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A (—f%HY) Gold / Borax Toner

RUWEM-HE  BOR Gho @@ RO S BREHRTHERL > Ty Y TV
- KEDK 38°C 350 ml -
N, 3g Bl
- LA (1% TS0 6 ml
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Workshop on Conservation of Cultural Heritage: Photographic Identification and Preservation

History, Techniques, and Identifications of Photographic Processes

1. Conservation and Restoration

In French, “Conservation” refers mostly to the management and study of collections, while “conservation-restauration”
refers to the care of objects; “conservateur” means curator and ‘restaurateur” means conservator. Terminology may have
different meanings in different languages. In the field of conservation and restoration, which involves a wide variety of
cultural properties (artworks historical objects, archives:--), it is necessary to pay attention to this point because there may

be a lack of shared understanding.

2. Photography Conservation and Restoration

Photography is a modern medium invented 200 years ago. It was only recently that it was recognized as a form of
cultural heritage. The pioneers of photo restoration were American. A specialized course was established at the University
of Delaware in 1973. In France, research on photographic materials began in the 1980s, followed by university education
in photographic restoration at the Institut National du Patrimoine (National Heritage Institute) and the University of Paris

Panthéon-Sorbonne.

3. View from the Window at Le Gras by Nicéphore Niépce

This is considered the world’s first photograph, taken in 1826-27. However, the image usually known today is a
reproduction made in the 1950s. Niépce applied natural asphalt to the surface of a polished metal plate, exposed it for a
long time, and developed the image by treating it with a mixture of lavender oil and white petroleum. At that time, the word

“photography” did not yet exist. It was first used in the 1830s.

4. What is Photography?
Then, what is photography? Its complex concept is reflected in the diversity of definitions, which vary from dictionary to
dictionary. Although it is often perceived as technology, an image or a means of record, the Japanese word for photography

contains the meaning of “capturing truth.”

5. Constituents of Photograph
Photographs consist of a support material (e.g., paper), image-forming particles (e.g., silver particles), and a binder (e.g.,
gelatin). Understanding the existence of the matrix (original plate) is important. Before digital cameras were invented, many

photographs were made from negatives. If you have a negative, you can make various prints (positives) from it.

6. Invention of Photography

People have long recognized that light passing through a small hole projects an inverted image, and in Renaissance
period(1400-1600) painters used the camera obscura to aid in their painting. Significant contribution to the discovery of
photography and its early technological development was made by Nicéphore Niépce and Louis Jacques Mandé Daguerre.
Their research led to the invention of the daguerreotype, a high-definition photographic process, in 1839. In the late 1830s,
Hippolyte Bayard and William Henry Fox Talbot developed a process for creating positives from negatives on paper, which

made it possible to produce multiple prints from a single photo shoot. Later, the invention of glass negatives and the use
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of gelatin triggered the widespread use of photography, giving rise to the photography industry and diversifying ways of
distributing photographs. At the end of the 19th and during 20th centuries, plastic negative film, color photography, instant
photography, and far later digital photography were invented. These technological innovations caused photography to spread

rapidly worldwide more and more.

7. Major Photographic Processes

Daguerreotype

In this process, silver-plated copper plates serve as the support material, and silver iodide acts as the photosensitive agent.
Exposure takes about several tens of minutes at the beginning. The image is developed by fuming it with mercury vapor and
fixed with sodium chloride. Because of its high silver content and resulting susceptibility to oxidation, it is always stored in
a dedicated case. Images are characterized by their cold tones. Initially, landscapes and buildings were the major subjects
of photography because of long exposures. In 1840, the gold-toning process was introduced to reduce image fragility and
reduce time exposure to a few seconds. Although it offered high image precision, its use declined in the 1850s because of
such problems as its fragile and mirror-like surface, inability to produce multiple prints and duplicates, and other limitations

on photographing and development.

Negative/Positive Process

The negative/positive process made photograph reproduction possible. This mechanism remains fundamental to silver halide

photography to this day. The following are examples of representative processes.

