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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 work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

This document specifies the procedure to determine the ultraviolet protection factor (UVA-PF) of a
sunscreen product using the in vitro UVA-PF according to the principles recommended by the European
Cosmetic and Perfumery Association (COLIPA) in 2011. 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 usmg a test method to determlne the in VlVO sun protectlon factor (see ISO 24444). This

(290]
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as w
thein
prov|
prev
UVA-
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nm to 400 nm) However knowledge of the sun protectlon factor (SPF) ratlng dees
explicit information on the magnitude of the protection provided specifically in_the U

pectrum (320 nm to 400 nm), as it is possible to have high SPF products withvery

ell as knowledgeable consumers, to have fuller information on the UVA protection
sunscreen product, in addition to the SPF, in order to make a more informed choice
ding a more balanced and broader-spectrum protection. Moreover, there is also 4
ent UVA-induced darkening of the skin from a cultural point of wiew even without si
PF value of a product provides information on the magnitude of\the protection provid
e UVA portion of the spectrum, independent of the SPF values:

est method outlined in this document is derived primarily from the in vitro UVA-PF tes
oped by COLIPA.

bction (e.g. SPF 50 with a UVA-PF of only 3 to 4). There is a demand among medical py
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INTERNATIONAL STANDARD ISO 24443:2021(E)

Cosmetics — Determination of sunscreen UVA
photoprotection in vitro

1 Scope

This document specifies an in vitro procedure to characterize the UVA protection o
prod : et : L
UVA protection in a reproducible manner.

In orider to determine relevant UVA protection parameters, the method has been created t
UV spectral absorbance curve from which a number of calculations and evaluations’can be

f sunscreen

acteristics of

b provide an
undertaken.

include calculation of the Ultraviolet-A protection factor (UVA-PF) {coetrrelating with in vivo

UVA-PF from the persistent pigment darkening (PPD) testing procedure], critical wavelength and UVA

absofbance proportionality. These computations are optional and relate)to local sunscr

ben product

labelling requirements. This method relies on the use of static in vivo-SPF results for scqling the UV

absofbance curve.

This|document is not applicable to powder products such as pressed powder and loose powd

2 Normative references

Therge are no normative references in this document.

3 Terms, definitions, symbols and abbreviated terms

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

ISO dnd IEC maintain terminolegical databases for use in standardization at the following g

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropediai-available at https://www.electropedia.org/

3.1.1
uv
ultrgvioletradiation

electfrormagnetic radiation in the range of 290 nm to 400 nm

er products.

ddresses:

3.1.
UVB
ultraviolet B

electromagnetic radiation in the range of 290 nm to 320 nm

3.1.3

UVA

ultraviolet A

electromagnetic radiation in the range of 320 nm to 400 nm

Note 1 to entry: UVA Il = 320 nm to 340 nm; UVA I =340 nm to 400 nm.

© IS0 2021 - All rights reserved
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3.14
spectral ab

ai(A)

:2021(E)

sorbance

logarithm to base 10 of the reciprocal of the spectral internal transmittance, ai(A)=-log10 7i(A)

Note 1 to entr

3.1.5
irradiance
I

fluence rate

Note 1 to ent

3.1.6
spectral iry

1)

irradiance (§
Note 1 to ent

3.1.7
spectrophg
equipment
wavelength

3.1.8
spectrorad
device desig

3.19
radiometer
device for nj

3.1.10

y: In the context of this standard the absorption or transmission of sunscreen is used.

per unit area, expressed in W/m?, for a defined range of wavelengths

Fy: From 290 nm to 400 nm for UVA + UV-B irradiance; from 320 nm to 400 nm for UVA irradig

adiance

.1.5) per unit wavelength, I(A), expressed in W/m2/nm

Fy: Spectral irradiance can refer to PPD testing or SPF testing.

tometer
for measuring the reflection or transmission properties\of a material as a functi
limited to ultraviolet, visible and short infrared ranges.in‘this document

jometer
ned to measure the spectral density of illuminants

easuring the radiant flux (power) of'electromagnetic radiation

product reference sunscreen

reference sy

3.1.11
solar simul
equipment y

3.1.12
plate
substrate
material to

nscreen product used to yvalidate the testing procedure

ator
sed to simulate €he solar irradiance and spectrum

whichthe test product is to be applied

3.2 Symbols and abbreviated terms

3.2.1
UVA-PF

in vitro ultraviolet A protection factor
in vitro UVA protection factor of a sun protection product against UVA radiation, which can be derived

mathematic

3.2.2
SPF,;

in vitro

ally with in vitro spectral modelling

in vitro sun protection factor
in vitro protection factor of a sun protection product against erythema-inducing radiation calculated
with spectral modelling

nce.

n of
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3.2.3
critical wavelength
CWL

Ac

wavelength at which the area under the absorbance curve represents 90 % of the total area under the
curve in the UV region

Note

1 to entry: Calculated from spectral data.

3.24
erythema action spectrum

E(A)
relat

3.2.5
PPD
P(A)

relat

4 Principle

The festis based on the assessment of UV-transmittance through-a.thin film of sunscreen sa

ona
expo|

Beca
each

the dame measured in vivo SPF value that was determined by in vivo testing. As in vivo
raise ethical consideration, any alternative SPF fwtethod, published as an ISO method, may b

Samples are exposed to a specific measured dose of UV radiation to account for the pH

char

The
widt
math

5 Apparatus

5.1
The s

wavglength increment step shall be 1 nm.

jve effects of individual spectral bands of an exposure source for an erythema respong

action spectrum

jve effects of individual spectral bands of an exposure source for a persistent pigment

Foughened substrate, before and after exposure to a controlled dose of radiation from §
sure source.

use of several variables that cannot be controlled with typical thin film spectroscopid
set of sunscreen transmission data is mathematically adjusted so that the in vitro SH

hcteristics of the test product.

resulting spectral absorbance:- data have been shown to be a useful representation
h and height of the UVA protection characteristics of the sunscreen product being

Spectroephotometer specifications

pecttophotometer wavelength range shall span the primary waveband of 290 nm to 1

response

mple spread
W defined UV

techniques,
F data yield
method can
e used.

jotostability

of both the
tested. The

ematical modelling prodedure has been empirically derived to correlate with hugnan in vivo
(persistent pigment darkening) test results.

.00 nm. The

A spectrophotometer that does not have a monochromator after the test sample should employ a
fluorescence rejection filter.

The spectrophotometer input optics should be designed for diffuse illumination and/or diffuse
collection of the transmitted irradiance through the roughened polymethylmethacrylate (PMMA)
substrate, with and without the sunscreen layer spread on its surface.

The size of the diameter of the entrance port of the spectrophotometer probe shall be smaller than the
size of the light spot to be measured at the sample level (in order to account for stray light).

The area of each reading site should be at least 0,5 cm? in order to reduce the variability between
readings and to compensate for the lack of uniformity in the product layer.

© IS0 2021 - All rights reserved
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The wavelength should be accurate to within 1 nm, as checked using a holmium-doped filter (see
Annex A). The ability of an instrument to accurately measure absorbance is limited by the sensitivity of
the instrument. The minimum required dynamic range for this methodology is 2,2 absorbance units as
determined according to Annex A.

The maximum measured absorbance should be within the dynamic range of the device used. If
the test measurements yield absorbance curves that exceed the determined upper limit of the
spectrophotometer, the product should be re-tested using an instrument with increased sensitivity and
dynamic range.

The lamp in the s
radiation ovier-th
that the pho

used to measure the transmittance shall emit continuous
aa e o o a = Sagasa J2 o0 oo Ll o - —_— LN W'SO
pn).

v

challenged (a xenon lamp is a convenient soltiti

Therefore, the UV dose during one measurement cycle should not exceed 0,2 ]/cm?2.

NOTE A
plates. A sped
source or the|

e test
psure

spectrophotometer is used to measure the absorbance properties of the sunsereen on th
troradiometer is used to measure the spectral energy distribution and intensityof the UV exp
spectrophotometer during the absorbance measurement of the sunscreen,en the test plate.

