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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
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Introduction

0.1

General

The value of records used in archives, museums, libraries, government, commerce and universities has
focused attention on the care of these records to ensure their longest possible life (see References [1][2][3]).
graphic film is an important documentary and pictorial material, and there is a recognized need for

Phot

inforr

nation on safeguarding photographic film having legal, scientific, industrial, artistic or historic

bl value.

Filmg are susceptible to degradation from many sources. These factors can be divided) into three general
catedories as described below.

0.2 | Nature of the photographic film

The ptability of photographic film records depends on the physical and.'chemical nature of {he fiim. The
specification for safety photographic film which is suitable for storage is described in ISO 18906.

For preservation purposes, processed photographic films are classified according to their life exgectancy (LE)
or LB designation. These are specified in the appropriate International Standards. The term “afchival” is no

longs
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For d

propgr development test and a residual diazonium salt test.

0.4

r specified to express longevity or stability in InternationakStandards on imaging materials
interpreted to have many meanings that range from “preserving information foreve
hinable) to “temporary storage of actively used inforgpation”.

ptimum preservation of photographic informatiofi;*it is advisable that a high LE film be used
 under extended-term storage conditions. Afilm material suitable for preservation is silver-
n polyester base that meets the requirements of ISO 18901. However, this International §
ps to processed colour, diazo (see ISO\18905), vesicular (see ISO 18912) and thermally pro
SO 18919) films. Although these film.types sometimes do not have as high an LE designat
ng properties have been obtained‘with many of them.

Photographic processing of the film

lack-and-white silver<gelatine-type film, 1SO 18901 specifies a maximum residual thiosul
ent LE classifications”and a residual silver compounds level.

iazo film, ISO~18905 specifies a proper development test. ISO 18912, for vesicular film, ing

Storage conditions

since it has
r’ (which is

and that it be
gelatine-type
tandard also
cessed silver
on, excellent

ate level for

ludes both a

The

conditions under which safety photographic film records are stored are exiremely impa

rtant for the

preservation of film and are the subject of this International Standard (see also 1SO 18906). The same
environmental conditions are advisable for nitrate-base films, but it is advisable that they be stored in a
separate storage area having suitable fire protection safeguards (see Reference [4]).

The important elements affecting preservation of processed film are humidity, temperature and air pollutants,
as well as the hazards of fire, water, light, fungal growth, insects, microbiological attack, contact with certain
chemicals in solid, liquid or gaseous form, and physical damage. Direct contact with other generic types of film
can be detrimental to either film.

The extent to which humidity, temperature and atmospheric contaminants, or variations thereof, can be
permitted to reach beyond recommended limits without producing adverse effects will depend upon the
duration of exposure, the biological conditions conducive to fungal growth, and the accessibility of this
atmosphere to the emulsion and support surfaces. Exposure to high temperatures, and in particular to high
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humidities, can lead to degradation of the film support and the photographic emulsion (see
References [5][6][7]). Cellulose ester-base films are more subject to base degradation than polyester-base
films.

There are two levels of storage conditions:

— medium-term, and

— extended-term.

Medium-term storage can be used for films where the information is to be preserved for a minimum of
10 years, whiteexternded-term storage cornditions camextend the usefut tife of a majority of frestty procgssed
films to 500 years. However, extended-term storage conditions will prolong the life of all films, independgnt of

age, type or processing conditions. The storage protection provided by each level will differ in degree, gs will
the cost of poviding and maintaining the storage facility.

Immediate ayailability of space and cost often need to be considered when selecting storage conditiong. It is
recognized that many facilities will not be able to obtain the low humidity and low temperature levels specified
in this International Standard because of energy considerations, climate conditions (or) building constrution.
Such deviatipn from the specified conditions will reduce the degree of protection-offered, and in such ¢ases
maintaining @ humidity and temperature as low as possible will still provide some benefits.

This Internatjonal Standard is not designed to provide protection against fnatural or man-made catastrophes,
with the exdeption of fire and associated hazards, which are sufficiently common to warrant inclusipn of
protection measures.

In addition tp the recommendations in this International Standard, good storage practices consider|filing
enclosures. These are covered in ISO 18902 and ISO 18934.

Vi © 1SO 2010 — All rights reserved
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nternational Standard provides recommendations concerning the storage conditions, stor
ing and inspection for all processed safety photographic films in roll, strip, aperture-card or
dless of size.

nternational Standard is applicable to extended-term and medium-term stoerage of photograp

nternational Standard is applicable to photographic film records intended as storage copig
frequent use. It does not apply to “work” or “use” copies (see Annex)A).

nternational Standard, while intended for materials that are-properly processed, is also of
in prolonging the useful life of photographic film whose processing conditions are unkno
een toned or retouched, or has markings with materialscofyuncertain or unknown stability.

nternational Standard is applicable only to safety photographic film (see 1ISO 18906). Nitra
pt covered by this International Standard.

ence [4]), but the environmental conditions spegified in this International Standard are applicable.

storage of photographic prints and-‘\photographic plates requires different considerations.
ed in this International Standard, but are described respectively in ISO 18920 and ISO 1891

2

The following referenced-documents are indispensable for the application of this documen

refer
docu

ISO

ISO

18902, Inmtaging materials — Processed imaging materials — Albums, framing and storage m

18906,' Imaging materials — Photographic films — Specifications for safety film

ormative references

nces, only the~gdition cited applies. For undated references, the latest edition of th
ment (including.any amendments) applies.

hge facilities,
sheet format,

hic film.

s, which are

considerable
wn, or which

te-base films

Nitrate-base films are hazardous (see Reference [8]). They require special storage considlerations (see

[hey are not
8.

t. For dated
b referenced

aterials

ISO

8916, Imaging materials — Processed imaging materials — Photographic activity test

materials

3 Terms and definitions

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

31

duplicate

repro
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duction of a master, retaining the same polarity and size
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3.2

extended-term storage conditions
storage conditions suitable for the preservation of recorded information on the majority of freshly and properly
processed photographic films for 500 years

3.3

fire-protective storage
facility designed to protect records against excessive temperatures, water and other fire-fighting agents, and
steam developed by insulation of safes or caused by the extinguishing of fires and collapsing structures

3.4
life expecta

cy
r4

LE

length of tim¢ that information is predicted to be acceptable in a system at 21 °C and 50 % RH

NOTE In
so that such in
this is now a
specifications.

