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PREFACE

The Division of the General Information Progranme of Unesco in order to
better meet the needs of Menber Sates, particularly devel oping countries, in
the specialized areas of records managenent and archives admnistration, has
devel oped a long-term Records and Archives Mnagenent Programme - RAMP

The basic elements of the RAWP programme reflect the overall themes of
the CGeneral Information Programme. RAMP thus includes projects, studies, and
other activities intended to:

1. Pronote the formulation of information policies and plans
(national, regional and international).

2. Promote and di ssem nate methods, nornms and standards for
information handling.

w

Contribute to the devel opnent of information infrastructures.

&~

Contribute to the devel opnent of specialized information systens
in the fields of education, culture and comunication, and the
natural and social sciences

5. Promote the training and education of specialists in and users
of information.

The present study, prepared under contract with the International Counci
on Archives - ICA - is intended. to informarchivists, curators, and other
responsible for the acquisition and. preservation of documentary materials in
phot ographic form of the nature and problems associated. with this relatively
fragile nmedia, and of the measures recommended to help ensure its preservation.
The study presents the results of the nost recent research and experience in
the preservation and restoration of photographic materials.

Comments and suggestions regarding the study are welcomed and should be
addressed to the Division of the General Information Programme, UNESCO 7 place
de Fontenoy, 75700 Paris. Other studies prepared under the RAVP programme may
al so be obtained at the same address
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FOREWORD

The purpose of the present study is to summarize the
currently avail abl e knowl edge on the preservation and
restoration of photographic materials that nmay serve as a

reference guide to maintaining, preserving and restoring
phot ogr aphi ¢ col | ecti ons.
The existence of large quantities of photographic

records in archives and libraries has created problens of
preserving these records that are, to some degree, conparable
to conventional paper obj ect s, but also have specia

requi rements due to their particular nature. The present study
ainms at outlining the principal photographic processes and
descri bi ng t he characterization and i dentification of
phot ogr aphi ¢ i mages. It wll discuss the factors that affect
the stability of photographic materials, the examination of
phot ographic records and the analysis of their deterioration.

The duplication of black-and-white negatives and the copying of
positive reflection prints wll be explained as an inportant
nmeans of preserving photographi c i mges. Such copy phot ographs
nmust be processed in such a way as to obtain records of maxi mum
possi bl e permanence, and procedures will be outlined to achieve
this. A second principal requirenent is the prevention of
damage and deterioration of photographic materials by keeping
them in carefully controlled storage conditions which are
conducive to their longevity. Once deterioration has occurred,

however, it is sonetines possible to correct the errors of the
past  through restoration procedures which will al so be
out | i ned. Finally, some procedures for testing both the
stability of contenporary photographic materials and the
suitability of materials used in the conservation of
phot ographs wi |l be discussed.

The enphasis will be on bl ack-and-white photographic
materials based on the light sensitivity of silver halides
whose I mage-form ng subst ance, t herefore, consists of

el ementary silver. Mnochrome reflection prints made by

Vil -
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non-silver processes, such as platinum and carbon prints, or
pi ctures containing certain nmetal salts and other pignents wll

al so be mentioned. The scope of this study includes the
preservati on of contenporary col our photographic materials nade
by processes such as chrompgenic devel opnent, silver dye

bleach, dye inbibition and dye diffusion transfer (such as
i nstant col our photographs).

The observations and recommendations offered in this
study represent the experience which has been devel oped during
the past eight years in the Photograph Conservation Laboratory
at the Public Archives of Canada. It may or may not coincide
in every aspect with experience devel oped el sewhere. Qur goal
has al ways been to support recommendations by either data from
our own experinental work or by those taken fromthe scientific
and technical literature. The author w shes to express his
t hanks to the nunerous col | eagues who, in one way or anot her,
have contributed over the past years to our increased
understanding of the nature of photographic materials.  Anmong
themare D. R Madeley and D. Hopkins who also assisted in the
preparation of this study. Special thanks are al so expressed
to L. Latka for excellent word processing services.

Otawa, Ontario, Canada
February 1983.

- viiio-
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1. | NTRODUCTI ON
1.1. The Role of Photographic Mterials
Still photographic jmages form an integral part of a
country's visual heritage. Their role and inportance is

reflected Dby the increasing nunber of exhibitions and
publ i cati ons containing photographs and the use nade of them by
authors and researchers. Wi | e paper has been the predom nant

docunent materi al t hr oughout centuries, it is steadily
suppl enented - and sonetimes replaced - by photographic
materials such as mcrofilm A third use of photographic

records is made in notion picture filmwhich my be used in
docunentary formin order to record historical events or as a
medium of artistic expression. Any or all of these nmjor
applications of photographic records can be found in archives
and libraries.
1.2. The Inportance of Photographic Records

Phot ographi ¢ procedures and the images nmade by them have
found application and wuse in nearly every type of human
endeavour . Whet her they are wused in science and technol ogy,
the exploration of space and in aerial photography, in
radi ography or as notion picture film as a means of preserving
the information content of paper docunments through mcrofilmor
as a recording nediumfor historical events, as a nmedium for
artistic expression or as a record of social and famly life by
mllions of amateur picture takers throughout the world -
phot ogr aphi c i nmages are produced in very |large nunbers every
year. \Wiile not all of themneed to be preserved, many are now

or wll become - records of outstanding inportance that wll

attest to historically or technically inportant events and
achi evenents. As such they forma principal part of the
holdings in archives and libraries.
1.3. The Physical Nature of Photographic Mterials

Phot ographic materials consist essentially of a support
onto which is coated a binding agent that contains finely
di vided el enmentary silver grains. The npbst common support
materials encountered throughout the history of photography are
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paper, glass, netal and plastic film For the past one hundred
years the binding agent used has been alnpst exclusively

gelatin, often referred to in the technical literature as the
gelatin matrix. QG her binding agents which can be found in
hi storical photographs are collodion and al bunen. In addition
to silver particles, other image-formng materials have been
used in photographi c processes: pigments, such as | anpbl ack,
and other netals or netal salts, such as platinumor iron
salts. The vast majority of black-and-white photographs on
paper contain silver particles in a gelatin matrix and are
therefore often called silver gelatin prints. The maj or

components of historical photographic materials are sunmarized
in TABLE 1.

TABLE 1: MAJOR COVPONENTS OF PHOTOGRAPHI C

MATERI ALS
o | mage Form ng
Supports Bi ndi ng Agents Subst ances
Paper None Silver
d ass Col I odi on O her netal s
Metal ( eg. copper, Al bunen Metal salts
i ron) Gel atin Dyes
Plastic Film(e. P gment s

cel lulose nitrafe,
cel lul ose acetate)

Wth respect to contenporary photographic records,
additional naterials nust be considered. During the past ten
years or so, there has been an increase in the use of so-called
resin-coated papers, which should be regarded separately from
conventional fiber-base papers, and new i mage-formng systens.

TABLE 2 presents the principal support and image-forning
materials in use today.
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TABLE 2: MAJOR COVPONENTS OF CONTEMPORARY
PHOTOGRAPHI C MATERI ALS

Supports | mages
Plastic film(e.g. Silver
cel lul ose acetate, (normally in gelatin |ayer)
pol yester) Dyes
Paper (in col our photographs,
Resi n-coat ed paper normally in gelatin |ayer)
Di azo
(nonochrone dyes)
Vesi cul ar

(nitrogen bubbl es)

Bet ween support and binding agent there is usually - but
not always - an interlayer which may serve various purposes,
from an adhesi ve between the two layers, to inproving picture
qual ity. FIGURE 1 is a schemtic cross-section of a
bl ack-and-white phot ogr aphi ¢ print, showi ng its maj or
conponents. There may be present, however, additional |ayers,

for exanple one to provide anti-curl properties or increased
resi stance to surface scratching.

SILVER-GELATIN EMULSION GELATIN
/ OVERCOAT
S0 v v A I'I'I
/ /] "NCBARYTA
/ /" paperease / / LAYER

////////

CONVENTIONAL SILVER GELATIN PRINT

FIGURE 1: Schematic Cross-Section of a Black-and-Wite
Phot ographi ¢ Print
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The se various elements give photographic naterials a
unique layer structure that is largely responsible for their
long-term stability characteristics. It is one of tw
outstanding properties of photographic records. CGeneral |y,
the two layers - support and binding nedium - react narkedly
different towards changes in environnmental conditions. For
exanple, gelatin contracts at a higher rate than paper at |ow
relative humdity, causing a photographic print to curl up.
However, when exposed to a high level of relative humdity (for

exanple, above 80%, the print will flatten itself without
external force. The second principal factor determning - even
limting - the preservation of photographic materials is the
presence of silver as the inmage-formng substance. It is nore

reactive towards a nunber of chem cal reagents - particularly
towards oxidizing agents - than one would expect fromits

classification as a noble netal, i.e. one that is chemcally
i nert. While some details about the inmage silver’s properties
wi Il be discussed later, it should be noted that generally the
support material is the nost stable of the major conponents of
a phot ogr aph. Notabl e exceptions to this observation are
cellulose nitrate filmbase, glass plates (because of their

brittleness) and, to sone degree, contenporary resin-coated
papers.
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2. A DESCRI PTION OF THE PRI NClI PAL PHOTOGRAPHI C PROCESSES
2.1. Black-and-white Photographic Mterials

Under this heading are grouped those photographs which
are produced by exposure to light of light sensitive silver
salts suspended in an organic binding agent, and subsequent

processing (i.e. developnent, fixing, washing and drying). The
silver salts may be any conbination of silver chloride, silver
brom de and silver i odide. At the end of the exposure and

processing cycle, the image consists of elenmentary silver which
I's distributed throughout the binding nmediumin the form of
m croscopically small grains. Pl aces of high concentration of
silver are the bl ackest. Those areas where the quantity of
silver decreases, appear to the eye in various shades of grey,
while silver-free areas are transparent in filns or glass
plates, and white in positive reflection prints. The degree of
bl ackness in a bl ack-and-white photograph is technically called
density, which is directly proportional to the amount of silver

present.  High density areas - often called the shadow areas -
contain large amounts of silver, while in the so called
m d-t ones the  silver content is gradual |y decreasi ng.
Essentially silver-free places are called m ninumdensity, or
hi ghl i ght ar eas. A densitonmeter is the instrunent commonly
used to neasure density.

The term density is defined according to Fl GURE 2. The

amount of light, 1, falling on a piece of filmis partially

passing through it, partially  absorbed. The ratio of
transmtted light, Iy, over the incident light, I, is
called transmssion T:
I
t
TET
1

The reciprocal value is called opacity (0):

H} -
ot e

1
- T
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Density (D) is defined as the logarithm of opacity:

I
D = 1log 0 = log

HH

= log

2

DENSITY

NEGATIVE

L.
.U

TRANSMISSION T =

I
OPACITY 0- 4 = L
k T

DENSITY D = log n=|..-%-=|..-:'—

FIGURE 2. Definition of Transmi ssion Density

For reflection prints a simlar situation prevails, the
transmtted light being replaced by the anmount of [ight
reflected by the surface of the photograph. Density val ues are
logarithms of the ratio of incident light over reflected
l'i ght. These nunerical data, when conbined with the exposure
values required to produce them are called sensitonetric data,
where sensitometry is the science that describes ‘the
measurenment of the relation of the exposure and devel opnent of
a photographic material to the density of silver produced’.
(Mees, 1961)

In introducing the concept of density and its neasurenent

- densitonetry - it is acknow edged that photographic materials
have been for approxi mately the past one hundred years products

of a highly devel oped and specialized technol ogy. In order to
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understand their properties in terns of their stability, as
wel | as concepts of duplicating and copying, it is necessary to
understand how they are made and which materials are enpl oyed
in their manufacture and subsequent processing. Ref erence will

be made in this study to the literature where the reader may
find pertinent technical details. O her technical concepts

wi Il be introduced throughout this study.

In the followng description of the main photographic
processes and the pictures nade by them an attenpt is nade to
classify the various types according to their physical
properties which, in turn, determine their preservation
requirements. Divisions that use format as the distinguishing
feature (e.g. carte-de-visite), or physi cal appear ance
(e.g. case photograph, such as daguerreotype or anbrotype) are
irrelevant, as they do not indicate any generic properties. A
carte-de-visite, format 2 1/2 x 4 |/4", could be either an
al bumren print or a silver gelatin print, the two of which would
differ considerably in their properties. Li kewi se, a
daguerreotype, as will be shown later, was made by a process
different fromthe wet collodion process by which an anbrotype
was nade. Bl ack- and-whi te photographs are divided in this
section into canera originals, i.e. records exposed in a camera
which are usually negatives, and reflection print materials, or
positive pictures.

2.2. Canera Oiginals
2.2.1. Daguerreotypes

Announced by L.J.M Daguerre in 1839 in Paris,
daguerreotypes consist of mcroscopically small particles of
silver amalgam an alloy of mercury and silver, on a silver-

plated copper plate. The daguerreotype process was Vvery
popul ar in North America until approximately 1865. | mges made
by this process have a jewel-like appearance and are of a
del i cate nature: they are sensitive to chemicals in their

environment and liable to be scratched by the touch of a
finger. Consequently, they are usually kept under a glass
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Cover in a small case nmade of |eather, wood, or plastic (“Union
cases" ) , and so are often referred to as ‘case photographs”.
Each of these usually requires individual and  careful
treatnent, according to its condition.

Daguerreotypes are negatives, but appear to the viewer
alternately either as a positive or negative picture depending
on the angles of illum nation and observati on. In contrast to
reflection print materials whose inmage is caused by adsorption
and reflection of incident light, the daguerreotype image is

vi si bl e because of |ight scattering phenonena. Pobbor avsky (1)
has given a good account of the situation, cf. FIGURE 3.

POSITION 1
EYE O
POSITION 2 c\ueHT
oY D\\ /
[ | DAGUERREOTYPE
PLATE

ANGLES OF ILLUMINATION AND VIEWING OF A DAGUERRECGTYPE PLATE
L POBBORAVSKY:

“STUDIES OF 10DIZED DAGUERREOTYPE PLATES".

FIGURE 3: Angles of Illumination and View ng
of a Daguerreotype Plate

|f a beamof light froma point |ight source strikes a
pol i shed silver surface at a certain angle, an observer in

position 1 sees the colour black, since none of the reflected

light reaches his eye. The light is reflected at an angle
equal to the angle of incidence, and therefore an observer in
position 2 sees the polished silver surface. In a second case,

when the silver surface also contains nmore or |less fine silver
anal gam particles, light is then scattered in all directions,



Optical Character Recognition (OCR) document. WARNING! Spelling errors might subsist. In order to access
to the original document in image form, click on "Original” button on 1st page.

thus reaching the eye of an observer in position 1. These
l'ight scattering phenonena are responsible for tne appearance
Of a daguerreotype as both a positive and a negative |ppge,
depending on the angles of illumnation and observation.

When found in cases, daguerreotypes are conbined with an
overmat covered by glass, an assenbly which is held together by
a gilt frane. FIGQURE 4 shows the parts of such a package,
according to GII (2).

L
GILT GLASS MATT SILVERED
FRAME PLATE

DAGUERREOTYPE DISMANTLED

A6 GILL
“THE DAGUERRECTYPE”
1974

FIGURE 4: Daguerreotype Disnantled

The conservation and cleaning of tarnished daguerreotypes
has been ably reviewed by Pobboravsky (3). More recently,
daguerreot ypes have been studied by Swan et al. (4) and Barger,
Messier and White (5) using nodern anal ytical techniques.

2.2.2. Calotypes and Historical Paper Negatives

Wier eas daguerreotypes are unique canera originals, of
whi ch copies could not be made, W H  Fox Talbot, in Lacock
Abbey, England, exposed paper sheets coated wth a [light
sensitive layer in a <canera, in order to obtain paper
negatives, during the late 1830s. It was the beginning of the
negative-positive process as we know it today. A paper
negative, in which the bright areas of the original scene
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appeared dark and the shadow parts appeared |ight, could be
printed - or exposed to light - in contact with a second
sensitized sheet of paper to obtain a laterally and tonally
correct positive image of the original scene. These positives
were called “salted paper prints“or “cal otypes."”

Such original paper negatives, in use for about the
first twenty years of photography, are rare and of great
intrinsic value. Each requires individual treatment as would a
wat er colour or a |ithograph.

The light sensitive paper was prepared by brushing a
sodium chloride solution onto its surface. After drying, it
was floated on a solution of silver nitrate, with subsequent
formation of |ight sensitive silver chloride. Since there was
no binding agent, the processed picture consisted of elementary
silver particles resting partially on the surface of the paper,
partially absorbed into the paper fibers. FI QURE 5 shows a
schenmatic cross-section of a salted paper print.

NO EMULSION:
SILVER GRAINS ON SURFACE

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

PAPER BASE

SALTED PAPER PRINT

FIGURE 5: Schematic Cross-Section of a Salted Paper Print

An original account of their production is given by Tal bot
(6). Coe (7) described the printing of salted paper prints
fromoriginal calotypes for exhibition purposes. During the
1850s, the paper negative was often waxed in order to nake the

support nore transparent and so facilitate printing (8).



Optical Character Recognition (OCR) document. WARNING! Spelling errors might subsist. In order to access
to the original document in image form, click on "Original” button on 1st page.

-11 -

2.2.3. Wet Coll odion Negatives on Gass and Direct Positives

Made by the Wet Col | odi on Process

Introduced by F. S. Archer in 1851 in England, probably
the mgjority of photographic negatives nade during the second
part of the last century were exposed on wet collodion glass
pl at es. Collodion, a solution of cellulose nitrate conpound in
a mxture of alcohol and ether, was mixed with a halide source,
poured onto a glass plate with a clean surface, and finally
sensitized by bathing it in a solution of silver nitrate. In

this way, a light sensitive silver halide was forned. The
glass plate so prepared had to be exposed in the canera while
it was still wet, hence the name of the process. I f the

collodion were allowed to dry, the plate would lose its
sensitivity.

