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Foreword

ISO (the Inte

rnational 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 work. ISO 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 ta
adopted by
International

Attention is ¢
rights. ISO s

ISO 24442 W

5k of technical committees is to prepare International Standards. Draft International Stanglards
the technical committees are circulated to the member bodies for voting. Publication 3s an
Standard requires approval by at least 75 % of the member bodies casting a vote.

rawn to the possibility that some of the elements of this document may be the subject of datent
hall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 217, Cosmetics.
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oduction

This International Standard specifies the procedure to determine the Ultraviolet A Protection Factor (UVAPF) of
a sunscreen product using the persistent pigment darkening method according to the principles recommended
by the Japan Cosmetic Industry Association (JCIA) in 1995['l. The outcome of this test method can be used
to determine the UVA classification of topical sunscreen products according to local regulatory requirements.

Topical sunscreen products are primarily rated and labelled according to their ability to protect against sunburn,
using a test method to determine the in vivo Sun Protection Factor (see ISO/FDIS 24444). This rating evaluates
filtration of sunburn generating radiation across the electromagnetic UV spectrum (290 nm to 400 nm). However,
knowledge of the Sun Protection Factor (SPF) rating does not provide explicit information on the

agnitude of

the p
have
demd
UVA
choid
provi
indeq

rotection provided specifically in the UVA range of the spectrum (320 nm to 400 nm), aslit

high SPF products with very modest UVA protection (e.g. SPF 50 with a UVAPF of only 3 t
nd among medical professionals, as well as knowledgeable consumers, to have fullet inforr
protection provided by their sunscreen product, in addition to the SPF, in order to_ make a m
e of product, providing a more balanced and broader-spectrum protection. The UVAPF valug
Hes information on the magnitude of the protection provided explicitly in the dVA portion of t
endent of the SPF values.

The fest method outlined in this International Standard is derived primarily from the UVAPF tes

deve
withd

oped by the JCIA. Modifications have been made to attempt to ‘harmonize with other m
ut changing the integrity of the fundamental underlying principles.of the test method.

s possible to
b 4). There is
hation on the
ore informed
of a product
ne spectrum,

methods as
ethodologies
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INTERNATIONAL STANDARD

ISO 24442:2011(E)

Cosmetics — Sun protection test methods — In vivo
determination of sunscreen UVA protection

1 Scope

This International Standard specifies an in vivo method for assessment of the UVA protection factor (UVAPF)

of to
inten
rays.

icalsunscreen nroducts This International Standard is annlicable to cosmetics druas and o
g PP T )

Hed to be topically applied to human skin, including any component able to absorb, reflect

It prqvides a basis for the evaluation of sunscreen products for the protection of human skin

radia

lion from solar or other light sources.

2 Terms and definitions

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

her products
br scatter UV

against UVA

21

ultrayiolet radiation

electfomagnetic radiation in the range of 290 nm to 400 nm

NOTH UVB =290 nm to 320 nm; UVA = 320 nm to 400 nni (UVA Il = 320 nm to 340 nm; UVA | =340 nm to 400 nm).
2.2

erythema

reddening of the skin caused by UV radiation

2.3
pers
PPD

stent pigment darkening

skin darkening that persists more-than 2 h after the end of UVA exposure

24

minimal persistent pigment darkening dose

MPP
loweq

DD

response with defited borders appearing over most of the field of UVA exposure, observed
and 24 h afterthe end of the UVA exposure

NOTH
is refd

25

renced as “MPPDDp”.

5t Ultraviolet A (UYA) dose that produces the first perceptible unambiguous persistent pigmgnt darkening

pbetween 2 h

The MPPDD on unprotected skin is referenced as “MPPDDu”, and the MPPDD on sunscreen-protected skin

individual Ultraviolet A protection factor
UVAPFi

ratio of the minimal persistent pigment darkening dose on product-protected skin (MPPDDp) to the minimal
persistent pigment darkening dose on unprotected skin (MPPDDu) of the same subject:

UVAPFi=

2.6
UVA

MPPDDp
MPPDDu

protection factor of a product

UVAPF
arithmetic mean of all valid individual UVAPFi values obtained from all subjects in the test

©1SO
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2.7
test area

back between the scapula line and the waist

2.8
test site
area of skin t

NOTE

2.9
test subsite

o which a test product or reference sunscreen is applied within the test area

The area used to determine the MPPDDu is also a test site.

skin areas w

3 Princig

The UVAPF
However, it y
determine th

The UVAPF

thin a test site exposed to UVA radiation

le

fest method is analogous to the test method used to determine the SPF of a 'siinscreen prg
tilizes only the UVA portion of the xenon arc lamp solar simulator of defined and known out
b protection provided by sunscreen products on human skin in the UVA-portion of the spect

test method uses persistent pigment darkening (PPD) responses of.the skin as the end po

evaluating transmitted UVA radiation. The test is restricted to the area of the back of selected human sub

An area of e
exposed aftd
a reference |

To determine

ach subject’s skin is exposed to UVA light without any protection and another (different) a
r application of the sunscreen product under test. One furthef.area is exposed after applicat
JVA sunscreen formulation, which is used to validate the.procedure.

the UVAPF, incremental series of UVA exposures«ate delivered to five or six small subsit

the skin to imduce darkening responses. These responses are Visually assessed for pigment darknes

to 24 h after
dose (MPPDO
product (i.e.
same day. A
MPPDDp/MH

4 Test su

4.1 Selec

411

For subject i

VA exposure, by the judgement of a trained evaluator. The minimal persistent pigment dark
D) for unprotected skin (MPPDDu) and the~MPPDD obtained after application of a suns
the MPPDD for product-protected skin, MPPDDp) are determined on the same subject o

PPDDu.

bjects

ion of test subjects

Generral

hclusion andiexclusion criteria, refer to Annex A.

