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Abstract

The negatives in the Toronto Telegram fonds (1876 — 1971), at the Clara Thomas
Archives and Special Collections at York University, in Toronto, Canada are
representative of eras in history and are of great historical, geographic and intrinsic value.
The declining condition of the negatives is of significant concern for the longevity of
these photographic artifacts. The fundamental value this fonds has to support research
and teaching at the Clara Thomas Archives and Special Collections, York University

Libraries and York University must be recognized.

My research concentrates on the 830,000 negatives, which include glass plate, cellulose
nitrate, and cellulose acetate materials, all suffering from minor to severe forms of
chemical and physical degradation. Vinegar syndrome is a major problem; the
consequences of which are permanently deformed cellulose acetate negatives. This case
study investigates the deteriorating condition of each type of negative within this fonds,

and suggests appropriate measures for decelerating degradation.
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1 Introduction

This section investigates the history of the Toronto Telegram fonds, inventory, process of

evaluation, current storage and environmental conditions. Relevant literature and

resources are also reviewed.

1.1 Literature Review

All primary research was conducted with the negatives in the Toronto Telegram fonds,
Clara Thomas Archives and Special Collections at York University in Toronto, Ontario.
Two hundred and fifty of the four hundred and eighty-seven boxes of negatives,
approximately half of the fonds, were examined. The negatives were examined for
current conditions including storage, housing and environmental conditions, as well as

evidence of degradation.

Secondary research included preservation leaflets and publications regarding negative
degradation, appropriate housing and storage conditions. In particular, the publications
available through the Image Permanence Institute including articles and publications
concentrating on new tools for preservation, storage guides for various film types and a

report on the preservation of safety film, have been excellent assets to my research.

The Image Permanence Institute is dedicated to scientific research in the preservation of
visual information. Publications including the ‘IPI Media Storage Quick Reference’ by

Peter Z. Adelstein, the ‘IPI Storage Guide for Acetate Film’ by James M. Reilly and

—




‘Photographic Negatives: Nature and Evolution of Processes’ by Maria Fernanda

Valverde, proved to be most useful for this topic.

Peter Z. Adelstein’s ‘IPI Media Storage Quick Reference’ is exactly that [4]. This brief,
yet thorough publication covers topics such as film decay, causes of deterioration,
appropriate storage for all photographic materials, as well tools to assess and understand
the condition of a collection. These tools include A-D Strips which are used to assess the
acidity of cellulose acetate negatives and were utilized on three occasions to evaluate this
fonds. Also included in this publication, is a wheel that allows users to predict the
longevity of their collection based on temperature and relative humidity conditions.
Adelstein’s publication was most useful in understanding each type of negative structure,

decomposition of the film bases and tools for preservation.

The ‘IPI Storage Guide for Acetate Film’ by James M. Reilly was extremely useful when
researching the degradation process of cellulose acetate negatives [19]. This publication
examines the stages of vinegar syndrome, as well as preservation tools for decelerating
this syndrome. Chemical deterioration of both nitrate and acetate are discussed and
appropriate measures for enhancing their longevity are explored. The importance of
proper environmental conditions including temperature and relative humidity are
discussed in detail, as they are the leading factors of cellulose acetate decomposition. The
tools for measuring free acidity within a microenvironment in addition to general

requirements for film storage are also examined.

Maria Fernanda Valverde’s ‘Photographic Negatives: Nature and Evolution of

Processes’ written in conjunction with the Mellon Advanced Residency Program in




Photographic Conservation at the George Eastman House and the Image Permanence
Institute, is a description of the evolution of the negative [3]. Valverde’s publication is
essential when researching various types of negatives including their history, fabrication,
stability, degradation, identification and storage. This publication was a useful source of
research as it provided a wide range of information on various types of negatives and

their essential components.

Informational leaflets from the Northeast Document Conservation Centre, Conserve O
Gram and the Canadian Conservation Institute have been useful sources when
researching preservation for film-based collections. These leaflets provide specific,
relevant and useful information on topics ranging from negative housing, to
environmental conditions to specific types of care for each of the negative types
considered. These leaflets focus on subject matter that relate directly to negative

degradation and preservation.

Books devoted to the preservation of film bases are difficult to locate. Therefore, books
that dedicate chapters to negatives must suffice when doing research. ‘Photographs
Archival Care and Management’ by Mary-Lynn Ritzenthaler and Diane Vogt-O’Connor
published by the Society of American Archivists, was a useful resource when
investigating the deterioration of film bases [8]. Although a small section of this book

was dedicated to negatives, the information provided was a helpful resource.

Bertrand Lavedrine’s book ‘A Guide to the Preventive Conservation of Photograph
Collections’ was also extremely useful when researching the history and decline of film

bases [16]. This book briefly outlines the development of film production and stages of




deterioration. Although quite brief, this source is filled with vital information on

negative types and was most beneficial to my research.

‘Conservation of Photographs’, edited by Elizabeth Eggleton, and published Eastman
Kodak Company, was another valuable source when researching the evolution of the
negative [6]. This book focuses on the conservation of photographs and discusses
negative conservation including duplication and glass plate surface cleaning. The history
of film bases, the makeup of film supports and identification of negatives are also briefly

reviewed, as well as causes and types of negative degradation.

1.2 Toronto Telegram fonds

The Toronto Telegram fonds is comprised of press photographic objects dating from

1876 to 1971. The Toronto Telegram newspaper documented Toronto, Canada as well as
international news events. The primary importance of the fonds is to offer visual
reference for researchers, students and individuals in search of specific information. The
fonds consists of 1,330,000 photographic objects, approximately 830,000 being
negatives. These photographic objects consist of glass plate, nitrate and both colour and
black and white cellulose acetate negatives. The prints and negatives are housed
separately but within the same storage environment. The negatives are organized
alphabetically and by subject matter with subheadings originally formulated by the

Toronto Telegram library staff.

i
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1.3 Current Inventory

The Toronto Telegram fonds is organized and accessioned in the order in which it was

) originally received by York University Archives, currently the Clara Thomas Archives
and Special Collections. The negatives can be searched using the finding aid that lists the
inventory of the fonds. A call number is used to describe the year the images were
accessioned and the storage box number, for example 1974-001/001. The call numbers
are also found on the exterior of each archival box (Figure 1.1). Located within the
finding aid are alphabetically ordered subject headings and subheadings, as well as sleeve

numbers. The subject headings and subheadings are quite broad in scope, which can

L

hinder immediate accessibility when searching for a specific negative. Individual

negatives are not numbered, but are referenced by the boxes and sleeves in which they

are housed.

Figure 1.1: Example of Accession Number




1.4 Process of Evaluation

When evaluating the current condition of the negatives in the Toronto Telegram fonds,
two hundred and fifty boxes, or approximately half of the fonds, were examined. From
40 to 200 sleeves were found within each box and 1 to 330 negatives were housed within
each paper sleeve. The boxes examined were chosen at random from various areas of the
storage room. Evaluations of the negatives were based on current housing, physical
condition and overall state of the negatives. It is important to note that this fonds has

recently moved to a new storage space within the same institution.

1.5 Current Storage: For All Negative Types

The bulk of the negatives in the Toronto Telegram fonds are stored in their original Kraft
sleeves and housed in ‘Hollinger Bully Boxes’ which, are lignin free, carbonated,
buffered material with a minimum of 8.5 pH (Figure 1.2) [1]. The boxes are stored on a
seven-layer metal shelving unit. There are a total of four hundred and eighty seven
document boxes that contain various types and sizes of negatives, with approximately 40
to 200 paper sleeves in each box, as noted above (Figure 1.3). These sleeves endanger
the negatives by leeching chlorine, lignin and other chemical impurities common to
commercial paper manufacturers [2]. A limited number of negatives are stored in non-
buffered paper envelopes that are water marked and appear to be in very good condition.
Glassine sleeves as well as Transview polypropylene sleeves are also utilized.
Approximately 75% of the medium format negatives and 35 mm negatives are housed in
polyethylene sleeves or in paper envelopes. Oversize negative sleeves have been

replaced with archival papers sleeves that have side and bottom seams. The oversize




negatives, also known as sheet film, are housed in Hollinger Storage boxes that have

removable lids (Figure 1.4).

Figure 1.2: Hollinger Bully Box

Figure 1.3: Overcrowded Box/Kraft Sleeves




Figure 1.4: Oversize Hollinger Box/Archival Paper Sleeves

Colour paper is utilized throughout the boxes as subject dividers and note cards. The
dividers and note cards range in colour from blue to pink to green to yellow to white
(Figure 1.5). These dividers and cards inform the viewer of subject change as well as
notification of the removal of a negative and its newly assigned location. Cream
coloured paper is utilized to fill empty spaces in negative boxes (Figure 1.6). This fonds
is organized alphabetically by subject matter, therefore there is no separation of negative

types. Thus various types of negatives can be found within a given box.