As t he exposed negative was physically devel oped, the
resultant silver image is conposed of extremely fine silver
grains. Wt collodion glass plate negatives, therefore, have a
hi gh resol ving power and are capable of rendering fine detail
Because of this property, wet collodion negatives were used
until Wirld War 11 in the preparation of photolithographic

printing plates. Wet collodion glass plate negatives nave
usual |y been varnished - a fact that has contributed much to
the preservation of their image silver. Yel | owi ng of these
negatives may well be due to a deterioration of the varnish and
not of the «collodian or the inage silver. Phot ogr aphi ¢

journals of the 19th century abound with technical details on
the wet collodion process. The nodern reader finds interesting
summaries in references 9, 10 and 11.

This process was also used to nake direct coll odion
positives, which are now known as anbrotypes and tintypes.
After exposure in the canmera, a wet collodion glass plate
negative was backed with black paper or a black |acquer, which
made the inmage appear to be a positive. The result was an
anbr ot ype. One could also expose a sensitized collodion |ayer
that was poured on a black lacquered iron plate in order to
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obtain the same effect. The resultant inmage was a tintype.
Anbrotypes and tintypes were often kept in cases simlar to
those described for  daguerreotypes. Theref ore, they are
sonetimes also called ‘case photographs”. It nust be
remenber ed, however, t hat daguerreot ypes have entirely
different imge characteristics than anbrotypes and tintypes.
The pictures made by these two processes (daguerreotype process
and the wet collodion process) have nothing in conmon
structurally or in terns of their properties and stability.

The materials up to this point are distinguished from
t he subsequent silver gelatin materials by two criteria: t hey

were individually hand-nmade, and they were sensitized - i.e.
made light Sensitive - imediately before use by the
phot ogr apher . The light sensitive salt - a silver halide - was

formed in a direct chemcal reaction on the surface O the
respective support just prior to exposure. This situation is
different fromthe materials described in the follow ng section.
2.2.4. Silver Celatin Mterials

In the manufacture of the predom nant photographic
recording material for approximately the past one hundred
years, the light sensitive silver halides are mixed with the
binder, a particular type of highly purified gelatin, and the
resulting enulsion, in a separate step, is then coated onto the

desired support material. Enpirically acquired skills of
manuf acture, devel oped during the first three decades since the
1880s, gave way to nmore scientifically understood and

controlled procedures which allowed the emulsion-nmaker to
obtain the many different kinds of black-and-white photographic
filnms and papers in use today. This can be achieved, generally
speaki ng, by changing such variables as the tenperature during
the enul sion-nmaking process, the type of halide source, the
sequence of adding the various ingredients, the nechanical way
of adding ingredients, the type of gelatin chosen, and many
ot hers. The precise details of such procedures are closely
kept trade secrets, as the manufacture of contenporary
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nulti-layer filnms is as demanding and elaborate as the
manufacture in other high technology fields. The end result of
this know edge is the precise control over the size and shape
of the silver halide grains and their distribution in the
coated gelatin layer, factors which largely determne the
sensitonetric properties. Since the size and form of the
silver grains in processed photographic records is deternined
by that of the silver halide crystals in wunexposed and

unprocessed stock, (c. f. FIGURE 6) such know edge nmay be useful
to keepers of photograph collections.

DEVELOPED-OUT
SILVER GELATIN IMAGES

A} ~ PROCESSING A

LARGE SILVER LARGE.SILVER
HALIDE CRYSTALS GRAINS
»=  PROCESSING ‘)%
¢ Fav
SMALL SILVER SMALL SILVER
HALIDE CRYSTALS GRAINS

FIGURE 6: Morphology of Silver Gains Depends Upon
That of silver Halide Crystals

The properties of processed silver grains have, in turn, a
strong bearing on the stability of the photograph in question.
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2.2.4.1. Silver Celatin Dry Plates

These canera materials, in which the coll odi on was
replaced by gelatin as the binding agent necessary to hold the
silver halide crystals in place, could, as was pointed out
earlier, be manufactured and coated by nachines. After 1880
dry plates becane rather comon. One mgj or drawback was the
wei ght of the glass and its brittleness, a property they shared
wth wet collodion glass plate negatives. However, they were
nore sensitive to light (they had "a faster speed” in today’s
photographer’s lingo), and they kept their sensitivity for

several nmonths after manufacture. An excellent technical
account of their manufacture was given by Jahr (12). The
majority of still canmera negatives taken during the |ast two

decades of the nineteenth century and about the first twenty
years of this century are gelatin dry plates. However, not all
I mges on these plates are necessarily negatives, as they could
be processed by reversal devel opnent to give positive
transparencies, sonetinmes called lantern slides.
2.2.4.2. Silver CGelatin Negatives on Plastic Filns

During the latter part of the nineteenth century many
attenpts were made to coat plastic mterials wth [|ight
sensitive enulsions in order to overcone the disadvantages of
gl ass plate negatives. Around 1890 the first photographic
films on a plastic base appeared on the market, nade of
cellulose nitrate. The devel opment of this film base laid the
foundation for a trenmendous grow h of the burgeoning notion
picture I ndustry. Several years after the commercial
introduction of cellulose nitrate film base it becane apparent
that this material tended to slowy disintegrate with age and
was al so highly inflammable. New material s were devel oped of
which the three nost inportant ones are cellul ose diacetate and
triacetate, introduced in the late 1920s, and polyester film

base, which was devel oped during the 1950s. These materials
are often referred to as safety film
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In sheer nunbers alone, these negative materials

(including a small percentage of reversal devel oped positive
transparencies on plastic filmbase) formthe bulk of still

phot ogr aphi ¢ negatives in nost historical collections, along
with Dblack-and-white prints nade on devel opi ng-out papers,
which will be discussed in the follow ng section. Conservation
efforts are certain to be directed towards devel oping
hi gh-volune treatnent procedures to preserve these nmaterials
for future generations.

It is relevant to note here that mcrofilns and
bl ack-and-white nmotion picture films fall into this category.
The study of the properties, in terns of stability, and
behavi our of these materials towards various storage conditions
I's therefore of utnost inportance. Heyne (13) has reviewed, in
a technical paper, the manufacture of photographic films.
2.2.4.3. Negatives Made by Instant Photography Processes

These sheet film negatives, (e.g. from Polaroid
Corporation’s Type 665  or Type 55, Positive/Negative Land
Film are made of cellulose triacetate or polyester. If they
are processed correctly, i.e. according to the instructions of
the  manufacturer, they may be treated as any other

bl ack-and-white sheet film
2.2.4.4. Contenporary Negatives on Paper: Photostat Processes

The photostat process (a registered trade name of the
Itek Corporation) is one of many available in archives and

libraries for the reproduction of orginal docunents. It is
used to copy large-format originals, such as mps and
newspapers. |t produces a negative on paper, where a copy of a

newspaper page shows white letters on a black background.

2.2.5. Negatives Made by Chronpgeni c Devel opnent Processes
In these canera materials organic dyes are present which

form the negative imge. They becane commercially avail able
only recently, exanples being |Ilford XP-1 and Agfa- Gevaert
Vari o- XL. Since they do not contain silver as the

i mage-formng substance, their properties will be discussed in
the context of colour photographic records.
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TABLE 3 sunmarizes the principal groups of black-and-white
phot ogr aphi ¢ negati ves.

TABLE 3: PRI NCI PAL GROUPS OF BLACK- AND-VHI TE
PHOTOGRAPHI C NEGATI VES

DaPuerreotypes _

Cal otypes and negatives on paper
Wet col | odion glass plates

(i ncluding anbrotypes and tintypes)

Silver gelatin nmaterials
(1) dry plates (on gl ass)

ii) on Cellulose nitrate film base
Ii1) on safety film base

(cellulose triacetate and pol yester)

Negatives nade by instant photography processes

Cont enpor ary ne%?tives on paper (e.g. Photostat)
Negatives nmade by chronpbgenic devel opment processes

2.3. Reflection Print Materials

O the many processes that were used to nmake positive
reflection prints, the enphasis in this study is on silver
print materials. They are grouped according to the nature of
the image-formng substance first, then according to the
binding agent and lastly according to the support. The
i mge-formng material - silver, carbon, netal salts - largely
determ nes the inportant characteristics, including stability
of a photograph. The support is generally the |east
influential factor, as it is the nost stable of the three
conmponent s and rarely causes  problens. Exceptions are
cellulose nitrate film base, the brittleness of glass and
contenporary resin-coated papers (RC papers) . Accordi ngly,
phot ographic silver prints are divided into printed-out papers

(P.OP. ) ; developed-out papers (D.OP. ) on a conventional
fiber-base paper support; devel oped- out papers on a
resin-coated paper support; miscellaneous historical print
materials not classifiable according to the properties
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O the silver grain; and contenporary rapid processing
materials. As wth negative naterials, the properties of
silver gelatin photographs have been studied extensively by the
photographic industry wusing a wde variety of analytica
techni ques and testing procedures. Mich of that experience has
been published, thus providing the keeper of photographic
collections with better know edge on the preservation of these
mat erial s.
2.3.1. Printed-Qut Photographic Paper Prints

Printing-out papers which contain, in addition to the
usual silver halide, on organic silver salt, are exposed by
contact under a negative wuntil a positive picture appears,

l.e., is printed-out. This process nay take froma few ninutes
to forty-five mnutes or nore, depending on the type of paper
and the light source used. There is no subsequent
devel opnent. The picture is then toned and fixed. The silver

grains obtained in the printing-out process are considerably
smaller and of a different shape than those present in
devel oped-out papers. Formstecher, in the 1920s ad 1930s,
publ i shed the results of nunerous studies on the properties of
printing-out papers, of which (14) and (15) are particularly
useful . The nore common types of these photographic prints are
subdi vided into the follow ng four groups.
2.3.2. Salt Papers, or Salted Paper Prints
They are anong the earliest positive prints, and have

been nmentioned earlier as rare and historically inportant
docunents (cf. page 9). Since there is no binding agent in
these pictures, they often have a somewhat flat appearance,
lacking Dbrillance and depth. However, the paper used was
sonetinmes sized with gelatin first, which caused a change in
the properties of the resulting pictures.

Starch was also used as a sizing agent (and probably as a
bi nding mediunm), but photographs of this kind are rare, and not
much know edge has been published about them
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2.3.3. Albumen Prints
They are probably the nost common - and therefore nost

inportant - photographic print material of the nineteenth
century.  Consequently, there is an abundance of literature on
their manufacture, use and properties. Sone contenporary

references are by Aleo (16), Kellner (17), and Schnauss (18).
Two inportant nonographs are by Davanne and Grard (19) and by
Just (20). A recent introduction into the manufacture and use
of al bumen papers has been provided by Reilly (21). The tonal
range and al nost conplete |ack of graininess of albumen papers
perfectly matched the high-contrast fine-grain, wet coll odion
negatives, from which they were generally printed. These are
the first nmachine-nade papers produced specifically for
phot ographi ¢ purposes. Al bunen prints have a significant place
in nmost historical photographic collections.

2.3.4. Collodio-Chloride Prints

An inportant print material, in which the al bunen was
replaced by a collodion layer, they seemto have been used nore
commonly in Europe than in North Anerica. While al bunen

papers, coated only with egg-white containing a halide salt,
were usually sensitized before wuse by the photographer,
col l odi o-chloride papers were conpletely machine manufactured.
In contrast to the fornmer, collodio-chloride prints have a
baryta layer between the paper support and the collodion

layer. A baryta layer, introduced well over one hundred years
ago (22), consists of finely ground, white barium sulfate in
gel atin. It has a nunber of inmportant functions. In earlier

years, one purpose was to protect the enul sion against harnful
chem cals that might be present in the paper base and react
with the image silver (23). The baryta | ayer also provides a
smooth, even surface onto which the emul sion can be coat ed.
Lastly, it gives increased whiteness and brillance to the paper
base because of the high reflectance power of barium sulfate.
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2.3.5. Silver Gelatin Printing-Qut Papers

These materials, which were also machine coated, nave
been in use since the 1880s, beginning with Eastnman Kodak’s
Solio Paper to the sane conpany’s Studi o Proof paper, which
remai ns on the market today.

2.3.6. Devel oped-Qut Phot ographic Paper Prints

This was, and still is, the npbst common photographic
printing medium since the end of the |ast century.
Devel opi ng-out  papers are exposed in a darkroom under a
negative for a few seconds only and are then devel oped. The
gain of speed in processing is their major advantage over
printing-out photographic papers.

Sachse (24) gives a fairly early account on the
devel opnent of  photographic papers, while  Zinmmerman  (25)
di scussed the whol e range of photographic printing papers. A
most interesting account of the manufacture and properties of
emul sion papers was published by Cobenzl (26).

According to their sensitivity, and therefore to the
size and shape of the resultant silver grain, developing-out
papers have traditionally been divided into chloride papers,
brom de, and chl oro-brom de papers. This division is also
useful in terns of the conservation of these prints. Trumm
(27) gives an excellent account of the manufacture of both
printing-out and devel opi ng-out  papers, while Falta (28)
di scusses the properties of photographic papers and their
eval uation.

2.3.7. Brom de Papers

They were the first devel opi ng-out papers to appear on
the market in the 1880s. Their stability was once considered
to be so high in conparison with printed-out photographs that
one manufacturer sold his product under the nane of ‘Pernmanent
Brom de”. Brom de papers were of medium speed and had neutral
image tones. As the manufacture of these materials becanme nore
conplex, the sinple term “brom de” probably indicated nothing
more than that the predom nant |ight sensitive conpound in the
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raw material was silver bromde. A glinpse behind the veil of
trade secrecy, which denmonstrated the conplexity of making such
a paper, was provided through the publication of the F.1.AT.

reports by the allied forces at the end of Wrld War II.  Anong
t he manufacturing procedures revealed is one for a bromde
paper nmade by Agfa forty years ago. It is reprinted by

d af kides (29).
2.3.8. Chloride Papers

These print materials probably contained silver chloride
as the prevalent |ight sensitive conpound. Being of relatively
| ow speed, they were mainly used for contact printing.  The
finished print has a col d-black imge tone, a higher maxinmm
density than the other devel oped-out papers, fine grain and
good contrast. As early versions could be used in a noderately
illumnated workroom they were also referred to as ‘gaslight
papers” (30).
2.3.9. Cnhl orobrom de Papers

Chl orobronmide papers are projection-speed enlarging

papers, used in many commercial applications. A distinction
bet ween such prints and the two preceding prints by visual
i nspection alone is alnobst inpossible. The general earlier

remar ks about devel opi ng-out printing papers apply here also.
2. 3. 10. Resi n-coat ed Papers

These phot ographic papers (in French called "papiers
PE', for polyethylene) which were devel oped during the past 15
years or so, are grouped separately here because they nave been
shown to exhibit stability characteristics that are different
from conventi onal mat erial s. They are, of cour se,
devel opi ng-out papers, and their sensitonetric properties are
likely to be the sane as those of conparable materials on a

non-RC paper base. Yet, the presence of a very thin
pol yet hyl ene | ayer on either side of the paper sheet has nade
them suspect of bei ng less  stable t han conventiona
bl ack-and-whi te papers. FIGURE 7 shows a schematic

cross-section of a resin-coated paper.
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WATER CANNOT GELATIN
""“"“"J""“ SILVER GELATIN EMULSION / OVERCOAT

.............................
...............................

\:OLYOLEHIE
WATER CAN ____, OATING CON-

PENETRATE HERE PAPER BASE TAINING PIGMENTS

.

WATER CANNOT CLEAR POLYOLEFINE
PENETRATE MERE COATING

CROSS-SECTION OF
RC-PAPER

FIGURE 7: Schematic Cross-Section of RC Paper

2.3.11. Mscellaneous Historical Print Mterials

The pictures in this group include print materials
which are not classifiable according to properties of the
silver grain, since too little is known about them Exanpl es
are individually sensitized prints that were physically
devel oped in gallic acid (1840s and 50s); printing-out papers
that were developed (cf. 31, 32, 33); and solar prints, or
sket ch photographs, which consist of a weak silver photographic
i mage (often a portrait) over which pen or ink were used to
reinforce the picture (34,35).
2.3.12. Non-Silver Printing Materials

During the second half of the nineteenth century, when
the potential instability of silver prints becane apparent,
many attenpts were nmade to replace the silver with a nore
stable material, such as printer’s ink or suspensions of carbon
particles (lanpblack) in gelatin. Numer ous processes were in
use at one tine or another, but only a few have gai ned high
rank and recognition for their perfect rendering of tones and
their permanence. These are the Wodburytypes, carbon prints,
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collotypes, and photogravures, as well as nodifications of
these processes. Other processes that must be nentioned here
are handnmade, non-silver pigment printing processes such as

platinum prints, cyanotypes (blue prints), gum bichromate
prints, and bromoil prints. Al of the latter should be
conserved as works of art on paper according to conventiona

prints and draw ngs conservation techni ques. However, they

wi Il not be discussed any further in this study.
2.3.13. M scel  aneous Contenporary Print Mterials

For reasons of conpleteness and of their w de-spread
occurrence, sonme print materials are nmentioned which have been

devel oped during the past 35 years. Their principal purpose is
to obtain a black-and-white print quickly. The nmore common of

these are instant black-and-white print materials, made by the
Pol aroi d Corporation since the |ate 1940s (36, 37); prints

made, within a few mnutes, by the stabilization process

(38, 39) , in which residual light sensitive silver salts are
not renoved by the fixing process, but are converted into
anot her silver conmpound whose stability is |imted,; and dry

silver prints by the 3M Conpany (40, 41), in which silver
conmpounds other than silver halides are used. Prints produced

by the latter two processes are not easily distinguished from
conventional devel oped-out silver gelatin prints.