Calotype and Silver Chloride Paper

Calotype is a process for creating negatives using paper as the support material. It uses silver halide as the photosensitive
agent. The positive image obtained from the paper negative is produced on silver chloride paper (salted paper) of the same
size as the negative, using the printing-out process. Wax can be applied before printing to enhance transparency, and the

image can be corrected by retouching. The color tones are various, depending on many chemical parameters.

Collodion Negative and Albumen Paper

In 1851, Gustave Le Gray and Frederick Scott Archer almost simultaneously invented a negative process that used glass as
the support material. They used collodion (nitrocellulose dissolved in ether and alcohol) as a binder to fix images onto glass.
This process produced sharper images than calotypes, allowed for duplications and correction of images before printing,
and required shorter exposure times. However, since photographs had to be taken before the collodion dried, glass plates
and photographic equipment had to be carried around and kept ready at all times. Originally, images were printed on salted
paper. After 1855, albumen paper came into use. Albumen paper has a thin layer of albumin containing silver halide on top
of a thin paper. When exposed to light under a glass-plate negative, an image is printed out onto the paper and fixed in a
saltwater bath and stabilized through a gold-toning process. Because the surface is smooth, the imaging material does not
soak into the paper fibers. This results in a clearer image than with salted paper. After 1854, it became widely used for small
portraits pasted on cardboard, called “carte de visite”. Images on albumen paper tended to have warm color tones. Prints

were sometimes colored with watercolor paints or aniline dyes, which was a practice particularly common in Japan.

Collodion Process: Ambrotype, Tintype and Panotype

An ambrotype is a process that involves a negative image fixed on a collodion glass plate. It is housed in a similar manner
to the daguerreotype. By reducing the density, it appears as a positive image against a black background.

A tintype is a process that involves the application of black varnish onto a thin iron sheet to form a collodion bonding
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layer. It is characterized by its low cost and simple process.

A panotype is an collodion image on an oilcloth. This process cannot produce multiple prints, and is very rare.

8. Development of the Photography Industry and Birth of Color Photography

In the late 19th century, the development of photographic technology and the widespread use of photography led to the
birth of the photography industry. In France, the Lumiére brothers established a photography equipment factory in 1882,
and Kodak was founded in the United States in 1888. In Japan, FUJIFILM was founded in the 1930s.

Gelatin Process

The introduction of gelatin as a binder sparked two significant revolutions.

The first revolution was the dramatic improvement in emulsion sensitivity. This shortened exposure times and made
snapshots possible. The second was the invention of the dry plate. The advent of industrially produced dry plates meant that
photographers no longer needed to make their own negatives and that these plates did not need to be prepared just before
shooting.. This led to the rapid spread of photography and the emergence of amateur photography.

The arrival of electricity and the development of enlargers made smaller negative sizes possible. The development of film
materials resulted in film gradually replacing glass. In 1888, Kodak released the world’s first mass-market camera loaded
with roll film. The raw material for roll film was changed from the original cellulose nitrate to cellulose acetate in the 1950s.

Aristotype (also known as POP) was the first photographic paper produced as an industrial product. It used collodion or a
gelatin emulsion and required exposure to light for printing-out. Subsequently, bromide gelatin paper and resin-coated (RC)
paper were developed to improve processing speed. Most of the photographic industrial paper consists of a support material,
a baryta layer and an emulsion layer. Despite some variation, salted paper and albumen paper can easily be distinguished by
their surface conditions because they were manufactured by hand and they don’t have a baryta layer : you can see the paper
fibers under a magnifying glass. Conversely, it can be difficult to distinguish industrial products, such as POP and bromide

gelatin paper, because their surfaces have undergone various processing treatments.

