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RECEIVE A PRESERVATION SURVEY OF PHOTOGRAPHIC MATERIALS FOR THE
ARTHUR MCEWEN COLLECTION CREATED BY GAWAIN WEAVER, ART

CONSERVATOR

Recommendation: Receive a preservation survey of photographic materials for the Arthur

Summary:

Discussion:

McEwen Collection created by Gawain Weaver, Art Conservator.

The Arthur McEwen Collection, made up of over 7,000 cellulose acetate based
photographic negatives, is currently in a state of serious deterioration. After a
survey of the collection, art conservator Gawain Weaver has recommended that
the negatives be scanned and placed in cold storage permanently (Attachment
A).

Arthur McEwen was a Carmel-based free-lance photographer who was active on
the Monterey Peninsula starting in the 1950’s and through the 1990’s. His
photographs appeared in the Monterey Herald and Game and Gossip among
others, and feature scenes and happenings in Carmel, Monterey, and Pacific
Grove, as well as family portraits.

The McEwen collection is made up of over 7,000 cellulose acetate based
negatives, housed in 10 boxes. Within the boxes are paper sleeves, which house
the negatives, as well as typewritten copy and the corresponding newspaper
clipping. The sleeves in each box are in order by date, and are labeled with the
subject and photo number assigned by McEwen. Prior to being donated to the
Local History Department the 10 boxes were stored in a garage, and subject to
temperature fluctuations and the damp. Because it was clearly evident that the
negatives were in a state of deterioration at the time of the donation, the
negatives have been stored in the back workroom of the Local History
Department, in quarantine from the other negative collections and photographs
housed in the vault. | began to research cellulose acetate negatives: how to
preserve them, restore them and digitize them. My research led me to Gawain
Weaver, an art conservator and expert in dealing with photographs and
negatives.



At my request, Weaver did a survey of the McEwen Collection on April 23, 2015,
as well as the other negative collections housed in the vault. The negative
collections housed in the vault are in excellent condition and being stored

properly.

The McEwen collection, however, is in a serious state of deterioration, especially
the earlier years, which are in the worst condition. He recommends placing the
negatives into cold storage as soon as possible. They can either be scanned prior
to this, or removed from cold storage as necessary to perform the scanning.
Weaver's report also makes recommendations for a 20.2 cubic foot upright
freezer, and temperature and humidity monitoring equipment.

| have reviewed both of his recommendations and am currently working on a
work plan to begin scanning the still scannable negatives. With the start of the
new fiscal year a freezer, the appropriate monitoring equipment, and other
supplies needed, will be purchased. The freezer will be housed in the Local
History Department.
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This report is the result of a 1-day survey of the photographic materials at the
Harrison Memorial Library conducted by photograph conservator Gawain Weaver
on May 23, 2014. | was assisted in this survey by local history librarian Ashlee
Wright who showed me the collections and explained the history of their care. The
focus of this survey is the Arthur McEwen negative collection, though other film
materials in the library were also examined. The preservation needs for the
materials are given after a physical description for each collection. The appendices
provide some basic reference literature specific to the preservation needs of this
collection.




McEwen Negative Collection

10 negagve storage boxes

The 10 storage boxes that house the McEwen negative collection are each 6” x 6” x 217, They are
organized by date and by the original studio numbered sleeves, Boxes 1-8 dating from 1951-1963,

and Boxes A and B from 1952-1990.

Within each box all of the contents are kept in 47x5” paper film sleeves. Generally, each paper
sleeve contains all photographic film, notes, and published clippings from a single photo shoot. A
measurement was made in linear inches of the material in each box. This measurement was done
while lightly compressing the film sleeves. 7000 is a conservative estmate of the total number of
negatives, since it is based on a sampling from Box 1 of mostly thicker 4x5 negatives, and
McEwen shifted toward smaller formats and thinner negatves over the course of his career.

McEwen is shooting only sheet film in 4x5 and 2V x 3% format when the collection begins in the
early 1950s. By 1954 he is occasionally using 35mm roll film and by 1956 medium format roll
film. By 1957 he is primarily shooting medium format. The state of deterioration of the film vares
mostly with date, the earliest film being in much worse condition than later film. All of the film
appears to be cellulose acetate based.

Box 1 February 1951-Tuly 1952

17” of 4x5 paper film sleeves with 4x5 and 2% x 3V4 sheet film. Mostly B+W with only a few
color transparencies.

Based on a count of 57 of the material, there are approximately 700 negatives in Box 1.

CONDITION: All the negatives are already channeled or in an advanced state of deterioration
and will become channeled and physically distorted in the near future.

Box 2 Julv 22, 1952-February 11, 1954

17" of 4x5 paper film sleeves with 4x5 and 2 x 3V4 sheet film

More 2V x 3V format sheet film than in Box 1. Mostly B+W with only a few color
transparencies.

CONDITION: All the negatives are already channeled or in an advanced state of deterioration
and will become channeled and physically distorted in the near future.

Box 3 February 26, 1954-December 28, 1955

17" (compressed) of 4x5 paper film sleeves with 4x5 and 2%4 x 3" sheet film
still mostly 4x5 B+W with a little color and smaller sheet film. A few 35mm B+W negatives

CONDITION: All the negatives are already channeled or in an advanced state of deterioration
and will become channeled and physically distorted in the near future.




Box 4 _January 14, 1956-September 17, 1957

17"(compressed) of 4x5 paper film sleeves-- mix of 4x5 B+W, 35mm, and medium format. More
color than previous boxes, but still mostly B+W.

CONDITION: All the film is deteriorating, but a higher % of the film compared to previous
boxes is still in good enough condition to scan.

Box 5 September 22, 1957-January 31, 1960

17"(compressed) of 4x5 paper film sleeves with mostly 35mm and medium format. Some 4x5
B+W left. More color than previous boxes.

CONDITION: All the film is deteriorating, but a higher % of the film compared to previous
boxes is still in good enough condition to scan.

Box 6 Februarv 9, 1960-February 23, 1962

17" (compressed), mostly medium format B+W, a few color MF trannies, still lots of clippings in
each sleeve.

CONDITION: All the film is deteriorating, but a higher % of the film compared to previous
boxes is still in good enough condition to scan.

Box 7 February 26, 1962-November 18, 1963

15" (compressed), all medium format B+W, no channelling vet, still lots of clippings in each
sleeve.

CONDITION: All the film is deteriorating, but most of the film is not channeled and is in good
enough condition to scan.

Box 8 November 18, 1963-June 19, 1988

15" (compressed), all medium format B+W with 4 rolls of 16mm motion picture films.

CONDITION: All the film is deteriorating, but most of the film is not channeled and is in good
enough condition to scan.

Box A April 4, 1952-September 12, 1960

20" (compressed), mostly deteriorated and channeled 4x5 B+W film, with some 35mm and
medium format from the later 50s.

CONDITION: A mix of early film that is severely channeled and later film still in good enough
condition to scan.

Box B September 13, 1960-February 27, 1990

=



19" (compressed), mostly medium format B+W film, 2 rolls of 16mm B+W motion picture film.

CONDITION: A few deteriorated 35mm film strips, but most of the negatives ate in excellent
condition.

v



Preservation Recommendations:

Many of the negatives in the McEwen collection have reached advanced stages of deterioration.
They have become very acidic and are off gassing acetic acid and other more harmful volatile
organic compounds that create a significant health tisk for anyone around them. In addition, the
deterioration is proceeding at a rapid rate and their condition will become progressively worse

over time.

Fortunately, freezing the negatives is a relatively inexpensive method to slow down the
deterioration and remove the health risk issues in the storage environment at the same time. The
negative boxes will need to be double-bagged and prepared for freezing as outlined in the
Appendix. They can then be placed in an upright freezer and the boxes can be removed as needed

for scanning ot other preservaton needs.

Digitization of film that has not vet channeled can be done in-house on the library’s Epson
scanner. We can also provide an even higher-quality digitization of unchanneled medium format,
35mm, and 4x5 film using a Hasselblad Flextight virtual drum scanner. Prices vary from $2-35 per
image depending on quantity, format, and resolution.

Film with advanced deterioration and the distortion of the channeling can be fully restored by
stripping the gelatin image layer from the deteriorated base. The image laver is then scanned, and
dried under weight. The dry gelatin image layer can then be stored in a polyester sleeve in the
main vault without any concern for further deterioraton, since the deterioratng film base has
been discarded. This process costs $60-$100 per image, depending on quantty and format. It may
make sense to carefully select images from among those that are detetiorated for long-term
preservation.

Additionally, thete are 6 rolls of 16mm motion picture film, both Kodachrome and B+W in the
McEwen collection. Freezing the motion picture film is the best option as this will allow it to be
inexpensively preserved indefinitely. High-quality transfer to digital files for access can be done
inexpensively by providers such as Movette in San Francisco (www.movettefilm.com).

Other Photographic Collections in the main vault

Glass plate negatives (Frank Wulzen collection)

The glass plates are all housed in archival boxes and are stored vertically as they should be. They
are stable in the main vault environment and do not need to be frozen.

B+W necatives and color transparencies (various collections)

The 35mm and 4x5 color transparencies are prone to fading of color dyes and deterioration of the
acetate film base over tme. These materials are stll appear in good condition but they are
becoming more acidic every day and will inevitably show the shrinkage and channeling of acetate
detedoration unless they are placed in freezing conditions.

The B+W film is a mix of original older film and newer copy negatives. The copy negatives do
not need to be frozen, but the older negatives should be. It may be simpler to just freeze

everything.
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Appendix: Cold Storage of Photographic Materials

Freeze at-risk photographic materials including cellulose nitrate and cellulose
acetate based films, and color photographs to extend their useable lifetime and limit
the quantity of film degradation products released into the storage area. Research at
the Image Permanence Institute shows that cellulose acetate and cellulose nitrate
film will deteriorate within an unacceptably short period of time when stored at
room temperature. For example, a fresh sheet of acetate film is expected to reach
the level of degradation referred to as vinegar syndrome after 40 years at the
current temperature and RH of the archives, while the same amount of degradation
will take 1500 years when stored at 30F and 30% RH.!

Instructions for Cold Storage

Use a frost-free upright freezer (e.g., Kenmore Model #28052, 20.6 cu. ft. Upright
Freezer, ~$700.00) in combination with a data logger (for example, Onset HOBO
data logger with auto-dialer and remote alarm, ~$300.00) to provide frozen storage
for cellulose nitrate and cellulose acetate negatives as well as color photographic
materials that are found to warrant long-term preservation. An upright freezer
could be installed either within the archives vault or just outside in the archives
offices. A 20 cubic foot freezer holds about 15 cubic feet of collections material.
Individual packages of photographic materials must be sealed according to the
directions on the National Park Service cold storage website.

The primary resource for the implementation of cold storage is the National Park
Service's website on Cold Storage of Film-based Photographic Collections:

http: //www.nps.gov/museum/coldstorage/

In addition to videos demonstrating the various steps, there are numerous PDFs
listed in each section’s Resource page which give list of supplies needed, sample
freezer maps, how to measure for the correct bag size, etc. The site is very
comprehensive.