Figure 1.5: Paper Dividers/Note Cards

Figure 1.6: Paper Box Filler

1.6 Storage Inconsistency

The boxes that house colour negatives are labelled appropriately, informing the user that
the negatives found within the box are colour negatives. Unfortunately, these boxes also
house black and white negatives, which causes storage inconsistency. During
examination, one box labelled ‘Colour Negatives’ housed only black and white negatives.
It is important for all boxes to be labelled appropriately and ensure that the contents of

the box match the label affixed.




1.7 Biological Decay

Biological decay, caused by living organisms including mould, insects, rodents and
bacteria, can be detrimental to the artifacts. Biological decay is largely dependent on
environmental conditions, thus appropriate temperature and relative humidity is advised.
To date, data is not available to predict pest infestations [4]. After thorough examination
of the negatives in the Toronto Telegram fonds, there appears to be no sign of biological

decay.

1.8 Current Environmental Conditions

Environmental conditions within a storage facility are one of the central factors in
sustaining longevity of negatives. The Toronto Telegram fonds recently moved into a
new storage room that is climate controlled with little to no fluctuation in temperature or
relative humidity. Final readings from two specific areas in the previous storage room,
the front door and the hose wall, dated in April of 2006 are as follows. A temperature of
approximately 24° Celsius and a relative humidity fluctuating between 37% and 42% at
the front door and a temperature reading of approximately 23° Celsius with a relative
humidity fluctuating from 36% to 43% at the hose wall. The new storage room
environment provides a consistent temperature of 23.2° Celsius and a relative humidity of

42% in all areas of the room.

Both the current and previous storage rooms maintain a lower temperature and a lower
relative humidity as compared to exterior areas. However, the overall environment is still
too warm for the negatives in this fonds. The negatives are stored in the same

environment as the Toronto Telegram photographs, written documents, books, paintings
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and other forms of ephemera. The previous storage environment at York University’s
Clara Thomas Archives and Special Collections in which the Toronto Telegram fonds
was housed for a considerable number of years, was a warm environment that produced a
high level of relative humidity. High relative humidity is a breeding ground for bacteria,
insects and can also stimulate chemical reactions. Improper temperature is also one of
the major causes of negative degradation thus increasing the rate of deterioration. All of
these environmental factors advance the rate of deterioration of the negatives and in some
cases, left some negatives damaged and disfigured. In most of these cases, these changes

are irreversible.

1.9 Note on the Organization of this Paper

There are various ways that the material in this thesis paper could have been structured.
One option would have been to have a chapter outlining the history and composition of
all the various negative types found within this fonds, followed by chapters discussing the
deterioration issues and recommendations across negative types. Since many of the
deterioration issues of the negatives in the fonds are common across negative types, this
approach would have been reasonable. Instead, my thesis paper is organized into
chapters based on negative types. Each chapter is devoted to a detailed description and
issues relating to specific negative types (i.e., history, composition, deterioration issues
and recommendations). The justification for this is that the end users of the document
will be the archival staff working with the Toronto Telegram fonds and others who have
an interest in preservation/deterioration issues relating to negatives. I felt the document

would be more useful to the end user if it were organized in a “one-stop shopping”

11




format, where all information relevant to a particular negative type could be found in a

single chapter.
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2 Glass Plate Negatives

This chapter investigates the history, current condition, chemical and mechanical

deterioration of the Telegram glass plate negatives based upon examination.

2.1 History: Glass Plate Negatives

The wet plate collodion process was introduced in circa 1850. Gelatin dry plate glass
negatives replaced collodion in the late 1870s and, by the mid 1880s, gelatin glass plate
negatives were widely employed by professional and amateur photographers [1]. The dry

plate process was widely utilized until the mid 1920s [5].

The introduction of the dry plate allowed for the production of high quality negatives
with a vast tonal range of sharp blacks, grays and clear tones. “Gelatin changed all
aspects of photographic technology and quickly became the dominant medium after the

introduction of the dry plate process” [3].

The glass plate negatives in the Toronto Telegram fonds are gelatin dry plates dating
from approximately 1936/1937. It is interesting to note that glass plate negatives were
not a popular means of capturing an image by the mid-1930s. One theory that may
explain the Toronto Telegram’s late utilization of glass plate negatives is related to the
long shelf life of this type of negative. It can be hypothesized that prior to the demise of
gelatin glass plates, the Toronto Telegram purchased these negatives in bulk and utilized

all that were purchased.

13




2.2 Types of Deterioration

Glass plate negatives exhibit specific types of deterioration. Glass plates were coated
with a light sensitive gelatin emulsion, which eliminated the more technically challenging
preparations of wet collodion. Dry plate negatives were factory made, “came in a box,
and could be stored for months either before or after exposure with little loss of image
quality” [5]. Glass negatives become quite brittle with age and the smooth glass surface
allows the material carrying the photographic image to separate. Glass plate negatives
occupy a substantial amount of space in storage, are quite fragile and have a tendency to
break [6]. Unsuitable temperature and relative humidity play a significant role in
preservation issues and concerns in the decay of glass plate negatives. Silver image
degradation, glass stability decay, image layer separation and the production of mould are
considerably affected by environmental conditions [4]. The glass plate negatives in this

fonds were examined for physical changes and chemical events.

2 LY . ¥m _miom csmsemzimanz

The longevity of glass plate negatives is in direct correlation to the stability of their

component materials, method of production, chemical processing and storage
environment. Harmful enclosures such as office envelopes, coloured mat boards, metals
and poor quality plastics as well as inappropriate handling play a significant role in the

longevity and preservation of the glass plate negatives [4].

Although glass can be seen as a delicate support, it is also considered to be quite stable.
Glass deterioration is most commonly seen in early, dry plates. The early plates were
prepared with chemically unstable soda and soda lime glass, which contained excess

sodium or potassium oxides. Glass plates composed of these ingredients are “likely to

14
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dehydrate at low relative humidity and to leech out hydrated alkali ions at high relative
humidity” [3]. The stability of glass plates improved and by the 1920s, the addition of
aluminium oxide to the glass formation resulted in a more chemically stable support. A
limited number of the glass plate negatives in the Toronto Telegram fonds have the
appearance of moist droplets on the gelatin surface of the glass. This chemical
deterioration in the form of droplets is a direct result of the formation of a highly alkaline,

hydrated gelatin emulsion layer [3].

Although there is no mould growth found within the glass plate negatives in this fonds,
an environment of high relative humidity promotes the growth of mould within the
gelatin layer of glass negatives. The formation of mould in the gelatin layer advances the

solubilization of the binder and the destruction of the image [3].

The glass negatives in the Toronto Telegram fonds are suffering from moderate to severe
levels of silver mirroring deterioration. This type of decay compromises the majority of
the glass negatives in this fonds. Degradation of the emulsion in the form of silver
mirroring, also known as sulphiding out, silvering out and oxidation, appears as a
metallic sheen in high-density areas of the negative [7]. This silver image decay is a
common type of degradation found in photographic artifacts. Silver mirroring is caused
by the “oxidation of the silver particles which causes fading, discolouration and mirroring
a bluish silver sheen on the surface of the binder resulting from exposures to high relative

humidity” [3].

As previously noted, the structural support of glass plates is quite stable yet, through

deterioration, weakening of adhesion between the glass support and the binder layer may
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occur. This results in lifting or flaking of the emulsion layer from the glass base. This is
a common type of deterioration found in gelatin dry plates and is seen throughout the
glass objects in the Toronto Telegram fonds. Lifting and flaking of the emulsion is
influenced by the chemical and physical characteristics of the component materials,

physical characteristics of the binder and the storage environment [3].

The storage environment greatly affects the structural stability of the glass artifacts. “The
glass support is dimensionally stable in changing humidity, but the gelatin binder is not
and will contract at low humidity” [4]. A low relative humidity causes shrinkage of the
gelatin layer resulting in lifting, flaking and stress between the binder and glass resulting
in layer separation. A high relative humidity promotes softening of the gelatin binder
causing the adherence of the gelatin layer to surfaces in contact with the plate and the
possible production of mould. When glass plates are exposed to drastic environmental

changes, the gelatin layer can be found to shrink, lift and flake [3].

