.8) by reverse phase HPLC.

C.2.5.5+ Quality control

C.2.5.51 Analyse a sample of HPLC mobile phase and a placebo, if available, prepared in accordance
with the method, by reverse phase HPLC, to confirm the absence of interfering chromatographic peaks.

C.2.5.5.2 Analyse three mixed working standards (C.2.5.2.8) by reverse phase HPLC and calculate the
coefficient of variation of the analyte peak areas.
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C.2.5.6 Calculations

A Cc 50
X_

Analyte (% massfraction)= x
Agq 1000 m

where
A is the peak area in the sample extract;

C is the mass concentration of analyte in the working standard in milligrams per litre;

Agtg 18 the analyte peak area in the working standard;
m is the mass of the sample expressed in grams.

C.2.5.7 Ackeptance criteria
The analytical results are acceptable if the following are achieved:

a) the stangard coefficient of variation is < 2,5 %;

b) recovery value is 100 % = 5 % for all actives;

c) no interfering chromatographic peaks in the sample placebo or werking solvent.

C.3 P3 high SPF reference formula

) (%)

C.3.1 Ingredients mass fractior

Phase 1: cetearyl alcohol 2,205
PEG-40 castor oil 0,63
sodium cetostearyl sulphate 0,315
decyl oleate 15,0
ethylhexyl methoxyecinnamate (CAS 5466-77-3)
(21ethylhexyl-4-methoxycinnamate) 3,0
butyl methoxydibenzoylmethane (CAS 70356-09-1) 0,5
propylparaben 0,1

Phase 2: water 53,57
phenylbenzimidazole sulphonic acid (CAS 27503-81-7)
(2-phenylbenzimidazole-5-sulphonic acid)

2,78

sodium hydroxide (45 % solution) 0,9
methylparaben 0,3
disodium EDTA 0,1
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Phase 3: water 20,0
carbomer (grade 980) 0,3
sodium hydroxide (45 % solution) 0,3

C.3.2 Manufacturing process

— heat phase 1 to 75 °C to 80 °C and heat phase 2 °C to 80 °C (if necessary increase heat until solution is
clear and cool to 75 °C to 80 °C);

— add phase 1 to phase 2 while stirring phase 2;

— 1o prepare phase 3, disperse carbomer in water by stirring with a rotor/stator disperser;-then add sodium
hydroxide for neutralization;

— add phase 3 to phases 1 and 2 while stirring and homogenize for about 3 mip;
— adjust pH with sodium hydroxide or lactic acid and stir until completely coat;

— g¢ompensate for water loss and homogenize.

C.3.3 Physicochemical data

Appearance: white to slightly yellowish emulsion
pH: 75+05

Densjty (20 °C): 0,970 + 0,05 g/cm3

Viscgsity (20 °C): range of values: 2 000to 4 000 mPa-s [Brookfield®!) rotating viscometgr, RV type,
spindle 4, speed 20 /min (0,333 s~1, rotation time 60 s]

NOTH The values provided above are specific to the material used.

C.3.4 Storage and expiry

Twelye months at 20 °G from the fabrication date, in a vessel protected from light.

C.3.5 Analyticakdata

The formulation is sampled gravimetrically and dissolved in methanol, in which the analytes are|soluble. The
solution is diluted with HPLC mobile phase and analysed by reverse phase HPLC.

C.3.1.1 Principle

The concentrations of the analytes in the sample are determined by quantification against a mixed external
standard solution of analyte raw materials.

C.3.5.2 Chemicals/reagents
C.3.5.21 Phenylbenzimidazole sulfonic acid, production raw material; various suppliers.
C.3.5.2.2 Butyl methoxydibenzoylmethane, production raw material; various suppliers.

C.3.5.2.3 Ethylhexyl methoxycinnamate, production raw material; various suppliers.
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C.3.5.2.4 Methanol, HPLC grade.

C.3.5.2.5 Water, fresh distilled.

C.3.5.2.6 Glacial acetic acid, analar or higher purity.