Gelatin Color Process

The first successful reproduction of color in photography was achieved at the end of the 19th century by Gabriel Lippmann,
who generated extremely thin silver layers (interference fringes) on a silver gelatin bromide glass plate. The Lumiéere brothers
established the industrial autochrome process in 1907, which made color photography possible. Autochrome consists of a
layer of potato starch particles dyed in three colors on glass coated with bromide gelatin. It achieved commercial success and
was sold worldwide. In the early 1930s, glass was replaced by film, and color film was introduced. In the late 1930s, color
film made of cellulose acetate using the chromogenic printing process was developed, as well as photographic paper made of
resin-coated paper ( polyester).

The Cibachrome process produces exceptionally vivid and glossy images by selectively destroying the dyes in the colored
gelatin layer. This process was used from 1963 to 2023 but the production through this process is no longer performed.

Other color processes include the pigment process and the dye transfer process.

Non-Silver Process

Although pre-digital photographs often used silver halides, there are some processes that do not use silver. People have
explored processes that avoid the use of silver to prevent oxidation damage. However, these processes could not gain
widespread use because of low sensitivity or high cost. The platinum type, which uses platinum salts, is known for being
expensive and delicate. In contrast, the cyanotype, which uses iron salts, is popular in educational settings because of its ease

of use. In terms of photoengraving processes, the Woodbury type is both a carbon printing process and a pigment process
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that offer high image stability.

Typology of Deterioration, Damage, and their Causes

1. Type, Variety, and Complexity

Since photographs are made of diverse materials with various physical and chemical properties, they deteriorate in different
ways. Much of this deterioration is caused by the impact of its storage environments and management systems. Compared
to other cultural properties, the difficulty of conserving and restoring photographs lies not only in the complexity of their

materials but also in their sheer volume, which can sometimes reach hundreds of thousands.

2. Difference between Alteration (Change) and Deterioration

Alteration (ir change) and deterioration are different concepts. It is important to understand this difference. Change refers
to alterations in appearance or structure caused by physical or chemical factors. Deterioration, on the other hand, is an
alteration that results in a loss of value, a risk of future loss. The state of an artwork at a given point in time reflects its

material history and may provide valuable information about its background and meaning (a concept known as patina).

3. Interest and Disinterest in Photography
A lack of interest can have a negative impact on the conservation status of photographs. Some photographs have
deteriorated severely because their existence has been forgotten. Some photographic materials, such as Costica Acsinte’s
'Foto Splendid' photo studio in Romania (https://colectiacosticaacsinte.eu/), were miraculously rescued. As products of the
modern era, photographs are often not recognized as cultural properties, and their conservation tends to be neglected. They
are particularly fragile and delicate among cultural properties, and their conservation and restoration involve numerous risks.
The deterioration of photographs is diverse and difficult to predict. It involves physical, chemical, biological, and human

factors. It can occur suddenly or progress gradually. In the latter case, some symptoms are difficult to recognize visually.

4. Typology of Deterioration and their Causes

Physical Deterioration: Damage, tears/rips, bending, and scratches

Despite their importance, negatives are often handled poorly and found damaged or cracked. However, if the negative itself
remains, the image can be saved. On the other hand, because photographic paper consists of multiple layers, defects may be
irreparable or restoration may be difficult, depending on the extent of the damage. The difficulty of treating scratches and

damage to the surface of photographs varies depending on the materials used and the photographic processes employed.

Chemical Deterioration: Plastic instability, paper acidification and hydrolysis, silver oxidation, and fading and yellowing

Among plastic-based photographic films, those made from cellulose nitrate require special attention. They release acids
that can adversely affect their surroundings and are dangerous because of their highly flammable nature. Safety film made
from low-combustible cellulose diacetate and triacetate can develop vinegar syndrome. It is important to promptly analyze
the deterioration status of negative films.

Although photographic paper is relatively stable, it is susceptible to humidity. It may oxidize and stick to other prints, or it
may soften and crumble due to hydrolysis.