3.5
LE designat
rating for the

NOTE TH

information c3
information cal

3.6

the past, the term “archival” was used to define material that could be expected to preseryetimages fq
nages could be retrieved without significant loss when properly stored. However, as no such material
deprecated term and is no longer used in International Standards for imaging materials or in sy

on
life expectancy (3.4) of recording materials and associated retrieval systems

e number following the LE symbol is a prediction of the minimum(life expectancy, in years, during
n be retrieved without significant loss when stored at 21 °C<and 50 % RH, e.g. LE-100 indicate
h be retrieved after at least 100 years' storage.

macroenvirpnment

atmospheric
kept

3.7

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

medium-term storage conditions

storage cond

3.8

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

microenvironment

atmospheric
records are K

3.9

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

open enclogure

enclosure th
airtight

bt is intended for physical protection against mechanical damage, but is neither light-tigh

EXAMPLE

rever,
pXists,
stems

\which
5 that

S are

vhich

t nor

Reels; cores; spools; cassettes; magazines; folders; envelopes; cartons; boxes; sleeves; transp4

rency

mounts; aperture cards.

3.10

protective enclosure
impermeable sealed container used for protection from outside factors such as reactive gases and moisture,
including changes in relative humidity, and from light for certain kinds of products

EXAMPLE

NOTE

Taped cans; sealed envelopes.

Protective enclosures sometimes also need to be opaque.

© 1SO 2010 — All rights reserved
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safety photographic film

photographic film

safety film

film that meets the flammability specifications defined in ISO 18906

3.12

storage housing

physical structure supporting materials and their enclosures
NOTE Storage housing can consist of drawers, racks, shelves or cabinets.
4 Film enclosures

4.1

Requirements

All emclosures used for medium-term and extended-term storage shall meet the requirements g

Safet
4.2

4.21

Aeria
form.
force
radiu
lengt
horiz
rolls

of thq

Motig
subs

Rolls
dama

y photographic film shall comply with the flammability specifications defined in ISO 18906.
Film in roll format

Medium-term storage enclosures

| film, microfilm, motion-picture film, and some portrait films are wound on reels or cores and
The rolls shall all be wound tightly, but not under extreme tensions. A tension caused by 0,3
for a 35 mm film width is recommended. Rolls greater than 150 m in length shall be store
5 of the roll is in the horizontal position and thefilm is supported on its edges. Rolls less t
N may also be stored with the radius of the rell'in the vertical position, if the core itself is su
bntal spindle inserted into the cores so as.{o avoid pressure on the bottom of the roll. How
are on reels or spools which have flanges, a spindle is not required since the flanges suppg
roll.

n-picture prints shall be woufd with the emulsion surface on the inside of the roll, as t
pquent projection performance(see Reference [9]).

of photographic film shall be stored in closed containers to provide protection against dirt
ge, unless the film.is-protected by the storage housing (see Clause 5).

Colo

r, diazo and~thermally processed silver films shall be stored in closed, opaque enclq

f ISO 18902.

stored in roll
N of pull-out
d so that the
nan 150 m in
pported by a
ever, if such
rt the weight

his improves

and physical

sures or be
slip-type, or
ps and reels.

ir.| Therefore, if

humidity limits of the film (see Clause 7), to protect agalnst gaseous |mpur|t|es in the atmosphere or when
low-temperature storage is used without humidity control (see Annex C). Suitable enclosures are closed
containers with friction-type or threaded, twist-on lids having an incorporated seal. Rubber gaskets shall not
be used. Cans within heat-sealed foil bags also provide protection from high humidity.

©I1SO
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Metal containers provide the best protection against gases from the environment. However, they may corrode
from acidic fumes 1) from within the container unless they are protected with an overcoat. Alternative materials
are polystyrene, polyethylene and polypropylene.

4.2.2 Extended-term storage enclosures

For extended-term storage, the requirements of 4.2.1 shall be met. The materials used for reels, cores and
containers shall meet the requirements of ISO 18902 and ISO 18916. Rubber bands shall not be used for
confining film on reels or cores. If paper bands are used, the paper shall meet, as a minimum requirement, the
specifications described in ISO 18902 and ISO 18916. Films on reels may be confined by tucking the film end
between the roll and the flange. Pressure-sensitive tape, if needed for the enclosure, shall be free from

peroxide and pass the photographic activity test specified in ISO 18916. Pressure-sensitive tape shall.not be
used in contact with the film.

Films may have possible interactions with other films that are of a different generic type (for éxample, diazo
and silver-gejatine), as well as with magnetic tapes and optical discs. Films of a different generic type sh3ll not
be wound in[ the same rolls or stored in the same enclosures. Closed containers are,required, unless the
photographid film is protected from dirt and damage by the storage housing (see Clause, 5).

