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Abstract: To determine the best investigations for restoration and storage procedures, a visual
inspection can provide a preliminary screen for the colour processes used to print the photographs.
The high costs of the instruments required to follow the protocols present in the literature make these
methodologies challenging to reproduce, especially for institutions with limited resources. Hence, a
cheap and advanced investigation protocol is needed. This work proposes a protocol that, besides
having this characteristic, observes the degradation of the material as a factor in identifying printing
processes. The procedure proposed is composed of four steps: I. print observation: a preliminary
examination of the object; II. surface observation: an examination of the surface; III. magnified
observation: examination with microscope; and IV. decay and damage: alteration and degradation
analysis. A set of photographs from the 1960s to the 2000s were analysed following the proposed
protocol. From these prints, it was possible to observe the typical forms of degradation deriving from
inappropriate conservation and determine the different materials and formats, proving the protocol’s
effectiveness and easy applicability.In addition, the scientific community may access this protocol
through the open-access website Colour photographic processes-Preliminary identification by visual exam.
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1. Introduction

Throughout history, different subtractive processes have been used to obtain colour
in photographic prints. While these processes all depend on the light sensitivity of silver
halides, they differ in how the subtractive dyes (cyan, magenta and yellow) are formed and
deposited on the print [1,2]. For this reason, knowing the type of process used to print a
photo is essential to determine the better condition to conserve this cultural heritage or
more consciously decide the diagnostic investigation to be performed before the restoration
in case of degradation.

It is possible to identify the printing procedure by recognizing some of the characteris-
tics that are specific to each process, such as the order of the cyan, magenta, and yellow
layers; the structure of the image; the forms of decay that afflict the prints; the type of
support; and the border [3-5].

The processes considered in this study are four: the dye coupler process, the dye
destruction process, the dye transfer process, and the internal dye transfer process.

In the literature, the existing protocols for visual inspection are presented as a straight-
forward reproducible practice. However, to perform the inspection, some methodologies
require specific instruments, such as fixed microscopes that are cost-prohibitive. For this
reason, in this work, we propose an approach that exploits portable and inexpensive instru-
mentation to define a straightforward and effortless protocol, which is also the first one
that considers the form of degradation as an actual phase of the protocol.

The paper consists of an introductory part in which the four different development
processes are briefly presented, followed by a description of the proposed process identifi-
cation protocol. The new methodology is discussed, and some application examples are
shown. Finally, the new open-access website containing the protocols handbook and some
examples is presented.
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2. The Subtractive Processes and Their Degradation
2.1. Chromogenic Process

A chromogenic print is generated by projecting light into an enlarger through the
negative on the photographic paper. The paper has a three-layered tri-pack emulsion
composed of silver and dyes that are used to form the image. Each layer is sensitive to only
one colour of the light (red, green, or blue), which is complementary to the dyes found in
the negative. When the print is made, the colours from the negative are reversed [6,7].

At the beginning of the process, when exposed to light, each of the three emulsion
layers develops into a positive black-and-white silver image that represents a third of
the recorded spectrum (red, green, or blue). During development, the developing agent
reduces the latent image to silver image particles, which oxidizes the developing agent.
Where silver is present, the colour couplers react with the oxidized developing agent to
form coloured dye images. The dyes are chemically synthesized in the emulsion layers,
where they remain in place after they are formed. After development, the paper contains
the exposed tri-pack of positive silver and dyed images. The silver is converted to a silver
ion in a bleaching bath and removed in a fixing bath. This leaves only a positive dyed
image that is washed and dried [4,6,8].

Today, the standard processing of chromogenic colour prints from negatives is desig-
nated RA-4, and its predecessor was the processing, designated EP-2. To make prints from
slides, the processing colour reversal paper R-3 is used [3].

Table 1 shows some examples of products that use the chromogenic process, divided
according to the manufacturer.

Table 1. Examples of chromogenic products.