Coupled with an UV source, the spectroradiometer can give similar results to'a:spectrophotomete

5.2 Calibration of the spectrophotometer

The spectrophotometer shall be validated every month by measuréments of reference materials.

A three-fold|test is required, as described in Annex A:

dynamif range of the spectrophotometer;

linearity test of the spectrophotometer;

waveler

gth accuracy test.

5.3 Calibration of the UV exposure source

htion

The spectr
(to take int
level under

| irradiance at the exposarg plane of the UV exposure source that is used for irradi
account any photoinstability) shall be as similar as possible to the irradiance at gr
a standard zenith suntl. As defined by COLIPAIZ], the reference standard sun has a

pund
total

irradiance df 51,4 W/m2 to 63,7W/m? and a UVA to UVB irradiance ratio of 16,9 to 17,5.

Therefore, {
distance).

he UV irradiance shall be within the following acceptance limits (measured at sample

Table 1 — UV exposure source specifications

UV exposure source specifications as measured with a spectroradiometer

Total UV irradiance (290 nm to 400 nm) 40 W/m2 to 200 W/m?
Irradiance ratio of UVA2 to UVBP 11-22

320 nm to 400 nm.

290 nm to 320 nm.

a

b

In broad-beam UV-sources, spectra from different locations under the beam shall be recorded over at
least 5 different locations (a location is defined for each plate) in order to account for uniformity.

The uniformity shall be = 90 % as calculated by Formula (1):

U = (1-(max-min)/(X )) (1)

© IS0 2021 - All rights reserved
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where

U isthe uniformity in percentage;

X isthe average.

If the uniformity is less than 90 %, then optical components should be adjusted or appropriate
compensation for different irradiance shall be made in the exposure time on each plate.

The UV exposure source device should have the ability to maintain samples within the range of
27 °C (x2 °C) to 32 °C (¥2 °C). It is important that the temperature of the sample itself on the plate

shallb

temp

PN rad B-daaat i £ 4+l e i VI ey i Thaorafor Fa N 1K 3
OCTIICaSur O atra ot ST orC—SUT TOUTTUTIT S ait - corrptratar C T e cror e oI asur g

erature shall be on plate level.

To npaintain samples at required temperature, a filter system that particularly|redud

radid
or ve
mairn

Meas
calib

54
The

tion shall be used to achieve the specified temperature range. Cooling trays for the s:
ntilators shall be used to maintain a temperature lower than 32 °C (¥2 °C) and warmir
tain samples at or above 27 °C (2 °C).

urement should be made using a sensor that is traceable to @~national or an i
ration standard, within the range of use.

Monitoring of the UV exposure source

given acceptance limits by a suitably qualified expert (at least) every 12 months, or 2 5(

runn

ing time. The inspection should be conducted with'a spectroradiometer that has bee

against a standard lamp that is traceable to a national or an international calibration

addit
expo|

This
calib

apply
refer

5.5

Ifal
with
sour

Calib
Anng
spec
expo

5.6

ion to the spectroradiometric inspectionfZthe intensity of the UV exposure sour
sure shall be checked prior to each use.

can be done using either a spectrbradiometer or a radiometer with sensitivity
rated for the same UV exposure'seurce spectrum used for the exposure step of thg
ring the coefficient of calibration to adjust for variance between the UVA radiomsg
ence spectroradiometer.

Calibration of the UVA radiometer used to monitor the test sample irradig

VA radiometer is‘used, this device shall be suitably calibrated. This requires that it
the UVA irradianee measurement results of the spectroradiometer used to measure t
Ce (as during@nnual solar simulator calibration).

ration shall be conducted in terms of UVA irradiance (320 nm to 400 nm) in acco
x B and shall be at the same level at which the test plates are exposed. Once calibrat
f'rofadiometer, the UVA radiometer may be used to determine the UV doses to be use

ment of the

es infrared
imple plates
g devices to

hternational

bmission of the UV exposure source used for exposure'shall be checked for compliafce with the

0 h of lamp
n calibrated
tandard. In
ce used for

in the UVA,
procedure,
ter and the

tion

s calibrated
he exposure

rdance with
ed with the
l during the

sure procedure on a day-to-day basis.

Substrate/plate

The substrate/plate is the material to which the test product is to be applied. For this method, PMMA
plates with one rough side of the substrate shall be used and are commercially available. The size of the
substrate should be chosen such that the application area is not less than 16 cm2.

The specifications and preparation of this type of plate[2l[18] are described in Annex D.

©ISO
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6 Test method
6.1 Outline of the test procedure

6.1.1 Conduct the calibration and validation of the test equipment, including the spectrophotometer
used for transmission/absorbance measurements and the UVA radiometer (or spectroradiometer)
used to measure the UV exposure source. Verify the transmission properties of the test plates batch as
described in Annex D.

6.1.2 Conduct blank measurements of a glycerin-treated or Vaseline®D-treated plate for the reference

“blank”, whi

6.1.3 Con
prior to any

ch will be used in the subsequent absorbance measurements.

Huct in vitro absorbance measurements of the sunscreen product spread on a PMMA }
UVirradiation. Acquire the initial mAF spectrum with A,(A) data, where mAFE{(=10"A])

blate,

6.1.4 Congluct the mathematical adjustment of the initial UV absorbance spectrum using coefficient
“C” [see Formula (2) the calculation in 6.7.2] to achieve an in vitro SPF (ne-UV dose) equal tp the

measured st
D, is calcula

atic in vivo SPF. Initial UVA-PF, is calculated using Ay(A) and C. A'single UV exposure
red, equal to 1,2 x UVA-PF in ]/cm?, for each plate.

dose,

6.1.5 Congluct UV exposure of the same sample as in 6.1.3, according to the calculated UV expqsure
dose D.
6.1.6 Meapure the in vitro absorbance of the sunscreen{product after UV exposure. Acquir¢ the

second UV s

6.1.7 Con
by multiplyi
curve is the

6.2 Equi

Test proced

pectrum with A(A) data.

luct the mathematical adjustment of the second mAF spectrum (following UV expo
ng with the same coefficient “C”, previously determined in 6.1.4. The resulting absorh
final adjusted absorbance values.

ment calibration and validation of test plates

res as described in Afinex A are to be completed to validate the wavelength accu

sure)
ance

racy,

linearity and absorbance limits (of, the spectrophotometer/spectroradiometer to be used for thg test
procedure. Validation of the UV properties of the test PMMA plates batch shall also be conductg¢d as
described in Annex D.

6.3 Absorption measurements through the plate

It is necesspry to.first determine the absorbance of UV radiation through a “blank” PMMA plate.
Prepare a “plank” plate by spreading a few microlitres of glycerin/Vaseline® on the roughened side
of the plate. ' ine® i is tely

covered (approximately 15 pl for a 50 mm x 50 mm plate).

Any excess of glycerine/Vaseline® should be avoided. Measure the absorbance through this “blank”

plate and us

e this as the baseline measurement for subsequent absorbance measurements.

Measurements shall be performed on same type of plate as the one used for the product (molded or
sandblasted) and same batch.

NOTE

measurement into the calculations of subsequent absorbance measurements.

Many spectrophotometers have “baseline” functions to automatically incorporate this baseline

1) Vaseline®isanexample ofasuitable productavailable commercially. This information is given for the convenience
of users of this document 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.

6
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6.4 Sample application

The sunscreen product is applied to a new untreated roughened PMMA plate (with the roughened side
uppermost) by mass, at an application rate of 1,3 mg/cm? (1,6 %) for molded plates and 1,2 mg/cm?
(#1,5 %) for sandblasted plates.

To ensure dose accuracy and repeatability, the application area should be not less than 16 cm?2.

The application dose may be determined by measuring the mass loss of the pipette before and after
application of the product; alternatively, it may be applied based on volumetric measurements with
consideration of the specific gravity of the test sample. Where possible, a positive-displacement

auto natic ninatta chaould bha necad forthic nuivrnaco
cprpettte-orourer o ot To Ty

Trererc PP pPoarpoYes

Platgs should be weighed after application phase for any non-volatile product.

The punscreen is applied as at least twelve small droplets of approximate equalyvolume distributed
evenly over the whole surface of the plate.