2.3 Current Condition: Glass Plate Negatives

On examination of the glass plate negatives in the Toronto Telegram fonds, visible signs
of deterioration are noted. The deterioration includes moderate to severe silver mirroring,
tarnishing of the image, lifting of emulsion, spotting, droplets, scratches, punctures/tears
to emulsion, punctures to glass, finger prints, dirt, dust, cracks in the glass and broken
glass (Figure 2.1). The above noted forms of deterioration are caused by physical

changes and chemical events.
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Figure 2.1: Example of Silver Mirroring

The glass plate negatives in this fonds demonstrate significant deterioration which can be
attributed to a number of factors including the current housing, the storage environment
and inappropriate handling. The glass supports themselves appear to be quite stable,
however, in some instances the emulsion side displays severe degradation. No changes
are noted when comparing negatives housed on the top shelf of the storage room to those
stored on lower shelves. Notations and captions are present on the emulsion side of the
negatives in this fonds. The negatives have been marked using graphite and white ink.
The inscriptions provide information in reference to the location and subject matter of the
negative captured. As well, descriptive caption slips, both handwritten and typed, can be
found housed alongside the glass negatives. These notes provide a wealth of information
about the subject, date, location, event and photographer. However, in many cases, these
paper additives have also deteriorated and their close proximity to the negatives is a

potential source of further deterioration.

17




2.3.1 Storage Arrangements of Glass Plate Negatives

As previously noted, the current storage arrangement of the glass plate negatives in the

Toronto Telegram fonds includes original Kraft sleeves, archival sleeves, glassine sleeves
and small, cardboard boxes with removable lids. The black and white glass plates range
in size from 2 x 3 inches to 5 x 7 inches, with the majority being 4 x 6 inches in size.

One to sixteen negatives can be found within each sleeve. The glass plate negatives are
housed within the same boxes as various other types of negatives including cellulose
acetate negatives and often share sleeves. The bulk of the glass negatives are housed in
aged paper sleeves while the oversize glass plates are housed in archival paper sleeves. It
is important to note that throughout the boxes of negatives, glass plate negatives are also

found dispersed within small boxes and glassine sleeves.

The glass plate negatives are stored lengthwise and upright within the boxes utilizing
neighbouring negatives for support. When the adjacent negatives are not glass plate, |

unnecessary pressure is placed upon the plastic based negatives.

The original Kraft sleeves used to house the negatives have side and bottom adhesive
seams. These sleeves are made of paper appropriate for office use, but not for the storage
of negatives. As well, these sleeves are not archival safe for the housing of glass plate
negatives and are in direct contact with the negatives, causing staining and
discolouration. As the paper sleeves continue to degrade and age, becoming quite brittle
and discoloured, the direct contact between the paper sleeves and the negatives increases
the chemical deterioration of the glass plates. Upon the removal of negatives from a

sleeve for examination or observation, tearing of the paper sleeve occurs. The slightest
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touch to the paper sleeve results in tears and rips, which eliminates any support that has
been provided. In addition, paper fragments from the sleeves can be found housed with

the negatives and are commonly stuck between two or more negatives.

The oversize glass negatives are housed in archival paper sleeves that have a bottom and
side edge adhesive seam. No deterioration of these archival sleeves is noted. At times,
these sleeves house more than one negative resulting in direct physical damage to the
glass plates. Rubbing of emulsions when in storage, or when removed for viewing,
results in lifting and detachment of the gelatin emulsion layer as well as other punctures

and scratches.

A varied number of glass negatives are housed within small boxes that are held together
with a linen type string. Printed on the exterior of these boxes are the ingredients and
instructions to make ‘Developer for Eclipse Plates and Films’ (Figure 2.2). These boxes
are fabricated of thick cardboard that has deteriorated and discoloured with age.
Fragments from these cardboard boxes have broken off from the housing and are
dispersed between glass negatives. Up to sixteen negatives can be found piled one on top
of another within each box (Figure 2.3). The over packing of boxes results in tension on
the negatives, tearing, scratching and ripping of the gelatin emulsion and the possible

puncturing and/or cracking of the glass.
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Figure 2.2: Glass Plate Housing Example 1

Figure 2.3: Glass Plate Housing Example 2

Glassine sleeves with side and bottom edge adhesive seams, although rare in the fonds,
house glass plate negatives. Glassine is a glazed, semitransparent or transparent paper
that is often acidic. Glassine is hydroscopic and can therefore adhere to a negative
emulsion surface when stored in a high humidity environment [8]. The glassine sleeves
have seriously discoloured along the edges and the seams and are quite brittle and hard to
the touch (Figure 2.4). The deteriorated sleeves are in direct contact with the glass plate

negatives, increasing chemical deterioration in contacted areas (Figure 2.5).

20

Trv) 1 a 1a1m nemvons s man s

e —

¥




et S

Figure 2.4: Glassine Sleeve

Figure 2.5: Detail of Glass Plate Housing

2.3.2 Crowded Housing

The glass plate negatives are stored upright and are tightly packed, restricting viewing
access to the contents of the sleeve. These overstuffed sleeves pose a great concern for
the quality of the negatives. The tight storage quarters result in direct tension and
pressure on both the negatives and the protective sleeves. The overcrowding of the
sleeves, with the resulting tears and rips, reduces the level of protection provided to the
negatives (Figure 2.6). Crowding of the sleeves causes friction between the glass
negatives and promotes physical damage including lifting and removal of the gelatin

emulsion and chipping and cracking of the glass. In order to view one specific negative,
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all negatives in a given sleeve must be removed causing unnecessary handling of
negatives and increasing the probability of physical damage. In high relative humidity,

the gelatin may adhere to the surface of another glass plate negative and/or paper sleeve.

Figure 2.6: Damage Caused by an Overcrowded Sleeve

2.3.3 Broken Glass Plate Negatives

Chipped, cracked and broken glass negatives can be found throughout the fonds. Broken
negatives, housed with either glass or plastic-base negatives, promote damage to the
neighbouring negatives. Broken pieces of glass are found within the sleeves commonly
wedged between two glass negatives. Glass fragments are hazardous to the integrity of
the glass negatives they are in contact with (Figure 2.7). This storage arrangement results
in physical damage to the glass negatives including scratches, lifting of the gelatin
emulsion and punctures to the glass plates. Plastic-base films that are housed along side
broken glass negatives incur similar damage. Glass shards also create a potential health
risk for the user. When pieces of glass are found lodged between two or more glass
negatives, the damage to the negatives is evident resulting in disfigurement of the

emulsion base and support (Figure 2.8).
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Figure 2.7: Example of Glass Fragment Found Wedged Between Negatives

o

Figure 2.8: Example of Broken Negative and Deteriorated Sleeve

2.3.4 Mixing of Negatives

Glass negatives can be found throughout the fonds and commonly share housings and
sleeves with other types of negatives including cellulose acetate. As each type of
negative degrades in a unique form specific to its chemical makeup, various types of
deterioration can be found housed with the glass negatives. When housed together, the

simultaneous deterioration of different types of negatives can create a damaging
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microenvironment. Thus, the practice of housing different types of negatives together
can cause increased deterioration to the glass plate negatives. Negatives are constructed
from different materials each of which degrades differently. When sleeving negatives
together, rubbing and physical interaction between the different types of negatives occurs
and sharp corners from acetate can scratch the gelatin emulsion of the glass plate. As
stated above, the gelatin emulsion has a tendency to adhere to other surfaces including

various types of negatives.

2.3.5 Clippings and Loose Papers

Stored within the sleeves of glass negatives are clippings, loose papers, written notations
and typed notes. These papers vary in thickness and colour but typically are discoloured
and brittle due to age. These notes provide useful information about the subject matter,
date, location, photographer and developing instructions. Unfortunately, these papers are
either loosely placed between negatives and/or paper clipped to them. These notes are
essential for a complete understanding of the negatives, however these papers also
contain acids, which are in direct contact with the negatives causing permanent stains that

will worsen over time.

2.3.6 Paper Clips

The use of paper clips presents another major concern for the glass plate negatives.
Commonly utilized to hold notes and papers together, paper clips tarnish or rust with age.
Rust can stain emulsions. In addition, these objects are sharp causing scratches,

punctures and cracks to the glass plates and the lifting of the gelatin emulsion.
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2.4 Recommendations

The following section discusses recommendations to decelerate the deterioration process

of the glass plate negatives in the Toronto Telegram fonds.

2.4.1 Re-Housing

It is important to consider the interaction between negative storage and the surrounding
environment. Appropriate housing of glass negatives is vital for their well being and

longevity.

Appropriate paper sleeves are necessary to provide a level of protection to the negatives
from the environment. The majority of the sleeves currently in use are the original paper
sleeves in which the Toronto Telegram negatives arrived at the archives in the early
1970s. The use of improper sleeves can both stimulate and increase the rate of ¢
deterioration. The lignin, wood pulp, bleach and impurities commonly found in paper \
stock begin to off-gas in a closed microenvironment, leading to chemical damage of the
negatives. Only in the oversize boxes have the original sleeves been replaced with
buffered acid- and lignin-free sleeves without a thumb cut. These sleeves have a pH of

8.5 and have acid free bottom and side seams [1].