4.1.2 Age festfiction

duct.
but to
rum.

nt for
ects.
ea is
on of

ES on
5 2 h
Ening
Creen
n the

n individual sun protection factor (UVAPFi) for each subject tested is calculated as the rgtio of

4.1.3 Skin

phototype of test subjects

The skin of subjects shall be Fitzpatrick phototypel2] 11, 1ll and IV. Alternatively, the colorimetric ITA® value of
subjects shall be within the range of 20° and 41°.

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 tanning resulting
from that previous test, a test site that has been exposed to UV should not be used in a subsequent test before
two months have elapsed and the site is free of any sign of previous pigmentation marks.

© 1SO 2011 —All rights re
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Consent

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

4.1.6

Ethical aspect

All testing shall be done in accordance with the Declaration of Helsinki and national regulations regarding
human studies, if any.

4.2

Number of subjects

The {
resul
bute
the tq

In orq
95 %
Othe
maxi
20 v4
For d

5 K

The 1
samy
be ud
valusg
the tq

Refe
UVAJ
UVAJ
used

Only

6 U

6.1

The 9

s. A maximum of five individual invalid results may be excluded from the calculation of the
ach exclusion shall be justified according to 10.3.3 or other non-compliance with proteeol. G
tal number of subjects will be between a minimum of 10 and a maximum of 25 subjects.

er to determine the number of subjects, the 95 % confidence interval (Cl) shall\be taken into
confidence interval should lie within +17 % of the mean UVAPF, and a minimum of 10 subject
rwise, the number of subjects is increased stepwise from 10 until the statistical criterion is
mum of 20 valid results or a maximum of 25 subjects tested). If this statistical criterion is not
lid results from a maximum of 25 subjects, then the entire test is rejected, and a new test sha
etails of statistical definitions, sequential testing procedure and_€alculations, refer to Annex

Reference sunscreen formulae

nethod is controlled by the use of a reference sunscreen formulation to verify the test proced
les have an expected UVAPF value below 12, a cantrol sample S1 sunscreen formula (see A
ed in every study to confirm the reliability of the’results obtained for the test samples. The 1
of the control sample is 4,4. The results of the UVAPF of the S1 control shall lie between 3
st is invalid and shall be repeated.

ence S2 sunscreen formulal4l (see-Anrlex C) shall be used in a study if any test sample has
PF of 12 or above. The mean UVAPFE-for the reference sample S2is 12,7. The test results of the
PF shall lie between 10,7 and 14,7 or the test is invalid and shall be repeated. The refereng
to validate any product test.

one reference sunscreen-formula is required for each test.

JVA source

Spectral characteristics

source’ of UVA radiation shall be a xenon arc lamp solar simulator (of which the spectrum ¢

prim4

st subjects shall be required to provide a minimum of 10 valid UVAPFi values and a maximym of 20 valid

ean UVAPF,
onsequently,

account. The
s is required.
met (up to a
eached after
| be initiated.
D.

ure. If all test
nnex C) may
nean UVAPF
,8 and 5,0 or

an expected
reference S2
e S2 may be

ncompasses

ril) UVA radiation from 320 nm to 400 nm) with a continuous spectrum. Typical sources

used for this

testing are multiport or single-port solar simulators fitted with optical cut-off filters to eliminate wavelengths
below 320 nm (UVB) and between 400 nm (visible light and infrared) and 1 500 nm, and which yield the
performance specifications given in Table 1.

The maximum level of visible and infrared (IR) radiation in the source beam shall be less than 5 % of the total
source output. The amount of UVA | radiation shall be between 80 % and 92 % of the total UVA output (UVA
I/UVA = 80 % to 92 %), and the amount of UVA Il (320 nm to 340 nm) shall be between 8 % and 20 % of the
total UVA irradiance (UVA II/UVA = 8 % to 20 %). There shall be less than 0,1 % of UVB contained in the source
beam.

The spectrum shall be measured by an expert using a spectroradiometer that is traceable to a recognized
standard lamp source.

© 1SO 2011 — All rights reserved
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6.2 Maint

6.2.1

Before UV e
a spectrorad

6.2.2 Spec

It is recomm;d
be made by
changing an
an independ

The simple y
Detailed inst

6.3 Beam

6.3.1

Beam size fq
as possible.

6.3.2 Large beam sources

When a larg
at any UV e

exposure site. If the variation exceeds 10 %, then appropriate compensation for different irradiance shou

made in the

Radiometry

Generral

2011(E)

Table 1 — Performance specifications

Measured
<0,1 % of total UV
8 % to 20 % of total UVA
80 % to 92 % of total UVA

Spectral range
<320 nm (UVB)
320 nm to 340 nm (UVA II)
340 nm to 400 nm (UVA 1)
400 nmto 1 500 nm

<5 % of total output of the source
(visible and near-IR)

enance and monitoring the UV solar simulator output

posure of each test site, the UV irradiance should be checked with a radiomeéter calibrated ag
ometric measurement of the solar simulator output.

froradiometry

bnded that a complete spectroradiometric check (UVA and UVB) of output spectrum and intq
the laboratory at least once every 18 months, or after 3.000 h of lamp running time, and

significant physical (optical) component of the solar siniulator. It is strongly recommende
bnt expert conduct this periodical inspection.

uctions for ensuring correct lamp output are given in Annex B.

size and uniformity

r each exposure subsite shallbe at least 0,5 cm2. The intensity of the beam shall be as un

b-beam lamp is\used to simultaneously expose several subsites, the minimum beam irradi
posure site,,Shall be no more than 10 % lower than the maximum beam irradiance at an

pxposufe-time on each UV exposure site.