The principal groups of nonochrome positive prints are
summari zed in TABLE 4. The | ogical basis of dividing silver
prints, as shown in TABLE 4, is provided by the relationship
between the size, shape and distribution of the silver grains
in the binding mediumand their resultant stability. Thus, the
larger silver grains are nore resistant to chemical and
physi cal changes than the smaller ones, and those grains with a
relatively large surface area in relation to their mass are

nore susceptible to react wth chem cal reagents than grains
with a smaller surface. Photographic pictures nmade by
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TABLE 4: PRI NCI PAL GROUPS OF MONCCHROVE REFLECTI ON PRI NT NATERI ALS

SI LVER PRI NTS
1. Printed-out Papers (P.OP. )

(i) Salted paper prints
(i) Collodio-chloride prints
(i) A bunmen prints
(iv) Silver gelatin P.OP.

2. Devel oped- out Papers (D.OP. )

(i) Cnhloride papers (contact speed)
(,|,|,% Chl oro- brom de papers (enlarging speed)
(i Brom de papers (fast enlarging papers)

3. Resi n-coated Papers (all D.OP.)

4. Papers not classifiable according to properties of the
silver grain

(i) Individually sensitized prints physical |y
devel oped wth gallic acid
(ii) Developed printing-out papers
(1ii) Solar prints and sketch photographs

b. Contenporary Rapid Processing Mterials

(i) Stabilization prints (several manufacturers)
(ii") Dry silver prints ( 3M Conpany ) _
(iii) Instant bl ack-and-white prints (Pol aroi d

Cor por ation)

I PAPERS USI NG NON-SILVER METALS, OR METAL SALTS

L Plati num prints
2. Pal | adi um prints
3. Cyanot ypes

I1'l. PAPERS USI NG NON-SI LVER PI GVENTS

Exanpl es: Gum  bichromate  prints, carbon  prints,
woodburytypes, carbro prints, bronoil prints, ozobrone
Prints, oil prints, photogravure.
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printing-out processes have  silver grains of di stinct
properties which are quite different fromthe silver grains
produced in devel oped-out prints. Wthin each of these two
principal groups, the properties of silver grains differ again
according to either the binding agent or to the respective
anounts of silver halides that were built into the enul sion
during nanufacture. Resi n-coated papers deserve a separate
pl acement as a principal group, not only because of the
pol yolefin coating of the paper stock, but because that coating
has a weakening effect on the stability of the silver grains in
a processed print, when conpared to the stability of the sane
type of silver gelatin layer coated on a fibre-base (non RC
paper.
2.3.14. Bl ack-and-Wiite Positive Transparencies

These materials were nentioned earlier as a product of

reversal devel opnent of black-and-white negati ves. A picture
SO obt ai ned would be a canera original. Posi tive
transparencies can, however, also be nmade by printing a
negative onto a suitable black-and-white film | f the binding
agent is gelatin, previous observations made about silver
gelatin nmaterials apply here also. Usual 'y, positive

transparent pictures are fine grain materials with a gelatin
| ayer that is thinner than usual.
2.4. Colour Photographic Materials

Col our photography, as we know it today, canme into being
in 1935 with the commercial introduction of Eastman Kodak
Kodachrome film a subtractive colour process. The earli est
commer ci al col our photographic process before that date was the
Aut ochrome Transparency Plate nmade by Lum ére in 1904. It used
the screen plate process, which is based on the additive system
of col our formation. G her manufacturers followed suit, of
whi ch the best-known products are the Finlay Colour Plate, the

Dufay Colour Plate, the Agfa Col our Screen Plate, and the
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Dupl ex Colour Plate. Al of these products were rapidly
superseded in the marketplace by the appearance of the

subtractive systems of colour formation. The latter nmay be
grouped into four major categories.

2.4.1. Chronogeni c Devel opnent Processes

In these processes the dyes that form the final imge
are chem cally synthesized during devel opnent. The first of
these films was Eastman Kodak’s Kodachrone (1935), followed
closely by Agfa's Agfacolor films in 1936 and Eastnan Kodak’s

Ekt achrome filnms in 1940. Today, all canera filnms, with the
exception of instant colour films, are based on chronogenic
devel opnent : colour negatives and transparencies, and the
majority of reflection colour prints. They are nade by a

handf ul of conpani es including Eastman Kodak, Agfa-Cevaert, 3M
and Fuji Photo Film As about 85 percent of all photographs
today are taken on colour films, these materials will play a
trenendous role in future considerations for the conservation
of contenporary photographic records.
2.4.1.1. Using External Dye Couplers (Kodachrome principle)

Wiile in black-and-white processing the oxidized
devel oper is discarded, it is utilized in colour photography to
react, in a secondary step, with conmpounds known as dye
couplers to formthe dyes present in the finished product.
According to the provenance of the dye couplers, three
different groups of naterials can be distinguished. In the
Kodachrome process (42,43), the dye couplers are introduced
from an external source, for exanple along with the devel oper.
Consequently, no residual couplers remain in the finished
picture. The processing, however, was - and remains to this
day - a lengthy and conplex procedure which can be carried out
only by a few specialized |aboratories.
2.4.1.2. Using Non-Diffusing Incorporated Dye Couplers

(Agfacol or principle)

In the Agfacolor transparency films, which were
introduced commercially in 1936 (44, 45, 46) , the three
different dye couplers - one each for the formation of yellow,
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cyan and magenta dye - were for the first tinme incorporated
into three gelatin |layers coated on top of each other. This
was achi eved by attaching |ong-chain nolecules to the couplers,
t hus making them i mobile, or non-diffusing, wthout affecting
t heir photographic properties (47). In a single devel opnent,
whi ch could be perforned by the wuser, all three dyes were
formed sinultaneously. Sone drawbacks of this system gradual ly

rendered it less and less effective, so that today it is used
inonly a few products.

2.4.1.3. Using Protected Incorporated Dye Coupl ers (Kodacol or
principle, or Ektachrone principle)
In addition to its Kodachrone process, Eastnman Kodak
al so developed in the 1940s a subtractive col our photography

system with incorporated dye couplers (48, 49). In filns and
papers using the Ektachronme principle, the dye couplers are
suspended in mcroscopically snall droplets of an oily

substance, hence the term oil-protected coupler process. To
this day it remains the prevalent chronmogenic devel opnent
system
2.4.2. Dye Inbibition Processes

Pref ormed dyes can be successively built up in a gelatin
nordant |layer from a printing matrix filmto produce dye
imbibition prints. The only procedure available in North
America is Eastman Kodak's Dye Transfer Process (50, 51). In
Japan, Fuji photo Filmprovides a simlar process known as Fuji
Dyecol or. Dye imbibition prints, whose  production is
pai nstakingly tine-consum ng, are wused mainly by artistic
phot ogr aphers. Their role in" an archives collection appears to
be small.
2.4.3. Silver Dye Bleach Processes

In this process, prefornmed dyes, incorporated into the
enulsion  during manufacture, are catalytically destroyed
I magew se during processing. The only material of this kind
manuf actured now is the G bachrone Color Print Material by
Ciba-Geigy in Switzerland (52, 53, 54, 55). It is distributed
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in North Arerica by 11f or d. This material is not sensitive
enough to be used for camera exposures, but it is suitable for

the preparation of colour reflection prints and col our positive
t ransparenci es.

2.4.4. Dye Diffusion Transfer Processes

In 1965 the Polaroid Corporation of Canbri dge,
Massachusetts, U S A, surprised the world of photography with
the introduction of the first instant col our photographic print

process, now known as Polacolor 1 (56) . In 1972, ‘the
non-peel -apart system SX-70 was introduced (57), followed by
Polacolor 2 in 1975. In 1976, the Eastnman Kodak Conpany
marketed its instant colour print process under the nane of
PR-10 (58). In 1981 Fuji Photo Film of Japan announced the
availability of its Fuji Instant Colour Film Billions of

pictures are taken annually on these materials, of which a
sizable portion may be expected to find their way into nuseuns
and archives throughout the world.

Besi des t hese four princi pal groups of col our
photographic print nmaterials, there are printing processes
using pigments (for exanple, tricolour carbro) and nodern
el ectrophot ographi ¢ net hods. Wile the nunber of colour
pictures made by the fornmer appears to be smll, many
devel opments are in progress with respect to the latter and
products are undergoing rapid changes. Not enough is Known
about their stability characteristics at this tine. Nei t her
wi Il be discussed further in this study.

The foregoing is but a brief and sinplified sunmary of

the nore inportant col our phot ographic  processes. The
classical histories of colour photography are by Wall (59) and
Friedman  (60). A purely technical account on  colour

phot ography is given by Evans, Hanson and Brewer (61). The

volume by Mutter (62) summarizes technical devel opnents in
col our photography fromits inception to 1967. A recent work
in three volunes by Koshofer (63) contains an incredible anount
of detail on the many different colour film and paper products

made by the world' s leading manufacturers. This work will soon
be available in English also.
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3. CHARACTERI ZATI ON AND | DENTI FI CATI ON OF PHOTOGRAPHI C | MAGES

There is no sure and quick way to identify photographic
pi ctures. The exceptions are, of course, materials that have
the manufacturer’s logo and the brand name enbossed or printed
on them There are a few sinple laboratory tests, yet they are
not al ways  concl usi ve. Beyond that, conmplex anal yti cal
techniques have to be applied which require expensive
instrunentation and - nore inportant - the necessary expertise.

The best help in this respect is to gain experience in
| ooking at  photographs and working with them Through
experience it is possible to develop a degree of certainty
about which type of filmor photograph one is dealing with
Know edge of the exact date of a photograph can elimnate sone
materials and narrow the alternatives down to a few Sever al
panphl ets have been published which are designed to guide the
keeper of still photographic pictures through the amazing
number of different types towards a recognition of the
principal processes. O these, the papers by Gll (64) and
Bovis (65), the latter in French, are recommended.
3.1. The Support

Fi ve predom nant support materials have been nentioned
earlier: metal, glass, plastic film paper and resin-coated
paper . In general, it should not be too difficult to identify
each of these. The follow ng remarks add sonme specific details.

There are only two inportant silver photographic inages on
a nmetal support: daguerreotypes and tintypes. The forner,
besides having a mrror-like appearance, are recognized, when
di sassenbl ed, by their copper plate support. Ti ntypes, being
on an iron sheet, can be identified, while remaining in their
case, by holding a nagnet to the cover gl ass: a tintype wll
be attracted to it.

Wil e glass and paper are easily recognized, it requires

sone experience to identify resin-coated papers. Thei r back
has a slippery feel to the touch, and when over-washed during
processing the four corners curl upwards. The best | aboratory

technique for the identification of filnms and papers is the
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m croscopic exam nation of their Cross-sections (Cf.
FIGURE 7). It allows one to clearly distinguish between
fiber-base papers  and resin-coated papers and between
devel oped-out and printed-out photographic pictures.

A glance at a cross-section of a photographic print
t hrough an ordinary light mcroscope allows the viewer to study
the size of the particles and their vertical distribution
t hroughout the gelatin. A devel oped-out print has distinct
silver grains with an even concentration in the gelatin. By
contrast, the particles in an albunmen print - a printing-out
paper which did not undergo devel opment - are so small in size
that they remain indistinguishable at a magnification of 400X
More silver can be seen to be accunul ated towards the surface
of the picture than on the side towards the paper base,
indicating a concentration gradiant for the silver particles.
Li ght m croscopy also reveals the presence or absence of a
baryta layer, an inportant interlayer between the paper support
and the gelatin |ayer. It does not, however, resolve the fine
structure of the developed or printed-out silver particles,
which can be studied only wth the help of an electron
m cr oscope.

It may be useful to be able to distinguish between the
three mgjor filmmaterials. O these, cellulose nitrate, which
was never used in the manufacture of mcrofilm but was | ast
manuf actured as sheet filmin 1939 and as notion picture film
in 1951, is highly inflanmable, and this property can be used
for its identification. In fact, the American Nationa
St andar ds Institute (Ansi) speci fication for safety
photographic film ANSI PHL.25-1976 (66), defines details for
the burning test conditions, such as sanple size and burning
tine

Another sinple experinent consists of dropping a snall
punched-out film sanple into trichloroethylene, an organic
solvent. If it sinks to the bottom it is likely to consist of
cellulose nitrate. Oten the word ‘nitrate” is printed along
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the edge of a film sheet. If a piece of filmhas the word
“safety” printed onit, it is nade either of cellulose acetate
or of polyester. O these tw, cellulose acetate tears

relatively easily, whereas it is virtually inpossible to tear
pol yester materials. Al the types of filns can, of course, be
anal yzed chem cally and thus unanbiguously identified (67).

Ot her support materials, besides those described here,
have been used throughout the history of photography, but their
occurrence is rare. Exanpl es are wood, linen, |eather, ivory,
and porcelain, none of which should be difficult to recognize.
3.2. The Binding Mdium

Some early types of silver prints, as well as sone
non-silver prints, have no binding nedium at all. Exanples are
salted paper prints, or platinumprints and cyanotypes (bl ue
prints). Their surface, when viewed by reflected |ight, does
not show any gl oss. The picture has a sonmewhat flat | ook
caused by the imge-formng particles being partially absorbed
by the paper fibers. For mst echer (68) has described sone
sinmple tests which help to determne the type of a photographic
paper . | f the binding agent dissolves in a bath consisting of
equal parts of alcohol and ether, it is indicative of a
col | odi o-chl oride printing-out paper. If the image |ayer is
insoluble in alcohol/ether, it can be tested in a waterbath of
about 50°C. If the layer dissolves conpletely, it consists of
gel atin. If it becones only slippery and sticky, it could
consi st ei ther of hardened gelatin, or of starch and
starch-like materials. The testing is continued in glacial
acetic acid, in which gelatin layers are conpletely dissolved,
while starch materials remain unaffected. If the | ayer has
nei ther dissolved nor swollen in hot water, it consists of
al burren. Formstecher’s article also contains valuable hints
for i dentifying phot ogr aphi ¢ prints based on their

sensitonetric properties such as scale index and rendering of
shadow detail.
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3.3. The Image-Form ng Substance
A silver print can, with sone practice, be recognized by
its visual appearance (see preceding paragraph), inmage tone

and, in older materials, often by a netallic blue sheen in the
maxi mum density, or shadow, areas. Chemically, it is bleached

by a potassi um bi chromate sol ution. Wth nodern anal yti cal
techniques using X-rays, the presence of silver can be
unequivocally determined in a non-destructive way. The

i nportance of the fine structure of the silver and its
distribution for purposes of identifying photographic materials
has al ready been pointed out.

The exam nation of processed photographic naterials with a
transm ssion electron mcroscope (TEM at nagnifications of
about 40,000 times shows a surprising variety of particles of
different sizes and shapes, fromvery small spherical particles
to conpact silver grains and fine silver filaments resenbling
steel wool . The correlation between the size and shape of
processed silver particles and inportant inage properties has
been studied for many years. Most picture-takers are famliar
with the relationship between graininess and speed - or |ight
sensitivity - of a film the faster - or nore [light
sensitive - it is, the grainier the imge wll be. 1In
processed materials, other properties result directly from the
size and shape of the silver grains. Exanpl es’ are contrast,
covering power and image tone. O inportance to the
preservation of photographic records is the observation that
silver particles have a tendency to undergo chem cal reactions,
and therefore their stability depends to a |arge degree on
t hei r norphol ogy. Large, conpact particles are less prone to
react with oxidizing agents than small, spherical grains of
silver with a fine filanentary structure. The nature of these
particles varies with the type of photograph and can thus be
used to accurately identify a given black-and-white material .
Moreover, the silver particles undergo characteristic changes
upon fading or discoloration of a picture. The changes m ght
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involve many small particles lunping together to form fewer,

but  larger, units or I ndi vi dual grains altering their
structure. In this way, the nature of the deterioration can be
determ ned precisely from el ectron mcroscope studies. Such
information, in turn, may help us to decide with certainty

whet her a given restoration procedure will be successful

In fact, preserving black-and-white photographic records
amounts to understanding the chem cal and physical changes in
the nature of the elenmentary silver grains which, enbedded in
gelatin, formthe inage.
3.4. Oganic Dyes

Dyes are the conponents present in the col our photographic
materials listed earlier. Dyes, as opposed to pigments, nay be
described as being soluble and as undergoing sone Kkind of
chem cal or physical link with the material to which they give
col our. In nodern colour photographs, that material is
gel atin. They are commonly of an organic nature or origin.
Except for monochrome photographs ( for exanple, a cyanotype),
all of the above-nentioned pictures contain dyes. Recogni tion
is thus done visually. Since many thousands of dyes have been
synthesized to be used for photographic purposes during the
past 50 years in hundreds of processes by many manufacturers,
only a conplex chemical analysis can identify the precise
nature of the dyes in any given photograph. Fortunately, such
know edge is usually not necessary in order to preserve them

Col our phot ographs using pignents, which are nostly of a
mneral, or inorganic nature, can be identified by mcroscopic
study of cross-sections: the thickness of the gelatin |ayer
varies wth the density. Variations in density are achieved by
changes in the thickness of the pigment containing gelatin
| ayer. This is also true for nonochrome pictures nade by
pi gment printing processes, such as carbon prints, or
Wodbur yt ypes.
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4. EXAM NATI ON OF PHOTOGRAPHI C MATERI ALS AND THE STABILITY OF
THEI R COVPONENTS