It is strongly recommended that all the sleeves be removed and replaced with four-flap
buffered paper enclosures with a neutral pH of 7-8 [9]. Sulphur free and aluminium free
paper that meets the American National Standards Institute (ANSI) standard, which
includes the Photographic Activity Test (P.A.T.), should be utilized for re-housing [10].

The P.A.T. test ensures that the materials employed to house the negatives are free of any
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particles that could cause chemical reactions and/or damage to the photographic
objects[10]. It is also important to avoid the use of neutralized pulp boards and papers,
which decompose over long periods of time. As well, glassine, PVC, wood pulp
derivatives, or coloured paper enclosures should not be utilized. Polythene should be
avoided as an enclosure material for glass plate negatives as a tight seal or poor
environmental conditions can create a damaging microenvironment of condensation and

sweating [9].

To provide glass plate negatives with the highest level of protection, a four-flap paper
enclosure is recommended. The negative is placed in the center of the enclosure and the
pre-scored flaps are folded down over the glass object. This type of housing secures and
encapsulates the photographic object in place without the need to use an adhesive. The
enclosure is secured with a piece of linen string ensuring that the glass object is fully
shielded and protected [9]. This enclosure design is quite advantageous as it eliminates
the possibility of scratching the plate upon insertion or removal and avoids any hazardous
adhesives that are commonly utilized in seamed sleeves [12]. This housing configuration

provides maximum coverage and protection for these delicate photographic objects.

A four-flap paper enclosure is optimal for housing, but if a seamed sleeve must be used,
the adhesives utilized in the fabrication of the paper should be taken into consideration.
Many adhesives, including spirit-based glues, can migrate through the paper enclosure
directly onto the emulsion of the negatives causing irreversible and severe damage and
decay [9]. When utilizing a paper sleeve, one end always remains open thus exposing the

glass negative to the microenvironment of the storage box. If seamed sleeves are the only
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option, it is important to ensure that the seam runs down the side of the enclosure on the

glass side of the plate not on the gelatin side.

2.4.2 Storage

The recommended storage technique for the glass negatives in the Toronto Telegram
fonds is to house the negatives in a manuscript box or a box outfitted with grooves for the
plates to sit in. The boxes should be fabricated of strong plastics such as polypropylene,
polyethylene, polystyrene or a baked enamel metal box could be employed. It is
suggested that cardboard or wooden boxes be avoided [7]. Individual glass plates should
be stored vertically on their longest side within each box [9]. Glass plate negatives
should be grouped according to size, and each size stored separately. When varying sizes
of glass negatives are stored together, negatives will not receive equal support resulting in
unbalanced pressure and weight on the plates which may lead to breakage [8]. Each inch
of glass negatives requires a piece of corrugated board to be inserted as interleaving,

adding another layer of support to the plates [9].

Although the negatives do require protection from the outside world, it is also imperative
that they have a level of protection from one another. Separate enclosures restrict
interaction between neighbouring negatives. The individual housings also shield the
negatives from scratches, punctures and cracks as well as dust and dirt from the
environment [13]. Overcrowding of paper enclosures can result in tearing and ripping of
the paper sleeve, thus limiting the level of protection for the artifact. It is highly
recommended that all the glass negatives be re-housed into appropriate housings to

ensure the appropriate amount of protection. Although re-housing and the purchasing of
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flour-flap enclosures can be quite costly, it is the best way to limit deterioration of these

artifacts and to sustain them for the future.

2.4.3 Physical Damage: Handling

Physical damage to the glass plate negatives can be avoided with the‘use of proper
storage and care. Further damage can be controlled and avoided through the use of
appropriate handling methods. Improper handling of these photographic artifacts is a
significant factor in their physical decline. Glass plate negatives are delicate objects that
are at risk for damage each and every time they are handled. If suitable protocols and
conditions are adhered to, physical deterioration should not present a significant problem

for the glass negatives.

The present physical state of the negatives exhibits dirt, finger oils and scratches as a
result of inappropriate handling. Prior to viewing the negatives, it is imperative that the
viewing surface be clean, dry and flat. Gloves should always be worn when handling
glass plate negatives thus, eliminating the possibility of finger oils being transferred onto
the negatives. Non-vinyl plastic, latex or Nirtile gloves are recommended when handling
glass negatives. Cotton gloves are not suitable as cotton has a tendency to be slippery
which may result in accidental dropping of the plates. As well, cotton is a fibre that can
be easily caught on the corner or edge of a glass plate and can cause the emulsion to flake
off. A glass plate should be handled with both hands at opposite edges thus, providing
the entire plate with support. It is vital to avoid holding a glass plate negative with one

hand, especially at a corner or edge, as the pressure applied onto the negative can result in

breakage [9].
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It is very difficult to remove a glass plate from a paper sleeve. A user typically pulls the
negative out of the sleeve by means of the thumb cut as a guide or simply pulls the
negative from the sleeve. The pressure applied to the negative has the potential to cause
cracking or breaking of the plate. A four-flap enclosure eliminates this kind of physical
damage from occurring. If the enclosure is secured with linen string, the object appears
to be precious and the handling of the object will be more delicate. The act of untying
the string and opening up each flap needs to be completed on a flat surface, which

reduces the potential of glass breakage.

When viewing the glass negative, the plate should be placed emulsion side up, avoiding
any interaction of the emulsion and viewing surface. Pressure should not be applied to

the glass plate when viewing, nor should one lean, press or write on the negative.

When viewing the negatives, stacking the plates should be avoided as this could lead to
physical damage. It is imperative to work with only one negative at a time and to re-
house negatives that are not being viewed [9]. Clearly labelled boxes with appropriate
labels such as ‘Fragile’, ‘Glass’ and/or ‘Heavy’, helps to ensure that the box of negatives

will be handled with care.

2.4.4 Broken Negatives

Broken glass plates negatives are a significant problem for the negatives in this fonds.
All negatives in contact with broken plates are at a high risk of being severely damaged.
It is recommended that all broken glass negatives be housed independently. Broken
plates should be sandwiched between pieces of acid-sulphur-and lignin-free, buffered

board. Once the negative is secured between the boards, it can be placed in a four-flap
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enclosure. All broken plates should be stored flat and the enclosure should be marked
‘damaged’[9]. The separation of broken plates from intact plates will eliminate glass
fragment damage. When storing a plate that has broken in two pieces, 4 ply, acid-free
board that has been cut into three pieces corresponding to the size of the negative should
be constructed. The mat support is prepared by tracing one of the two fragmented pieces
onto the board. The negative is placed emulsion side up, eliminating any potential
damage to the plate by scratching the emulsion. The outside edge of the fragmented
piece of negative is then traced onto a second board and the board is cut to size. This
results in two boards being created that match the shape of the broken piece of glass. The
final step is the attachment of the cut board onto the full size board using wheat starch
paste or double stick adhesive. The negative fragment should fit directly into the cut out
area of the board. This creates a type of sink mat for the negative where the object sits
level or just below the surface mat, providing support to the broken fragment. The same

technique is followed for the second fragmented piece of glass, utilizing the pre-cut board

[10].

2.4.5 Mixing of Negatives

As previously mentioned each type of negative degrades in a unique way. Housing glass
negatives together with other negative types in the same boxes and sleeves can create a
damaging microenvironment. The corners of polyester and acetate film are quite sharp
and can scratch and puncture the emulsion on glass negatives. It is highly recommended

that all glass negatives be separated from other types of negatives.
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2.4.6 Clippings and Loose Papers

Currently many sleeves house glass negatives as well as corresponding notes and paper
clippings. These informative papers can be temporarily housed with their paring
negatives. However, it is essential to eliminate direct contact between the papers and the
glass negatives. These loose papers are acidic and long-term housing with the negatives
will create a damaging microenvironment. It is recommended that these paper additives
be removed and housed separately from the negatives in Mylar sleeves. It is also
important to note that, as stated above, coloured paper subject dividers and index cards
are housed within the same boxes as the negatives. It is recommended that these papers

be replaced with archival paper.

2.4.7 Paper Clips

All paper clips sharing sleeves with the glass negatives should be discarded as they cause
permanent damage to the negatives. The removal of paper clips will aid in eliminating

further physical damage to the negatives.