4.3 Film ip sheet and slide format

431 Medipm-term storage enclosures

Film in sheet form may be stored in envelopes of paper or plastic.feil, folding cartons, boxes, file fol|ders,
aperture cardls, or film strip jackets. Photographic slides may be stored in cardboard, metal or plastic bpxes.

Colour, diazp and thermally-processed silver films shall be,stored in opaque envelopes or foldelfs, or

otherwise protected from light exposure. Films should not be stacked, as this could cause excessive pre

on the lower
material ussg
requirement,

Suitable pla
polyethylene
shall be avoi

Protective ern

the specific film type (see Clause 7)) to protect against gaseous impurities in the atmosphere, or when

temperature
extrusion co
have been s
so that they
recommendsg

The adhesiv
filing enclosu

!

ost sheets. When in direct contact with the surface of the photographic film, the paper or p
d for envelopes, sleeves, jackets, folders;' boxes and cartons shall meet, as a min
the specifications described in ISO 18902'and ISO 18916.

5tic enclosure materials are uneoated polyester (polyethylene terephthalate), polysty
and polypropylene. Glassine envelopes and chlorinated, nitrated or highly plasticized shq
Hed. Specifically, cellulose nitrate and polyvinyl chloride are not acceptable.

storage is used without humidity control. Heat-sealable envelopes, consisting of aluminiu
ted with clear polyethylene on the inside and laminated to a suitable paper sheet on the ou
ccessfully used.as sealed enclosures. Precautions should be taken in handling these envel
bre not punettired. To provide greater protection against pinholes, a double bagging technig
d.

e used for seams and joints shall also meet the requirements of ISO 18902 and ISO 18916

ssure
lastic
mum

rene,
eting

closures shall be used, where needed, to maintain humidity within the limits recommendgd for

low-
m foil
[side,
bpes,
ue is

. The
hot in

ré-shall be constructed so that any seam or joint will be at the edge of the enclosure and

contact with

Any film that

he image 1ayer-

is actively releasing acidic fumes shall be stored in plastic or acid-neutralizing envelopes.

4.3.2 Extended-term storage enclosures

For extended-term storage, the requirements of 4.3.1 shall be met except that film shall not be stored in
cardboard enclosures.

1) Some vesicular films give off acidic fumes that may interact with silver, diazo or dye-gelatine-type films. Decomposing
acetate-base films release acetic acid, which further catalyses base degradation.

© ISO 2010 — All rights re;
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Photographic-quality gelatine, modified and photographically inert starch, some acrylic and polyvinyl acetate
adhesives and methyl cellulose are suitable for use with paper storage enclosures. Pressure-sensitive
(permanently tacky) adhesives shall meet the specifications of ISO 18902 and ISO 18916.

Films may have possible interactions with other films that are of a different generic type (for example, diazo
and silver-gelatine), as well as with magnetic tapes and optical discs. Films of different generic types shall not

be interfiled or be in physical contact.

5 Storage housings

Photpgraphic film should be stored in closable housings, such as drawers or cabinets, or on

shelves and

racky enclosed by tightly fitting doors in order to provide protection from dust and dirt. Alterngtively, open
shelves and racks may be used if the film is in closed containers. The storage housing materials ghall be non-
corrogive as described in ISO 18902. They shall also be non-combustible and chemically |inert. Wood,

presged-board, particle-board, plywood and other such materials shall be avoided-due to thein

combustible

nature and the possibility of producing active deteriorating agents as they age.

The
delet
chlor
cabin
Meta
appli
recor

inish on storage housing materials shall be durable and should not contain substances thgt can have a
brious effect on stored photographic film. Adverse effects may be. produced by finishds containing
nated or highly plasticized resins, or by solvents off-gassing from freshly applied finishes. Paints used on
ets may give off peroxides, solvents and other contaminants fof.up to three months after being applied.
housing materials that have been powder coated (a solvent-freg finish process in which elgctrostatically
pd resin particles are fused by heat) or cabinets made from stainless steel or anodized ajuminium are
nmended.

n of air to all
ge housings,
s that permit
ctive storage

air-conditioned individually, storage housings shall(be arranged to permit interior circulatig

or wdter protection.

Film stored in the

sam

and other materials that release acidic’ fumes, magnetic tapes and optical discs shall not be
storage housing as other photographic products.

provisions for
ir-conditioned
Is, especially
he air.

m the steam
released from masonry walls during a f|re Storage rooms or vaults should be Iocated above basement levels
where possible. A special storage room separated from the work areas, for film records of medium-term
interest, generally will not be required, provided that the conditions recommended in 7.1.2 are maintained.

Films that are not essentially free from release of acidic fumes, such as some vesicular films, shall be stored
in separate storage rooms. Films showing any sign of chemical degradation, such as the presence of acidic
fumes, shall be stored in a separate storage room having a separate circulating-air system.

6.2 Extended-term storage rooms

For extended-term storage, the requirements of 6.1 shall be met.

© 1SO 2010 — All rights reserved
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The value of photographic film kept for long-term purposes makes it advisable to provide a storage room or
vault separate from medium-term storage facilities, temporary storage facilities, offices or work areas. Storage
rooms for films that are not essentially free from acid release shall have a separate circulating-air system (see
Annex D).

Storage rooms have been constructed in caves and mines and have proven very satisfactory when
requirements are met for environmental conditions (see 7.1) and air purity (see 7.3).

7 Environmental conditions

7.1 Tempeprature and humidity specifications for storage
See Annexe$ D, E and F.

7.1.1 Recommended temperature and relative humidity

The recommiended temperature and relative humidity conditions given in Table 1 shall be maintained ¢ither
within individual storage housings or within storage rooms containing such housings.

