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Presented at the Book and Paper Group Session, AIC’s 39th Annual 
Meeting, May 31–June 3, 2011, Philadelphia, Pennsylvania.

Solving the Ptolemy Puzzle

sylvia albro, john bertonaschi, lynn brostoff, daniel de simone, 
fenella france, and eliza spaulding

abstract

 In 2009, the Rare Book and Special Collections Division 
of the Library of Congress requested conservation of the 1513 
Lessing J. Rosenwald copy of Ptolemy’s Geographia, an atlas 
containing forty-seven maps based on Ptolemy’s original 
notes from the 2nd century and European discoveries up to 
1513. Printed in Strasbourg on a variety of papers, the maps 
are woodblock prints with letterpress text, and hand-colored 
using a limited palette. Johann Schott likely was responsible 
for the majority of the printing. Although other copies of the 
atlas exist from 1513, this copy is unique in its color palette, 
the order of its maps, and their varying condition.
 The complexity of the atlas prompted the formation of a 
research team with expertise from the conservation, preser-
vation science, and rare books curatorial divisions. The goal 
of the research is to determine how the atlas was assembled; 
to identify and characterize the binding elements, the paper 
supports, and the pigments; and to unravel how the atlas 
arrived in its current condition. Results of this research will 
help determine a clear treatment approach, especially for the 
most deteriorated maps. This ongoing project will discuss 
the research performed thus far towards this goal within 
the context of the large body of research on the degrada-
tion of copper-containing pigments, how they induce paper 
deterioration, and the most effective means of treating these 
pigments and their deteriorated paper supports. 
 The atlas suffers from a number of condition problems, 
including an overly tight re-binding from a later period, and a 
degraded copper green pigment, as confirmed through X-ray 
fluorescence (XRF) spectroscopy (Brostoff et al. 2011). The 
rebinding both prohibits the book from opening completely 
and has caused cracks near the guards in many of the pages 
(figs. 1–2). Seven of the maps exhibit severely degraded 
copper green pigment and deteriorated adjacent paper sup-
ports, while the rest of the maps are in very good to good 

Fig. 2. The open book before treatment showing the overly tight 
binding, which prevented it from opening completely

Fig. 1. Ptolemy (printed by Johann Schott), Geographia, 1513, Lessing 
J. Rosenwald Collection #624, Rare Book and Special Collections 
Division, Library of Congress. View of the book’s cover. Dimensions: 
45.5 x 32.7 x 5.9 cm
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condition (fi gs. 3–6). Close examination, spot tests, addi-figs. 3–6). Close examination, spot tests, addi-). Close examination, spot tests, addi-
tional XRF analysis, and spectral imaging of the pigments and 
their paper supports have allowed assessment of differences 
between pages of varying condition.  
 The advantage of having two additional copies of the 1513 
Geographia in the Library of Congress also proved helpful. 
Examination of these uncolored and untreated copies in 
comparison to the Rosenwald Geographia led to the conclu-
sion that three different papers are present across multiple 
volumes: a crown watermark paper, a fleur-de-lys water-
mark paper, and an unwatermarked paper (figs. 7–9). Each 
paper exhibits unique appearance qualities, which reflect 
their condition. The majority of the crown paper is in very 
good condition, the fleur-de-lys paper is in good condition, 
and the unwatermarked paper is in poor condition (fig. 10). 
Most of the seven maps in poor condition were printed on 
the unwatermarked paper.
 XRF analysis of modern pigments used for inpainting, 
identification of a modern watermark used in guard papers, 
and the presence of one silked map all pointed to the atlas 
undergoing restoration in the 20th century. Another feature 
of this restoration was the application of a gelatin sizing with 
a heavy addition of potassium aluminum sulfate to the most 
deteriorated maps (Brostoff et al. 2011). The potash alum 
sizing accelerated the degradation of these maps, and led to a 
curious phenomenon. The copper green pigment deteriorat-
ed markedly on these pages, turning brown and powdery, but 
remained green in the gutter, suggesting the guards protected 
the pigment from the effects of the potash alum. Extensive 
XRF readings taken of these maps in different locations show 
the potash alum sizing was applied to both sides of the map 
papers, with somewhat lesser quantities detected on the 
guard areas (Brostoff et al. 2011). The most likely explanation 
for the curious green phenomenon is that the sizing solution 
was unevenly applied to the maps after a series of guards had 
been applied that prevented the folios from fully opening. It 
may even have been done while the volume was fully bound.

Fig. 3. Map of Quinta Europa Tabula on crown watermark paper. 
This map is an example of a map in good condition

Fig. 5. Detail of the copper green pigment from a map in good 
condition

Fig. 6. Detail of the copper green pigment from a map in poor 
condition

Fig. 4. Map of Tabula Nova Particularis Provinci[a]e Rheni 
Superioris. This map is an example of a map in poor condition. 
The deteriorated copper green pigment and offset discoloration are 
especially prominent features
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 Although there is still more to understand about the 
condition of the atlas before it can be conserved, a profile, 
especially of the maps in poor condition, has begun to form. 
Based on this profile, two primary goals for treatment have 
emerged: to treat the text pages and maps in poor condition 
and to rebind the atlas in a manner that is both historically 
sympathetic and functional. Multiple institutions around the 
world also are studying how copper green pigments degrade 
and the most effective means of treating them. Results estab-
lished by these mutual efforts will influence how the maps 
in poor condition will be treated. The paper presented at this 
year’s AIC conference was preliminary and focused on the 
technical examination and history of the volume. The project 
continues to be ongoing and the authors hope to present the 
completed version in the future. 
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Fig. 7. Transmitted light image of the crown watermark paper from 
the map of Quinta Europa Tabula

Fig. 8. Transmitted light image of the fleur-de-lys watermark paper 
from the map of Quarta Asiae Tabula

Fig. 9. Transmitted light image of the unwatermarked paper from the 
map of Tabula Neoterica Cret[a]e sive Candi[a]e Insuli[a]e

Fig. 10. Comparison of the crown watermark paper from the map 
of Quinta Europa Tabula in good condition (left) and the unwa-
termarked paper from the map of Tabula Prima Asi[a]e in poor 
condition (right)
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Presented at the Book and Paper Group Session, AIC’s 39th Annual 
Meeting, May 31–June 3, 2011, Philadelphia, Pennsylvania.

beth antoine, marion mecklenburg, robert j. speakman, and mel wachowiak

The Conservation of Letterpress Copying Books: 

A Study of the Baird Collection

Smithsonian Institution, but also the growing fields of muse-
ology and natural history in the mid-nineteenth century. This 
unique primary source provides an irreplaceable window into 
a formative period of the history of the nation. The collec-
tion is currently unavailable to researchers due to its severely 
deteriorated condition as the books exhibit widespread fading 
and severe iron gall ink corrosion. The microfilm is largely 
illegible, so large portions of the information they contain are 
completely inaccessible.
 This study employs analytical techniques to investigate the 
complex nature of the materials, explores and evaluates treat-
ment options with experimental procedures using artificially 
aged samples, and investigates best practices for the digitiza-
tion of the materials. 

abstract

 This study investigates the conservation treatment options 
to preserve the treasured Smithsonian collection of let-
terpress copying books handwritten by Spencer Fullerton 
Baird (1823–1887), the second Secretary of the Smithsonian 
Institution. This study employs analytical techniques to 
investigate the complex nature of the materials, explores and 
evaluates treatment options with experimental procedures 
using artificially aged samples, and investigates best practices 
for the digitization of the materials. Technical analysis showed 
that iron II ion migration is a particularly severe problem 
in copying books and confirms a correlation between iron 
migration and the severity of ink corrosion. Several conser-
vation treatments were conducted including anti-oxidant 
treatments, sizing, de-acidification, and paper splitting. One 
of the most promising treatments conducted is a non-aqueous 
anti-oxidant treatment using Tetrabutyl Ammonium Bromide 
[TBAB] in ethanol followed by non-aqueous de-acidification 
with magnesium oxide using the Bookkeeper spray and sizing 
with Klucel G in ethanol. Several imaging techniques were 
explored, and a simple and inexpensive set-up and procedure 
was found to give excellent results. 

introduction

Project Overview
 This study investigates the conservation treatment 
options to preserve the treasured Smithsonian collection of 
letterpress copying books handwritten by Spencer Fullerton 
Baird (1823–1887), the second Secretary of the Smithsonian 
Institution. Housed in the Smithsonian Institution Archives, 
the Baird copying books comprise seventy-nine volumes of 
outgoing correspondence (1850–1877) including approxi-
mately 44,000 leaves bound in quarter-leather cloth bindings 
(fi gs. 1–2). The letters document, not only the history of the 

Figs. 1–2. Baird copying books
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vary widely, there are many variables to consider in the treat-
ment of any single copying book.
 And finally, these unusual papers and inks create special 
challenges for conservation treatment because they are sensi-
tive to aqueous treatment, and they are in a bound format. 
The paper is vulnerable to water because the fibers were heav-
ily beaten in order to make the paper transparent enough to 
read through the verso of the sheet (Rhodes 1999, 50). This 
technique eliminates air pockets and voids by breaking down 
the fiber structure and reducing porosity, making the paper 
appear translucent. Papers made with heavily beaten fibers are 
extremely hygroscopic and expand significantly when wetted, 
causing them to be especially vulnerable to planar distortion 
and dimensional changes during aqueous treatment (van der 
Reyden 1993, 201). The ink is quite vulnerable to cracking 
during aqueous treatment due to the stress caused by uneven 
wetting at the borders between the hydrophilic areas of the 
un-sized, impregnated paper and the hydrophobic areas of 
ink deterioration (Reissland 2000, “Side Effects,” 112). The 
inks also become quite sticky when remoistened with water, 
likely due to the added humectants, which causes damage 
when the fragile inked areas stick to the drying support after 
treatment (Antoine 2009, 122). The bound format of copying 
books is also problematic for treatment, as disbinding dra-
matically changes the nature of the objects. These materials 
are not simply carriers of information. They are examples of 
an historic copying process, and their value as artifacts should 
be weighed in any treatment decision.

Iron Gall Ink and Copying Books: Degradation Mechanisms and 
Treatment Options
 Iron gall ink degrades the paper substrate by two forms of 
decomposing reactions; namely, acid catalyzed hydrolysis and 
oxidation catalyzed by transition metal ions. Acid hydrolysis of 
cellulose is caused by the sulphuric acid inherently present in 
the ink. It is water-soluble and migrates out of the ink line and 
throughout the paper substrate with age, especially in humid 
or fluctuating RH conditions (Neevel and Mensch 1999, 531). 
Acid hydrolysis causes the depolymerisation of the cellulose 
molecule, resulting in the loss of mechanical strength of the 
substrate (Reissland and Hofenk de Graaff, 2000).
 Most historic iron gall inks were made with excess iron 
(II) sulphate, which does not react with the tannins in the 
ink during ink production and remains in the material as free 
iron II ions. These ions are water soluble and catalyze the 
oxidation of cellulose through the “Fenton reaction” (Neevel 
and Mensch 1999, 528). This excess of iron increases with 
age as the tannic acid degrades causing the ratio of iron to 
tannin to continually increase (Krekel 1999, 56). Oxidation 
causes the depolymerisation and cross-linking of the cellu-
lose, resulting in fluorescence, browning, embrittlement, and 
loss of mechanical strength of the substrate (Reissland and 
Hofenk de Graaff, 2000).

History, Use, and Composition of Copying Books
 Copying books are an early type of document copying 
process. They were commonly used in office environments 
throughout the 19th century and even as late as the 1950’s 
(Rhodes 1999, 113). The historic copy press process involved 
the transfer of ink on a freshly written document to a moist-
ened sheet of copying paper through the use of direct contact 
and pressure. The books were manufactured specifically for 
this purpose, and would have been purchased blank. The user 
would have written a letter on a regular sheet of writing paper 
but with specially formulated copying ink. A sheet of copying 
paper would have been dampened and the original document 
laid onto the damp sheet. The book would be closed and 
put into a copy press, transferring the ink onto the copying 
book page. Because the soluble copying ink was transferred 
directly, it left a mirror image print to be read from the verso 
of the thin paper (Rhodes 1999, 9). 

The Conservation Challenges of Copying Books
 There are several factors that make the conservation of let-
terpress copying books a particularly difficult problem. First 
of all, the volume of the materials is quite daunting. Archival 
collections often contain hundreds or even thousands of 
volumes of copying books, and a single volume contains 
between 300 and 800 leaves. This large quantity of materials 
necessitates a practical solution that can streamline the treat-
ment and/or digitization process. 
 Secondly, the severity of the deterioration of copying 
books is distressing. In a survey conducted in 2008, 74% of 
questionnaire respondents reported that records in their col-
lections were currently losing information (Antoine 2009).
 Thirdly, the nature of the materials is complex and poorly 
understood. The unusual properties required by the copy-
ing process led to the experimentation and development 
of many different formulations of ink and paper (Rhodes 
1999). This experimentation created not only a great variety 
of materials, but also a general decrease in the quality and 
permanence of copying inks and papers (Cleveland 2000, 
24). Most copying inks are iron gall inks with additional 
ingredients to improve their copying capability. In order 
to keep the ink wet for extended periods and encourage 
its transfer to the copying paper, the inks and papers were 
impregnated with hygroscopic ingredients, such as sugar 
and glycerin. Colorants with high tinctorial power, such as 
aniline dye, were added to inks to improve the clarity of the 
copy and the number of copies that could be produced; and 
mordants, such as tannins and metal salts, were added to the 
papers to “fix” the ink upon contact (Cleveland and Rhodes 
1999, 40). The complexity of these prepared papers and their 
interactions with various ink formulations are unpredictable 
and often disastrous. As most copying books contain many 
different inks that cannot be differentiated, and ink recipes 



11The Conservation of Letterpress Copying BooksAntoine, Mecklenburg, Speakman, and Wachowiak

 Gelatin has been shown to be the most effective sizing 
agent when re-sizing iron gall ink on paper after aqueous 
treatment. It seems to have the ability to fix free iron II ions 
present in unbalanced iron gall inks by binding them in an 
elastic film, thus making them inert (Kolbe 2004, 35).
 Since aqueous treatment is not appropriate for the treat-
ment of copying books, no treatment has been shown to 
safely chemically stabilize the rampant iron gall ink corrosion 
in them. Currently, the most effective treatment for copying 
books is mechanical stabilization by mending or lining with a 
solvent-set or heat-set method (Ubbink and Partridge 2003; 
Antoine 2009; Titus 2009).
 In the last decade, a few projects have been undertaken to 
develop a treatment for water-sensitive objects that contain 
iron gall ink. These studies have built upon research into the 
use of halides, such as bromides and chlorides, as effective 
anti-oxidant alternatives to calcium phytate (Kolar et al. 2003, 
Kolar and Strlic 2006). Halides show great potential because 
they are not iron-specific, and they are soluble in organic sol-
vents. They have the capacity to deactivate other transition 
metal ions, most notably copper ions, which are believed to 
be as destructive as iron II ions during ink corrosion (Kolar et 
al. 2003, 765), and they can be used in non-aqueous solution.

materials characterization of the baird 
books

Survey and Examination
 A visual examination of each volume in the collection was 
conducted, seventeen samples were tested for solubility in de-
ionized water and ethanol, and fiber analysis was conducted 
on twenty-one samples using a polarizing light microscope. 
Findings are as follows:

 x There is not only a great quantity of materials, but also 
great variety. The papers vary in color, thickness, texture 
and transparency. There are an untold number of inks 
present with multiple inks present in all volumes. The 
bindings are similar in appearance, but vary slightly in 
construction and materials.

 x Overall conditions vary from good to poor, but many 
volumes are very severely damaged. 89% of volumes are 
currently losing information. Ink corrosion is the pre-
dominant problem, as all volumes exhibit at least some 
symptoms (fig. 3). 

 x A sweet syrup smell associated with the volumes seems to 
correlate with severe ink corrosion (fig. 4). The source of 
this smell has not been identified due to time restrictions. 
It would be interesting to conduct Solid Phase Micro-ex-
traction (SPME) and/or complex and simple carbohydrate 
spot tests to identify the material. Based on historic copy-
ing ink recipes, it is likely sugar, molasses, or honey.