2.4.8 Environment

The temperature and relative humidity in which photographic objects are housed are
determining factors for chemical reactions; in particular those leading to negative
deterioration. Under poor environmental conditions, the emulsion will expand and
contract resulting in cracking, lifting and blistering [14]. Appropriate environmental
conditions are vital for sustaining the longevity of the negatives. The current storage
room environment is climate controlled. The recommended temperature for storing glass

plate negatives is 16° to 18° Celsius with minimal temperature fluctuation [4]. Currently,
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the temperature in the storage room is 23.2° Celsius. A cooler temperature is

recommended to decelerate the rate of chemical reactions that result in glass plate
negative degradation [15]. Relative humidity is intrinsically tied to the rise and fall of
temperature. A fluctuation of no more than 3% relative humidity is acceptable [15]. Itis
ideally recommended that gelatin glass plate negatives be stored between 30% to 40%
relative humidity [16]. With temperature change, the relative humidity will adjust and
compensate for the moisture in the air, thus a constant relative humidity is imperative.
Currently, the relative humidity is at 42%, which is slightly high for adequate
permanence of the glass negatives. Lowering the current relative humidity is strongly
recommended. If cold storage will be employed, the relative humidity must be

maintained otherwise mould growth may occur [17].

2.4.9 Conservation Treatments

Silver mirroring and tarnishing of glass photograpﬁic objects are the most prevalent and g
obvious types of chemical deterioration found within the Toronto Telegram fonds. A

conservator can complete restoration of the emulsion side of the glass plate. By

immersing the glass negatives into a plate solution, the surface damage can be cleaned

[6]. A trained photographic conservator should conduct this procedure, as glass plate

negatives are quite fragile and delicate and the possibility of the emulsion separating

and/or lifting from its base is a concern [6].

2.5 Summation

To ensure long-term preservation of the glass plate negatives in the Toronto Telegram

fonds, the above mentioned preservation techniques should be adopted whenever possible
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given fiscal limitations. These negatives are of significant historical value on the
municipal, provincial and federal levels; proper care will ensure that they remain a viable

research resource for future generations.
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3 Nitrate Negatives

This chapter investigates the nitrate negatives in the Toronto Telegram fonds. The
history of nitrate negatives, current condition of the negatives and types of deterioration
will be discussed. Additionally, this section outlines the chemical and mechanical

deterioration discovered during examination.

3.1 History: Cellulose Nitrate Negatives

In August 1889, Eastman Kodak introduced the sale of the first flexible cellulose nitrate
film; initiating the ultimate demise of the market for glass plate. The utilization of gelatin
as a binder for nitrate film, when mixed with silver salts, resulted in the formation of a
suitable photographic emulsion [3]. However, as a film support, cellulose nitrate is a
hazardous material as it has a tendency to curl and becomes extremely flammable as it :4';

degrades. i

In 1903, nitrate film was refined with the integration of a thicker nitrate base and the
addition of a gelatin coating on both sides of the film [18]. The bottom layer of gelatin
compensated “for the tension exerted by the binder layer and provided dimensional
stability to the negatives. The bottom gelatin layer contained anti-halation dyes to
prevent the exposure of the silver salts from the light bouncing off the back of the
support” [18]. The gelatin coating also inhibits the curling of the film thus, suppressing
a form of physical damage. A subbing layer of diluted nitro cellulose, which is a thin

“transparent layer that adheres to the binder in the negative support” [3] was added to the

34




nitrate film. “Cellulose nitrate film base is chemically similar to guncotton, but is not as

highly nitrated” [6].

Nitrate film was available in various formats including x-ray film, 135 mm film, l
professional and commercial sheet film, aerial film, film packs, film rolls and motion

picture film [3]. Despite the known dangers of nitrate film, nitrate sheet film continued

to be widely utilized until the mid 1930s. While the dangers associated with nitrate film

led to its eventual demise as a film support, it remained in limited use in various formats

until the early 1950s [17].

3.2 Types of Deterioration

This section investigates the process of chemical deterioration common to nitrate film.
Although the nitrate negatives identified within the Toronto Telegram fonds display no
visible signs of deterioration, it is imperative to be aware of the degradation process that

nitrate film follows and to take proper precautions when interacting with cellulose nitrate.

Cellulose nitrate degradation is a chemical process that is an unavoidable consequence of

i
!

the chemical composition of the film base itself, but is exacerbated by the conditions

under which the film is stored.

“To make nitrate plastic, nitro (NO,) groups are grafted onto the long molecular chains of
native cellulose” [19]. The chemical deterioration process of cellulose nitrate can be
quite slow, as long as the nitro ‘side groups’ stay intact. The ‘side groups’ become
detached via the action of moisture in the air, acids and heat [19]. One problematic

product of nitrate decay is the formation of the strongly oxidizing acid known as nitric
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acid. The presence of a pungent odour, sticky, brittle base and/or brownish yellow
discolouration of the base are typical degradation characteristics for cellulose nitrate film.
The life expectancy of nitrate negatives is in direct correlation to the stability of
component materials, chemical processing and storage environment. Inferior enclosures
and inappropriate handling play a vital role in the deterioration of nitrate negatives.
Cellulose nitrate film is inherently unstable and large quantities of this film support can
be quite hazardous. The degradation of cellulose nitrate film is irreversible and
autocatalytic: as deterioration products form, they cause the deterioration rate to increase.

Nitrate deterioration can be classified into five distinct stages :

1. The first stage of cellulose nitrate film decomposition includes the discolouration
of the base. A yellowish colour is evident on the negative and transforms overtime into a
dark brown tone. The presence of silver mirroring due to silver image oxidation is

visible. The image is still legible.

2. The next stage in negative deterioration includes the formation of a sticky, tacky
emulsion that adheres to adjacent sleeves as a result of humidity. A dry environment
produces a brittle film base. At this point in the degradation process, a prominent odour

of nitric acid is present but one can still decipher the image.

3. During the third phase of film breakdown, the base becomes increasingly fragile
with the formation of gas bubbles. A strong, pungent scent of nitric acid and nitric oxide
is noticed. These oxidizing agents released during deterioration of nitrate film are
corrosive and attack other photographic artifacts including acetate base negatives and

prints that are in close proximity to the degrading film. With the release of these gases
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into the air, a damaging microenvironment is created that further hastens the rate of
cellulose nitrate decomposition. Image fading is active with partial illegibility of the
image. At this point, the photographic objects are endangered by the acid vapour and risk

of fire. Duplication should be conducted before the image is lost.

4. The negatives become increasingly sticky and are at risk of adhering to one
another, as well as to their paper sleeves during this stage of degradation. The separation
of negatives becomes very difficult and image decay is complete with no image visibility.
At this point, negatives present a high risk for the rest of the collection and should be

removed or destroyed.

5. The fifth stage of cellulose nitrate negative decay includes the destruction of the
plastic support and the gelatin binder. The negative deterioration is at the final stage and

the negatives have transformed into a brownish, acidic powder [16].

3.3 Identification of Cellulose Nitrate Negatives

Nitrate negatives can be challenging to identify unless decomposition of the nitrate base
has commenced. All negatives that were produced prior to 1950 are suspect, although
they can also be acetate. Nitrate negatives can be identified through the date of
production, edge printing, notch codes and three destructives tests. It is common for
early nitrate film to be marked ‘SAFETY FILM’ which can mislead users; thus,
appropriate identification tests may be in order [20]. When in doubt regarding the film
base in question, it is advisable to take action as though the negatives are nitrate or

contact a conservator or photo preservationist for appropriate identification.
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Cellulose nitrate film produced between the 1930s and the 1950s often displayed the edge
printing ‘NITRATE’, distinguishing nitrate from acetate film. Edge printing, unique to
nitrate, aids in identifying this film type. Further, when the emulsion is facing the
viewer, the upper right edge of the negative commonly displayed nitrate notch codes.

Kodak utilized the notch code ‘V’ to identify its brand of the film.

Not all brands of film included notch codes on their negatives. Therefore, at times drastic
measures may be required to identify the film base. In the Toronto Telegram Fonds a
large percentage of the negatives do not display notch codes or edge printing. Three
tests, the diphenylamine test, the flotation test and the flame test, can be conducted to

differentiate nitrate film from other films supports.

A trained photographic conservator or photo preservationist should conduct the
diphenylamine test as the solutions and products are hazardous [3]. This test provides an
indication of the film base from a micro-sample utilizing a binocular magnifier. To
conduct this test, one drop of 0.5% diphenylamine solution in sulphuric acid is placed
onto a glass slide. Utilizing tweezers, a minute fragment (under one square millimetre) of
the film base to be examined in placed onto the droplet. A positive reading of cellulose
nitrate film produces the appearance of an intense blue colour on the glass slide [16].

The blue colour is a product of the reaction between nitrate and diphenylamine [3].