Products

Type C, Kodak Ektacolor Paper, Kodacolor, Kodak Royal, Endura N, Y

Kodak [9] and E surfaces, Supra Endura
Fuji [8] Fujicolor
Agfa [8] Agfacolor Neu, Agfacolor Paper

2.2. Dye Destruction Process

Dye destruction has been used for making prints from colour transparencies or nega-
tives [4,6]. Silver dye bleach uses a chromolytic process to reproduce the original image
colour. The photographic material contains the full concentration of the image dyes-the red-
sensitive layer contains cyan azo dye, the green-sensitive layer contains magenta azo dye,
and the blue-sensitive layer contains yellow azo dye-required to reproduce black [10,11].
The image is obtained by varying the concentration of the dye from point to point, bleaching
it as a function of the silver photographic image [12].

In the first step of the process, the exposed silver halide is developed into a metallic
silver image by a conventional black-and-white developer. The second step is a bleaching
bath, which forms the image: the dyes are destroyed in the presence of halogen acids,
depending on how much light is received during exposure in the course of development.
This procedure leads to a positive picture because, in areas with white exposure, all dyes
are bleached, and the layer becomes transparent; areas with no exposure maintain the
full amount of all original dyes and are consequently black. The third step requires the
oxidation of any excess silver that has not been used for dye bleaching. The last step
dissolves the silver compounds and the reaction products of dye bleaching [10,12].

Table 2 shows some examples of products that use the dye destruction process, divided
according to the manufacturer.
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Table 2. Examples of dye destruction products.
Products
Cibachrome (CCP), Cibachrome A (CCP-A), Photo-Me, Cibachrome Copy
Mford [11] (CCO), Cibachrome-II, Cibachrome II-A (CCP-A 1II), Cibachrome CF
DeLuxe (CF), llford Color print, Ilfochrome Classic
Agfa [11] Gasparcolor
Ansco [11] Gasparcolor Opaque

2.3. Dye Diffusion Transfer Process

An integral film consists of negative and positive layers, separated by a pod. Ten
layers form the negative: a base, three silver-halide sensitive layers (red, green, and blue), a
layer of dye-developer on the base side of each layer, interlayers, and an anti-abrasion layer.
The yellow dye developer layer acts as a yellow filter, preventing blue light from reaching
the red- and green-sensitive layers [12].

Immediately after the exposition, the film is manually removed from the device: it is
pulled through the rollers in the camera to break the small pods attached to the receiving
sheet and spread the reagent, a viscous solution of alkali, between the negative and the
positive layer [7,12]. The negative is brought into contact with the positive receiving
sheet, which contains a dye mordant to ensure the transfer of the dye image. Meanwhile,
the reagent swells the negative layer, activating and permitting the movement of dye
developers into their corresponding emulsion layer. Silver halides that have been exposed
are developed via oxidation and become insoluble, trapping the dyes within the negative
layers. Silver halides are not developed in unexposed regions, and the corresponding dye
developers remain mobile. This is possible because the insolubilization process of each of
the three types of dye developers is specific to its layer and occurs according to different
diffusion times [12,13].

After sixty seconds, the system is neutralized and the negative sheet is peeled back
to reveal the final image. Some early films required additional steps by the user, such as
swabbing the developed image with a coating to stabilize it or adhering the image to a
hard backing to prevent curling [14].

Table 3 shows some examples of products that use the dye diffusion transfer process,
divided according to the manufacturer.

Table 3. Examples of dye diffusion transfer products.

Products

Polacolor, Polacolor 1, Polacolor 2, Polacolor ER, Polacolor Pro, Polacolor

Polaroid [13] Pro 100, Type 690, VIVA Colour, Type 48, Type 38, Type 108, Type 88

Kodak [13] Ektaflex PCT
Fuji [13] Fuji FP-800, Fuji FP-100
Agfa [13] Agfachrome Copycolor

2.4. Internal Dye Diffusion Transfer

In April 1972, Polaroid announced the first “Absolute One-Step Photography” system,
the SX-70 [15]. In this system, negative, positive, and developers are all contained in a
film unit, and the negative remains after the development. Since this material is processed
outside the camera, it is necessary to protect it from the light while the processing is taking
place. For this reason, there is a chemical screen that is clear when undeveloped but opaque
when ejected from the camera and able to become clear again to reveal the developed
image [12,14].

