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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-governm

ental in liaison with ISO_ also take part in the work
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Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
5k of technical committees is to prepare International Standards. Draft International Stan
the technical committees are circulated to the member bodies for voting.CPublication
Standard requires approval by at least 75 % of the member bodies casting-a vote.

hall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 42, Photograpty.
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Introduction

Historically, technical committees ISO/TC 36 and ISO/TC 42 have published ISO storage standards specific to
individual materials. Many of these temperature and relative humidity recommendations are based on
laboratory studies using Arrhenius type projections that allow extrapolation of high temperature incubation
tests to recommended storage environments at reduced temperatures This also aIIows a predlct|on of the life
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In the real world, archivists and curators frequently are faced with the task of/storing many type
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Ap in allowed environmental conditions across several media types.

as film, prints, tapes, etc. Archives often contain media that cannot be_separated without d
ity of the collection. In other archives, one collection can consist primarily of one medium,

Vist to provide a number of different storage environments that-are optimized for each mate
hconvenience would be prohibitive; moreover, records of the)same or similar subject mattg
d in close proximity to facilitate reference, not by the type ofmedium. The archivist of a m
ttion might be forced to limit the number of storage environments that can be provided. In
neans some deviation from the ISO storage recommendations and can compromise the life
fied in the standards. This compromise can be based on the value, physical size, quan
fements to maximize life expectancy of some collections relative to others.

nternational Standard provides an assessment of the keeping qualities for four storage envi
it is most useful for storage facilities that-house different types of materials, but does not
ecommendations for single medium _collections.

Itions with substandard environments and restricted budgets are encouraged to j
vement of these environments\as resources allow by judicious use of air conditioning, deh
difiers), air circulation and.filtration. Although practicalities can force compromises, any im
conditions will add to the\lengevity of materials, even if they do not attain the life expectan
the environments recommended in the ISO standards. Basic air conditioning principles
ns and the associated/costs are not addressed in this International Standard. There are mar
s subject.

collections each with different media. In either situation, it might)not be practical or rea
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Normative references

Bcope

International Standard provides suggested guidelines for four temperature and,-hum
bnments for archives that contain a variety of recording media, based on the corresponding

je environments in the ISO storage standards.

International Standard does not replace those ISO storage standards. In addition to
hmendations, those standards also include other vital information pertinent to the long-ter
ding materials, such as inspection, housing, and handling guidelines) Although microenviror]
rage enclosure can be dependent upon the macro-environment, they are not the f
ational Standard.

storage of traditional paper collections is not within the.$cope of this International Standa
archives containing mixed recording media also inclyde such collections. Archivists are e
v the appropriate standards (see References [1] and([2]) for those materials.

e-base photographic films are also included. i this International Standard, since they are
her with other materials.

Nitrate-base films re3present a fireshazard and need to be stored in accordance with the
ftion Association standard® in the UnitedStates, or other applicable national standards. Moreovg
hposing nitrate film and acetate-base film ‘can have detrimental effects on other materials stored in the,
tion to this problem is to isolate such films in a separate storage area.

eviate from those recommended by ISO standards.

following referenced documents are indispensable for the application of this documen)

ment (including any amendments) applies.

International Standard does not address the various strategies to upgrade substandard ¢

idity macro-
ISO storage

ards for those media. Whenever possible, this International Standard recomménds that usérs follow the

environment
M keeping of
ments within
pcus of this

rd. However,
hcouraged to

often stored

National Fire
r, fumes from
same areal'".

nvironments

t. For dated
e referenced

ISO 1

0356, Cinematography — Storage and handling of nitrate-base motion-picture films

ISO 18911, Imaging materials — Processed safety photographic films — Storage practices

ISO 18918, Imaging materials — Processed photographic plates — Storage practices

ISO 18920, Imaging materials — Reflection prints — Storage practices

ISO 18923, Imaging materials — Polyester-base magnetic tape — Storage practices

ISO 18925, Imaging materials — Optical disc media — Storage practices
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3 Terms

and definitions

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

3.1

conditioning
exposure of a specimen to air at a given relative humidity and temperature until equilibrium is reached

3.2
extended-te

rm storage conditions

storage conditions suitable for the preservation of recorded information that has permanent value

3.3

life expectancy

LE
rating for the

NOTE TH
information ca

EXAMPLE

34
macro-envir
atmospheric
kept

3.5
magnetic ta
material cons
recording

3.6

life expectancy of recording materials and associated retrieval systems

e number following the LE symbol is a prediction of the minimum life expectancy’in years for
h be retrieved without significant loss when stored at the conditions defined in the-relevant standards.