 Transition metals other than iron are common in historic 
iron gall inks, because in addition to iron sulphate, copper 
and zinc sulphates were often called for in historic recipes, 
and many ingredients were commonly contaminated with 
copper, zinc, manganese, and aluminum (Krekel 1999, 55). All 
of these metals are destructive to cellulose and aggravate the 
problem of iron gall ink corrosion. Like iron II ions, copper 
II ions catalyze the oxidation of cellulose. Zinc sulphate can 
be hydrolyzed to zinc oxide, becoming a photo-catalyst for 
the radical oxidation of cellulose. And, aluminum sulphate 
and potassium aluminum sulphate (alum) can cause the acid 
hydrolysis of cellulose (Neevel and Mensch 1999, 531).
 The severity of iron gall ink corrosion on a particular 
object depends not only on the composition of the ink and 
the object’s storage conditions, but also on the depth of 
the penetration of the ink into the paper (Reissland 2000, 
“Progress,” 114). Deeper penetration encourages corrosion 
to spread through to the verso of the substrate, causing ink 
drop-out or lacing. The thinness of the paper, heaviness 
of ink application, and amount of sizing all contribute to 
the depth of penetration. The hygroscopicity of copying 
books due to heavily beaten fibers, lack of sizing, and added 
humectants makes them especially vulnerable to iron gall ink 
corrosion by enabling the migration of soluble and destruc-
tive ink components. 
 Current research dictates that an appropriate treatment 
for iron gall ink corrosion should follow a three-pronged 
approach (Schafer 2004). It must arrest the acid catalyzed 
hydrolysis by neutralizing the sulphuric acid in the ink, 
deactivate or remove the transition metal ions that catalyze 
oxidation, and strengthen the weakened substrate mechani-
cally when necessary. The most accepted treatment protocol 
currently employs an aqueous anti-oxidant treatment using 
calcium phytate, followed by de-acidification with calcium 
bi-carbonate and re-sizing with gelatin. A detailed work 
standard has been developed for this treatment (Huhsmann 
and Hahner 2008), and it has been proven unambiguously 
to stabilize the paper on a molecular level (Henniges and 
Potthast 2008, 231).
 Anti-oxidants inhibit the oxidation of cellulose catalyzed 
by transition metal ions by interfering with the pathways of 
the Fenton reaction. By forming a complex with the metal 
ions, they eliminate coordination sites for oxidation (the 
Fenton reaction) to take place, thereby blocking the decom-
posing reaction (Neevel 2002, 76).1 
 De-acidification prevents further acid hydrolysis by neu-
tralizing the sulphuric acid in the ink and any other acids 
present in the ink and paper. De-acidification has been shown 
to greatly improve the results of anti-oxidant treatments 
(Havlinova et al. 2007, 126), but treatment with a strong alkali 
solution is not recommended because the blue-black colorant 
in iron gall ink is dissolved and turns reddish-brown in pH 
higher than 8.0 (Krekel 1999, 57).
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was found in all samples, most containing flax and cotton, 
some containing mechanical and/or chemical wood, and 
some possibly containing jute and/or hemp.

 x Solubility testing showed surprisingly low solubility in 
ethanol for all inks except those containing aniline dye.

 x Corroded inks cracked upon the application of water, but 
not ethanol.

XRF
 X-ray fluorescence spectrometry (XRF) was conducted 
to characterize the Baird materials on an elemental level 
using a Bruker ARTAX 800 micro-XRF spectrometer with 
x-y mapping capability (figs. 6–7). The XRF spectrometer 
identifies the elements present in a sample and can detect 
relative concentrations of those elements, leading to a visual 
representation, or area map, of the elemental components of 
the materials.2 Although the sample size is too small to be 
definitive, results are interesting for comparison to previous 
theories and can help develop new ones.
 Forty-one samples were selected for spot analysis. Samples 
were selected from fifteen volumes: five in the best condition, 
five with the most severe ink corrosion and, and five with 
the most severe fading. Each volume was analyzed in an area 
with ink and an area without ink for a total of thirty samples. 
Eleven additional samples were included to examine aniline 
inks, blank paper, and different inks in a single volume. Each 
area was analyzed at 50 kV and 600µA for a live-time count of 
60 seconds. The goal of this analysis was to differentiate the 
components of the inks from those of the papers, to compare 
various inks and papers, and to determine if there is a correla-
tion between any components and conditions.
 In addition to the spot analyses, five areas of the Baird 
books were analyzed using the x-y mapping capability of the 
micro-XRF. The data from these area scans were manipulated 
in Microsoft Excel to create visualizations of the distribution 
of the elements over the samples. These area maps show dif-
ferences in how the components of the inks and papers have 
migrated and/or interacted over time. Baird’s signatures on 
three copied letters were analyzed: one in good condition, 
one severely corroded, and one severely faded. These samples 
were chosen to investigate the behavior of the components in 
materials in varying conditions. The “Dear Sir” of a severely 
corroded copied letter as well its corresponding original was 
also mapped. These samples were chosen to explore how the 
behavior of copying paper compares to that of a standard writ-
ing paper. To produce the XRF maps, an area was selected (ca. 
8 x 30 mm) on the document and thousands of points within 
that area were analyzed at 50 kV and 600µA for a live-time 
count of 20 seconds; spacing between analyses was 0.2 mm.
 The results of the spot analysis show that nearly all of the 
copying inks and papers in the Baird collection contain mul-
tiple transition metals in addition to iron, including copper, 
zinc, manganese, aluminum, chromium, and lead, illustrating 

 x Fading is also a serious problem; 33% of the volumes ex-
hibit severe fading (fig. 5). This problem highlights the 
importance of digitization and the proper storage of the 
materials.

 x Consistent with historical research, copying papers ap-
pear to consist of fairly good quality fibers. A mix of fibers 

Fig. 4. Correlation between a sweet smell found in some Baird 
copying books and their overall condition

Fig. 5. Example of a Baird copying book in poor condition, exhibiting 
severe fading

Fig. 3. Example of Baird copying book in poor condition, exhibiting 
severe iron gall ink corrosion
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the migration of these elements. There is also a correlation 
between the overall quantity of iron, sulphur, and potassium 
present in ink and the severity of fading, as the maps show 
faded samples exhibit much lower quantities of these three 
elements than all other samples. Not surprisingly, a possible 
correlation was also found between the presence of calcium 
in the ink and the good condition of the sample, suggesting 
that de-acidification is likely a beneficial treatment for copy-
ing books. Calcium exhibits a strong trend with the ink in 
the sample in good condition, while all others exhibit only a 
slight trend with the ink.
 By comparing the area maps of the original letter and its 
copied counterpart, it is clear that the copy exhibits greater 
iron migration than the original (figs. 9.a–9.d). Because the 
inks are the same, but the papers vary, it can be speculated 
that the copying paper encourages iron migration. This may 
be due to the fact that the paper is un-sized and therefore 
more absorbent than the writing paper of the original. The 

the need for a treatment for ink corrosion that is not iron-
specific. The area maps confirm that many of the papers are 
impregnated with these metals, as copper, zinc, manganese, 
chromium, lead, tin, antimony, and aluminum were all detect-
ed throughout the paper, showing no trend with the ink line.
 The area maps show several possible correlations between 
components of the materials and their conditions (figs. 8.a–
8.o). The maps of iron show greater blurring of the ink lines 
on severely corroded samples than samples with less corro-
sion, indicating that there is likely a correlation between the 
severity of iron migration and the severity of ink corrosion. 
This is consistent with previous research using the iron indi-
cator test that hypothesized that the migration of iron II ions 
from the ink into un-inked areas of the paper furthers the 
progress of ink corrosion (Eusman 2002). 
 It is interesting to note that the area maps show that sul-
phur and potassium tend to migrate more than iron, but there 
are no apparent correlations with condition associated with 

Figs. 6–7. Bruker ARTAX 800 Micro-XRF analyzing a Baird book

Figs. 8.a–8.o. Comparison by XRF x-y mapping of elements present in three samples of varying condition. Above left: sample in good condition; 
middle: sample severely corroded; right: sample severely faded. On the following four pages: 8.d–8.f iron; 8.g–8.i sulphur; 8.j–8.l potassium; 
8.m–8.o calcium. Warmer colors signify higher concentration; cooler colors signify lower concentration
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Figs. 9.a–9.d. Comparison by XRF x-y mapping of iron present in two samples, an original letter on the left and its copied counterpart on the 
right. Warmer colors signify higher concentration; cooler colors signify lower concentration

9.c

9.d
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hygroscopic copying ink is more likely to solubilize and move 
into the surrounding absorbent paper in humid conditions. 

treatment experimental

Treatment Procedures
 This study experiments with the non-aqueous treat-
ment of copying books with the anti-oxidant Tetrabutyl 
Ammonium Bromide (TBAB) in ethanol and its comparison 
to aqueous phytate treatment. TBAB is a fairly new treat-
ment that has been researched primarily for the stabilization 
of copper-containing watercolor pigments, but has also been 
found to have a positive effect on copper-containing iron gall 
inks (Maitland 2009 and Malesic et al. 2005). Unlike Calcium 
Phytate, TBAB stabilizes iron as well as other transition 
metals and can be used non-aqueously in ethanol. In an effort 
to preserve the bindings of copying books and to streamline 
the process, in-situ procedures were also explored by apply-
ing the treatment solutions as a spray rather than immersion.
 A total of 13 treatments were performed (fig. 10). Water 
and ethanol baths were included as controls. Two calcium 
phytate treatments were performed, both followed by de-
acidification with calcium bi-carbonate, but one with and one 
without gelatin sizing. TBAB was applied as an immersion 
treatment as well as a spray at a concentration of 0.3mol/L 
with a dwell time of 20 minutes. TBAB was conducted alone 
and in combination with de-acidification with Magnesium 
Oxide using the Bookkeeper spray and re-sizing with Klucel 
G in ethanol. All spray treatments were conducted on 
Hollytex and blotter supports enclosed in a silicone release 
Mylar sandwich (fi gs. 11–12). 
 There are several concerns regarding the non-aqueous 
treatment of iron gall ink corrosion that must be considered 
(Reissland, 1999, 175). Non-aqueous treatment does not 
remove degradation products, iron II ions, or excess anti-
oxidant. The phytate treatment relies heavily on the removal 
of iron II ions, and the inability to accomplish this in non-
aqueous treatment is likely to reduce the effectiveness of 
treatment. The excess anti-oxidant is a concern because no 
one knows how much is used up, how much is left over, and 
how it reacts in the paper over time (Maitland 2010). Some 
treatment chemicals, such as EDTA have been found to 
be destructive if left in the paper (Neevel 2002, 77). Non-
aqueous treatment lacks the benefit of an increase in paper 
flexibility due to the re-activation of fiber-to-fiber bonding 
(Reissland 1999, 169). And finally, the possible solubility of 
the inks in organic solvents is a concern. Both ethanol (TBAB 
in ethanol) and methanol (Bookkeeper) were used in the 
experimental treatments. Copying inks that include aniline 
dyes and deliquescent salts may be particularly vulnerable 
(Cleveland 2010).

Fig. 10. Experimental treatments performed

Fig. 11. Experimental treatments in progress: phytate immersion 
treatments

Fig. 12. Experimental treatments in progress: TBAB spray procedure
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sample inks are listed below. The samples were aged in an 
aging oven at 70 degrees Celsius and 50% RH for four days 
prior to treatment and for an additional nine days in the same 
conditions after treatment.

Sample inks: 
1. Control: LC iron gall ink
2. LC iron gall ink plus sugar
3. LC iron gall ink plus glycerine
4. LC iron gall ink plus sugar and Prussian blue
5. LC iron gall ink plus glycerine and aniline dye
6. Complex historic iron gall copying ink with copper
7. LC iron gall ink plus deliquescent salt
8. Historic logwood bi-chromate ink with ferrous sulphate 

but no gall nuts

Treatment Evaluation
 Evaluation of treatment effectiveness and side-effects 
were considered for archival materials, not works of art. 
These materials are valued primarily for the information 
they contain, so the importance of legibility and stability is 
paramount, while minor color shifts and other visual changes 
may be tolerated.
 The samples were tested for strength, pH, and iron migra-
tion before and after treatment, and the treatments were 
evaluated for solubility problems, color changes, risk of treat-
ment, practicality, and health and safety concerns.
 All eight inks were monitored for iron II ion migration 
with an iron indicator test before and after treatments and 
again after post-treatment aging. The indicator paper is filter 
paper impregnated with bathophenanthroline, which reacts 
with iron II ions to form a pink complex (fi gs. 15–16). The 
paper was dampened and lightly pressed to the samples for 
30 seconds, creating a pink stain where it was in contact with 
iron II ions. It is not a quantitative test, but relative concen-
trations can be determined by comparing the darkness of the 
stain, as long as variables such as surface sizing and length 
of exposure are controlled. This test illustrates the effects of 
aging and treatment on the movement and relative quantity 
of iron II ions in a sample. 
 Cold extraction pH testing was performed for treatments 
on all three sample papers according to ASTM designation: 
D778-97 (re-approved 2002). Results are shown in figures 
17, 18, and 19. Because sample material was limited, 0.1g of 
paper was tested in 7.0 ml of distilled water in keeping with 
the ratio from the standard.
 Samples were tested for tensile strength before treatment 
and after post-treatment aging. Using tensiometers in cli-
mate-controlled cases, samples were subjected to increasing 
tension until their breaking point (figs. 20–21).

Sample Preparation
 Sample copying papers were prepared for the treatment 
experimental by applying copying inks made in the lab to 
blank copying pages cut from two volumes of the Baird books, 
in addition to a known modern Gampi tissue paper with 
properties similar to copying paper (fi gs. 13–14). For the pur-figs. 13–14). For the pur-). For the pur-
poses of this experiment, copying ink was defined as a writing 
ink that includes an additional hygroscopic ingredient, such 
as sugar or glycerin. The iron gall ink recipe used for research 
at the Library of Congress (LC) was used as a control. Several 
variants of copying inks were made by adding ingredients 
to this control ink. Additional components included sugar, 
glycerin, deliquescent salt, copper sulphate, alum, potassium 
chromate, Prussian blue, aniline dye, and logwood dye. Two 
complex inks from historic recipes were also used in order 
to more accurately mimic an ink and paper combination 
that would be found in collections materials. A total of eight 
inks were applied in two lines of varying width using a Pilot 
Parallel Pen, which gives a constant line thickness no matter 
at what angle the pen is held. The main components of the 

Fig. 14. Sample preparation: sample inks

Fig. 13. Sample preparation: ink ingredients
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Summary and Discussion of Findings
 x As expected, aqueous treatments were effective at removing 

iron II ions, increasing pH, and restoring strength to the 
samples. The effectiveness of the TBAB treatments varied, 
but none were as effective as the aqueous treatments.

 x Treatment with gelatin significantly improved the strength 
and pH of the samples.

 x Although comparison with the ethanol control treatment 
shows that TBAB treatments do have a positive effect be-
yond the ethanol, TBAB alone did not cause significant 
improvement in the properties of the samples.

 x It is possible that left over TBAB in the paper after treat-
ment causes a detrimental effect that is counteracting 
the positive effect of the de-activation of the transition 
metal ions. There was concern for this problem before 
the project began because non-aqueous treatment does 
not rinse out excess treatment solution.

 x MgO and Klucel G together significantly improve the 
performance of TBAB. Treatments combining these el-
ements are not as effective as the phytate treatment, but 
they may be useful for non-aqueous applications.

