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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
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Introduction

:2021(E)

One of the typical uses of prints in museums is their display in a permanent or temporary exhibition
under ambient light or artificial illumination. In general, prints may fade due to various environmental
stresses, such as light, heat, humidity, pollutants, or biological attack, and the combination of these
factors. A museum can fully or partially control and suppress most of those factors. However, light is
necessary for display and will cause some degradation over timelll,

This document will provide guidance on how to assess light exposure-related damage to analogue and
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pice of the light source with the lowest damage potential depends on the specific matekig
mix and the spectral irradiance of the light source.

e document can be of benefit to curators, conservators and lighting designers to select t
hting with the lowest possible damage potential to an exhibition. It can serve €he’manufad
hting materials to develop particular solutions for the museum.

pending on the use case, material type and conditions, a two-tier evaluatien may be possib

1 [ evaluation is useful for comparison of different light sources, mainely, to identify the li
it will result in smallest image fading (AE) under a given exposuxelevel (1x-h).

br 11 evaluation is useful to estimate appropriate illuminatidn levels (Ix) to reach intend
Fation, if the following conditions are met (see Annex A foy detailed discussion):

the museum is able to display the work with a dight source having the same relativ
irradiance (RSI) as the one used for the testing; and

a set of representative test samples is available that have the same types of colourant and
material as the display work, and

the assumption of linearity of imageé-fading in response to different levels of light j
(reciprocity) is verified, for which-test results under different combinations of ill
intensity (Ix) and duration (houts)are compared.

est method of light stability for simulated daylight in indoor display is described in ISO 189

18937-1 is a descriptiopof a general test method and future ISO 18937-2 is a test me
on light but which does not cover the particular museum display use case. Therefore, th
ge of environmental gonditions and wavelength of light is broader than what is requirg
fument. It would bedifficult to translate the test results following ISO 18937-1 into a sp¢
museum print.diSplay requiring practically no degradation.

is documentfollows the recommendations of ISO/TS 21139-1:2019, Clause 4[2] for the de|
huseum 41Se profile and specifications, although the museums use case is not in the sco
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TECHNICAL SPECIFICATION ISO/TS 18950:2021(E)

Imaging materials — Photographic prints — Effect of light
sources on degradation under museum conditions

1 Scope

Th et ot1h A Cavacae. eReaea—+6-1- t &6 a3 e e-aha O Pae—t1 gradation
of f set of print materials under exposure to particular light sources, eventually including opftical filter
conbinations, under museum environmental conditions. The document covers typical €ypeq of indoor
light sources commonly found in a museum including indoor daylight, LED, and incandescent|light.
Thiis document is applicable to analogue and digital reflection photographic prints;

NOTE Examples of photographic prints covered by this document are prints.made with digitpl printing
tedhnologies such as inkjet, electrophotography, and thermal dye transfer, as wellas'prints made on s}lver halide
colpur paper but not prints made on black and white silver halide paper.

2 [ Normative references

Thf following documents are referred to in the text in suchva way that some or all of thejir content
constitutes requirements of this document. For dated references, only the edition cited applies. For
unfated references, the latest edition of the referenced«deécument (including any amendmentf) applies.
IS 18913, Imaging materials — Permanence — Voeabulary

IS) 18937:2020, Imaging materials — Photogfaphic reflection prints — Methods for measurjng indoor
light stability

IS) 18944, Imaging materials — Reflection colour photographic prints — Test print constriyction and
médasurement

3 | Terms, definitions, and abbreviated terms

For the purposes of thiszsdocument, the terms and definitions given in ISO 18913 and the|following
abbreviations apply.

IS} and IEC maintain terminological databases for use in standardization at the following addlresses:
— | IEC Eleetropedia: available at https://www.electropedia.org/

—| ISO©nline browsing platform: available at https://www.iso.org/obp

NOTE SAA also maintain a terminological database:

— SAA online glossary available at https://www?2.archivists.org/glossary

3.1

Mix-h

abbreviated from Mega lux hour, a unit of light exposure, product of illuminance and time

3.2

spectral irradiance

SI

spectral power distribution

SPD

power per unit area per unit wavelength of an illumination

©1S0 2021 - All rights reserved 1
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3.3
relative s
RSI

pectral irradiance

relative distribution of irradiance power per unit area per unit wavelength, across (and normalized
in) a given range of wavelengths. In this document, the wavelength range of interest is from 300 nm to