4.1. Techniques for the Exam nation of Photographic Mterials
4.1.1. Visual Inspection

Visual inspection is the sinplest, but nevertheless
potentially one of the nost effective means of exam ning
phot ographic materials. Archivists and librarians, char ged

with the preservation of photographic collections, may gain
experience in assessing the preservation conditions of
materials under their control by |ooking for cracks, breaks,
tears, mssing parts as well as for discoloration, such as

fading or yellow ng. There are many types of surfaces (for
exanple, mt, glossy, velvet, textured) as well as inmage tones
occurring in various reflection print materials. Both are
di stinguishing characteristics of photographs. The better

one’s famliarity with them the better one’s ability to
examne and evaluate the <condition of the record under
I nvestigation.
4.1.2. Mcroscopy

The light mcroscope extends the ability of the human
eye to see and identify details at various magnifications up to
about 1000X. It is probably the single nmost inportant
instrument in the conservation laboratory. The usefulness in
exam ning cross-sections of films and papers has been pointed
out earlier.
4.1.3. Densitometry

A densitometer, next to a light microscope, 1is the
second nost inportant instrument in a conservation |aboratory
for phot ographs. For transparent materials (negatives, slides)
a transmission densitonmeter is used; for positive reflection

prints, a reflection densitoneter. However, nodern instruments
conbine the ability to neasure densities in both materials,
whet her bl ack-and-white or col our. While in conventional fine

art conservation (watercolors, oil paintings) colour and
bri ght ness changes are judged visually, densitonetry permts us
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to neasure - and nonitor - changes in the tonal scale of
phot ographs quantitatively. Therefore it is indispensable in

accel erated aging tests, the nonitoring of photographic prints

while on display, copying and duplicating work (where an
original photograph has to be reproduced tone for tone) and in

chemcal restoration work. By nmeasuring through the three
colour filters, blue, green and red - in addition to the
bl ack-and-white, or neutral, density - changes in inmage tone
can be determ ned. A densitoneter is also necessary in

controlling the processing (i.e., development, fixing, washing
and drying) of photographic materials, in particular in
monitoring the devel oper activity.
4.1.4. Chemcal Laboratory Tests

These range fromeasily perfornmed test tube experinents,
such as the behaviour of the photographic |ayer towards water,
acetic acid and alcohol, or the solvent test for the
identification of cellulose nitrate film base, to the use of
speci alized techniques requiring conplex instrunmentation.
Nearly all analytical methods comon to a nodern chenical
| aboratory can be applied to the exami nation of photographic
material s, including  chromat ography, amno acid analysis,
energy-dispersive X-ray spectroscopy and electron mcroscopy.
Wil e the photographic manufacturing industry routinely uses
this type of equipment, conservation |aboratories rarely have
access to such facilities. In addition, there are many test
instruments which have been devel oped by the manufacturers for
quality control purposes and stability testing. They are
usual ly not commercially available, but nmust be custom built
from preci se specifications. Exanpl es are devices to neasure
the brittleness and curl of filnms and papers, the scratch
resistance of the gelatin layer and its swelling in chem cal
solutions, its nelting point and its adhesion to the support.
Li ght sources of known intensity and spectral distribution in a
climatically <controlled environnent, and incubation chanbers
using high tenperature and relative humdity for accel erated
aging tests are also part of this specialized equipnent.
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4.2. The Stability of the Support
This section and the follow ng one sunmarize the Current

know edge of the stability of the mjor conponents of
phot ographi ¢ material s.

4.2.1. Metal

Few observations have been published with respect to the
stability of the nmetal support in either daguerreotypes or
tintypes. Both appear to be rather stable, however, formation
of rust has been observed at times on tintypes. Antonacci (69)
has described this deterioration and proposed a nethod for rust
removal
4.2.2. dass

G ass plates were the first transparent support nmaterial
to be used for negatives, fromwhich positive prints could be
drawn with shorter exposure times than was possible with

transl ucent naterials. The major disadvantage of glass, as
pointed out earlier, is its brittleness. Its outstanding
di mensi onal stability is the reason why the glass plate
negatives are still used in astronom cal photography. Al tman
and Ball (70) as well as Burnnam and Josephson (71) nave

reviewed the spatial stability of photographic plates.
4.2.3. Paper

During the first two decades or so of photography, the
paper used for negatives and for the subsequent printing of
positive salt prints was often described as a ‘fine quality
witing paper. It should be of even texture and free of
chem cals that mght interact with the inage silver. During
the 1850s, manufacture of paper for exclusively photographic
pur poses began, especially for the then prevailing al bunmen
papers. Two conpanies, Blanchet Freres and Kléeber in Rives,
and Steinbach and Co. in Milnedy, had a virtual nonopoly on the
manufacture of the thin-base al bumen papers throughout nost of
the 19th century. The | ocation of the paper mlls and the
quality of their products was closely related to the purity and
suitability of the water supply. Reilly' s (21) recent review
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O the manufacture and use of al bumen papers has been nentioned
earlier. In addition to the references quoted in the second
chapter, a nmpst interesting historical treatment of the
devel opment of photographi c papers, ranging fromsalted paper
prints and non-silver pignment papers to the then nost advanced,
graded devel opi ng-out papers, was published by the Leonar Works
in 1955 (72). Mre recent accounts of the nmanufacture of
phot ogr aphi ¢ papers have been given by Kasper and Wanka (73)
and by Wodward (74).

Phot ogr aphi ¢ papers have often been characterized in the

technical literature by their sensitometric properties, i.e.
their sensitivity to light, contrast, maxinum density and scale
I ndex. Al though this may seem too technical a subject for

curators of photograph collections, an understanding of these
properties will contribute greatly to the ability to identify
phot ographic prints and to assess their state of preservation

One of the earliest investigations of the sensitonetry of
bl ack- and- whi t e phot ographi c papers was carried out by Jones,

Nutting and Mees (75). Jones, in 1926, published an inportant
contribution on the contrast of photographic printing papers
(76). Mre recent summaries on this subject were given by
Centa (77) and in an anonynous discussion of the systematic
identification of photographic papers (78) . An inportant
observation by Kieser (79) about the ability of the three mjor
types of devel oped-out papers to be toned visually by sel enium
salt solutions led to a procedure for their identification:

chl oride papers undergo a nmarked change in inage tone t.

purplish red or chalk red, whereas pure bronide papers becone

pur pl e- bl ack. Chl oro-brom de papers assume tones that are
bet ween these extrenes, depending on their original silver
chloride content. Lastly, it should be nentioned that

information has been  published periodically  about t he
properties of specific printing papers which were in the
marketplace at a given time. Exanples include a |ist of papers
available in Germany in 1954 (80), a discussion of papers in



Optical Character Recognition (OCR) document. WARNING! Spelling errors might subsist. In order to access
to the original document in image form, click on "Original” button on 1st page.

- 37 -

North America in 1960 (81), a report on darkroom tests of
numerous papers in 1965 (82), and another survey of printing
papers in 1967 (83).

None of the quoted articles can answer alone all questi ons
about the stability of photographic paper prints. Toget her,
however, they convey to the reader an excellent idea of the
manuf acture of these papers, the materials used to nmake them
and their structure. Positive reflection prints are the final
product of the photographic process and the nore know edge and
understanding about their properties that becones avail able,
the nore successful will be the efforts to preserve them The
older references are wuseful, as they apply to the kinds of
phot ogr aphi ¢ papers that were nade at that time. \Wiile precise
details of the manufacture remain trade secrets - and are
noreover |iable to be changed regularly - experience has shown
that photographic paper is a product of outstanding quality

that rarely poses severe conservation problens. It seems to be
superior than any other type of record paper to be found in
archives and libraries. A high alpha-cellulose content,

freedom from aggressive chem cals, and special sizing agents
t hat gi ve photographic papers excellent wet strength, are but a
few of the known properties. The type of mechanical treatnent
whi ch the pul p undergoes in the paper nmaking process and which

determnes the length of the paper fibers and their
i nter-connection is also of inportance, but the exact know how
remins privy to the respective manufacturer. Lane (84)
published  sone information on the properties of one

manuf acturer’s photographic paper.
4.2.4. Resin-Coated Paper

Phot ographi ¢ paper, 1like nmany other types, consists of a
sized tissue of fibers capable of swelling in water and
interspersed wth cavities, These are sponge-like properties,
enabling the paper to absorb and retain both gases and I|iquids,
unl ess they are washed out carefully. In order to lend to
phot ogr aphi ¢ paper water-inperneable properties - as possessed
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by glass plates and plastic film- the paper base is coated on
either surf ace with a thin filmof plastic material ( see

FIGURE 7). Many different types of coatings were tried, before
the industry settled on polyethyl ene about fifteen years ago.
Ri ght from the beginning, resin-coated papers (RC papers) were
received with skepticism by fine art photographers and sone
segnents of the photographic press. Di euzaide's article (85)
is a good exanple of a passionate and well-neant, but
technically inaccurate plea against the use of RC papers. Mor e
detail ed di scussions about the stability of RC papers have been
publ i shed by Parsons, Gay and Crawford (86) and Kolf (87). RC
papers have much shorter processing times than fiber-base

Papers (approxi mately four m nutes as conpared to about one
hour), because processing solutions cannot penetrate into the

paper . Therefore, there is no need for either extensive
washi ng or |ong drying. Manuf acturers general ly provide users
of RC papers wth new processing guidelines. The above

mentioned articles by parsons and Kolf point out the potential
instability of RC papers caused by cracking of the RC |ayer
Such cracking has been observed on early colour prints and sone
types of black-and-white prints on RC papers. It has been
determned to be the result of a photo-chenical oxidation of
the polyethylene film Mre recent types of RC papers have
anti-oxidants built into the paper base which are expected to
mgrate into the polyethylene |ayer and there to counteract any
oxi di zing agents. One nmjor manufacturer has recomended that
conventional fiber-base papers should be used preferentially if
maxi mum per manence of the print is the ultinate goal. However,
many photographs are nade for short termuse in teaching or
publishing and for simlar purposes, and RC papers nave a
definite use in all such applications. The processing of RC
papers requires only small anobunts of wash water, t hus
contributing to the conservation of this valuable resource.
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4.2.5. Plastic Film
The first plastic filmmaterials which appeared on the
mar ket towards the end of the 19th century were nade of

cellulose nitrate. It is an inherently unstable materia
whi ch beconmes weak and brittle during natural aging. The nmj or
drawback, however, is its high inflammbility. Several |arge

fires have occurred in motion picture film exchanges and
hospitals as a consequence of «cellulose nitrate nmaterials
becom ng ignited. Sonme of these fires may nave been caused by
spont aneous sel f-conbustion of cellulose nitrate, while others
may have been sparked by an external source of heat. Cunmi ngs
et al. (88) have reviewed exhaustively the causes  of
spontaneous ignition of deconposing cellulose nitrate film

The hazardous properties of cellulose nitrate based notion
picture film were described by Nuckolls and Matson (89) as
early as 1936.  Cal houn (90) pointed out that |arge anounts of
densely packed cellulose nitrate nmaterial are required in order
to create a possibility of spontaneous ignition. Still canera
sheet film negatives, especially when kept in individua

envel opes, do not pose a fire hazard, wunless there is an
external heat source, such as an electric light bulb, a burning
cigarette, etc. One reason for the high inflammbility is that
the ignition tenperature is significantly lower in aged cellose
nitrate filmthan it is in freshly produced materi al . It may
be as low as 120°F in old film materi al s. To make matters
Wor se, deconposing cellulose nitrate film releases gaseous
compounds which catalyze further degradation and have a
damagi ng effect on the silver gelatin photographic records that
may be stored nearby. Thi s was denonstrated inpressively by
Carrol | and  Cal houn (91), leading to the inportant
recommendation that cellulose nitrate films should be stored
separately from other nmaterials.
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The last cellulose nitrate film for notion pictures was

manuf actured in 1951. Since the 1930s it had been gradually
repl aced by cellulose acetate film materials. The earlier
products, so-called cellulose diacetate, my suffer from
shrinking of the filmbase caused by the evaporation of
pl astici zer. The inmproved cellulose triacetate plastic filns
have  been shown to have good long-term stability as
demonstrated by accelerated aging tests and the behaviour of
naturally aged fi|ns (92, 93, 94, 95, 96). The preval ent
material in use today is polyethylene terephthalate, generally
known as polyester. It appears under several trade nanes, such
as Mlar, Estar or Cronar. Devel oped during the 1950s by
| mperial Chemical Industries (1.C1.) in England, it has been
shown to be of outstanding dimensional stability and chem cal

inertia (97, 98, 99). (One recent paper by Adelstein (100) not
only presents new data derived from accel erated aging tests,

but conmpares the properties of microfilmsanples on cellulose
triacetate and on polyester after 26 years of natural storage.

The American National Standards Institute has published
specifications for silver gelatin filmwhich are to be used for
archival record on either cellulose triacetate or polyester
film base (96, 99). Both filmtypes, if they neet the ANS|
requirements, were declared in 1977 to be permanent record
materials. by J. B. Rhoads, then Head of the U S. National
Archives. (101, 102, 103)

The know edge of the precise nature of a filmmateri al
is, of course, a big asset in its preservation. In this
regard, it is reassuring to know that cellulose nitrate was
never used in the manufacture of mcrofilm Wth respect to
nmotion picture films, Mees (104) published an excel |l ent account
of the various types of professional notion picture filns
manuf actured by the Eastman Kodak Conpany, while Mt hews and
Tarki ngton (105) recorded a simlar account for early types of
amat eur ci nenatography film materials.



Optical Character Recognition (OCR) document. WARNING! Spelling errors might subsist. In order to access
to the original document in image form, click on "Original” button on 1st page.

- 41 -

4.3. The Stability O The Binding Medium

Mich | ess is known about the stability of the al bunen
and collodion |ayers prevalent in 19th century photographic
materials than about the supports. Both materials tend to
harden upon aging and becone nore inperneable to water or
aqueous solutions as a result, cf. FlIGURE 8.

BINDING AGENT MAY BECOME CALLOUS
AND HARDENED

EXAMPLES: ALBUMEN, COLLODION

|

NATURAL | AGING

.. L] . . ' * ... L . . L] L . LJ . ....... ....... leVER GRAINS 'N

...Q.........’.'......‘... AB'NDINGAGENT
— INTERLAYER

Tl

FIGURE 8: Schenatic Representation of Changes in
t he Binding Medium

Veént zel (106)  pointed out that the binding nedium in
col l odio-chloride prints can formcracks in aged photographs.
Oten, they formclean curved lines on the print surface which
are indicative of this material. In general, both types of
coatings appear to be surprisingly stable, thus causing no
problens for their preservation

The properties of gelatin, an inportant material in
phot ographic filns and papers for about one hundred years now,
have no doubt been studi ed extensively by the photographic
I ndustry, but not nuch data have been published about them
The outstanding property is its affinity for water, which it
absorbs effectively, causing it to swell to such a degree that
it may reach several tines its original thickness) in the dry
state, and continuing to do so until it literally dissolves
into the water (107). In dry heat, however, it has been shown
to be rather stable, conparable to the stability of cellul ose
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triacetate film base (108). Gel atin, when  exposed to
aggressive chemcals in filing enclosures or in the atnosphere,
may become water soluble in tine, asopposed to the hardeni ng
observed in albumen layers. |t js a rare occurrence which,

however, has happened at tines. The two possible changes in
various binding nmedia are schematically shown in Fl GURE 9.

HARDENING OF
BINDING AGENT

NATURAL | AGING

o.o.o.o.o.o.o.o.o.o.o.o o.c o.o.o.o.o.o.o.o.-_, SILVER GRAINS IN
PO Y Y Y X WYY YA A BINDING AGENT

e

NATURAL | AGING

BINDING AGENT MAY BECOME
WATER SOLUBLE THROUGH HYDROLYSIS.
EXAMPLES: GELATIN, STARCH

FIGURE 9:  Schenmatic Representation of Changes in
Various Binding Media

For many vyears, the photographic industry has counteracted
gelatin’s tendency to absorb water by treating it with chem ca

conpounds known as hardeners.  The effect of hardeners can be
moni tored by neasuring the nelting point of gelatin (109).
Hardening is applied during manufacture as well as during
processing, where hardeners nmay be incorporated in one of the

processing solutions, wusually in the fixing bath. Treatnent of
silver gelatin materials in a hardener also appears to be a

useful step before proceeding with attenpts to restore faded
phot ographs in chem cal solutions. In a study on enmergency
procedures for photographs, Hendriks and Lesser (110) have
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found that hardened prints withstand soaking in water for
extended periods of time better than the sane types of prints
whi ch had not been pre-hardened. In the same study it was
found that no significant changes in the properties of gelatin
coul d be observed after it had undergone various soaking and
drying cycles. It was concluded fromthese observations that
gelatin, wthin a certain range of circunstances appears to
undergo changes reversibly, wuntil it reaches a breaking point,
or point of destruction. There seens to be no gradua
deterioration. However, when conditions are driven beyond a
limt, destruction of the gelatin is irreversible.
4.4. The Adhesion Between the Support and the Binding Mdium
This particular property - the strength of the bond
bet ween the support, such as glass, plastic film and paper on

the one hand, and the binding agent, such as gelatin, collodion

or albumen on the other - is sonetines considered to be a
probl em of inportance in photograph conservation. In fact, it
usually is not. Fromthe days of the wet collodion glass plate

negative on, support materials were usually specially treated
or coated with an interlayer in order to provide or inprove

good adhesi on. In the technology of film manufacture, it is
known as a substance, which is sonetines called the subbing
| ayer. The peeling off of the enulsion layer fromits Support
is, wunder normal circunstances, observed only rarely. In sone

cases, the albunen or gelatin |ayer can be found to | oosen
along the edges of a print or glass plate, a condition that has
been called frilling. It is not a major problem The
situation changes when historical photographs are subjected to
treatnents in aqueous sol utions. Tests must be carried out
first in order to establish whether the binding agent, or its
adhesion to the support, has becone weakened. This is
particularly necessary if a treatnent requires the use of
successi ve solutions having different pH values, where the pH
val ue - nost inportant characteristic of an aqueous solution -
gives a neasure of a particular solution’s degree of acidity
(or alkalinity).
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4.5. The Stability of the |Image-Form ng Substance
4.5.1. Silver

In all photographic processes that are based on the
sensitivity to light of silver halides, the image-formng
substance in the final picture - negative or positive - is
finely divided silver, as has been pointed out earlier. It has
al so been nmentioned already that silver, in the particular form

in which it is present in photographic materials, is capable of

reacting chemical ly wth oxidizing agents. A visual
di scoloration of the photographic picture is a first
indication that the imge silver has been affected. The

principal exception here is the staining of the gelatin |ayer
which was, for exanple, caused by early tanning devel opers,

such as pyro devel oper. It can be recognized in negatives in
the clear margin along the edges, which should be colorless.