C.3.5.2.7 Solution with mass fractions of 85 % methanol and 1 % acetic acid

Add 10 ml of glacial acetic acid to 850 ml of methanol and make to 1 000 ml with water. Filter under vacuum
through a 0,45 pm PTFE membrane filter.

C.3.5.2.8 Mixedstandard

Accurately W

minimum of

methanol.
butyl mg
ethylhex

NOTE C
complete solu

ion.

thoxydibenzoylmethane 10 mg

yl methoxycinnamate 75 mg

C.3.5.2.9 Mixed working standard

Pipette 5 ml
solution in ad

C.3.5.3 Aplparatus — HPLC

Injector: In

Column: T

M
F
Detector: T
W
Data: q

ype

obile phase

owrate

ype
avelength

uantification

jection volume 10,0 pl

reverse phase C8 5-um

4,6 mm x 250ymm or equivalent
solution according to C.3.5.2.7
1,5 ml/min

uv

eigh 65 mg of phenylbenzimidazole sulfonic acid into a 100 ml volumetric flask and dissolve in a
D,1 M NaOH. Weigh into the flask the remaining analytes as listed and make up to volumeg with

mplete solution might not occur immediately. Mixing by ultrasonic bath’and standing with time will aghieve

of the mixed standard (C.3.5.2.8) into a 50 ml volumetric flask and make up to volume with the
cordance with C.3.5.2.7.

308 nm [or 254 mm for fixed wavelength detection (less sensitivity, less spedific)]

peak area

C.3.5.4 Sample preparation

C.3.5.4.1 Using an analytical balance weigh approximately 1 g of formulation, to the nearest 0,1 mg, into a
50 ml volumetric flask.

C.3.5.4.2 Add methanol to dissolve the sample and make up to volume.

C.3.5.4.3 Ultrasonicate the flask for 5 min and shake to completely mix the sample.

C.3.5.4.4 Pipette 1 mlinto a 10 ml graduated tube and make up to volume with HPLC mobile phase.

C.3.5.4.5 Analyse the sample and mixed working standard by reverse phase HPLC.

28
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C.3.5.5 Quality control

ISO 24444:2010(E)

C.3.5.5.1 Analyse a sample of HPLC mobile phase and a placebo, if available, prepared according to the

method reverse phase HPLC, in order to confirm the absence of interfering chromatographic peaks.

C.3.5.5.2 Analyse three mixed working standards (C.3.5.2.9) by reverse phase HPLC and calculate the

coefficient of variation of the analyte peak areas.

C.3.5.6 Calculations

RabreYo—rrassfracton)— 4 ¢ 50
Agq 1000 m
wherge
A is the peak area in sample extract;
3 is the mass concentration of analyte in working standard in milligrams_pef litre;
4sq s the analyte peak area in working standard;

C.3.5

The 3

{ is the mass of the sample expressed in grams.

.7 Acceptance criteria

nalytical results are acceptable if the following are achieved:

a) the standard coefficient of variation is < 2,5 %,;

b) o

c) 1

ecovery value is 100 % + 5 % for all actives;

o interfering chromatographic peaksin the sample placebo or working solvent.

C.4 |P7: low SPF reference formula

C.4.1 Ingredients mass fraction (%)

Phase 1: lanolin 5,00
honiosalate (CAS 118-56-9) 8,00
petrolatum 2,50
stearic acid 4,00
propylparaben 0,05

Phase 2: methylparaben 0,10
disodium EDTA 0,05
propylene glycol 5,00
triethanolamine 1,00
water 74,30

©1S0
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C.4.2 Manufacturing process and analytical controls

Heat phase 1 and phase 2 separately to 77 °C and 82 °C respectively, with constant stirring, until the contents

of each part

are solubilized.

Add phase 1 slowly to phase 2 while stirring. Continue stirring until the emulsion formed is cooled to room
temperature (15 °C to 30 °C). Add sufficient purified water to obtain 100 g of standard sunscreen preparation.

C.4.3 Physicochemical data

pH:

Density (20

80+05

C): (0,970 £ 0,05) g/cm3

Viscosity (20/°C): range of values: 1 000 mPa:-s to 3 000 mPa-s [Brookfield®') rotating viscosimetet, RV
spindle 2, speed 10 r/min (0,167 5-1), rotation time 60 s]
NOTE THe above values are specific to the material used.