6.3.3 Smal

ainst

bnsity
after
i that

se of specific filters is not in itself adequate assurance that the UV output is of the correct gdality.

iform

Bnce,
y UV
Id be

beam sources

For a small beam UV source, an uneven skin darkening (such as a half-moon shape) indicates that the irradiance
is not uniform and the delivery system shall be realigned or corrected.

6.4 Total irradiance (UV, visible and near-infrared rays)

The test conductor shall confirm that the total irradiance shall not exceed 1 600 W/m2 (reciprocity has been
tested over the range of 370 W/m?2 to 1 440 W/m?2)[3],

When total irradiance is strong, an excessive feeling of heat or pain might be induced in the irradiated skin
of subjects. Therefore, it shall be confirmed that the maximum irradiance that will be used (UV, visible and
near-infrared rays) will not induce an excessive feeling of heat in the skin prior to conducting a UVAPF test.

© 1SO 2011 — All rights reserved
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7 Product application quantity and procedure

71

General

The application of the products should be made by a trained technician. The room temperature shall be between
18 °C and 26 °C. The use of a finger cot is optional but recommended. If 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 shall be cleaned between product applications. All products should be homogeneous
and should be shaken if necessary, before weighing, to ensure uniform dispersion.

7.2

Prod
or pr
surfa

7.3

Area
using
of sit
site

Pesition-eitl by

ict shall be applied to subjects in the same position as will be utilized for the irradiationproc
bne). Powder samples should be tested in the prone position to prevent the samples from
ce of the skin.

Defining test sites

a template and a special skin marker with a distance of at least 1 cm between each test site
bs shall be restricted to no more than six. The location of the products on the sites and thg
hall be randomized on the subject’s back (see Figure 1). Before application of the test produd

formyla, the test site can be cleaned with a clean, dry cotton pad ér equivalent material.

Keys

p
re

>0,5 cm?
S
/

O

4

>1cm

N
O Of|0 O|le O
O Ol |0 O] |0LO
O Of|0 O] |0 O
O O |0 O] |0 &
O O |0 O] O

O Ofl|0 O] |0 O

foduct 1
fereficé sunscreen

p

edure (sitting
ralling off the

5 of at least 30 cm? to at most 60 cm?, located between the scapula lineahd the waist, shall e delineated

The number
unprotected
t or standard

foduct 2

D o WON -

©1SO

product 4
MPPDDu (no topical application)
product 3

Figure 1 — Example of arrangement of test sites

2011 — All rights reserved
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7.4 Application procedure

7.41
sprays

7.41.1

Product application technique — Liquid-type products, e.g. lotions, milks, creams, sticks,

device such as a watch glass or weigh boat (container). A method of weighing by loss should be used.

The amount of product to be applied is to be weighed in a syringe or pipette or, alternatively, in another

7.4.1.2 Care shall be taken to prevent evaporative loss of volatile components when the product is being
weighed and before application on the skin. Itis important that the total quantity of weighed product be transferred

to the produd

7.41.3 The product is then dispensed in small droplets (approximately 15 per 30 cm2, 30 per 60>¢m?

the whole tes

7.41.4 The product should be gently spread with a finger cot or a clean finger using circtlar and then

movements
shall be from

7415 Ifn
7.4.2 Prod

7.4.21
on the skin b

7.4.2.2 Alig

7.4.2.3 Th¢ accumulated powder is tapped and.tHen spread over the whole test site using a finger w

without a fing

7.4.2.4 Altgrnatively, the tip of a preloaded cosmetic application puff may be used instead of a finger. |

case, itis imj
by weighing

8 Deterni

8.1 UV ex

Exposure of

Purified water or another suitable solvent that has no other UV protection properties may be af

Tapplication sie.

t site at a dose of 2,00 mg/cm? + 0,05 mg/cm? delivered.

up and down), without excessive pressure. The time used to spread th€ product on the tes
20 s to not more than 50 s.

bcessary, in case of uneven application, application may be rep€ated on a new test site.

ict application technique — Powders

efore the powder application to help the sample adhére to the application site.

uots of powder should be transferred to the.skin in a grid-like manner, using a spatula or fing

er cot.

ortant to verify that 2,00 mg/cm?2 + 0,05 mg/cm? of test powder remains on the skin after spre
he application puff.

ination of minimal persistent pigment darkening doses (MPPDD)

posuretiming and subject position

the_test site to the sequence of UV doses shall start no sooner than 15 min and no more

over

inear
t site

plied

er.

ith or

n this
ading

than

30 min after

the qpplir‘nfinn of the prndlmf(e) The pncifinn of the cnhjpr‘fc dnring the whole exposure

eriod

shall be the same as when the product was applied. 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.

8.2 Determination of the minimal pigmenting dose on the unprotected test sites (MPPDDu)
using a multiple-beam solar simulator

8.2.1

When a multiple-beam solar simulator is used, UVA radiation is conducted onto multiple UVA exposure

sites (typically six), each of which receives an independent dose of radiation of identical spectrum, but with
different intensity. The individual UVA exposure sites are typically between 8 mm and 10 mm in diameter.

8.2.2 Measure and adjust the UVA irradiance of each optical beam to obtain a geometric progression of 25 %

(0,64, 0,8, 1,

1,25, 1,56, 1,95) using a radiometer calibrated with the UVA source.

© 1SO 2011 — All rights reserved
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8.2.3 Determine the exposure time needed to achieve the range of doses to be typically used for the
determination of the MPPDDu: 8 J/cm2, 10 J/cm?2, 12,5 J/cmZ2, 15,6 J/lem2, 19,3 J/cm?2, and 24,4 J/cm? (depending
on the radiometer used). Other (higher or lower) exposure doses and times may be based on prior data of an
individual subject or ITA® testing prediction for that subject (see Annex A).