If the picture-free margin in silver gelatin  prints,
particularly in photofinishing prints, is discolored to a
yellow or light brown tint, it is nost |ikely caused by the
presence of residual silver salts, that is by inconplete
fixing. Unl ess the paper base has been tinted, the margin of
the silver gelatin print should be white. | nconpl ete fixing
and i nadequat e subsequent renoval of fixing conmpounds have | ong
been consi dered one of the principal causes of discoloration,
especially yellow ng, of photographs. Correct  processing
procedures to prevent such discoloration will be discussed
| ater. In recent years, however, other sources of chem cals
have been identified as contributing to the discoloration of
phot ogr aphs. eyde (111) observed t hat certain
phenol - formal dehyde resins can produce gases harnful to
phot ographic materials. Electrostatic office copiers can
produce ozone, a reactive form of oxygen, which may react with
i mage silver in photographs. Simlar effects on photographs
can be caused by exhaust gases emtted from autonobiles, and

ot her industrial gases. Fel dman (112), in an el egant study,
exam ned the effect of different types of house paints on the
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di scol oratio,of photographic prints and found that alkyd
based paints produce peroxides during drying which may react
with image silver. \Wereas |atex-based paints were shown to be
harm ess, photographs should not be placed for display or
storage in roons that have been painted with al kyd-based paints
for at |east six weeks. Anot her exanple of the susceptibility
of image silver in photographs towards oxidizing agents was
di scovered on processed mcrofilmcamera original filmrolls.
Such reproductions of line copy documents (dark ink printing on
whit e background) are negative pictures with a nigh silver
content, where the letters appear as \white, essential ly
silver-free, images, but the background as black area with a
high silver density. Such filmrolls are sensitive to a type
of deterioration which is now known as the appearance of redox

blem shes.  The name was chosen because of the formation of
these blemishes - mcroscopically small, usually circular,
orange or reddish  coloured spots - by a chenical
oxi dation-reduction nechani sm First reported about twenty

years ago by Henn and West (113), they have been shown to be
caused by an attack on the inmage silver by oxidizing agents,

particularly peroxides which are fornmed during the slow
degradati on of paper and  cardboard materi al s. M Cany
summarized the formation and characterization of r edox
bl em shes in processed mcrofilmin a handbook published by the
Us. National Bureau of Standards (114). Results of further
research on redox blenishes were given by Pope (115) , and
survey studies of their occurrence were published by MCany
(116) et al. and Hendriks (117)

The foregoing observation indicates clearly that the
per manence of bl ack-and-white photographic nmaterials is
threatened largely by the presence of aggressive oxidizing
chem cal s. These may be present in the inmage layer or the
support as a result of careless processing, in which case
certain sul fur containing conpounds provide the reactants, or
from external sources by the presence of gases such as sul fur
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dioxide, hydrogen sulfide, oxides of nitrogen, peroxides and
ozone. Anot her potential source of reactive chemcals are
materials with which photographic records are in close contact

during storage, such as unsuitable filing enclosures or
newsprint. The first step in the described i mage degradation
is, chemcally speaking, always an oxidation of elenentary
silver to silver ions, i.e., electrically charged particles.

Silver ions can mgrate through the gelatin layer and form

silver conpounds, usually silver salts. FIGURE 10 shows a
schematic representation of this observation.

FORMATION OF SILVER
MIRROR

anisaneliiiiiiiisares . ELEMENTARY
...0.............I....'.‘. s'LvER

— INTERLAYER

7777 o

l OXIDATION

— FORMATION OF
Agt Agr Ag+ Agt !, o VER IONS
~ INTERLAYER

777777 s

SILVER IONS CAN MIGRATE

AND BE REDUCED TO
ELEMENTARY SILVER ON THE
SURFACE OR AT THE INTER LAYER

FIGURE 10: Schematic Representation of |nage
Silver Degradation

The blue netallic sheen which can often be observed on the
surface of high density areas in historical silver gelatin

negatives and prints, consists essentially of a very thin layer
of elenentary silver centered around silver sulfide nuclei.
The presence of transfer images in the baryta |ayer of
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deteriorated silver gelatin prints . yisible after the inage
bearing gelatin layer has been stripped off - is further

evidence for the ability of oxidized silver to nigrate.
Chem cal reactions of this kind are nade possible, and are
accel erated, by the presence of noisture or high relative
hum di ty. Silver ions, Dbesides formng silver conpounds, can
under certain circunstances be reduced again to elenentary
silver which then may have a norphology different from that of

the original imge silver. Such changes are apparent in a
different i mge  tone. They can be nmeasured wth a
densitoneter. One particular form of elementary silver, the

so-called colloidal form is orange-yellowin colour and is
produced in the redox blem shes observed in processed mcrofilm

Silver gelatin  photographic materials, if correctly
processed, are essentially stable to dry heat and |ight. The
often raised argunment that |ight should have a deteriorating
effect on the paper base of a photographic print does not take
into account the presence of the baryta |ayer which, because of
its specific purpose of providing a high reflectance of I|ight,
provi des the underlying support with adequate protection. Long
term exposure to light cannot, however, be recommended for
salted paper prints and simlar individually sensitized and
processed, al bumen prints, all so-called pignent prints and
non-silver metal prints and nodern resin-coated papers. The
early prints, nade during the first two or three decades since
t he begi nning of photography on paper of unknown quality, were
individually processed in a way essentially unknown to us
t oday. Al bunen prints have recently been observed to undergo
changes upon prol onged exposure to l'i ght ( personal
Comuni cation by J. Reilly and D. Mnson). Prints wth
non-silver netal, nmetal salts and pignents as the inage forning
substance have |ikely been nade on paper of inferior quality,
as opposed to silver prints on paper which was produced
specifically for photographic purposes (118) . The caution
agai nst long term exposure to |ight of paper may be justified
here. Finally, the possibility of photo-chem cal oxidation of
the polyethylene layer in RC papers has been pointed out
earlier.



Optical Character Recognition (OCR) document. WARNING! Spelling errors might subsist. In order to access
to the original document in image form, click on "Original” button on 1st page.

- 48 -

TABLE 5: PRI NCI PAL FACTORS AFFECTI NG PERMANENCE

Tenperature
Relative Hum dity
Chemi cal s
built into the product;
from processing residues;
from external sources, e.g. the atnosphere
Irradiation

TABLE 5 summarizes the principal factors which affect
the stability of photographic materials. They are not |isted
in any order of priority, nor does each of the factors nave an

equal inpact on all materials. Usual Iy the conbined action of
two of the listed factors is required to produce a danagi ng

effect on a photograph. As an exanple, certain chemicals used
in the processing of photographic records, such as microfilm

may cause yellowi ng and discoloration of these nmaterials when
allowed to remain on them A wel | -known exanple is residua

fixing salt, commonly cally hype, a chemical that falls into
the third group in TABLE 5.  These residual chemicals will not
cause staining at very low relative humdity of about eight
percent (119). The presence of noisture is necessary to bring
about a reaction between the hypo and the image silver.

Anot her exanple is provided by the fading of col our photographs
under the influence of light rays, in particular those at the
violet end of the spectrum  However, such fading occurs at a
much slower rate in the absence of noisture and oxygen, two
other elements in TABLE 5. The presence - or absence - of
noisture will eventually turn out to be the single nost

inportant  factor controlling the | ongevity of photographic
mat eri al s.
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4.5.2. Organic Dyes

It was noted that in the majority of col our photographic
materials organic dyes formthe inmage, the exception being
pictures nmade by pignent printing processes. Apart  from

varnish layers on oil paintings which display different
behavi our in the dark than under exposure to light, dyes in

col our phot ographs appear to be the first materials in a visual

art nediumthat fade appreciably in the dark. ‘In addition,
like many other dyes in textiles, watercolors and printing
inks, they fade when exposed to |ight. Consequently, the

phot ographic industry nonitors the stability of its products
under so-called dark storage conditions as well as under |ight
fading conditions. Dark storage stability is assessed under
the influence of heat and high relative humdity al one, whereas
light fading is nonitored during constant tenperature and
relative humdity (20°C and 60% while under exposure to I|ight

sources of known intensity and spectral distribution. The
| ongevity of a colour photograph is defined as the tinme until
the limting dye - i.e., the weakest - has lost 10 percent of

its dye density.

One of the earliest articles to describe methods for the
measurenent of dye fading in photographs was by Hubbell,
MKinney and West (120) . It laid the groundwork for the
current specification of the Anerican National St andar ds
Institute (ANSI) for establishing nmethods for testing the inage
stability of processed colour photographic materials (121).
Hubbel | s paper described the nethods for measuring the fading
of dyes under various accelerated radi ant energy and heat and
hum dity test conditions, which were referred to earlier as
| i ght fading and dark storage conditions. A nost val uabl e
paper on the preservation of notion-picture colour films having
per manent val ue was published in 1970 by Adel stein, G aham and
West (122). Notwi t hstanding the term ‘notion-picture filnf, in
the title of their paper, the authors provide a lucid
description of the factors which affect the permanence of
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processed colour films and present several options  for

long-term storage of these materials. The article also
contains one of the earliest recormendations for the use of |ow
tenperature storage. Colour films can either be noisture

conditioned to a relative humdity between 15 and 30% and
stored at  OF (_.18°C) or below in hernetically sealed
containers, or stored in a vault at 35° F (2°C) - just above
the freezing point of water - at 15 to 30% relative humdity.
In 1979, Tuite (123) published an article on inmage stability in
colour photography, in which the value of the so-called
Arrhenius equation, which describes the rate of a chemi cal
reaction as a fonction of tenperature, is enphasized for
predi cting the dark keeping characteristics of processed col our
pictures. The article also presents data that clearly snow the
tremendous increase in the longevity of inmage dyes as the
storage tenperature decreases, provided the relative humdity
is also controlled, for exanple at 40% for the data quoted by
Tuite. That the Arrhenius equation can serve to make accurate
long termstability predictions, when applied to data obtained
from accelerated aging test conditions, was denonstrated
convincingly by Bard, Larson, Hammond and Packard (124). Dye
fading rates at roomtenperature and constant relative humdity
whi ch were extrapolated from data obtained at six different
el evated tenperature levels, were in close agreenent with the
actual dye fading observed on colour film sanples kept at 24°C
and 40%relative humdity.

Mich | ess data are available on the light fading stability
of processed col our photographic materials because of the nany
possible test conditions, such as spectral distribution of the
fading source, its intensity, intermttence effects, et c.
Recently, one major North American nanufacturer has published
data on both the dark-keeping stability and |ight-keeping
characteristics of a nunber of their comercially available

films and papers (125). These Current Information Sumary
panphl ets are illustrated by accurate col our reproductions
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whi ch denonstrate the visual effect on a col our photograph of
incubation tests or of prolonged exposure to a hjgh-intensity
l'i ght source. Simlarly, another manufacturer published data
on the effect of ultraviolet radiation on colour prints nade by
two different conpani es which had been given a proprietary
protective coating (126). The only other source of information
on l'i ght fadi ng characteristics of processed col our
phot ographic materials comes fromthe results of independently
performed conparative testing. Such data have been presented
and reviewed by Schwal berg (127) and also by W I helm (128)

Wile the deterioration of the I mage silver in
bl ack- and-white photographs is, at least in theory, reversible,
t he destruction of dyes in colour photographs, due to changes
in their nolecular structure and caused by chenical agents as
wel | as by exposure to light in the presence of oxygen and
noi sture, is considered to be irreversible. This thought is
summari zed in the follow ng schene, where Ag is the chem cal
synbol used by chemists for silver (fromLatin argentum) and X
is any conbination of halides, i.e. chlorine (symbol: a)
bromne (synbol: Br) or iodine (symbol: I):

I n bl ack-and-white photographs,

AgX exposure Ag ‘pxidation y» Ag salts
processing ?silver image) S Testoration

In colour photographs:

(1) Agx + dye couplers.exposure, processing o dye image
J Y P oxidized developer >

(i1) gye image____LEEH;j? oxidized or decomposed dyes
irreversibl®e

This nmeans in practice that, as far as is known, chem cal

restoration of faded col our photographs by converting oxidized
or hydrolyzed dye fragnents back into the original dyes, is not
possi bl e.
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5. FACTORS AFFECTI NG THE PERVANENCE OF PHOTOGRAPHI C MATERI ALS

5.1. Relative Humdity
Relative humdity (RH) is defined as the ratio of the

absolute humdity of the nmeasured air to that of air saturated
wth water at the same tenperature (129).

relative humdity = absolute humdity of neasured air x 100
absolute humdity of saturated air

Since the absolute humdity of saturated air depends upon
the tenperature, relative humdity is also tenperature
dependent . Macl eod (129) gives an excellent review of relative
hum dity and its effect on the behaviour of various materials.
It is now well established that photographic materials based on
the light sensitivity of silver halides (that is, the ngjority
of still photographic records, all motion picture filns and
mcrofilnms) are nore sensitive to environmental conditions than
nost other materials to be found in libraries and archives.
The destructive effect of high relative humdity on the
stability of photographic inmages has been anply denonstrated

t hr oughout the history of photography: G adstone  (130)
reported in 1892 on the effect of the humd climate in India on
the permanence of bromide prints. In 1923, Deck (131) observed

the stability of wvarious types of photographic prints in
tropical clinates. Pouradi er (132) determned that control of
relative humdity is the overriding factor in the long term
stability of photographs. Mre recently, Reilly (133) has
found that relative humdity is the rate-controlling step in
the yellowi ng reaction of albunmen prints. It seens appropriate
fromthe avail able evidence that relative humdity is the one
environnmental factor that nust be controlled tightly because of
its effect on the physical properties of materials and because
the presence of noisture is a powerful catalyst of nost
chem cal reactions: it promotes the foxing of album pages; the
bl ocki ng, or sticking t oget her, of gelatin | ayers;
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the yellowing of albumen prints; the growth of nmould; the
formation of rust on netal cases, and other phenonena. Not
only nust the relative humdity in storage environnents for
phot ogr aphs be kept at reasonable levels (for example, at 40%
Cf . chapter 9), but a chosen level nust be maintained
consistently. Cycling relative humdity conditions are used by
t he phot ographi ¢ manufacturing industry to artificially age
films and prints for testing purposes. Such conditions (for
exanple, lowrelative humdity during daytinme, high RH at
ni ght) are particularly destructive in their effect on
phot ographi ¢ material s.

5.2. Tenperature

Tenmperature is, qualitatively speaking, the cause of Cur
physi cal sensation of hot or cold. It is the cause for many
ot her physical changes in matter. The mgjority of physical and
chem cal phenonena shows a dependence upon tenperat ure. To the
physicist the absolute tenperature of an ideal gas is a neasure
of the mean kinetic energy of its nolecules.

The effect of high storage tenperatures (i.e. above 30°C)
on photographic records has been well established. As a rule
of thunb, the rate of chemical reactions doubles if the
reaction tenperature is raised by about 10°C.  Conversely, |ow
storage tenperatures wll cause a considerable decrease in the
rate of deterioration reactions and are therefore beneficial

for the long term preservation of archive materials. Cycling
tenmperature levels are as detrinmental to the longevity of
phot ogr aphi ¢ materials as cycling relative hum dity
condi tions. They cause the expansion and contraction of
materials, but such nmovenents occur differentially in the
structure of photographs: film support vs. gelatin enulsion

or paper base vs. alburmen layer, etc., giving rise to various
types of physical damage.

There are a nunber of instrunents available that neasure
and rmonitor either relative humdity or tenperature, Or both
si mul t aneousl y. Lafontaine (134) has witten an excellent

di scussion of the various types of equipnent which are
comercially available.
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5.3. Chem cal Reagents

Chem cal conmponents which are capabl e of oxidizing inmge
silver in photographs and which can be encountered in the
envi ronnent have  been nentioned earlier. They  include
per oxi des, ozone, sul fur oxi des, and ni trogen oxi de
Elenentary silver has a strong affinity for certain types of
sul fur containing materials, formng a very stable conpound
cal led silver sulfide. Hydrogen sulfide, a colorless gas of
unpl easant odour, which is a by-product of industrial activity
and as such present in the atnosphere, can react readily wth

phot ographic image silver to form silver sulfide. Anot her
source of sulfur-containing chemicals are «certain residua
processing conpounds. The so-called fixing bath contains

sodium or ammonium thiosulfate dissolved in water, whi ch
serves to renmove unexposed - and therefore undevel oped - silver
hal i de salts. The thiosulfate portion of the fixing conmpound
contains sulfur in a formliable to react wwth inmage silver if
it is allowed to remain on filnms or papers. Special care nust
be taken to renmove such residual conpounds carefully from
processed photographic nmaterials intended for long term
preservation (cf. chapter 7).

Chem cal reagents which have been shown to have a
detrinmental effect on the permanence of photographic materials
my originate from the degradation process of inherently
unst abl e photographic films. The exanple of cellulose nitrate
film base has been nentioned earlier (91). Finally, it is well
established that certain filing enclosures (folders, sleeves,
envel opes) are nade of chemcally unstable naterials which may
affect adversely the filns or papers stored in them because of
the close contact between photograph and envel ope.