The negative comprises ten layers: a black polyester support, a cyan dye developer, a
red-sensitive emulsion, a spacer, a magenta dye developer, a green-sensitive emulsion, a
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spacer, a yellow dye developer, a blue-sensitive emulsion, and an anti-abrasion layer. The
positive comprises the image-receiving layer, the timing layer, the polymeric acid layer,
and the clear polyester top layer [15].

After the shutter is pressed, the motor drive, powered by a battery in each film pack,
automatically ejects the film through a set of rollers that break a pod of reagent located at
the bottom of each piece of film. In this way, consumers’ need to manually retrieve exposed
film is eliminated [14,15].

The formation of the image occurs through several steps. First, the silver halides are
reduced to metallic silver in the exposed areas of each of the three sensitive layers. As this
happens, the dye developers move through the negative and opaque reagent layers to form
a white background for the image. Afterwards, the dye developers are prevented from
moving up to the positive image area by developing silver, and only certain colours pass
through this layer. Within a few minutes, all the dyes that have not been blocked travel
through the white opaque layer and become visible [6].

Table 4 shows some examples of products that use the internal dye diffusion transfer
process, divided according to the manufacturer.

Table 4. Examples of internal dye diffusion transfer products.

Products

600 Film, Captiva Film, iZone Film, Mio Film, Pocket Film, Spectra Film,

Polaroid [15] $X-70 Land Film, Time Zero Film

Kodak [15] HS-144-10, Kodamatic, PR-10, Trimprint
g FI-800GT, Instax Film, Pivi Film, Insax Mini, Instax Wide, Fuji integral film
Fujifilm [15]
(FI-160)
Agfa [15] Agfachrome speed

2.5. Decay and Damage

Considering the identification by visual examination, it is also necessary to consider
the forms of degradation that affect the prints, as they are characteristics and diagnostics
of the single process. Decay can affect the image, and the binder or base can arise from a
specific mechanical, biological, or physicochemical process.

The forms of degradation that mainly affect colour photographic production are
related to the stability of the dyes, determined by the intrinsic properties of each printing
process. Dyes show the decay of the saturation level, leading to a progressive process
of image fading. This process causes the loss of density and contrast, especially in the
highlights. The result is the appearance of a dominant made by the degradation of the dye,
with the production of the complementary tone [4,7].

Chromogenic colour photographs are composed of organic dyes in the form of spheri-
cal dye clouds with a micrometrical diameter. The uncontrolled exposure to light can cause
the fading of dye over time. The rate of fading varies depending on the chemical structure
of the dyes. The azomethine dyes characteristic of chromogenic processes deteriorate faster
in the dark than those used in the dye transfer process or the azo dyes used in the silver dye
bleach process. The rate of dye deterioration is even linked to environmental conditions.
Generally, dye fading is accompanied by a shift in the colour balance; dyes do not fade
at the same rate, which creates an imbalance in the colour rendering to which the eye is
particularly sensitive [3].

Storage in the dark can cause the formation of a yellowish stain caused by residual
couplers or the yellowing of edges and highlights [4].

Gelatin’s hygroscopic nature makes it vulnerable to microorganisms. This occurs
with water and/or relative humidity and temperature values to promote the growth of
microorganisms. These attacks can cause the liquefaction of gelatin and the appearance of
spots of different aspects, colours, and intensities. Powdery or fluffy substances can also be
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developed, consisting of high concentrations of hyphae and fungal spores. The damage
can spread to the entire surface until the photograph, binder, and base are destroyed [3].

Furthermore, insects such as lepismatidae ("silverfish") and cockroaches produce
surface erosions characterized by an irregular outline [3].

The mechanic processes can affect the photographic surface, the support, or the entire
object. Scratches, dents, surface abrasions, cracks, tears, curling, fingerprints and pressure
marks caused by intense pressure writing on the back can occur. These forms of damage
can be attributed to incorrect print handling, improper storage, or improper exposure, as
well as accidental events [5].