800 nm
3.4

duplicate
one of multiple copies of an object made at the same time from the same master

3.5
limiting €
accumula

3.6
safe disp

estimated accumulated display duration that will not cause a change exceeding the level accepted

the user

Note1toe
the same o

3.7

Planckianp radiator
ideal thermal radiator that absorbs completely all incident radiation, whatever the wavelength,

direction

Note1toe

Note2toe

3.8

print maferial set
defined mlix of print materials comprising types of print technology and historic period representat

for a colle

4 Use profile

4.1 General

This docu|

xposure
ed exposure level in Mix-h (3.1) or kJ/cm?2 which causes unacceptable level of deterioration

ay duration

verall level. The safe display duration can be split into several periods

pf incidence or the polarization

htry: A Planckian radiator is sometimes called™black body".

Ction of print materials to be displayed under a specific display light

Iment describes how to evaluate the light stability of a set of photographic print materials

by

htry: Generally, accumulated intermittent exposures will have the same effect as one long exposure¢ to

he

htry: This radiator has, for any wavelength and any direction, the maximum spectral concentration of
radiance fdr a thermal radiator in thermal equilibrium at a given temperature

ive

on

display urjder museum environmental conditions. The prints are displayed either framed or un-framgd,

continuously ofrihtermittently lit, mounted on a wall or in an exhibition case. The use profile requi
that the inJdeor environmental conditions are monitored and precisely controlled.

res

4.2 Stress factors in museum use profile

Most museum standards require light levels to be adapted to the light fading sensitivity of the colour
print, in order to avoid any visible change. However, for light sources such as LED or OLED, that cannot
be described as Planckian radiators, the illumination level is no longer sufficient to characterise the
irradiance on a print. The use of illumination level and RSI in the 300 nm to 800 nm range is required to

character

ize a display condition.

Table 1 shows the set of stress factors to be considered in order to decide whether this document may
be used. This document shall only be applied to prints intended for display under museum conditions,
where the stress factors apart from light are within the recommended range of Table 1.

© IS0 2021 - All rights reser
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Table 1 — Assessment of stress factors

Stress factor Permitted level

temperature typical day-night cycle of temperature in the range 18 °C to 24

°C

relative humidity 30%to 55 %

ozone low ozone level (<2nl/1)(3]

other pollutants as indicated in referencel4]

biological agents absent

N

car} exhibit a particular sensitivity to certain types of pollutants. For example, dye based inkjet, pr
y sensitive to ozone. Sensitivity to ozone can be tested as per ISO 18941[3],

ver

Thiroughout this document, the term degradation means degradation due to light exposure g
m stress during display, colour prints can suffer damage from shipping, handling;’and mou|

frd
se

COTI

no

N

The material set is tested by exposure to a single light source with a particular relativ
ndiance (RSI). An additional test shall be run with the light source of a different RSI

irr
Sp
an
thg
ac(

h

My
or

NO

TE

sitivity to bending, folding and abrasion may vary widely among materialstafhd should be

sideration when preparing the display. However, mechanical stress suclfas abrasion and f

part of the display conditions and thus not considered in the document:

Test method

General

cimens from the set are exposed to light for a certain duration under well-defined spectral

1 controlled humidity and temperature. The-golour change from the initial state is meas
exposure. Potential other changes are visudlly assessed. The test duration shall be dete]
ordance with ISO 18937:2020, 5.6.

seums usually apply additional UV filtering through the use of special window glass, shade
other protections. For assessingthe safe display duration for an actual display with a filt
solirce, all filters shall be included. A typical museum long-pass UV cut-on filter is described u

transmission of the optical filtér to be 0 % at 320 nm, <1 % at 380 nm, and <50 % at 400 nm.

5.2

5.2

M3
did
m3

Sample speeimren preparation

1 Outlin€

nufacturers interested in knowing how their contemporary materials perform undej
play eonditions can apply the test method of this document to contemporary materials a
deprints as described in 5.2.2.

One definition of museum-grade UV-filter, sometimes referred to as Thomson specificatio

e of which
nts can be

nly. Apart
nting. The
taken into
olding are

b spectral
The test
ronditions
ired after
rmined in

s, framing
ered light
hder 5.4.2.

n, requires

museum
nd freshly

However, in the museum environment, the possibility of being able to make new prints with the
materials of interest is the exception. Most museum objects are older than 20 years and the print
materials they were made with may no longer be available. The choice of an appropriate print material
set will require some research and evaluation.