5.4. lrradiation

A good discussion of the nature of light and an
expl anation of concepts and units for the neasurenent of I|ight
is given by Macleod (135). It was nentioned earlier that

correctly processed silver gelatin prints are essentially
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stable to light, but that caution should be exercised with
respect to the long termdisplay of salt prints, albumen prints
and the various non-silver pignent prints.  Col our photographs
are particularly susceptible to light fading. A general
account of the effect of light on nmuseum objects was given by
Fel ler (136).

Although the four principal factors that affect the
per manence of  photographic materials have been discussed
separately, it nust be remenbered that it is wusually the
conbination of at least two of these which is particularly
destructive, such as a chemcal plus noisture, or light in the
presence of moisture and oxygen.
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6. DUPLI CATI NG AND COPYI NG
The foregoing considerations have enphasized the structure
of photographic materials and the factors which my effect

their  permnence. The objective has been to provide an
understanding for the subsequent recommendations for the
storage, preservation and restoration of these records. The

dilemma that keepers of photograph collections face constantly
is between the requirement that the inmages be used and at the
same time be preserved. Brown (136) has stated that the value
of any collection can be neasured in ternms of the anount of use

that is made of it. Phot ographic pictures are wused for
hi stori cal resear ch, for publications of all Kinds and in
exhi bi tions. Thi s demand necessitates a nunber of abilities

and technical facilities which allow photographs to be nmade
accessible to users.

Negatives are ‘used to nake positive reflection prints,
either by contact exposure or, if a print larger than the
origi nal negative is needed, by enlargenent. If  the
deterioration of negatives is advanced, duplicate negatives are
made. |f positive prints are in such a condition that they
cannot be handl ed safely anynore, a copy negative is nmade in a
camera

This chapter intends to review the principal nethods of
duplicating and copyi ng phot ographi c i mages. In the English
| anguage the term “copying” is used rather |oosely by laynmen to
indicate various ways of reproducing photographically an
original picture. In professional circles, a negative nade
froman original negative is a duplicate negative (same
tonality, simlar materials for both pictures) and simlarly, a
transparency (either in black-and-white or colour) from an
original transparency is a duplicate transparency. If a
positive picture is made froma negative - or vice versa - copy
pictures are made. Thus a negative nade in a canera froma

positive print is a copy negative, |ikew se for a transparency
froman original print (change of tonality).
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6.1. Duplicating Bl ack-and-Wite Negatives

The reasons for the duplication of hi stori cal
bl ack-and-white negatives are well known: the possibility of
making prints from the duplicate negative available to users
while saving the original from being handl ed; procuring a
faithful  record of the woriginal if the [latter requires
restoration treatnent; and the inherent instability of sone
plastic film bases. There are several potential ways to make a
duplicate negative (144):

1. By wusing a suitable duplicating filmto obtain an
interpositive which may be exposed by contact to
anot her sheet of film (either of the sane type or a
different type).

2. By using a direct duplicating film sometimes referred
to as autopositive film

3. By using a suitable fine-grain copy film which may be
reversal devel oped.

4. By making a positive print on paper fromthe origina
negative which may then be copied in a canmera to
produce a copy negative.

5. By using an instant black-and-white material, such as
Pol aroid Type 665 Positive/ Negative Land Film

of these, reversal developnent is difficult to control,

and making a copy negative froma print which was nade fromthe
original negative leads inherently to inferior results for
sensitonetric reasons (difference between paper exposure scale
and negative density range). Using an instant black-and-white
material, as suggested in option no. 5, is an econom cal way
whi ch has been used in at |east one nmjor photograph collection
in England, even if the results may be expected to be slightly
inferior.

A review of the photographic literature reveals that only

a few authors have dealt with the topic using sensitonetric
concepts. Wi le many witers have treated the subject somewhat
superficially, Crabtree (137) has given a concise procedure for
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making a duplicate via an interpositive. Many procedures were
publ i shed which described the use of direct duplicating filmns,

which were first introduced by Agfa in 1933 (138, 139),
foll owed by Eastman Kodak’'s Safety Autopositive Commercial Film

in 1938 (140). These filnms can be placed in contact wth a
negative, exposed to a point light source, and devel oped
directly to a negative. The principles of notion picture

duplication have been well reviewed by Capstaff and Seynour

(141), Ives and Huse (142) and by Crabtree and Schwi ngel
(143) . Their observations are pertinent for the duplication of

negatives in general. Hendriks, Madeley and Toll (144) have
recently presented the results of a study on duplicating
hi stori cal bl ack-and-white sheet film negative by contact
exposure, using a variety of film mterials for the
interpositive as well as a direct duplicating film In this
study, the use of an optical system (canera, enlarger) was
avoi ded. The original negatives were exposed by contact, thus
maintaining their original format. In order to obtain a
faithful duplicate froma historical negative, the density
range of the original negative nust be placed on the
straight-line portion of the characteristic curve of the
duplicating film  FIGURE 11 shows a generalized characteristic
curve of a light sensitive film

CHARACTERISTIC CURVE
(H&D CURVE)

log £ —

T = wm &

A x
Y

tng £ =

>

FIGURE 11: Characteristic Curve (or H& Curve)
of a Photographic Mteri al
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It is sonetines called the H & D curve after F. Hurter and

v. C Driffield (145), who first studied the reaction to |ight
of silver halide photographic nmaterials in a systematic way.

It shows how a film- or paper - responds, after devel opnent,

to receiving increasing ampunts of |ight exposure,. | deal 'y,
the response, i.e. the formation of density, would be a |inear
one. If the characteristic curve of a film which shows the

buil d-up of density (a |logarithm c nunber) against the |og
exposure, were a straight line rising at an angle of 45° to the
abscissa, that filmwould produce an ideal tone reproduction.
Such is never the case. Instead, the characteristic curve of
photographic filns and papers have a region of underexposure,
the so-called toe region, where an increase in exposure causes
little or no increase in density.

Wien a nearly proportional response is reached, the curve

turns into its straight-line portion, i.e. the region of
correct tone reproduction. The curve finally reaches a point
were it flattens out again: an increase in exposure causes no
further increase in density. The maxi mum density (D, . .) is
reached. This part of the characteristic curve is called its
shoulder.  An essential requirement in quality duplicating work

is to mke use of the straight-line portion of the
characteristic curve of the duplicating film A second

requirement is that the duplicating film nust nave a high
density range so as to be able to accommodate the density range

of the original negative. Density range is defined as the
difference between the maximum or highlight density wth
recogni zabl e detail and the mninum or shadow density (Dpin)
with details. Therefore, at the beginning of any duplication
work, the characteristic curves of the film or filnms, to be
tested are determined in order to establish density range,
straight-line portion and the slope of the curve. The extent
of the curve, i.e. the maxinmumdensity, and its slope, i.e. the

rate at which it reaches D, ., are indicative of the contrast
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of a filmor paper. Contrast depends on the filmitself, the
exposure, the choice of devel oper and the devel opnent time, and
thus can be controlled by changing these variables. In
practice, the film material, if it is at all suitable for the
chosen purpose, and the exposure can be kept constant. The

requi red properties of copy filnms in order to be considered
suitable for duplication work are summarized as foll ows:

1. They should have a high density range in order to

accommodate the density range of the origina

negati ve.
2. Their resultant characteristic curve of the tone
reproduction system must have a long straight line

portion, which will accommpdate the density range of
the original negative.
3. They nust be capable of being devel oped to gamm
unity, where gammma is the tangent of the angle al pha
(see FIGURE 11) , and an indicator of contrast.
4, They nust have fine grain and high resolution.
It is useful here to recall the orientation of the inmage
when it is duplicated. FIGURE 12 denonstrates that a negative
image formed in a canera is upside down and laterally reversed.

IMAGE FORMATION

IMAGE UPSIDE

D@ DOWN AND
LATERALLY
REVERSED

OBJECT CAMERA

m—
ezzzzZzZZzZzZzZZZzz - EMULSION SIDE DOWN

N ENLARGER

prrzzzzzzzzzz,  PAPER: IMAGE
LATERALLY CORRECT

FIGURE 12: Image Formation in Camera and Enlarger
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This situation is corrected if the negative is placed in an
enlarger with the enulsion side down. In contact printing it
is placed emulsion to enmulsion with the printing paper. The
enul sion layer is the shaded layer in the schenmatic FlI GURES 12
to 14. Wien duplicating an original negative by the two-step
nethod, i.e. via an interpositive, it is clear from Fl GURE 13
that the interpositive (as would be a positive reflection
print) is laterally correct (being printed froma laterally
reversed negative) and that the final duplicate negative is
laterally reversed, as is the original - and as it shoul d be.

DUPLICATING

I. TWO-STEP METHOD

lusnr
: ORIGINAL NEGATIVE:
IMAGE LATERALLY REVERSED
@ DUPLICATING FILM:
POSITIVE IMAGE ON FILM,

LATERALLY CORRECT

LIGHT
POSITIVE IMAGE ON FILM,
LATERALLY CORRECT

DUPLICATING FILM:
NEGATIVE IMAGE,
LATERALLY REVERSED
AS IN ORIGINAL

FIGURE 13: Maintenance of Image Oientation in
Negative Duplication

However, when wusing a direct duplicating film it would be
preferable, for naxinum sharpness to be achieved, to expose it
to the original negative enmulsion to emulsion, as shown in
FI GURE 14(a). Such a duplicate negative is laterally correct
and nust be printed emulsion side up in the enlarger. In order
to obtain a laterally reversed duplicate negative, as in the
original, the arrangenents shown in FIGURE 14(b) and 14 (c) can
be used. Exposure is taking place either through the base of

the duplicating film or through the base of the origina
negati ve.
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DIRECT DUPLICATING FILM

[
9 LIGHT

ORIGINAL NEGATIVE:
IMAGE LATERALLY REVERSED

: DIRECT DUPLICATING FILM:
MEGATIVE IMAGE
LATERALLY CORRECT
MUST BE PRINTED

EMULSION SIDE UP
IN ENLARGER

] LIGHT

ORIGINAL NEGATIVE
IMAGE LATERALLY REVERSED

: NEGATIVE IMAGE
LATERALLY REVERSED
MUST BE PRINTED

EMULSION SIDE DOWN
AS THE ORIGINAL

¢ LIGHT

ORIGINAL NEGATIVE
IMAGE LATERALLY REVERSED

NEGATIVE IMAGE
LATERALLY REVERSED
MUST BE PRINTED
EMULSION SIDE DOWN

AS THE ORIGINAL

FIGURE 14: Negative Duplication Using Direct
Duplicating Film

Both procedures are objectionable, but the latter one is nore
likely to yield an unsharp duplicate negative, because of
possi bl e physi cal ( abrasion! ) and chem cal ( staining!)
deterioration of the old film base. A duplicate negative
obt ai ned by the procedure shown in FIGURE 14(a) nust be marked
somehow to indicate that it is laterally correct and therefore
needs to be placed in an enlarger with its enul sion side up.
6.2. Copying the Black-and-Wite Print

Wen conpared to the. duplication of negatives, t he
difference in the exposure scale of papers as conpared to the
density range of negative filnms constitutes the main problem of
this activity. Rudd (146) has published an authoritative
account on copying bl ack-and-white reflection prints using a
canera. The principal requirement is the same as described for
negative duplication, that is to make use of the straight-Iline
portion of the characteristic curve of the copy filmin order
to obtain good tone reproduction. However, experi ment al
details cannot be discussed here within the scope of this study.
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6.3. Copying of Other Muterials

The duplication and printing of black-and-white filns in
long rolls, such as mcrofilnms or notion picture filns, is done
in machines specifically designed for that purpose. It is
usual Iy contracted out to special processing |aboratories. The
same is true for the duplication and printing of colour
phot ographic materials: it is rarely done in-house by archives
and libraries, but is performed by specialized |aboratories.

6. 4. Autoradiography

A particular type of copying has been devel oped during the
past twenty years, which has been erroneously referred to as
‘restoration.” It is a contact copying procedure for the
copyi ng of faded phot ographs. It was discussed earlier that
the silver in discolored and faded photographs has been
converted into silver salts which may be yellow or brown. In
autoradi ography the silver (whether present as salt or in
elementary form) is nmade radioactive, and the so prepared print
is placed in contact with a sheet of radiographic film which
I's exposed imagew se by the radiation. Such experinents were
carried out by Sayre using neutrons froman atom c reactor as
the source to nmake the silver radioactive, and reported by
Gstroff (147). Good copi es coul d be obtained fromconpletely
faded photographic prints. Since atom c reactors are usually
not available to conservation |aboratories, attenpts were nade
to sinplify the procedure. Hout man (1967) used radi oactive
toners (gold and selenium salts) to obtain radioactive silver
in the photograph. Askins reported first in 1976 (148) the use
of radioactive thiourea which would react with image silver to
produce radioactive silver sulfide. The nmethod has reportedly
been used to intensify underexposed nmedical X-ray pictures and
for copying of faded historical photographs.
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7. THE PROCESSI NG OF CONTEMPORARY BLACK- AND- VHI TE

PHOTOGRAPHI C MATERI ALS FOR MAXI MUM PCSSI BLE PERMANENCE

It has been nentioned earlier that anong the chem cal
reagents, capable of reacting wth the imge silver in
phot ogr aphs, certain residual processing chenmcals play an
inportant role. Attenpts to elininate these conpounds have |ed
to procedures which are often referred to as ‘archival
processing”. They are nore elaborate for photographic prints
than for filmns, since the paper base can absorb and retain
processi ng chem cals which may prove to be detrinental to the
per manence of the picture. These chem cals nust be renoved by
speci al washi ng procedures. Since plastic film base does not
absorb aqueous solutions, the processing of filns is sonewhat
| ess conpli cat ed. Wi | e residual devel oper conpounds have not
been shown to have a detrinental effect on the stability of
phot ogr aphs, the choice of the devel oper can have a nmarked
influence on the norphology (size, shape) of the processed
silver grain and therefore on its stability. The renoval of
residual fixing salts (sodium or ammonium thiosulfate; trivial
name: hype) has been recognized in the early days of
phot ography, as is shown by sone articles published in 1866
(147). Since then much literature has been published on the
subj ect which cannot be reviewed here entirely. An exellent
recent summary of the problem with enphasis on the effect of
the pH of processing solutions was given by Eaton (150).
Special salt solutions designed to aid in the renoval of
residual fixing conpounds were proposed as early as the end of
the 19th century. Wyde (151) pointed out in 1933 that a final
treatment of photographs in a dilute solution of sodium
carbonate in water could be used to inprove the permanence of
phot ographic prints. Mich experinental work on the subject was
carried out and its results published in the 1940s and 1950s by
Eaton and Crabtree (152), Crabtree, Eaton and Miehler (153),
Crabtree, Henn and Edgerton (154) | Henn, King and Crabtree
(155), and Crabtree, Eaton and Muehler (156). As a consequence
washing aids were introduced comrercially in North Anerica.
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There are two main groups according to the nmechanism of their
action: the hypo clearing agents and hypo elimnators. The
fornmer consist primarily of a sinple salt solution which has

been found to accelerate the washing rate for filnms and papers,
follow ng the discovery that sea water was effective in washing

films and prints, provided they were rinsed afterwards in fresh

water (152). The effectiveness of hypo clearing agents appears
to be based on a sinple ion effect caused by an increase in the
polarity of the wash water. Hypo elimators, on the other hand,

are oxidi zing agents which chemcally convert unwanted fixing
salts into conpounds (sul fates) which are washed out faster
than thiosulfate and are not likely to react with inmage silver
even if traces of it would be allowed to remain in the filmor
paper. El aborate procedures for archival processing have
nostly been suggested for paper prints, since for filnms a short
treatnent in an approximately 2% sodium sulfite solution, the
nost commonly used hypo clearing agent, was considered to be
effective in removing harnful fixing conpounds. Thus, a
traditional procedure for the processing of fibre-base prints
enpl oys (after treatment in a devel oper followed by a stop bath
to arrest the developing action) tw successive hardening
fixing baths, of which the second nust be a freshly prepared
sol ution. The presence of a hardening conpound in the fixing
bat hs has the undesirable side effect of rendering the fixing
salts mor e difficult to renove from the materi al .
Consequently, the print is, after a short rinse in water,
treated in a hypo clearing bath for a few m nutes. After a
twenty-mnute wash, the print is treated in a hypo elimnnator
bath consisting of a solution of hydrogen peroxide in ammonia.
This procedure indicates that fixing prints in a hardening
fixing bath for several mnutes requires special neasures, i.e.
the use of both a hypo clearing bath and a hypo elimnator. An
even nore stringent procedure has been published by the Anerican
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National Standards Institute (157). It also nakes use of two

fixing baths, but they do not contain a hardening agent. In

spite of this, both a hypo elinminator solution and a hypo
clearing agent are prescribed to ensure conpl ete renoval of

residual fixing conpounds. Recently, a European nanufacturer
published recomendations for the processing of a new
fibre-base enlarging paper. After devel opment and stop bath,
the print is fixed in a non-hardening rapid fixer for 30
seconds. That the fixing time for a bronide paper, using a
non- hardening fixer, is less than 30 seconds was established by
Lumi ere et al. about 60 years ago (158). A so-called rapid

fixer, which contains ammonium thiosulfate instead of the
sodium salt, requires even shorter fixing times. The advantage
of a 30 second fixing time is that the paper base cannot absorb
large quantities of fixing salts. As a result, there sinply
remain very small ampunts of residual fixing conpounds Wwhich
have to be washed out. A proprietary washing aid solutionis
then used to conplete the processing. In all procedures,
prints are air dried to prevent possible contam nation froma
drying belt or drum

Mention nmust be made here of nethods to determne the
presence of residual silver salts in a processed record
(indicating incomplete fixing) , and of residual fixing salts
whi ch woul d point to insufficient washing. Qualitative tests
for residual silver conpounds are outlined in a publication by
the Eastman Kodak Conpany (159) , One using a 1.6% aqueous
solution of sodium sulfide which, in the presence of silver
salts, would forma yellow or brown stain. The other enploys a
rapid selenium toner solution. A qualitative test for residua
fixing conpounds ("hypo test") uses a dilute acidic solution of
silver nitrate which also fornms a yellow stain of silver

sulfide in the presence of residual fixing salts. This test
can be nodified to serve as a quantitative nethod for the
determnation of residual fixing conpounds. It is then called

the silver densitonetric test, which has becone a nethod of
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the Arerican National Standards Institute (160). The sane
st andard, ANS| PH4. 8- 1978, also describes the so-called
Met hyl ene Blue Method for neasuring thiosulfate in processed
film which is used particularly in the mcrofilmindustry.