3. The Proposed Identification Protocol
3.1. Instruments

Unlike the protocols found in the literature, which will be mentioned in the methodol-
ogy section, the optical instruments necessary to follow the proposed methodology have
been chosen with consideration to their portability, magnification capacity, and affordability.
The apparatus we used to determine the image structure and to study the forms of alteration
and degradation consists of 10x magnifying glasses (Triplet 10 x 21 mm, Cur-sOnline) and
two portable microscopes: one for low magnification (PocketMicro 20x—60x LED Lighted
Zoom Microscope, CARSON) and one for high magnification (Mi-croBrite Plus 60x-120x
LED Lighted Pocket Microscope, CARSON). These two microscopes have been chosen to
cover the entire magnification range (30x-100x) with a reasonable price-quality ratio. A
handheld light source calibrated daylight can be used to illuminate the surface of the print.

When microscopic surface observation requires direct contact between the instrument
and the print, it is essential to use polyester sheets to protect the image. We used a polyester
sheet with a thickness of 100 pm and a smooth and glossy surface.

Figure 1 shows the instruments used in the proposed protocol.

Figure 1. Optical instruments used.

3.2. The Methodology

To establish the protocol, initially, all the information obtained from the literature and
the state-of-the-art instruments were collected after the methodology was implemented
with an easier but, at the same time, more inclusive procedure. The sources on which the
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project is based are the Graphic Atlas [16], the resource of the Image Permanence Institute,
and the works of the conservators Gawain Weaver [1,9,17] and Paul Messier [2].

Our methodology has the novelty of considering the forms of degradation as a pa-
rameter to identify the employed printing process, besides using cheap and portable
instrumentation. All the state-of-the-art references have information about the degradation
of each photographic process. The Graphic Atlas offers even several visual criteria related
to the topic. However, these data are spread along the different protocols and examples
without a clear overview of the characteristic forms of alteration and degradation of each
process. In the proposed protocol, we instead dedicate a detailed part of the visual exami-
nation exclusively to the degradation, decay, and damage of the prints, which guide the
documentation of the forms of degradation, their extension, and their location.

To identify the printing process of a photograph, a four-steps methodology is proposed:

1. print observation: a naked eye examination of the front and back print of the photograph
to have a preliminary idea of the type of support, colours, and tones of the image, the
formats, the border, and the back print.

2. surface observation: a visual examination of the print through grazing light to define
the sheen and texture of the surface.

3. magnification observation: a visual examination through the portable optical instru-
ments introduced above to define the structure and layers of the image.

4. decay and damage observation: a visual analysis of the alteration and degradation of the
print to evaluate its state of conservation.

After collecting all the information deriving from the application of the protocol,
the process that made the print is identified. At this stage, the attributes should not be
considered individually because, by themselves, they do not constitute a discriminating
factor. It is necessary to have an overall view of all the characteristics examined by the
protocol to decide which process made a specific print.

Figure 2 shows the schematic representation of the proposed protocol.

PRINT
OBSERVATION

e SUPPORT

¢ IMAGE COLOUR
AND TONE

e FORMAT
¢ BORDER
® BACKPRINT

SURFACE MAGNIFICATION DECAY AND
OBSERVATION OBSERVATION DAMAGE
e SURFACE * IMAGE ® DESCRIPTION
SHEEN STRUCTURE e EVALUATION
e SURFACE ® LAYERS OF THE STATE
TEXTURE STRUCTURE OF

CONSERVATION

Figure 2. Schematic representation of the proposed protocol.

3.2.1. Print Observation

The print observation is composed of five steps:

1. Support: identify the material of the primary support. Table 5 shows the typical
support for each process.

2. Image colour and tone: surface observation with a light source calibrated daylight.
The source must be angled to 45°. Table 6 shows the characteristic image colour and tone
for each process.
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Table 5. Support.

Process

Support

Dye coupler print
[21819]

Pigmented cellulose triacetate, fiber-based (1942-1968), resin coated
(1968-present), polyester or laminate support

Dye destruction print
[2,11]

1967: cellulose triacetate.
1979-2005: resin-coated support
1980-2012: polyester.

Dye diffusion transfer
print
[2,13]

Polyester or paper supports.

Internal dye diffusion
transfer print
[2,15]

Polaroid, Fujifilm: film enclosed between black polyester support and
transparent polyester support by a paper border covered with a white
film. The bottom edge hides the reagent capsule and is wider than the
side and top edges.

Table 6. Image colour and tone.