NOTE

identification database, are given in References [5][6][7].

References and institutions that help to identify unknown print materials, or that maintain an on-line

In spite of considerable effort, it may be difficult or impossible to find a good match of materials. In this
case, a meaningful test cannot be done.
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5.2.2 Contemporary materials

If a contemporary photographic work comes with a detailed record of how it was printed including
media material, set of inks, method of printing (equipment and settings used), and post-printing
finishing, and all the above are still available on the market, the exact same settings shall be used to
make test prints.

The standard test pattern for printing as described in ISO 18944 shall be used. Other test patterns may
be used if required by the application. A minimum requirement of the test target is to have two levels
of YMCK values as well as a grey wedge with at least 4 levels and the minimum density of the print.
Optional lewe ! importantcolours-sucha ineelqur,
can be indluded.

Printing and conditioning of samples shall be done in accordance with ISO 18944.

One set of printed sample specimens serves as control and needs to be stored in a darkj-cool or cpld
place with pollutant levels as specified in Table 1. This set can be used as a reference to compare wijith
the test print to track the visual impact of image fading and other changes to thematerials after light
exposure |(such as physical damage, or edge bleeding/diffusion, or loss of glossifiess, etc.). At least gne
set of repliicate sample prints is required for the exposure to understand and mitigate the variability of
exposureg.

5.2.3 Hjstoric materials

Museum @bjects are unique and there is often no possibility to utilize samples of real art colour pripts
for testing purposes. Destructive testing cannot be done on original art objects. Expendable duplichte
originals ¢r other duplicates of real museum materials made with material from the same manufactufer
at the sanje time can be used to determine the safe display‘duration (see Annex A).

The usuall case is that there are no duplicates and that the exact same material is not available. If the
print technology and the time period of when the~object was printed is known, the light degradjng
potential pf new light sources on a particular type-of historic material can be assessed with a selectjon
of expendpble prints made with the same printitechnology from the same historical time period. If the
type of prfint material was made by several different manufacturers, the test set should include at lepst
the majormanufacturers at the time. However, this approach only allows one to make a relative rankjng
of the degfading potential of light sources and shall not be used to estimate the safe display duration ffor
an actual museum object.

5.2.4 Se¢lection of suitable test patches on historic materials

In the cage of duplicates er’expendable historical materials, colour patches have to be selected frpm
the imagelitself, whichis hot the usual test pattern. A selection of suitable test patches should contpin
all colorants that were used in the print technology on three levels of lightness, light (L* about 70),
medium (L* about.50) and dark (L* about 30 or darker). Typical analogue photographic colour print
materials|for example have 3 colorants, digital colour prints may have up to 12 different colorants that
can make|up-an image. Mixtures of colours on one patch are acceptable. Grey areas or skin tone arg¢as
are often Suitable-patehes-with-twe-er-three-eolorantspresenttnaddition,onepateh-with-veryHttle or

no colourant - possibly at the edge - should be selected to represent the minimum density of the print.

A magnifier with 50 times to 200 times enlargement can be used to identify the colorants in the patches.
For a spectrophotometer with a 3 mm aperture, the patches should have a diameter of at least 4 mm and
be mapped on the print with a precision at least 1 mm to allow the exact positioning and re-positioning
after each test.

NOTE One way to obtain the required positioning precision is to prepare a mask with punch holes.

The precision of re-positioning shall be verified before the exposure test by measuring the selected
spots multiple times and demonstrating that the standard deviation of the measurements is less than
AE;4 < 2.

4 © IS0 2021 - All rights reserved
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For duplicates, at least two sets of patches should be chosen as described above, either on the same
print or on two similar prints. Due to the selection of not fully identical print patches, a much greater
variability of the results is to be expected compared to tests done on a printed test pattern. Other
patches on the same samples can be used as a reference if exposure is avoided by a light tight cover
material.

5.2.5 Reference sample specimens

Reference specimens can be colour prints with known light stability or other colour materials with
known light stability:.