In sunmary, the objective of such procedures is to obtain
photographic materials that are essentially free of residua
fixing salts, as these conpounds have been shown in the past to
contribute to the discoloration of these materials. For over
one hundred years, a procedure known as toning has been used
either as an integral part of processing or as post-processing
treatment of devel oped and fixed photographs. The word toning
i ndi cates that the process causes a change in the inmage tone of
a processed photograph. For exanple, untoned printed-out
pictures are either brown, reddish-brown or even chalk-red.
Toning with a solution of a gold salt shifts the inage col our

to colder tones, i.e. to purple, blue-black or, at tines, to
neutral bl ack. A second effect of toning procedures is an
increase in the stability of the, inage silver. VWhen

phot ographic prints are treated with solutions of certain netal
salts, the image silver may be converted either into a nore
stabl e conpound, possibly even an alloy, or covered with a
protective coating of a noble nmetal (161). Wil e the exact
mechani sm of the toning reaction does not appear to be well
understood (162), the protective effect of such treatnents has
been well established. When toned prints are exposed to
oxi di zing or sulfiding atnospheres, discoloration occurs at a
much sl ower rate than that observed in untoned prints. The
ol dest nethod of toning appears to have been the use of gold
sal ts. The majority of printed-out photographic pictures, in
particul ar albumen prints, were gold toned. A second procedure
invol ves the conversion of inage silver into stable silver

sul fide. It is interesting to note here that silver sulfide
formation in negatives and prints is a mor reason of
di scoloration if it occurs unchecked and irregularly. In the

process of toning all image silver is, of course, converted
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into silver sulfide in a controlled and consistent fashion.

Nitze (163) has witten an excellent study of the sulfide
toning process with enphasis on procedural details that nust be

observed in order to obtain permanent pictures. The use of
sel enium salts as toning agents was introduced at the begi nning
of the 20th century in CGermany (164). Selenium salts are
widely used for the toning of prints, however their application
to negatives is also possible (165). The use of a sel eni um
toner to distinguish between bronmide and chloride prints has
been pointed out earlier. Many ot her solutions of netal salts

have been proposed for toning purposes in the literature,
including those of other noble metals such as platinum and
pal ladium but solutions of gold, seleniumand sulfide are to
this day the nost widely used and nost intensely studied.

The use of toning procedures has recently gained renewed
signi ficance. Early silver gelatin photographic materials, for
exanpl e those made around the turn of the century, had a nigher
silver content than contenporary products. Manuf act urers have
| earned how to decrease the anount of expensive silver salts
wi thout sacrificing inportant photographic properties, such as
sensitivity, sharpness, contrast and maxi mum density. In order
to do so wth less silver salts, it is likely that nore
filamentary silver with a large surface area is present in
contenporary processed black-and-white materials. This form
appears to be nore susceptible to chemcal attack than earlier
mat erial s. It was acknow edged by at |east one manufacturer
t hrough the recomendation that one particular film be treated
in a seleniumtoner in order to maximze the permanence of the
final image (166). A new fixer has al so been devel oped for use
in processing that particular film although its formula has
not been nmade public.  About twenty years ago, a recomendation
was made to add 0.2 g potassiumiodide per litre to the fixing
bath in order to increase the resistance of the inage silver to
the formation of redox blem shes in mcrofilm (167). It is
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recalled here that mcrofilmis a high contrast material, of
slow speed and fine grain, which is likely nore readily
attacked chemcally than nore coarse grained materials. The
recently observed tendency of prints on resin-coated paper to
devel op discol oration of orange-yellow spots after years of
di splay mght also be prevented by toning these prints after
processi ng. It is believed that the presence of a pignented
pol yet hyl ene |ayer below the silver gelatin layer prevents the
m gration of oxidized silver (silver ions) into the paper base,

which would effectively renove them from catalyzing further
oxi dation of image silver. In fibre-base prints the baryta
| ayer and the paper base could act as a reservoir into which
silver ions could magrate, thus keeping them away from
participating in further reactions. Tnerefore t oni ng
procedures will likely play - once again - an inportant Part in
t he processing of contenporary photographic materials. Because
of the very high price of gold and its conpounds, and because
of the marked shift in image tone to brown colours obtained in
sul fide toning, seleniumsalts will likely find w de-spread
application as the toner of choice.
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8. TESTI NG OF PROCESSED PHOTOGRAPHS AND) OF MATERIALS USED IN

THEI R CONSERVATI ON

The testing of photographic materials during and after
manufacture and after processing has Dbeen performed by
phot ographi ¢ manufacturers for many decades, mainly as part of
qual ity control procedures, but also in order to investigate
and understand custoner conplaints (168,169). \While the nature
of many of these tests either remain proprietary know edge of
the manufacturer or are too conplex to be carried out by
conservation |aboratories, others are part of standard
specifications of ANSI. In these tests, processed photographic
pi ctures are exposed to exaggerated environmental conditions in
order to enable the user to observe changes in themwthin a
reasonable tine, wusually 30 days. The pictures have the form
of test strips on which is printed a so-called grey scale. It
consists of a series of zones (either eleven or up to 21) of
equal density representing the highlights, mdtones and shadows
of a photograph. \Wen accelerated aging studies are perforned
(sonetines called incubation studies) the test sanples are
exposed to a conbination of high tenperature and high relative
hum dy in the dark. An exanple is the test of the effect of
accelerating aging to determne the quality of processing in
bl ack-and-white photographic prints as specified in ANS|
PH4. 32-1980 (157). The test sanple is exposed to a tenperature
of 30°C + 1°C (10C°F + 2°F) at 94 % + 4% relative humdity for
30 days to test for optinum processing. Another exanple is the
hum dity cycling adhesion test (96, 99), during which a sanple
is kept at 50°C +_ 2°C (122°F 4°F) and 96% +_2% relative
humdity for eight hours, then for 16 hours at the sane
tenperature, but at 11% + 2% relative humdity. Such a cycle
is repeated twelve tines before the sanple is evaluated. In
anot her  test, the photographic sanple is exposed in a
desiccator to an oxidizing or sulfiding atnosphere (“gas
fading”)  (167). Conditions for light fading of processed
col our photographic materials have been described by Hubbel,
McKi nney and West (120).
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As in the conservation of works of fine art, where
traditional naterials have been questioned as a result of tests
in order to be replaced by nore suitable ones, the question
whi ch nount boards, filing enclosures, and storage cabinets can
be used w th photographs, without running the risk of danaging
them has received nuch attention in recent years. Anot her
specification of ANSI deals specifically with that question by
proposing a photographic activity test which serves to
di stinguish between high quality and poor performance filing
encl osures (170). The envel ope sanple to be tested, which my
be of either paper or a plastic nmaterial, is placed in close
contact with a representative sanple of the type of photograph
that is to be stored in the envelope in question. If al bumen
prints are to be kept in that envel ope the test photograph nust
be an al bunen print, or if a Dye Transfer print is to be
stored, the test nust be carried out using a Dye Transfer
print, etc. The conbined test photograph and filing enclosure
sanple are kept at a tenperature of 50°C + 1°C (122°F + 2°F)
and 86% + 2% relative humidiy for 30 days. After that period
there must be no sticking together of the two materials, no
transfer of fibers fromthe paper to the gelatin |ayer of the
photograph, no discoloration of the photographic imge. etc.
The  test allows to distinguish between various filing
encl osures and to determ ne those which are suitable.

Most of these tests can be carried out with relatively
sinple  equipnment. The  quoted references descri be the
requirements and how the specified conditions can be achieved.
Perform ng these tests |eads to an experience and understandi ng
of the behaviour of photographs under aggravated conditions and
of the effects which may cause - or prevent - their degradation.
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9. PRESERVATI ON AND STORACE

The factors which affect the pernmanence of processed
photographic materials have been discussed in detail in
chapter 5. The objective of preservation efforts is to set up
storage conditions which are conducive to the |ongevity of
these records. Such  conditions should obviously include
controlled and constant tenperature and relative humdity
conditions, an environnment free from aggressive chenicals and,
for display purposes, noderate light |evels. The influence of
l'ight appears to be mnimal in nornal storage, as photographic
materials are usually kept in boxes and cans (mcrofilm notion
picture filn) or sl eeves, envel opes and  al buns (still
phot ographic negatives and prints). The American Nationa
Standards Institute has published four specifications with

respect to the storage of processed photographic records which
are summarized in TABLE 6.

TABLE 6: CURRENT ANSI STANDARDS REGARDI NG THE
STORAGE OF PHOTOGRAPHI C RECORDS

Subj ect St andard

Film ANS| PHL. 43-1981
"Practice for Storage of
Processed SafetY
Phot ographic Filnf

Pl at es ANS| PHL. 45- 1981
"Practice for Storage of
Processed Phot ographic
Pl at es"

Paper s ANSI PHL. 48- 1974
"Practice for Storage of
Bl ack- and- Wi te Phot ographic
Paper Prints”

Filing Enclosures ANS| PH1.53-1978
"Requirenents for Photo-
?raphic Filing Enclosures
or Storing Processed
phot ographic Fil ns,
Pl ates and Papers”
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ANSI PHL. 45-1981  ("practice for  Storage of  Processed
Phot ographic Plates") recommends a storage tenperature of
between 15°C and 25°C (59°F-77°F), but preferably it should be
bel ow 20°C (68°F). The relative humdity can vary between 20%
and 50% but shoul d preferable be bel ow 40% and nmust, as has
been enphasized earlier, of course be constant, whatever |evel
Is chosen between the two limting val ues. Simlar values nave
been given in ANSI PHL. 48-1974 (“Practice for Storage of
Bl ack-and- Wi te Phot ogr aphi c Paper Prints”): acceptabl e
storage tenperatures are between 15°C and 25°C (59°F-77°F), but
shoul d never exceed 30°C (86°F). Daily cycling of nore than
4°C (7°F) should be avoided at any |evel. Rel ative humdity
shoul d be kept between 30% and 50% but nust never exceed 60%
Specification ANS| PHL.43-1981 (“Practice for Storage of
Processed Safety Photographic Filnt) is the nost specific of
the three documents. Wiile it does not cover the storage of
filns with a cel l'ul ose nitrate base, it provi des
recommendati ons for both snort term storage (of up to ten
years) and archival storage (of Up to 100 years) of mcrofilns,
motion picture films, historical still photographic negatives
and other images on a safety filmbase. They are summarized in
TABLE 7.

The distinction of short term storage from archival storage
is significant, as many photographic materials need not to be
retai ned beyond a limted tine period and therefore can be kept
under less stringent conditions. The requirenent that the
relative humdity nmust not exceed 60% is recurring for a good
reason: bacteria and nould growth are encouraged to develop in
phot ographic gelatin layers if kept at 65%relative hunidity or
hi gher . An optinum average value of the various levels from
PHL. 43 is 35% |f relative humdity can be namintained at that
level in a storage area for photographic materials, the nost
powerful factor determ ning the permanence of these records is
wel | under control.
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TABLE 7:  PRACTI CE FOR STORAGE OF PROCESSED SAFETY

PHOTOGRAPHI C FI LM~ KEY RECOMVENDATI ONS
FROM ANSI PHI1. 43-1981

A

SHORT TERM STORAGE
Storage Tenperature
éi) Preferably below 21°C (70°F)

i) If possible not above 24° (75°F)
(ii1) Peak tenperature not above 32° C (90°F)

Rel ative Humdity

Ei) Bel ow 60% .
i) For polyester filmbase: not bel ow 30%

ARCHI VAL STORAGE

STORAGE TEMPERATURE
Preferably not above 21°C (70°F) _
Lowtenperature storage may provide added protection.
For colour film preferably 2°C (35°F)

Rel ative Hum dity

The optinmum storage relative humdity varies with the
product type.

Sensitive Base Recommended
Layer Type Relative Humdity

Mcrofilm
Silver gelatin Cellulose ester 15-40%
Silver gelatin Polyester 30- 40%
General :
Silver gelatin Cellulose ester 15-50%
Silver gelatin Polyester 30-50%
Col our Cel | ul ose ester 15-30%
Col our Pol yest er 25-30%
D azo Cel l ul ose ester

and pol yester 15-30%

Vesi cul ar Pol yest er 15-50%
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Notable is the lack of specifications for maxi mum perm ssible
level s of air pollution, such as caused by sulfur dioxide,

per oxi des, hydrogen sulfide etc. Sinple and inexpensive
instruments which could determine the concentration of each
pol | ut ant present in the envi ronnent do not exi st.

Furthernore, no data have been published that indicate what the
threshold values for each of these oxidizing gases are, above
whi ch chem cal attack on a photograph will occur.

The nost inportant factors governing the |ongevity of
phot ogr aphs shoul d be controlled by the building in which the
collections are stored: it nmust be air-conditioned wth
i ndependent tenperature and relative humdity control, and the
incomng air nmust be washed of sol uble conponents and freed of
solid and dust particles. | deally it should have cold storage
vaults with conplete relative humidity control. Storage areas,
whi ch shoul d never be |located in a basenment (flooding!), nust
be equi pped with thernohygrographs, instrunents that neasure
and record continuously the surrounding tenperature and
relative humdity. The storage buil ding should be equi pped
with fire warning and extinguishing systens and with fl ood
warni ng devices. These are requirenents of primary inportance.

The second nmmjor requirenent is the choice of filing
enclosure.  TABLE 6 shows the pertinent specification published

by ANSI. It distinguishes between folders, sl eeves and
envel opes and sets guidelines for their geonetry and for the
| ocation of seams wth adhesives. Filing encl osures nade of

paper shoul d have a high al pha-cellul ose content (above 87%,
be free of netal particles, harnful sizing agents, acids,

peroxides and highly lignified fibers,. Suitable plastic
enclosure materials are uncoated polyethylene, cel l ul ose
triacetate and uncoated polyester. Cellulose nitrate is

specifically disrecommended, and so is chlorinated sheeting.
The standard not only nmakes specific recomendations, but
guotes for nost of the requirenents the test nethod which
shoul d be used to verify them
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Plastic sleeves nmde of ei t her uncoated cellul ose
triacetate or uncoated polyester - both recomended because
their properties are well known fromtheir use as film bases -
are commercially available. However, it is difficult to wite
on them If resources allow, valuable negatives and prints
should ideally be placed in a polyester or cellulose triacetate
sl eeve and the sleeve kept in a suitable paper envel ope, which
can also contain all necessary witten information. Not rmuch
data have been published on the properties of filing
encl osures. A notable exception is a paper by Henn and
Oivares on the storage of negatives in tropical climtes
(171). It presents results of experinments designed to protect
negatives from fungus growh by inpregnating their paper filing
enclosures with a suitable fungicide. Specific reconmendations
for storage envel opes were nade. Lam nated foil envel opes -
now commercially available in heat-sealable form- were found
to be very satisfactory.

Wiile the suitability of uncoated cellulose triacetate and
pol yester for storing photographs seens to be uncontested, the
criteria for paper used for the same purpose are not
undi sput ed. For exanple, the ANSI specification PHL. 53-1978
(170) recommends that the pH of the paper should be between 7.0
and 9.5, whereas the Eastman Kodak Conpany suggests it shoul d
be between 6.5 and 7.5 (172). while ANSI PHL.53-1978 advi ses
agai nst the use of glassine papers, Henn and Oivares found it
to be of good quality. Results of further tests and
observations nay be expected to become known in the future.

ENCAPSULATION WITH MYLAR

A. WITH DOUBLE-SIDED ADHESIVE TAPE

DOUBLE-SIDED ADHESIVE TAPE

Nt .
1 N —
NON-HEAT-SEALABLE DOCUMENT, OR PHOTOGRAPH

MYLAR (.003 OR .005 INCH) TO BE PROTECTED

FIGURE 15: Encapsulation with Myl ar Using
Doubl e- Si ded Adhesive Tape
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In order to protect photographic prints that are
frequently used from nechani cal danage, a technique known as
encapsul ation may be used. As can be seen from FI GURE 15, the
photograph to be protected is placed between two sheets O
nyl ar (polyester) which are cut at |east one inch larger on
each side than the photograph. The two nylar sheets are then
hel d together by four strips of double-sided tape, one along
each edge, wth about 1/2" distance between the margin of the
photograph and the tape. It is also possible to use
heat - seal abl e nylar as shown in Fl GURE 16.