LE-100 indicates that information can be retrieved after at least 100 years, sterage.

onment
conditions (temperature, relative humidity, and pollutants).in a large area in which record

be
isting of a magnetic-sensitive layer coated ona’thin plastic support that can produce a mag

medium-term storage conditions

storage cond

3.7

itions suitable for the preservation of recorded information for a minimum of 10 years

micro-envirpnment

atmospheric
records are K

3.8

optical disc
disc that will
can be read

conditions (temperature) relative humidity, and pollutants) inside a storage enclosure in
ept

accept and/retain information in the form of marks or density modulations in a recording laye
ith ap optical beam

3.9

which

S are

netic

which

r that

photographic film
material consisting of one or more radiation-sensitive layers coated on transparent or translucent plastic that

yields a visib

3.10

le image

photographic plate
material consisting of one or more radiation-sensitive layers coated on a rigid support, such as glass or metal,
that yields a visible image

© 1S0O 2011 — All rights reserved
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3.1

photographic print

material consisting of one or more radiation-sensitive layers coated on paper, paper with a pigmented layer,
paper with a resin layer, or on an opaque support, that yields a visible image

NOTE This term is now used to describe all manner of printed photographic images.

3.12
recording material
medium that receives images, text or audio information which can subsequently be viewed or retrieved

3.13
relative humidity
RH
ratio,| defined as a percentage, of the existing partial vapour pressure of water to the' vapour pressure at
saturption at a given temperature

NOTH It is usually, but not always, equal to the percentage of the amount of moisturerin-the air to that gt saturation.
3.14
storgge environment
condftions for storing materials, i.e. temperature, relative humidity, cleanliness of facilities and|atmospheric
pollufants

NOTH Ideally the storage environment will meet the relevant ISOxcriteria.

4 Recommendations

4.1 | Temperature range

The guidelines for extended-term storage conditions given in this International Standard specify [four different
tempgrature ranges for the storage of mixed media collections:

— room;
— ¢ool;
— ¢old;
— subzero (see Table 1).

Room conditions‘are satisfactory for materials that are considered to be chemically stable, such as black-and-
white silver and“Carbon images on polyester base, glass and paper.

Cool|conditions are suitable for materials whose stability can be compromised at cold temperatures (magnetic
media)-and for unstable materials (e g black-and-white acetate film) provided that a lowlRH can be

maintained.

Cold conditions are recommended for unstable materials, such as some colour photographs and cellulosic
based films.

Subzero conditions should be used to obtain the maximum life for all materials that can tolerate this
environment. It should also be used for unstable materials which have little tolerance for higher temperatures.
In some situations, chemical degradation might have already started as evidenced by the vinegar odour of
deteriorating acetate-base photographic films, by rusted cans or image degradation for nitrate-base films, or
by colour deterioration. These materials should always be stored in the subzero environment.

The archivist should choose the temperature range that is most suitable for the specific collection with the
objective of obtaining a temperature range as close as possible to the ISO recommendations. Comparisons of

© 1SO 2011 — All rights reserved 3
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the I1SO storage conditions given in the standards for specific materials with the corresponding guidelines in
this International Standard are given in Table 2. Consideration should be given to maintaining a lower set
point temperature during normally cool periods of the year. This can offset slightly higher temperatures in
other seasons where it is impractical to maintain the low temperature.