Myseums often use the Blue Wool Scale (BWS) as defined in ISO 105-B04[2! as a dosimetef and as a
scdle to express light stability in terms of “Blue Wool Scale” with level 1 marking “fgitive” to level
8 ‘lexceptional”. The BWS is exposed together with the specimen under test. This docimenf does not
re¢ommend using the BWS as a dosimeter. State-of-the art test equipment has calibrated UV gnd visible
light dosimeters that measure cumulative doses with much smaller uncertaifty’than BW{ cards. In
addlition, the response of BWS cards to the combined stress factors of light, temperature and humidity
is pot the same as for the various printing technologies. However, BWS ratings are still very common in
myseums for various objects. Therefore, it might be desirable to also express colour fastnesg of digital
prints in BWS ratings. For that purpose, one may refer to CIE 157[2lCYsers should be aware|that BWS
rafings depend on RSI of the light source and are highly susceptible to the level of relativg humidity
dufing the test (see ISO 105-B02[Z]).

5.2.6 Backing of the specimens

The sample and reference specimens are usually backed during the exposure test. Suitable backing
mdterials include non-reactive and non-yellowing.white material such as 100 % cotton rag board or
mgtal (white-painted aluminium or stainless-steel plate).

5.2.7 Dummy sample

In p light exposure chamber, all sample'positions shall be filled with samples, or with dummy samples
which are equivalent in average density or reflectance to the actual test samples, for both light exposure
teqts and for the calibration of light, temperature, and humidity. Dummy samples maintain| the same
air] flow pattern and reflected.light conditions in the test chamber independent of the number of real
samples.

5.3 Light exposure

5.3.1 Outline

Test results pbtained for a given material set using one light source cannot predict the pehaviour
unfer a_light source with a different RSI. To predict degradation for light sources with different RSI,
th¢ individual action spectra of colorants in the print have to be known[l. However, measurjing action
specétra is time consuming. In many cases, it may be preferable to measure the light fastness of the
particular print material set for each type of light source. Results and the predictions made for that
material set are only valid for the light source that was used in the exposure test, for example for filtered
daylight, incandescent illuminant A, or a certain LED with a particular RSI. The type of light source
shall be an integral part of any reporting of data and of safe display duration for the print material set.

As the actual museum display lighting may not be known or it may change over time, it is helpful to
know the light stability of colour print materials to different standardized light sources typical for
museum display. This does not allow one to predict a safe display duration, but it allows one to choose
the light source with the lowest damage potential among the tested light sources. This document
stipulates several typical museum light sources for testing degradation damage potential: Xenon-arc
lamp, incandescent light, and LED light. Equipment that can achieve the test conditions stipulated in
5.3.3,5.3.4 and 5.3.5 shall be used.

© IS0 2021 - All rights reserved 5
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In principle, the test method may also be used for museum display under a fluorescent light source;
however, the method details of that test light source are outside the scope of this document.

NOTE1 For cases where testing with fluorescent lamps is necessary users are referred back to the 1st edition
of ISO 18937:2014. There is a long legacy of published data on the subject, some of which refers to materials that
will not be longer available or relevant today.

Temperature and humidity control equipment shall be used to attain the chamber temperatures and
the relative humidity range stipulated in this document.

If the exposure test is done at low light levels, a chamber may not be required, and an exposure unit
open to a‘llconditioned lab environment could be used. Care shall be taken to verify that the humidjty,
temperatyre and pollutant levels close to the sample meet the requirements stipulated (in ‘the
subclauses. Commercial equipment that complies with the Xenon-arc configuration is available |on
the market. For LED and incandescent light exposures, proprietary prototypes exist in miseums gnd
research institutes.

NOTE 2  |As one example see the prototype of the Getty Museum: A final report prepared.in support of the J.S.
DOE Solid-{State Lighting Technology Demonstration GATEWAY Program, describes ingandescent light as well
as a LED t¢st set; Study Participants: Pacific Northwest National Laboratory U.S. Department of Energy, The ].
Paul Getty|Museum and the Getty Conservation Institute, Prepared for the U.S. Department of Energy by Paciific
Northwest|National Laboratory in March 2012.

5.3.2 L]fht intensity tolerances and long-term drift

The light intensity shall be maintained and controlled throughouttesting in accordance with ISO 18937.

If tests are run over extended periods, one should assure that the relative spectral irradiance of the
light sourge is kept in tolerance over the test period. For commmercial equipment, manufacturers provjde
arecommiended service interval to replace lamps on a regular basis.

NOTE For background in LED long-term drift and colour change see References [12][13].