ENCAPSULATION WITH MYLAR

B. WITH HEAT-SEALABLE MYLAR

HEAT-SEALABLE MYLAR (.0015 INCH)

K — |
SEAL BY HEAT SEAL BY HEAT
Jn A —

NON-HEAT-SEALABLE DOCUMENT, OR PHOTOGRAPH
MYLAR (.003 INCH) T0 BE PROTECTED

FIGURE 16:  Encapsulation with Mlar Using
Heat - Seal abl e Ml ar

In order to prevent the heat-sealable nylar - drawn in
solid black in FIGURE 16 - from sticking to the origina
photograph to be protected, the photograph is first placed
bet ween two sheets of non-heat-seal able nyl ar. This assenbly
is then held together by two outer sheets of heat-seal able
pol yester which is passed through a pair of heated rollers.
The nechani cal protection provided to docunents kept in this

manner is excellent. The procedure is conpletely reversible,
as no naterial is permanently attached to the origina
docurnent . Finally, it is also good practice to prepare

detailed instructions for users which outline how photographs
are handl ed properly.
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Contingency plans for dealing with natural disasters are
Oten prepared in major archives and libraries for their
respective hol dings. They should include provisions for
phot ograph coll ections. Hendri ks and Lesser (110) have found
recently that nost photographic materials - including silver
gel atin photographs - can be frozen after they have been soaked
in water. However, soaked photographs are ideally air-dried
without prior freezing. Freezing slows down tenporarily
further degradation and provides tine for the preparation of
the next step in the salvage operation. If the situation
permts, frozen photographs should be thawed and air-dried.
Freeze-drying in a vacum chanber is also possible, but
freezing-thawi ng and vacuumdrying at 4°C, as done w th books,
is not recomended due to blocking or sticking of gelatin
| ayers. Jass plate negatives nmade by the wet collodion
process are the materials nost susceptible to water damage.
They should never be freeze-dried once they have been inmersed
in water.

Ceneral accounts of the requirenents for the preservation
and storage of photographic materials have been published by
t he Eastman Kodak Company (172), Eaton (150) and recently by
Hendri ks (173). The influence of environnmental factors, such
as t enperat ure, relative  hunmidity and light, on the
preservation of contenporary photographic materials has been
studied by Gllet, Gamer and Flieder (174).
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10. RESTORATI ON OF PHOTOGRAPHI C MATERI ALS
Besides the preservation of photographs - that is
i npl enenting neasures to prevent damage or deterioration -

there are three areas of activities designed to conserve
phot ogr aphs:

1. duplicating and copying;

2. the application of conventi onal prints and
drawi ngs conservation techniques to photographs;
3. the restoration of di scol ored or f aded

phot ographs in chemcal solutions.

The inportance of conpetent copying techniques has been
enmphasi zed earlier. It is a discipline which requires
famliarity with photographic technol ogy, such as sensitonetry
and phot ographi ¢ processing control. Yet it is an integral
part of the conservation of phot ogr aphs. Met hods of
restoration - i.e. work on the original photograph to repair
damage and enhance its permanence - are not well devel oped at
this tine, but just begin to energe. A first logical step has
been to apply traditional techniques of conserving paper
docunents and works of art on paper to photographic prints.
Wil e they cannot be described in detail in the present study
- being largely based on manual skills and judgenent acquired
by experience - they may include techniques of dry cleaning,
washi ng, dismounting  photographs from aged and  brittle
cardboards containing lignified fibers, flattening curled-up
pictures, repairing tears and | osses by laying down the print
on a new support, and natting and nmounting photographs for |ong
term storage and displ ay. Preceding any such activity is a
t horough exam nation of the itemto be conserved, an assessnent
of its condition and the preparation of a proposed treatnent
report. Much useful and beneficial work can be done this way
on phot ogr aphs.
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A procedure inherently suitable for application to
phot ographic negatives if referred to as enulsion transfer.
Mentioned as early as 1851 by F. S. Archer, it is a technique
w dely used for various photographic purposes. Some sensitized
materials known as "stripping plates" and "stripping filns"
were nmade  for the specific pur pose of renoving the
I mge-bearing layer fromits support (175, 176). The technique
of emulsion stripping can be applied to restore negatives whose
filmbase has shrunk or deteriorated due, for exanple, to a
| oss of plasticizer (177, 178, 179). Principally, there are
two possibilities to acconplish this: either the film base
can, in sone cases, be dissolved, |eaving the emulsion |ayer

behind; or the adhesion between the support and the enul sion
| ayer is destroyed so that the inmage |ayer can be renoved and

placed on a new and stabl e support.

Prospects of nmore exciting work are provided by the
possibility of restoring faded and stained photographs in
chem cal sol uti ons. Such  techniques, when  applied to
bl ack-and-white negatives, are known as "reduction” and
“intensification” (the terns being used with reference to the
density of the inmage), but are traditionally referred to as
"bleach and redevel opnent” when applied to photographic
prints. FIGURE 17 gives a schematic overview of various
changes that the inage silver in photographs can undergo.

GOLD DEPOSIT ON
SILVER GRAINS

GOLD | PROTECTIVE

TREAT- | MENT
AgCI EXPOSURE
- DEVELOPMENT DETERIORATION
AgBr ——" Ag SAL
Al FIXATION Ag SALTS
WASHING IMAGE SILVER CHEM. RESTORATION
SILVER HALIDES {BLACK) (YELLOW, BROWN,

COLOURLESS)

SULFUR | TONING
FOR PERMANENCE

RATION

suvs: " At
SULFIDE YELLOW,
ORANGE).

FIGURE 17: Schematic Presentation of Changes
of Image Silver
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Bl ack image silver, produced by exposure to |ight and
subsequent processing of silver halide salts, can undergo
numerous changes. In a deliberate and controlled reaction, it
can be conpletely converted into silver sulfide, or coated with
a layer of gold under possible formation of an all oy. These
are toning reactions which alter the inmage tone and usually
increase its stability. The first step of any deterioration
reaction is the oxidation of some image silver to silver ions,
followed by the formation of silver salts. It is the
conversion of these silver salts back to elenentary silver
which, if successful, constitutes  chemical restoration.
However, silver ions can also mgrate within the gelatin |ayer
and be reduced on or near its surface as colloidal silver
marked ag Ag® o\ in FIGRE 17.

Attenpts to convert silver salts or colloidal silver in
phot ographs to black elementary silver are not without pitfalls
which require certain precautions in order to be avoided. In
the mpjority of these reactions, all silver and its conmpounds
are uniformy and conpletely converted into a silver halide
which is then reduced to elenentary silver. The first
requirement is that the gelatin layer is stable enough to
survive treatnent in several chem cal solutions of different pH
values. Wth respect to the reduction to elenentary silver, it
is obvious that the resultant image nust have the same density
range, contrast, graininess and inage tone as were present in
the original, undeteriorated photograph. Any of the above

properties may change during a restoration reaction. Finally,
the stability of the restored inage nust be a consideration in
the selection of a restoration treatment. Some procedures, for

exanpl e, have been described as effective in intensifying a
negative image, but the permanence of the so intensified inage
was observed to be inferior than that of the original

There is no shortage of fornulae for chem cal restoration
procedur es. There is, however, a |ack of know edge of which
formula works for which type of naterial and for which kind of
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deterioration. Val | (180) has conpiled several hundr ed
procedures for the reduction and intensification of negatives,

but in only a few cases it is indicated to which type of
negative a given procedure can be applied. Stenger (181), in
what could be described as a first textbook on the keeping and
restoration of photographs, places the enphasis on correct
copying techniques and on chenmical restoration procedures

wi t hout, however, presenting data on their per f or mance.
Anot her classical text is by Crabtree (182) which deals wth
the renoval of stains on negatives and prints. O the nore

recently published procedures, two stand out as effective in
removing the blue netallic sheen on the surface of silver
gel atin photographs: Crabtree (183) used an acidic anmoni um
thiosul fate reducer, whereas Wyde (111) proposed the use of a
dilute solution of iodine in dry alcohol. The iodine can react

only wwth the surface silver formng silver iodide, because the
al cohol does not penetrate into the gelatin. Subsequent
treatnment in a fixing bath renoves the silver iodide in this
el egant et hod. East man Kodak’s publication F-30 (172) also
proposes sone fornmulae for restoration treatnents in chem cal

sol utions. None of the above treatnments should be attenpted on
val uabl e phot ographs wi thout the conservator having perfornmed
extensive tests and trials of these fornulae on different

phot ographic material s. Mich nore experinentation needs to be
done before firmy established procedures can be recomrended.
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11.  SUMMARY GUI DELI NES
11.1.  Ceneral

The present study has enphasized the structure of
photographic materials and their properties in terns of
stability in order to create an understandi ng of the subsequent
reconmendat i ons for preservation and storage. After
accessi oni ng and cat al ogi ng, the overriding factors
deternmining the longevity of these records are control of
relative humdity, air pollution, tenperature and exposure to
light. The choice of a suitable filing enclosure is of crucial
i nportance to the preservation of negatives and prints, as they

are in direct contact with it. Origi nal phot ographs, when
used, should be handled in a sensible way as carel essness can
cause irreversible damage. | nk must never be used to wite on
t he back of photographic prints. | f unique and valuable

phot ographs are in high demand by users, duplicate or copy
negatives should be made for use, while the originals are
retired to inactive storage. Several conservation techniques
devel oped for works of art on paper can be applied successfully
t o phot ographs. The restoration of discolored or faded
bl ack- and-white negatives and prints remains of an experinental

nature, but its further developnment will surely lead to firm
procedures. The destruction of organic dyes in colour

phot ographs through oxidation or hydrolysis is thought to be
irreversible, and such pictures can be saved only by placing
theminto cold storage and by making duplicate copies.

The conservation of photographs is still a young field
whi ch does not have the body of know edge avail able in ol der,
nore established fields, such as fine art conservation. \Wile
the testing of materials and experinental work have increased
our know edge of the stability of photographic materials during
the past decade, many problens remain unsolved, but which wll

eventual |y  become  understood. Progress in the field is
signalled by a nunber of recent events and devel opnents, such
as: the involvement of the Anerican National St andar ds

Institute (ANSI) as well as the International Organization for
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St andardi zation (1SO in fornulating specifications for the
storage of processed photographic records; the investigation of
the occurrence of redox blem shes in processed mcrofilns; the
emergence of cold storage conditions as an i medi ate sol ution

to the dark storage instability of chromogenic col our
materials;, the thorough investigations into the stability of
resin-coated papers; t he mechanism  of | mage silver

deterioration; the devel opnent of energency procedures for
phot ographs following a natural disaster; and the occurrence of
sem nars, workshops and conferences on the subject, such as the
| nternational Synposiumon “The Stability and Preservation of
Photographic Inmages", which was held in the fall 1982 in
G tawa, Canada, and sponsored by the Society of Photographic
Scientists and Engineers (SPSE). The majority of problens in
the preservation of photographic collections is under control.
The quest for solutions to the remaining ones prom ses to be
both exciting and rewarding.
11.2.  Specific Reconmendati ons
11.2.1. ldentification

Only  conplex scientific exam nation can replace
extensive experience in visually recognizing types of

phot ogr aphs. Sinple and inexpensive experimental techniques
include testing the surface in non-image areas of photographs
with al cohol and water, and looking at the surface of

phot ographs through a light m croscope. While gelatin swells
under a water droplet, neither collodion nor albunen react to
it. Al cohol dissolves collodion, but |eaves a gelatin |ayer

unaf f ect ed. Al bumen layers react wth neither water nor
al cohol .

11.2.2. Storage Conditions: Relative Humdity
Rel ative humdity is the single nost inportant factor
affecting the permanence of photographic records. It mnust

never exceed 60% in storage areas. The optinum storage
relative humdity varies with the product type. A level of 35

to 40% is recomended as the value which best accommobdates
different kinds of photographic materials. Such level should
be kept constant, i.e. daily or weekly cycling is to be avoided.
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11.2.3. Storage Conditions: Tenperature
Phot ographic records nust be stored at a tenperature

preferably not above 21°C (70°F). Daily or weekly cycling of
more than 4°C nmust be avoi ded.

11.2.4. Storage Conditions: Low Tenperature Storage

Lowtenmperature w |l provide added protection. For
color film a storage tenperature of 2°C  (35°F) is
recommended. However, processed photographic materials can be

kept at tenperatures well below the freezing point of water
(OC 32°F), provided the relative humdity is kept at
recomrended | evel s.
11.2.5. Storage Conditions: Air Purity

Chemically reactive materials pose the greatest threat
to the stability of black-and-white photographic collections,
especially in the presence of noisture. The source of such
chemicals can be the surroundi ng atnmosphere, the photograph
itself, residual processing chemcals and materials in direct
contact w th the photographs. They should be stored in a
pollution-free area, i.e. in the absence of sulfur oxides,
nitrogen oxides, peroxides and other oxidizing agents.
11.2.6. Storage Conditions: Dust

Phot ographs of all kinds should be stored in dust-free
areas, as fine sand and dust may becone enbedded into gelatin
| ayers and cause damage by abrasi on.
11.2.7. Storage Conditions: Light Levels

Vel | processed cont enpor ary bl ack-and-whi te
phot ographs are essentially stable to |ight. By conmpari son
col or photographic materials are rather sensitive to long-term
l'ight exposure in the presence of oxygen and noi sture. This
shoul d, however, not prevent a problemin storage, as
phot ographs are usually kept in sleeves, boxes or albuns and
thus are protected from |ight exposure.
11.2.8. Storage Conditions: Filing Enclosures

The correct choice of filing enclosures - sleeves or
envel opes - can be nmade of paper or plastic materials. Paper
enclosures are nmore difficult to evaluate. They should have a
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hi gh al pha-cellul os,content (preferably above 90%, contain no
nmobi | e adhesives or sizes and have an extraction pH of between
6.5 and 7.5. Pl astic enclosures should be made of uncoated

pol yethylene, uncoated cellulose acetate or polyester. For
col d storage purposes a heat-seal abl e envel ope can be used that

consists of a lamnate of polyethylene, aluminiumfoil and
paper. As it is not easily possible to wite on nost plastic
materials, photographic negative and prints are placed ideally
first into a plastic sleeve, which is then put into a paper
envel ope. The photograph can be | ooked at while remaining in
its transparent enclosure, while all necessary information can
be witten on the envel ope.
11.2.9.  Storage Conditions: Inherently Unstable Materials

Cellulose nitrate film base is the nbst proni nent
exanple of a nmaterial which can itself be the source of
contam nating chemcals. As these materials can also be a fire
hazard, they are to be stored separately from other
phot ographic records. Apart fromusing the time consum ng and
l'abour intensive technique of emulsion transfer, cellulose
nitrate filmmaterials are best duplicated onto safety stock
They can be seal ed in appropriate envel opes described earlier
and kept in cold storage in order to provide temporary
protection.
11.2.10. Storage Conditions: Boxes and Shel ves

Photograbﬁs in f}ling encl osures are normal |y kept in

boxes on shel ves. Boxes shoul d be nmade of stable cardboard
materials having properties simlar to those described for
paper envel opes. St abl e boxes are available in North America

which are made of stainless steel which is covered with an
el ectrostatically applied polyester coating.
11.2.11. Processing of Contenporary Photographs

Best results, in terms of permanence of the resultant
| mage, are obt ai ned by fol | owi ng meti cul ously t he
recommendations of  the respective mnufacturer. Certain
resi dual chemcals nust not be allowed to remain on the filmor
phot ogr aph. Recent materials my require toning as a
post - processing treatnent to achieve pernanence.
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11.2.12. Handling of Photographs

VWhen handling valuable photographs, white lintless
cotton gloves should be worn in order to avoid producing
finger-prints. These inpressions, unless renmoved imediately,
may cause irreversible danage to a gel atin-coated photograph.
11. 2. 13. Housekeepi ng

Wen working with photographs, no food or drinks
shoul d be tolerated in their vicinity. For reasons of keeping
a clean, dust-free environment, snoking is not allowed in areas
wher e photographic materials are handl ed.
11.2.14. Marking of Photographic Prints

Information about a photographic print nmust never be
witten on it in ink, neither front nor back. In the
occurrence of a flood, the ink may transfer onto the image side
of the next photograph in a stacked pile, and becone itself
illegible in the process. |f any information has to be witten
at all on a print, a soft pencil can be used. Appl ying too
much pressure, however, nmay cause the witing to becone visibly
imprinted on the image side.
11.2.15. Display

The two inportant choices which have to be nmade in the
di spl ay of photographic prints are the selection of nmount board
and appropriate light |evels. The former should have a high
al pha-cel | ul ose content, free of lignin and volatile
chemi cal s. Smith (184) has published specifications for
materials to be used in matting and hinging of words of art on
paper, as well as techniques for these activities. Li ght
| evel s for color photographs on display should be kept around
100 | UX Nor mal display tinmes, however, ranging froma few
weeks to perhaps several nonths, are not expected to cause
excessive damage to nost types of col or photographs. Such
damage usual ly occurs when chronogenically devel oped prints are
exposed to light for many years, as often occurs in typical
home and office situations.
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11.2.16. Energency Procedures
| f phot ogr aphi ¢ material s becone wat er - soaked
follow ng a natural disaster, they can be frozen in order to
sl ow down dramaticall further deterioration. Mat erials can

then be freeze dried, or thawed and dried in a vacum or thawed
and air dried. dass plate negatives made by the wet coll odion
process should not be frozen and under no circunmstances be
freeze dried.
11.2.17. Egnjg@jipn

Recent experinents  have shown  (185) t hat nost
photographic materials can be exposed to common funigants
without  suffering changes to imge density or gelatin
stability. The funmigants include ethylene oxide, met hyl
brom de, thynol and p-dichlorobenzene.
11.2.18. Printing, Duplication and Copying

Phot ographs are collected and preserved in order to be
used for nmany purposes. Negatives are printed to provide
positive reflection images. Valuable historical negatives
which are in high demand may suffer from continued use and
handling.  They can be duplicated to produce faithful duplicate
negatives for further use. Uni que photographic prints can be
copied camera with a canmera to give copy negative from which
correct copy prints can be obtained. To perform these
activities well, an wunderstanding of photographic technol ogy
and sensitonetry is required.
11.2.19. Restoration

Many kinds of deterioration can be corrected through

the application of restoration techniques. It is useful to
renmember, however, that such work should be attenped only by
trained conservators. I n any experinmental work, where the

outcome is unknown, only expendabl e photographic materials must
be used.
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