Process

Image Colour and Tone

Dye coupler print
[2,89]

Shift in colour balance and/or fading. Highlights and borders may
appear yellow. From the mid-80s, good dye stability with little to no
shift in colour or fading.

Dye destruction print
[2,11]

Good dye stability, high saturation, clear image.

Dye diffusion transfer
print
[2,13]

Polacor: fading of yellow and magenta dyes.

After 1975: uniform and saturated colour.

The nature of the process can cause imperfections: white lines,
equidistant white spots, small white spots, white areas and brown
stains.

Internal dye diffusion
transfer print
[2,15]

Uniform and saturated colour.
The nature of the process can cause imperfections: uniform white or
coloured spots, white areas.

3. Format: express the format in inches or cm. Table 7 shows the common format for

each process.

Table 7. Format.

Process

Format

Dye coupler print
[2,89]

European formats (cm): 9 x 13,10 x 15,13 x 18, 18 x 24,20 x 30, 30 x 45
American formats (in): 31 x 3,31 x 5,4 x 6,5 x 7,8 x 10,11 x 14, 16 x 20,
20 x 24,20 x 30,24 x 30

Dye destruction print
[2,11]

European formats (cm): 9 x 13,10 x 15,13 x 18, 18 x 24,20 x 30, 30 x 45
American formats (in): 31 x 3,31 x 5,4 x 6,5 x 7,8 x 10,11 x 14, 16 x 20,
20 x 24,20 x 30, 24 x 30

Dye diffusion transfer print
[2,13]

Roll film: Type 48 (3} x 4 } in), Type 38 (21 x 37 in).
Pack: Type 108 (3% X 4% in), Type 88 (3% X 4% in), generally 4 x 5 in and
8 x 10 in formats.

Internal dye diffusion
transfer print
[2,15]

Polaroid: ta. 31 x 41 in;ia. 31/8 x 31/8in

Spectra Film (1986-2006): t.a. 4 x 41/16in;i.a. 27/8 x 35/8in
Captiva Film (1993-2006): t.a. 2% x43/8in;i.a.21/8 x27/8in
Pocket Film: t.a. 65/8 x 13/8in;i.a. 13/8 x 17/8in

AutoFilm Type 339: t.a. 4% X 4% in;ia. 3 x 4in

Kodak Film: t.a. 3% x 4in;i.a.25/8 x 35/8in

Fujifilm (1980): t.a. 9,7 x 10,2 cm; ia. 6,8 x 9,1 cm

Instax Mini (1998): t.a. 54 x 8,6 cm;i.a. 4,6 X 6,2 cm

Instax Wide: t.a. 8,6 x 10,8 cm;i.a. 6,2 X 9,9 cm

Fuji integral film (FI-160): t.a. 4 x 5in;ia. 31/8 x 31/8in
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4. Border: indicate the absence or presence of a border and its colour. Table 8 shows
the typical border for each process.

Table 8. Border.

Process

Border

Dye coupler print
[2,89]

Before the 70s, white. After the 70s absence of the border.

Dye destruction print
(2,11]

Generally absent or black.
Iliford prints (1953-1963): white border.

Dye diffusion transfer print
(2,13]

White border, generally characterized by adhesive residues.

Internal dye diffusion transfer print

[2,15]

White border.

5. Backprint: indicate the presence of prints, stamps, dates, and inscriptions. Table 9
common print and stamp on the back print for each process.

Table 9. Backprint.

Process

Backprint

Dye coupler print
[2,89]

1942-1960: stamps with the date of processing.

1958: backprint showing the factory.

1960-1970: optical print on the border.

From the type of words reported it is possible to make a dating:

“Velox”: 40s-50s

“Kodak/Velox/Paper”: 50s—60s

“A Kodak Paper”: 60s-70s

“THIS PAPER/ MANUFACTURED/ BY KODAK”: 70s—80s

Dye destruction print
[2,11]

Backprints only on resin-coated supports.

Dye diffusion transfer
print
[2,13]

Along one of the edges: print with production code and brand name.
Occasionally the film type and exposure number were printed in the
corners.