See below:
Conserve 0 Gram 14/10: Cold Storage for Photograph Collections - An

Overview

Conserve O Gram 14/11: Cold Storage for Photograph Collections - Using
Individual Freezer Units

Conserve 0 Gram 14/12: Cold Storage for Photograph Collections—Vapor-
Proof Packaging

IPI's Media Storage Quick Reference

1 Reilly, James M. IPI Storage Guide for Acetate Film. Rochester, N.Y . Image Permanence Institute, 1993.
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Cold Storage for Photograph Collections — An Overview

Introduction

Photographic materials present complex preser-
vation challenges for collection carerakers. Since
the introduction of phorography in the late
1830’s, many different photographic processes
and marerials have been explored. As photog:
raphers experimented with a variety of tech-
niques, they found that phorographs changed
over time and exhibited certain deterioration
characteristics. It is now known thar cold stor-
age greatly reduces the rate of deterioration and
extends the longevity of photographic media.
This preventive conservation measure can help
avert or postpone costly conservation treatment
of individual objects.

The What and Why of Cold Storage

The term “cold storage” will be used in this
COG to represent a range of temperatures
from 0°F to 55°F with an appropriare rela-
tive humidity (RH), “Cool rooms” commonly
have a temperature of 55-65°F with an RH of
30-40% while “cold rooms” commonly refers
to conditions below 55°F, and can be as cold as

0°F

COOL CONDITIONS COLD CONDITIONS
-55F
55-63F Above Below
Freezing Freezing
33-54F 0-32F

Table 1. Cool and Cold Condition Temperatures.

Because any decrease in storage temperature
below ambient condirions improves the longev-
ity of vulnerable marerials, the sclection of cold
storage conditions is based on what is achiev-
able, initially and in consideration of ongoing
energy costs and other maintenance issues.
Energy costs rise proportionally as storage tem-
perature set points are lowered. For smaller col-
Jecrions, using a few upright household freezer
units provides the benefits of low temperature
conditions with much less energy use than a
large specially-designed cold room. Where col-
lecrions require the capacity of a cold storage
vault, a temperature of 35-50 °F is recom-
mended to provide a significant improvement
in longevity while keeping costs manageable.

Scientific research by the Image Permanence
Institute (IP1), conservation professionals,

and others confirms that there is a dramatic
increase in film and color dye stability as the
temperature and relarive humidity in storage are
lowered (sec table 2). However, while lowering
the humidity from 50% to 30% at room tem-
perature can double the life expectancy of film,
lowering the temperature has an even more dra-
matic effect on increasing life expectancy.

Cold storage can help keep the condition of
collections “in stasis” until they can be dupli-
cared. Since many collections are near or at the
poinr where significant deterioration occurs,
providing cold storage should be the first step in
a collection preservation strategy over reformat-
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ting or duplication. Focus duplication or scan-
ning efforts on materials that are frequently
accessed before placing them in cold storage as
it can rake many years and significant resources
to create copies of large collecrions.

Temp RH Years to Significant Change
To'F 50% 25
25°F 30% 45
55°F 50% 105
g% 30% 190
32°F 50% 425
arF 30% 1170
10°F 30-50% >3700
“The IP1 Preservation Caleulator for Photo Storage ar www.imagep-
crmanenceimsttutc.org provides an averall Ylife expecrancy racing,
based on known temperature and selative humidiny in storage.

Table 2. Average Film Deterioration Rares.

Museum standards for photographic media
recommend or require cold remperatures to
preserve film and color media. The Code of
Federal Reguiations - Facility Standards for
Records Storage (36 CFR 1228.232 (b.) Subpart
K, Sept 2005) that applies to federal archives
and museums requires cold storage for film
and color phorographic materials at 35F or
below and 35%RH. The criteria set by the
International Standards Organization (150)
18911 - Safety Film Storage recommends cold
storage ar 35F or below at 30-40% RH (or
coal storage at lower RH) for the extended
storage of the above-mentioned materials.
Under Directive 1571 - Appendix A the U.S.
National Archives and Records Administration
lists cold storage as a standard.

Selecting Collections for Cold Storage

All photographic media benefits from storage
at temperatures lower than the normal or room
temperature conditions generally used for

mixed-media museum and archives storage. For
more information on the care of these materi-
als refer to COGs 1412, 14/4, 1416, 14/8, 14/9
and 2/20. However, certain photographic pro-
cesses, and/or the materials that make up their
structure, are particularly vulnerable to rapid
dererioration at elevated temperature and RH.

Most historic films and color phorographic
materials require cold storage for their long-
term preservation due to the instability of the
plastic supports and/or color dyes. Because
most collections coneain films and color media
that have been stored in unstable environments
for decades, rapid deteriorarion may have
already begun. Some older marterials may be in
advanced stages of deterioration.

Materials that greatly benefit from cold storage
at remperatures below freezing are:

«  All cellulose nitrate film-based materials

« Al cellulose acetate film-based materials

+  All color photographic media; rransparen-
cies (slides), prints and negatives

Materials thas greatly benefit from cold storage

are:

«  Albumen prints

+  Deteriorated photographic prints; prints
that are very faded or brittle from poor-
quality mounts

+  Poorly processed prints (which often
exhibir staining)

Materials that benefit from cool or cold storage at
any temperature bui are much less vulnerable
to deterioration in normal archival condi-
tions are:

- Black and white (B&W) sliver gelarin pho-
tographic prints

2 Cold Storage for Photograph Collections — An Qverview
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+  DPolyester-hased B&W silver gelatin film-
based materials

There are also some materials that benefit from
cooler temperature storage, bur because of their
component structure should not be frozen.

Materials that showld nor be frozen arc:

+ Glass plare negarives and lantern slides

+  Cased photographic images; daguerreo-
types, ambrotyes, tincypes ¢tc.

+  “Instant” prints such as Polaroid” prints
(especially integral pack type such as
§X-70). Color dyes benefit from cold, bur
the complex multi-component strucrure of
these prints can be damaged in some situ-
ations.

Cold Storage Options

Cool or cold starage for collections can be
achieved by installing special climate-controlled
storage rooms (cool or cold vaults) or the use of
stand-alone freezer or refrigerator units.

Collection size, space availability, and resources
will derermine which option is most feasible
for a particular site. If more than ten standard-
size freezers (20-cubic foor capacity each) are
required, then a vault may be more pracrical
and cost-effective. Designated parks may have
a centralized cold-storage vault available for use
as a repository by other sites.

Cold storage requires special handling proce-
dures, and in most cases, specific packaging
protocols. The construction of cold-storage
rooms requires performance-based procure-
ment specifications to ensure proper fabrica-
tion, construction, and subsequent operation.
Individual freezer units vary widely in their
design and some specific features are desirable

when used o store photograph collections.
Choosing the right freezer will help maximize
the efficiency and performance of your storage.
For derailed informarion on freezer options see

COG 14/11.

When to Use a Freezer

The most economical method to mainrain a
cold-storage environment for small collections
is to use standard household, upright freezers.
Check major national brands as designs change
each year. Although these units go through =
defrost cycle during which the RH becomes
high, this problem is easily and effectively alle-
viated with proper vapor-proof packaging of
the contents. To learn the specifics of packag-
ing for cold storage, see COG 14/12.

When considering the purchase and instal-
lation of freezers, first determine the specific
needs of your collection. This requires a survey
of your collection to estimate the packaging
needs and the amount of space needed. Con-
sider answers to the following questions:

+  How many cubic feet of materials do 1
have? How much will the collections grow?

+  How are items currently stored?

+ Whar are the dimensions of my storage
boxes or containers?

»  How often is the collection used?

+  Are prints or duplicare slides available for
research use or will | have to scan some
material prior to freezing?

+ Wil the space o house units be within the
museurn collection area or are other appro-
priate spaces available?

+  Are resources available to moniror and
maintain the environment?

Cold Storage for Photograph Collections — An Overview 3
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Preparing Materials for Cold Storage

It is critical to maintain physical and intellec-
tual control of collection at all times. Thor-
oughly organize and documenr collections
before placing them in cold storage. Label all
containers/boxes on the outside so thar a box
can be identified, located and easily retrieved.
At a minimum, develop an inventory list and
location register to facilitate retrieval and mini-
mize handling.

Separate and remove duplicare photographic
prints and slides from marerials going into

cold storage to maximize the space available for
vulnerable media and to keep copies at room
temperature for rescarchers use. (Refer ro use of
separation sheets as outlined in Museum Hand-
book, Part. 1l Appendix D )

It is not necessary to rehouse collections prior
to cold storage unless the enclosures and or
boxes are extremely britde or structurally
unsound. Cold storage slows down all deterio-
ration processes for collections materials and
{or the enclosures.

Use appropriate vapor-proof packaging for the
collection containers if the cold storage room
or unit does not have RH control. See COG
14/12.

Duplication or Digitization Before
Cold Storage

Although traditional photographic duplica-
tion for archival masters and digitization for
“use copies” is encouraged, reformatting is
not always feasible or necessary before collec-
tions are placed in cold storage. Where prints
or duplicate slides exist, these can be used as
reference copies from which scans may often
be made (instead of using the negatives or

master slides). If feasible, heavily used items
or small collections for which prints or dupli-
cares are not available can be scanned to create
“use copies” prior to being placed in cold stor-
age. This makes them less subject to excessive
handling. Materials can always be pulled from
cold storage as digitization projects are imple-
mented.

Access to Materials in Cold Srorage

Acclimatizing or warming up cold materials

1o room temperarure before they can be used
delays access to collections in cold storage. If
the contents are sealed in vapor-proof pack-
ages, the packages can be placed on a table

or shelf at ambient conditions to warm up to
room temperature. Place items or containers
that are stored in RH-controlled cold storage
rooms without special sealed packaging in a
plastic bag before removing them from the cold
room. The bagged items may safely warm up in
the staging area. Acclimation can also be done
using an insulated storage container (picnic
cooler) where ambient conditions are exces-
sively warm or humid or when materials need
to be transported outside of a building.

To maintain the preservation benefic of cold
storage, items should not be removed more
than a few times per year or for long periods of
time. Leaving the materials at room tempera-
ture diminishes the benefit of time spent in
cold storage.

Maintenance and Equipment Failure

An important part of any cold-storage program
requires proper maintenance of equipment
according to manufacturer-supplied user man-
uals and the implementation of monitoring
programs to ensure years of trouble-free opera-
tion.

4 Cold Storage for Photograph Collecrions — An Overview
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The least problemaric failure of a cold unitisa
power outage or toral breakdown of the equip-
ment causing shut off and gradual warming to
ambient conditions. As long as the cold unit

is kept closed and any vapor-sealed packages
remain intact, there is generally low risk to the
contents. However, in rare mechanical failures,
the unit may heat up inside. Failure of RH
controls in vaults where protective vapor-proof
packaging is not normally used can result in
RH spikes up to 100%, causing the vault walls
and ceilings ro weep, and paper boxes to swell
with moisture. In these situations, the unit
must be shut down, doors opened to reduce
heat or humidity, and contents removed if they
are not packaged. Damp marerials must be
dried our immediarely.

Although freczers and cold storage rooms may
have audible alarms, it is best to have remore
monitoring that signals a 24/7 remote moni-
toring station or dials a 24-hour emergency
phone, especially where no staff is present
during off hours. See COG 14/11.
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stitute an endorsement of that product or supplier by the National
Park Service. Sources named are not all inclusive. It is suggesied
that readers also seek alternative product and vendor information
in order to assess the full range of available supplies and equipment.
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C Street NW (2265), Washington, DC 202405 {202) 354-2000.
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Cold Storage for Photograph Collections -

Using Individual Freezer Units

Introduction

Mast photograph collections can benehr from
cold storage. When collections are relatively
small, and space and budget is limited, the use
of one or more household “upright” freezers is
a viable option. To ensure the collections are
properly protected, consider freezer specifica-
tions, location, collecrion size, collection pack-
aging requirements, and inventories when plan-
ning to use an upright freezer.