Fig. 15. Iron II migration testing

Fig. 16. Iron II migration testing

Fig. 17. Results of pH testing: Sample paper #1 before treatment, 
after all treatments, and after post-treatment aging

Fig. 18. Results of pH testing: Sample paper #2 before treatment, 
after all treatments, and after post-treatment aging

Fig. 19. Results of pH testing: Sample paper #3 before treatment, 
after all treatments, and after post-treatment aging
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containing aniline dye. Most others fared quite well. The 
spray procedure reduced solubility problems, especially 
when sprayed from the back. Although solubility remains 
a concern for treatment with ethanol, even the most severe 
fading was very minor and would likely not have caused 
illegibility unless the text was extremely faint before treat-
ment. It is also interesting to note that the only ink that did 
not exhibit any solubility problems was the control ink, 
the only ink in the study that is not a copying ink.

 x The spray procedure has several benefits. It allows in situ 
treatment to avoid disbinding; it increases the safety of 
treatment by allowing the controlled application of solu-
tions to only one side of the object; and it is fast, efficient, 
and requires less exposure to chemicals than immersion 
treatment.

 x MgO should be used cautiously, as it can increase the pH 
beyond the recommended limit of 8.0 for alkaline-sensi-
tive iron gall ink.

 x Sample ink #6, a complex ink made from an historic 
recipe performed the worst in iron migration testing for 
all treatments and was significantly weaker than all other 
samples, before and after all treatments. As expected, the 
LC ink recipe creates a relatively stable iron gall ink, while 
complex, historic inks are more likely to be unstable.

 x During the post-treatment aging of the samples, it became 
clear that the inks that contain sugar developed much 
darker and larger brown halos around them than the oth-
ers (figs. 22–23). This could indicate that the most severe 
deterioration in copying books is caused by the inclusion 
of sugar in the inks and/or papers. This observation is 
consistent with the correlation between poor condition 
and the sweet smell noted during the survey. All aqueous 
treatments completely removed this discoloration. TBAB 
alone was less effective at removing it, but in combination 
with Klucel G and MgO, it was slightly more effective. 
Ultraviolet examination of florescent haloing is consistent 
with visual examination of the brown haloing.

 x The samples become much flatter and less cockled after 
aqueous treatments than ethanol treatments. While flatter 
is usually more desirable in paper conservation, the cockled 
samples actually appear more similar to collections materi-
als after treatment, because copying papers were distorted 
when originally copied, due to the damp copying process.

 x Paper-splitting is not a practical or safe option for the 
treatment of copying books. The thinness of the paper and 
its sensitivity to moisture make paper splitting risky. Paper-
splitting is more commonly used for printed materials like 
brittle newspapers, which are not unique. If the damage is 
caused to copying book material by the splitting process, 
replacement is not possible. The process is also too time-
consuming to be considered a viable option unless it can 
be done by a mechanized process. Currently, this service is 
not offered commercially anywhere internationally.

 x Although both types of sizing improved the performance 
of treatment, they also caused the papers to become stick-
ier and may cause problems when drying. Adjusting the 
treatment procedure by spraying the verso only and drying 
by laying the object recto side up on silicone-release Mylar 
and covering with Hollytex and blotter or felt, may reduce 
or eliminate the problem.

 x Solubility is a concern for both aqueous and non-aqueous 
treatment, so thorough testing should be an important 
component of any treatment protocol. Based on observa-
tion during treatment, it appeared that the only ink that 
had severe solubility problems in ethanol was the one 

Figs. 20–21. Results of mechanical testing. Average strain and average 
force/width of paper samples after each treatment after discarding 
outliers and errors. The horizontal lines represent the control groups 
A and B. Results are interpreted as follows: (1) An increase in strain 
(elongation) and an increase in force at breaking indicates an overall 
improvement in the properties of the samples when compared to 
the control groups, Treatments A or B, (2) A loss of strain and a 
loss of force indicate ineffective reinforcement of the samples when 
compared to group A or a detrimental effect when compared to 
group B, and (3) An increase in strain and a loss of force indicates an 
increase in flexibility
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 The best results were achieved by placing the book on a 
copy stand on a book cradle that allowed one side to remain 
flat while elevating the facing side. An interleaving sheet of 
Phototex paper was placed directly under the leaf to be imaged 
in order to counteract the translucence of the sheet. Phototex 
was chosen because it contains no optical brighteners that 
would fluoresce under UV light and because it is very soft and 
safe to use with the fragile paper. Many archival papers would 
be appropriate to use, but distracting watermarks and opti-
cal brighteners should be avoided. A ring flash was attached 
to the lens of a digital camera. A ring flash is literally a ring 
of light that provides a very even light and projects directly 
down onto the object at a perpendicular angle. This light 
source eliminates the distraction in the image from surface 
textures and cockling (figs. 24–26). For faint text, UV light 
was used instead of the ring flash. Most of the faint iron gall 
ink that is virtually invisible in normal light became legible 
under UV (figs. 27–28). Simple image processing techniques 
such as compressing the histogram to enhance the brightness 
and contrast and un-sharp masking improved most of the 
images dramatically. By converting the images from RGB to 
CIELab color space (This can be done in Photoshop by select-
ing the Image menu and changing the Mode to “Lab color.”) 
and working only with the lightness, all of the information 
is retained, but the image is cleaner without the distraction 
of color. The contrast and brightness was increased using the 
Curves function by adjusting the mid-tones only, leaving the 
lightest lights and the darkest darks alone. Blurred and feath-
ered text proved to be the most challenging problem, and only 
limited success was achieved (figs. 29–30). 

conclusions

 The complex composition of copying book papers and 
inks complicate the problem of iron gall ink corrosion by 
enabling the rapid migration of sulfuric acid and transition 
metal ions. The large quantity of materials and their moisture 
sensitivity limit conservation treatment options to moderately 
effective non-aqueous anti-oxidant treatments or mechanical 
stabilization. Considering the complexity and fragility of the 
materials and the difficulties of conservation, digitization and 
proper storage should be very high priorities in any preserva-
tion plan concerning copying books.
 Although the TBAB treatments were found to be less 
effective at reinforcing the samples as the aqueous phytate 
treatments, especially the one with gelatin, most do show 
some improvement over the untreated, aged samples. All 
forms of evaluation agree that the best TBAB treatment is 
Treatment M, the spray procedure with MgO and Klucel 
G, and that the TBAB treatment needs the help of de-acid-
ification and resizing to have a significantly positive effect. 
The possibility that the leftover TBAB in the paper has a 

imaging and digitization exploration

 Copying books present quite a few challenges for digitiza-
tion, stemming from the translucence of the paper, the bound 
format, faint and feathered ink, the fragile substrate, cockling 
and creasing, and the overwhelmingly large volume of mate-
rial. With the goal of developing a protocol to gain excellent 
results using inexpensive and accessible equipment, several 
imaging techniques were explored and a simple and practical 
set-up and procedure was found.
 Experimentation was conducted using a Canon 5D Mark 
II digital camera on a copystand with a Canon 100mm macro 
2.8 lens, a Canon 50mm 1.4 lens, two Canon Speedlite 580 
EX with diffusers, a Micro RingLite MR-14EX, and two Tiger 
UV lights.
 Most light sources provided unsatisfactory images as 
they intensified the distracting elements of the materials. 
Transmitted light highlighted discoloration from water staining 
and ink offset, while traditional reflected light set-ups enhanced 
distracting shadows from surface texture and cockling. For 
non-faded text, ultraviolet (UV) light caused the writing to 
appear darker and blotchier, which reduced legibility. 

Figs. 22–23. Samples before aging, top, and after post-treatment 
aging, showing brown haloing around inks containing sugar, bottom
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Figs. 27–28. Baird copying book, 
volume 9, page 208. Example of 
Baird copying book digitization using 
UV light and image processing to 
enhance faint text. Left, page imaged 
in normal light with no image 
processing. Right, page imaged in 
UV light with minimal processing 
using Digital Photo Professional, 
manufactured by Canon

Figs. 24–26. Baird copying book, volume 71, page 118. Example of Baird copying book digitization using interleaving, a ring flash, and image 
processing to increase legibility and decrease distraction from translucency, distortion, and surface details. Left, page photographed in reflected 
light with a ring flash and no interleaving and no image processing. Middle, page photographed in reflected light using a ring flash with an 
interleaving sheet and no image processing. Right, page photographed in reflected light using a ring flash with an interleaving sheet and minimal 
image processing using Digital Photo Professional
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1-butyl-2,3-dimethyl-imidazolium bromide [BDMIMBr] 
(Kolar et al. 2008). It would be very useful to test these 
anti-oxidants combined with de-acidification and sizing on 
copying book samples.

notes

1. Kolar et al. 2005 includes a detailed description of the three types 
of anti-oxidants: peroxide decomposers, chelating agents, and radical 
scavengers; and the mechanisms employed by each of them.
2. XRF spectrometry is among the most widely used and versatile of all 
instrumental analytical techniques. An XRF spectrometer uses primary 
radiation from an X-ray tube to excite secondary emission from a sam-
ple. The radiation emerging from the sample includes the characteris-
tic X-ray peaks of elements present in the sample. Dispersion of these 
secondary X-rays into a spectrum permits identification of the ele-
ments present. The height of each characteristic X-ray peak relates to 
the concentration of the corresponding element in the sample, allow-
ing quantitative analysis of samples for many elements in the concen-
tration range from low parts-per-million to 100%. XRF spectrometers 
can simultaneously measure elements that occur in the range from Na 
(11) to U (92). Depending on the sample matrix, XRF generally pro-
duces compositional data for approximately 15 major and minor ele-
ments with good precision and accuracy and is 100% nondestructive. 
The instrument used for this study is equipped with a molybdenum 
target polycapillary lens X-ray tube that has ca. 80 µm spatial resolution. 
The X-ray detector is a Si drift detector with a 10 mm² active area and 
energy resolution of ca. 143eV for the Mn Ka at 100kcps.
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The Relationship between Inherent Material Evidence in Cultural Heritage 

and Preservation Treatment Planning: Solving the Ptolemy Puzzle, Part II

lynn brostoff, sylvia albro, john bertonaschi, and eliza spaulding

sampling and time consuming analysis can add valuable 
information regarding an artifact’s provenance, history 
of manufacture and treatment history. Yet, the window of 
opportunity to collect this somewhat vulnerable evidence 
is most often before treatment. Are, then, scientific analysis 
and conservation protocols driven by conflicting values or 
mutually beneficial? 
 The ongoing technical study and conservation of an 
important historic atlas, a 1513 hand-colored edition of 
Ptolemy’s Geographia in the Library of Congress’ Lessing J. 
Rosenwald Collection, is a case in point (Albro et al. 2011). 
This paper highlights non-invasive elemental analysis by XRF 
that, in combination with other analyses, has made significant 
contributions to decipherment of the object’s provenance, 
method of manufacture, treatment history, and present condi-
tion. These results assist, although they delay, the treatment 
planning and execution of this important volume. 

experimental

 XRF was conducted using a Bruker Tracer TurboSD 
energy dispersive XRF spectrometer. The instrument has 
a miniature X-ray tube, Rhodium anode and silicon drift 
detector; it was operated on a tripod with vacuum pumping 
at either 15 kV and 55 μA or 40 kV and 20 μA, with or 
without a titanium filter; exposures were 180 seconds. 
The instrument beam spot has a size of approximately 3 x 
4 mm. All XRF data are analyzed qualitatively as difference 
spectra from the average paper spectrum background; 
spectra shown below are not normalized, since scattering 
is essentially equivalent for comparison. XRF analysis was 
augmented by spectral imaging, conducted using an Artist® 
Multispectral Imaging System in the Conservation Division. 
Results obtained by these two non-invasive methods lead to 
further analysis of several microsamples. Fourier-transform 
infrared (FTIR) microscopy was conducted using a Thermo 
Nicolet Nexus 670 spectrometer equipped with a Smart 
DuraScope attenuated total reflectance (ATR) accessory 
with a diamond crystal and DTGS CsI detector. Spectra 

abstract

 The ongoing technical study and conservation of an 
important historic atlas, a 1513 hand-colored edition of 
Ptolemy’s Geographia in the Library of Congress’ Lessing J. 
Rosenwald Collection, is discussed from the point of view 
of how technical analysis, in particular elemental analysis by 
X-ray fluorescence, contributes to an understanding of the 
provenance, method of manufacture, treatment history, and 
present condition. Results strongly suggest that a subset of 
maps were treated with a potash alum-gelatin sizing or coat-
ing, which appears to have had a major role in the degradation 
of both the paper substrate and a green copper-based pigment. 
  
introduction

 It is a given that curators, conservators and cultural heri-
tage scientists are united in their endeavor to preserve and 
maintain access to cultural heritage. It is also a given that 
these experts tend to approach collection items with dif-
ferent sets of questions and viewpoints, variously placing 
value on aesthetics, historical evidence and condition. Amid 
the balancing act between intrinsic value, condition, and 
intended use that is part of preservation planning, the ques-
tion arises as to whether there is inherent tension between 
preservation of both intangible material “evidence” and the 
tangible object. Conservation protocols include many physi-
cal treatments that are applied using current knowledge and 
materials. While interventions purposely alter chemical and/
or physical properties of an object to enhance stability and 
handling, as conservators and scientists are keenly aware, 
treatments may also subtly alter material evidence. The 
advent of improved, non-invasive analytical tools, such as 
X-ray fluorescence (XRF) and spectral imaging, has raised 
our awareness of what this trade-off may entail. The body 
of analytical evidence these techniques gather without 
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were collected at 4 cm-1 for 128 to 1064 scans. In addition, 
micro-X-ray diffraction (μXRD) was carried out on a Rigaku 
D/Max Rapid instrument at The Smithsonian National 
Museum of Natural History. The equipment has an image 
plate area detector, and was run using monochromatic 
molybdenum Kα (λ = 1.42 Å) radiation at 200 kW. Samples 
were mounted on glass fibers in a collimated beam (0.3 or 
0.1 mm); goniometer parameters were: chi fixed at 45º, omega 
fixed at 1º, 2º, or 3º, and phi spun through 360º rotation 
at 1º s-1. Patterns were integrated with AreaMax software 
and qualitatively matched using Jade 7.5 software and the 
International Center for Diffraction Data database.
 
results and discussion

 Materials analysis of the 1513 Rosenwald Ptolemy atlas 
has been an integral part of its technical study. Analysis 
initially focused on solving why only seven out of the 47 
maps are in poor condition. Figure 1 illustrates the difference 
in visual appearance of a map in relatively pristine condition, 
the Quinta Europa Tabula (left), and one in poor condition, 
the Septima Asiae Tabula (right). The images also show that 
an overly tight rebinding led the volume to be pinched in the 
gutter region and difficult to open without causing damage, 
which was why the volume was sent for conservation (Albro et 
al. 2011).  As seen in figure 1, the Septima Asiae map exhibits 
yellow-brown and embrittled paper, with green pigment that 
has turned muddy or brown and caused both offset staining 
and strikethrough. These features are typically associated 
with verdigris syndrome, i.e., deteriorated copper acetate-
based pigment that has induced cellulose degradation (Scott 
et al. 2001). While XRF analysis readily provided proof that 
the green pigment found throughout mountain details of the 
atlas is copper-based, XRD, FTIR and Raman analyses have 
yet to confirm that the pigment is actually verdigris. On the 
other hand, no evidence has been obtained that the pigment 
is another likely copper-based pigment, such as malachite 
or azurite plus an organic yellow colorant. Whether the 
green pigment is verdigris or not, however, does not explain 

Fig. 1. Quinta Europa 
Tabula map (left) and 
Septima Asiae Tabula 
map (right) from 
Ptolemy Geographia, 
1513, Rosenwald 
Collection, Library of 
Congress, showing a 
map in good condition 
compared to one in 
relatively poor condition 
with visible offset from 
green pigmented areas

Fig. 2. XRF spectra of paper spots from Quinta Europa map (good 
condition, 5 spots) and Septima Asiae Tabula (poor condition, 10 
spots); the grey line shows the air spectrum, which contains peaks 
that are artifacts from materials in the instrument. Peak labels are 
shown directly above peaks in the Quinta Europa map spectra