5.3.3 Slecifications for filtered Xenon ar¢lamp to simulate indoor daylight

To simulate indoor indirect daylight, the in-window display (window glass) condition in accordamce
with ISO 18937 shall be used. For assessing the sensitivity of colour print material set to a specific light
source the light source shall be used without additional filters. The xenon lamp shall be configured
with a glgss filter to provide the‘spectral irradiation distribution as given in Table 2. It may be uged
with or wjthout a standard IR filter. The IR filter can be used if it is necessary to attain the black papel
temperatyre and to comply with the specified RSI for in-window display according to ISO 18937
toleranceg given in Table 2.

Table{2 — Relative spectral irradiance for filtered Xenon-arc lamp for in-window display

Spectral passband Spectral energy as a per-
wavelengeh, )| Cntage of energy between
nm o o
300 <A <340 0,5to1,2
340 <A< 370 2,8t03,5
370 <A< 400 3to5
400 <A< 430 4to7
430 <A< 800 83 to 88

The in-window-display RSI from ISO 18937, given in Table 2, represents indoor display conditions of a
typical museum with large windows. Additional UV filters are most likely in place due to local museum
requirements. Examples of such optical filters are described in 5.4.2 and shall be included in the test

6 © IS0 2021 - All rights reserved
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only if the light stability of museum grade UV filtered light conditions is to be investigated. The RSI of
the additional UV filtering must be included when specifying the RSI of the test light source.

The sample specimens are exposed to the light continuously. The intensity shall be set to <80 klx.

NOTE1 Light/dark exposure cycling is sometimes used to simulate day/night cycles. Continuous exposure is
used in this document, because the evaluation results are usually not very different from alternating light/dark
exposure and the light/dark cycle may introduce other instabilities and require more time for the test.

The set point for control of the BPT (black panel temperature) shall be 25 °C to 35 °C and chamber
temperature shall be controlled between 21 °C to 27 °C (see ISO 18937:2020, Annex A). The air above
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sample shall not have pollutant levels higher than those given in Table 1. The relative hu

TE2  The temperature of the test is slightly higher than the upper limit of the acttral temper
museum display as commercial equipment cannot easily reach such low temperatures during
vever, as the light exposure test is done for only a shorter time span, the thermal aging of prints car]
rlected.

e uniformity of the exposure should comply with ISO 18937.

.4 Specifications for incandescent light

andescent illumination spectral power distribution should match illuminant A of ISO/C
]

e unfiltered RSI of CIE illuminant A does not include additional UV filtering as recomm
seum display. Examples of such optical filters.are described in 5.4.2 and shall be inclu
t only if the light stability of museum grade WV filtered light conditions are to be investig
litional UV filtering must be included when.Specifying the RSI of the test light source.

ample-plane illumination intensity of\between 10 Kklx to 20 klx shall be used. The samp
mogeneously exposed with enough-space between light source and the sample specime
e air flow. The surface temperatureof the specimen shall be 25 °C + 5 °C, the set point for th
ative humidity shall be 50 % RH."The air above the sample shall not have pollutant levels h
en in Table 1. The tolerance.of\the operational fluctuation of the temperature shall be less t
1 the tolerance of the opetational fluctuation of the relative humidity shall be less than +1(

idity shall

set to 50 %. The tolerance of the operational fluctuation of the temperature shall be 1€3s than *2 °C,
1 the tolerance of the operational fluctuation of the relative humidity shall be less than’+1( % RH.

ture range
exposure.
usually be

[E 11664-

ended for
led in the
rated. The

e shall be

h to allow
e ambient
gher than

han +2 °C,
% RH.

The uniformity of the exposure should comply with ISO 18937.

5.3.5 Specifications for LED light

White LEDs_achieve their colour in several ways. There are tuneable LEDs comprising a rpixture of
seyeral coloured LEDs. Others are based on only one violet or blue pump LED, the light of which is
convertedto other wavelengths by one or more phosphors. There are also mixtures of both technologies.
Theere€ is'a great variety of LEDs available with many different RSIs and their availability i changing
rapidly.

For a test that determines a safe display duration, a LED that has exactly the same RSI as the museum
display light should be used. At least, a LED lamp with the same excitation wavelength and same
intensity of the blue peak shall be used[1],

NOTE1 Correlated colour temperature (CCT) and colour rendering index (CRI) of an LED are not suitable
metrics to determine a spectral match of two LED, as LED with same CCT and CRI can have very different relative
spectral irradiances.