Table 1 — General temperature categories for long-term storage conditions

Condition? Temperature range
°C
Room 16 to 23
Cool 8to 16
Cold Oto8
Subzero -20to 0
Assuming 30 % RH to 50 % RH for each condition.
Table 2 — ISO long-term storage conditions
RH Max.
Base maferial Recording layer stalr?t(j)ard % temperatyre
Min. Max. °C
Glass plate BW photo ISO 18918 30 40 18
Nitrate BW photo ISO 10356 20 30 2
20 50 2
BW photo ISO 18911 20 40 5
20 30 7
Acetate
20 50 -10
Colour photo ISO 18911 20 40 -3
20 30 2
BW photo ISO 18911 20 50 21
20 50 -10
Celour ISO 18911 20 40 -3
Polyester 20 30 2
15 50 11
Magnetic tape ISO 18923 15 30 17
5 20 23
BW photo
phft'c‘f;:;‘;hic SO 18920 30 50 16
Silver dye bleach
Paper
Chrgg;gl?renic ” o ,
Inkjet ISO 18920 30 40 5
Dye-sub
Polycarbonate CD ISO 18925 20 50 23
4 © 1S0O 2011 — All rights reserved
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4.2 Temperature cycling

Cycling of temperature should be controlled under two situations: when there is concern about physical
damage and when the temperature cycling causes the high temperature to be outside the ISO
recommendations that would be detrimental for chemical stability. Temperature conditioning times are
generally quite rapid.

Physical damage is possible because of the differences in thermal coefficients of expansion or contraction
between different layers of the laminate that can result in adhesive failure. Optical discs might be susceptible

to this problem because of the thickness of the component layers.

Temy
is ne

indicated in 1ISO standards. Temperature excursions below the limit given in Table 1 are no

probl
and 1

4.3

As s
50 %
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climates, it might be possible to maintain the range of:80 % RH to 40 % RH during some seaso

partig
4.4

Cycli
cyclin
which

Mech
prody
lamin
differ

Gend

bldtulﬂ byb“llg Vviﬁlill t;IU IU(.,UIIIIII(:IIUIUL.II iilllitb bilUuid IIUt IUU d }JIU;J:(:III UIIiUDD ti IS avlidy
ar the upper limit. Under these conditions, the variation should not exceed + 3 °C over a 24

em since lower temperatures improve chemical stability. Exceptions may be optical discs,
hagnetic tape that might exhibit physical defects.

Relative humidity range

ben in Table 2, the relative humidity ranges in 1ISO standards for yarious media fall betw

depending on temperature levels, with no more than a + 5 % deviation over a 24 h period. |
rials, a safe average relative humidity that balances chemical stability with physical stability
ween 30 % RH and 50 % RH. However, the chemical stability‘of many materials is improve
bper relative humidity level.

temperature
h period, as
ordinarily a
glass plates,

een 15 % to
For almost all
for handling
1 by lowering

dic non-standard conditions can be partially alleviated>with periods of better conditions to
ctancy that is greater than that of the poor condition alone (see References [4], [5] and

lly offset the effect of higher ranges in other se@sons.

Relative humidity cycling

ng of the relative humidity should be)controlled under the same two situations discussed for
g, if it can cause mechanical.damage and if it results in humidities outside the recomm
would compromise chemical'stability.

anical damage or loss-of-the physical integrity of the media can be a concern for older
cts with poor emulsion-base adhesion, such as historic glass plates. Adhesion failure
ate of optical dises.might also be problematic, because of differences in the humidity cont
ent layers.

rally, cycling humidities between 30 % RH and 50 % RH is not critical, unless the average

chieve a life
1). In some

I6
s that would

temperature
ended limits,

photographic
between the
action of the

alue is close

to the upper.limit. Cycling could result in appreciable excursions beyond the limit. This will depgnd upon the

magf
used

itude\of the cycling, the time spent deviating from the recommended level and the type
JFable 3 illustrates the tremendous difference in moisture-conditioning time for different n

encl

of enclosure
naterials and

sLures

When the enclosure does not provide appreciable moisture protection and relative humidity, cycling is
important, although it should not exceed the £ 5 % RH recommendation over a 24 h period. However, when
plastic boxes or metal cans are used, it is unnecessary to provide very strict humidity control (see
References [7] and [8]). Humidity cycling as high as = 20 % RH over a 24 h period will not be detrimental. It is
important that the moisture content of the media remains within the range of 30 % RH to 50 % RH.