EXAMPLE
— UVAirradiance at third highest intensity optical fibre = 50 mW/cm?;
— MPPDDu (estimated) = 12,5 J/lcm?2;

— Exposure time for MPPDDu = 12,5 J/cm2/50 mW/cm?2 = 250 s.

8.2.4| Expose the unprotected test subsites using the predetermined time for the unprotected-gite MPPDDu
determination.

8.3 |Determination of the MPPDDu using a single-beam output solar simulator

8.3.1] When using a single beam output solar simulator, there is only one(beam to be measjyired with the
radiometer calibrated with the solar simulator to determine UVA irradiance.

8.3.2 Measure the UVAirradiance of the one output beam at the plan€ of the skin exposure with {he calibrated
radiometer.

8.3.3| Determine the exposure times needed to achieve the range of doses generally used for the determination
of thg MPPDDu, which is approximately 8 J/cm?2, 10 J/cm2:92,5 J/cm2, 15,6 J/cm?2, 19,3 J/cmZ2, and 24,4 J/cm?2.
Othef (higher or lower) exposure doses and times may\be used based on prior data of an individlial subject or
ITA® testing prediction for that subject.

EXANIPLE
— VA irradiance = 50 mW/cm?2
— [Exposure times for series are:

8 J/cm?/50 mW/cm?2 = 160-s!

4+ 10 J/em2/50 mW/cmZ2.=200 s;
+ 12,5 Jcm?2/50 mW/em?2 = 250 s;
4+ 15,6 JIcm2/50 MW/cm2 =312 s;
+ 19,3 Jlem?/50 W/cm?2 = 386 s;

4 24:4°J/cm?/50 mW/cm? = 488 s.

8 3 a Evnaoca tha et a~t~nd ~Aran oniheoidtne on
- Che o I_I\rJU\)\z ane uIIPIUlU\IL\J\J L= 1A e e Av | v e ) ) wre aaye ) vy

determination.

pantiallhy vaith tha timane far tha nn
Ty vt o thiCoTOT—thiC—orte

etected-dite MPPDDu

r
T

4
q
i}
b

8.4 Determination of the MPPDDp using a multiple-beam solar simulator

8.4.1 Before the exposure of each test site, measure and adjust the UVA irradiance of each optical fibre to
obtain a geometric progression of 25 % (0,64, 0,8, 1, 1,25, 1,56, 1,95) using a radiometer calibrated with the
solar simulator.

8.4.2 Determine the exposure time needed to achieve the range of doses to be used for the determination of
the MPPDDp.

© 1SO 2011 — Al rights reserved 7
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8.4.3

Multiply the MPPDDu of the subject (determined in a pretest or predicted) by the expected UVAPF value

of the test product (supplied by the sponsor or estimated from in vitro UVAPF testing) to determine the estimated
MPPDDp of the product. Divide the estimated MPPDDp by the UVA irradiance of the third highest intensity
optical fibre to determine the exposure time for the sequence of doses for the test product.

EXAMPLE

UVA irradiance at third highest intensity optical fibre = 50 mW/cm?;
MPPDDu = 10 J/cm?;

Estimated test product UVAPF = 10;

Estimate

Exposurg

8.4.4 After|
the unprotec

8.5 Deteri
solar simu

8.5.1 Mea
radiometer b

8.5.2 Dete

i MPPDDp = 10 J/cm?2 x 10 = 100 J/cm?;

time for MPPDDp = 100 J/cm?2/50 mW/cm?2 = 2 000 s.

ed MPPDDu site as determined in 8.2.

mination of the MPPDDp on the protected test site with a single-beam
ator

sure the UVA irradiance of the one output beam at the plane of the skin exposure with the calib
bfore starting the exposures within each test site.

Fmine the exposure times needed to achieve the range of doses for irradiation of the sunsc

protected sitg¢s as given in 8.5.3.

ply the MPPDDu of the subject (determined.ina pretest or predicted) by the expected UVAPF
duct (supplied by the sponsor or estimated-from in vitro UVAPF testing) to determine the estin
the product. Divide the estimated MPPDDp by the UVA irradiance of the third highest exp
eries to determine the exposure time.*The two lower doses, and two (or three) higher doses,
times lower or higher than the, preceding dose.

=10 Jlcm?;

UVAPF for test product = 10;
expected = 10 x40 J/cm? = 100 J/cm?;
iance = 50 mW/cm?;

i MPPBDp exposure time = 100 J/em2/50mW/cmZ2 = 2 000 s;

completion of the exposure of all the protected test sites, proceed to conducting'the exposuire of

rated

reen-

value
hated
bsure

shall

8.5.3 Multi
of the test pr(
MPPDDp of
dose in the s
be each 1,29
EXAMPLE

— MPPDDUY
— Expecteg
— MPPDDY
— UVAirraq
— Estimate
— Exposure

sequence should be:

1280s,1600s,2000s,2500s, 3125 s, and optionally 3 906 s.

8.5.4 After completion of the exposure of all the protected test sites, proceed to conducting the exposure of
the unprotected MPPDDu site as described in 8.3.

9 Product removal

After UV exposure, control and test products may be removed gently, using a cotton or cellulose pad with a
neutral lotion to eliminate traces of pigments or coloured products that could interfere with the pigmentation

evaluation.
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10 MPPDD assessment procedure

10.1

Observation time for responses of MPPDDs

The MPPDD responses shall be assessed between 2 h and 24 h after completion of the exposure of the last
UVA exposure sites. Observations of protected (product) and unprotected test sites shall be conducted at the
same relative time point after the end of the exposures (i.e. if at 4 h, it is 4 h after completion of exposures for
the unprotected site and 4 h after completion of the protected site, not actually at the same time). Observations
shall all be made on the same day.