Table|1 — Maximum temperatures and relative humidity ranges for extended-term storage

Maximum Relative humidity
Image Base temperature 2P range?°
°C %
2 20-50
Black-and-whijte silver-gelatine® (see ISO 18901) | Cellulose estérs® 5 20-40
20-30
Black-and-whiite silver-gelatined (see 1ISO 18901)
Thermally or processed silver (see ISO 18919)
Polyester 21 20-50
Vesicular (se¢ ISO 18912)
Silver dye blech
-10 20-50
Colour (chromogenic) Cellulose esters®
-3 20-40
Diazo (see I1S|O 18905) Polyester 2 20-30
NOTE 140 18934 coyversthe storage of multiple types of media in a mixed archive.
a8  See Annex F for steragé of historic still photographic records.
b Cycling of femperature shall not be greater than + 2 °C over any 24 h period.
¢ Cycling of shall

not be less than the lower RH limit or greater than the upper RH limit specmed in this table.

d |f there is concern about the possibility of silver image oxidation due to atmospheric contaminants, poor quality enclosures and/or
excessively high temperature and humidity levels, a post-process chemical conversion treatment can be used to provide added
protection (see ISO 18915).

€  This includes cellulose triacetate, cellulose acetate butyrate and cellulose acetate propionate.

6 © 1SO 2010 — All rights reserved
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7.1.2 Medium-term storage environment

The average relative humidity (RH) of a medium-term storage environment shall not exceed 50 % RH and the
maximum relative humidity shall not exceed 60 % RH. Ideally, the maximum temperature for extended periods
should not exceed 25 °C, and a temperature below 21 °C is preferable. The peak temperature for short time
periods shall not exceed 32 °C.

Short-term cycling of temperature shall be avoided. Cycling of relative humidity shall not be greater than
+10% RH (e.g. 25% RH to 45 % RH) over a 24 h period. Cycling of temperature shall not be greater
than £ 5 °C over a 24 h period.

PI’Ot btiUII LLLI=}/ bc illbl caocd by OtUI;IIH fi:lll Gt :UVV tclllpclatwc alld :UVV IG:dt;VU hunlid;ty.
7.1.3|] Extended-term storage environment

7.1.31 General

When considering extended term storage the impact of low relative humidity~conditions shall e taken into
consideration. Low relative humidities can cause excessive contraction qr.brittleness, or bothy, in gelatine
emulsions resulting in high curl and an associated risk of handling damage“(cracking). Low relatiye humidities
can dause serious problems with gelatine emulsion layers that have existing physical damage sych as cracks
or flaking emulsion layers. With such damaged emulsions, a low relative humidity condition caph exacerbate
lifting along cracks and existing areas of flaking and curl. In facilities.where such films are stored| care should
be exercised when choosing the relative humidity level so that items in poor condition (those that|are curled or
have(cracking or delaminating emulsions) are not physically stressed by low relative humidities ir] the range of
20 %]|to 30 %. Cycling between low relative humidity areaszand higher relative humidity areas cap exacerbate
existing problems. If films with the above condition problems are in the collection, the RH set point and RH
cycling should be considered to avoid these low humidities. If this cannot be accomplished then|microclimate
storape housings or cabinetry shall be used to pratéct films from extremes in cycling or prolonggd excursions
below 30 %. In general, films stored tightly packed in boxes or albums, or sleeved in plastic, resppnd slowly to
exterfor short-term RH cycling. Loose or bare\films, or those stored in partially filled permeablg containers,
may experience RH changes more quicklyand respond accordingly by undergoing curl and by dontraction or

ptible to physical damage during handling. Flexing or rough handling may damage brittle ¢mulsions, in
additfon to potentially exacerbating physical problems such as cracking image layers. Because oflthis, all such
films| especially those in poor ‘condition, should be handled carefully when in storage at low temperature, or at
low relative humidity, or at low temperature and low humidity. In such cases, it is good practice to restore
flexibjlity prior to use by-feconditioning the films up to a relative humidity not exceeding 50 %o. After use,
recorjditioning to the recommended humidity is required before returning the films to their storage|environment.
Copi¢s should be made for items that require frequent or extended use. This is especially tue since the
benefits of increased chemical stability of photographic materials gained by storage at low tempgrature or low
relative humidity)are quickly mitigated by frequent cycling and prolonged removal to higher temperatures and
humidities.

7.1.3]2 Recommended environment for black-and-white films

The rate of most chemical reactions, such as the degradation of film base and the discolouration of the image
silver by oxidation, is lowered with decreasing temperature and decreasing relative humidity. Consequently,
life expectancy is increased as either storage temperature or storage humidity is lowered. Moreover, a lower
storage temperature can compensate for a higher humidity to provide the same life expectancy. For this
reason, several relative humidity/temperature combinations can be used for an extended-term storage
environment as specified in Table 1.

Higher relative humidity ranges can be employed if the average temperature is reduced, but the maximum

relative humidity shall not exceed 50 %. Cycling of relative humidity shall be no greater than £5 % RH over a
24 h period. Cycling of temperature shall be no greater than + 2 °C over a 24 h period.

© 1SO 2010 — All rights reserved 7
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An alternative procedure to controlling the macroenvironment is to condition the film to the recommended
relative humidity at room temperature, place it in hermetically sealed or taped containers, and then put it in
cool storage (see Reference [10]). Roll and sheet films generally are protected adequately against moisture
when placed within two heat-sealed foil bags from which as much air as possible has been expelled before
sealing. Roll films are provided with greater physical protection if first placed in cans. The double-bag
arrangement reduces the possibility of air leakage through pin holes, but does not guarantee it. However,
except in rare instances, it does provide the desired moisture conditions inside the inner bag and, therefore,
permits the use of cold storage vaults or reasonably priced deep-freeze units. It is essential to limit, as much

as possible, t

he volume of free air in the sealed film container.