© 1SO 2011 — All rights reserved
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Table 3 — Typical times to 50 % moisture equilibrium at 21 °C

Material or closure Time® R_efc?rence in

days Bibliography
16 mm roll of photographic film in metal can® 20 [7]
35 mm roll of photographic film in cardboard box? 3 [8]
35 mm roll of photographic film in metal can 40 [8]
35 mm roll of photographic film in plastic box 130 [8]
150 sheet film stack in cardboard box 3 [8]
150 shget film stack in metal box 15 [8]
% in mggnetic tape without enclosure 1 [9]
% in mggnetic in cassette 2 [9]

2  For

times ind
b Clo

example, if the original moisture level is at 20 % RH and the material is placed in a 50 % RH¢nvironment, the
icated are to reach a moisture equilibrium of 35 % RH.

ed and not-sealed cans and boxes.

5 Select

Many institutjons have collections in which one or two media types prédominate, such as photographic

on paper bd
collections
may not be
segregate th

All institution|
their collectiq
number of s
various medi
broad tempe
to the relevs
fresh materid
deterioration

In selecting

such as predlominant media-types, the relative importance of various collections, the collection size o

media type,
or polyester
should suffic]
allow, the lov

ng environmental conditions for mixed media archives

se and still film negatives, or magnetic audio-visual‘tapes and motion picture films.
ight also include small quantities of other materials-ifv addition to the predominant type. T

em without disrupting their organizational structure or losing informational content.

s need to balance the desired or legal requirements in order to maximize the life expectar
ns with the available resources. Generally, the more cost-effective solution is to minimiz
orage environments. The ISO storage standards specify different environmental conditior

rature ranges. When maximum life expectancy is desired, it is best to store the media accqg
nt ISO recommendations. These are based on projected life expectancy models for relg
Is. Older media typical of-historic collections might have already undergone a certain amo
depending on past storage conditions and age, and might require colder storage temperatu

environmental conditions for multiple media collections, the decision might depend on f3

hnd the current.degree of deterioration. For example, if the majority of collections are B/W
film in goodieondition with very small amounts of colour media, one room condition storage;
e, with a‘small refrigerator or freezer unit for the more unstable colour materials. As reso
er temperature and RH levels of each condition should be provided for optimal results.

brints
Dther
hese

segregated by type because they were acquired ‘that way or because it was not possible to

cy of
e the
s for

a. As indicated in 4.1 and Table 1( 1ISO storage recommendations for various media fall int¢ four

rding
tively
int of
res.

ctors
f one
baper
area
Lirces

The critical

decision for the collection manager hinges on the consequences of selecting a st

brage

environment

that does not maich the TSO recommendations. The suitability of each environment for the
various materials is summarized in Table 4. Also indicated are the possible consequences if storage
conditions are in a non-recommended environment. These consequences are described by the following
qualitative terms:

standard for that specific material;

“good” indicates life expectancy equalling the ISO recommendation;

following the ISO conditions;

“no” results in unsatisfactory keeping.

© ISO 2011 — All rights re

“very good” indicates that the life expectancy will be greater than that obtained by following the ISO

“fair’” denotes a quality which is satisfactory for moderate keeping times but not equal to that obtained by
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Annex A
(informative)

Stability of electrophotographic, dye sub, inkjet prints

Electrographic, thermal transfer dye sub diffusion and pigment-based inkjet prints have good dark stability.
Dye-based inkjet prints generally also have good dark stability but will suffer from dye migration at elevated
humidities and are damaged by contact with water. Ink jet prints on porous paper can be vulnerable to
atmospheric |pollution, particularly ozone. Prints made with other processes, such as thermal leuco-dyq, can
deteriorate oyer time and might require cold or subzero conditions for long-term preservation.

The rates of] degradation and the potential for physical problems at extremely low temperature and/dr low
relative humidity storage is not well known for rapidly changing technologies such as thermahdye transfer (dye
sublimation),[thermal wax transfer, electro-photographic and the many different ink jet image media.

Some currenit ink jet prints, especially those utilizing inks made from stable pigments-or-Optimized dyes pfinted
onto stable supports can have very good image stability at temperatures up to 16 °C” Where the identifi¢ation
of the type of ink and base cannot be determined, colder temperatures should be used.

8 © 1SO 2011 — All rights reserved
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