Finger cots should not be used to spread the product on the plate.

The fingertip used for spreading shall be dipped into the test product and then wiped to remove excess
product before spreading the test product applied to the plate. The fingertip used to spread|the product
shallbe cleaned between applications of different test products.

Depdsit and weighing shall not take more than 30 s.
The first test plate applied should not be used for all the measurements, but to adjust the qiantity.

After the sunscreen product is deposited on the surface of the plate, it shall be spread immgddiately over
the Whole surface using light strokes with human:fingertip or mechanical fingertip.

Sprepding should be completed in a two-phase process:

First} the product should be spread on _the whole area of the plate, using circular movements with a
minimum of four passages from the top'to the bottom of the plate. At the end of the first|pass, a turn
of thle plate has to be done (% turn) to alternate passages, with minimal pressure and| repeat this
movément three times at least (about 30 s).

Ther] the sample should be rubbed on the plate surface using alternating horizontal and vertical strokes
repepted at least three times alternate passages with a moderate but increased pressure{The second
phasg should last about30 s with increased moderate pressure.

For dlcoholic or oihproducts, application should be adapted as follows:

First] the pragduct should be spread on the whole area of the plate, using circular movements with
a mihimuni~of three passages from the top to the bottom of the plate. At the end of the [first pass, a
turn|of the'plate has to be done (% turn) to alternate passages, with minimal pressure and repeat this
move¢ment two times at least (about 20 s to 25 s).

Then the sample should be rubbed on the plate surface using alternating horizontal and vertical strokes
repeated at least two times alternate passages with a moderate but increased pressure. The second
phase should last about 20s with increased moderate pressure.

For all kinds of products, the treated sample shall be allowed to dry for 30 min to 60 min in the dark
at the same temperature under UV exposure conditions (i.e. if UV source exposure conditions will be
30 °C, then the drying conditions should also be at 30 °C; or if the UV source exposure conditions will be
27 °C, then the drying conditions should also be 27 °C).

Spray products provided in a pressurized container shall first be degassed by puncturing a very small
pinhole in the container to relieve all of the pressure, and then allowed to rest for at least 24 h at room
temperature before accessing the liquid for testing.

©1S0 2021 - All rights reserved 7
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6.5 Absorbance measurements of the product-treated plate

The product-treated plate is placed in the light-path of the spectrophotometer and the absorbance of
UV radiation through the sample is determined for each wavelength, from 290 nm to 400 nm, in 1 nm
steps. One or more observations of absorbance may be made per plate and the mean value shall be
determined for each plate.

6.6 Number of determinations

At least four plates prepared with the test sunscreen shall be used to establish the protection aspects of
the test sample. Additional plates shall be added to the sampling if the 95 % confidence interval (CI) is

greater than 17 % of the mean value of the UVA-PF value, until the 95 % Cl is less than 17 % of the mean
UVA-PF valye. Calculation procedures for this are described in Annex F.
6.7 Determination of initial calculated SPF (SPF;, ., ), “C” value, initial UVA*PF
(UVA-PF;)) and UV exposure dose
6.7.1 Detprmination of initial in vitro SPF (SPF;; yi,0)
The UV solar simulator radiation source spectrum, I(A), (see Annex () is multiplied with the
corresponding erythema action spectrum sensitivity value, E(A), (see Annex C) at that wavelength to
yield the suxburning effective energy at that wavelength. The resulting.sunburning effective irradjance
is integrated over the 290 nm to 400 nm range. The sunscreen transmission values at each wavelgngth
are multiplied with the erythemal effective energy at that wavelehgth and integrated over the same
interval to yield the effective sunburning energy transmittedthrough the test product. The ratio of
these two inftegrals is the in vitro calculated SPF value.
Calculation pf SPF;;, ;10 o is shown in Formula (2):
=400
j o E (Ix1(A)xdA
SPEi vitho,0 =52 — (2)
j E(A)xI(A)x10~ 4R x4z
=290

where

E(A) s the erythema actigispectruml (see Annex C);

I(A) is the spectral irfadiance received from the UV source (SSR for SPF testing) (see Annex C);

Ay(A) |s the mean mMonochromatic absorbance of the test product layer before UV exposure;

d(A) |is the wavélength increment (in step of1 nm).
NOTE Tlllis calculated SPF value cannot be used, as an expected SPF, neither as an in vitro SPF result.

6.7.2 Determination of “C” value

The initial absorbance curve values are multiplied by a scalar value “C” until the in vitro calculated SPF
values are equal to the in vivo measured SPF. In vivo SPF can be used from the mean SPF obtained from
screening test (at least 5 valid subjects) or full test (at least 10 valid subjects), measured by a published
ISO method.

Extrapolation from screening is possible if final (full test) has a SEM not greater than 3,8 and the
variability of the in vivo SPF shall not exceed 17 %.

As in vivo method can raise ethical consideration, any alternative SPF method, published as an ISO
method, may be used.

© IS0 2021 - All rights reserved
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This is accomplished in an iterative calculation process. The initial absorbance values multiplied by this
“C” value become the adjusted sunscreen absorbance curve that is used for determination of the initial
UVA-PF, value, and the exposure dose. Formula (3) shows the calculation of the adjusted in vitro SPF

(SPF

) and determination of the coefficient of adjustment “C”:

in vitro,adj
A=400
JA—Z%EM)XI()L)Xd)L
SPFin vitro,adj = =400 - A (3)
'[ E(A)xI(2)x10" 40 » gy
A1=290

where E(A), I(A), Ap(A) and d(A) are as defined in Formula (2).

This|calculation is based on Lambert-Beer’s law which is related to ideal solutions. While.siinscreens in
thin film do not behave as ideal solutions, this calculation has been proven satisfactory for [this specific
application10][11],
As fqr tested product and reference sunscreen products S2 or P8, the “C” value’shall lie between 0,6
and 1,6 for valid interpretation, with absorbance curves presenting no distorition (see Annex G). If it is
outs]de this range, the plate is rejected, and new plate shall be prepared by:
— Jdaptation of the application procedure, in remaining in ascerdance with all| application

gpecifications;
— increasing the temperature, in remaining in accordance withyall temperature specifications;
— ¢hanging the type of plate, in remaining in accordance with all substrate/plate specifidations.
6.7.3 Determination of initial UVA protection fa¢tor before UV exposure (UVA-PF)
The |nitial UVA-PF, value is calculated for the(urpose of determining the UV exposurg dose. It is
calcylated in a manner similar to the calculation of the initial SPF; ;i1 o-
The [ntensity spectrum for a UVA radiation source, I(4), is multiplied at each wavelength with the
persistent pigment darkening action spectrum sensitivity values, P(A), to yield the pigment darkening
energy at that wavelength.
The resulting pigment darkening-effective irradiance is integrated over the 320 nm to 400 hm range.
The finitial absorbance values from the test product at each wavelength are used to cplculate the
effective intensity at eachwavelength to yield the effective pigment darkening energy ftransmitted
thronigh the test productas shown in Formula (4). The ratio of these two integrals is the infitial in vitro
UVA-PF value:

A=400
j P(A)xI(A)xdA
WVA- PEy = A=320 )
=400 —ay(A)
P(A)XI(A)x10" 70V xdA
A=320

where

P() isthe PPD action spectrum (see Annex C);

I(A) is the spectral irradiance received from the UVA source (UVA 320 nm to 400 nm for PPD

testing) (see Annex C);

Ay(A) is the mean monochromatic absorbance of the test product layer before UV exposure;

C is the coefficient of adjustment, previously determined in Formula (3);

d(d) isthe wavelength increment (in step of 1 nm).
©1S0 2021 - All rights reserved 9
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6.7.4 Determination of the UV exposure dose

The UV exposure dose, D, is the UVA-PF, value multiplied by a factor of 1,2, in J/cm?2 shown as

Formula (5)

D=UVA-PF;x1,2

6)

The sample is exposed to full spectrum UV radiation but the dose is being defined by the UVA content.

Pre-Irradiat

ion dose should be limited at a maximum of 36 ]/cm2 (UVA-PF;, maximum 30).