TLypes of Freezers

This COG focuses on the use of household
upright freezers because of their ease of avail-
abiliry, low price, and efficiency. The capacity
of the largest househould freezer is abour 20
cubic feer. There are however, several other
available freezer oprions.

Houschold “chest” freezers are similar in
function to the “upright” models. They can
work as a cold storage unit, but they are not
the best choice for long-term collection storage.
Boxes need to be stacked in a chest freczer w
besr use the interior space. The weight of some
boxes may be detrimental to the safety of the
lower boxes. Collections are not easily accessed
since finding one item in a chest freezer often
means removing or displacing several other
packages. The less handling of collections the
better because film can become more britde at
very cold temperatures.

Specialty freezers such as commercial, indus-
trial, and scientific freezers offer a few more
desirable features than household models,
depending on the collection. They often allow
for more adjustability of shelving placement,
which is essential to efficienty pack a collec-
tion. Some of these freezers are available in large
capacity models, up 1o 70 cubic feet of capaciry.

While these large-capacity freezers can be useful
for medium-sized collections, they rend to be
more expensive than several uprighe household
units combined. They also usually run louder
and produce more heat than most household
models. 1f a large-capacity specialty freezer

fails, it places the entire contents at risk. Several
smaller household units generally operate reli-
ably. If one fails the rest of the collection is still
mainained by the other freezers. Beyond morc
than a few household freezers, the clectrical cir-
cuit load could become an issue.

Flammable Material Storage (FMS) Freezers
This specialized freezer accommodares the needs
of marerials such as cellulose nitrate film. It
was designed o contain and isolate vulnerable
collections. If your collection contains a large
amount of cellulose nicrate ilm see COG 14/8
for more information on appropriate storage.
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Household “Upright” Freezer
Specifications

There are many options in terms of household
“upright” freezer design and operation.

Note: This COG does not make specific rec-
ommendations as to brand name products
as model numbers and features change very
rapidly and would soon be ourdared. There-
fore, always consider the following features
when selecting the appropriate freezer to suit
your collection needs and maximize available
resources:

*  Frost-free or self-defrosting. The freezer
should be “frost-free” or self-defrosting.
This eliminates the inconvenience of peri-
odically shutting down and defrosting the
unit which necessirates the removal of the
collections during thart process. During
the defrost process the relative humidicy
(RH) in the freezer increases significantly.
However, this is temporary; collections will
be protected from experiencing dramaric
changes in RH because of proper vapor-
proof packaging (see COG 14/12).

*  Energy efficiency. Current government
regulacions for federal agencies require
thar all appliances purchased must qualify
as Energy Star * or consume “low energy”
whenever possible. This requirement also
helps ro keep energy costs down, especially
when operarting several units.

* Minimal heat generation. Storage space
for collections is often at a premium with
freezer units frequently placed within exist-
ing collection storage areas. It is therefore
important that freezers do nor generate a
lot of hear during operation. Excess heat
given off by the freezer can adversely effect
other collections by counteracting climate

control systems. Most freezer specifications
do not mention heat generation. Always
check with the manufacturer’s sales repre-
sentative, and if possible visit a local store
1o see the model in operation before select-
ing one.

*  Minimal ambient noise. Seeing the freczer
in working mode prior to purchase helps
determine the amount of ambient noise
given off by the freezer. Freezers may be
housed close to office spaces, where noise
could be a problem. Some newer models
run very quietly.

*  Adjustable shelving, Adjustable shelves
allow for the best use of space based on
container sizes. However, many houschold
upright freezers have fixed shelves that limit
the available useful space. Look for a model
that has the most options for adjustabiliry.
Door bins can be used to house narrow
boxes and motion picture cans.

*  Removable door bins or door panels.
Some freezers allow individual door bins
(see figure 1) or the entire door panel to be
removed. If the entire panel is removed it
can be replaced with a flat sheet of polysty-
rene. Either of these oprions increases the
usable space by allowing extra deep or large
double-shelved boxes to overhang the shelf
and protrude into the door space.

Figure 1. This deor bin/shelf can be removed 10 accom-
modate the box overhang, allowing tor maximum use ot
space.

2 Cold Storage for Photograph Collections — Using Individual Freezer Units
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*  Heavy-duty wire shelving. Heavy-duty
wire shelving is often preferable ro glass
shelves because of its rigidity and weight-
bearing strengeh. Heavy collection material
may crack a glass shelf. However, the wire
shelving can leave an impression on the
bottom of your storage box. Line shelves
with marerial such as Ethafoam™ or Coro-
plast™ or with 3/8" - 2" acrylic sheeting
(Plexi-glas®) for rigidity (see figure 2).

Figure 2. Ethafoam™ sheets used to line wire shelves.

* Locking mechanism. Some freczer models
offer locks to help ensure thar the door has
been closed properly after use. They also
help to deter staff from opening the freezer
frequently or storing non-collecrion mareri-
als inside.

*  Audible alarms. Some freezers come with
alarms thar sound when the inside remper-
ature is oo high, indicate that the door is
open or there is a system malfunction. An
LED temperature read out (digital display)
on the outside provides visible confirma-
tion that the unit is operating correctly.

* Remote monitoring capability. Freczers
with remote monitoring capability dial a
24-hour emergency phone or signal a 24/7
remote monitoring station to alert off-site
staff. These include auto-dialer datalogger
alarms thar insert a sensor into the unit
to dial a telephone number if the freczer

warms above a certain temperature. Some
units can be hard wired into a building
monitoring system. Wireless alarm systems
can also be used with building-wide moni-
toring systems.

*  Service contracts. Make sure you under-
stand the equipment and maintain service
contracts or warranties. If your freezer mal-
funcrions you want to have reliable service
providers that can respond quickly and
make the needed repairs.

Determining Your Collection Need

When considering the use of household
“upright” freezers, obrain a reliable estimarte
of the overall size of your collection, the
dimensions of storage boxes, and potendial for
growth, This means collection data will need to
be gathered through a general survey of collec-
uons.

Be aware thar the actual capacity of a freezer
may be less than is what is stated in the speci-
fications for that model. For example, on aver-
age a 20-cubic-foot household upright freezer
provides only about 15 cubic feet of space for
collection marerials. This is due to limitations
caused by shelving configurations, various box
sizes, the placement of interior air vents that
cannot be blocked, (see figure 3), and limited
usability of shallow door bins.

Figure 3. Do not cover air vents, such as the slotted ones
in the back of this freczer, with boxes.

Cold Storage for Photograph Collections — Using Individual Freezer Units 3
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Housing the Collections

All collections must be boxed, placed in bind-
ers, or otherwise housed in an outer conrainer
for freezer storage to ensure collections can be
safely placed in the freezer.

Measure the outer dimensions of storage boxes,
including protruding lids and/or clasps and
assume the outer vapor-proof packaging will
add 4" ro each dimension. Compare these
dimensions with the interior dimensions and
configuration of the storage unit. In some
cases, rehousing portions of collections may be
necessary to best use available space.

Plan how the boxes and binders can be most
efficiently configured and shelved within the
freezer. For example: consider a standard archi-
val box, approximately the size of a shoebox or
12 x5 x 6 inches that are often used to house
4 x5 inch negatives. Shelf dimensions for a 20
cubic foot household freczer are approximartely
26 inches wide by 17 1o 21 inches deep. Four
of these boxes can be stacked two high and two
across in about one cubic foor. Due to shelving
configuration, approximately 30 ro 40 standard
shoeboxes can be shelved in a 20 cubic foor
houschold upright freezer. (see figure 4)

Figure 4. A frecuer filled with properly packed boxes.
Labels face forward for casy retrieval,

Most small collections can be adequarely
accommodared by using one or two household
“upright” freezer units. If the number of freezer
unit exceeds ten (10), then consider using a
storage vault.

Vapor-proof Packaging for Freezer
Storage

Proper use of freezers for storage requires
vapor-proof packaging of each box. lrems to be
stored in freezers require protection from Huc-
waring and/or high relative humidity within
the unit, and from condensation on the boxes
when the doors are opened and/or when the
boxes are removed to room temperature. The
packaging, discussed in COG 14/12, involves
the use of a double bagging svstem to create a
vapor-proof enclosure for each collection con-
tainer.

Collection Preparation and Access

Collections stored in freezers cannot be
accessed ar the box or item level until the
vapor-proof package is removed from the unit
and allowed to come to room temperature.
Once at room temperature, the protective
vapor-proof packaging may be removed and
the individual item accessed.

Therefore, before collections go into cold stor-
age complete all basic processing, including
inventorying, identifying box contents, and
creating box lists. This will allow the appropri-
ate boxes to be pulled from the freezer, brought
to room temperarure, and the parricular item
retricved. Post a shelf map of the boxes on the
freezer to aid retrieval, reducing the need to
leave the freezer door open for long periods
and pulling our many boxes unneccssarily.

4 Cold Storage for Photograph Collections — Using Individual Freezer Units
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Maintenance and Equipment Failure

Freezers can provide many years of trouble-
free service. However, they do require minimal
maintenance such as semi-annual vacuuming
of condenser coils, and the rare replacement of
door gaskers that no longer seal well. The latter
causes frost to build up and the unit to con-
SUME CXLEss energy.

The least damaging equipment failure for col-
lections is a power outage or rotal breakdown
of the cold unit when the unit shuts off and
gradually warms to ambient conditions. As long
as the freezer is kept closed and unplugged, and
the vapor-sealed packages remain intact, there is
generally low risk to the contents. However, rare
mechanical failures may cause the unit o heat
up inside. In these situations, the power must
be shur down and the doors opened to reduce
hear or humidity. If contents feel warm or the
vapor-barrier has failed remove the containers
and allow them to cool and dry out.

Although some freezers may have audible
alarms, they may not be heard when staff is not
present or during off-hours. Therefore, it is best
to have remorte monitoring capability that dials
a 24-hour emergency phone or signals a 24/7
remote monitoring station, as described above.
Where there is 24-hour guard surveillance with
periodic rounds, it may suffice to have a remote
intercom system that allows the sound of the
alarm buzzer to be heard in outer offices or at a
guard station.
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Cold Storage for Photograph Collections —

Vapor-Proof Packaging

Introduction

This Conserve O Gram outlines a packaging
system for items in cold storage chat helps to
maintain the desired microclimarte inside indi-
vidual containers. It also prevents condensa-
tion from forming on the objects due to high
relarive humidity (RH), dramatic changes in
RH, or moving directly from the cold to room
temperature. Proper packaging techniques,
especially the use of vapor-proof packaging, is
essential for all cold-storage freezer units and
simple cold rooms that do not have interior
relative humidity (RH) control.

The Packaging Concept

Cold storage units without RH conurol, which
include all household freezers, experience
numerous daily changes in RH as they go
through the defrost cycle. This rapid fluctua-
tion of RH can put undue stress on collec-
tions. Proper packaging alleviates this problem
because the interior of the package does not
respond to the change in RH experienced by
the freezers.

Testing shows that the RH in the freezers may
go from 65% to 85% over the course of an
hour, bur the RH inside the packages will only
change about 1% within the same time frame.
This small RH change also occurs in film-based
materials as they are taken out of cold storage

for access. Condensation forms on the outside
of the packages, bur the barrier created by the
packaging does not allow the marerials inside to
take on additional moisture.

Constructing the Package

Double-bag the outside of boxes or contain-
ers using appropriate methods and materials to
ensure the preservation and safery of collections
while in cold storage.

Use good-quality vapor barrier film for an
inner bag. This film has a multi-layer structure
incorporating polypropylene or polyethylene
with a very thin meral sheet or fine metallic
dispersion.