If the actual LED light for museum display is not known or may vary over timellel, the sensitivity to
a typical LED light can be determined. Many museums may choose warm white LED light sources for
display as they resemble incandescent light, while others may prefer cool white LED to more closely
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match daylight. Examples of a typical RSI of a cool white LED light source with a CCT of 5 000 K and a
warm white LED with CCT 2 700 K are given in Annex B.

Additional UV filters may be in place due to local museum requirements. Examples of such optical
filters are described in 5.4.2 and shall be included in the test only if the light stability to museum grade
UV filtered LED light conditions are to be investigated. The use of additional UV filters shall be included
when specifying the RSI of the test light source.

A sample-plane illumination intensity of less than or equal to 80 klx shall be used. The sample shall be
homogeneously exposed with enough space between light source and sample specimen to allow free air

flow.

The black
over the s

NOTE 2

panel temperature shall be 30 °C + 5 °C, the set point for the relative humidity of the airt flo
hmple shall be 50 % RH * 10 % RH.

The * tolerances given for testing set points are the allowable fluctuations from the-given set pd

under equilibrium conditions. This does not mean that the value can vary by plus/minus the‘@mount indica
for the givén set point. These * tolerances are also not intended as requirements for chamber uniformity.

The air above the sample shall not have pollutant levels higher than given in Table'1. The uniformity

the expos

ire should comply with ISO 18937.

5.4 Spdcifications for additional filters

541 G

The inten|

bneral

fion of the test may be to test additional UV filtering, protective glazing or framing glg

For such dases, the spectral power distribution of the testilumination source shall be modified us

suitable o
with a dis

NOTE

pictorial c
distributio
more than

542 U

In additio
filter may

ptical filters in order to simulate the particulat usage condition. The filters shall be moun
tance to the object to allow free air flow ovet’the specimen surface.

Ultraviolet and short wavelength blue radiation is considerably more harmful to some types
blour hard copy images than it is to gthers, therefore, variations in the level (and spectral pov
n) of the ultraviolet and short wavelength blue radiation in the illumination will affect some mater
others. Guidance on UV filtering canbBe found in the conservation literature for examplel1Zl,

V Filter specifications for museum lighting

n to the window glass filter used in commercial equipment, an additional long-pass UV cut-
be used if the intention is to test the material under typical museum display conditions.

The RSI of violet- and bliepumped LEDs may have a high emission in the violet/blue pump waveleng

Special fil

NOTE

Lers exist to.gfficiently supress wavelengths below 450 nm.

Examples.dre ZBPB 097 or ZBPB 079 from Asahi spectra.

If the exaqt J Wfilter of the museum display lighting is known, that filter shall be used for the test. If

wn

int
ted

of

ng
ed

of
ver
als

off

he

of

exact spe

tral transmission of the Inng_p::cc UV _cut-off filter is nn](nnurn, the cpnr‘fr‘a] transmission

the filter given in Table 3 shall be used.

Table 3 — Example of a typical long-pass UV cut-off filter

Wavelength Transmission
nm %
380 <2
390 <1
400 <6
NOTE Data taken from Meteolight SFC-10.

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=b4cdf5b70b302072735537d4afac693e

ISO/TS 18950:2021(E)

Table 3 (continued)

Wavelength Transmission

nm %

410 <40

420 <72

430 <85

440 <88

450 89 t0 90
460 89 t0 90
>460 290

NOTE Datataken from Meteolight SFC-10.

6 | Measurement

6.1 General

of the most frequently discussed and reported image parameters in permanence studief is colour
refention. However, any damage to an art object during display is‘to be avoided and sample §pecimens
shall be visually inspected for objectionable changes in glgss, deformation, cracks, delamination, or
other physical damage caused by the test. Such changes shall be reported and are part of the|end point
criteria for the test.

Measurement conditions

Evhluation of colour retention is based on the ¢comparison of colour measurements of the specimen patch
before and after the exposure. A spectrophotometer shall be used when making measurgments[iZl,
All colour measurements shall be made“ini accordance with ISO 18944. If there is a desirg to track
the degradation of optical brightening agents on the substrate during the light fading [test, then
mgasurement shall be done with(M0, M1 or M2 colour measuring mode and track the progressive
redluction of their difference.