It is difficult to specify in this International Standard what the exact relative humidity and temperature of

storage shoy
the film is to

facility is to e located. The cost/protection ratio has to be determined by the individual facility. Anethe
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be kept, the size of the vault, the cost of various options and the climate conditions wher

tor is the exact mix of the photographic objects in the collection, i.e. whether photographic
e included and whether the materials are new or old.

humidities can cause excessive strain on the emulsion and result in high curl, Low humiditie
erious problems with older historic records (see Annex G). The environmental conditions ch
thin the guidelines of Table 1.

ended humidity and temperature conditions can be maintained either within individual st
vithin storage rooms containing such housings. When the regulation of the macroenvironm
the microenvironment shall be controlled by means such as molecular sieves or silica gel,
0 a lower humidity (see Annex G).

hidity conditions may produce brittleness or curl in film$ having a gelatine emulsion, by extra

temperature for colour films shall be 2°C or below for chromogenic materials
11][12]) and 21 °C or below for silver dye bleach materials. This can be provided by a st
led at the desired temperature and at the recommended relative humidity. Several re
perature combinations can beused as specified in Table 1.

tive method, use the procedure described in the third paragraph of 7.1.3.2.

aterial cost of-bagging film.

bisture-conditioning time

Moisture equ

films to reach mivisture equilibrium with a given atmosphere depends on the following main factors:

ilibfation requires considerably more time than temperature equilibration. The time needsd

time
e the
very
brints

5 can
osen

brage
ent is
or by

ction

rom the emulsion. In such cases, it is good practice to recondition the film to a higher humidity

(see
brage
ative

puld balance the Gapital and operating cost of cold storage vaults or deep-freeze units with the

d for

the film format (sheets, rolls);

the packing density and volume of sheet-film stacks or the number of convolutions of film rolls;
the moisture permeability of enclosure materials or containers, or both;

the difference between the initial and the desired final moisture content of the films;

the temperature at which the moisture conditioning occurs.
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A combination of these factors can prolong conditioning periods and may compromise the effectiveness of
low-temperature storage vaults, if the conditioning is expected to take place in storage. For example, a 150-
sheet stack will condition in less than two weeks at room temperature but will require six months at sub-zero
temperature (see Reference [13]).

For these reasons, preconditioning of films may be necessary before they are placed in their controlled
storage place. This can be accomplished with sheet films by exposing them to freely circulating air (see 7.3 for
air purity) of suitable temperature and relative humidity for 24 h. Longer periods will be needed if the sheets
are in stacks. Moisture equilibration of roll films takes much longer. Here again, free access of air will shorten
the required conditioning period, and rolls in moisture-permeable enclosures will require less time than those
in closed metal containers. However, even the latter will come to moisture equilibrium within several months at

room,

can |
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If the
cond
stora
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reach
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Films
can |
proce
perio
Anne

degr¢e of insulation and temperature differential.

7.2

Prop
limits
medi
cond
shall
stang

temperature{see-References-[12J[13)—Filmrolls-that-containmore-than-the-desired-guantit
e dried by keeping them for two to three weeks in taped metal containers that contain suitg
ca gel or a molecular sieve.

relative humidity of the use environment is chosen to match that of the storage.environmg
tioning procedures can be reduced or eliminated. Matching the relative humidityjlevels betw

ben storage and use. Unmatched humidity levels will have a strong influence on the tim
moisture equilibrium.

5 Warm-up time

stored at temperatures significantly below room temperature{will require some warm-up tim
e used, in order to prevent absorption or condensation of\moisture on cold film surfaces. 1
dure requires that an adequate vapour barrier be wrapped around the film contents during

X F). The required warm-up time can vary between 1 h and 1 day, depending on the p

Air-conditioning requirements

erly controlled air-conditioning may be necessary for maintaining humidity and temperatu
specified, particularly for extended-term storage where the requirements are more strin
im-term storage. Slightly positive air pressure shall be maintained within the storage room
tioning installations and automatic fire-control dampers in ducts carrying air to or from the
be constructed and maintained on the basis of the recommendations contained in approp
ards and regulations ((€.g. see References [14][15]). They shall also conform to recomm

y of moisture
ble amounts

nt, moisture-
een use and

pe has the added advantage of reducing physical stress on the film caused. by relative humidity cycling

b required to

e before they
[his warm-up
the warm-up

. Adequate time shall be provided to allow the totahwolume of film to approach room temperature (see

ackage size,

re within the
pent than for
or vault. Air-
storage vault
riate national
bndations for

fire-r¢sistive file roomsZ) contained in appropriate national standards and regulationg
Refefences [16][17]),-Masonry or concrete walls may release steam from internally bonded
heatgd in a fire. A yapour barrier is required for such vaults, or sealed containers shall be used.

(e.g. see
water when

Autornatic conirol'systems are recommended, and they shall be checked frequently with a reliabl
that has been properly calibrated to determine that the humidity limits specified in Table 1 3
excegded, ‘Where air-conditioning is not practical, high humidities may be lowered py electrical
refrigeration-type dehumidifiers controlled with a hygrostat. Inert desiccants, such as chemically gure silica gel,
may be used, provided the dehumidifier is equipped with filters capable of removing dust particles down to
0,3 um in size and is controlled to maintain the relative humidity specified in 7.1.

b hygrometer
re not being

Dehumidification may be required in storage areas, such as basements and caves, which have inherently low
temperatures and frequently exceed the upper humidity limit.