Some examples of acceptable barrier films for
vapor-proofing in cold remperatures are Mar-
velseal®, Dri-Shield™, and Static Shield™. How-
ever, Marvelseal® and Dri-Shield™ are opaque
due o a merallic layer, making it difficulr ro
monitor the interior of the bag. Staric Shield™
bags, widely used for packing computer com-
ponents, are “semi-transparent,” making it
possible to read box labels through the bag (see
figure 1).
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Figure 1. Semi-transparency of Staric Shield™ bags
allows tor readable text.

Use heavyweight (6 mil is preferred) polyeth-
ylene, “press-to-close” (zipper-lock) bag for
the outer bag, This durable outer layer gives
extra protection from condensation as the bags
are removed from the freezer and helps prevent
damage or rears to the inner bag as items are
moved and stacked.

Reduce the amount of air trapped inside the
boxes and bags before closing and seal with
clear plastic packaging tape. If excess air is
trapped inside the bags the packages will tend
to puff up or “pillow”. This affects the microcli-
mate, makes the packages difficult to stack and
retrieve from the freezer, and puts pressure on
bag seams and sealed closures.

Preparation of Materials

Maintain physical and intellectual control of
objects that are placed in cold storage. Prior
1o placement into cold storage, prepare a box-
level inventory indicating the range of item
numbers or contents of each box, and the box
number in that series.

Separate photographic prints from their cor-
responding negatives prior to introduction
into cold storage. This provides more space in

the freezer for additional high-risk collections
and allows the print to be stored at room tem-
perature for use by researchers. Use separation
sheets as outlined in the Museum Handbook,
Parr 11 Appendix D heep://www.nps.gov/his-
tory/museum/publications/handbook.html.
Enter the new storage location into the Auto-
marted Nartional Caralog System databases.

Use white, paper, foil-backed labels to iden-
tify the contents of all boxes/containers and
adhere them in two locations (on two sides
of the box). Applying two labels to each box
helps to ensure one will be visible however the
hoxes are arranged in the freezer. Princed labels
or hand-written ones in graphite are appro-
priate. Include the catalog or archival series
number, and specific storage location to facili-
rate retrieval.

Determining Bag Dimensions

Ensure that the storage bags properly fit the
box or container. Measure each container or
box to determine the appropriate bag dimen-
sions. Make sure to measure the largest dimen-
sions including protruding lids and/er clasps.
The following will assist in calculating the cor-
rect bag size for the inner and outer bags:

¢ Width: Measure the container/box width
(or shortest side). Add container/box
height to this measurement, plus an addi-
tional inch. ‘This figure is the estimated
width of the bag to be used for packaging.

¢ Length: Measure container/box length (or
longest side). Add container/box height to
this measurement, plus an additional inch.
This figure is the estimated length of bag to
be used for packaging.

¢ Ordering bags: Order bags closest in
dimension to the estimated measurement

2 Cold Storage for Photograph Collections - Vapor-proof Packaging
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you calculated. Round up 1o the closest size
bag available. It is desirable for the open
end of the bag to be on the shorter dimen-
sion. This will help minimize the size of the
opening that needs to be sealed. If possible,
make a “mock-up” before ordering large
quantities.

Relative Humidity Indicator Cards

Because monitering the RH plays an impertant
role in maintaining a good cold sierage envi-
ronment, each vapor-proof package includes
two RH indicartor cards, There is one for each
bag layer, as outlined in the packaging proce-
dures below. Color changes in the cards will
indicate if either the inner or outer bag is leak-
ing due to holes.

This type of indicator card relies on the reac-
tion of cobalt salt to the moisture content of
the air. It is temperature sensitive and reads
higher than the actual RH when placed in very
cold condirions. Cards will tend to read 5%
higher at 35°F and 10-15% higher when the

temperature is below 20" E

To monitor your bags for leaks, record the RH
of the conuainers once they have come down
to the temperature in the freezer, This is your
baseline RH of the newly frozen packages. If,
over time, the RH rises substantially above the
baseline RH, the bags may have a leak. In that
case, remove the container. lf, after coming to
room temperature, the RH is still very high,
the bag has a leak and needs to be replaced.
Check packages every three months for a
change. As long as the frozen remperarure RH
reads 50% or less (especially in the inner bag)
there is little cause for concern. Packages read-
ing 90-100% RH require immediate attention.

Packaging Procedures
Eirst, assemble all supplies and tools including;

*  Barrier bags (inner bag)

«  Polyethylene bags (outer bags)

»  Cobalr salt humidity indicator cards

»  Archival double-sided tape

*  Packaging tape

»  “Filler” material: Ethafoam™, crumpled
archival paper, mar board or corrugared
plastic erc.

+  Scissors, pencils, paper, foil-backed labels,
bone folders, linen twill tape, weights

Select a space for packaging with an RH that
does not exceed 50%. If you cannot find a
space with an RH less than 50%, lower the
room RH with a room dehumidifier. Schedul-
ing large packaging projects for winter (or dry
season) makes this easy.

If your collection is not stored at or below 50%,
let your collection equilibrate to these drier
conditions prior ro packaging if possible.

Once boxes or containers are inventoried, and
labeled, fill any empty air space in boxes with
“fller” material 1o prevent shifting (see figures
28:3).

Figure 2. Filler material is placed along one side and on
the top to complerely fill all extra space.

Cold Storage for Photograph Collections - Vapor-proof Packaging 3
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Figure 3. Roll small pieces of Echafoam™ and tie with
wwill tape and usc to fill voids in boxes.

Place a cobalt salt humidity indicator card on
the box next to the label, in a location that
will be visible after packaging. Use two strips
of archival double-sided tape on the reverse to
adhere the card to the box. Avoid placing the
tape directly behind the indicator spots.

Insert the box or container into the first bar-
rier bag with the front (labeled end) of the box
towards the back of the bag. If using Staric
Shicld™ bags, the label should be readable
through the bag and not obscured by seams or
fold overs.

Squeeze out the excess air in the bag by press-
ing with hands along the box sides and top.
Small weights or strips of Plexi-glas® placed

on tap of the box can assist with this process
and help 1o secure the bag for wrapping. “Gift
wrap” the box by neatly folding up any excess
bag marerials at sides by forming creased flaps.
Secure the flaps to the sides with packaging
tape {see figure 4). After applying the rape use
a bone folder to ensure it is adequarely adhered
(sec figure 5).

Align the edges of the open end of the bag and
fold the excess at Jeast once in 1-inch
increments. Lay the folded section along the
end of the box, and rape it down across the
length, sealing it against the box. Leave a rab

at the end of the tape by folding over its end to
aid in later removal during pulling and reuse
when re-filling the box.

>

Figure 4. Inner bag being wrapped. Excess material and
Haps are tightly secured with tape along the sides.

Figure 5. A bone folder is being used to “burnish” wpe
1o ensure it adheres to the package.

Place a second RH indicaror card on the out-
side of the vapor-proof inner bag near the
first humidicy card so they can be monitored
together easily by observing only one side of
the box.

Insert the front end of the vapor-sealed box
into the heavy-weight polyethylene bag so that
the RH indicaror cards are clearly visible once
the outer bag is sealed.

Repear the above wrapping procedure for the
polyethylene bag. Close the zipper closure
and tape it flat against the box taping over the
entire end to keep it intact and provide an

additional seal (see figures 6 & 7).

Cold Storage for Photograph Collections - Vapor-proof Packaging
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Figure 6. The sealed “sipper-lock” end of the outer bag
is taped flat to the box.

Once all the boxes are sealed in their bags

they can be placed in the freezer unit. Where
possible, store in numerical order for casc of
access. However, if this is not possible duc to
the interior dimensions of the freezer and types
of boxes, fit the boxes to maximize storage and
use the door bins for smaller marerials.

Tigure 7. This box is completely wrapped and ready for
the {reecer.

Prepare a shelf map thar indicates where each
box is located inside the refrigerator to facilitate
retrieval. Place the shelf map and the inventory
list on the refrigerator door with a copy of the
guidelines for freezer storage and emergency
contact information.

Accessing Collections in Cold Storage

To access collections for use {or to replace leaky
bags), remove box from unit and let it warm

to room temperature (65-75F and 30-50%
RH) to prevent damage. DO NOT remove

the vapor-proof bagging until all contents are
warmed up. The containers can be placed on

a work table or shelf during the acclimation
time. Because warer will condense on the outer
package, place a blotter or towel underneath
the conrainer to wick up excess water, Acclima-
tion can also be done using an insulated stor-
age container (picnic cooler) where ambient
room conditions are excessively warm or where
materials need to be transported ourside of a
building. Place the sealed package in the cooler
until it arrives safe at its destination and allow
the package 1o thoroughly warm up.

Warm-up time varies with box size. Gener-
ally, you should wair eight hours or overnighr,
before opening the bag. Be sure to mark

the box with a “caution” or “object” sign 10
highlight collections materials to other staff
together with the estimated time it will be safe
to open the bags.

Once the bag has acclimated and is no longer
cool to the rouch, wipe off any moisture with
paper towel and open the bag by removing the
tape. Discard the tape and replace any leaking
bags.

When only a few items are needed for extended
periods, repack the rest of the box and return
1o cold storage. Once the materials are ready
to be returned ro cold storage, special humidity
conditioning with a dehumidifier is not usually
required prior to re-packing unless environ-
mental conditions exceed normal office/collec-
tion storage parameters (e.g., 72°F/50%RH).

Cold Storage for Photograph Collections - Vapor-proof Packaging
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To maintain the preservarion benefit of cold
storage, negarives, transparencies, and slides
should not be removed more than a few times
per year or for long periods of time.

Sources

Barrier Bag (inner bag) Static Shield Bag Type
1117 - open end

Uline www.uline.com

Tel 800-295-5510

Note: There are several other types of barrier
bags and sheer films available.

Polyethylene Bag (outer bag) plain, clear, “press ro
close” (zipper-lock), 6 mil (thickness)
McMaster-Carr www.mcmaster.com

Tel 330-995-5500

Other supplies including packaging rape (3M™
#313), archival double -sided tape (3M™ #415),
cobalt salt humidity indicator cards, bone folders,
weights, foil- backed labels and filler materials
(Ethafoam™ sheets, twill tape, archival paper etc.)
can be purchased from suppliers of conserva-
tion and archival-quality materials.

The Comserre 0 Gram senes i pubbshed as a reference
on collecuons management and  curatoral issues  Men
non of 4 product, 2 manufacrerer, or 2 suppher by name
this publicanon does not consurute an endorsement of that
peoduct o suppher by the Nauonal Park Service  Sources
named are not all inclusive, 1t s suggested thar readers also
seck alternatve product and vendor sformanon i order
to assess the full range of avadable supphes and cquipment

Authors

‘Theresa A. Voellinger
Paper/Photograph Canservaror
NPS - Harpers Ferry Center

Sarah S. Wagner
Senior Photograph Conservator
National Archives and Records Administration

Censuliant

Constance McCabe

Senior Photograph Conservacor
National Gallery of Art

The senes 15 distributed 1 all NPS unts and s available 10 non-
NPS nsnunons and interested individuals on e at <hug: '/
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a Storage

eference

by Peter Z. Adelstein, Image Fermanence Instiule

TORAGE s the single most important

factor determining the useful lite of mog-

grn information mecia, (For electronic

media, copying and formatobsulescan:e

are also important, but thosa issues
afe beyond the scope of this publication.} The
P Media Storage Quick Reference (MSQR)
attempts to explain the rolg of storage condi-
tions—that is, temperature (T), relative hurmidity
(RH}, and air quality—in the physical survival
of photographs, films. audio and video tapes.
CDs. and DVDs.