The flotation test, which is “based on density differences in polymers,”[16] is completed
by placing a small sample of the negative base into a test tube of trichloroethylene
solvent. If the film base is nitrate, the sample will sink to the bottom of the test tube. If

the sample is cellulose acetate, the negative will stay near the top of the tube [3].
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The final test conducted to differentiate cellulose nitrate is the burn/flame test. A small
sample of the film base is burned. A negative made of cellulose nitrate will “produce a
bright yellow flame that will consume the sample quickly” [3]. This test should be
preformed away from any photographic objects due to risk of fire. The burn/flame test is
not as reliable as the two previous experiments and is potentially hazardous therefore, it

is not frequently conducted [16].

3.4 Current Condition: Cellulose Nitrate Negatives

During examination of the negatives, one nitrate negative was found. Based on the size
of this fonds, only half of the negatives were examined and the possibly of identifying
additional nitrate negatives is highly possible. In January 1983, project funding was
granted at the Clara Thomas and Special Collections Archive to duplicate the nitrate
negatives found within the fonds. This project, which duplicated the nitrate negatives
onto safety film, was completed in March of 1983. The boxes that housed nitrate
negatives were refilled with the new duplicate negatives in April of 1984. The original
nitrate negatives were disposed of. The nitrate negatives found within the fonds were in
fact a leading cause of the accelerating degradation of the photographic materials. This
project eliminated the dangers caused by, and associated with, nitrate film. Following

this reproduction project, few nitrate negatives remain within the fonds.

Upon examination of the nitrate negative in the Toronto Telegram fonds, fingerprints
were found to be present on the negative due to poor handling techniques. No additional
signs of deterioration were noted. The negative appeared to be in generally good

condition.
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3.4.1 Storage Arrangements of Nitrate Negatives

The current storage and housing of the 5x7 inch black and white nitrate negative found in
the Toronto Telegram fonds is in an archival paper sleeve which has bottom- and side-
edge adhesive seams. The original sleeve or housing has been replaced with this sleeve
and no deterioration to the sleeve is noted. It may be that in the remaining, unexamined
part of the fonds there are additional nitrates and that some of these may be stored in non-
archival sleeves and/or with than one negative per sleeve resulting in direct physical
damage to the negatives. When glass plate negatives are housed adjacent to nitrate based
film, pressure is exerted on the negatives. When more than one negative shares a sleeve,
this poses great concern for the quality of the negatives in the enclosure as discussed
earlier. In order to view one specific negative, all negatives in a given sleeve must be
removed causing unnecessary handling of the negatives and increasing the probability of
physical damage. In high relative humidity, the nitrate emulsion becomes very sticky and

can adhere to its paper sleeve and adjacent negatives.

3.4.2 Mixing of Negatives

The nitrate negative found within the Toronto Telegram fonds shares a housing and a
sleeve with other types of negatives including glass plate and cellulose acetate negatives..
As each type of negative degrades in a unique way specific to its chemical makeup,
various types of deterioration can be found within each box. The act of housing different
types of negatives together causes increased deterioration of nitrate and other negatives.
When housed together, the simultaneous deterioration of different types of negatives can

create a damaging microenvironment. This shared environment may cause physical
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interactions between negatives often resulting in further deterioration. As previously
stated, degrading nitrate base negatives emit potent oxidizing agents into the air that are
dangerous for photographic materials and human health. When decay occurs within a
closed storage microenvironment, the damaging effects of these oxidizing agents are

increased, thus hastening the deterioration of all negatives types present.

3.5 Recommendations

The following section discusses recommendations to decelerate the deterioration process
of the cellulose nitrate negatives in the Toronto Telegram fonds. It further provides
precautionary information to users of cellulose nitrate negatives which may be found to

be suffering from advanced stages of deterioration.

3.5.1 Re-Housing

The housing of cellulose nitrate negatives is vital for their well being and longevity. It is
important to consider the interaction between negative storage and the surrounding
environment. Appropriate paper sleeves are necessary when providing a level of
protection from the environment. All enclosures should pass the Photographic Activity
Test as prescribed by the American National Standards Institute, which provides
standards on enclosure formats for photographic materials. Buffered envelopes are
suggested to house photographic objects as “buffered paper has an alkaline reserve or
buffering agent that is added during production to alter the pH. Buffering protects the
museum object against migrating acids. Calcium carbonate and magnesium carbonate
are common buffering agents” [21]. Nitrate negatives should be re-housed into either

flour-flap envelopes or L-weld sleeves that meet photographic archival standards.
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L-weld sleeves refer to the adhesive seams that run the length of adjacent sides of the
sleeve [21]. Paper envelopes with thumb cuts should be avoided as the user has the
tendency to press directly onto the negatives and pull the negative out the sleeve causing

further physical damage.

3.5.2 Storage

Adequate storage of the nitrate negatives in the Toronto Telegram fonds is vital to
provide a secondary level of protection for the negatives from the environment and to
provide protection for other photographic artifacts from the nitrate negatives. The
negatives should be housed snugly, but not tightly, into appropriate boxes. Excess room
enables the negatives to shift, thus adding unnecessary pressure to neighbouring
negatives. “The boxes should have reinforced seams, be acid-free with a high alpha-
cellulose content, and meet ANSI Standard” [17]. The boxes should have firm fitting
lids, similar to a clam shell box. Nitrate negatives can also be stored in ventilated metal

boxes and stored away from other photographic objects [6].

3.5.3 Physical Damage: Handling

Physical damage to the negatives can be avoided with the use of proper storage and care.
Further damage can be controlled and avoided through the use of appropriate storage and
proper handling methods. If the conditions described below are adhered to, physical
deterioration should not present a significant problem for the cellulose nitrate negatives.
Improper handling of these photographic artifacts is a governing cause of their physical
decline. Cellulose nitrate negatives are delicate objects that are at risk for damage each

time they are handled.
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When working with nitrates, it is imperative, even at a stage of no deterioration, that the
user be aware of the dangers involved when working with the materials. Therefore, when
handling or viewing the negatives, written documentation of any problems within the
workspace, odours, discomfort or ill feelings should be recorded. Prior to viewing the

negatives, it is imperative that the viewing surface be clean, dry and flat.

The present physical state of the nitrate negative exhibits finger oils as a result of
inappropriate handling. The employment of gloves eliminates the possibility of acidic
finger oils being transferred directly onto the negatives, thus reducing physical damage.
Gloves should be worn at all times when interacting with cellulose nitrate negatives to
eliminate direct contact with the negatives. Impervious glove materials such as rubber or
neoprene are recommended. If the negatives are at an advanced stage of deterioration, a

smock, safety glasses and respirator mask for protection are advised [21].

Due to the delicate nature of cellulose nitrate negatives, the film should be handled along
the edges making sure not to touch the image. Only one negative should be handled at a
time and negatives not being viewed should be re-housed. When removing a negative
from its enclosure, it is vital not to press directly onto the negative and pull the negative
out. The negatives should always be placed emulsion side up, thus avoiding interaction
of the emulsion with the viewing surface. When viewing the negatives, pressure should

not be applied to the negative nor should one lean, press or write on top of the negative.

3.5.4 Mixing of Negatives

It is imperative that all negative types be housed separately from one another as various

forms of degradation creates an especially detrimental microenvironment which, in turn
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accelerates the rate of negative deterioration. The separation of nitrate negatives is
crucial for the longevity of the nitrate negatives themselves and the life span of other
negative formats. The fact that cellulose nitrate emits oxidizing agents as it degrades, and
that these attack other photographic materials, is another reason why isolation of nitrates

is essential [22].

3.5.5 Environment

The life span of nitrate-based films is largely dependent upon their environment. High
temperatures and relative humidity accelerate the deterioration process of cellulose nitrate
film. Unsuitable temperature, combined with a high relative humidity and poor
ventilation creates an especially undesirable environment for the preservation of the film
[6]. The current storage room environment is climate controlled with a temperature of

23.2° Celsius and 42% relative humidity.

The temperature in the storage area for cellulose nitrate negatives is an essential
component in decelerating the rate of deterioration of the negatives. The film begins to
decompose in temperatures as low as 38° Celsius, which in turn results in off gassing
large quantities of poisonous gasses [23]. A cold storage environment is ideal for the
preservation of cellulose nitrate film. A dark, cold storage vault or a frost-free freezer at
less then 2 © Celsius is recommended for long-term storage of the cellulose nitrate
negatives. If cold storage options are not available, a cool environment must be
employed otherwise degradation of the film will proceed. The temperature in the storage

room should not exceed 21° Celsius.

44




The appropriate relative humidity in a storage environment is also critical to the life span
of nitrate negatives. As stated above, a cold storage facility is ideal for the long-term
storage of cellulose nitrate negatives. If cold storage is not a viable option, a storage
room that is well ventilated is significant as ventilation aids in preventing the build up of
acidic gases that accelerate the autocatalytic deterioration of cellulose nitrate film. The
room should be as dry as possible, with a relative humidity between 20% to 30% and

minimal fluctuation [17].