. Polacolor produced between 1963 and 1967: absence of backprints.

e  Polacolor produced since 1968: green backprint “POLAROID” along
one of the edges.

. Since the 70s: backprint more complex.

Internal dye diffusion
transfer print
[2,15]

Generally, backprint with the factory name.
Polaroid: production code (month, year and development camera).
Kodak Trimprint film: black and matte back.

3.2.2. Surface Observation

Surface observation is composed of two steps:

1. Surface sheen: observation by direct light, placing the light source perpendicular to
the plane in which the print is located and moving the photograph by tilting it below the
light source. Indicate the gloss type: matte, semi-matte, glossy, high gloss, or differential
gloss. Table 10 shows the characteristic surface sheen for each process.

2. Surface texture: the observation was conducted by placing the light source to
form an angle of 45° with the plane in which the photograph resides. Specific tools to
ensure this angle are preferable, but the users can rely on mechanical supports or other
homemade solutions. Indicate the surface type: smooth, rough, or surface with texture.
With a smooth surface the phenomena that occur is the reflection of light (glossy surface),
with a rough surface, the diffusion of light (matte surface) and with a texture, the reflection
and diffusion of light (semi-gloss surface). Table 11 shows the characteristic surface texture

for each process.
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Table 10. Surface sheen.

Process

Surface Sheen

Dye coupler print
[2,89]

Fibre-based supports: glossy

Acetate and polyester supports: high-gloss

Kodachrome prints: defferential gloss

Resin coated papers: matte

Resin coated papers with texture: semi-matte, semi-glossy or glossy.

Dye destruction print
[2,11]

Acetate and polyester supports: high-gloss (+lacquer: glossy, semi-glossy
or matte; + plastic laminate: glossy or matte)
Resin coated papers: glossy or semi-gloss

Dye diffusion transfer
print
[2,13]

Glossy with adhesive residues, surface undulations, scratches, debris and
uneven coating.

Internal dye diffusion
transfer print
[2,15]

Polaroid: glossy or high-gloss surface
Kodak Film: semi-glossy surface with applied texture (Satinluxe)

Table 11. Surface texture.

Process

Surface Texture

Dye coupler print
[2,8,9]

Fiber-based supports: smooth surface

Resin coated paper: smooth surface of semi-gloss surface (Kodak Y and
Kodak N texture)

Acetate and polyester supports: smooth surface

Dye destruction print
[2,11]

Acetate and polyester supports: smooth surface, changeable by coating
Resin coated papers: lightly rough surface

Dye diffusion transfer
print
[2,13]

Smooth surface with uniform undulations.

Internal dye diffusion
transfer print
[2,15]

Smooth surface.
Kodak Fim: slightly textured (Satinluxe)

3.2.3. Magnification Observation

For the reason that portable instrumentation is required in our protocol, digital images
of the enlargements and extensive photographic documentation supporting the descriptions
given during the Magnifications observation cannot be obtained.

Magnification observation is composed of two steps:

1. Image structure: observation carried out by magnification (10x, 30x, 50x, 100x). The
light source forms an angle of 45° with the plane in which the photograph resides. Indicate
if the tones are continuous or if there is the presence of dye clouds and white halos. Table 12
shows the common image structure for each process.

Table 12. Image structure.

Image Structure

Process At Low Magnification (10x) At High Magnification
Dye coupler print Continuous tones Dye clouds
[2,89]
Dye destruction print Dye clouds White halos

[2,11]

Dye diffusion transfer print

[2,13]

Continuous tones Continuous tones

Internal dye diffusion transfer

print
[2,15]

Continuous tones Continuous tones




Heritage 2022, 5 4083

2. Layer structure: the light is placed perpendicular to the instrument and parallel to
the plane in which the photograph resides. In this way, the paper fibres can be observed.
Indicate if: the image is in or on the paper fibres (paper fibres are visible); the image is
above the paper fibres, in the binder or on the coating (paper fibres are visible); or the
image is in the binder or on the coating (paper fibres are obscured).

3.2.4. Decay and Damage Observation

Finally, the degradation forms are analysed from the macroscopic up to the micro-
scopic scale (magnification 10x, 30x, 50x, 100x). For each form of alteration and degradation,
each factor has been indicated: the location, extension, nature of the process that origi-
nated it (mechanical/chemical /biological), and an opinion on the state of conservation by
attributing a number between 1 (bad) and 5 (really good).