Silver is susceptible to the surrounding environment and easily oxidizes. A silver mirror reaction is a symptom of
deterioration that is caused by humidity and/or contact with materials in contact and occurs on both negatives and

photographic paper. As silver oxidizes, the tone of the photograph can fade, especially silver chloride papier. Air pollutants
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also accelerate fading. Monochrome photographs may turn yellow from light exposure or deterioration of the binder.
The properties of silver particles contribute to many types of fading. This occurs not only with photographs developed
using the conventional process but also with recent photographs. Fading occurs when washing process was insufficient

during development or when a photograph was exposed to light for an extended period.

Process-specific Issues

Daguerreotypes have an extremely delicate surface and are highly sensitive to air pollution. Therefore, they often
deteriorate when the frame loses its seal. Some deterioration is caused by the material of the frame itself.

Tintypes, which use an iron sheet, exhibit deterioration such as the formation of rust and the peeling of the collodion layer.

Glass dry plates are susceptible to temperature and humidity, and peeling of the gelatin layer is a problem. Autochromes
are especially sensitive to humidity. This can cause the dyes to dissolve and create stains. Dyes are also sensitive to light. You
must be careful about the fading caused by it.

Albumen paper is very thin and has a stiff albumen layer. If it were not affixed to the backing paper, it would often develop
a strong curl. Once curled, treatment of the material is not easy. In humid environments, or when the photographs were kept
rolled up, the same phenomenon is sometimes observed on other photographic paper.

Color photographs produced using the chromogenic printing process are light-sensitive, and the cyan layer in particular
is prone to fading, but this varies depending on the brands and periods. Some discoloration is caused by the deterioration of

the plastic support.

Environmental Factors: Humidity, heat, light, dust, air pollution, ozone, and water

Humidity is a significant factor that causes deterioration. Mold and microorganisms can grow, resulting in the loss of
images and deformation of the support. Gelatin silver prints may stick together or suffer severe mold damage if they are
exposed to moisture. A high-temperature environment and fluctuations in temperature and humidity can cause mold growth
and cracking of the gelatin layer. Light is a factor that causes fading and discoloration.

Dust is also one of the factors of deterioration. It causes surface abrasion and promotes the growth of microorganisms and
insects. Air pollution is another serious problem. Ozone (from office photocopiers, for example) and other air pollutants can

cause irreversible changes to silver, which appear as discoloration or staining of photographs.

Biological Factors: Mold, insects, and rodents

Mold can cause severe damage to photographs. Gelatin is an ideal material for mold growth. Mold can sometimes erode
the support and weaken the entire structure, resulting in the loss of images. Certain insects, including bookworms and
silverfishes, can cause significant damage to packing materials and the photographs themselves. Rodents not only chew and

damage paper but also cause severe damage through their feces and urine.

Human Factors: [Inappropriate packaging materials and storage methods, handling without care, without wearing gloves,

inadequate repairs, labels, and inappropriate mounting.

Improper storage, such as storing photographs in their original sales packaging boxes or mounting them with inferior
materials, accelerates deterioration. Physical damage to photographs during handling and poor repairs are also major

problems. For example, stains from fingerprints cause irreversible damage.
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5. Importance of Storage Condition Reports

An artwork condition report is a detailed record of an artwork’s condition at a specific point of time. It is an important
document that records changes and deterioration of the work obtained through observation and analysis and is extremely
useful during conservation and restoration. The report is important for grasping the restoration history and as a basis for

making decisions about preventive conservation. It can also be used to monitor the preservation conditions in the long term.

Preventive Conservation of Photograph Collections

1. Preventive Conservation

The conservation, management, and restoration of cultural properties involve many parties, including the institutions that
own the property and specialists. All stakeholders, not only specialists, must take responsibility for and engage in preventive
conservation. The ICOM definition of preventive conservation for tangible cultural properties applies to the preventive
conservation of photographic heritage. Although various techniques are employed, there is no universal method. Different
approaches are required depending on the work’s cultural and historical value, physical characteristics, conservation
environment, policies regarding conservation and utilization, the availability of human resources, and facilities, funding, and
other conditions. For example, photographic heritage, such as memorial panels for the war dead, should be displayed after
improving the conservation environment as much as possible so that local people can always reflect on their memories. For
extremely physically fragile photographs, such as those including damaged materials, implementing thorough preventive

measures from the beginning is the first step toward long-term conservation.

