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Extended Abstract

Light-induced yellowish stain formation in photographic papers that gradually developed over time
in dark storage was first documented in the 1993 book, “The Permanence and Care of Color
Photographs: Traditional and Digital Color Prints, Color Negatives, Slides, and Motion Pictures” by
Henry Wilhelm and Carol Brower.
http://www.wilhelm-research.com/pdf/HW_Book 761 Pages HiRes_vlc.pdf

Fig. 1 The inkjet print on the right was printed in 2001 with a high-stability fully-pigmented fine art inkset on an RC-base inkjet paper with a
microporous ink-receptive coating. At the completion of a high-intensity light-stability test that had continued for more than two years, the print was
measured and placed in air-conditioned room-temperature dark storage. Almost all of the yellowish stain observed here occurred during the 18 years
of dark storage, after the print was withdrawn from the light stability test (the stained print together with the essentially unchanged control print on the
left were photographed in 2021).
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At the time, the phenomenon was described by the authors as “RC Base-Associated Image Fading
and Yellowish Staining” and, in a closely related problem, as “Framing Effects” in Light Fading with
Prints Framed Under Glass or Plastic Sheets” (pp. 72-77). With Kodak Ektacolor 74 RC prints (1977-
1982) for example, levels of light-induced yellowish stain continued to steadily increase after10 years
in dark storage at ambient room temperature and relative humidity. Significant reciprocity failures in
accelerated light-fading tests, depending on the specific type of print media and colorant set,
frequently exacerbate the manifestation of these problems in long-term display and dark storageof
photographs.

While light-induced yellowish stain is most easily observed in the white borders of prints, high levels
of yellowish stain can have visually devastating effects in, for example, pale blue skies, and in near
neutral areas of a print. In museum collections, many examples of prints made in the 1970s and 1980s
by Stephen Shore, Joel Meyerowitz, and Richard Misrach, among many others, exhibit high levels of
light-induced and thermally caused yellowish stain, generally accompanied by severe dark fading of
the cyan image dye.

For this study, more than 10,000 light-exposed and subsequently dark-stored samples from the 50-
year period covered by “The Wilhelm Analog and Digital Color Print Materials Reference Collection
(1971-2021)” were examined.

http://www.wilhelm-
research.com/WIR_Reference Collection/The_Wilhelm Analog_and Digital Color_ Print Materials
_Reference Collection 1971 to 2021 (2021-03-10_v20).pdf
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Itemized Description of the Wilhelm Color Print Materials Reference Collection
(Updated March 10, 2021}

The Wilhelm Analog and Digital Color Print Materials Reference Collection consists of printed
analog color, digital color, and digital black and white photographic print materials, with associated
accelerated test data and print permanence reports organized in sortable/searchable databases

2)
3)

5) Multiple targets for each printer/ink/media combination subjected to eight separate WIR permanence tests: (1) display permanence
(light stability) tests with five different light exposure conditions: glass filter with 5mm air-gap and glass in direct contact with sample
surface; (2) acrylic UV filter with 5mm air-gap and acrylic UV filter in direct contact with the sample surface; and (3) unfiltered “bare-
bulb” light exposure; (4) multi-temperature Arrhenius dark storage tests; (5) unprotected ozone resistance; (6) resistance to high
humidity; (7) water resistance; and (8) determination of the presence or absence of optical brightening agents (OBAs)

6) “Natural Aging” test largets are stored in the dark at ambient room temperature (24°C/60% RH) and “Long-Term Subzero
Freezer Preservation” test targets for instrument calibration and visual reference are preserved in a freezer at —20°C (-4°F)

7
8)
9)

14) Microsoft Access dalabases with WIR developed and programmed Borland Delphi interfaces, providing search/sort capabilities

Fig. 2. One of the unique features of the Wilhelm Color Print Materials Reference Collection is the large quantity of test prints have been safeguarded
in the passively- humidity-controlled walk-in Wilhelm Imaging Research — Smithsonian Subzero Preservation Vault, which is maintained at —20°C
(—4°F) freezer storage temperature since the prints were first made. These include control samples for all Arrhenius and light-fading reciprocity tests.
At this low temperature, the samples will be preserved in pristine condition for many thousands of years into the future and can be used to precisely
match the calibration of future multispectral and other measurement devices to the original spectral measurements recorded in the Wilhelm Reference
Collection digital database. WIR staff member Barbara C. Stahl is shown with a group of samples preserved in the vault.

This study is focused on identifying the specific types of print media that are highly susceptible to the
gradual development of light-induced yellowish stain after light exposure, those that are moderately
susceptible, and those that are not noticeably affected by this problem. The prints were subjected to
light with three different spectral power distributions — including UV filtration with
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Acrylite Gallery UV Filter OP-3 (marketed as Plexiglas OP-3 in Europe), which has a UV cut-off at
390-400nm. In addition, prints were exposed to light both with and without air flow between the
prints and the glass and the acrylic OP-3 filters.