Research shows that lower temparature
and RH can greatly improve material stability, a
fact reflected inthe standards published by the
Intarational Organization for Standardization

(180} The IS0 standards recommend climate
conditions for the storage of specific media,
and when possible, these recommendations
should be followed. The standards are less
helpful. however, whan it comes t0 assess-
ing how a particular environment will affect a
collection or deciding on the best environment
for storing a collection that contains media of
different types—common COncerns among
collection managers. The purpose of the MSQR
is to distill and present, in one publication, the
information you need to make informed deci-
sions about the storage of the mixed collections
of photographic, magnetic, and optical media
In your care

Decision-making about new or existing storags
faciiities usually starts with one of three key
questions:

+ How good {(or bad) are my existing storage
conditions?

+ What sterage conditions should | have for
the media in my collection?

+ What storage compromises can | salely
make for my collection of diflerent media
types?

These questions are answered throughout
this booklet and on the MSQR whesl.

The Bookiet

These pages are not faid out in strictly linear
tashion for cover-to-cover reading but rather
in discraet blocks of interrelated information
as illustrated in Fig. 1. You may find it uselw.

|, Text under blue and
w‘nte headings: general
preservation overview
and guidelines for un-
derslanding and apply-
—1| ing simplified storage

|| recommendations

|

|

|

it Blue boxes contain

importart side issues
. { related to collection
care

Tan boxes offer information on specific media- structure
key preservation issues. IS0 recommendations. and
simplitied storage recommendations

Fig. 1. Guide 1o navigating the MSQR.

to browse for the topics that interest you most
Table 3 on p. 5 is literally and figuratively the
centerpiece of the MSQR. 1t presents an over-
view of the suitability of storage environments
for various media types. Preservation issues
related to specific media can ba found in tan
baxes throughout the booklet; sach box contains
Information about a specitic medium, including
structure, particular preservation concerns,
1S0 recommendations, and simplified storage
recommendations. The light blue boxes present
important side issues such as low-temperature
storage, enclosures, environmentat assess-
ment. and condition assessment.

The Wheel -
An important component of the
MSQR is the two-sided whesl

{Fig. 2). which can be found in
the pocket at the back of the
booklet. Side 1 of the wheel.

the Madia Storage Summary.

provides a medium-by-medium
overview of preservation is-
sues (kinds of decay or other
problems), recommendations {key
storage considerations), and simple
guidance on the suitability of four typical
environments. ROOM, COOL, COLD, and FRO-
ZEN. The Media Support Chronology on Side
2 is a guide to the types and dates of use of
nitrate, acetate and polyester plastic supports
for various film and magnetic tape media.

Negatives

Prints
Tapes
CDs
DVDs

@

A FRAMEWORK FOR MEDIA PRESERVATION.........
The Three Categories of Environmentally Induced

Assessing Your Environment
Condition Assessmeni—A-D Steip Testing for

Acetate Film Colleclions...
Should Degraded Nitrate and Acetate Film Be

Segregated?. ..o 3
CATEGORIZING YOUR ENVIRONMENT BY AVERAGE
TEMPERAT URE.....ciuicorssiniseummistiinssi st isimessss 4

SIMPLIFIED STORAGE GUIDELINES FOR MIXED
COLLECTIONS

Rir Quality
Planning for COLD or FROZEN S$iorage
Enclosures
MEDIA SUPPORT CHHOHOLOGY
THE WHEEL...
GLOSSARY ...
REFERENGES ...

Media Index
Photographic glass PIRLES. ..we s
Nitrate base photographic lilm......
Acetate base photographic film
Polyester base photographic film
Photographic paper prints .
Ink jet prints....
Magnelic tape

Fig. 2. The Media Storage Summary is on Side 1 of the
Ms&l; wheel. The Media Support Chronology is on
Side 2.
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A FRAMEWORK for MEDIA PRESERVATION

ithout a Jock on the door, a roof over-

head, and some degree of orderly

arrangement, a media cellection has

little chance of survival. Once these
basic conditions for preservation are satisfied,
however, the most urgent problem is slow but
steady decay. Some media, CD-ROMSs, for ex-
ample, decay slowly and can tolerate a variety
of storage conditions, Most other media decay
much faster and need special environments to
have a long useful life.

Each medium has its Achilles’ heel and
its own special requirements. The dyes in
color photegraphs spontaneously fade at reom
temperature in a rather shart period of time;
low-temperature storage is the only way to
preserve them, Black-and-white photographic
prints don't require low-temperature storage,
but the silver particles making up the images
are very sensitive to high humidity and airborne
contaminants. Media preservation depends on
our understanding of the vulnerabilities of each
media type so that we can provide the proper
storage conditions. For new, undeteriorated ma-
terials that will be kept in purpose-built storage
tacilities, this task is relatively straightforward.
But when some elements of the collection are
oider or already deteriorated, storage conditions

Photographic Glass Plates

STRUCTURE T~ Gelatin binder

Silver image particles S5 Sitver particles

ina gelatin binderon [

glass support.

PRESERVATION ISSUES

Decay Aelated to Temperalure and RH

Silver image decay

Glass deterioration

Layer separation. The glass support is

dimersionally stable in changing hurmidity, but

the gelatin binder is not and will contract at low

humidity. If the stress between the contracting

binder and the glass is greater than the adhe-

sion between the gelatin and the glass, the two

layers will separate.

= Mold

Other Concerns

= Harmful enclosures

+ Breakage. Handling and enclosure guidelines
are given in 180 18918.7 2

+ Poor air quality

130 RECOMMENDATIONS'
Max temp: 64°F (18°C). RH from 30% to 40%.
Lower humidities can cause layer separation.

SIMPLIFIED STORAGE
RECOMMENDATIONS™

COOL emperature ensures
greater protection from image
decay. COLD ana FROZEN offer
marginal benefits.

T Glass support

.

Fair

Good
Very
good
Very
good

that dramatically slow down the rate of deteno-
ration are in order. In practice, you must know
the current decay status of your collections and
have reliable data on their actual storage condi-
tions. You need three pieces of information to

make good storage decisions:

+ The behavior of the ditferent media types
in your collection

« Their current state of preservation

+ The prevailing storage conditians.

| The Three Categories of Environmentally Induced Decay ]

The three general categories of environmentally
inducec detenoration are biological, chemical, and
mechanical {or physical).

Blologlcal Decay

Biological decay includes all the living organisms that
can harm media. Mold, insects, roderls, bacteria, and
algae 2ll have a strong dependence on temperature
and RH. Mold and mildew are serious dangers o
media collections. Sustained high RH {above 70%
or s for more than a few davs) should be avoided

Chemical Decay

Chemical decay is due to spantaneous chemicel
change, Fading of color dyes in photographs and
degradation of binder layers in magnetic tape are
examples of decay caused by chemical reactions
pecurring within the materials themselves. The speed
of these reactions depends primarily on temperature,
but moisture also plays a role. In general, the warmer
the temperature of the storage area, and the higher the
RH, the faster the media collection will be affected by
chemical decay. Chemical decay is a major threat to
media that have color dyes and/or nitrate or acetale

plastic supports. COLD storage I8 recommended for
these malerials; FROZEN is recommended when signs
aof deterioration are present.

Mechanical Decay

Mechanical forms of decay are related tothe changes
in size and shape of water-absorbing materials such
as cellulosic plastic film supports or the gelatin binder
in photographic matenials, RH s the environmental
variable that determines how much water is absorbed
into collection objects. When the RH is very low
(below about 15%) for jong periods of time, objects
lose moisture and shrink. The opposite is irue when
RH remains high (above 70%). Expansion due to
extreme dampness and contraction due to extreme
dryness cause stresses among the layers of media
objects, which can lead to permanent deformation
and layer separation.

Excessive dampness is a very senous environmen-
tal threat to media callections, because it contributes
not only to mechanical decay but to biological and
chemical decay as well

The ten types of decay histed in the table are major
threats to media collections. Some forms of decay
may affect only one megia type; others may affect

storage environments.

| Decay Caused by Improper Storage

Table 1: The types of decay that threaten media, the media that are affected, and recommended

PRTPEODESAY | Wi [RuUEIOE BRI

Photographic glass plates

SILVER IMAGE DECAY Black-and-white film 30% to 50% RH
Black-and-white photographic prints
Color film
. Low temperature
COLOR IMAGE DECAY Color photographic prints
ink jet prints 30% 1o 50% RH
COLOR BLEEDING Ink Jet prints 30% to 50% RH
Color photographic prints Low femperature
YELLOWING, STAINING 1y prines 30% to 50% RH
Low temperature
BINDER DEGRADATION  Magnetic tapes 30% 1o 50% RH
p Low temperature
NITRATE DECAY Nitrate-base fim 30°% to 50% RH
Acetate-base black-and-white film o il
ACETATE DECAY Acetate-base color film 33: fr';%‘;?mfle
Acetate-base magnetic tape g
GLASS DETERIORATION  Photographic glass plates 30% to 50% RH
. Minimal temperature and RH
LAYER SEPRRRTION oo s lates fluctuztions
& 30% to 50% RH
MOLD All media 30% to 50% RH

several types, The good news is that the proper
environment will effectively minimize the nisk of
decay-related damage.




| Assessing Your Environment

Getting Data

Knowing the temperature and RH conditions in your
storage environment is a critical part of preservalion
practice, but this 15 impossible without reliable data.
Storage areas should be continuously monitored
Electronic temperature and RH sensors that allow
data to be analyzed on computers are preferable;
sophisticated analysis or visualization of long-term
trends 15 difiicult to do with chart recorders. Many
kinds of electronic dataloggers are available on the
market. In some cases, temperature and RK data may
be obtained from computerized systems that control
the zi-conditioning equipment in bulldings.

Fluctuations

Fluctuations in temperature and RH are always 2
concern in environmental assessment. Fortunately,
short-term RH fluctuations generally are not ruch of
2 threat to media collections and should nut cause
alarm. The level of sensitivity fo environmentally
induced mechanicat damage is fairy low for most me-
dia. In addition, enclosures such as boxes and cans
{end to buffer fast RH changes. Maintaining steady
conditions should not be the objective, If it must be
achieved at the cost of low temperature and RH. For
the stability of media collections, the key concerms
are long-term average temperature and RH and the
profile of seasonal changes. The most imporiant
anvironmental trends are usually seasonal in nature.

IPi Analysis Tools

1Pl has developed a web-based data analysis plal-
form especially for the complex jeb of analyzing
temperature and RH data. The web application offers
the possibility of storing a farge number of data sets,
and it performs quantitative determinations of the
overall rate of chemical decay and the risk of mold
growth, mechanical darnage, and corrosion failored
to the specific needs of library, museum, and archival
collections. IPI has also developed the PEM2*, a data
logger designed explicitly for preservation use. With
these toals it is possible to perform environmental
risk assessments that relate directly to preservation
concerns. More information can be found on the 1Pl
web site: www.imagepermanenceinstitute.org.

Condition Assessment—A-D Strip Te

Acelate-base materials are inherently prone to atype
of chemical decay known as vinegar syndrome.1 As
the decay progresses, materials become more acidic,
degrade at an ever faster rate, and eventually are ir-
reversibly damaged. Unless preventive measures are
taken, any acetate-base coliection eventually will be
lost. To know the nisk of material loss in your acetate
collection and implement a sound preservation
strategy, you must first know the averall condition
of the collection.