10.2 Pesition-of-subjectsfor-MPPDB-ebservations—————————————————————

The

assessment.
10.3| MPPDD evaluation

10.3.

Visugl evaluation should be performed in a blinded manner by a qualified observer under {
suffigient and uniform illumination conditions (white lamps, industry.type, delivering at least 45
ination plane), with the subject in the same position that was ‘used for the product applicafion and UVA
exposures.

exarrj

position of the subject should be the same for product application, for UV exposure\and

1 Observation conditions

for MPPDD

tandardized,
D Ix over the

In ordler to ensure observer blinding, the observer shall not’be the same individual that applied the product or

admipistered the UVA exposures. Observation documents shall be coded so that the identity o
and igentity of MPPDDu, the UVA treatment doses, thetest products, and the control product are

10.3

The

site dausing the first perceptible unambiguous persistent pigment darkening response appearing
the field of UVA exposure, with defined.borders (see 2.4).

10.3.

Datalfrom a test site maybefejected only on the basis of one or more of the following criteria:

a)
b)
c)

d)

.2 MPPDD determinations

minimal persistent pigment darkening dose (MPPDD) corresponds to the lowest UVA dose wi

B Data rejection

there is no pigmenting response on any UVA exposure subsites;

all subsites have a pigmented response;

ere are random pigmenting responses that do not follow the logical sequence of the te
bsént'responses);

the location
not revealed.

hin each test
over most of

st (randomly

the test subject is non-compliant or becomes 1ill, or does not shield the test area from sunlight after

exposures;

a technical error occurs during UVA exposure.
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11 Calculations of the UVAPF and statistics

11.1 Calculation of the individual UVAPF (UVAPFi) for each test product for each subject

The UVAPFi is calculated for each test product for each volunteer as the ratio of the minimal UVA dose
necessary to induce the defined pigmentation response (see 2.4) on the MPPDDp and the minimal UVA dose

necessary to

UVAPFi

induce the MPPDDu:

MPPDDp
MPPDDu

where

MPPDD(u,p)

11.2 Calcu

The UVAPF
values using
regulations g

11.3 Statis

The 95 % co
Otherwise, t
maximum of
20 valid resu
details of sta

11.4 Testr

If the mean
rejected.

Jation of the mean UVAPF

is the minimal persistent pigment darkening dose.

value of a test product is determined as the arithmetic mean of the indiyvidual volunteer UV
a minimum of 10 subjects with valid results. Additional subjects may be used, as required by
r to meet the statistical test requirements below.

tical test

APFi
local

hfidence interval shall lie within +17 % of the mean UVAPFE;;:a minimum of 10 subjects is req
ne number of subjects is increased stepwise from 10 untiil the statistical criterion is met (

ts from a maximum of 25 subjects, the entire testis'rejected and a new test shall be initiate
listical definitions, sequential testing procedurezand calculations, refer to Annex E.

pjection for failure of meeting the statistical test for the reference sunscreen

alue of the reference sunscreen (8T or S2) is not in the expected range, the entire test sh

12 Test report

u
20 valid results or a maximum of 25 subjects tested)cif-this statistical criterion is not reache{

lired.
to a
after
. For

all be

ence

The test repgrt shall contain the fellowing information:

a) product jdentifier, code‘and expected UVAPF;

b) subject information\(humber, name or identification code, skin phototype or ITA® value);

c) identification and characterization of the UVA source with intensity in units of energy/unit area;

d) individuII MPPDDu and MPPDDp for unprotected skin and test-product-protected skin and the refe
sunscreen-protected skin;

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

f)  mean UVAPF values, standard deviation on the mean and confidence interval of 95 %;

g) protocol deviations (if any);

h) identification of the technician who conducted the test, listed by subject;

i) date of the test.
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Annex A
(normative)

Selection criteria for the test subjects

A.1 Skin phototypes

Suijzcts should be selected using Fitzpatrick skin phototype or ITA® value.

The skin phototype of subjects shall be Fitzpatrick type Il, Ill or IV. Alternatively, the colofimetric|ITA® value of
subjgcts shall be within the range of 20° to 41°.

The Fitzpatrick skin phototype definitions are based on the first 30 min to 45 min ef 'sun exposure gfter a winter
seaspn without sun exposure, with the following results:

— Type I: always burns easily, never tans;

— TJype Il: always burns easily, tans minimally;
— Type lll: burns moderately, tans gradually;
— Type IV: burns minimally, always tans well;
— Type V: rarely burns, tans profusely;

— Type VI: never burns; deeply pigmented.

Colofimetric ITA values and skin colour categories are defined by the colorimetric descriptors of Chardon et all%!
using the CIE (1976) L*a*b* colour space.

Table. A.1 — ITA® values for skin colours

Skin colours ITA® value ranges
Very light >55°
Light >41° to 55°
Intermediate >28° to 41°
Tan (or matt) >10° to 28°
Brown >-30°to 10°
Black <-30°

ITA® = {Arc Tangent [(L* - 50)/b*]} 180/3,141 6.