Fig 3. XRF spectra of paper spots from Quinta Europa (blue), Tabula 
Moderna Bossinae, Tabula Prima Africae, Tabula Prima Asiae, Nona 
Asiae Tabula, Tabula Secunda Africae, and air spectrum (grey); 
dotted lines and arrows indicate approximate demarcation of map 
groups in terms elements associated with good vs. poor condition by 
dotted lines
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of elemental composition, where Group I contains relatively 
lower levels of Cu, K and S, and Group II contains relatively 
higher levels of these elements. These two groups correspond 
fairly neatly, in fact, to maps in good or poor condition, the 
latter three (Tabula Prima Asiae, Nona Asiae Tabula, and Tabula 
Secunda Africae) having symptoms similar to those described 
in the Septima Asiae Tabula. These results lead to the hypoth-
esis that the substance associated with K and S, presumably 
potash alum, has had a direct impact on the condition of the 
map paper and that this is not typical verdigris syndrome. 
 Figure 4 shows the FTIR spectrum of a sample of 
the whitish accretion from the Nona Asiae Tabula map.  
Comparison to reference spectra shows that the removed 
sample matches well with a combination of potash alum 
and gelatin. Additional XRF analysis of the in situ accretion 
without a Ti filter (not shown) reveal the presence of alumi-
num (Al), plus even higher detected levels of K and S than 
in other areas of the paper. These results confirm that the 
white surface accretion and paper substrates of maps in poor 
condition contain a highly concentrated potash alum-gelatin 
sizing or coating.  This solution was evidently brushed onto 
the maps, as evidenced by brushstrokes that are clearly visible 
in UV imaging (Albro et al. 2011). This may correspond to a 
“strengthening treatment,” which is known to have been pop-
ular until relatively recently in areas such as Eastern Europe 
(Khan 2011). Brushing of the solution over the face of the 
maps would explain the presence of elevated Cu in all of the 
treated map papers (fi gs. 2–3): in other words, the treatment 
most likely spread copper from the pigment throughout the 

why a select number of maps exhibit advanced degradation, 
including, in some cases, a whitish accretion over the surface.
 XRF analysis was conducted on a group of maps and text 
pages in various conditions to further explore this question. 
Figure 2 compares spectra from uncolored and unstained 
areas of the paper substrates of the Quinta Europa and Septima 
Asiae maps (fig. 1). Results show that the paper in poor 
condition is associated with relatively higher concentrations 
of iron (Fe) and copper (Cu). These transition elements 
are well known to be catalysts for cellulose degradation and 
may provide at least partial explanation for the observed 
differences in condition (Shahani and Hengemihle 1986). 
In addition, it is noted that calcium (Ca), which is generally 
associated with a beneficial effect on paper longevity, appears 
somewhat higher in the Quinta Europa map. A better 
statistical sampling of Ca in the papers would, however, 
be required to make firm conclusions about whether this 
element plays a positive role in the condition of some maps. 
What is most noteworthy, however, is that the map paper in 
poor condition is also associated with relatively high amounts 
of potassium (K) and sulfur (S). This suggests the presence 
of potash alum, KAl(SO4)2. While relatively minor amounts 
of K and S, as detected in the Quinta Europa map, could 
reasonably be ascribed to an alum-hardened sizing on the 
paper, the finding of much higher detected levels of K and S 
in the Septima Asiae Tabula map requires more explanation. 
 Figure 3 shows XRF spectra of the paper substrates in 
five additional maps overlaid with that of the Quinta Europa. 
Together, these spectra reveal two distinct groups in terms 

Fig. 4. FTIR analysis of the white accretion: A) ATR spectrum, after correction, of a sample of whitish 
accretion taken from Nona Asiae Tabula; B) transmission reference spectrum of gelatin (IRUG database); 
and C) ATR spectrum, after correction, of fresh potassium alum powder
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modern rebinding and treatment, maps on unwatermarked 
paper were beginning to show browning, weakening and 
copper staining. These maps would have been especially 
prone to tearing from handling in the restrictive binding. 
However, a few maps on good quality paper also experienced 
handling tears, which explains their removal for pulp repairs. 
These two conditions, deteriorated paper and handling tears, 
provide rationale for removal and overall treatment of a select 
group of maps, possibly at the same time as the twentieth 
century rebinding (Albro et al. 2011). 
 There are several important implications of this treatment 
history. First, XRF analysis of removed guards shows that the 
potash alum is easily removed by washing; this will directly 
impact the conservation treatment strategy for the maps.  
Second, the revelation of the potash alum treatment not only 
helps our understanding of the condition, but is part of the 
volume’s history and provenance. Third, analysis reveals 
important potential causes of “verdigris” syndrome, which 
will impact its treatment and lead to a better understanding of 
this commonly observed phenomenon. The treatment plan, 
which is still evolving, will take into account this intangible 
material evidence, which is now documented. Results of this 
ongoing study will be elaborated in an upcoming publication.

conclusion

 Ongoing technical study and conservation of an impor-
tant historic atlas, a 1513 hand-colored edition of Ptolemy’s 
Geographia in the Library of Congress’ Lessing J. Rosenwald 
Collection, has been analyzed non-invasively by XRF, in 
combination with some other techniques. Results show the 
presence of a potash alum-gelatin sizing or coating, which was 
likely to been applied during a later intervention, possibly a 
twentieth century rebinding. This treatment appears to have 
had direct and dramatic impact on the condition of seven maps, 
which are now in quite poor condition in terms of both the 
paper substrate and a green, copper-based pigment. Further 
study of the relationship between inherent paper quality, cur-
rent condition and past treatment in the 1513 Ptolemy atlas is 
expected to lead to a better understanding of the substrates’ 
condition and a reappraisal of what was at first thought to be 
typical “verdigris” syndrome. These results assist in the treat-
ment planning and execution of this important volume, and 
also have made significant contributions to decipherment of 
the object’s provenance, method of manufacture, treatment 
history, and present condition.
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paper, rendering these substrates much more prone to future 
degradation (Shahani and Hengemihle 1986). The solution 
was concentrated enough to cause precipitation of the potash 
alum over time in some cases.
 The most striking evidence pertaining to this recon-
structed treatment history was discovered after reinforcing 
strips over the original guards were removed from the gutter 
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of the treated maps.
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of several types of paper used in the production of the original 
atlas, as well as the overly tight binding. During initial 
examination, conservators noted that the volume contains 
three basic types of paper: 1) a crown watermarked paper of 
generally high quality manufacture in good condition (used 
for maps only); a minority of fleur-de-lys watermarked paper 
of intermediate quality (used for some maps and text); and 
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unwatermarked paper and suggests that these papers are 
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Fig. 5. Detail of Nona Asiae Tabula, showing preserved green 
pigment and paper in the gutter region, vs. altered green pigment and 
browned paper outside of the gutter region
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American history, preserving original stationer’s bindings 
intact is an important consideration for book conservators, 
archivists, librarians, historians, curators, and scholars.  
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Made in the USA: 

Early American Bindings 1750–1860 at the National Archives

abstract

 This paper describes the unraveling of a mystery—and 
once what was thought to be an impossible task—that of 
identifying who bound-by-hand our country’s earliest origi-
nal manuscript legislative records, specifically the “Rough 
Journals” of the Continental Congress at the National 
Archives and Records Administration (NARA). The process 
of examining well-preserved physical details (e.g., original 
intact binding details such as business trade cards adhered 
inside the volume, unique decorative tool marks, and bind-
ing techniques) combined with supporting documentation 
(e.g., birth records, payment ledgers, newspaper advertise-
ments) developed by Hannah French1 and Willman Spawn2 
to identify early American imprints proves to be successful as 
NARA staff applies their groundwork and approach to our 
earliest journals and ledgers, that were created as stationery 
blank books. The journals were made by immigrant binders 
who were acquaintances with and in some cases also freema-
son brothers of our founding fathers. This paper will focus 
on two of these binders, one confirmed; the other being an 
attribution in progress. William Trickett bound many of the 
Continental Congress rough journals including Volume 3, 
written in on the day that the United States declared inde-
pendence from England, Printer and binder Robert Aitken 
(and possibly Aitken’s daughter, Jane) bound for Benjamin 
Franklin and Thomas Jefferson. There are many more bind-
ers who can be considered in this study: Stephen Potts, 
Franklin’s binder and friend, and Frederick Mayo, Thomas 
Jefferson’s last binder, who may have also bound records in 
NARAs holdings. This paper also introduces our efforts to 
capture the details and some of our treatment techniques 
digitally. This allows for preservation of the artifacts, thereby 
maintaining their intrinsic value and integrity. Based on the 
information the physical evidence may contribute to the 
materiality of blank-book-writing and to the scholarship of 
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shown, in the experiment presented in this paper, to have sig-
nificant success in removing rust from paper. 
 The intent of the experiment described in this paper was to 
compare both reducing agents’ ability to reduce and eliminate 
rust stains from paper. Qualitative results derived from this 
experiment reveal the benefits and limitations of using each 
chemical for rust removal from paper. Sodium Dithionite, as 
expected, proved to be the more effective chemical for remov-
ing heavy rust deposits quickly, but its use was found to be 
significantly limited by cost and safety. Sodium Metabisulfite 
proved to be significantly safer, lower in cost, and easier to 
obtain, but was only effective treating light-to-medium rust 
deposits and required far more time for treatment. 
 
introduction

Project History
 In April of 2010, the author was brought to the Clausen 
Memorial Museum on the Island of Petersburg, Alaska as the 
second museum in a 14-month joint project involving twelve 
Alaskan museums. This project was organized by Alaska 
State Museum’s Curator of Museum Services, Scott Carrlee, 
and Clausen Memorial Museum Director Sue McCallum. 
The project was funded by a generous grant from Alaska’s 
Rasmuson Foundation.
 One aim of this project was to conduct conservation 
treatments on paper artifacts that participating museums 
deemed high priority. The artifact requested for treatment at 
the Clausen Memorial Museum, was one of several sheets 
of paper recovered from a mountaintop along the border of 
British Columbia and Southeast Alaska called Devil’s Thumb, 
or Boundary Peak 71 (fi g. 1). The document contained sev-(fig. 1). The document contained sev-). The document contained sev-
eral sheets, but due to the short time constraints only one 
sheet, chosen by the director, was selected for treatment.
 These sheets were found in a metal can on the mountain, 
by a local mountain climber from Petersburg. They were 
part of a climbing log placed on the mountain in 1946 by a 
well-known mountain climber named Fred Beckey. Graphite 
inscriptions on the log not only recorded Beckey’s first ascent, 
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A Comparison of the Use of Sodium Metabisulfite and Sodium Dithionite for 

Removing Rust Stains from Paper

absract

 Rust stains in paper pose an interesting problem for paper 
conservation treatments. The rust may vary from covering 
the majority of a paper artifact to as small as a residual stain 
left by rusted paper clips or staples. Rust, Fe2O3.H2O (or 
FeOOH), is difficult to remove chiefly due to its insolubility 
in water. Rust is traditionally removed from paper in a series 
of wet treatments by chemically reducing the insoluble ferric 
Iron (III) compound to a soluble ferrous Iron (II) compound. 
It can then be sequestered in water by adding a chelating agent 
such as EDTA, and repeating the process until the staining 
has been significantly reduced or eliminated.
 Currently, the reduction agent most frequently men-
tioned in the literature for iron removal is Sodium Dithionite 
(Na2S2O4). It is also sometime called Sodium Hydrosulfite.
 Sodium Dithionite has been proven to be effective for 
rust removal but can present significant practicality problems. 
MSDS standards label Sodium Dithionite as a hazardous 
substance: it is extremely flammable and prone to spontaneous 
combustion. Moreover, its use usually requires treatment to 
be conducted in a fume hood, which presents complications 
for oversize artifacts that won’t fit in a fume hood. Since 
Sodium Dithionite is labeled a “Spontaneously Combustible 
Substance” by the Department of Transportation, it must be 
shipped by private carriers as hazardous materials freight, 
significantly increasing its cost.
 On the other hand, the reducing agent Sodium 
Metabisulfite (Na2S2O5), having one more oxygen atom 
than Sodium Dithionate, is not labeled as a hazardous sub-
stance, according to its Material Safety Data Sheet (MSDS). 
Sodium Metabisulfite is not flammable, does not require 
hazardous material freight, and the chemical is also far less 
expensive than Sodium Dithionite. Sodium Metabisulfite 
combined with EDTA (Ethylenediaminetetraacetic acid) was 
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but also many others who had climbed Devil’s Thumb since 
1946. This log was therefore considered an important artifact 
by the museum and the community of Petersburg. Damage 
to the log was caused by severe iron corrosion staining from 
the metal can. So much rust had accumulated in the paper 
that sections of the paper had been replaced by thick deposits 
of rust (fig. 2).
 
Treatment Options for Rust Removal from the Log
 The method for rust remediation in paper mentioned 
most often in the literature is the combination of the reduc-
tion agent, Sodium Dithionite (Na2S2O4) with the chelating 
agent EDTA. Sodium Dithionite (S.D.) has been shown 
mentioned many times in conservation literature to be very 
effective for removing rust stains. However, S.D.’s acquisi-
tion and use could present serious practical challenges for 
treatment of the log. 
 The first and most significant obstacle was the cost of 
S.D.. Many chemical supply companies require a minimum 
order of 500 grams, which averaged about one third of The 
Clausen Memorial Museum’s annual budget for supplies. 
Further, The US Department of Transportation (DOT) lists 
S.D. as a ‘Spontaneously Combustible Substance’ and assigns 
it a Hazard Class for transportation of 4.2 (Fisher Scientific 
Inc. 2011; DOT 2000). Transportation of ‘Spontaneously 
Combustible Solids’ by domestic air mail is prohibited 
(DOT 2011). Since all mail into Petersburg arrives by air 
transport, getting S.D. would have required a private ship-
ping carrier. This would add even more cost for the chemical. 
Finally, since sulfur fumes are released by S.D., a fume hood 
would be required for its use, which was not available at the 
museum. After exhaustive review, the decision was made to 
find an alternative approach to remediation of the Devil’s 
Thumb log. 
 