NOTE Tlre ;2 f/cefactor s basedom SO Timg test vatidatiorstudy TesuttsB————————————————
6.8 UV exposure of sample plates
WARNING — Personnel working with this irradiator system should be protected adequately
against UVrays (glasses, gloves, etc.).
Expose the [sample plates to the radiation from the UV exposure source. Duking the exposurg, the
samples shafll be maintained at a temperature between 27 °C (¥2 °C) and 32, °€{#2 °C), and at the fame
temperatur¢ used for the drying period. The PMMA plates should be fixedyabove a non-reflective UV
background|behind each plate to reduce back exposure. Ensure that the/UV exposure source doejs not
switch off while placing samples under the lamp (in this case, ensure-the output irradiance is the fame
on restart ag it was before the lamp was turned off).
After the UV exposure, re-measure the absorbance of the test,samples on the same spots as meadured
before the JV exposure, as in 6.5. The final absorbance valdes are equal to the observed absorhance
values after|the UV exposure, multiplied by the “C” value determined using Formula (3).
See Formuld (6)

Af(/’t):Ae (A)xC (6)
where

A,  is|the mean monochromatic-absorbance of the test product layer after UV exposure;

Ap  is|the mean final mopoehromatic absorbance of the test product.
6.9 Calculation of UVA-PF of plates after UV exposure of the sample
The UVA-PH shall begalculated according to Formula (7) for each individual plate, using the sjingle
observation|value er‘the mean of multiple observations on that plate.

A=400
[ PAxI(A)xdA
UVA- PF = ~ A=320 (7)

10

A=
0 ()X 1(2)x 104 PXC g3

J

A=320
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nm for PPD

where
P()  isthe PPD action spectrum (see Annex C);
IA) is the spectral irradiance received from the UVA source (UVA 320 nm to 400
testing) (see Annex C);
A,(A) isthe mean monochromatic absorbance of the test product layer after UV exposure;

[

6.10

The
90 %

whet

N

The
Othe

The
calcy
2444

71

7.2
test |
raw

[

c o4l hici £ adi , ouslvd inedinE (3

o)

is the wavelength increment (in step of 1 nm).

Calculation of critical wavelength of plates after UV exposure of the sampl

ritical wavelength "Ac"is the wavelength at which the area under the absorbance curv
of the total area under the curve in the UV region. This is expressed rhathematically as |

A=400
%Ae(z)xdzzo,wj A, (A)xdA

A=2 A=290

e
le())
[(A)

'ritical wavelength is expressed as a wholeinumber (truncation) and with nanometre (|

is the mean absorbance at each wavelengthafter exposure;
is the wavelength interval between measurements.
r protection parameters may be calculated from the final absorbance curve in 6.9 as d

Procedure using the spreadsheet in this document

calculations given from ‘\Eormula 2 to Formula 8 can be performed automaticall

e

P represents

Formula (8):
(8)

nm) unit.

psired.

[y using the

lation spreadsheet *1SO”24443 - UVA Calculation.xls” given in https://standards
3/ed-2/en and the follewing steps.

The sheet “How to use” summarizes the use of this spreadsheet.

Enter the’ date, operator identification, product and batch identification, measurec
broduet; the spectrophotometer type, plate type and batch number, UV exposure dev
JVAexposure irradiance of the UV exposure source, and the irradiance correction val

Ann

iso.org/iso/

| SPF of the
ce type, the
e “Y” (from

x B) into the test spreadsheet on the yellow cells on “SPF AND PPD” tab

7.3 Measure and input the mAF spectrum data (from 290 nm to 400 nm) for each unirradiated
sample plate into their respective location in spreadsheet tab named “RAW mAF Data”.

7.4 Returnto “SPF AND PPD” tab and press the “ADJUSTMENT: “C” CALCULATION” button to calculate
the “C” coefficient, and the UV exposure irradiance and exposure time are reported for each individual
plate.

7.5 Expose the sunscreen treated plates for the prescribed time to achieve the UV exposure dose for

each

©ISO

plate.
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7.6 Measure the absorbance of each of the individual UV exposed plates. The measurements
conducted after UV exposure should be on the same spot or spots as measured before the UV exposure.

7.7 Input the post-UV exposure mAF measurements for each plate into their respective location in
spreadsheet tab named “RAW mAF Data”.

7.8 When the full data input for the first four valid plates is complete, the “SPF AND PPD” tab
spreadsheet will give the summary results for the test sample. If the 95 % CI of the UVA-PF values is
less than 17 % of the mean UVA-PF, no further plates are required and the final results are displayed in
graphic and tabular form. Otherwise, additional samples should be added sequentially as above until
the test criteriomissatisfied:

8 Product reference sunscreen

8.1 Formjula S2

The method
Product refé

is controlled by using a reference sunscreen formulation to verify the test proce
rence S2 sunscreen formula as described in Annex E shall be used.The UVA-PF test re

testing resu

ts listed below, or else the testis invalid and shall be repeatéd. SPF 16 is to be used as {]

of the prod\[:t reference S2 shall lie between the upper and lower limits, @s determined from in

vivo SPF val

The frequen
calibration.

8.2 Stancd

The method
Product refé
are of 20 or
lower limits
be repeated

e for S2 for computation purposes.

Table 2 — Limits of UVA-PF testingresults

Parameter

Lower limit

Upper limit

UVA-PF

10,7

14,7

CWL (nm)

378

382

cy of testing of the product reference-S2 shall be once a month, as for spectrophoton

lard P8

is controlled by using.a reference sunscreen formulation to verify the test proce
rence P8 sunscreen formula as described in Annex E shall be used when expected U}
more. The UVA-PE test results of the product reference P8 shall lie between the uppe
as determined<from in vivo testing results listed below, or else the test is invalid and
SPF 63,1 is o-be used as the in vivo SPF value for P8 for computation purposes.

Table 3 — Limits of UVA-PF testing results

Parameter

Lower limit

Upper limit

dure.
sults
vivo
he in

neter

dure.
A-PF
- and
shall

HYAPF

19,1

2371

CWL (nm)

378

381

The frequency of testing of the product reference P8 shall be once a month, as for spectrophotometer
calibration.

9 Testreport

The test report on the determination of the absorbance spectrum of a sun protection product shall
contain at least the following information:

a) description of the instruments used, the manufacturer and instrument model with the system
calibration summary in this document as per the format in A.6;
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b) the calibration factor “Y” used to adjust the UVA radiometer measurement with the reference
spectroradiometer measurement of the UV exposure source (see 5.5 and B.3.10);

c) plate manufacturer and batch code, and specification of the profile as defined in Annex D;

d) mean UV absorbance values at each 1 nm wavelength increment for the test sample (a graph of
absorbance values, pre-exposure and post-exposure shall be provided);

e) statement of the measured in vivo sun protection factor (SPF) used for calculations, with
specification of the method and as a screening or full test;

f) constant “C”;

g) UVAirradiance (W/m?) and mean UVA exposure dose used to irradiate the test samiple;
h) feference data for product reference S2 / P8 material with date of testing;
i) gample identification and date of the test;

j) identification of the individual conducting the test;

k) ean UVA-PF; and mean UVA-PF, expressed to one decimal (truncation), with standaid deviation,
5% Cl and 17 % of mean;

1) ¢ritical wavelength expressed as a whole number (truncation) and in nanometre (nm) yinit;
m) I\dividual data for each plate;
t

her informative calculations derived from the<absorbance values [see Clause 9 |d)] may be
reported.
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Annex A
(normative)

Calibration of spectrophotometer and plate transmission test

A.1 General

This procedure describes the requirements for wavelength accuracy, linearity and dynamic ranlge of

the UV specftrophotometer. For clarity, and in order to standardize the report format, a spreadsh
given in https://standards.iso.org/iso/24443/ed-2/en as part of this document.

A.2 Wavelength accuracy

A.2.1 Holmium oxide filter

pet is

The filter shiould be no more than 3 mm in thickness and dosed with holimium oxide in order to provide

absolute wapelength calibration using an absorbance peak of 361 nm:-

A.2.2 Method

A.2.2.1 THe tab “How to use” summarizes the use of the spreadsheet “ISO 24443 - UV Spectcalil.xls”

given in https://standards.iso.org/iso/24443/ed-2/en.