Humidification is necessary if the prevailing relative humidity is less than that recommended in 7.1, or if
physical troubles such as curl or brittleness are encountered with active files. If humidification is required, a
controlled humidifier shall be used. Water trays or saturated chemical solutions shall not be used because of
the serious danger of over-humidification.
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7.3 Air purity
See Annex C.

Solid particles, which may abrade film or react with the image, shall be removed by mechanical filters from air
supplied to housings or rooms used for storage. These mechanical filters are preferably a dry-media type
having an arrestance rating of not less than 85 %, as determined by tests contained in appropriate national
standards and regulations (e.g. see References [18][19]). Filters shall be of a non-combustible type, meeting

the construction requirements of appropriate national standards and regulations (e.g. see
References [19][20]).

For maximunrstorage fife; photographic fitmshattbe-imacteanconditionbefore beingptaced-nstorage:
Gaseous impurities such as sulfur dioxide, hydrogen sulfide, peroxides, ozone, acid fumes, ammonia and
nitrogen oxides can cause deterioration of the film base or image degradation in some films (see”Anngx H).
They can be| removed from the air by suitable washers or absorbers. Storage of film in sealed containgrs in

accordance

Since paint
extended-ter

Gases given

stored in the
either in the

7.4 Light

Normally, filn

some images.

vith Clause 4 will afford adequate protection against outside pollutants.

M or medium-term storage area for a three-month period when the areaZs freshly painted.
off by decomposing nitrate-base film will damage or destroy the image on safety film re

same area (see Reference [21]). Therefore, safety film shall not\be stored with nitrate-base
Eame room or in rooms connected by ventilating ducts.

h is kept under dark conditions. This is recommended practice, as light can be detrimen

8 Fire-protective storage

See Annex |.

Enclosure m
150 °C, they
melt or beco,
film or preve
more flammg

For protectio
fire-resistant
vaults are u
national star

aterials for fire-resistant storage shall be sufficiently fire-resistant that, after heating for 4
will not ignite or release more reactive fumes than the film itself. Many enclosure materia
me badly distorted at this temperature. This melting or distortion shall not cause damage f
nt it from being removéd from the enclosure. The materials used in reels or cores shall be n
ble nor more decomposable than the film that is stored on them.

n against-fire and associated hazards, the film shall be placed in closed containers in
vaults or.insulated record containers (Class 150) (e.g. see References [22][23]). If fire-res

fumes may be a source of oxidizing contaminants, film shall be rémoved from eithér an

cords
films,

tal to

h at
s will
o the
bither

Bither
stant
Driate

5ed,, they shall be constructed in accordance with recommendations contained in appro

from steam.

dards and regulations (e.g. see References [16][17]), with particular care taken for protTction

When the quantity of film is not too great, insulated record containers (Class 150) conforming to appropriate
national standards and regulations are suitable (e.g. see References [22][23]). They shall not exceed an
interior temperature of 65 °C and an interior relative humidity of 85 % when given a fire-exposure test from 1 h
to 4 h depending on the classification of the record container. Insulated record containers shall be situated on
a ground-supported floor if the building is not fire resistant.

For the best fire protection, duplicate copies of film records shall be placed in a geographically separate
storage area.
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9 Film identification, handling and inspection

See Annexes A, G and H.

9.1

Identification

Processed film is frequently inscribed with identification marks using non-photographic means such as ink,
crayon, felt marking pens or pressure-sensitive labels. Such identification materials shall pass the
photographic activity test described in ISO 18916.

9.2

Prop
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NOTH

causing bubble collapse.
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wear
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Therg¢ may be physical changes in the film ¢url, distortion, brittleness, adhesion failure, etc.), vi

in th
disco

If film]
place
few d
film 3

-Handling
br handling of film is important. If films are used frequently, this generates damage and\ neg
5ition of critical handling and filing requirements.

Gelatine emulsion layers can be physically scratched; vesicular images are sénsitive to pre

housekeeping and cleanliness are essential. Films shall be handled by, their edges, and h
thin, clean, cotton or plastic gloves.

Inspection

tions from recommended temperature and relative humidity ranges (see 7.1) have occurre
be made at more frequent intervals. A random-sampling plan established in advance shall

mmended practices have been established bymational standardizing bodies for film inspec
ence [24]).

b film (fading, microblemishes, coleur’ change) or changes in the enclosure material (e
louration). The cause of the problemy/shall be determined and corrective action taken.

has been stored at a temperature below the dew-point of the atmosphere where inspect
, the film in its enclosure shall first be allowed to warm up, before opening, to a tempers
egrees of that of the inspection room. The time required for warm-up increases with the
nd the temperature difference (see Annex E).

dequate number of properly selected lot samples of film*shall be inspected at two-yeaf

essitates the

5sure damage

andlers shall

intervals. If
d, inspection
be used, and

brent lot should be inspected each time. Deterioration of either film or enclosure materials shall be noted.

ion (e.g. see

tual changes
mbrittlement,

on is to take
ture within a
olume of the
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Annex A
(informative)

Distinction between storage (record) copies and work (reference) copies

The distinction between photographs that are used for purposes of research or display, or for the generation
of additional copies, and those kept for long-term safekeeping by institutions and individuals, has not always
been clear. Institutions such as archives, records centres, libraries and museums collect, preserve and make
available imdges as part of their mission. Ideally, photographic prints, films and plates would always be-kept in
dark storage|according to the appropriate International Standards. However, the value of these photogfaphs
lies in their Qeing available for research and even display. Original photographs having permanent-value will
always need|to be used for some purpose, otherwise the need for keeping these materials would be poinfless.

ions,
ative
nd in
LIt as
je on

As a result of use, photographs are subject to physical damage, such as tears, creases, breakage, abrag
fingerprints, fontamination with foreign materials, and exposure to excessive light, temperatures and re|
humidity. DdUring use, they may become conditioned to the different moisture levels from those fou
storage areap that provide environmental conditions for long-term keeping. Physical-distortions may res
the photographs are cycled between areas of differing environments. All of these factors directly impin
long-term phptographic preservation.