What Are A-D Strips?
A-D Strips are used to determine the extent of chemi-
cal decay In acefate-base collections. These small
Indicator papers turn from blue, through shades
of green, to yellow in the presence of the increas-
ing amounts of acidic vapor given ofi by decaying
acetate. In this way, the stips indirectly measure
the degree of decay in an acetate material. Fig. 3
ilustrates the relationship between the color change
in an A-D Strip and rising acidily in a decaying acetate
material. Four color levels {ranging from A-D Strip
level 0 to A-D Strip level 3) characterize the advance
of decay. The higher the numbey, the greater the risk
of matenal loss due to acetate gecay. At A-D Strip
level 2 physical property changes (.g., brittleness,
distortion. or shrinkage) are imrminent

The testing method is simple. An A-D Strip 18
placed in a confined space with the em to be tested
(Fig. 4). After exposure, the resulting strip color is
compared to the A-D Strip color scale (Fig. 5). Infor-
fation about A-D Strips and their use can be found
in the User's Guide for A-D Strips favailable on line
at www.magepermanencelnstitute.org).

Testing—Which Materials, How Many
Samples?
Acetate-base materials include film (both still and

b
Naticeable physical property
changea beyond Level 3

Decay specds up
dramalically al Leval 1.5

Acidity Level

condition.

sting for Acetate Film Collections

Fig. &. Testing with A-D Strips.

Fig. 5. Strip color |s compared 15
ta the color scale printed on the
accompanying pencil.

moving images) and magnetic sound
recordings. Collections of these .
materials are often large, and condi~
tion evajuation is essential. Testing &
random sample of 2 collection with
A-D Strips can give an idea of the
collection's overall condition. The sample size will
depend on the size of the collection and the desired
level of confidence in the data analysis. Statistical
models can be applied. As a rule of thumb, randomly
festing about 1,000 tems wil provide sufficient in-
formation for a collection of 10,000 items or more.
The task of testing every item in a large collection i
daunting and is usually impractical; it is best to start
by testing a random sample. If pockets of matenals
are found to be affected by acetate decay, these could
be tested further, if desired, after the overall condition
is assessed or whenever institution resources make
1t possible.

What Do We Do with the Results?
Be prepared to act on your survey results. Now that
you have a general picture of the collection’s condi-
tion and know whether of not the situation is urgent,
you can respond appropriately. Mostimportantly, the
data will tell you how much of the col-
lection Is in critical condition. Acetate
materials displaying A-D Strip level 2
of above are considered to be in poor
3 to critical tondition and should be
stored under FROZEN condtions (see
Table 3) and/or duplicated. GOLD stor-
age conditions are fine for collections
unaffected or only slightly affected by
acetate decay. Condition assessment
tells us what type of storage the collec-
tion requires. A well-Dalanced strategy
will involve providing adequate stor-
age, prioritizing duplication, and plan-
ning engoing condition menitoring.

|ona dhus 0y

Fig. 3. Relationship between A-D Strip levels, film acidity, and film

Should Degraded Nitrate and
Acetate Flfm Be Segregated?

Nitrate and acetate flms that have already detenorated
can emit acicic gases that may be absorbed by other
film stored nearby. | is possible that absotption of
acidic and oxdizing vapors from degrading films can
accelerate decay amang undeteriorated films in the
same storage area. Severely deteriorated nilrate films
{those showing extrame brittleness, gelain softening,
and othersigns of advanced decay) should be removed
from coliections and safely disposed of. In practice,
however, t usually s not practical or Jesieeble to
separate either degraded acetate or early-stage deterio-
rated nitrate fifm from the rest of the collection. The rate
of decay of “good” film depends rmuch more heavily on
temperature than  does on the amount of acid vapor
the film may have absorbed from “bad” neighbors. In
addition, adequate ventilation and fresh air exchange
can greatly mitigate the threat of contamination.

" in a gelatin binder on

Nitrate-Base Photographic Film
STRUCTURE -
Silver image particles

43— Golatin binder

tj_"":ﬁ_*_-n-'swar particies

nitrate base _ __ Ntrote base

PRESERVATION ISSUES

Decay Related to Temperature and RH

« Silver image decay

» Nitrate decay. May cause yellowing, buckling,
distortion, and shrinkage of film and corrosion of
metal cans, Can also cause silver image decay.

« Binder degradation, Nitrate base decay may
cause gelatin binder to become soft or sticky.

* Mold

Other Concerns

* High flammability

« Harmtul enclosures

« Poor air quality

«+ Off-gassing. Degrading nitrate base emits
acidic and oxidizing gases that threaten nearby
materials.

150 RECOMMENDATIONS®

Max. ternp: 36°F (2°C). RH from 20% 1¢ 30%.

SIMPLIFIED STORAGE n’i": rg-&'
Good
Very
good

RECOMMENDATIONS'
COoLD
FROZEN

COLD Is consistent with the

1S0 recommendation. If there
is evidence of base degrada-
tion, FROZEN should be used.

a1



Acetale-Base Photographic Film
BLACK-AND-WHITE
STRUCTURE

Silver image particles
in a gefatin binder on f
acetate base. Some -
sheet films may have

a gelatin backcoating.
PRESERVATION ISSUES
Decay Related fo Temperature and RH
« Silver image decay

7 a——— Gelalin binder
,__'-'t:-:‘— —— Silver paricles

~.
- i Acetate bass

« Acetate decay. May cause distortion, shrinkage.

and brittleness. Often detected by vinegar odor
(vinegar syndrome); severity can be determined
with A-D Strips.
+ Mold
Gther Concerns
+ Harmtul enclosures
« Poor air quality
+ Outgassing. Degrading acetate releases acidic
gases that threaten nearby materials.
1S0 RECOMMENDATIONS®
Max. temnp. depends on max. RH.
36°F (2°C) max. temp. for 50% max. RH.
41°F (5°C) max. temp. for 40% max. RH.
45°F (7°C) max. temp. for 30% max. RH.
SIMPLIFIED STORAGE e
RECOMMENDATIONS™
COLD with 50% max. RH is
similar to the 1SQ recommen-
dation. If the A-D Strip reading
is 2 or greater, film should be
stared at the FROZEN condi-
tion and duplicated as soon as
possible.

Polyesier Base Photographic Film
BLACK-AND-WHITE
STRUCTURE

Silver image particles

in a gelatin binder on
polyester base.
PRESERVATION ISSUES
Decay related to T/RH conditions

+ Silver image decay

+ Mold

Other cancerns

+ Harmful enclosures

+ Poor air guality

150 REGOMMENDATIONS®

Max, temp: 70°F {21°C). Max, RH: 50%
SIMPLIFIED STORAGE
RECOMMENDATIONS

COOL with 50% max. RH
recommended to minimize pos-
sibility of silver iImage decay.

[~ o 2 Gelaiin BINGET
EETSilul parcles

'\ T™Foiysster base

585 ¢ ¢

COLOR

STRUGTURE
Organic dye image
layers in a gelatin
binder on acetate
base. Soms sheet
films may have a
gelatin backcoating.
PRESERVATION ISSUES

Decay Relaled to Temperature and RH

« Color image decay’

«+ Acetate decay. May cause distortion, shrinkage,
and brittleness, Often detected by vinegar odor
(vinegar syndrome); severity can be determined
with A-D Strips.

« Mold

Other Concerns

+ Poor air quality

« Outgassing. Degrading acetate releases acidic
gases that threaten nearby materials,

1S0 RECOMMENDATIONS®

Max. ternp. depends on max. RH.

14°F {-10°C) max. temp. for 50% max. RH,
27°F (-3°C) max. temp. for 40% max. RH.
36°F (2°C) max. temp, for 30% max. RH.

SIMPLIFIED STORAGE
RECOMMENDATIONS™
COLD with 50% max. RH is
less stringent than the 1SO
recommendation but will
provide satistactory image
stability for over 300 yrs.* If
the A-D Strip reading is 2 or
greater, lilm should be stored
ai the FROZEN condition and duplicated as soon as
possible.

. o Yellow dya layer
~Magenia dye layer
~——Cyan dye layer
i— s Acelate base

ROON

COLOR

smucmni pr— ,..«Yih:w« dye l2yer
Organic dy2 image #’é’:ﬁ P
layers in a gelatin —
binder on polyester

base.

PRESERVATION ISSUES
Decay Related to Temperature and RH

= Golor image decay

- Mold

Other concerns

» Harmful enclosures

« Poor air quality

IS0 RECOMMENDATIONS®

Max. temp. depends on max. RH.

14°F {-10°C) max. temp. for 50% max. RH.
27°F (-3°C) max. temp. for 40% max. RH.
36°F (2°C) max. lemp. for 30% max. RH.
SIMPLIFIED STORAGE
RECOMMENDATIONS™

COLD with 50% max, RH is less
stringent than the IS0 recom-
mendation but will provide
satisfactory image stability for
over 300 yrs.?

e
___"Polyester base

o oy L
VIRG b

fl <A

-

media contain seven different temperature
recommendations. To simplify the evalu-
ation and planning of storage conditions
for mixed media collections, the MSQR divides
the range of possible temperatures into four
categories: ROOM, COOL, COLD, and FROZEN.

The Four Temperature Categories

Even though each of the four categories repre-

sents a range of temperatures, it is useful here

to define ROOM, COOL, COLD, and FROZEN
by single “anchor-point” values, as shown in

Fig. 6 below. (It should be remembered that, in

reality, the effect of temperature on decay rate

is a continuum. The higher the temperature, the

taster the decay, and vice versa.) Using Fig. 6

and data gathered through an environmental

assassment, you should be able to place your
storage environment in one of these four catego-
ries. It's very likely that your storage temperature

is not precisely one of the four shown in Fig. 6.

Inthis case, the following rules of thumb should

help you decide where your environment fits:

. Any environment with an average temperature
at or below 32°F (0°C) can be considersd
FROZEN.

. It your real-life average temperature is
closer to one anchor-point temperature than
another, simply apply the closer category.
For example, if your storage temperature
is 50°F {10°C), your environment would be
considered GOOL.

_ If your average temperature is about equi-
distant from the temperatures on eithier side,
consider both the cooler scenaric and the
warmer scenario when referring to Table 3.

c ollactively, the ISO standards for individual

—y

n

oW

30% - 50% RH
for all lemperatures

ROOM 68°F (20°C)

cooL 54°F {12°C)

COLD £ 40°F (4°C)

FROZEN J2°F{0°C)

Fig. 6. The four temperature categaries, In this
context, ROOM, COOL, and COLD are characterized by
one “anchor-point" temperature. FROZEN applies to
lemperatures of 32°F (0°C) and below.
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SIMPLIFIED STORAGE GUIDELINES for MIXED COLLECTIONS

FROZEN environments ¢an be different
for different media. Before making any
storage decisions, you must assess an
environment's harmful or beneficial effects en
the stability of the materials in your collection.

Rating Storage Suitability

The qualitative rating system defined in Table
2 is based on stability studies, 1SO recom-
mendations, and evidence gathered from the
field. The terms No, Fair, Goad, and Very Good
were chosen to reflect the appropriateness
of an environment for a specific medium. No
means that the environment is likely to cause
significant damage. Fair, Good, and Very Good
can be seen as indicators of increasing benefits
for material stability.

]lne impact of ROOM, COOL, COLD. and

Table 2, Qualitative rating system.

QUALITATIVE RATING SYSTEM

Likely to cause significant damage.

Does not meet ISQ recommendations but
may be satisfactory for exiended periods.

G0OD Comparable to IS0 recommendations’*

VERY
GOOD

FAIR

Will provide an extended lifetime.