C.4.4 Storage and expiry

Twelve mont

C.4.5 Anal

C.451 Pr

The formula

phase HPLC

The concent
solution of af

hs at 20 °C from the fabrication date, in a vessel protected from light.
ytical data
inciple

ion is sampled gravimetrically and dissolved in~methanol. The solution is analysed by re

ration of homosalate in the sample is detérmined by quantification against an external sta
alyte raw materials.

C.4.5.2 Chemicals/reagents

c.4.521

C.4.5.22

C.45.23

C.4524

Accurately W

methanol.

Homosalate, production faw material (various suppliers).
Methanol, HPLC grade.

Water, freshly.distilled.
800 mg/lsstandard

eigh_40 mg of homosalate into a 50 ml volumetric flask, dissolve and make up to volums

type,

verse

hdard

with

C.4.5.3 Apparatus — HPLC

cific)]

Injector: Injection volume 10,0 pl
Column: Type reverse phase C18 5 um
4,6 mm x 250 mm or equivalent

Mobile phase methanol

Flowrate 1,5 ml/min
Detector: Type uv

Wavelength 308 nm") [or 254 nm for fixed wavelength detection (less sensitive, less spe
Data: Quantification peak area
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C.4.5.4 Sample preparation

C.4.5.41 Using an analytical balance weigh approximately 0,5 g of formulation, to the nearest 0,1 mg, into
a 50 ml volumetric flask.

C.4.5.4.2 Add methanol to dissolve the sample and make up to volume.
C.4.5.4.3 Ultrasonicate the flask for 5 min and shake to completely mix the sample.

C.4.5.4.4 Analyse the sample of 800 mg/l standard by reverse phase HPLC.

C.4.9.5 Quality control

C.4.5.5.1 Analyse a sample of HPLC mobile phase and a placebo, if available, preparedyaccording to the
methpd reverse phase HPLC, in order to confirm the absence of interfering chromatographic peaks.

C.4.8.5.2 Analyse three 800 mg/l standard by reverse phase HPLC and calculate,the coefficient of variation
of the analyte peak areas.

C.4.5.6 Calculations

Analyte (% massfraction)= 4 x ¢ ><5—0
Agq 1000 m

wher

%

4 is the peak area in sample extract;
is the mass concentration of analyte in working standard in milligrams per litre;
4sq s the analyte peak area in working:standard;

m is the mass of the sample expressed in grams.

C.4.9.7 Acceptance criteria
The gnalytical results arecaceeptable if the following are achieved:

a) the standard coé€fficient of variation is < 2,5 %

b) necovery value is 100 % + 5 % for all actives

c) no interfering chromatographic peaks in the sample placebo or working solvent.
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Annex D
(normative)

Calculations and statistics

D.1 General equations

D.1.1 Indivlidual sun protection factor (SPFi)

The SPFi of pach product on each subject is calculated from the individual MED on
and the indivjdual MED on product protected skin (MEDp) according to the equation:

MEDp
MEDu

SPFi =

D.1.2 Prod‘[:ct sun protection factor (SPF)

The SPF of
n, of subjectq used, expressed to one decimal point:

unprotected skin (MEDu)

(D.1)

e product is the arithmetical mean of the individual SPFi values obtained from the total number,

ZSPFi)
SPF =1 (D.2)
n
Its standard gleviation, s, is given by:
N2
~SPF
[:(SPF#)}—{(OI
n
= D.3
‘ (n=1) (B-3)
D.1.3 95 % confidence-interval
The 95 % copfidence interval (95 %Cl) for the mean SPF is expressed by:
95 %CI F SRF- ¢ to SPF + ¢ (D.4)
where c is calculated as:
(¢ value) x s
c=(tvalue)x SEM=~—"—
(1 value) T
txs
= D.5
7 (D.5)
C|[%]=100XC (D.6)

SPF
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and where

SEM is the standard error of the mean;

n is the total number of subjects used;
t is the ¢ value from the “two-sided” Student-z distribution Table D.1 at a probability level p = 0,05 and
with degrees of freedom v=(n — 1)

Table D.1 — Student- distribution

n 10 11 12 13 14 15 16 17 18 19 20
t valpie 2,262 2,228 2,201 2,179 2,160 2,145 2,131 2,120 2,110 2,101 2,093
NOTH For spreadsheet calculation, ¢ value can be modelled by: ¢ = 2,03 +% (for n = 4)x
nt

D.2

D.2.