A.2.2.2 Enter the date, operator identification, UY analyser model, supplier and serial #, Holthium

model, supplier and batch # into the test spreadsheet on the yellow cells on

“Spectro Control” tab.

A.2.2.3 Place the holmium oxide filter_in the sample path and scan the absorbance in the rfange
between 290 nm and 400 nm. Measurg:against air in the blank light path. Repeat the scan for three

replicates. A

ccumulate the data andtransfer absorbance values to the “Manual Data” tab in cells

C8 to

E118. The results will automatically appear in the system calibration summary sheet given in https://

standards.igo.org/iso/24443/ed-2/en (see Figure A.2) and be similar to Figure A.1 below.

A.2.2.4 THe deviationsyof’the measured band from the reference value in the UV range of the

instrument

should nottexceed 1 nm. An example of a measured calibration spectrum is shown i

h the

Figure A.1 Yelow. The reported peak wavelength shall be either 360 nm, 361 nm or 362 nm, or else the

instrument phall be.recalibrated to achieve one of these wavelength values.

Holmium Oxide Observed
0,6
0,5 »* *
+ +
0,4 - ’,.
L ]
» 03]
< .
_ oy, *
0,2 L% . .
*
01 - M.“. . .Q...
0’0 T T T T T T T T T T T T T T T T T T T T T
290 295 300 305 310 315 320 325 330 335 340 345 350 355 360 365 370 375 380 385 390 395 400
Wavelength (nm)
Figure A.1 — Holmium oxide actual
14
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A.3 Linearity

A.3.1 Standard reference plates

The plates are cut from a large sheet of standard cast, UV-stabilized PMMA (helping ensure the same
optical properties for each plate). The plates are made in a way as to match the absorption spectra of
a range of common sunscreens. The casting process enables a very homogeneous distribution of UV
absorbing material, relative to a manually applied film of a test emulsion.

Because of their stable and standardized absorption and diffuse-scattering properties, they are very
suitable as “reference emulsions” to check and compare instruments used for in vitro determination of

UVp

Seled
refen
as Sl

A.3.]

A.3.]

fotection, for intra- as well as interlaboratory purposes.

t two of the transparent UV-stabilized PMMA reference plates. The absorbance”pg

de A and the second plate as Slide B.

A

Linearity assessment

2.1 The tab “How to use” summarizes the use of the spreadsheet*1SO 24443 - UV Sp

give

A.3.2.2 Enter the date, operator identification, UV analyserXmodel, supplier and serial #

supp|
slide

dupl

A.3.]
light

A.3.]

in https://standards.iso.org/iso/24443/ed-2/en.

ier and batch # into the test spreadsheet on the yelloew cells on “Spectro Control” t3
A in the light path of the spectrophotometer. Measure against air in the blank light pz
cates and transfer data to the “Manual Data” tabycells H8:1118.

.3 Place the slide B in the light path of the*spectrophotometer. Measure against air
path. Run two duplicates and transfer data to the “Manual Data” tab, cells J8:K118.

.4 Place both slides (A and B)-on’top of each other with their roughened sides f{

ak of these

ence plates at 340 nm shall be between 1,1 and 1,5 absorbance units (AU). Designate the first plate

ectcalib.xls”

t, Kit model,
b. Place the
th. Run two

in the blank

owards one

another into the light path and measure the combined absorbance (290 nm to 400 nrp). Run two
duplicates and transfer data to the."“Manual Data” tab, cells L8:M118.

A.3.2.5 Theresults will autematically appear in the “Spectro Control” tab of ISO 24443 - UY Spectcalib.
xls glven in https://standards.iso.org/iso/24443/ed-2/en (see Figure A.2).

A.4 | Dynamicabsorbance range limit determination

Speckcalib.x1$;_given in https://standards.iso.org/iso/24443/ed-2/en, also calculates thg maximum
absofbanee range limit of the spectrophotometer, based on deviation from additivity of the two plates.

Whe

h“the deviation exceeds 0,1 AU, the dynamic range limit is determined and the

results will

automatically appear in the system calibration summary sheet in this document (see Figure A.2). The
minimum range limit is 2,2 AU.

A5

PMMA test plate qualification

A.5.1 General

The PMMA plates used as substrate for the sunscreen testing shall pass minimum transmission
specifications.

The moulded plate shall record > 60 % transmission at 290 nm, > 69 % at 300 nm, and > 81 % at 320 nm.

©ISO
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The sandblasted plate shall record > 72 % transmission at 290 nm, > 75 % at 300 nm, and > 81 % at
320 nm.

A.5.2 Method

A.5.2.1 The tab “How to use” summarizes the use of the spreadsheet “ISO 24443 - UV Spectcalib.xls”
given in https://standards.iso.org/iso/24443/ed-2/en.

A.5.2.2 Enter the date, operator identification, UV analyser model, supplier and serial #, Substrate
type, Substrate model, supplier and batch # into the test spreadsheet on the yellow cells on “Plate
Transmissiqmtab:

A.5.2.3 Set the baseline of the spectrophotometer with an air blank (no sample). Apply appreximfately
15 mg of glyicerin or modified glycerine/Vaseline® solution to the rough surface of the PMMA plgte to
make the sufrface clear using a fingertip. Remove any excess glycerine/Vaseline® with thé fingertip.

A.5.2.4 Place the prepared plate in the measurement position and measure thrée replicates of the %
transmissiop of the plate. Record and transfer the data to the spreadsheet tab.hatarked “Manual Data” in
the approprjate column R8:T118.

A.5.2.5 THe results will automatically appear in the “Plate Transuiission” tab in this document
according tq substrate type.

A.6 Reparting

”

The results pf the calibration should be recorded in the fébmat indicated on the spreadsheet “Summlary”.

Peak ]
Refjrence wavelength (nm) 361
Megsured wavelength (nm) 4
Peak value 5 Result
|| Limit +/-1 Pass
Holmium Oxide Observed
Ol
0,5 »* *
* *
0.4 1%
* -
0 0,8 1 .0.
Qo LN
< 0 e, * .
! he S .
* *
0,19 M’.%W’ *o0e, vy
oo—
290 295 300 305 310 315 320 325 330 335 340 345 350 355 360 365 370 375 380 385 390 395 400
Wavelength (nm)

Figure A.2 — System calibration summary sheet (1 of 2)
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Limit Measurement Result
Additivity (DO) 2,2 2,71 Pass
Linearity (%) 85 99,3 Pass
Abs of a plate (340 nm) 1,1-1,5 1,37 Pass
One vs Two PMMA Calibration Plates Correlation ———3Slide A
: ——Slide B
35 Dynamic Range Test A +B (calc)
) y = 1,9783x + 0,0072 —— AB (obs)
2 3.0 R2 = 0,9999 4
N
—_ 2,5 1
1%} » 3
% 2,0 1 < AR
©
B 15 I Sy %
9| 1,0 1
el
© 1
a| 0,51
o
3| 0,0 T w w 0 . ‘ . . . . . .
= 0,0 0,5 1,0 1,5 2,0 290 300 310 320 330 |\340 350 360| 370 380
One Plate (mean) (Abs.) Wavelength (nm)

O
N/

correlation

One versus two PMMA calibration plates

b) Dynamic range test

Figure A.2 — System calibration summary sheet (2 of 2)
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Annex B
(normative)

Radiometer calibration to spectroradiometric irradiance

procedure

B.1 Purﬂ

The purpos
for accurate
protocol.

B.2 Sumi

A spectrord
the UV rang
same expos
exposure is
1 nm interv
spectroradi
to yield a ca

ose

p of this procedure is to calibrate the radiometer used to measure the UV expdsure sq
dose exposures for the photostability challenge step in the in vitro UVA sunscreen te

mary of procedure

diometric irradiance measurement is first conducted on thé UV exposure source
e of 290 nm to 400 nm. The UVA radiometer probe being.eross calibrated is placed i

urce
sting

over
h the

ire position as the spectroradiometer and a measurement of the irradiance at the pl

the UVA source used in this exercise.