Using Table 3

Table 3 addresses two key questions: Is the
current storage environment adequate? What
anvironment does the collection really need?

Starting with the Environment

Having categorized your environment, you can
determing it a media collsction is safe and
if other types of media can be stored in the
same environment. If you have determined
that your environment is ROOM, COOL, COLD,
or FROZEN, you can find a qualitative rating of
its suitability for the media of interest in Table
3. The table shows that most media should not
be kept in ROOM conditiens, as indicated by
the large number of No ratings. It also indicates
that all media types can be safely stored in a
GOLD environment. Far all four environments,
RH should be kept between 30% and 50%.

Starting with the Medium

Table 3 can help you determine the proper
storage environment for a particular medium.
It shows which environment to avoid and which
environment will work for long-term preserva-
tion of that medium—usaful information in
planning a new storage facility or in deciding if
a particular medium can be stored in an existing
storage space. (See also Side 1 of the wheel.)

Table 3. Sultabllity of eavironments for storage of various media types.

Acetate Photo Prints | Ink Jet | Magnetic Tape | CDs

Good

] 1

Good Good

Very Very Very Very Very Very Very - Very
Good Good Good Good Good Good Good Good

B&W
Good

Good

Very Good

Good

Very.
Good

o
Guod- Fair Fair ~ Good Good

Good Good

Which Environment for Mixed Media
Collections?

The challenge of providing proper storage for
collections of mixed media types can be metin
two ways. You can either provide a number of
special storage environments to accommodate
the different types of media in your collection,
or you can make an educated compromise and
define one adequate environment for alf materials
inthat collection, The color-coded rating system
in Table 3 visually halps you choose a suitable
environment for a particular collection, You can
see at a glance that a COLD environment would
be suitable for preserving a coliection containing
alltwelve mediatypes discussed here, COOL and
FROZEN enviranments would also be suitable for
certain mixed collections, depending on their
contents. When you know what the contents of
a mixed collection are, you can use Table 3 to
find a“comfortzane” for long-term preservation.

What About Deteriorating Materials?

A material's current condition is a key factor in
determining its storage reguirements. The foot-
note in Table 3 points out that degrading nitrate
and acetate materials need FROZEN storage
for optimum stability. (Assessing the condition
of acetate-base collections using A-D Strips is
discussed on p. 3.)

Prints

Potyester | D

Fair

Fair

o
Good Good Good

Good Good '

NOTE: Degrading acetate and nitrate should be trozen. The ratings for ink jet prints reflect their susceplibility to pollutants and coniaminants.

Air Quality

Proper storage for media collections should include
some means Lo control solid and gaseous contarmi=
nanlts in the atmosphere.

Particulates

Particulates are very small-diameter solids that settle
on surfaces in storage spaces. They can come from
outside (If no filtration is provided) or be produced
inside (debris from deteriorating materials or hurman
activity). Particulates in the form of dust and grit can
cause surface abrasion, and they can also be reactive
toward images.

Gaseous Pollutants
These come mostly from outside sources, such as

automotive exhaust and industrial processes, but they
also can be produced inside by deteriorating materials
or poor-guality enclosures. Pollufants released by a
degrading mater(al may atfect adjacent materials in 2
starage area. Activities such as phatocopying, general
maintenance, or construction can introduce 0zone,
formaldehydes, ammonia, and other poflutanis.
Ozone and nitrogen dioxide are oxidizing poliutants
that are damaging to organic dyes, Silver images,
and image binders.

Dealing with Pollutants
Most large commercial buildings have cloth or “bag”

filters to capture particulates as they enter the bulld-
ing. Internally produced particulates are also reduced

by these filters as the alr is recirculated. Filters to
remove gaseous pollutants from the outside are less
commen. Charcoal fiters remove ozone and some
other gaseous pollutants fairly efficiently, but they are
less effective with nitrogen dioxide (NO,). Patassium
permanganate madia can remove NO,.

If particulate or gaseous poliutants are a problem
in your institution, a plan should be made to measure
the level of contamination and determine its scurce.
As a general precaution, bag filters should be cleaned
and gaseous pollutant fifters should be changed
regularly. Gonsult your facilties department about
the types of systems your instilution has and about
the maintenance schedule.
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Planning for COLD or FROZEN Storage

What Are the Options?
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|Enclosures

What They Should Do, and What They
Can't Do
Storage enclosures should aid in the proection,
organization, and identfication of collection iterns.
Their prirmary function is shielding those tems from
dust and physical damage. Some products advertise
addtional protection from awrborne pollutants and/
o excessive hurnicily, athough standards to evalu-
ate their effectiveness are lacking. Enclosures also
provide surfaces for labeling as well as rigidity for
safe handling. However, enclosures cannot overcome
deficiencies In the starage climate.

Some enclosures contain components that can
harm materials stored in them and should be avoided.
As temperature and hurmidity nse, any harmiul effects

from enclosures also nse. While providing new, more
inért enclosures is a desirable aspect of preservation
practice, improving the climate is more effective over-
all. Environmental improvements will simuftaneously
reduce risks associated with harmful enclosures,
airborne poliutants, and the inherent instability of the
collection materials themselves.

Enclosures should mest the requirements speci-
fied in 180 14523 and 150 18902.4* The primary
matenals used to manufacture storage products are
paper, paperbaards, plastics, and metals. Sometimes
adhesives and metal fasteners are mcluded to create
andjor reinforce structure. Requirements for each
material type are given in the 1SO standards.

Key Points from the IS0 Standards

+ Ali preduct components should pass the photo-
graphic actwvity test (PAT).

» Plastics: Do not use PVC or acetate; do use poly-
ester, polypropylene, or polyethylene.

« Papers and paperboards: Neutral-sized, lignin-free,
buffered materials are recommended (see S0
standard for buffer limits).

Storage materials should be chemically and
physically stable. Ideally, their life expectancies
should approximate or exceed those of the materials
they house. Also, their size and strength should be
appropriate for the shape and weight of the objects
stored in them.

Magnetic Tape

ACETATE

STRUCTURE T —Magnetic panticles
A recording TEXEEE— Polyurethane binder

layer of MAQNEE ™~ acetste base

particles (iron kg layer

oxides) in a poly-

mer (polyure-

thane) binder ori thin acetate support, The binder

may also include lubricaris. The back of the tape

may have 2 coating of pigments and a polymer

binder to improve durability and playback.

PRESERVATION ISSUES

Decay Related to Temperature and RH

+ Acetate decay. May cause distorticn, shrinkage,
and brittleness. Often detected by vinegar odor
(vinegar syndrome); severity can be determined
with A-D Strips.

= Binder degradation, Causes uneven tape
transport, tape sticking, magnetic shedding, and
layer separation.

* Mold

Other Concerns

= Paor air quality

« Dulgassing. Degrading acetate releases acidic
gases that threaten nearoy materials.

= Magnetic fields. Storage near high-intensity
magnetic fields must be avoided.

= Fragility. Magnetic tape is thin and fragile and
must be handled with care.™

IS0 RECOMMENDATIONS®

Max. temp. depends on max. RH.

52°F {11°C) max. temp. for 50% max. RH.
B3°F {17°C) max. temp, for 30% max. RH.
73°F (23°C) max. lemp, for 20% max, RH.
SIMPLIFIED STORAGE e DRI
RECOMMENDATIONS' ROOM 1=
COOL with 50% max. RH is :
consistent with IS0 recom-
mendation for 50% max. RH.
COLD and FROZEN may cause
lubricant separaiion with some
tape formulations. If the A-D
Strip reading is 2 or greater,
tape should be stored at the FROZEN condition and
copied as soon as passible.

POLYESTER
o _—Magnelic particles
mgﬂc{;gge hﬁ-——mwmnmmm:

layer of magnetic Polyestar base

particies (iron gg:aacyunu leyer

oxides, metalic

iron ar chromium

dioxide) and pigments in a polymer (polyurethane)

binder on thin polyester support. The binder may

also include lubricants. The back of the tape may

have a coating of pigments and a palymer binder to

improve durability and playback.

PRESERVATION ISSUES

Decay Related to Temperature and RH

« Binder degradation, Causes uneven tape
transport, tape sticking, magnetic shedding, and
layer separation.

* Mold

Other Concerns

« Poor air quality

« Magnetic fields. Storage near high-intensity
magnetic fields must be avoided.

« Fragility. Magnetic tape is thin and fragile and
must be handled with care,”

1S0 RECOMMENDATIONS®

Max. temp. depends on max. RH.

524F (11°C) max. temp, for 50% max. RH.

B3°F (17°C) max. temp. for 30% max. RH.

73°F (23°C) max. temp, for 20% max. RH.

SIMPLIFIED STORAGE EEt

RECOMMENDATIONS™ ¥

COOL is consistent with IS0

recommendation for 50% max.

RH. COLD and FROZEN may

cause lubricant separation

with some tape formulations.

. mended because of concerns

GDs and DVDs
STRUCTURE ==}~ Protetive lacquer layer

Motallic raflactive |
CDs have %L:n: ic raNactive layer
acomplex ; Ph
siructure and _f"%+" Substrate
are madeupof  CD-ROM

at least three
layers: apoly- =7 Frolsctive lacquer fayer

Gold reflective layer
carbanate sup- % Do e
port, a reflective  —— SN Groove

AU T Gratate

gold layer anda  GD-R

protective coat-

ing. Recordable

CDs (CD-Rs) and magneto-optical (MO} discs have

an additionai laser-sensitive layer coated on the

support, DVDs are even more complex, cansist-

ing of two CDs bonded with an adhesive, The

polycarbonate supports form the cutside layers of

the laminate. Different DVD formats have ditferent

layer structures.

PRESERVATION ISSUES

Decay Related to Temperature and RH

- Loss of disc Integrity. Under adverse storage,
possible defects are layer separation, lack of
planarity, cracking, and pinholes, Large and
rapid ternperature and RH tluctuations can be
particularly detrimental,

= Corrosion. May occur due to high RH,

= Mold

Other Concerns

« Poor air quality. Pollutants can cause corrosion
of the metallic reflective surface, |

+ Magnetic fields. MO discs must not be stored
near a high-intensity magnetic field.

+ Light exposure. CD-R discs must not be sub-
jected to prolonged light exposure.

150 RECOMMENDATIONS"

73°F (23°C) for 50% max. RH.

Storage of discs below 14°F (-10°C) should be

avaided.

SIMPLIFIED STORAGE

RECOMMENDATIONS™

COOL and COLD considered

optimum, FROZEN not recom-

ahout layer separation.




MEDIA SUPPORT CHRONOLOGY

depends in part on the stability of the ma-

terial supporting the recording layers. Be-

cause these support materials differ widely
in stability, being able to distinguish them is key
to knowing how long certain partions of your
collection might last. In the context of cellection
preservation, a nendestructive identification
procedure is preferred and is often required.
Table 4 and the Media Support Chronology
(Side 2 of the wheel) offer information to assist
inidentifying the principal support materials for
film and tape media.

Using the Media Support
Chronology and Table 4

Nine categories of recording media are pre-
sented on Side 2 of the wheel. Three windows,
representing the three plastic support materials
most commonly used with these media, reveal
the periods of widest use for each medium/
support combination.* If you can place a film
or tape in one of the media categories and you
know its age, you will be able to determing its
support material. If, for example, you know
that a rofl of microfilm dates from 1935, you
will learn by looking at the wheel that it is most
likely on acetate support,

The life expectancy table on Side 2 tells how
lang several of the most common film supparts
can be expected to remain in useful condition
when stored at 68°F (20°C) and 50% RH.