A.2 Medical and ethical considerations

It is recommended that new subjects first be interviewed by a health professional to establish their medical
status and suitability for inclusion in the subject panel. It should be verified that there is no condition (such as
abnormal response to the sun) which would put the subject at risk. Subjects shall be also presented with the
list of exclusion criteria below and attest that they do not have any of the listed conditions (without having to
identify which one). Before participating in a study, it shall be verified that the subjects’ medical status has not
changed since the original interview. A trained scientist or technician shall also check each subject visually
before qualifying them to participate in a study in order to ensure that their skin colour within the test sites is
uniform, without pigmentation marks, nevi, and that no sunburn (erythema) is present on the test area.
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Human subjects should be adequately informed of the aims and potential risk (direct or secondary effects) of
the study and any discomfort they might experience. Each subject shall give a written agreement to participate
in UVAPF tests (free informed written consent is mandatory prior to entering the study, according to the general
Declaration of Helsinki).

When there is some doubt on the expected UVAPF of the test product, a screening should first be performed.
To protect the volunteers, it is recommended that the test be started with a lower MPPDDp value which is
increased progressively.

A.3 Exclusion criteria

All exclusion
The following
— children
— pregnan
— subjects
— subjectd
— subjects
— subjects
— subjectd
— subjects
— subjects
— subjects

— subjects

A.4 Fred

The propose|
the previous

criteria shall be checked before testing.
conditions shall automatically exclude a subject from the test group:
and persons below the age of consent or older than 70 years;
t or lactating women;
using medication with photo-sensitizing potential,
that are immunosuppressed, such as HIV-positive patients or transplant patients;
with a family history of skin cancer;
receiving chemotherapy or radiotherapy;
using anti-inflammatory medication;
with dermatological conditions;
with a history of abnormal response to the sun;
accustomed to using tanning beds;

who have had UV exposure on the back area in the four weeks prior to UVAPF testing.

juency of subject participation (interval between two tests)

i test sites on the backs of test subjects shall not have been used in any sun product testing
two months.

A.5 Quality of the'test site

vithin

The test siteg shallhave:
— no pigmentation-spots-fromprevioustests:

— no evidence of UV exposure (sunburn or tanning);

— no scars or active dermal lesions;

— uniform colour, without nevi, blemishes or solar lentigo, and without excessive hair.

12
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Annex B
(normative)

Definition of the source of UVA radiation

Purpose

The

of UVA radiation used for UVAPF testing. The artificial light source used shall comply with the 'so
specifications as described below.

B.2

The §
Xeno
acroq
spec

B.3

Whe
irradi
irradi
the s

rangg of 370 W/m2 to 1 440 W/m?2)[31,

im of these specifications is to define practical criteria for testing the spectral compliance

Quality of radiation

ource shall emit a continuous spectrum with no gaps or extreme peaks-@f'emission in the U
N arc source with appropriate filters is required. The output from thetUVA source shall be st
s the whole output beam (particularly important for a single large beam) and suitably filtere
ral quality that complies with the required acceptance limits (see‘Table B.1).

Total irradiance (UV, visible and near-infrared rays)

0 total irradiance is strong, an excessive feeling of\heat or pain might occasionally be in

pnce that will be used (UV, visible and near-infrared rays) will not induce an excessive feel
kin. For that reason, total irradiance shall pot exceed 1 600 W/m2 (reciprocity has been te

pf the source
urce spectral

VA region. A
able, uniform
d to create a

duced in the

ated skin of subjects. Therefore, prior to conductifig a UVAPF test, it shall be confirmed that fhe maximum

ng of heat in
sted over the

B.4| Uniformity of beam
B.4.1 When a large-beam U¥ source is used to simultaneously expose several subsites within pn irradiation
seriep by varying the exposure time, the intensity of the beam shall be as uniform as possible. The minimum

beanj irradiance, at any_pejnt, shall be no more than 10 % lower than the maximum beam irradiance at any
point| If the variation exeeeds 10 %, then appropriate compensation for different irradiance shall b¢ made in the
exposure time on edeh UV exposure subsite.

B.4.2 For asmall-beam UV source, the intensity of the beam shall be as uniform as possibl¢. An uneven
darkening response in unprotected skin (such as a half-moon shape) indicates that the irradiance is not uniform
and the.delivery system shall be realigned or corrected.

B.5 Maintenance and monitoring of the UV solar simulator output

B.5.1 Radiometry

Before UVA exposure of each test site, the UVA irradiance shall be checked with a radiometer calibrated
against a spectroradiometric measurement of the UVA source.

B.5.2 Spectroradiometry

It is recommended that a complete spectroradiometric check (UVA,UVB, visible and infrared) of the output
spectrum and intensity be made at least once every 18 m or after 3 000 h of running time and each time a
significant physical (optical) component is changed. It is strongly recommended that an experienced expert
conduct this periodical inspection and certify that the lamp complies with the output as specified in Table B.1.
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The simple use of specified filters is not in itself adequate assurance that the UV output is of the correct quality.
All ports of the light source shall be measured independently to assure compliance.

14

Table B.1 — Percentage acceptance limits for the UVA solar simulator output

Spectral range Measured
Lower limit Upper limit
<320 nm (UVB) <0,1 % of total UV
320 nm to 340 nm (UVA 1) 8 % 20 % of total UVA
340 nm to 400 nm (UVA 1) 80 % 92 % of total UVA

400 nmto 1 500 nm

(visible + near-IR)

<5 % of total source irradiance

© 1SO 2011 — All rights reserved


https://standardsiso.com/api/?name=50fe73dbaed50e2f9ddf2b0e09bb3375

ISO 24442:2011(E)

Annex C
(normative)

UVAPF reference sunscreen S1

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

Meanp UVAPF and acceptance limits for reference sunscreen formulations are given in Table CA.

Table C.1 — Mean UVAPF and acceptance limits for reference sunscreenformulatjons

Reference sunscreen Mean Acceptance limits
formulation UVAPF Lower limit Upper limit
S1 4.4 3,8 5,0
S2 12,7 10,7 14,7

C.2| UVAPF reference formula S1

Tablg C.2 gives the UVAPF reference formula S1.