An Alternative Approach for Rust Removal from Paper Using Sodium 
Metabisulfite
 A new approach to rust removal from paper was suggested 
to the author by Dana Sullivan, Lab Manager for Bostick and 
Sullivan®, a historic photographic chemical supply company 
located in Santa Fe, NM.
 Addition of one oxygen atom to Sodium Dithionite, yields 
the chemical, Sodium Metabisulfite (Na2S2O5), or S.M.. 
When S.M. is dissolved in water in separates into sodium 
bisulfite. S.M. has been used as a reducing agent for many 
years in the photographic industry to create large quantities 
of sodium bisulfite for print and film developers. S.M. is also 
a very popular agent for clearing ferric (Iron II) oxilate devel-
oper from historic photographic printing process platinum 
palladium printing (Boeringa 2010).
 Federal regulations classify S. M. as a Hazard Class 8, a 
chemical defined as a “corrosive with no danger of flammabil-
ity”. Therefore, it is allowed to be shipped through standard 

Fig. 1. Sheet of a climbing log recovered from Devil’s Thumb 
Mountain along the border of Southeast Alaska and British 
Columbia. Graphite text on the paper reveals the inscription of well 
known mountain climber Fred Beckey dated 1946. Photographer: 
Dieter Klose. 20.1 cm x 14.8 cm. The Clausen Memorial Museum; 
Petersburg, Alaska

Fig. 2. Before treatment of the Devil’s Thumb climbing log selected 
for treatment. Severe corrosion stains have penetrated the paper from 
the metal can the paper was stored in on the mountain. 21.1 cm x 
24.9 cm. The Clausen Memorial Museum; Petersburg, Alaska
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Experiment to Compare S.D. Vs. S.M. for Rust Remediation in 
Paper and the Science of Rust by Reduction and Chelation
 The success of The Devil’s Thumb Log treatment with 
S.M., and the limitations discovered for the use of S.D. moti-
vated further investigation into options for rust remediation 
in paper artifacts. Once the log was completed an experiment 
was planned to conduct a side-by-side evaluation of the use of 
S.D. and S.M. for rust remediation from paper artifacts. 
 The overall approach to the experiment was to put rust 
into a series of sample papers. Each sample would then be 
treated with varying concentrations of S.D. and S.M.. Side-
by-side results would be observed and recommendations 
made for the preferred use of each chemical.
 The experiment was designed to observe how effective 
each chemical is in removing rust from paper and the optimal 
procedure for its use. Every attempt would be made to con-
duct the experiment in a manner that could be replicated by/
for conservators. Key results were expected to be: (1) effec-
tiveness in removing rust, (2) amount of chemicals required, 
(3) amount of time required, and (4) while producing little or 
no damage to the paper. 
 Rust stains on paper have always been a difficult problem 
for conservators for a variety of reasons. Rust, i.e., iron-oxide, 
is iron existing in a ferric state (Iron III). Ferric iron is not 
readily soluble in water, and cannot be removed by solvents 
or by washing with pure water (Selwyn 2008). Consequently, 
the most effective treatment for removing rust from paper 
requires a two-step process. 
 The first step involves reducing the ferric iron (Iron III) 
to its ferrous (Iron II) state by means of a reducing agent. In 
a ferrous state Iron (II) is readily soluble in water and can be 
washed out of paper (Selwyn 2008). This process can be dem-
onstrated by observing how many laundry detergent boosters 
remove rust stains from clothing. Examination of the MSDS 
sheets from some of these products shows that they contain 
both S.M. and S.D. in their ingredients (Summit Brands 
2008). Once the Iron (III) has been reduced to Iron (II) it 
must be removed. The removal of the Iron (II) can often be 
accomplished by simple washing. Laundry detergents do this 
by using high volumes of water created by a washing machine 
to remove the soluble Iron (II). On the other hand, paper 
treatments are generally conducted in trays of still water. A 
high-volume wash using large quantities of water can be used 
to remove residual Iron (II) from the water, but the process 
is slow and this runs the risk of residual Iron (II) being left in 
the water (AIC 1992 13–22). 
 Therefore, an alternative method of removing the solu-
ble Iron (II) is needed, because any Iron (II) left over in the 
water will eventually oxidize back into Iron (III), potentially 
producing a new stain (AIC 1992 13–22). This is where the 
use of a chelating agent becomes essential to the process. 
Chelating agents serve to complex or sequester Iron (II) mol-
ecules in water so that those molecules can be washed away 

mail (Fisher Scientific 2008 Sodium Metabisulfite; DOT 
2011). This was also advantageous, because in Petersburg 
Alaska, shipments by the US postal service tend to arrive 
faster than shipments by private carriers.
 S.M. is much cheaper than S.D., and once dissolved in 
solution, does not appear to require the use a fume hood. It 
was also found to be a much safer chemical than S.D (Fisher 
Scientific 2008, Sodium Metabisulfite). Thus, time, expense, 
and safety considerations led to S.M. being considered the 
best option for treatment of the Devil’s Thumb Log. 

Treatment of the Devil’s Thumb Log
 Treatment of the log was carried out over several days with 
several consecutive baths of 10% S.M. (weight to volume) 
mixed equally with EDTA (Ethylenediaminetetraacetic acid) 
to chelate the Iron (II), in purified water. The treatment was 
observed to have removed most of the rust staining from the 
paper, and was considered a success by the Clausen Memorial 
Museum (fig. 3).

Fig. 3. Devil’s Thumb climbing log after being treated in several 
consecutive solutions of equal concentrations of 10% Sodium 
Metabisulfite to EDTA. 21.1 cm x 24.9 cm. The Clausen Memorial 
Museum; Petersburg, Alaska



40 The Book and Paper Group Annual 30 (2011)  

experimental evaluation of the effectiveness 
of removing rust from paper by reduction 
and chelation
 
Paper Selection
 Selection of sample papers for the experiment attempt-
ed to replicate the types of paper found in most libraries, 
archives, and museums. Fourteen samples were chosen for 
this experiment. Five samples were selected from a variety 
of modern papers; one paper was dated from the 1930’s; 
one paper was dated from the 1940’s; two papers were dated 
approximately twenty to forty years; and five were dated 
early- to mid-19th century. 
 The source of rusted metal used for this experiment had 
to come from a metal source that was commonly associated 
with paper, e.g., found in libraries, archives, and museums. 
It was assumed that the most common forms of metal found 
among this type of paper artifacts are paper-clips and staples. 
 Consequently, metal paper clips were selected to be used 
to create rust stains in this experiment. However, preliminary 
tests revealed that modern paper-clips do not rust easily. The 
appropriateness of testing modern paper clips with historic 
paper was also called into question. These problems were 
solved by purchasing several boxes of early 20th Century 
paper-clips from E-Bay® (fig. 6).

Sample Preparation
 Each of the fourteen paper samples was prepared by divid-
ing it into nine sections that were 1 inch by 3 inches in size. 
Two paper clips were placed on seven of the nine sections. 
One section was used as a control, and received no rust or wet 
treatment during the experiment. One section was to have 
rust put on it and left alone as an experimental control. To 
eliminate the variable of the lightening caused by the act of 

more easily. In conservation literature, one of the more popu-
larly recommended combinations for this process uses S.D. 
as the reducing agent and EDTA as the chelating agent (AIC 
1992 13–22). 
 The chemical reaction that occurs when S.D. is used in 
this manner is essentially a two-part reaction. First, Sodium 
Dithionite (S.D.) dissolves fairly easily in water. When 
this happens the S.D. disassociates into Sodium Bisulfite 
(Na2S2O5), and Sodium Bisulfate (NaHSO3). The Sodium 
Bisulfite will then cause the ferric Iron (III) from the iron-
oxide to reduce to a soluble ferrous Iron (II) state. The Iron 
(II), then in a soluble form, can be sequestered by the EDTA 
and washed away (Shurvell 2011) (fig. 4).
 S.M. [Sodium Metabisulfite (Na2S2O5)] also dissolves 
fairly easily in water. When it dissolves, it disassociates into 
sodium bisulfite. During this process a small amount of 
sulfur dioxide is released. Some of the sulfur dioxide will 
then combine with water molecules to create Sulphurous 
acid (H2SO3) which then disassociates, yielding hydrogen 
ions. The sodium bisulfite initially created from the disas-
sociation of the S.M. causes the reduction of ferric Iron (III) 
from the iron-oxide to a soluble ferrous Iron (II). The soluble 
ferrous Iron (II) can then be sequestered by the EDTA and 
washed away (Shurvell 2011) (fig. 5).
 

Fig. 6. Gem No.1 vintage paper clips, estimated seventy to eighty 
years old, purchased on E-Bay® to be used for creating rust in paper 
samples

Fig. 4. Chemical reaction for Sodium Dithionite

Fig. 5. Chemical reaction for Sodium Metabisulfite
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washing historic paper, one sample section was designated as 
a wash control. 
 Of the remaining six sections, three were to be treated 
with the same proportions of S.D. to EDTA at 2.5%, 5%, 
and 10% concentrations. The remaining three sections were 
treated with the same proportions, but with S.M. instead of 
S.D. (fig. 7). 
 It is important to note that for this experiment, each of 
the solutions of reducing agents contained EDTA. However, 
literature suggests that EDTA does not need to be in the 
solution with the reduction agent. Rather, the treatment in 
reduction solutions may be followed by a separate solution 
containing the same percentage of EDTA.
 Once the samples were prepared, each of the sample sec-
tions was hung on rods by clips and placed into sealed plastic 
bins. Twice a day over a two-week period, the samples were 
placed into fresh water and re-hung. This procedure ensured 
that the paper-clips were thoroughly rusted (fig. 8).
 After two weeks, the samples were removed from the bins 
and allowed to dry. The paper-clips were manually removed 
by prying them apart, and each of the sample sections were 
photographically documented (fig. 9). It was observed at this 
stage that every paper-clip created a different quantity of rust, 
even among paper-clips originating from the same box. 
 Quantifying the amount of rust created by each paper-clip 
would have required a precise analytical balance to measure 
the changes in weight created by the rust. Unfortunately, 
such a balance was not available for this experiment, and it 
was determined that visual results would have to suffice.
 

Fig. 8. To cause severe rust to occur on the paper-clips, all of the 
sections were hung on a rods suspended in plastic containers, and all 
of the sections were submerged twice a day in water for fourteen days

Fig. 9. Detail of a sample section after both rusted paper clips were 
removed

Fig. 7. Preparation of the sample section before rusting: Two vintage paper clips were placed on seven sections. One section was used as a ‘Rust 
Control’ and would also eventually also be used as a ‘Rust/Wash Control’. Three sections were treated in 2.5%, 5%, and 10% solutions of equal 
percentages of Sodium Dithionite to EDTA, and three sections were treated in 2.5%, 5%, and 10% solutions of equal percentages of Sodium 
Metabisulfite to EDTA. Paper clips were not used on two sections. One of these sections was designated as a water-only ‘Wash Control’, and one 
was kept from all treatment as a ‘Pure Control’
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removal of all of the visually detectable rust deposits in every 
sample section treated. The 10% and 5% solutions of Sodium 
Dithionite removed all the rust in about 4 to 6 hours and only 
required one bath for complete removal of the rust from the 
paper. The 2.5% solutions took about 8 hours and required a 
second bath to completely remove all of the rust (figs. 11–12).
 Sodium Metabisulfite: Sodium Metabisulfite solutions 
yielded different and significantly poorer iron removal results 
than was observed for Sodium Dithionite. Observations of 
all fourteen Sodium Metabisulfite sample sections revealed 
significant lessening of the rust staining, but complete rust 
removal occur did not occur in any of the fourteen sample 
sections. The Sodium Metabisulfite removed all but the 
thickest part of the rust deposits. The 10% solutions of 
Sodium Metabisulfite required three bath changes in a 
twenty-four hour period to achieve significant stain reduc-
tion. After twenty-four hours, the rate at which the reducing 
agents were dissolving the rust appeared to slow down or stop. 
The samples treated in the 5% and 2.5% solutions appeared to 
have the same results, but required a forty-eight hour period 
(figs. 13–14).
 
additional observations

 Solutions of Sodium Metabisulfite appeared to be stable 
at room temperature with concentrations of 10% and lower. 
However, at solutions higher than 10%, a chemical change 
was observed that appeared to change the solution into a 
milky white substance resembling white glue. The rate at 
which this change occurred appeared to accelerate with an 
increase in the concentration of both the S.M. and the EDTA. 
No further testing was conducted on this phenomenon and 
the nature of the white substance was not identified (fig. 15).
 Rust in the S.M. solution appeared to dissolve into the 
solution turning the solution a deep yellow, while the rust 
in the S.D. solutions appeared to separate from the paper 
resulting in small black pieces of metal at the bottom of the 
tray (fig. 16).
 All of the non-modern paper samples showed signifi-
cant lightening from both Sodium Dithionite and Sodium 
Metabisulfite chemicals, to a very similar degree. pH readings 
before and after treatment also revealed interesting results. 
The starting pH, measured by a digital pH meter, for all of the 
S.D. samples was about a 9.0. After the paper was removed 
from each bath the pH was found to be between 5.0 and 6.0.. 
This was common for all 14 samples tested with the S.D.. 
The starting pH for all S.M. sample sections was about a 6.5 
when the solutions were made. After completion of each bath 
it was found that the pH appeared to drop by only about 0.3. 
For some samples it was less than 0.1.. None of pH readings 
for any of the S.M. samples dropped below 6.0.
 

Sample Treatment and Measurement Control
 To observe how much rust could be removed from the 
sample papers with just water, the section designated as the 
rust control was cut in half lengthwise across the two paper 
clips stains. One half of the rust control was placed in water 
for a 48 hour period (fig. 10). This step was essential to prove 
that the iron-oxide rust accumulated on the sample sections 
was not water-soluble and that the rust could not simply be 
washed away. 
 Following the treatment of the rust control, the remaining 
sample sections were treated in their appropriate solutions. 
The pH of each solution was monitored when it was freshly 
made and after each treatment was completed. The time 
required for each reducing agent to remove the rust from the 
paper, within the time allowed, was also logged. All samples 
were limited to a maximum treatment time of 48 hours.
 
Test Results
 The plan for this project included use of analytical meth-
ods that were easy to replicate, easy to understand, and 
available at low cost. For this reason, testing procedures were 
based chiefly on visual observations and use of a digital pH 
meter to monitor the changes in the solutions. Results were 
recorded from digital photographic images taken before the 
papers were exposed to rust, after the paper was exposed to 
rust, and after the rust was removed. Based on these results, 
each of the two reducing agents appeared to have had the 
effects discussed below. 
 Sodium Dithionite: Initial observations of iron removal/
reduction from the Sodium Dithionite solutions were the 

Fig. 10. In order to prove that rust cannot be removed by a water 
treatment alone, the ‘Rust Control’ was cut in half lengthwise. The 
bottom section shown in the image was kept in a continuous water 
bath for 48 hours. No change in the amount of rust was observed, 
after a water only treatment, in any of the fourteen samples
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l e f t t o r i g h t

Figs. 11–12. The left column shows each section at each percentage before the experiment began. The center column shows each and section after 
the paper-clips were rusted on the paper. The right column shows each of the sections after treatment with Fig. 12 the Sodium Dithionite. The 
visual results observed in all fourteen samples treated with Sodium Dithionite is the complete elimination of all of the rust from each sample at all 
three concentrations

l e f t t o r i g h t

Figs. 13–14. The left column shows each section at each percentage before the experiment began. The center column shows each and 
section after the paper-clips were rusted on the paper. The right column shows each of the sections after treatment with Fig. 14 the Sodium 
Metabisulfite. Observe in Fig. 11 and Fig. 12 the difference between the quantities of rust in each paper-clip stain. Results observed visually with 
samples treated with Sodium Metabisulfite, showed significant reduction in the light to medium rust stains
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effectiveness of Sodium Metabisulfite vs. Sodium Dithionite 
in removal of rust from paper. 
 Based on visual results from the experiment, as well as the 
time required for each chemical to show maximum effective-
ness, the author was able to make several recommendations 
as to when the use of each chemical would be most appropri-
ate. Additional factors in the following recommendations are 
the cost of each chemical and safety issues.
 As expected, Sodium Dithionite proved to be very effec-
tive in removing rust stains, successfully removing all visually 
observed rust from every sample tested. Sodium Dithionite 
might be the appropriate reducing agent for heavy rust 
deposits. Sodium Dithionite would also be the recommend-
ed reducing agent if treatment time is an important factor. 
Results of this experiment revealed that rust remediation with 
Sodium Dithionite will most likely be significantly faster than 
with Sodium Metabisulfite, saving from 18 hours to 24 hours 
of wet treatment time. 
 Sodium Metabisulfite was also observed to be effective at 
removing rust stains especially for light-to-medium stains. 
There are several circumstances where a conservator might 

conclusions

 Rust stains in paper pose a difficult problem for conser-
vators, as they cannot be removed using a simple washing 
procedure. To convert Iron (III) oxide (rust) into a soluble 
form, it must be reduced to a soluble Iron (II) state. Once this 
change has occurred the Iron (III) can then be sequestered by 
a chelating agent and washed away. Historically the chemical 
combination recommended for this was the use of Sodium 
Dithionite with EDTA. (Selwyn 2008) Sodium Dithionite 
has been proven throughout conservation literature to be 
effective for removing rust stains. However, its use presents 
significant hurdles related to cost, transit, and safety in use. 
This experiment dealt with the introduction of an alterna-
tive reducing agent called Sodium Metabisulfite (Na2S2O5) 
that has a very similar chemical composition to Sodium 
Dithionite (Na2S2O4). 
 Sodium Metabisulfite does not have many of the handling 
and usage problems that Sodium Dithionite has. Sodium 
Metabisulfite is also significantly safer, lower in cost, and easier 
to obtain. The objective of this project was to compare the 