Table 13 shows the typical forms of decay and damage for each process.

Table 13. Decay and damage.

Process Decay and Damage

Dyes are unstable by nature, and fading occurs whether the print is exposed to light or
stored in the dark. Cyan dyes tend to fade in the dark, so the photograph appears too red
(thermal fading); magenta dyes, on the other hand, tend to fade causing a blue or green
tint (light fading). Unreacted residual couplers are also unstable, especially magenta ones
that cause yellowish discolouration of highlights and edges.

Fibre-based papers produced before the 60s and resin-coated papers produced in the 70s

can show:
. shift in the colour balance,
'y overall loss of density,
: . coupler spots,
Dye E)lpée;]prmt . yellow toning of highlights and edges.

Kodak chromogenic prints:

. 1942-54: very poor dye stability and severe coupler staining

. 1954-59: overall magenta image color and only slight coupler staining;

. 1959-68: pleasing overall image colors with only mild dye fade, unless they were
left on display over a long period;

. 1968-80: in RC paper, embrittlement and cracking of the emulsion side PE layer;

. 1980-2000: improvements in dye stability and coupler staining.

Can occur scratches, dents, surface abrasions, cracks, tears, curling, fingerprints and
pressure marks caused by intense pressure writing on the back.

Azo dyes are more stable than chromogenic dyes and fade at the same rate. This
phenomenon causes an overall loss of density.
Until the 80s, the most used support was in cellulose triacetate. This material can undergo

Dye destruction print chemical deterioration: vinegar syndrome and yellowing.

[2-4,11] An improper handling or incorrect storage can cause: abrasions, dents, traces and loss of

binder along the edges.
A prolonged exposure to an aqueous environment can cause dyes migration and
delamination.

Polacolor: yellow and magenta dyes fading
Polacolor 2: different rate of fading
Polacolor ER: uniform fading

Kodak Ektaflex print: magenta toning
Agfachrome Speed print: poor light stability

Dye diffusion transfer
print
[2-4,13]

The common forms of alteration and degradation are:

fingerprints

pressure marks caused by an intense pressure writing on the back
delaminations

surface abrasions

presence of dirty and dust

receiving layer microcracking

Internal dye diffusion
transfer print
[2-4,15]

Generally, Polaroids stored in conditions of darkness can be characterized by a yellowing,
caused by dye migration in highlight areas.

SX-70 materials show dyes fading and microcracking, caused by relative

humidity fluctuation.

Occasionally, Kodak Prints will show yellow spots on white borders caused by exposure
to heat and light during the drying process.

Fujifilm materials are less inclined to fade than Polaroid and Kodak materials.

The coating layer is susceptible to scratches, abrasions and fingerprints.

Some prints can show pigment aggregations, with a characteristic snowflake form.
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The repetition of this phase of the protocol over time could have a further benefit
in monitoring the conservation conditions of the photographs: it allows the creation of
a history board of the print and therefore checks the progress of the state of degradation
over time.

4. Protocol Application Examples

A set of seventy photographs was analysed according to the proposed protocol to
prove its applicability. The collection is composed of prints dated between the mid-1960s
and the 2000s. Almost all photographs show the typical deterioration due to incorrect
handling and uncontrolled conservation condition.

The results of the identification of the printing process for each print are available
on the website introduced in the last section of this paper. The collection results in a
diversification in terms of materials and formats, demonstrating the validity of the proposed
methodology.

Tables 14-17 show four examples of the application of the protocol to the prints present
in Figures 3—-6. The photographs have been chosen to show one example for each of the
four printing processes.

Figure 3. Front and backprint of photograph MRO1.

Table 14. Protocol’s application on MRO1.

Photograph Figure 3
Code MRO1
Date 1968
Support Resin-coated paper

Shift in colour balance and fading. Highlights and

Colour and tone borders appear yellow.