B.3 Step/

by-step procedure

B.3.1 A spectroradiometer with current“ealibration traceable to a national or an internat

calibration s

B.3.2 Plac
exposure of

B.3.3 Tury

B.3.4 Scar

tandard over the range of 290, 1im to 400 nm is required.

e the reference entranee optics of the spectroradiometer into position at the pla
the test PMMA plates.

) on the UV exposure source and allow it to warm up for at least 20 min.

the spectyal irradiance of the source with the spectroradiometer over the range of 29

to 400 nm i 1 nm.increments.

B.3.5 Inte

e of

ronducted. Taking the spectroradiometric irradiance data, the energy at each wavelengh, in
hls, is integrated from 320 nm to 400 nm to yield the’spectroradiometric UVA intensity. The
bmetric UVA intensity is divided by the irradianceaneasurement from the UVA radiometer
libration factor, Y, that is used to multiply all subsequent UVA radiometer measuremeits of

ional

he of

0 nm

brate the cnnrfr'a] irradiance from 320 nm t0 400 nm in order to determine the total
oF

UVA

spectroradiometric 1rrad1ance of the source at the exposure plane of the PMMA plate samples. This is

designated IUVA

B.3.6 Mov

spec*

e the spectroradiometer probe away from the source.

B.3.7 Place the UVA radiometer that is to be calibrated in the same position as the spectroradiometer
so that the calibration reference plane of the radiometer is in the same position as the spectroradiometer
reference entrance optics being illuminated by the UV exposure source.

B.3.8 Mea

18

sure the irradiance of the source with the UVA radiometer. This is designated IUVA,,;
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B.3.9 Calculate the calibration factor using Formula (B.1):
Y=IUV Agpec /1UV Apgq (B.1)

B.3.10 Subsequent measurements of the UV exposure source by the UVA radiometer shall be multiplied
by Y for calibrated UVA irradiance (UVA

cal,irr):

UVA

cal ,irr

=IUV Apgq XY (B.2)

B.3.}tThecatibratiomr torrectiom factor ¥camr beemntered—directty imtothe 1SO—1mvityo UVA test
spreadsheet. The raw radiometer value (without calibration correction) is also entered gn this same
tab tp calculate the calibrated irradiance value for the UV exposure step.
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Computation values: PPD and erythema action spectra and UVA

and UV-SSR spectral irradiances

Table .1 — PPD and erythema action spectra and UVA and UV-SSR spectral irradiances
Wavelength PPD Erythema UV-SSR source UVA radiation'source

nm action spectrum action spectrum W/m?2/nm W/m?/nm
290 — 1,00E+00 8,741E-06 —
291 — 1,00E+00 1,450E-05 —
292 — 1,00E+00 2,659E-05 —
293 — 1,00E+00 4,574E-05 —
294 — 1,00E+00 1,006E-02 —
295 — 1,00E+00 2,589E-04 —
296 — 1,00E+00 7,035E-04 -

297 — 1,00E+00 1,678E-03 —
298 — 1,00E+00 3,727E-03 —
299 — 8,05E-01 7938E-03 —
300 — 6,49E-01 1,478E-02 —
301 — 5,22E-01 2,514E-02 —
302 — 4,21E<01 4,176E-02 —
303 — 3,39E-01 6,223E-02 —
304 — 2,73E-01 8,690E-02 —
305 — 2,20E-01 1,216E-01 —
306 — 1,77E-01 1,615E-01 —
307 — 1,43E-01 1,989E-01 —
308 — 1,15E-01 2,483E-01 —
309 < 9,25E-02 2,894E-01 —
310 — 7,45E-02 3,358E-01 —
311 — 6,00E-02 3,872E-01 —
312 — 4,83E-02 4,311E-01 —
313 3,89E—02 4:884E-61

314 — 3,13E-02 5,121E-01 —
315 — 2,52E-02 5,567E-01 —
316 — 2,03E-02 5957E-01 —
317 — 1,64E-02 6,256E-01 —
318 — 1,32E-02 6,565E-01 —
319 — 1,06E-02 6,879E-01 —
320 1,000E+00 8,55E-03 7,236E-01 4,843E-06
321 9,750E-01 6,89E-03 7,371E-01 8,466E-06
322 9,500E-01 5,55E-03 7,677E-01 1,356E-05
323 9,250E-01 4,47E-03 7955E-01 2,074E-05
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Wavelength PPD Erythema UV-SSR source UVA radiation source
nm action spectrum action spectrum W/m2/nm W/m?2/nm
324 9,000E-01 3,60E-03 7987E-01 3,032E-05
325 8,750E-01 2,90E-03 8,290E-01 4,294E-05
326 8,500E-01 2,33E-03 8,435E-01 5,738E-05
327 8,250E-01 1,88E-03 8,559E-01 7,601E-05
328 8,000E-01 1,51E-03 8,791E-01 9,845E-05
e e e e +245E-04
330 7,500E-01 1,41E-03 9,010E-01 _1,506E-04
331 7,250E-01 1,36E-03 9,161E-01 )1,81[1E-04
332 7,000E-01 1,32E-03 9,434E-01 2 2,13pE-04
333 6,750E-01 1,27E-03 9,444E-01 M 2,444E-04
334 6,500E-01 1,23E-03 9,432E-01~, 2,83BE-04
335 6,250E-01 1,19E-03 9,571E01 3,18pE-04
336 6,000E-01 1,15E-03 9,663E-01 3,589E-04
337 5,750E-01 1,11E-03 _S771E-01 3,98DE-04
338 5,500E-01 1,07E-03 < 9,770E-01 4,387E-04
339 5,250E-01 1,04E-03 |\ 9,967E-01 4,77BE-04
340 5,000E-01 L00E-03 | 9939E-01 5,19BE-04
341 4,938E-01 9,66E-04 0 1,007E+00 5,608E-04
342 4,876E-01 9,33E-04;" 1,012E+00 5,99BE-04
343 4,814E-01 9,02E-04 1,011E+00 6,381E-04
344 4,752E-01 _B71E-04 1,021E+00 6,73DE-04
345 4,690E-01 OB 41E-04 1,025E+00 7,12BE-04
346 4,628E-01 \J 813E-04 1,033E+00 7,46BE-04
347 4566E-01 «\}  7,85E-04 1,034E+00 7,78HE-04
348 4,504E-01\) 7,59E-04 1,040E+00 8,18DE-04
349 4,442E01 7,33E-04 1,027E+00 8,42[7E-04
350 4,380E-01 7,08E-04 1,045E+00 8,75(E-04
351 (4;318E-01 6,84E-04 1,042E+00 9,044E-04
352 L ~4,256E-01 6,61E-04 1,040E+00 9,28BE-04
353 )" 4,194E-01 6,38E-04 1,039E+00 9,486E-04
35410 4,132E-01 6,17E-04 1,043E+00 9,73BE-04
355 4,070E-01 5,96E-04 1,046E+00 9,86BE-04
.5;6 4,006E-01 o,/5E-04 1,035E+00 T,009E-03
357 3,946E-01 5,56E-04 1,039E+00 1,028E-03
358 3,884E-01 5,37E-04 1,027E+00 1,045E-03
359 3,822E-01 5,19E-04 1,035E+00 1,062E-03
360 3,760E-01 5,01E-04 1,037E+00 1,078E-03
361 3,698E-01 4,84E-04 1,025E+00 1,086E-03
362 3,636E-01 4,68E-04 1,023E+00 1,098E-03
363 3,574E-01 4,52E-04 1,016E+00 1,095E-03
364 3,512E-01 4,37E-04 9,984E-01 1,100E-03
365 3,450E-01 4,22E-04 9,960E-01 1,100E-03
366 3,388E-01 4,07E-04 9,674E-01 1,093E-03
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Table C.1 (continued)