Fig. 15. Concentration of Sodium Metabisulfite and EDTA above 
10% will change into a solution resembling white glue with a high 
viscosity. The rate of the change will depend on the concentration. 
The higher of the solution the faster the change occurs, ranging from 
several minutes to several hours

Fig. 16. Small black pieces of metal appeared at the bottom of the 
tray with sections treated with Sodium Dithionite. This observation 
was contrary to the corresponding sections treated with the Sodium 
Metabisulfite where the reduction of the rust caused the treatment 
solutions to turn a deep yellow color
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greater quantity than 100 milliliters. To conduct a treatment 
on a normal scale would typically require at least one liter of 
solution to fill a tray. To put this in perspective, conducting a 
treatment with a 5% solution of Sodium Dithionite, for one 
liter, would require 50 grams of Sodium Dithionite. Based on 
the current cost of Sodium Dithionite this would be about $8 
for 1 liter of a 5% bath (Fisher Scientific 2011). This figure 
does not include the cost of the EDTA or the additional cost 
of the Haz-Mat shipping required to acquire the chemical. If 
a larger artifact required a solution of ten liters to fill a large 
tray or sink and using 500 grams of Sodium Dithionite, the 
cost of the Sodium Dithionite for one bath is now about $80. 
 
additional precautions

 Both reducing agents react specifically with iron com-
pounds which are present in many forms of media. Many 
pigments and inks, such as iron gall ink, contain iron in their 
composition. Testing before treatment is strongly recom-
mended for ink solubility and for the paper’s ability to handle 
extended washing times. It is very important to follow the 
treatment of either reducing agent with thorough washing 
to remove remaining any remaining chemicals. In addition, 
if EDTA was not added from the beginning, several baths 
of EDTA should follow either reduction bath. If any non-
sequestered Iron (II) is left in the solution following the 
reduction bath, the Iron will re-oxidize back to its Iron (III) 
state somewhere else on the paper possibly producing a new 
stain (AIC 1992 13–22). 
 It should be stressed that Sodium Dithionite is very 
hazardous, and it absolutely must be used in either a fume 
hood or with some form of adequacy ventilation (Fisher 
Scientific 2008 Sodium Dithionite). Without proper ventila-
tion Sodium Dithionite will create a severe safety hazard by 
making an entire room smell of sulfur in a short period of 
time. In addition, Sodium Dithionite dust is also very flam-
mable (Fisher Scientific 2008 Sodium Dithionite). Proper 
safety gear should always be worn. As with all experiments 
more research is obviously required. Sodium Metabisulfite is 
a relatively unused and unknown chemical in paper conserva-
tion and this experiment was conducted under the limitations 
of minimal analytical equipment. It is possible that far more 
precise results may be possible with the repetition of this 
experiment with analytical equipment that could detect trace 
amounts of Iron. More research is required for a greater 
understand of its potential for conservation in the future.
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answer. And that in the meantime Captain Leonard be sus-
pended (1798).

 Following the suspension of one year during the afore-
mentioned meeting, it was 

Resolved that Captain Nathaniel Leonard be suspended from 
this Society until the 4th of July 1802 (1799). 

 In The Genealogy of Some of the Descendants of John Webster of 
Ispwich, Mass. in 1635, Lapham and Webster (1893) provide 
biographical information on the life of Nathaniel Leonard. 
They ascertain that Captain Leonard was suspended from 
Cincinnati membership in 1797, and provide no date of rein-
statement following the seemingly temporary suspensions 
given in the excerpts above. 

. . . Capt. Nathaniel Leonard, Col. Dayton’s Reg’t N. J. 
Continental Line. He was commissioned Ensign Feb. 9, 1776, 
served through the war, and was discharged at its close, Nov. 
8, 1783, and lived for some years at Rahway. Subsequently he 
abandoned his wife, was suspended from membership in the 
Cincinnati Society, 1797, and died according to his tombstone 
in Metuchen, N. J., May 1803, [at the age of] 50. With mind 
impaired through the conduct of her husband, Mrs. Leonard 
continued to reside in New York until her decease in Sept. 
1834, [at the age of ] 76.

description and general condition

 The Leonard membership certificate arrived at Etherington 
Conservation Services June 2010 under private ownership. It 
was severely cockled throughout; obsuring the printed and 
manuscript text. The brown manuscript ink was faded but 
otherwise legible. There was insect damage resulting in small 
losses and one larger 1 3/4" loss in the printed text in the 
upper third of the document (fig. 1). The certificate was free 
of any indication of mold activity such as stains or damage. 

tammy jordan

Using Magnets as a Conservation Tool: 

A New Look at Tension Drying Damaged Vellum Documents

introduction

 It is the responsibility of the conservator to develop 
innovative treatment methods when existing methods may 
compromise the natural history of an object. In this light, how 
might magnets be used as a tool when objects have unique 
characteristics which prohibit current conservation treatment 
methods? Vellum documents in particular present challenges 
when they exhibit a variety of damage, planar distortion, 
adhered objects and media which require humidification 
and drying methods that allow the conservator the ability to 
manipulate the document itself while controlling external 
factors. This paper examines the treatment of a vellum docu-
ment which necessitated alternatives to current methods for 
humidifying and tension drying while retaining elements of 
its unique natural history. 

historical background

 The Society of the Cincinnati was established in 1783 to 
recognize officers of the Revolutionary War and their descen-
dants. It served as an advocacy group for veterans of the war, 
ensuring that the federal government would honor pledges 
made to award pensions to war veterans (Hunemorder 2006). 
Each member was conferred with a certificate printed on 
vellum. In the year 1785 one such certificate was issued to 
Nathaniel Leonard. 
 The Excerpts of the Proceedings of the Order of the Society in the 
State of New Jersey (1908) states that Two affidavits were read in 
the Society respecting certain conduct of Captain Nathaniel 
Leonard, which were ordered to be filed. 

Resolved, that the Secretary be ordered to furnish Captain 
Leonard with a copy of said affidavits and cite him to appear 
at the next meeting of the Society on the 4th of July 1799 to 
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There was no existing backing or adhesives contributing to 
the uneven thickness of the certificate.  
 The most notable characteristic is that there were two 
large apparently intentional cuts. One cut separated the 
entire right third of the document and the other separated a 
large upper left corner region of the document. There were 
also smaller cuts in the lower left corner that did not result 
in complete separation (figs. 2–3). The cuts were executed 
through the text indicating the damage transpired after the 
creation of the document. The cuts were oversewn with 
cotton thread to rejoin the separated areas and reconstruct 
the certificate as a whole.
 The cockling of the certificate caused the separated edges 
to be misaligned. This caused the separated edges to overlap 
in some areas and gap in others. The cockling had also created 
tension on the repair threads. The threads themselves were 
very loose in some areas and taut in others. There were areas 
where the thread had frayed and become very fragile (fig. 4). 

treatment considerations

 When evaluating the treatment considerations for the 
Leonard certificate it was apparent that the nature of the 
damage and subsequent sewing would influence treatment 
decisions and challenge the author to be innovative. 
 Caple (2000) has concluded that the intentional mutilation 
of an object is a substantial part of its history. Caple prompted 
the questions; are the repairs stable? does their presence 
promote further deterioration of the certificate over all? 
should the separated areas be re-sewn with a stronger thread 
entirely, just in specific areas, or not at all? do the repairs 
represent an important aspect relating to the narrative of the 

Fig. 1. Membership certificate of the Society of the Cincinnati, 1785

Fig. 2. Membership certificate of the Society of the Cincinnati, 1785. 
Cut areas identified

Fig. 3. Membership certificate of the Society of the Cincinnati, 1785. 
Reverse

Fig. 4. Membership certificate of the Society of the Cincinnati, 1785. 
Detail, separated edge
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Gore-Tex barrier to flatten. Polyester film Mylar can be used 
to retain moisture in areas that have not been addressed to 
keep those areas from drying (S. Key, personal communica-
tion, 2010).
 Use of the vacuum table would have provided the flat 
support needed for the cut Leonard certificate. The drawback 
however was that the suction, even on the low setting, would 
have pulled on the looser sewing threads; particularly in the 
areas where there were gaps. The potential risk of damaging 
the sewing was seen as too high to attempt this method. 
 A third approach involved simply humidifying a vellum 
document in a humidity chamber and placed under press 
between spun polyester Hollytex and dry blotter. The blotter 
is changed out at frequent intervals while the document dries 
(M. Lee, personal communication, 2009). 
 This too was implausible for the treatment of the Leonard 
certificate because it would cause sticking of sewing thread to 
the humidified vellum and sticking of the overlapped areas 
to each other. It would be impossible to manipulate the gaps 
into realignment and to avoid weighting the thread against 
the humidified vellum edges. 
 A secondary concern of humidifying the vellum certificate 
in a humidity chamber is that the document needed to be 
transferred from the support in the chamber to a drying sup-
port. The movement of the separated sections of the limp, 

object’s existence? The damage that necessitated the existing 
repairs was found to be intentional due to the nature of the 
cuts themselves and, in part, to the documented history of 
the recipient. The cuts were therefore part of the physical 
history of the certificate, as were the repairs, and both 
required preservation. This assertion is supported by Portell’s 
(2003) discussion of Smith’s (2002) treatment of George 
Washington’s will which also had sewn repairs. 

The recent treatment by Smith preserves many of the earlier 
repairs, such as the thread remnants of sewing mends that 
date from the Civil War and the fills of fine, well-matched, 
laid paper that Berwick added to the larger losses. The stitch-
ing holes and thread remnants are part of the document’s 
history (364)

 Portell suggests in her conclusion that it is prudent to 
stabilize prior repairs as opposed to altering them. Manitta 
(1991) recognized the different approaches of for-profit and 
non-profit conservators but that the underlying treatment 
ethics for both groups is the same. The owner of the cer-
tificate had requested that the text be made visible and that 
the certificate could be displayed when treatment was final-
ized. The delicate balance of addressing the client’s needs 
and still retaining ethics in the treatment scheme did not 
pose a problem when stabilization of the sewing was seen as 
a viable option.

Humidification
 Traditionally vellum was humidified by placing an entire 
document into a humidification chamber. Humidity was cre-
ated in one of several ways: the document was suspended 
over water, a humidifier was added to the chamber with the 
document or a sandwich of damp and dry blotter and spun 
polyester Hollytex was applied directly to the entire docu-
ment. The limp object was then transferred to a drying surface 
and clips were attached to the edges. The clips were secured 
with pins pushed into the drying surface. Tension was created 
or lessened where needed as the document dried by moving 
the pins in toward the document or out toward the edges of 
the drying surface (fig. 5). When the document was nearly 
dry, it could then be placed under press.
 This method of humidification was viewed as problematic 
for the Leonard certificate because it would have required 
the ability to secure clips between the separated areas at the 
sewn edges. There was no way to secure clips in those areas 
without causing the sewing to stick while drying. Without the 
separated edges secured, as the certificate dried, there was a 
strong possibility that the sewing would be torn apart. 
 Another method that has been used is to humidify and 
flatten vellum on a vacuum table. The vellum is humidified 
in either one of three ways above or directly on the table. The 
vellum document is manipulated with the hands through a 

Fig. 5. Tension drying. Photograph by Etherington Conservation 
Services
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Trial 1
 The certificate was surface cleaned by brushing between 
the cockling with a hake brush dry and very lightly moistened 
cotton on marks. It was then placed in a small humidification 
tray sandwiched between mesh screen, dry blotter and then 
dampened blotter on top and bottom. The tray was covered 
with a Plexiglas acrylic sheet. The certificate was left until 
about 80% humidified and limp. Despite concerns over the 
transfer from the humidity chamber to the drying surface, the 
certificate was transferred without damage to the vellum or 
sewn repairs. The movement required to do this posed a level 
of risk that prompted the author to question its suitability to 
the treatment. 
 The drying surface consisted of a thin metal tray large 
enough to accommodate expansion of the certificate as the 
cockling relaxed. The metal tray held a sheet of dry blotter 
and polyester film Mylar. The certificate was placed directly 
on the Mylar with spun polyester Hollytex and plastic sheet-
ing placed over the top. The top covering was moved to 
expose the left edge of the certificate. The rare earth magnets 
were placed along the left edge and eased toward the right 
while lightly stretching and securing additional magnets. 
Where there were areas of sewing, the magnets were placed 
as close as possible to the sewing holes, without touching the 
thread on either side of the sewn edges. The areas not secured 
remained covered with the plastic sheeting. The placed mag-
nets were manipulated to create and release tension where 
needed while new magnets were placed (figs. 6–8).

treatment revisions

 From the initial work on the Leonard certificate, the deci-
sion was made to revise the treatment. The rapid drying time 
of unsecured areas, prompted the author to consider the 
importance of localized humidification (Quandt, 1996). The 
revised tension drying plan proposed using a sandwich of 
damp blotter and dry blotter (or Gore-Tex for water-soluble 
media) layered against the certificate in sections roughly in 
thirds (Singer, 1992). One section would be humidified in 
this manner, the blotter sandwich would be removed and the 
magnets placed before moving to the next section to humidi-
fy (table 1 and fig. 9).
 During the tension drying phase of trial 1, the concen-
trated area of re-cockling also seemed significant. Figure 10 
illustrates the direction and concentration of collagen fiber 
bundles in animal skin. 
 The direction and concentrated areas of cockling while the 
certificate was drying appeared to correlate with the spine and 
rear area located on the animal (fig. 11). These differences in 
directional run and concentration have the potential to vary 
profoundly throughout different regions of the vellum, and 
cause these areas to respond differently under the same condi-
tions (Leather Conservation Centre, 1981). By manipulating 

humidified certificate had the potential to pull and break the 
thread without proper support.
 The initial treatment proposal called for surface cleaning 
the certificate, humidifying it in a humidity chamber and flat-
tening it in a gentle and controlled manner that would not 
damage the existing repairs (Clarkson, 1992). The certificate 
was then to be mounted and framed for intermittent display. 
When not displayed the framed certificate was to be stored in 
a custom-made clamshell box (Phibbs, 2003).

Rare Earth Magnets
 Rare earth magnets are offered at Etherington Conservation 
Services (ECS) to conservators and technicians as a resource 
in their work with mends and fills. The author had several 
opportunities working at ECS over the course of two years 
to experiment with the use of rare earth magnets with works 
on paper.      
 In previous years conservators relied upon the use of 
rare earth magnets specifically for exhibition (Braun, 2002, 
Verberne-Khurshid, et. al., 2002). Spicer (2010) provides an 
excellent description of the characteristics of rare earth magnets 
and their applications in conservation. It was decided that the 
use of rare earth magnets would be attempted as a viable option 
for the process of tension drying the Leonard certificate.  
 Nickel-plated neodymium rare earth magnets with a pull-
force of 1.63 lbs. were selected for the treatment. They were 
11/16" diameter by 1/32" thickness. The rare earth magnets 
were wrapped in small squares of spun polyester Hollytex 
secured with painter’s tape, which prevented them from 
abrading the surface of the certificate and provided an easy 
way to remove them once they had been placed. With experi-
mentation, it was found that the thin width of the magnets 
allowed them to be placed relatively close together (within 
1/4") without attracting to each other. Fifty rare earth mag-
nets were purchased for use in treating the Leonard certificate 
measuring 17 1/2" by 14". 

treatment

 It was initially determined that the certificate would be 
lightly surface cleaned and humidified. The cockling would 
then be relaxed to the extent that the document could be 
framed and read while displayed. It was understood that the 
optimum relative humidity in the lab during treatment of 
the certificate would remain between 55 to 65% during the 
treatment of the certificate. The final exhibit and storage 
environment of the certificate would either not fluctu-
ate rapidly within a 15% range or the certificate would be 
enclosed in a way that mitigated external rapid fluctuation 
of relative humidity beyond a 15% range (Clarkson, 1987, 
Bark, 1993). 
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Fig. 6. Placement of rare earth magnets during tension drying, trial 1

Fig. 7. Placement of rare earth magnets during tension drying, trial 1

Fig. 8. Re-cockling as the certificate became dry in unsecured areas, 
trial 1. Detail area of concentrated re-cockling
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Table 1. Layering in metal tray. The middle third is layered for 
humidification

Fig. 9.