2. Resource Issues

What constitutes the appropriate practice of preventive conservation varies depending on the conditions, such as the
availability of human resources and facilities, as well as the amount of funding. When resources are limited, it is important
to provide the minimal necessary knowledge through short-term training and to ensure that basic equipment is available.
Conversely, if resources are abundant, it is recommended that you consider researching collections, creating archives, and
training personnel for long-term conservation. The requirements for conservation vary depending on the type of work
(whether it is an artwork or not), the quantity, and the owner’s intentions. Caution is required because the applicable rules,

laws, and regulations differ depending on the institution or organization that owns the work.

3. Conservation Environment
Since photographs and their materials spend the longest period of time in the storage room, its environment is very
important. However, not everyone can create an ideal conservation environment. I would provide practical advice for the

cases with limited resources.

Light
In principle, light must be blocked. If a suitable storage box is unavailable, covering the photographs with nonwoven fabric is

an alternative solution.

Humidity and Temperature

An ideal storage environment is considered one that maintains a constant temperature of 18-20 degrees Celsius and a
relative humidity of about 50%. However, a lower temperature can be even better, but only if it doesn't lead to an increase
in humidity.. Although air conditioners are convenient for controlling temperature and humidity, they can adversely affect

storage conditions if proper maintenance is neglected. Silica gel in boxes is effective for humidity control. One option that
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can help mitigate the deterioration of some photograph-related materials is to install refrigerators, freezers, or refrigerating
rooms. However, before implementing cold storage, it is necessary to confirm that resources are secured, unfreezing

procedures will be followed, limitations on material utilization are understood, and management systems are in place.

Air Quality

The atmosphere may contains harmful gases that cause photograph deterioration, such as sulfur dioxide, nitrogen oxides,
and ozone. Additionally, the air may contain particles and environmental solvents emitted from wall paints and cleaning
agents. It is important to prevent air pollution by installing protective equipment or filters. Improving air circulation to
prevent mold growth must not be forgotten. Activated carbon and synthetic zeolites are effective for absorbing and removing

pollutants.

Pest Control

Regular inspections and maintaining a clean environment with the proper cleaning tools are effective for prevention. It is
important to maintain an environment with an appropriate temperature and humidity level (mold growth risk decreases at
60% relative humidity or below), thoroughly inspect stored collections, and prevent the introduction of airborne pollutants
from outside. If insects are found, measures must be implemented, such as making the environment oxygen-free. If a certain

amount of mold is present, disinfecting the area with ethanol vapor should be considered.

4. How to Select Materials and Organize Photographs for Conservation

Separating the storage room and workroom is ideal. It is preferable that the storage room be located in the central area of
the second floor or on the north side of the building to avoid flood damage and sudden changes in temperature and humidity.
An area less susceptible to air pollution and vibration would be even better. If photographs are stored underground, it is
necessary to ensure that there is no risk of flood, insect, or biological damage. If there is any piping, it can cause water
damage, so waterproofing measures must be implemented. Fire prevention measures are also essential.

Special attention must be given to the materials used for the walls and floors of a storage room. In the case of new

construction or renovations, time must be allotted for volatile organic compound (VOC) off-gassing.

Furniture

When selecting furniture, load capacity and workability must be considered. Directly installing shelves on walls should be
avoided because this can cause air stagnation. The bottom shelf should be left empty to prevent flood damage.

Furniture made of metal, such as anodized aluminum or high-quality stainless steel, is strongly recommended. The decision
of whether to choose an open or closed cabinet or rack should be based on how often the work will be viewed, the type and

volume of the collection, and the environment of the storage room.