When located in the ink-receptive coating of inkjet prints, fluorescing optical brightening agents
(OBAs) may be directly involved in light-induced yellowish stain formation (beyond the simple
loss of UV-activated fluorescing brightening activity), and in RC-base papers, which are polyethylene
coated papers in which the top polyethylene layer contains titanium dioxide (TiO2) as a white,
reflective pigment, and essentially all RC papers also contain OBAs.

Wavelength (nm)

Fig. 3. A spectroradiometric measurement made in the WIR lab of the light reflected from the d-min of a popular “baryta-type” fine art inkjet paper
with a microporous ink-receptive coating that has been manufactured with a high OBA content. The tall spike on the left is the 365nm UVA emission
that causes the excitation of the “blue” light emitted by the OBAs, which has a peak of 467nm but which extends at a lower level into the cyan and
green wavelengths until about 530nm. The 365nm UV A emission cannot be seen by humans and therefore its presence — or lack thereof — is not apparent.
When this print is framed under glass (which cuts off at about 330nm) and is viewed by daylight illumination near a window, the visual effect of the
OBAs will be very significant. However, if the print is framed with a UV-filtering acrylic or UV-filtering “museum” glass (which cut off at about 390—
400nm), the presence of the OBAs will have little or no visual effect. Blue-pump LEDs and filtered tungsten-halogen lamps emit no UVA wavelengths
and for this reason any OBAs present will not be activated. Visual differences depending upon the viewing illumination is a significant problem with
papers containing OBAs and, together with permanence issues, is an important reason why such papers should be avoided.

Fig. 4. The “blue” light emitted by the high OBA content of the “baryta-type” inkjet paper described in Fig. 3 was photographed using a digital camera
and captured as a non-corrected RAW file. The Color Picker in Photoshop shows the Lab and RGB values for the color.
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ed most of the extensive research, analysis, and the examination of many thousands of samples
for this paper. Ms. Armah is a mathematician who specializes in data gathering and the modeling
of complex systems behavior.
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In this study, the presence, initial levels, and subsequent decay of OBAs are measured and reported
using a MegaVision High-Resolution Multispectral Imaging System which has the capability of
quantifying the levels of OBA activity in photographs in terms of human visual perception (H.
Wilhelm, K. Boydston, K. Armah, and B. Stahl: Proceedings of “Imaging Conference JAPAN 2011”).

These degradation processes are being mathematically modeled for selected media and colorant sets
with the eventual goal of providing a method for the long-term prediction of light-induced yellowish
stain behavior for both chromogenic and inkjet prints.

Preliminary Conclusions and Recommendations

1. OBAs should be avoided in ALL types of print materials, including inkjet prints, chromogenic
prints (silver-halide color prints), and in traditional silver-gelatin B&W fiber-base and RC-base prints.
OBAs serve no useful purpose, create many practical difficulties, including significant uncertainties
with printmakers using color management in Photoshop and Lightroom, and in general are very
harmful to the permanence of prints. The presence of OBAs can cause prints to look different under
different lighting conditions.

2. Titanium Dioxide (TiO2) should not be used as a whitening agent in either the base paper or in the
ink-receptive coatings of inkjet prints.

3. Barium Sulfate (BaSO4) appears to be a satisfactory, non-harmful, whitening agent for inkjet prints
and for the baryta layer of silver-gelatin black-and-white prints (baryta coatings have been
satisfactorily used with fiber-base silver-gelatin prints since the early 1900s). Current RC-base black-
and-white silver-gelatin papers should be strictly avoided because they contain both OBAs and TiO2.

4. Inkjet prints and chromogenic prints should be protected from exposure to UV radiation by
framing them with UV-absorbing acrylic glazing (e.g, Acrylite OP-3, which in Europe in marketed
under the Plexiglas OP-3 name), or by illuminating exhibition areas with high-CRI LEDs, in which
case traditional types of UV-absorbing glazing are usually not required. However, it remains very
important to protect all types of prints from exposure to daylight through window glass (>330nm.)

In the Gallery and Fine Art Marketplace, what, exactly, is an “Archival Pigment Print?”

1. The term “Archival Pigment Print” has in recent years become widely used in the gallery and fine
art markets. Regarding assurances of long-term print permanence, the term is in fact quite meaningful.

2. “Archival Pigment Print” is generally taken to mean that an inkjet print has been made with a
100% cotton cellulose paper that contains no OBAs.

3. RC-base (PE-base) inkjet papers are in general avoided, but there are exceptions to this with some
photographers and artists.

4. 100% pigment inkjet inks have been used to make the prints. Usually made with large-format
printers made by Epson, Canon, or HP, the prints are often produced by the photographers themselves.
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5. Because of their extreme susceptibility to ozone and other atmospheric pollutants, along with
potentially poor humidity and water resistance, dye-based inkjet inks are NOT acceptable in these
markets.

6. For marketing reasons, galleries and fine art dealers strenuously avoid the use of the words
“inkjet” or “digital” in the naming of print processes. There are a few exceptions to this, although
they are rare.