3.5.6 Duplication and Destruction

Although one cellulose nitrate negative was found within the Toronto Telegram fonds,
and this negative was not suffering from advanced stages of deterioration, it is important
to be aware of the degradation process and the steps required when duplicating negatives
and preparing them for destruction. Negatives displaying minimal to moderate signs of
deterioration are ideal candidates for duplication. Negatives exhibiting extreme
deterioration cannot be duplicated as they are disfigured and image visibility is lost.
Camera duplication is the most cost effective form of duplication, but the option to hire a
professional is always recommended depending on the level of negative decay. All
camera duplications should be made onto polyester-based film. All duplicated negatives

should be cut to an appropriate size and housed in buffered envelopes [17].

Destruction of the cellulose nitrate negatives is a reasonable option for negatives that
have reached the third stage of deterioration. At this point, the film is rapidly

decomposing. Once it is determined that the film is to be destroyed, it is classified as
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hazardous waste and a trained professional should be called in to advise staff of the

appropriate disposal processes [24].

3.6 Summation

The chemical degradation process of cellulose nitrate film results in an extremely
hazardous material as, under poor environmental conditions, the film can self ignite. The
demise of nitrate film base accelerates the deterioration process of other photographic
materials in close proximity. It is imperative that individuals working with cellulose
nitrate be aware of the dangers involved with this film base. Although the project
completed in the 1980’s with the Telegram fonds reduced the hazards of deteriorating
cellulose nitrate, it is still highly recommended that all boxes of negatives be thoroughly

examined for any remaining nitrate negatives.
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4 Cellulose Acetate

This chapter investigates the decline of the cellulose acetate negatives in the Telegram
fonds. The history of this film base type, current condition, causes of deterioration as

well as approaches to decelerate damage will be examined.

4.1 History: Cellulose Acetate Negatives

The instability of cellulose nitrate film, lead to the introduction of cellulose acetate film
as early as 1897. At the time of the film base’s inception, cellulose acetate based films

were known as ‘safety film’ as they could not self-ignite [25].

Cellulose acetate films include diacetate, acetate butyrate, acetate propionate and
cellulose triacetate. Cellulose triacetate has been the most popular of the acetate bases
from 1949 until the present [25]. The first publicly sold safety film was cellulose
diacetate, which was marketed in the early 1920s in conjunction with a rise in popularity
of 16mm home films. From 1925 to 1950, research was conducted on film supports
producing “cellulose acetate that would replace cellulose nitrate but also duplicate its

good mechanical qualities and its resistance to moisture” [3].

Cellulose “triacetate is a polymer manufactured from a chemical reaction involving
cellulose and acetic acid, just as nitrate film is made from cellulose and nitric acid” [26].
A cellulose polymer is a long, continuous molecular chain ranging from 500 to 2000
repeating cellulose units. The hydroxyl (OH) groups, which are part of the cellulose

polymer, can be altered to give a polymer substituted with acetate (CH3CO) or nitrate.
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The type and number of such substitutions determine the mechanical and optical

properties of the final polymer as well as its chemical stability [25].

Cellulose film is constructed of four layers and, as with cellulose nitrate, gelatin is
utilized as a binding layer. The “gelatin emulsifies the silver salts that, after exposure
and processing, form the silver particles” [3]. The top layer is the gelatin emulsion,
followed by the subbing cellulose nitrate, the support layer of cellulose acetate film and
the bottom anti-curl layer of gelatin, which provides dimensional stability to the film.
The subbing layer in cellulose acetate film is “diluted cellulose nitrate ... used...to

improve the adhesion between the binder and the cellulose acetate support” [3].

Kodak introduced colour cellulose acetate negatives in 1942. “Colour photography is
referred to as a silver-based sensitive system even though after processing there is no
silver left in the film. Cyan, magenta and yellow dyes are formed during the
development of the negatives in three distinct layers in the emulsion” [3]. The dye
colours in these film supports are not truly permanent, thus the film suffers both from

instability of the base and dye fading [3].

Although safety film is not at risk of self-ignition, the film base itself is unstable and
disfiguring deterioration does occur [3]. This deterioration is predominantly due to a
process called ‘vinegar syndrome’. “Vinegar syndrome, is autocatalytic and moisture
and temperature dependent” [3]. The Eastman Kodak Company was the first to report
problems with cellulose triacetate film degradation. It was at this point, that Kodak
began to research the stability and permanence of cellulose film at various storage

temperatures. By the 1980s, it was reported that after approximately thirty years of
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storage most triacetate films displayed symptoms of vinegar syndrome [16]. Based on
examination of two hundred and fifty boxes of negatives, approximately 90% of the
negatives in the Toronto Telegram fonds are cellulose acetate. Vinegar Syndrome is

therefore a potentially serious problem.

4.2 Causes of Cellulose Acetate Deterioration

Vinegar syndrome is an autocatalytic chemical reaction and “once the degradation begins
it starts to feed upon itself and the deterioration process begins to snowball” [27]. It is
initiated by trace amounts of acids. One of the products of vinegar syndrome is acetic
acid. As the reaction proceeds, it generates the initiating condition (i.e., acidity) for
further reaction. Since it is volatile, the acetic acid that is generated as a result of the
reaction of the film is released into the atmosphere resulting in film degradation at sites
remote from the initial location of damage. This degradation causes irreparable damage
to cellulose acetate film. It has been noted that cellulose acetate film has an acidity
threshold, and once the threshold is reached, it is not possible to stop or reverse the

process, only to decelerate it [16].

A significant cause of cellulose acetate degradation is the so-called hydrolysis reaction,
which involves chemical removal of the acetate groups via the action of water. Once
hydrolysis has begun, one important factor that determines the course of deterioration for
each film type is the type of side groups that are present. The “side groups in all
cellulosic plastics are acids after they have been hydrolyzed from the cellulose backbone”
[19]. In this case, the acids take the role of a catalyst and an increase in hydrolysis results

in an increased released of acid [25]. Thus, the chemical deterioration in cellulose acetate
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film can be influenced by improper temperature, relative humidity and inappropriate

enclosures.

The longevity of cellulose acetate negatives correlates directly to the stability of the
component materials, method of production, chemical processing and storage
environment. Based on A-D Strip tests results, a high percentage of the cellulose acetate
negatives in the Toronto Telegram fonds are suffering from moderate to severe levels of
vinegar syndrome. This type of decay compromises the other negatives within the fonds.
Inappropriate enclosures such as office envelopes, coloured mat boards, metals and poor
quality plastics, as well as inappropriate handling, play a significant role in the longevity
and preservation of the cellulose acetate negatives [25]. The cellulose acetate negatives
in this fonds were examined for physical changes and chemical events as part of this case

study.

4.3 Effects of Cellulose Acetate Deterioration

Vinegar syndrome is easily detectable and recognizable as the degradation process is
specific to the cellulose acetate type film base. The symptoms of this syndrome are not
only olfactory, but also visual and may include extreme deformities to the cellulose
acetate film base. The indications of vinegar syndrome consist of a pungent vinegar
odour, embrittlement and shrinkage of the base, crystallization and bubble formation on
the film emulsion and the appearance of pink or blue spotting. All the above stated forms
of physical and chemical degradation are evidenced within the negatives in the Telegram

fonds.
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The pungent vinegar odour, which is the “most obvious symptom of acetate base
deterioration...is a warning that chemical deterioration is progressing in the acetate film
base” [19]. This vinegar odour is a result of the acetic acid produced by hydrolysis
evaporating into the air. During this warning period, the chemical and physical makeup

of the film has begun to change and the “acetyl side groups split off” [19].

As cellulose acetate film degrades, physical deformities become visible. Embrittlement
of the plastic base occurs. Acetate film in its normal state is strong, tough and flexible.
Once deterioration has begun, the film becomes weak and “easily shatters with the
slightest flexing” [19]. This physical transformation is due to changes in the chemical
structure of cellulose acetate, which is normally comprised of long chains of repeating
polymer units. “When acetic acid is liberated as the acetyl side groups come off, the acid
environment helps to break the links between cellulose units, shortening the polymer

chains causing brittleness” [19].