Calculation of colour'difference

At|least two printed @atches of similar lightness and made up of the same mix of colorants shall be
used for testing. Thie-patch to patch variability must be accounted for in the assessment of the effective
colour change in addition to the variability of consecutive colour measurements. As a njeasure of
colour change, the colour difference AE,, before and after light exposure on the same spot pf the test
sp¢cimen is_cglculated. Only changes of at least AE,4 = 3 above the level of measurement varjability (as
determinedin 5.2.4) shall be considered and reported as light induced colour change.

6.

Test procedure

The test should be run in small intervals of exposure so that the colour changes between two exposures
are AE; < 3. For materials with unknown stability, a short first test interval should be chosen followed
by increasing intervals until a first change is observed. The patches shall be measured as specified
in 6.2. In addition to measuring spectral or densitometric change, the test specimen shall be visually
examined and compared to the control sample or unexposed parts of the sample to assess other
changes. Any visual observations of change in print quality, for example degradation, such as loss of
sharpness, change of gloss, and physical deterioration or deformations, such as curl, cockle, cracking, or
delamination, that occurred during the test shall be reported.

Depending on evaluation context and material set under test, results from physical test methods,
including brittleness and layer adhesion, can be reported. Also, chemical analytical characterization
may be of interest (e.g. FTIR).
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Should none of the observed changes be objectionable, the colour retention is calculated according to
6.3 and the exposure test continued until at least one colour change is AE;; = 10 or any objectionable
degradation of any of the other properties is observed. For very stable materials, it may take a long time
to reach the test end point and determine the safe display duration according to Annex A.

If the goal is to assess that a specific display condition will not cause any harm, a fixed load test can be
performed.

For example, if the print material is expected to be displayed for 10 years under 250 Ix at 12 h light
level, the test duration in lux-hours shall be 10 Mlx-h (250 Ix x 12 hours per day x 365 days per

year x 10 rpnrc) A cafnfy factorcanbe npp]ind toaccommodate any nvpnrimnnfn] errorsthat may exjst.

7 Evaluation

7.1 General

The results of the accelerated test are a quantitative measure for the stability of @ colour print ungler
exposure |of lighting with a well-defined light source and exposure level. They-are not necessatily
equivalenf to actual years of display at another light level (so-called reciprogal-law-failure) or even the
tested light level. Wherever possible, museum objects on display should be;monitored to detect any light
induced degradation as early as possible and allow correlation with laboratory data. Reference [18]
describes|one real-time monitoring approach for museum display.

7.2 Comparing light sources

For comparing light sources, the test needs to be run with.€ach of the light sources for the same gr a
very similar print material set separately as described in Clause 5. It is important to match as closely| as
possible the number and type of print patches selected;according to 5.2.4.

The coloulr changes shall be evaluated at a selection of same cumulative exposure dose expressed in
Ix-h that ¢over the range of overall exposure.dose applied in the test. This may require interpolatjon
of the degradation curves, unless the intermédiate measurements were collected at the same levelg of
cumulativie exposure across all light sources in the test.

The result of each test will be a colour*retention curve for each patch. For each patch, the exposure
at which the end of test point is-reached will be noted as the limiting exposure for that patch |on
that matefial and that particular tight source. The first patch that has faded to the end of test pqint
representp the limiting exposure for the particular print material set tested. The higher the limitjng
exposure the lower the damage potential of the light source.

In the cas¢ of exposing a-mix of historical materials, the first patch on the first material that reaches the
end of test point will determine the limiting exposure for the set.

NOTE If thegprint material set is not a close representation of the actual museum collection in mind, if is
better to take'the average of individual limiting exposures of the materials in the mix. This prevents an out|ier
from domipating the results.

8 Testreport

Only tests that have run to the specified end of test point of 6.4 shall be converted into limiting exposure
levels for the light source/print material combination.

The report of test results shall include the following:

a) Light sources, exposure levels of test and RSIs of the light sources, and transmittance of filters if
used.

b) Duration of the test for each light source.
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For

NO|

ISO/TS 18950:2021(E)

A reference to this document, i.e. ISO/TS 18950:2021.

The limiting exposure for each light source on the print material set in Mlx-h, If the test did not
reach the specified end of test point, the limiting exposure level should be reported as “over XX

MIlx-h.

Failure mode, colour retention or other visual damages (such as loss of glossiness, edge
or physical distortions).

sharpness,

A graph of AE, versus exposures for every patch on every material, including any observations of

changes in gloss, deformation, cracks, delamination or other physical damage caused by

the test.