Papers that are currently believed to be suitable for making “Archival Pigment Prints”

1. All Canson Fine Art Inkjet Papers that are claimed to be made of “100% Cotton Cellulose and
OBA and TiO2-Free.” Canson RC-base inkjet papers, which contain both OBAs and TiO2, should
be avoided.

2. All Epson Legacy Fine Art Inkjet Papers that are claimed to be made of “100% Cotton Cellulose
and OBA and TiO2-Free.”

3. All Hahnemiihle Fine Art Inkjet Papers that are claimed to be made of “100% Cotton Cellulose
and OBA and TiO2-Free.” Hahneumiile RC-base inkjet papers, which contain both OBAs and TiO2,
should be avoided.

4. 1If, for various reasons, the decision is made to use an RC-base (PE-base) inkjet paper, Epson
Proofing Paper White Semimatte is tentatively recommended. This unique RC-base paper contains
no OBAs in either the ink-receptive coating or in the RC-base paper itself. However, like all other
RC-base photo and inkjet papers, it does contain TiO2 in the thin top polyethylene white layer located
beneath the ink-receptive coating. With a surface texture similar to that of many “Luster” papers, it
is available in 13x19-inch sheets and in roll formats up to 60-inches (153 cm) wide.

Ongoing research: the next steps....

1. Establish a collaborative research project with a major collecting institution which has the ability
to conduct both non-destructive and destructive chemical analysis of the composition of inkjet image-
receptive coatings and with the paper base itself, using documented print samples drawn from the
“Wilhelm Analog and Digital Color Print Materials Reference Collection — 1971 to 2021.” This
project would be focused on identifying chemical components of microporous inkjet ink-receptive
coatings beyond OBAs and TiO2 that may contribute to yellowish stain formation. These findings
will be correlated with stain data from the many thousands of light-exposed, ozone-exposed, and
accelerated dark-aged print samples in the Wilhelm Reference Collection. A summary of these
investigations would be co-published by the collecting institution and Wilhelm Imaging Research.

2. Conduct additional spectroradiometric analysis of the spectral emissions of the optical brightening
agents found in the print samples in the Wilhelm Reference Collection, and to determine if this
methodology can be employed to identify specific OBAs, and to establish whether some are more
stable than others, and to determine if some have a particular propensity to contribute to yellowish
stain formation after partial decay on exposure to light and subsequent storage in the dark.

3. Conduct further research on the yellowish stain formation that gradually occurs over time with

some inkjet papers when they are subjected to an accelerated ozone-resistance test and are
subsequently stored in the dark.
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4) Conduct further research on the decay (loss of brightening activity) of OBAs in a wide range
of chromogenic, inkjet papers, and other types of digital print media when subjected to
accelerated multi-temperature Arrhenius dark storage tests. A primary goal of this ongoing
research is to determine if the loss of brightening activity with a variety of media can be
predicted for storage of prints in ambient (or cold storage) conditions using multi-temperature
Arrhenius methodology.
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Foreword

The Gruppo del Colore - Associazione Italiana Colore is a scientific and cultural non-profit
organization with a multidisciplinary approach. Its aims are to promote science and culture of
Color and Light, to spread scientific, technological, cultural and applicative knowledge about the
cited disciplines, and to support matters of common interest between members in national and
international contexts. In 2020, the Association added another instrument of cultural dissemination,
in the form of a diamond open access book series, The Research Culture And Science Book series
(RCASB), which is freely available to everyone.

The focus and scope of the series is multidisciplinary as RCASB publishes scientific books
on specific fields. The aim of the book series is to encourage scientists, scholars, researchers and
professionals to publish their experimental results and theoretical work in a comprehensive way,
thus providing a forum for the exchange and sharing of scientific knowledge.

Since this volume is the first of many others to come, it was considered appropriate to begin
with a very current topic, which is of vital importance for the study and conservation of
contemporary artistic artefacts, such as color photographic and cinematographic materials, in both
format analogue and digital. This volume consists of a collection of essays derived from
presentations given at the International Conference on "Color Photography and Cinema: Sharing
Knowledge of Analysis, Conservation, Conservation, Migration of 'analogue and digital materials"
organized in March 2021 by the Gruppo del Colore - Italian Color Association in collaboration
with the "Nello Carrara" Institute of Applied Physics of the National Research Council (IFAC-
CNR) and the Opificio delle Pietre Dure (OPD).

This conference was a unique event as the first international convening in which these topics
were treated together. As such, it was an opportunity for discussion at an international level on
various topics related to furthering the knowledge of color photographic and cinematographic
objects from a historical, material and conservation point of view. It is our hope that this volume
will contribute to disseminating to a wide audience the various issues relating to the material and
conservation knowledge of these materials and that it contributes to deepening sensitivity towards
treating these materials in museum and archive collections.

Florence, August 2021

Marcello Picollo - President
Gruppo del Colore — Associazione Italiana Colore
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