An SPF test is begun by testing the product on an initial panel’ of n' subjects (n' shall be at le
individual sun protection factors (SPFi) for the product on ‘each subject are then calculated
equation (D.1).

From these individual SPFi values, a provisional mean'sun protection factor for the initial n' subje

calculated according to equation (D.2), together with a provisional 95 % confidence interval (95
equations (D.4), (D.5) and (D.6) and Table D.%i.e.:

wherg ¢, is calculated as;

and

Experimental calculation procedure

1 Sequential procedure

SSPFi
s, - (2SPFI)

n !
n

D5 %Cl,, = SPF,, — ¢, to-SPF,. + ¢,

_ Ly X8,

n = \/;

ast 10). The
according to

cts (SPF ) is
%Cl,,) using

wherety;is the standard deviation from the first »' subjects calculated according to equation (D.3):

[Z(SPFiz)} | (zsPFi)?

’

n

" (n' - 1)

100 x ¢,y

Clvl%)="spF,
n
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If the calculated provisional Cl,[%] is greater than 17 % of the provisional mean SPF,, value, then testing of
the product shall continue on additional subjects until the provisional Cl,[%] is < 17 % of the mean provisional
SPF.

If this criterion is not fulfilled after twenty valid subjects, then the entire test shall be repeated.

D.2.2 Predicted number of subjects, n*

If the CI,[%] on the provisional SPF,, is greater than 0,17 SPF,, then the predicted, likely total number of
subjects, n*, necessary to meet the statistical criterion can be estimated according to the following formula and
rounded up to the nearest integer:

where

t, is the ¢ statistic from Table D.1, with »’ results;

s,y is the best estimate of population standard deviation (i.e. from the »’ resuits);

¢, is 11 % of mean SPF,, representing the required confidence interval.

EXAMPLE When n* is calculated after the first 10 data, then:

2
o[ 202625,
~(047sPF,

2
. (13|30s,,
n = —
SPF,,

D.3 Examples

D.3.1 Example 1

Table D.2 is| an example of a table gathering data, calculations and results. When data are entergd in
spreadsheet|software, all calculations can be performed automatically.

Table D.2 shiows_the results for prndnr"r EX1 with pyppr"rpd SPE 10 _After ten Qllhjpr‘fQ had been expose 1, the
results were:

SPF, =114
S}’l’ = 2,4
¢y -1,73

95 %Cl,, =9,7to 13,1

Cl[%] =151%
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Since the Cl /[%] was smaller than 17 % of the mean SPF, no further testing was necessary and the final SPF
of the product EX1 was:

D.3.

SPF = 11,4 with CI[%] = 15,1 %

2 Example 2

Table D.3 shows the results for product EX2 with expected SPF 20. After ten subjects had been exposed, the
results were:

The
(Cl,,

SPF, =213
.Snr = 6,0
g, = 4,3

n

95 %Cl, =17,0t0 25,6
Cl, [%] =203%

elative variation of the results was higher than in Example 4~and the statistical criterion
%] was greater than 17 % of the mean SPF). The test had to/be continued and the likely tot

of supjects necessary was calculated as:

2 2
[ s | _(2262x6,017 4,
e 3,61

n

Thergfore, five subjects were added and the newly calculated provisional results were:

The
SPF

$PF.s =212
15 =62

di5 =34 withn=154nd 1,5 = 2,145
95 %Clg = 17,8 to. 24,6

Bl (%15 = 162°%

Criterion\was met after the fifteenth subject (Cl,, [%] smaller than 17 % of the mean SPF)
bf product EX2 was:

was not met
al number, n,

and the final

SPF = 21,2 with CI[%] = 16,2 %
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