Format 9 x 13 ecm
Print observation Border White with an optical print of the date
“A Kodak Paper”
Backprint Magenta stamp: “Stampa Kodacolor eseguita da
Kodak”
. Surface sheen loss
Surface observation Surface texture gmoo}t,h surface

Low magnification (10x): continuous tones

Image structure High magnification: dye clouds

Magnifications Multilayer support consisting of paper, inserted
observation Layers structure between two layers of polyethylene, and layers of
emulsion.

Support and surface in poor condition. Presence of
cracks, gaps, abrasions, and signs of handling.

Description Presence of a crease parallel to the short side. Gluey
Decay and damage foreign deposit near the upper edge. Slight fading of
tones.
Judgment 2

Process Dye coupler print
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Table 15. Protocol’s application on CT08.

Photograph Figure 4
Code CT08
Date 80s-90s
Support Polyester
Colour and tone Qood dye stability, high saturation, clear
image.
Format 20 x 35 cm
Print observation Border -
“A Kodak Paper”
. “Ilford Cibachrome” print. At the corners,
Backprint

residues of the adhesive used to glue the
print to a secondary cardboard support.

Surface observation

Surface sheen
Surface texture

matte
rough surface

Magnifications
observation

Image structure

Layers structure

Low magnification (10x): continuous tones
High magnification: white halos

Prints consisting of three layers of silver
gelatin emulsion containing the dyes,
superimposed on paper support coated
with plastic or resin.

Decay and damage

Description

Judgment

Support in good condition. There are some
signs of handling.
5

Process

Dye destruction print

Table 16. Protocol’s application on AC07.

Photograph Figure 5
Code AC07
Date 1977
Support Polyester
Colour and tone Uniform colour.
Print observation Format 31/8x31/8in
Border White
Backprint “Polacolor” print; “B74301PG” stamp.
Surface sheen glossy

Surface observation

Surface texture

smooth surface

Magnifications
observation

Image structure

Layers structure

Low magnification (10x): continuous tones
High magnification: continuous tones

The supports consist of a positive receiving
sheet, an acid polymeric layer, a barrier
layer, a paper base (with barite), and a
polyethylene back coating.

Decay and damage

Description

Judgment

Print in fair condition: the surface is
characterised by scratches and fingerprints,
the support is interested by some signs of
handling. There are yellowish stains on the
left edge. Slight fading of tones.

3

Process

Instant photography: Dye diffusion transfer print
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Table 17. Protocol’s application on MP06.
Photograph Figure 6
Code MP06
Date Late 80s
Support Polyester
Colour and tone Uniform and saturated colour.
Print observation Format 9 x 1l cm
Border White
Backprint “Polaroid 2” print; “09943066043” stamp
Surface sheen glossy

Surface observation Surface texture

smooth surface

Image structure

Magnifications
observation

Layers structure

Low magnification (10x): continuous
tonesHigh magnification: continuous
tones.

There are: a transparent polyester top layer,
an image receiving layer (polymeric
mordant), a white titanium
dioxide/matting layer, three thin layers of
silver emulsion, and a black polyester
support.

Decay and damage Description

Judgment

Support and surface in good conditions.
There are some scratches and fingerprint
on the back print. Slight fading of tones.
4

Process

Instant photography: Internal dye diffusion transfer print

Figure 5. Front and backprint of photograph AC07.
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Figure 6. Front and backprint of photograph MP06.

5. The Open-Source Website

In order to support the sharing of information between the experts and the scientific
community, an open-access website has been created to present the proposed protocol. The
website is called Color photographic processes—Preliminary identification by visual exam and
is available at the link Available online: https://mips.di.unimi.it/wp/ (accessed on 30
November 2022).

Here, the user can follow each step of the protocol in detail, learn more about the
four printing processes by reading their description and a brief history, and refer to the
identification of the process of the photographic collection mentioned in this paper.

6. Conclusions

The primary aim of this work is to present an easy-to-implement procedure for the
preliminary identification of colour photographs that use portable and cheap instrumen-
tation. For this reason, it is not possible to get significant enlargements to support the
observations during the magnifications examination; however, the proposed protocol adds to
standard methods the analysis of the state of damage, increasing the amount of information
to analyse.

To access the protocol and promote it among the experts, we have created the open-
access website Color photographic processes—Preliminary identification by visual exam.
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