Format can be a clue to the identity of atilm
or tape support. Table 4 lists formats, dates of
introduction, and types of support for a selec-
tion of media.

Film Supports

Nitrate
When photographic film was first introduced
in the 1890s, cellulose nitrate was the only
available plastic. It had many of the necessary
properties, but it also had the serious disadvan-
tage of high flammability. Nitrate was gradually
replaced by the cellulose acetate family.
Nitrate film produced after 1930 is usu-
ally edge-marked “NITRATE.” The observable
signs of decay that are unique to nitrate film
can provide clues to its identity as wall. See
Nitrate-Base Photographic Film on p. 3.

]' he life expectancy of a recording medium

*Exact dates canrot be given for every material, in
some cases, historical racords are no longer available.
The choice of support materials sometimes varies with
manufacturer and geographic location. Some plastics
are not included on the wheel because they had limited
use—for example. polyester base for amateur mavie
film, polycarbanate for aerial film, and polyvinyl chioride
and polystyrene for graphic arts fiim.

Table 4, Chronology of selected media formats.

[ meoww | FORMAT DATE OF INTRODUCTION

2Bmm 1912
9.5mm, 16mm 19205
Acetate
AMATEUR MOVIE FILM ~ 8mm 1932
Super-8 (Kodak) 1965
Single-8 (Fuji) 1965 Polyester
o A % 1880s Nitrate
arious formats (2% x 3%, i
SHEET FILM 4%6 8%10,ewc) Late 1920s Acetate
Mid-1960s Polyaster
MAGNETIC TAPE, AUDIO  Rezito-reel and, lter, cassete e fera
i eai-to-ree . ater, G S 1963 Pu!yester
2" quad 1956
#" U-Matic 1971
MAGNETIC TAPE, VIDED  VHS 1976 Polyester
Betacam SP 1986
D1 1986
16mm, 35mm Late 1920s
Acetale
MICROFILM Microfiche 1935
All formals 1870s Polyester

The stability of nitrate base is highly vari-
able. This support was last manufactured over
50 years ago, and the least stable specimens
already have been lost. However, some cellulose
nitrate supports are more stable than the more
recent cellutose acetate materials.

Acetate

Several modifications of cellulose acetate were
manufactured after the 1920s. When celiulose
triacetate became available in 1949, cellulose
nitrate was discontinued.

Acetate film is usually edge-marked with the
word "SAFETY.” When held up to a light source
and viewed edge-on, acetate photographic film
in rall form transmits very little light compared
to polyester, which also has the “SAFETY"
marking.

Like nitrate film, acetate film displays unigue
signs of decay, which ¢an help in identification.
For more detail, see Acetate-Base Photographic
Film (p. 4.)

Polyester
Palyester suppart was introduced in the mid-
1950s. The original polyester support was
polyethylene terephthalate. in 1996, amodifica-
tion, polyethylene naphthalate, was marketed for
amateur roll film.

Poiyester film is easily identified by the
color fringes that appear when it is viewed by
transmitted light through two potarized plastic

sheets.! As mentioned, a roll of polyester pho-
tographic film transmits more light than acetate
when held up to a light source and viewed edge-
on. Shaking a single sheet of polyester makes
a "tinny” sound.

Polyester has markedly greater strength and
chemical stability than nitrate or acetate.

Magnetic Tape Supports

Magnetic tape need not be transparent, but it
is very thin and must withstand the physical
stresses of use. Polyvinyl chloride was used for
early magnetic tapes. Between 1934 and 1963,
ceflulose acetats materials were employed,
primarily for audio tape. Since 1956 polyester
has been the choice far videc and computer
tape because of its greater strength.

The same light transmission method used
for distinguishing acetate and polyester pho-
tographic film can be used for magnetic tape:
in this case, however, the behavior of the two
materials is reversed. Acetate tape rolls transmit
more light than palyester tape rolls when held up
to a light source and viewed edge-on.

Magnetic tape on acetate base is subject
to the same types of decay as acetate photo-
graphic film. Polyester magnetic tape is much
more stable.




Acetate: Atransparent plastic base for photographic tim
made by treating cellulose with acetic acid. This term
s used for various modifications of cellulose acetate,
e.g., cellulose diacetate, cellulose triacetate, cellulose
acetate propionate, and cellulose acetate butyrate.

Acetate gecay: Vinegar syndrome. Degradation of cel-
lulose acetate film base that may cause distortion,
shrinkage, and brittieness, often detected Dy a
vinegar edor. The severity of decomposition can be
determined using A-D Stnps.

A-D Strips: Incicator papers, manufactured by IP1, which
change colar when acetic acid is produced by degrad-
ing cellulose acetate film base.

Baryta: A tayer of barium sultate in gelatin applied to the
surface of photographic paper base to provide opacity.,
smoothness. and brightness.

Base: The suppert of an imaging or recording material
on which the recording layer is coated.

Binder: The palymer that contains recording or imaging
particles. For example, gelatin is the binder for sitver
image particles in photographic media.

Binder degradation: Decomposition of the polymer
fayer that contains the record ng material. (See also
Magnelic shedding.)

Bucking: Distortion or Jack of flatness. This may De
caused by chemical degradation, shrinkage, or flow,
(See Distortion.

Channeling: Buckling of the emulsion caused by base
shrinkage.

Color balance shift- A change in the overall tone of color
images.

Color bleeding: Movement of the calorantin color images,
gither laterally into adjacent areas in the image plane
or outside the image plane to a contacting shest.

Color fading: A decrease in image density that results in
overall fading.

Cofor image decay: Can be manifested as color fading,
color balance shift, yellawing, or color bleeding.
Crossed polarizers: Folarized sheets that are oriented
at right angles to each other and used to depict the
orientation of polyester molecules, Bands of color
appear when polyester support is placed between

crossed polarizers.

Delamination: Separation of individual layers of a lami-
nated material, .g.. separation of emulsion from the
glass base in photographic plates or separation of
individual layers in optical discs.

Distortion: Lack of flatness of a material.

Eruisian: The image-torming layer of photographic films,
papers, and plates.

Gelatin: A protein obtained from naturally cecurring
collagen. Used as a binder for the image layer of
photographic materials.

Glass deterioration: Degradation of glass supports
caused by exposure to high humidity. May resultin a
hazy appearance or layer separation in photographic
glass plates.

Harmfu! enclosure: A folder, envelope. sleeve. box, or
other container that causes silver image decay and,
or staining of binder and supports.

134: The International Imaging Industry Association in
Harrison, New York. which facilitates the development
of media Storage and other technical standards for the
imaging industry.

{S0. The International Standards Organization, in Ge-
neva, Switzerland, which publishes internationally

agreed-upan norms and best practices for a variety
of industrial products and processes.

Laver separation: The partial or complete separation
of a laminate info its constiuent layers. (See also
Delamination.)

Life expectancy (LE): A rating for the expected longevity of
recording materials and associated retrieval systems.

Iagnetic shedding: Degradation of the binder of magnetic
tape, which results in Joss of magnetic oxide particles
during storage or playback.

Microspots: Small colored spots, usually red or orange.
caused by localized oxidation of black-and-white
images.

10 dise: A digital storage medium that uses magneto-
optical technology.

Mold: Fungus that grows on polymer or organic ma-
terjals exposed to high humidity, causes material
degradation.

Nitrate: A transparent plastic base that was used for
photographic film. Obtained from the treatment of
cellulose with nitric acid.

Nitrate decay: Degradation of cellulose nitrate film base
that may cause yellowing. buckling, film distortion .
and corrosion of metal cans. Can also cause gelatin
binder to become soft or sticky or to disintegrate.

Outgassing: The tendency of some materials, e.g., acetate
and nitrate film bases, to give off harmiul vapors as
they decay.

PAT: Photographic activity test, which evaluates chemi-
cal o photographic interactions between enclosure
materials and photographic images. as described in
IS0 14523,

Polarizer: A sheet, containing oriented particles. that
transmits light that vibrates in only one direction.
Polyester: A transparent plastic base for photographic
film and magnetic tape that is composed of a palymer
of ethylene glycol and terephthalic {or naphthalene

dicarboxylic) acid. it is very strong and stable.

RC: Aresin coating applied to the surface of phatographic
paper base to speed processing and drying.

RH: Relative humidrty, the amount of water vapor in the air
expressed as a percentage of the maximum amaunt
that the air could hold at the given temperature,

Sheet fitm: A single piece of flat (non-roll) film found in
various formats, such as 4" x 5" or 5" x 7"

Silver image decay: A defect of a black-and-white silver
image, which can bs mantfested as microspots, silver
mirroring. or overall image discoloration.

Sitver mirroring: Oxidation of black-and-white images.
in which the image silver migrates to the surface,
creating a mirror-like appearance.

Support: The glass, plastic, or paper base on which the
image layers of photographic film, prints. of magnetic
tape is coated.

System obsolescence: A problem associated with
machine-readable images. data. or sound recordings,
whereby the information can be racovered only by
using hardware or software that is obsolete.

Tape deformation: Distortion of magnetic tape resulting
in lack of flatness. (See also Distortion, Buckling.)

Vinegar syndrome: Tne degradation of acefate base.
which is characterized by the odor of vinegar {acetic
acid). {See Acetale decay.)

Yetlowing: Discoloration that affects a color image of, in
earlier color processes, the white border of a print.

' J. M. Reilly. 1P/ Storage Guide for Acetate Film (Roch-
ester. NY: Image Permanence Institute), 1986

J. M. Reilly, Storage Guide for Coler Photagraphic
Materials (Albany, NY: The University of the State of
New York, New York State Education Department.
New York State Library, The New York State Program
for the Conservation and Preservation of Library
Research Materials), 1998.

s 18O 10356 Cinernatography. Storage and fandling
of nitrate-base motion-picture films (Geneva: Inter-
national Organization for Standardization), 1996.

+ JSG 18976 Imaging matenals: Processed Jmaging
matenials—Photographic activity test for enclosure
malerials [Geneva: International Organization for
Standardization), 2007.

180 18902 Imaging materials—Processed photo-
graphic films, plates and papers—Filing enclosures
and storage containers {Geneva: International Orga-
nization ‘or Standardization}), 2001,

IS0 18911 Imaging materials—Frocessed salely
photagraphic films—Storage practices (Geneva:
International Organization for Standardization), 2000,

150 14918 Imaging raterials—Processed photo-
graphic plates—Storage practices (Geneva: Inter-
national Organization for Standardizaton), 2000.
150 18920 Imaging materiais—Processed phofo-
graphic reflection prints—Storage praclices (Geneva:
International Organization for Standardization), 2000.
ISQ 18923 imaging malerials—Folyaster-base mag-
7etic tape—Storage practices (Geneva: International
Organization for Standardization), 2000,

150 18925 Imaging materials—Qptical disc media—
Storage practices (Geneva: International Organization
for Standardization), 2002.

1S0 18933 Imaging materials—Magnetic tape—Care
and handling {Geneva: International Organization for
Standardization), 2006.

IS0 18934 Imaging materiais—Muitiple media
archives—Slorage envirorment, 1st ed. (Geneva:
Intenational Organization for Standardization), 2006,
2nd ed. to be published in 2010.

The IPl Storage Guide for Acetate Film and the Stor-
age Guide for Color Photographic Materlals can be
purchased trom the Image Permanence lnstitute (www.
imagepermanenceinstitute.org). The ISO standards can
be purchased from the International Organization tor
Standardization, Case Pastale 58, CH-1211, Geneva 20,
Switzerland (www.is0,0g).
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