Table C.2 — UVAPF reference formula S1

Ingredients I % mass of total mass
Phase 1 (aqueous)
Purified water 57,13
Dipropylene glycef 5,0
Potassium hydroxide 0,12
Trisodium EDTA 0,05
Phenexyethanol 0,3
Phase 2 (oil)
Stearic acid 3,0
Glyceryl stearate (S.E.) 3,0
Cetearyl alcohol 5,0
Petrolatum soft yellow 3,0
Glyceryl tri(2-ethylhexanoate) 15,0
Ethylhexyl methoxycinnamate 3,0
Butyl methoxydibenzoylmethane 5,0
Ethylparaben 0,2
Methylparaben 0,2
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C.3 Manufacturing process

C.3.1

C.3.2

C.3.3

C.3.4

C.3.5

C4

c.41

C.4.2

C43

C4.4

C.5 Stonage and expiry

Combine the phase 1 aqueous materials given in Table C.2 and mix until completely uniform and
dissolved. Commence heating to 70 °C.

In a separate vessel, combine the phase 2 oil materials. Heat to 70 °C and mix until uniform and molten.

Com

Hom

Contjnue mixing with an overhead stirrer as the batch cools.

Phy

Appgarance: white cream.
pH: 6,5 + 0,5 (diluted 1 part to 5 parts freshly distilled water).
Viscgsity (20 °C): 50 000 cP to 80 000 cP using Brookfield Spindle’D?) at 10 r/min.

Dengity (20 °C): 0,95 g/cm3 £ 0,05 g/cm3.

bine phases by adding the phase 2 materials to the phase 1 materials and mix until uniform.

ogenize at 4 000 r/min_for between 3 min and 5 min.

sicochemical data

The formulatjon shall be stored for 12 months from thexdate of manufacture at 20 °C, in a vessel protected
light.

C.6 Analytical data

C.6.1  Principle

The formulafion is sampled gravimetrically and dissolved in ethanol (in which the analytes are soluble
solution is filfrated and chromatographed on a microparticulate silica gel column using a mixture of wate
ethanol as the mobile phase:\Fhe concentrations of the analytes in the sample are determined by quantifig
against a mixed externalstandard solution of analyte raw materials.

NOTE Se¢e Reference [11].

C.6.2 Chemical reagents

C.6.2.1 Absolute ethanol (HPLC grade).

C.6.2.2 Ultrapure water (HPLC grade).

C.6.2.3 Phosphoric acid, 85 % analytical purity.

C.6.2.4 Ethylhexyl methoxycinnamate.

from

The
rand
ation

1) Brookfield Spindle D is an example of a suitable product available commercially. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of this product.

16
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C.6.2.5 Butyl methoxydibenzoylmethane.
C.6.3 High-pressure liquid chromatography apparatus
C.6.3.1 Injector, with an injection volume of 10,0 pl.

C.6.3.2 Column, e.g. Waters Symmetry Shield C182), 5 ym, with a length of 150 mm, inner diameter of
4,6 mm and a flow rate of 1,2 mil/min.

C.6.3.3 Eluent A, ultrapure water acidified with H3POg4 (67pl/1).

C.6.3.4 Eluent B, absolute ethanol (HPLC grade).

C.6.3.5 Detector, of type UV wavelength, 312 nm.

C.6.3.6 Data, i.e. quantification of peak area.

C.6. Method

C.6.4.1 Using an analytical balance, weigh approximately 50 mg<fyformulation to the nearest §,1 mg into a
25 m| volumetric flask.

C.6.4.2 Dilute to volume with ethanol.

C.6.4.3 Shake with a vortex and, in case of a nonsliquid formulation, sonicate with an ultrasohic bath until
homqggenization is achieved.

C.6.4.4 Filter through a 0,45 um PVDF discHilter.

C.6.4.5 To prepare the working standard, weigh 100 mg of ethylhexyl methoxycinnamate (C.6.2.4) and 50 mg
of bufyl methoxydibenzoylmethane(C.6.2.5), then dilute with ethanol to volume in a 100 ml volumetric flask.

C.6.4.6 To prepare the mixed working standard, take 5 ml of each solution in a 50 ml volume}ric flask and
complete with ethanol.

4.7 Analyse the.standard and mixed working standard by reverse-phase HPLC.

Quality control

.1~ Analyse a sample of HPLC mobile phase and a placebo, if available, prepared according to C.6.4 by

C.6.5.2 Inject a standard solution three times by reverse-phase HPLC and calculate the coefficient of variation
of the analysis peak areas.

2) Waters Symmetry Shield C 18 is an example of a suitable product available commercially. This information is given for
the convenience of users of this document and does not constitute an endorsement by ISO of this product.
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C.6.6 Calculations

Analyte percentage is calculated using the following formula:

Mxhx2,5

PxH

where

M is the mass of analyte, expressed in mg;

P is the mass of sample, expressed in mg;

h is the area of analyte peak of the sample;

H is the area of analyte peak from standardization.

C.6.7 Acfeptance criteria
The analytical results are acceptable if the following conditions are achieved:

— the stanflard coefficient of variation is <2,5 %;

— recovery

— there ar¢ no interfering chromatographic peaks in the sample placebo or the working solvent.