Fig. 10. Diagram by The Leather Conservation Centre (1981) 
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the rare earth magnets it would be possible to address these 
differences by securing and moving the magnets in ways that 
would take the differences into account. 
 During Trial 1 the certificate had been considered as a uni-
fied whole because the separated pieces had been successfully 
sewn back together. Treating by beginning at the left of the 
certificate and working to the right seemed reasonable. With 
consideration of the variance of fiber direction and concentra-
tion of the sections separately, distinct characteristic for each 
separated section necessitated creating three separate points 
of reference (or starting points) for each section. The notion 
of now only considering the sections separately alone how-
ever, would also not work because treatment would need to 
begin from the center section of the entire document because 
when the cockling was being smoothed, the middle section 
would expand. If the left and right areas were humidified and 
secured first, the middle section would overlap them. 
 The author proposed that establishing reference points for 
both the entire certificate and the separated sections individu-
ally was essential for the success of the treatment. 

Trial 2
 In practice, the revisions offered more control both level 
of humidification and amount of tension created and released. 
By affording the ability to concentrate on smaller areas, dif-
fering characteristics of those smaller areas (such as change in 
thickness, misaligned edges and losses) could be addressed. 
 The Leonard certificate was locally humidified, begin-
ning with the middle section. The covering of polyester film 
Mylar over the entire certificate decreased an abrupt change 
in humidity between areas not being locally humidified and 
those that were. Once the middle section was about 80% 
humidified (with the remaining sections being about 20% 
humidified), the blotters were removed from either side. The 
right section was then placed between the blotter sandwich. 
The rare earth magnets were placed on the middle section in 
the strip of concentrated fiber bundles. Because there were 
small losses in that area, magnets placed there, remained. The 
vellum was smoothed manually toward the top and bottom 
edges with magnets placed where needed. Magnets were 
also placed as near to the sewn edge as possible to protect the 
sewing from any potential movement. 
 The same process was repeated with the right section 
once it was humidified. Magnets were first placed near the 
sewn edge of the right section and then in the strip of con-
centrated fiber bundles. As these magnets were placed, the 
separated areas were realigned. Those magnets remained, 
again, as an anchor. Additional magnets were moved toward 
the top, bottom and right edge, and secured the vellum where 
it had been manually smoothed. During this time the middle 
section had been exposed and had dried about 80% without 
re-cockling. The magnets in that area were removed. Spun 
polyester Hollytex, fleece and Plexiglas was placed over the 

Fig. 11. Membership certificate of the Society of the Cincinnati. 
Comparison of area of re-cockling during drying and concentration 
of fiber bundles
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middle section and weighted down. The remaining magnets 
were used to repeat the process on the left third section. 
 The left section was treated in the same manner, however 
there was no strip of concentrated fiber bundles in that 
area. The fiber direction was also much simpler in that it 
just channeled from the sewn edge to the left edge of the 
certificate. The magnets were placed near the sewn edge, the 
vellum was smoothed from there toward the left edge only, 
where it was secured. Figures 12–13 show the final placement 
of the magnets during the respective drying times for each 
section of the certificate. 
 
framing and storage

 For the purposes of this paper, emphasis is placed on 
the conservation treatment of the Leonard certificate. The 
subsequent framing and storage conditions require atten-
tion because they influence the success of the conservation 
treatment over time. The initial treatment proposal includ-
ed framing of the certificate for intermittent display and a 
custom clam-shell box in which to store the framed certficate 
(A. Bell, personal communication, 2010). 
 It is common practice at Etherington Conservation 
Services to provide a variation of the Chicago string mat 
for vellum documents when appropriate (Clarkson, 1987, 
Pickwoad, 1992, Glaser, et. al., 1993). It was decided that 
framing in a sealed, breathable micro-chamber would miti-
gate drastic fluctuations (more than 15%) in relative humidity 
when the certificate was back in the care of the client (Bark, 
1993). A floating window mat was appropriate for the Leonard 
certificate because the decorative print on the certificate was 
somewhat close to the edges which were irregular. 
 Following humidification and relaxing the cockling of the 
Leonard certificate, the losses were filled with toned leaf-
cast paper and a 3% solution of gelatin. In addition to the 
fills, reinforcements were applied to any gapped areas that 
remained between the cut, separated areas of the certifi-
cate. The reinforcements were strips of leafcast paper small 
enough to fit between the sewing threads. One inch lengths 
of undressed 25/3 bookbinder’s thread were cut. Either end 
of each piece of thread was teased out with a scalpel to form 
a small fan. These were attached to the reverse edges of the 
certificate with a solidified 3% gelatin solution at approxi-
mately 2" intervals. Where there were irregularities, such as 
the edges of the large cuts, losses, or the area known to have a 
concentration of fiber bundles, the threads were placed closer 
together (Clarkson, 1987) (figs. 14–15).
 A window mat was cut of 4-ply, 100% rag matboard, 
extending 3" on top and sides and 3 1/4" on the bottom from 
the edge of the certificate with allowance for 1/4" of space from 
the window to “float”. A piece of cotton linen was cut large 
enough to extend at least 1" around the edges of the backing 
board and placed over the backing board. The window mat 

Fig. 12. Final placement of the rare earth magnets (blue) on the 
certificate and over losses (green) 

Fig. 13. Final drying. Membership certificate of the Society of the 
Cincinnati lightly secured with rare earth magnets
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 The bookbinder’s thread on all edges were pulled through 
the linen and affixed in this manner. The weights and 
Plexiglas were removed and the cotton linen was adhered to 
the reverse of the backing matboard. MarvelSeal was affixed 
with double-sided tape to the linen covering the backing mat-
board on the reverse with a 1/4" margin at the edges. The 
matted certificate was glazed with UV-filtering glass with 1/8" 
spacers. Framer’s tape was pressed onto the front 1/8" on the 
edge of the glass and wrapped around each edge to the back to 
overlap it over the MarvelSeal (Bark, 1993). The breathable, 
sealed microchamber was then dropped into a custom-made 
frame, secured and sealed with heavy framing paper. 

discussion

 The author found that the use of rare earth magnets 
an acceptable treatment alternative to current methods of 
humidifying and tension drying vellum documents. The 
method is particularly useful with severely cockled, dam-
aged vellum. The implication of this work is that using rare 
earth magnets in this manner may also generalize to vellum 
documents with other unique characteristics, such as seals, 
permanent folds or major losses, which require the ability to 
secure specific areas. 
 Success of tension drying with rare earth magnets was 
found to increase when the fiber bundle direction and con-
centration throughout the document is understood. This 
finding raises the question as to whether or not examination 
of vellum documents under magnification and area mapping 
would be a beneficial practice during analysis and photo-
documentation. This would 
would provide a way to determine a point (or points) of refer-
ence, which in turn influences the treatment itself, in advance.
 To establish the use of rare earth magnets as a reliable 
conservation tool for tension drying vellum, further inves-
tigation is necessary. Perhaps one area of possible study may 
examine incorporating the use of rare earth magnets in the 
conservation treatment of animal skins used for the costume 
of indigenous peoples. Another possibility is experimentation 
with various shapes of magnets. Flat, small magnetic strips 
occasionally used for framing may prove useful in securing 
a larger (1 1/2" to 2") surface area of vellum than individual 
magnets. Lastly, the long-term results of humidification and 
tension drying of vellum cannot be considered without atten-
tion to framing and storage. Continued inquiry into new 
materials for microchambers and study of varying micro-
chambers to address the exclusive environmental needs of 
specific types of vellum would be extremely valuable.
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block. The title page and adjacent frontispiece had received 
severe overexposure to light and ambient environment while 
on display for several decades.
 During an eight week summer internship at Historic 
Odessa Foundation, Evelyn Mayberger and HOF conservator 
Betty Fiske undertook the complete treatment of this book. 
The HOF volume was compared to six other versions of the 
third edition from the following institutions: Fisher Library 
at University of Pennsylvania, Watkinson Library at Trinity 
College, Beinecke Library at Yale University, Main Library at 
University of Iowa, Linda Hall Library of Science, Engineering 
& Technology in Kansas City, and the Boston Athenaeum. 
First editions of the book from the Olin Library of Wesleyan 
University and Beinecke Library of Yale University and a 
second edition at the Library of Virginia in Richmond were 
also examined. The treatment and rebinding was planned in 
consultation with two book and paper conservators, Michaelle 
Biddle of Olin Library at Wesleyan University, and Abigail 
Quandt of the Walters Art Museum, Baltimore. This paper 
will focus on the rationale for decisions made on treatment 
and the style and materials for rebinding in an appropriate 
manner representative of the eighteenth century.

background

 The town Odessa was settled during the 17th century 
and become a center for wheat, canning, and tanning pro-
duction. The community’s location on the banks of the 
Appoquinimink Creek allowed it to prosper as an impor-
tant shipping port to Philadelphia. William Corbit was 
a leading citizen when he hired architect Robert May to 
build him a handsome Philadelphia-style Georgian house 
in 1772–1774. A signed inscription on the title page of the 
Alberti book shows that in 1773 this book was purchased and 
owned by Robert May which connects it to the site (fig. 1). 
Architectural elements described in the Alberti book can be 
physically observed in the Corbit-Sharp house. The house 
remained in the Corbit family until 1938, when H. Rodney 
Sharp acquired it. Sharp was responsible for restoring the 

evelyn mayberger, betty fiske, michaelle biddle, and abigail quandt

Treatment of an Oversize Rare Book: Research and Decisions on Rebinding

abstract

 The Architecture of Leon Batista Alberti, In Ten Books. of Painting. 
In Three Books. And of Statuary. In One Book by Cosimo Bartoli, 
translated from Italian by James Leoni, was first published in 
Italian and English parallel texts by G. Bickham and J. Wren 
in London in 1726. A second edition in English was printed 
in 1739, and a third edition appeared in 1755. A supplemen-
tal section entitled Some Designs for Buildings both Public and 
Private by James Leoni-Architect, appeared in some of the 
editions. The book was 276 pages of text with 75 engraved 
illustrations. The Leoni supplement contained eight pages of 
text and 27 engraved illustrations. The tome provided a major 
model from the Renaissance examples of Alberti (1404–1472) 
for late eighteenth century Georgian architecture design and 
proportion in both England and America.
 A volume of the third edition with a partial supplement 
belongs to the Historic Odessa Foundation (HOF) in Odessa, 
Delaware, a non-profit historic house museum owning five 
main buildings and six outbuildings open to the public for 
educational programs and tours. The Corbit-Sharp House, 
built in 1772–1774, is one of the finest existing Georgian 
homes in Delaware and on the national register of historic 
houses. A signed inscription on the title page of the book 
shows that in 1773 this book was purchased and owned by 
Robert May, the architect of the Corbit-Sharp House, thus its 
relevance to the site and collection is important. 
 The volume measures 17 5/8 x 11 3/8 x 1 7/8". Its late 
nineteenth century rebinding used millboard with printed 
decorative paper spliced to a leather spine. The text block 
of Dutch watermarked Jean Villedary laid paper was tight-
ly sewn on three recessed cords. There are 36 illustrations 
missing from the main body of this text. The condition was 
moderately worn and stained overall, with the cover delami-
nating, text block distorted from the tight binding, and with 
tears and small losses on head, tail and fore edges of the text 
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was revolutionary in its melding of geometrical and physi-
cal principles with architecture, affecting both the strength 
of buildings and their proportions, thus providing the funda-
mental basis for beauty and harmony in architecture (Acidini 
and Morolli). 
 The principles of Alberti’s architecture were translated 
into English for the first time in this publication. The first 
edition appeared in 1726 and had the English and Italian text 
appearing in parallel columns. Although the title page was 
dated at 1726, there are several plates that are dated from 1727 
or 1729. B. Picart was responsible for the allegorical frontis-
piece and most of the plates. The book was reprinted in 1739 
and again in 1755. The Historic Odessa Foundation owns a 
copy of the 1755 edition (Works of the Master Architects).       
 The HOF copy opens with a preface and a table of con-
tents that only covers the chapters from the architecture 
books. Farther back in the text is the beginning of the sections 
that cover painting and statuary. Pages 1–240 are devoted to 
text and plates addressing architecture. Painting is touched 
on between pages 241–268 and statuary discussed in the last 
pages (269–276) of the manuscript. The book has a total of 
75 engraved plates that appear interspersed throughout the 
codex. In addition to these 276 pages of text by Cosimo 
Bartoli, there is a supplemental section by the architect James 
Leoni. The segment is entitled Some Designs for Buildings 
both Public and Private by James Leoni- Architect, London: 
printed for the proprietor in the year MDCCLVIII (1758). 
This section must not have been originally bound with the 
1755 material. The HOF supplement consists of eight pages 
of text, seven big fold-out engravings, and nine single sheet 
impressions. A complete supplement would have 27 engraved 
plates. The supplemental part is printed with a Roman font 
that is slightly different from the typeface used in the rest of 
the book. There are 19 copies of the 1755 edition currently 
reported on WorldCat.
 In England, the bookbinding industry was transformed 
in the 15th century with the invention of the printing press, 
the introduction of movable type, and the widespread use 
of paper. Domestic printing came from the continent with 
Caxton in 1474, although it took several decades before it 
was an established industry (Middleton 1996, 285).  Initially, 
manuscripts would be printed on the continent and brought 
to Britain to receive an English-style binding (Pearson 2005, 
X). The bindings done in the 16th, 17th, and 18th centuries 
were “stronger and more durable than but not as functional 
as the later bindings” (Middleton 1996, 290–291). 
 During the hand press era (1450–1800), the four main 
types of covering material in England were calfskin, sheepskin, 
goatskin, and vellum. Calfskin was most popular in Britain 
between the 15th and 19th century because of its durable yet 
aesthetically pleasing surface. The use of goatskin and vellum 
were not as widespread during this period, and sheepskin 
was commonly used for the lower end of the market. It was 

house as well as several other historically significant buildings 
in the town. The Corbit-Sharp house was declared a National 
Historic Landmark in 1967. The Sharp family opened the 
Historic Odessa Foundation (HOF) in 2005.
 The HOF identified the Alberti book for conservation 
treatment because of its historical importance to the site and 
its fairly poor condition. In addition to stabilizing the book, 
the foundation was interested in learning more about the his-
torical significance, codicology, and evolution of the text. The 
research focused on the four following questions: 

 x Differences between the organization of the three editions
 x Insight on the original binding structure
 x Placement and orientation of the 75 engraved plates 
 x Relationship to the supplemental section 

To best address these questions, a literature review was under-
taken, several consultations with experts were conducted, and 
additional Alberti books were examined.
 The Architecture of Leon Batista Alberti, In Ten Books. of 
Painting. In Three Books. And of Statuary. In One Book by 
Cosimo Bartoli, translated from Italian by James Leoni was 
based on the work of Renaissance humanist Leon Batista 
Alberti (1404–1472). The text was divided into three gen-
eral categories: architecture (in ten books), painting (in three 
books), and statuary (in one book). Originally, Alberti’s 
works were published separately: De re aedificatoria (1485), 
De picture (1436), De statua (n.d.). Alberti modeled his work 
upon that of the ancient Roman architect Vitruvius, who also 
presented his treatise in ten parts. Alberti’s work was divided 
into ten books: lineaments, materials, construction, public 
works, works of individuals, ornament, ornament to sacred 
buildings, ornament to public secular buildings, ornament 
to private buildings, and restoration of buildings. His work 

Fig. 1. Detail of the title page with the architect Robert May’s 
signature; Courtesy of Historic Odessa Foundation
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on the information gathered from the observations of the 
Fischer copy.  