Shrinkage of the film base is another form of physical change and deterioration that
occurs during the decomposition of cellulose acetate films. Shrinkage occurs as the
polymer chemical chains begin to break apart into smaller pieces as the side groups break
off. This shrinkage is also in part due to the indirect result of hydrolysis or release of
water. When severe shrinkage takes place, the film base buckles away from the
emulsion. In the case of motion picture film, shrinkage of greater than 1% is significant
enough to cause damage to the film. With acceleration in negative deterioration, the
shrinkage of the film can be as high as 10%, which results in irreversible physical

damage to the film. In extreme cases of film shrinkage, the acetate film base shrinks
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while the gelatin emulsion remains uniform. This is a result of the “bond between the
emulsion and base letting go in some areas, thus relieving the stress caused by shrinkage”
[19]. In severely degraded cases, buckled emulsion “actually tears as it buckles” [19].

This is referred to as channelling.

The visible appearance and presence of crystalline deposits, as well as liquid filled
bubbles on the emulsion of the film, is another outcome in the degradation of cellulose
acetate film. “This is evidence of plasticizers, additives to the plastic base, becoming
incompatible and oozing out on the surface” [19]. The presence of these bubbles can
occur on either the base or the emulsion side of the negative. Plasticizers can be located
throughout the plastic support and are chemicals that are integrated into the cellulose
acetate during fabrication. Approximately 12% to 15% of the weight of the acetate
negative is composed of plasticizers [19]. The integration of plasticizers had two main
purposes; the primary one was to “slow down the rate of burning of the film, should it
ever catch on fire” [19]. The secondary purpose of incorporating plasticizers into the
body of cellulose base films was to “reduce the dimensional instability of film due to
solvent loss or humidity change” [19]. Cellulose based films are known to alter in shape
when exposed to various temperature and relative humidity conditions. Thus, under dry
temperature conditions the film will shrink in size, while exposure to a damper

environment will cause expansion in size. Plasticizers can limit such changes.

The need for plasticizers is vital in minimizing changes and maintaining the stability of
the film [19]. As acceleration of deterioration occurs in acetate film, “the capacity of the

base to retain the plasticizer is reduced, and the plasticizer exudes out of the base and
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crystallizes on the surface” [19]. This crystallization can emerge in a needle like shape,
which has the unique ability to melt away under a mild temperature and reappear in a
cooler environment. When extreme degradation has taken place, the plasticizers
commonly flow in a liquid form that causes the appearance of bubbles under the

emulsion layer in the centre of the film [19].

During the stages of deterioration of cellulose acetate film (see section 4.5), it is common
for pink and blue colours to appear on the film. This is caused by dyes that have been
incorporated into the gelatin layer of the film base. Also known as antihalation dyes,
these substances were included in the emulsion to aid in the prevention of halos in the
final images. During film manufacturing and processing, it was thought that these dyes
were in fact colourless. However, it was later determined that in cellulose acetate film
deterioration, acetic acid formed in the film caused these dyes to revert back to their

original hues of pink or blue [19].

The cellulose acetate negatives in the Toronto Telegram fonds are suffering from
moderate to severe levels of vinegar syndrome deterioration. This type of decay
compromises the majority of the cellulose acetate negatives in this fonds as vinegar
syndrome is contagious. The acidic acid emitted during deterioration also results in
softening of the gelatin layer and accelerating the rate of fading of colour dyes in colour

film [19].
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4.4 Identification of Cellulose Acetate Negatives

Cellulose acetate negatives can be challenging to identify unless decomposition has taken
place. As vinegar syndrome is unique to cellulose acetate, once severe disfigurement or
release of acetic acid has begun, the base is easily identifiable. Cellulose acetate
negatives can also be identified through edge printing, notch codes and two destructive

tests.

The edge printing for cellulose acetate negatives typically displays the word ‘SAFETY”’
or ‘SAFETY FILM’ along the edge of the negative, depending on its manufacturing
location. The presence of symbols such as ‘°’ are typically seen between letters of the
word safety, for example edge printing such as ‘S°AFETY’ represented cellulose acetate

film manufactured by Kodak in the United States [3].

Notch codes are cuts along the edge of the negative, which aid in the identification of
film types as well as the emulsion side of the negative when working in the dark.
Manufacturers often have their own type of notch code thus, making their brand of film
recognizable. Between 1925 and 1949, Kodak cellulose acetate negatives could be

identified by their U-shaped notched code [3].

It was also common for safety film to be produced without edge printing or notch codes.
As mentioned in the previous chapter on nitrate negatives, the flotation and the burn tests
can be performed if the identify of the film base is in question. When performing the

floatation test, the film clipping will remain close to the surface of the test tube if it is
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acetate. When conducting the burn test “acetate may ignite, but very slowly in

comparison to nitrate, and it will burn without a flame™ [3].

4.5 Stages of Cellulose Acetate Film Deterioration: Acid

Detecting Strip Testing

As stated above, the breakdown of cellulose acetate film is not only disfiguring to the
film base but also creates a damaging microenvironment. Acid Detecting Strips (A-D)
measures free acidity representing the total amount of acid present in the film base.
Testing the free acidity is the most reliable source for measuring acetate film degradation
[19]. The utilization of A-D Strip testing allows the user/institution the opportunity to
test their collection and determine the level of deterioration of their acetate negatives.

(Figure 4.1) This makes it possible for the user to make informed decisions regarding the

-

most appropriate measures for stabilizing the process of deterioration.

Figure 4.1: A-D Strips

The stages of cellulose acetate film deterioration can be measured in 0.5 intervals using

the A-D Strip test findings (Figure 4.2). These calculated findings represent the level of
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deterioration via vinegar syndrome, and acidity level, that can be found within each box
of negatives. The 0.5 intervals of deterioration begin at 0 and end at 3, describing a
maximum of seven stages of deterioration (Figure 4.3). As is demonstrated in Table 4.1
[19] each 0.5 interval represents an increase in the level of deterioration and acidity of the

negatives.

Table 4.1: Stages of Vinegar Syndrome
| Acidity Level | Negative Condition

: 0 Good: no deterioration
‘ 0.5 Good: slight deterioration beginning
1 Fair to Good: deterioration beginning
15 Rapid Degrading Starting: point of
) autocatalytic decay
2 Poor: actively degrading
2.5 Poor/Critical: extreme degradation
Critical: extreme shrinkage & warping;
3 possible handling hazard, illegible
image

Figure 4.2: A-D Strips Prior to Testing
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Figure 4.3: A-D Strip Colour Change Following Testing

4.6 A-D Strip Findings

Three A-D Strip tests were carried out on the Telegram fonds’ negatives over the course
of 12 months: test 1 at 0 months, test 2 at 6 months and test 3 at 12 months. Test results
have been tabulated and provide useful information on the condition of the negatives in
the Toronto Telegram fonds and their levels of deterioration. These findings are a useful,
comparative analytic tool to determine the condition of the acetate negatives in this fonds.
After the first set of A-D Strip tests were completed, each box examined was colour
coded according to its level of deterioration. This informs the user of the level of

degradation to expect when working with a specific box.

The following charts display the results from each set of A-D Strip tests, providing a
visual overview of the level of degradation found within this fonds. The legends in the
graphs indicate the percentage change of degradation from one set of tests to the next.
Results from each of the A-D Strip tests have been tabulated. The increase in the overall
level of degradation is evidenced over a 12 month period, where 44% of the negatives are

at a “point of no return” (which is defined as having reached the autocatalytic point or
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stage 1.5; please refer to graph 4.4). Once the negatives reach this state, it is imperative
that appropriate preservation strategies be employed to decelerate deterioration. What is
noteworthy is the significant rate of change in the negatives at stages 2.5 and 3 level of
deterioration. From the first to third test, an interval of 12 months, an increase of 31.1%
deterioration is observed at the level 3 stage of deterioration, which is a considerable
increase. Ultimately all the negatives within this fonds will eventually reach this point of
degradation unless proper measures are taken. Although it is true that more then 50% of
the acetate negatives are suffering from minimal degradation, once the autocatalytic point
(stage 1.5) is reached the rate of deterioration increases and can be detrimental to the
condition of these negatives. The increasing extent of deterioration can be observed by
the fact that the only positive percentage change over the course of 12 months is in the
2.5 and 3 stages of deterioration. This positive change actually reflects advancing
deterioration to the point where extreme disfigurement occurs. Also note the size of the
percentage changes shows two different modes with the changes in levels 0.5, 1, 1.5, and
2 all being negative and less than 16%, while the levels 2.5 and 3 changes are positive
and in the 30% range. Please refer to the following charts for further understanding of

the degradation breakdown.
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Graph 4.1: Degradation Breakdown July 2006
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January 2007 - Degradation Breakdown
with Percentage Change from July 2006
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Graph 4.2: Degradation Breakdown January 2007 Percentage Change from July
2006
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July 2007 - Degradation Breakdown
with Percentage Change from January 2007
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Graph 4.3: Degradation Breakdown July 2007 Percentage Changes From January
2007
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July 2007 - Degradation Breakdown
with Percentage Change from July 2006
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