All photogra
have copies,
can be kept

prints that afe used frequently to generate additional copies can, suffer excessive and irreversible wea

tear. These

applies to

photographid
can irreversi
the photogrs
facsimiles m
be removed
life expectan

In general, it
permanent v

a) strategig

b) storage
canber

c) storage

hic prints, films and plates that are frequently used for examination, research or display s
duplicates, or digital scans made for that purpose so that those originals having permanent
n proper storage to maximize their life expectancy and, minimize physical damage. Photogr

tems should have a master duplicate made thatwcan be used to generate all future copies
briginal negatives, transparencies and printsy whether copies are made using tradi
printing methods or via digitization using scanners or digital cameras for image capture. D
bly harm some types of photographs, either'through light exposure that alters the image or
ph has physical weakness or existingidamage that could worsen. These items should
hde for display purposes. Photographs that require cold storage for long-term preservation s
from that environment as infrequently as possible because time out of storage will decrease

Cy.

is advisable to store duplicates, reference copies and facsimiles separately from originals h
blue. Historically this serves several functions, including:

dispersal of collections so that at least one version will survive in the event of a disaster;

cost efficiency' so that proper environments and enclosures that may be limited due to exf
bserved-for)valuable originals;

hould
value
aphic
r and
This
fional
splay
when
have
hould
their

aving

ense

bf duplicates and reference copies in proximity to the areas where they are used most frequTntIy;

d) security

e) toavoid

from theft of originals by restricting access; and

confusing irreplaceable originals and duplicates.

Although not the subject of this International Standard, it is worth noting that digital image files require their
own special type of preservation actions. These actions include updating the electronic file periodically as
software is upgraded or is replaced entirely, and periodically checking the file to verify that it has not become
corrupted or suffered loss of information. As with any electronic file, it is advisable to keep a back-up copy of
the image file in order to reduce the risk that the file will be lost if the primary electronic copy is damaged or
destroyed. This back-up copy can be maintained on a separate hard drive, copied to a CD with fade-resistant
imaging dyes, or automatically copied onto back-up tapes commonly used by institutional information
technology departments.
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In addition to preserving the digital files, libraries, archives, museums and consumers should also preserve a
hardcopy version in case the digital file is no longer accessible at some point in the future. It is highly
advisable to print out the file onto the most stable imaging medium available and to store the photograph
using materials that comply with the requirements listed in this International Standard.
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Annex B
(informative)

Advantages and disadvantages of protective (sealed) enclosures

Recommended enclosures are very dependent upon the specific conditions of storage. Sealed containers
which are impervious to moisture and gases, such as taped metal cans or heat-sealed metallic envelopes,
provide protection of the film from high humidities and pollutant gases in the storage environment. Metal cans

also offer phlysical protection from handling damage, dirt and dust, allow easier stacking, and provide

protection fr
base will deg
the decompg

Cardboard b
down the de
and no protg
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m water and fire damage. However, it has been established that decomposing triacetat
rade faster in such a closed environment. A closed environment confines acetic acid) (form
sition) and catalyses further degradation.

jradation reaction. However, they offer only limited protection from outside humidity or pollu
ction from fire and water. These materials can become brittle if the pH_of the enclosures
result of acid absorption. All cardboard and paper enclosures should.meet the requireme
hd ISO 18916.

hivist should make a qualitative evaluation of the potentiakhrisks to the collection. If hu
rt, water, or fire are major concerns, sealed enclosures:should be used. However, if th
htains acetate-base film that has shown some signs of-deterioration, such as an acetic a
r, then the film should be stored in an open environment or in a microenvironment with ar
at can absorb vapours. If decomposing film is stored in an open environment, conside

end upon the air change-over in the storage room, the proximity of other collections and the
used.

some
b film
ed by

oxes or paper envelopes offer advantages by absorbing acetic acid vapours,”thereby slpwing

ants,
Hrops
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idity,
film
cid or
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e given to any effect of acetic acid vapours on ather film stored in the same room (see Anngx H).

type
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Annex C
(informative)

Air-entrained and gaseous impurities

When dust and other air-entrained solid particles are deposited on photographic film, they can
legibility and produce scratches. Reactive types of dust can cause fading or staining of the image

interfere with
layer.

Gasdous impurities such as sulfur compounds, ozone, peroxides, ammonia, paint fumes, solvent|vapours and

other| active compounds may cause deterioration of the base and a chemical degradation of the

photographic

image. The most frequently encountered impurity, especially in urban and industrial atmospheres, is sulfur

dioxigle, and small concentrations are likely to produce detrimental effects. Hydrogen suilfide is n

bt a common

impufity, but is a very active one even at low concentrations; it can occur in air=conditionerg or washers

contgining decomposed biological slime. Oxidizing gases, such as peroxides, are)responsible
oxidgtion of image silver in fine-grain images, which causes formation of minute deposits of colo
silver] (see References [25][26][27]) and contributes to silver mirroring.