C.7 Formula and preparation for standard formulation S2

Table C.3 gijes the formula for standard formulation S2.

value is 95 % to 105 % of the formula amount;

18
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Table C.3 — Formula for standard formulation S2

Ingredients | % mass of total mass
Phase 1 (aqueous)
Water 62,445
Propylene glycol 1,00
Xanthan gum 0,60
Carbomer 0,15
Disodium EDTA 0,08
Phase-2-{oih)
Octocrylene 3,00
Butyl methoxydibenzoylmethane 5,00
Ethylhexyl methoxycinnamate 3,00
Bis-ethylhexyloxyphenol-methoxyphenyl triazine 2,00
Cetyl alcohol 1,00
Steareth-21 2,50
Steareth-2 3,00
Dicaprylyl carbonate 6,50
Decyl cocoate 6,50
Phenoxyethanol (and) 1,00
Methylparaben (and)
Ethylparaben (and)
Butylparaben (and)
Propylparaben
se 3
Cyclopentasiloxane 2,00
Triethanolamine 0,225
C.7.1 Manufacturing '‘process
C.7.1.1 Heat phasé 1 and phase 2 materials separately until a temperature of 75 °C is reached.
C.7.1.2 Addphase 2 materials slowly to phase 1 materials while stirring phase 1.
C.7.1.3-_Cool to 40 °C while stirring.
C.7.1.4 Add phase 3 materials to phase 1 and 2 materials while stirring.
C.7.1.5 Compensate water loss and homogenize.

C.7.2 Specifications

C.7.21 Colour: white to slightly yellow.

C.7.2.2 Density: 0,96 g/cm3 to 1 g/cm3.

©1SO

2011 — All rights reserved
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C.7.2.3 Viscosity: 7 000 cP to 12 000 cP using Brookfield DV-II Helipath Mobile Spindleset B3) at 20 r/min for

60 s.

C.73

Storage and expiry

The formulation shall be stored for 13 months from the date of manufacture, at 20 °C, in a vessel protected

from light.
C.7.4 Analytical data
C.7.41 Pripciple

The formulat
is filtrated an|
as the mobilg
a mixed exte

NOTE S¢q
C.74.2 Ch
C.7421 A
C.7.4.2.2

C.74.23

m

C.74.24
C.74.2.5
C.74.26 B

C.7.4.2.7

C.7.4.3 W(drking standard

C.7.431 T
methoxycinn
ethanol to v
triazine (C.7.

Octocrylene.

on is sampled gravimetrically and dissolved in ethanol (in which the analytes are solublg)."\So
d chromatographed on a microparticulate silica gel column, using a mixture of waterand et
phase. The concentrations of the analytes in the sample are determined by quantification ag
rnal standard solution of analyte raw materials.

e Reference [6].

bmical reagents

bsolute ethanol (HPLC grade).
hosphoric acid, 85 % analytical purity.
thylhexyl methoxycinnamate.

jutyl methoxydibenzoylmethane.

is-ethylhexyloxyphenol-methoxyphenyl triazine.

4-Dioxane (HPLC Grade).

b prepare the working standard, weigh 100 mg of octocrylene (C.7.4.2.5) and ethyl
bmate (C:7,4.2.3) and 50 mg of butyl methoxydibenzoylmethane (C.7.4.2.4), then dilutg
blume_in~a 100 ml volumetric flask. Weigh 200 mg of bis-ethylhexyloxyphenol-methoxyp
1.26)\and dilute with 1,4-dioxanne (C.7.4.2.7) to volume in a 100 ml volumetric flask.

ution
hanol
ainst

hexyl
with
henyl

C.7.4.4 Mixed working standard

C.7.4.41 To prepare the mixed working standard, take 5 ml of each solution in a 50 ml volumetric flask.
Complete with ethanol.

C.7.5

C.7.5.1

High-performance liquid chromatography apparatus

Injector, with an injection volume of 10,0 pl.

3)

Brookfield DV-II Helipath Mobile Spindleset B is an example of a suitable product available commercially. This information

is given for the convenience of users of this document and does not constitute an endorsement by ISO of this product.
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C.7.5.2 Column, e.g. Waters Symmetry Shield C 18, 5 um, with a length of 150 mm, inner diameter of 4,6 mm
and a flow rate of 1,2 ml/min.

C.7.5.3 Eluent A, ultrapure water acidified with H3POg4 (67 pl/l).

C.7.5.4 Eluent B, absolute ethanol (HPLC grade).

C.7.5.5 Detector, of type UV wavelength, 312 nm.

C.7.5.6 Data, i.e. quantification of peak area.

C.7.

C.7.6.1 Using an analytical balance, weigh approximately 50 mg of formulation to the.néarest (
25 m| volumetric flask.

C.7.4.2 Dilute to volume with ethanol.

C.7.6.3 Shake with a vortex and, in the case of a non-liquid formulation;-sonicate with an ultrasg

hom

C.7.64.4 Filter through a 0,45 um PVDF disc filter.

C.7.6.5 Analyse the sample and mixed working standard. by reverse-phase HPLC.

C.7.

C.7.71.1 Analyse a sample of HPLC mobile'phase and a placebo, if available, prepared accordin

reve

C.7.71.2 Inject the standard solution three times by reverse-phase HPLC and calculate the
variafion of the analysis peak aréas.

C.7.
The

wherg

C.7.
The

JS Method

ggenized.

T Quality control

rse-phase HPLC, in order to confirm-the absence of interfering chromatographic peaks.

I Calculations
nalyte percentage-is calculated using the following formula:

_A/[><h><2,5
PxH

,1 mg, into a

nic bath until

j to C.7.6, by

coefficient of

M is the mass of standard material, expressed in mg;
P is the mass of the sample, expressed in mg;
h is the area of analyte peak for the sample;

H is the area of analyte peak for the standard material (each).

9 Acceptance criteria
analytical results are acceptable if the following conditions are achieved:
the standard coefficient of variation is <2,5 %;

recovery value is 95 % to 105 % of the formula amount;
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