Wavelength PPD Erythema UV-SSR source UVA radiation source
nm action spectrum action spectrum W/m?2/nm W/m?2/nm
367 3,326E-01 3,94E-04 9,648E-01 1,087E-03
368 3,264E-01 3,80E-04 9,389E-01 1,082E-03
369 3,202E-01 3,67E-04 9,191E-01 1,071E-03
370 3,140E-01 3,55E-04 8,977E-01 1,048E-03
371 3,078E-01 3,43E-04 8,725E-01 1,026E-03
372 3;016E-61 331604 87473E-01 995364
373 2,954E-01 3,20E-04 8,123E-01 9,703E-04
374 2,892E-01 3,09E-04 7,840E-01 9,367E-04
375 2,830E-01 2,99E-04 7,416E-01 9,057E-04
376 2,768E-01 2,88E-04 7,148E-01 8,757E-04
377 2,706E-01 2,79E-04 6,687E-01 8,428E-04
378 2,644E-01 2,69E-04 6,280E-01 8,058E-04
379 2,582E-01 2,60E-04 5,863E-01 7,613E-04
380 2,520E-01 2,51E-04 5,341E-0% 7,105E-04
381 2,458E-01 2,43E-04 4,925E-01 6,655E-04
382 2,396E-01 2,34E-04 4,482E-01 6,115E-04
383 2,334E-01 2,26E-04 3,932E-01 5,561E-04
384 2,272E-01 2,19E-04 3,428E-01 4,990E-04
385 2,210E-01 2,11E-04 2,985E-01 4,434E-04
386 2,148E-01 2,04E-04 2,567E-01 3,876E-04
387 2,086E-01 1,97E-04 2,148E-01 3,363E-04
388 2,024E-01 1,91E:04 1,800E-01 2,868E-04
389 1,962E-01 1,84E-04 1,486E-01 2,408E-04
390 1900E-01 1,78E-04 1,193E-01 2,012E-04
391 1,838E-01 1,72E-04 9,403E-02 1,640E-04
392 1,776E-01 1,66E-04 7,273E-02 1,311E-04
393 1,714E-01 1,60E-04 5,532E-02 1,028E-04
394 1,652E-0% 1,55E-04 4,010E-02 7,897E-05
395 1,5960E-01 1,50E-04 2,885E-02 5,975E-05
396 1,528E-01 1,45E-04 2,068E-02 4,455E-05
397 1,466E-01 1,40E-04 1,400E-02 3,259E-05
398 1,404E-01 1,35E-04 9,510E-03 2,302E-05
399 1,342E-01 1,30E-04 6,194E-03 1,581E-05
400 1,280E-01 1,26E-04 4,172E-03 1,045E-05

The reference sun has a total UV irradiance of 51,4 to 63,7 W/mZ2[¢] and[Z] and a UVA to UVB irradiance

ratio of 16,9 to 17,5.
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PMMA substrate plate surface specifications

D.1 Substrate plate type

A PMMA plate with a molded surface roughness having the following surface parameter
upper and lower limit values was qualified for use for this in vitro UVA test method by
testing. Other plates, as sand blasted ones, may be used as far as they fit the- profile
described in D.2.

D.2 | Surface profile of substrate plate

5 within the
way of ring
parameters

The purface profile characteristics of the substrates were measurgd.based on several batches under

specific criteria as recommended in this subclause.
Profjlometer

— Non-contact surface topographic analysis consisting 6f-an optical sensor, a motion cont
franslation stage, and microtopography software;

— (ptical sensor based on a white light chromati¢'aberration principle is recommended V
or a high resolution of at least 10 nm vertically and 1 pm horizontally.

Measurement

— A surface area of atleast X = 10 mmmrand Y = 5mm with at least 15-um intervals.
— A speed of atleast 1 000 um/s\is recommended according to sensor type and frequency
Analysis operators

— [Fill in non-measured-points by a smooth shape calculated from the neighbours.
— Leveling methedyby least square plane by substraction.

— (onversion'toa serie by extraction west-east of all surface profiles for 2D profile paran

Gausssian filters of 0,8 mm should be used according to profilometer characteristics.

roller, an x-y

vhich allows

heters.

Profjleparameters

Ra (um): The mean arithmetic deviation of the roughness profile.
Rv (um): The maximum depth of profile valleys within a sampling length.
Rdq (°): The root-mean-square slope of the profile within a sampling length.

Al (umZmm1):  Theupperarea,i.e. the area of the rest overs of the peaks extending abov
profile + kernel.

e anaverage

Ssc (L.um™): The arithmetic mean summit curvature of the surface, which indicates the meanform

of peaks and valleys.

© IS0 2021 - All rights reserved
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Vvv (m m3.m-2):

The volume of void in the valleys, i.e., the volume of rest overs of valleys extending

below an average profile + kernel.

Substrate plate profile parameters

By using the criteria described in D.2, specifications for reproducibility of plate-to-plate shall respect

the topographic parameters described in the control chart below.

Alternative specifications of topographic parameters may be obtained by using the same technology
principle of the profilometer (non-contact surface topographic analysis) but with other (i) optical
sensor, (ii) measurement conditions, (iii) analysis operators or (iv) microtopography software. These

alternative L OIILI Ul Lhdl LS CdIl bU LUllbiL‘lCl UL‘l dd> thd Ulll_y deﬁl Lhﬁ UsScClI hdb L‘lﬁlllUllbLl dU:'d, bdbt d on
several batdhes, that the alternative is suitable and produces equivalent and correlated measurement

results to those achieved using original specifications[1Z],[18],

Moulded PMMA plate

Sandbls

D.3 Subs

D.3.1 Tra

Ra (um) = 4,853 + 0,501

Rv (um) = 13,042 + 0,989

Rdq (°) = 11,122 + 2,032

Al (pm?2/mm) = 239,750 + 70,165
Ssc (1/um) = 0,033 + 0,021

Vvv (mm3/mm2) = 1,044,10-4 + 9,76,10-5

sted PMMA plate

Ra (um) = 4,188 + 0,514

Rv (um) = 11,402 * 2,499

Rdq (°) = 11,004 + 1,938

A1l (um?/mm) = 238)252 + 72,663
Ssc (1/um) =10;032 + 0,015

Vvv (mm3/mm?) = 8,701,10-4 + 2,325,10-4

trate plate optical characteristics

hsinittance specifications (see A.5)

Representative samples of each lot of PMMA plates are to be tested for transmission properties
to ensure compliance. The profiled surface of the test plate is to be treated with pure glycerin or a

modified glycerin solution as shown in Table D.2, or Vaseline®.

Table D.2 — Modified glycerin solution

Ingredient % (mass)
Glycerin BP/USP/]JP 90,0
Sodium lauryl sulfate (SLS) solution (1 % SLS solution in water) 10,0

24
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D.3.2 Method

D.3.2.1 Prepare a standard PMMA blank plate by applying approximately 15 mg of pure glycerin or
modified glycerin solution or Vaseline® as a thin continuous film to the rough side of the plate. The slide
should be transparent after treatment. Wipe away any excess glycerin material/Vaseline® with a bare
fingertip.

D.3.2.2 Place the plate in the light path of the spectrophotometer. Measure transmittance (290 nm to
400 nm) against air (with no plate) as the reference light path.

D.3.3— Minimum transmission values

Limifs for the treated molded PMMA plate transmission values are:

290 pm:>60%T

300 nm: >69 % T

320mm:>81% T

Limits for the treated sandblasted PMMA plate transmission values@re:
290 pm:>60% T

300 pm: >69 % T

320pnm:>81% T
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Product reference sunscreen formulations

E.1 Mean UVA-PF and acceptance limits for product reference sunscreen

formulatipn
Table E.1 prpvides the mean and acceptance range for the product reference sunscreen S2 and P8
for the purploses of validating the test procedures of this test method.
Table E.1 — Mean UVA-PF and acceptance limits for product reference sunscneen formulat
Product reference sunscreen Mean Mean Acceptance’limits
Formulation SPF UVAPF Lower limit'| Upper limit
S2 16,0 12,7 107 14,7
P8 63,1 21,1 19,1 23,1

E.2 Fornj

jula and preparation for product reference sunscreen S2

used

ion

The formulation and preparation procedure below describes the quantitative measures and mjxing
procedures |necessary to prepare the S2 product reference sunscreen used to validate the tegting
procedure.
Table E.2 — S2 product reference sunscreen
Ingredients | % mass of total mass
Phase 1 (aqueous)
Water 62,43
Propylene glycol 1,00
Xanthan guin 0,60
Carbemer 0,15
Disodjum EDTA 0,08
Phase 2 (oil)
Octocrylene 3,00
Butylmethoxy dibenzoylmethane 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)

Appropriate amount

Ethylparaben (and)

Appropriate amount

26
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Table E.2 (continued)

Ingredients % mass of total mass
Butylparaben (and) Appropriate amount
Propylparaben Appropriate amount
Phase 3
Cyclopentasiloxane 2,00
Triethanolamine 0,23

E.2.1 Manufacturing process

E.2.1.1 General

The manufacturing process requires that the following five steps be undertaken:
E.2.1.2 Heatphase 1 and phase 2 separately up to 75 °C.