Suitaple means for the removal of gaseous impurities are available,(Such as air washers o
treated water for elimination of sulfur dioxide and chemical scavengers for the absorption of sulfu
hydrggen sulfide (see Reference [28]). These methods require consistent control and, in the cas
ngers, expert processing.

for the local
ired colloidal

perating with
I dioxide and
p of chemical
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Annex D
(informative)

Humidity during storage

Relative humidity appreciably beyond the limits specified in this International Standard can have a very
deleterious effect on photographic film. Relative humidities above 60 % and below 20 % should be avoided.

Prolonged ekposure to conditions above 60 % relative humidity (RH) will tend to damage or destroy the
gelatine emylsion layer due to growth of fungus, and will eventually cause the emulsion to stick™o [other
surfaces sudh as storage enclosures. Exposure to high humidity will also accelerate any effects) of resgidual
silver halide|and processing chemicals (for example, thiosulfate) on the stability of silver images anfd will
impair the stpbility of dye images. In addition, high relative humidities can accelerate the oxidation of image
silver and th¢ degradation of the film base.

Storage at Ipw humidities not only avoids fungal growth, but reduces the rate of-Chemical degradgtion.
Investigation (see References [7][29]) have shown markedly improved film base and emulsion stability when
the storage Humidity is reduced below 50 % RH. When the relative humidity is lawered to 20 %, useful life can
be increased by a factor of 4 to 10, depending upon the property measured:Consistent exposure to hugnidity
below 15 % IRH can produce a temporary brittleness in gelatine emulsion/Afilm); but flexibility can be restorgd by
conditioning the film to 30 % RH or higher.

Film records|should be handled carefully while in low relative humidity storage to avoid unnecessary flgxing.
Film having low moisture content is apt to develop static charges. causing attraction of dust particles, byt this
difficulty may be avoided by appropriate discharging duringshandling and printing. Low relative humidity
exposure cap also result in high film curl, which may produce permanent film deformation in sheet filnp and
“spoking” in motion-picture film. It may also exacerbate.€existing physical problems, such as emulsion flaking
or delamination.

In Table 1 (pee also 7.1.3), below-freezing temperatures are specified in some situations. Under these
conditions, dehumidification devices should be limited to desiccant systems since cooling coils cannot be|used.
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Annex E
(informative)

Temperature during storage

Continuous storage temperatures above approximately 40 °C may permanently reduce the pliability of some
film bases and may accelerate the fading of dye images and vesicular images. Although gelatine film
becomes more brittle at low temperatures (below 0 °C), flexibility is restored upon return to room temperature.

Toa
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An impportant aspect of temperature is its effect on relative humidity. Low storage temperatures 1
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oid undue flexing, films should be handled carefully when in low-temperature storage.
ge temperatures which are below the dew-point of the air in the area for use may ca

brature before removal of the film. The required warm-up time may vary from 1 to 1 day, ¢
ze and type of the package and the temperature differential.

e humidity if the storage area is not humidity controlled. This may cause conditions beyond
nmended humidities for proper storage; in such a case, sealed containers should be us
sures are used, either the container size should be chosen so/that the film occupies as
he as possible or excess air should be squeezed from the)foil bags prior to sealing. O
e humidity may increase above the recommended range when the container is cooled.

Ise moisture
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Annex F
(informative)

Temperature/relative humidity relationship

Degradation of photographic film is caused by chemical reactions whose rates are lowered with decreasing
temperature and humidity. Consequently, the useful life of film can be increased by lowering either the storage
temperature or storage humidity. Moreover, a lower storage temperature can compensate for a higher

humidity to gbtain the same life expectancy. This is illustrated in Figure F.1 for the acidity increase causgd by

degradation pf cellulose triacetate base (see Reference [29]).

Similar behagviour exists for the degradation of polyester base and the fading rates of chromogenic dyes.
These relationships permit several temperature/relative humidity combinations to be) ‘acceptablg for
extended-term storage conditions as specified in Table 1. This gives the storage vault _designer a range of

options.

The beneficial effect of cool/cold storage, or storage at lower relative humidities,.orboth, can be mitigated by

=<V

frequent or grolonged removal of film from the storage vault. The effect of thedtime out of storage has|been
mathematically modelled (see Reference [30]) using data from acceleratedaging studies on the stability of
colour dyes pnd photographic film bases. The illustrative chart in Table-F.¥ shows the effect of time ¢ut of
storage.
Yi
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NOTE Curves are based on accelerated tests on freshly processed films.
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Figure F.1 — Temperature/relative humidity relationship for cellulose triacetate film

to attain a fixed acidity level
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Table F.1 — Time out of storage relationship

. Days per year at room temperature @
Storage conditions
0 5 10 30 60
Temperature RH
Relative longevity °
°C %
50 1 1 1 1 1
20 30 2 2 2 2 2
50 5 4 4 4 3
10
30 9 8 7 5 4
0 50 18 14 12 7 5
30 33 23 18 9 5
~10 50 71 36 24 11 6
30 132 47 29 11 6
_20 50 288 58 32 12 6
30 538 64 34 12 6
a8  This chart is for illustration purposes only; the actual fading rates or life expectancy for‘a specific film material will be|different.

b Fhe values in this table are the reciprocal of the average dark fading rates for chromogenic colour dyes relative tg
envirgnment of 24 °C and 40 % RH; a relative fading rate equal to 1 is assumed during the time that the material is in
storage. The values given in this table are the multipliers for film life expectancy<or the indicated storage conditions and
room ftemperature.
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