When there is any difference from the standard test method or standard measuremént
described in this document.

the print material set the following shall be reported:

ronditions

In the case of contemporary materials that are produced for the test, details,of sample spgcimens to
the extent known, such as printing technology, origin, age, and materials, in the case of ink jet, ink

set and substrate material used (brand and suppliers if known)

In the case of historic samples, the exact mix of imaging materials'used for the test with ide
of print technology, manufacturer and historical period as faras known

htification

Details of the patches that were selected (either the test target and the measured patches, or the
patches on the historical materials), including densities@nd colour composition of the pafches

TE If d,,;, areas are selected in the print material sample set a graph of Ab* versus exposureg measured
y be done to investigate yellowing.
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Annex A
(informative)

Translation of the test results into safe display duration

A.1 Outline

This docyment allows one to estimate the degradation caused by single light source illumiratjon
over time| The results of the accelerated test are a quantitative measure for the stability~ofla colgur
print undgr light exposure with a well-defined light source and exposure level. These résults are pot
necessarily equivalent to actual years of display at that light level. In actual display, variots other agejng
factors mpy come into play that have been excluded from the test. In addition, there-can be multiple
types of lighting, for example daylight and artificial light in a particular location<Only actual exposiyire
data allows one to correlate actual display years with laboratory data.

The degradation process under high light intensity may be different from theprocess under lower light
intensity (reciprocal-law-failure).

The main|challenge of using test results from an accelerated aging'study to reliably predict the long-
term image stability in actual display stems from a failure of reciprocity which comprises:

— nonlipearity in response of image fading rate under high-level of acceleration from a specific strgss
factoy (light)

— convdluted impacts from multiple stress factors.acting together synergistically.
To managg this uncertainty, additional investigations are recommended such as

a) addinig a few more tests under different.combinations of “intensities x test durations”, to determjne
the rgnge of linearity (reciprocity) zone;

b) minimizing other environmentalfactors by strict control of the display environment.

A.2 Museum acceptanceé endpoint and end of test

An endpolnt is a measurablé densitometric, colorimetric, or physical change in a print parameter that
can be usgd to define a‘gertain level of change in a print. The meaning and interpretation of an endpdint
depends dn the expettation in a given use case, and it can e.g. define the level of change, at which a p1fint
is no longér usable or acceptable in that particular application. Conservator ethics require that musefim
materials|showhinimum change after display. A colour change of AE,, = 10, which is the end of test
point from the.test in 6.4, is clearly visible and thus not acceptable as the end point for a safe display
duration.

In colorimetry, a just visible change is equivalent to AE,; = 1 to 2. The museum end point for safe
display duration should be chosen just significantly above noise at AE,, = 2 of the worst colour patch.
The accumulated exposure up to this point is the maximum exposure allowed for safe display duration
for that print material under the specified light source. A change of AE,, = 2 is close to the measurement
error and the experimental fluctuations of the fading testl19l. In addition, test patches chosen from a
real image are prone to small positioning errors of the colour measurement equipment. A too small
colour difference is thus not suitable as an experimental test end point. This document recommends
running the exposure test in very small increments up to an end-of-test-point of AE,, > 10, which will
be well above the noise level. The maximum exposure level can be interpolated from the Graph of AE;,
vs exposure at the point of AE,¢ = 2. The actual curve should be used to find AE,¢ = 2 as the function is
not linear.
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A.3 Translation of the test results into museum display years

Tests are typically performed at exposure levels that are different from the light level at which a print
will actually be displayed. If one can reasonably rule out the other aging factors listed in the first
subclause of Annex A (for example, through additional light exposure tests at different light intensity
levels (lux) and test temperatures), then by knowing the maximum display exposure level interpolated
from the test graph, the safe display duration for any museum display light level may be estimated as
shown in the example below.

EXAMPLE The llmltlng exposure level for a prmt materlal was determined as 10 Mlx-h for given RSI.
i : s : Same £20 ' day (which
000 1x-h/

reciprocal
behaviour, or adherence to the reciprocity law, may not be valid. This is especially inmiportant if fthe user is
going to make predictions of performance at ambient light levels based on acceleratéd-test results ¢btained at
the higher light levels. In which case, the user shall rack the behaviour of light degradation at higher|intensities
velsus lower intensities, in order to validate the predictions of performange”at ambient light [levels. See
1SQ 18937:2020, Annex A.
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