E.2.1.3 Add oily phase 2 slowly into aqueous phase 1 while stirring phase 1.
E.2.1.4 Cool to 40 °C while stirring.

E.2.1.5 Add phase 3 to phase 1 and 2 while stirring.

E.2.1.6 Compensate water loss and homogenize.

E.2.2 Specifications
The $2 product reference sunscreen specifications for an acceptable batch are as follows.

— (olour: white to slightly yellow.

— pH: 6,5£0,5.

— Density: 0,96 to 1 g/cm3(
— Viscosity: 7 000 to £2/000 (Brookfield DV-1I, Helipath Mobile, Spindle B2), 20 r/min for|60s.
E.2.3 Storage and expiry

The ptorage conditions and expiration date for the product reference sunscreen S2 are 1@ months at
<30 {C fromxthe fabrication date in a glass container or closed package and protected from [ight.

E.2.4 ““Analytical data

E.2.4.1 General

The methodology for validation of the sunscreen content of the S2 product reference sunscreen is
described below.

E.2.4.2 Principle

The formulation is sampled gravimetrically and dissolved in ethanol, in which the analytes are soluble.
The solution is filtrated and chromatographed on microparticulate silica gel column, using a mix

2) Brookfield DV-II, Helipath Mobile, Spindle 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 1SO
of this product.
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water/ethanol as mobile phase. The concentrations of the analytes in the sample are determined by
quantification against a mixed external standard solution of analyte raw materials

E.2.4.3 Chemicals/reagents

The chemicals and reagents for the analytical methods used in this procedure are:

— Absolut

— Ultrapu

e ethanol (HPLC grade);
re water (HPLC grade);

— Phosph
— Ethylhe

— Butyl methoxydibenzoylmethane;

— Octocry

— Bis-ethy

E2.4.4 Ay

The apparat
reference sy

— Injecto

— Column
4,6 mm

The gra
12 min
and 63

— Eluent |
— Eluent
— Detectq

— Data, i.¢

E.2.4.5 Mg
The followir

ricacid 85 94 analvtical purity:
4 J r J7

Kyl methoxycinnamate;

lene;

rlhexyloxyphenol methoxyphenyl triazine.

paratus (high-pressure liquid chromatography)

us necessary to conduct the analytical measurements of-thé sunscreens in the S2 prq
nscreen are as follows.

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

, e.g. Waters Symmetry Shield C183), 5 um, with-a length of 150 mm, an inner diametf
and a flow rate of 1,2 ml/min®).

dient of the column should be as followst37 % A and 63 % B for 0 min to 12 min, 100 %
F0 22 min, 100 % B for 22 min to 25 miin, 37 % A and 63 % B for 25 min to 26 min, and
o B for 26 min to 30 min.

A, ultrapure water acidified with H3PO,.
B, absolute ethanol (HLRC.grade).
1, of type UV wavelength, 312 nm.

. quantification'efpeak area.

bthod

1g stepsiare taken to measure the active sunscreen in the S2 product reference sunscrg

E.2.4.5.1 1

duct

er of

B for
B7 %

en.

arest

0,1 mg, into

J
a 25 ml volumetric flask.

E.2.4.5.2 Complete to volume with ethanol.

E.2.4.5.3 Shake with a vortex and, in the case of a non-liquid formulation, sonicate with an ultrasonic
bath until homogenization occurs.

3) Waters Symmetry Shield C18 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.

4) The gradient of the column should be as follows: 37 % A and 63 % B for 0 to 12 min, 100 % B for 12 to 22 min,
100 9% B for 22 to 25 min, 37 % A and 63 % B for 25 to 26 min, and 37 % and 63 % B for 26 to 30 min.
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E.2.4.5.4 Filter through a 0,45 um PVDF disc filter.
E.2.4.5.5 Analyse the standard and mixed working standard by reverse-phase HPLC.

E.2.4.6 Quality control

The following steps are taken to validate the quality of the analytical method.

E.2.4.6.1 Analyse a sample of HPLC mobile phase and a placebo, if available, prepared as per E.2.4.5,
by reverse-phase HPLC, to confirm the absence of interfering chromatographic peaks.

E.2.{.6.2 Inject a standard solution three times by reverse-phase HPLC and calculate) the coefficient
of valriation of the analysis peak areas.

E.2.4.7 Calculations

Analyte percentage is calculated using Formula (E.1):

Mxth,S (E.1)
PxH

M is the mass of analyte, expressed in mg;
P is the mass of sample, expressed in mg;
1 is the area of analyte peak of the sample;

N is the area of analyte peak from standardization.

E.2.4.8 Acceptance criteria

The gnalytical results are acceptable if the following conditions are achieved:
— the standard coefficient of variation is < 2,5 %j;

— the recovery value\is95 % to 105 % of the formula amount;

— there are no interfering chromatographic peaks in the sample placebo or working solvé¢nt.

E.3 | P8 High product reference sunscreen

The férmulation and preparation procedure in this subclause describe the quantitatie measures
and mixing procedures necessary to prepare the P8 product reference sunscreen used to validate the
testing procedure.

©1S0 2021 - All rights reserved 29


https://standardsiso.com/api/?name=d792906bfc4122fe51c3d1f492fb06c2

	Foreword 
	Introduction 
	1 Scope 
	2 Normative references 
	3 Terms, definitions, symbols and abbreviated terms 
	3.1 Terms and definitions 
	3.2 Symbols and abbreviated terms 

	4 Principle 
	5 Apparatus 
	5.1 Spectrophotometer specifications 
	5.2 Calibration of the spectrophotometer 
	5.3 Calibration of the UV exposure source 
	5.4 Monitoring of the UV exposure source 
	5.5 Calibration of the UVA radiometer used to monitor the test sample irradiation 
	5.6 Substrate/plate 

	6 Test method 
	6.1 Outline of the test procedure 
	6.2 Equipment calibration and validation of test plates 
	6.3 Absorption measurements through the plate 
	6.4 Sample application 
	6.5 Absorbance measurements of the product-treated plate 
	6.6 Number of determinations 
	6.7 Determination of initial calculated SPF (SPFin vitro,0), “C” value, initial UVA-PF (UVA‑PF0), and UV exposure dose 
	6.7.1 Determination of initial in vitro SPF (SPFin vitro,0) 
	6.7.2 Determination of “C” value 
	6.7.3 Determination of initial UVA protection factor before UV exposure (UVA-PF0) 
	6.7.4 Determination of the UV exposure dose 

	6.8 UV exposure of sample plates 
	6.9 Calculation of UVA-PF of plates after UV exposure of the sample 
	6.10 Calculation of critical wavelength of plates after UV exposure of the sample 

	7 Procedure using the spreadsheet in this document 
	8 Product reference sunscreen 
	8.1 Formula S2 
	8.2 Standard P8 

	9 Test report 
	Annex A (normative) Calibration of spectrophotometer and plate transmission test 
	Annex B (normative) Radiometer calibration to spectroradiometric irradiance procedure 
	Annex C (normative) Computation values: PPD and erythema action spectra and UVA and UV‑SSR spectral irradiances 
	Annex D (normative) PMMA substrate plate surface specifications 
	Annex E (normative) Product reference sunscreen formulations 
	Annex F (informative) Statistical calculations 
	Annex G (informative) Definition and examples of valid results/Factor “C” 
	Bibliography 