Housing (Sleeves

Materials used for items that come into direct contact with photographs, such as sleeves and boxes, must be chosen
carefully. Although the history of research into materials for photograph conservation is short, the introduction of the
Photographic Activity Test (PAT) more than 20 years ago made selecting appropriate materials easier. It is recommended to
use materials that explicitly state that they have passed the PAT.

Paper and plastic sleeves are available, and the choice should be made carefully. For example, negatives emit strong acid
gases during the deterioration process. Therefore, plastic sleeves are not suitable for them because the emissions remain
confined there. Paper sleeves are recommended, and they can conserve all types of photographs. The sleeves are subject

to the ISO 10214 standards. Key indicators are that the material is made of cotton fibers or bleached pulp, is chemically
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stable, and contains no chemical impurities. It is desirable that the paper be neutral or adjusted to alkaline. However, since
daguerreotypes and cyanotypes are inherently alkaline, they should not be stored in alkaline paper. Apart from those which
are of preservation quality, most of the glassine paper sleeves release harmful substances over time and may adhere to
negatives in highly humid conditions. Therefore, they are often unsuitable for long-term storage.

Among the plastics used for sleeves, polyvinyl chloride (PVC) risks releasing strong oxidizing hydrogen chloride over time,
while cellulose acetate releases acid and deforms over time. Therefore, both are unsuitable. The plastic materials suitable for
use in sleeves are inert, free of plasticizers and chemically stable. Examples include polyethylene terephthalate (PET or PETP),

polyester, polyethylene (PE), and polypropylene (PP).

Housing (Box)

Materials used for housing must be safe and comply with ISO 14253 and 10214. Anodized aluminum, and cardboard
boxes with alkaline reserve specifications are suitable but there are many types. It is recommended to seek expert advice for

selection.

5. Cold Storage

Cold storage is an effective method particularly for conserving negatives because of its ability to significantly delay the
deterioration of cellulose nitrate and cellulose acetate. There are two methods: converting the entire room into cold storage
or using refrigerators and freezers with the latter being more commonly adopted. Theoretically, indefinite storage is possible
at -18 degrees Celsius, but this is not the most practical. It is said that storing at 2 degrees Celsius extends the life of cellulose
nitrate by 30 times. For cold storage operation, you must follow the established protocols, as the Canadian Conservation
Institute for example. (https://www.canada.ca/en/conservation-institute/services/conservation-preservation-publications/

technical-bulletins/care-plastic-negative.html#a9b)

6. Maintenance
In order to conserve and manage fragile photographs appropriately, it is effective to implement strict maintenance, develop

and adhere protocols, train staff, conduct regular inspections, and utilize logbooks.

7. Exhibitions

Light management is one of the key elements that you must carefully consider for exhibitions. Artificial light allows for the
control of light intensity and filtering and is optimal. Photographic materials are categorized into three groups for each
photographic process: extremely sensitive to light, fairly sensitive to light, and relatively sensitive. Maximum illuminance and

annual cumulative illuminance are set for each category. You need to plan the exhibit conditions accordingly.

8. Handling
It is recommended that you wear synthetic gloves when handling photographs. In some cases, like film-based collections,

wearing dust and gas masks may also be required. Protecting workers’ health is just as important as protecting the artworks.

9. Mounting and Framing

Mounting and framing are not always done by the artists themselves, and there may be significant differences in technique
levels. Therefore, regular inspections are essential. In general, storing photographs in their frames is not recommended,
although it depends on whether it is original or not. When it comes to large-format contemporary artworks, for example, it is

recommended to keep them in their specific frames.
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10. Digitization
Digitization must be conducted after conservation and restoration treatments because photographs must be handled

directly to be digitized, which poses the risk of damage.

11. Disaster Preparedness Plan

Proper preparation significantly increases the likelihood of protecting collections in the event of an emergency. For
photographs, it is particularly important to pay attention to water damage. Priorities during disasters are based on the
importance of the works. For works that can be frozen, treatment can be postponed temporarily. It is effective to compile and

maintain triage guidelines for reference.
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