materials and condition

 The HOF Alberti 1755 edition was rebound in a 19th 
century English binding (fig. 2). The millboard boards were 
covered with a decorative paper. The leather from the spine 
was wrapped over the boards about one inch to create a dura-
ble joint. The decorative paper was overlaid on the leather 
about ½ inch for visual continuity. The spine was prevented 
from gapping by headbands at the head and tail. The book 
was sewn on three recessed cords. The modern laid endsheets 
were most likely added during a post 19th century partial res-
toration of the book. The flyleaf also was made of laid paper 
of a later date than the rest of the book. The pastedowns were 
carelessly adhered and there are several areas of cockling on 
the inside of both covers. Laid paper (0.12mm) was used for 
the textblock with four different watermarks and counter-
marks visible (See Watermark section). The HOF book has 
39 out of the 75 engraved plates that are printed on heavier 
laid paper (0.19mm). While most of the plates were insert-
ed with the image on the recto of the page there are a few 
that were inserted with the image on the verso. Most of the 

not uncommon for the boards to be covered in paper and 
the more expensive leather used on the spine (Pearson 2005, 
15–18). The choice of board material evolved from wood 
boards to pasteboards, pulpboards, and millboards to increase 
production speed and decrease costs (Middleton 1996, 285–
288). During the 17th century, recessed cord sewing and 
fake headbands became popular as additional cost cutting 
measures. According to Middleton (1996, 289) larger books 
normally still had sewn headbands and had several raised 
cords to provide additional support to the oversize volume.

before treatment research 

 The literature review revealed that in Alberti 1755 books 
that retained their original bindings, the volumes were bound 
in sheepskin, in English tight back binding style. James Leoni 
was responsible for the drawings for the plates. He based the 
majority of the images on the woodcuts from the Alberti text 
published in 1550. Although the more involved plates were 
done by B. Picart, there were a few engravings that were done 
by J. Harris and J. Cole. The text and title pages are dated 
1726, although some of the plates are dated 1727 and a few in 
the supplement 1729 (Works of the Master Architects). Some 
of the engravings were so popular that they were reproduced 
on a smaller scale for later editions such as the 1884 Italian 
publication of the Architecture books.  
 Before the treatment was started, Abigail Quandt, senior 
book conservator at the Walter Art Museum, was able to 
examine the HOF book and provide her insights. Regarding 
the current placement and orientation of the plates, Ms. 
Quandt felt that there was probably some underlying orga-
nization originally but it could have been lost during later 
rebinding. She was not opposed to the proposal to place all 
the plates in the recto direction. For the re-sewing of the text-
block Ms. Quandt recommended packing the thread on the 
raised cords as a way to provide additional support across the 
spine. Michaelle Biddle, senior book and paper conservator 
at Wesleyan University, was consulted on technical matters 
during the course of the project and undertook some initial 
research on the watermarks encountered in the HOF book.
 Another volume of the 1755 edition was examined at 
the University of Pennsylvania Fischer Fine Arts Library for 
comparison with the HOF copy. The Fischer text had been 
drastically trimmed and bound in a typical 20th century 
library binding, resulting in the loss of physical evidence of 
the original binding.  Despite these invasive restorations, the 
book still contained 74 of the original engravings. Unlike the 
HOF copy, the Fischer volume did not have a supplemental 
section. From comparing the two volumes, it was determined 
that the HOF copy only had 39 of the original engravings. 
Both books had similar but not identical plate placements 
and images appearing in both the recto and verso directions. 
Treatment decisions on the HOF book were based in part 

Fig. 2. HOF front cover before treatment; Courtesy of Historic 
Odessa Foundation 
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be securely attached to the codex. The sewing structure was 
intact but was too tight and was damaging to the textblock. 
The paper had some staining and water damage that was 
particularly prevalent towards the front of the book. There 
were creases and folded corners throughout the text. Several 
pages showed the evidence of previous infills. Overall, the 
fore-edges were quite dirty and the paper exhibited moder-
ate foxing. Many of the engravings had tears and losses and 
had evidence of previous restoration with the use of gummed 
glassine tape and mending tissues. The engraved frontispiece 
was cracked along the shoulder and the large foldouts were 
particularly damaged from handling (fig. 4).

treatment

 Based on the before treatment research, consultations, 
and current conservation guidelines, a treatment proposal 
was agreed upon and approved by the HOF. The treatment 
that was undertaken involved the following steps: disbind-
ing the book, washing the paper, mending tears/infilling 
losses, re-sewing textblock, and rebinding the codex. The 
treatment was performed by Betty Fiske, HOF senior paper 
conservator, and summer intern Evelyn Mayberger. The out-
side consultants, Michaelle Biddle and Abigail Quandt, were 
kept appraised of the treatment throughout the process. The 
entire treatment was completed in 462 hours.
 After an initial surface cleaning with a soft hair brush, the 
textblock was removed from the boards by cutting along the 
internal hinge. This revealed the back of the spine with mul-
tiple thick layers of adhesive and spine linings. The headbands 
proved to be fake offering no structural support and were 
removed. To separate the backing materials, a thick layer of 
methylcellulose poultice was applied with a spatula to the back 
of the spine, covered with a clear plastic wrap, and allowed 
to set for twenty minutes. The poultice was removed with a 
spatula and left the spine softened. The poultice was repeated 
an additional three times each with twenty minute set times 
before the spine lining, mesh backing, and old adhesive were 
completely removed. Once cleaned, the recessed cords with 
the ends folded over the back of the spine were revealed.  A 
clear separation of gatherings was also apparent. The textblock 
was carefully pulled and the gatherings separated. The gather-
ings were consistently comprised of four bifolio sheets and 
totaled 25 gatherings plus one extra bifolio. Each bifolio was 
created from two individual pages guarded together with a 
mending tissue. The mending tissue was not always applied 
carefully or trimmed and had begun to detach in many places. 
In the 19th century rebinding, the original gatherings where 
cut apart and the plates where incorporated into the bifolio 
gatherings often of text pages and plates regardless the differ-
ent weights of paper. The old gathering markers using letters 
at the start of a signature were ignored in favor of consistency. 

images depict architectural elements and plans or scenes of 
nature. Two plates have evidence of hand-coloring in water-
color and gouache, probably added later. There are 4 large 
foldouts throughout the main section of the book. There is 
a supplemental section at the end of the book with text and 
engraved plates (fig. 3).
 The overall condition of the HOF book before treatment 
was fair. The 19th century binding was secure but it did not 
adequately provide enough space for the folios to function 
properly. When the book was opened, cockling appeared 
along the gutter, which made turning the pages difficult and 
potentially damaging to the codex. Some damage was already 
apparent on the first few folios that had cracked along the 
inner joint. The spine was mostly intact with some isolated 
tears around the head and tail. The decorative paper that 
covered the boards was stained, heavily abraded, with worn 
corners, and contained some losses concentrated in areas 
around the leather-paper overlap. Both boards appeared to 

Fig. 3. HOF spine before treatment; Courtesy of Historic Odessa 
Foundation 

Fig. 4. HOF frontispiece and title page before treatment; Courtesy of 
Historic Odessa Foundation
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After the pages were dried overnight, they were spray 
remoistened and put into a blotter press under boards and 
weights to make the paper flat. Once flat, numerous page 
mends were done using kozo mending strips. Gampi silk 
tissue was used to mend tears that went through graphic 

A maquette of the gatherings with page order and plate loca-
tion was made and will be kept in the object file.
 The textblock and plates needed to be washed to remove 
old guarding tape, minimize cockling, reduce staining, and 
rejuvenate fibers. Before any washing took place, the various 
printing inks and watercolors were tested for solubility. The 
iron gull ink inscription and red watercolor were found to be 
slightly soluble and alternative washing methods had to be 
determined. Preliminary tests also showed that the guarding 
tape would float off with the application of water. In addition 
to the removal of the tapes, the paper lining of the frontispiece 
also floated off during the washing. To prepare the bifolios for 
washing, each page was sprayed with water from an atomizer 
sprayer. Dampened bifolios were stacked into gatherings and 
was put in between two sheets of polyester film and inserted 
into a bath of distilled water for 1–1 ¼ hours. At that point the 
tapes were easily removed mechanically with slight pressure 
using a bamboo spatula (fig. 5). To reduce the staining even 
further, each gathering was submerged into a second bath of 
water with three drops of ammonia to create a pH 8 bath. 
The gatherings were allowed to sit for ½–¾ of an hour. At 
this point the gatherings were removed from the bath and laid 
out to dry as individual sheets on polyester film sheets and 
allowed to air dry overnight. 
 The frontispiece and several of the pages of the table of 
contents were seriously discolored and had prominent tide 
lines that needed more treatment. These pages were sun 
bleached, placed between polyester films and immersed in 
water and put outside for several hours in direct sunlight, 
with a few drops of a 3% hydrogen peroxide added to the 
bath as a catalyst. This reduced the staining and brought the 
pages closer to the color of the rest of the textblock. The 
frontispiece needed to put in the sun for three afternoons (ca. 
16 hours) before the desired stain reduction was obtained. 
The two engravings with hand-colored watercolor could not 
be submersed in a bath because of the soluble colors, thus 
controlled blotter washing was conducted. Masks of Hollytex 
were cut out in the shape of the soluble color areas and the 
paper was put on top of these masks as a barrier on top of 
damp blotters and covered with Hollytex and polyester film. 
This system uses capillary action to remove staining but min-
imizes the horizontal movement of water which could move 
the soluble inks (fig. 6). The title page with the inscription in 
iron gull ink also received a different type of washing. The 
page was put in a shallow bath on an incline with the iron gull 
ink section resting on a strip of blotter just above the water 
line. The water could be pulled throughout the sheet thereby 
decreasing the likelihood of tide lines forming, but reduced 
the motion around the iron gull ink section because of the 
presence of the blotter and being on the higher part of the 
incline. While these alternatives did not reduce the staining as 
much as full submersion washing, it did remove a consider-
able amount of overall discoloration. 

Fig. 5. HOF removing guarding tissue during treatment; Courtesy of 
Historic Odessa Foundation

Fig. 6. HOF engraved plate with soluble watercolors on the figure 
and the Hollytex mask; Courtesy of Historic Odessa Foundation
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the raised cords. There was a ¼ inch overhang to provide 
additional support. After it was boned down and allowed to 
dry, another layer of Sekishu tissue was added with a 1 ½ 
inch overhang that was not adhered at this point. After the 
spine section was adhered, a one-on two-off hollow tube was 
added using 10 Point cardstock. New boards were cut using 
3 mm Eterno buffered lignin-free board. The boards were 
cut slightly bigger than what the book was previously bound 
at 17 ¾ x 11 3/8 inches. The holes for the cords were cut with 
a chisel. The two holes for the headband cords were located 
at a 45° angle. The boards were covered with Saint Armand 
Handmade text weight dark linen colored 85 gram 100% 
linen paper adhered with wheat starch paste. The cords were 

media. The infills were done using three laid papers from 
Griffin Mill: Lynx, Griffin, and Genet. All the tissues and 
papers were adhered using wheat starch paste. Several of 
the oversize plates had been sewn through the center thus 
obscuring part of the image. Those plates were re-configured 
back to their original foldout format (figs. 7–8). Previously the 
plates appeared to be located within the correct chapter but 
not necessarily in their original location. It was determined 
that the pages should be kept in the same order and gather-
ing configuration since the original gathering organization 
could not be determined. It was decided that plates that had 
been inserted with the engraving on the verso would be re-
orientated so that image appeared on the recto. The last two 
gatherings were reconfigured into three gatherings to give 
more space for the large foldouts. A guard strip of Ruscombe 
Queen Anne thin laid paper was pasted with ½ –5/8 inch strips 
to join the matching pages of each bifolio. It was then dried 
under Hollytex, blotter, and weights. Endsheets were made 
using Genet laid paper (115 grams). 
 The textblock was sewn with waxed linen thread 35/3 on 
seven raised cords; the cords were packed during sewing to 
increase their stiffness and provide more support across the 
spine (fig. 9). Several times more thread had to be added on 
with a basic weaver’s knot. When done, the sewn 26 gather-
ings of the textblock and 2 gatherings of endsheets measured 
1 7/8 inches thick. The textblock was then allowed to rest 
under weights overnight to reduce swelling. Structural head-
bands were then sewn on single cord cores using alternating 
red and natural hemp thread. The ends of the cords were left 
long to later be laced into the boards. 
 The textblock was then put into an English binding. The 
spine was lined with wide strips of Sekishu tissue between 

Figs. 7–8. HOF oversized plate #27 before treatment (left), after treatment (right); Courtesy of Historic Odessa Foundation

Fig. 9. HOF book on the sewing frame during treatment; Courtesy 
of Historic Odessa Foundation
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First editions (1726) were examined from:
 x Olin Library of Wesleyan University (Middletown, CT) 
 x Beinecke Library of Yale University (New Haven, CT) 

A second edition (1739) was also examined at: 
 x Library of Virginia (Richmond, VA) 

Six additional versions of the third edition (1755) from the 
following institutions were analyzed: 
 x Fisher Library at the University of Pennsylvania (Phila-

delphia, PA)
 x Watkinson Library of Trinity University (Hartford, CT)
 x Beinecke Library of Yale University (New Haven, CT)
 x University of Iowa (Iowa City, IA)
 x Linda Hall Library (Kansas City, MO) 
 x Boston Athenaeum (Boston, MA) 

laced through the boards and were then secured into place 
using wheat starch paste and allowed to dry under weights 
(fi g. 10). The cloth spine was made off the textblock using 20 
point cardstock, natural bookbinding linen, and a polyvinyl 
acetate emulsion adhesive. It was then adhered to the back of 
the spine and extend 2 ½ inch onto the covers. The corners 
of the boards were covered with natural linen to help pre-
vent wear. The pastedowns were adhered using wheat starch 
paste. The book was allowed to sit in a press until it was 
completely dry. 
 The old covers, leather spine, headbands, old end papers 
and samples of other components removed were saved for the 
object records.  Although monetary constraints prevented the 
book from being bound in leather, it still remains an option 
for the future (fig. 11).

after treatment research

 In an attempt to better answer the four major research 
questions listed earlier and to look at preservation options 
undertaken at other institutions, additional copies of all 
three editions were examined after the HOF treatment was 
completed. 

Fig. 10. HOF book cords laced through paper covered boards; 
Courtesy of Historic Odessa Foundation

Fig. 11. HOF book after treatment; Courtesy of Historic Odessa 
Foundation
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gold tooling to books bound in with typical cloth library 
bindings.  The Wesleyan University 1st edition had the most 
unusual binding with the covers made of gilt textured paper 
that imitated Spanish embossed leather and a cloth spine 
(fig. 13). The overall condition of the examined books was as 
varied as the binding styles encountered. 
 The three recessed cords on which the HOF book was 
sewn failed to provide any information about the number of 
sewing stations that originally would have been used for the 
textblock. The three library bound books did not preserve 
the physical evidence of the original binding structure. Of 
the six remaining books, three were sewn on 6 raised cords 
and three were sewn on 7 raised cords. Either 6 or 7 sewing 
stations would have been appropriate for a book of this size. 
The engraved plates were not sewn on the raised cords but 
instead were whipped stitched onto the textblock indicated 
by the holes on the gutter edge of plates that have not been 
trimmed. The large number of plates would have provided 
significant stress on most binding structures. 

The following information and graphs were complied based 
on observations of these books. 

Differences between the Organizations of the Three Editions
 The original text was written by Leon Battista Alberti 
in Italian during the 15th century. The three editions that 
appeared during the 18th century were significant because it 
was the first time manuscript was published in English. In the 
1726 edition and 1739 edition, the book appeared in paral-
lel Italian and English text (fig. 12). The 1755 third edition 
completely abandoned the parallel text format in favor of a 
mono-language English text. One might speculate that this 
decision could have been the result of an effort to reduce the 
production costs of the book. 

Insight on the Original Binding Structure
 None of the books examined still retained their original 
18th century bindings. There was a wide spectrum of bind-
ing styles observed that reflects the individual history of each 
book. The range included books bound in full leather with 

Fig. 12. Library of Virginia 1739 book with parallel Italian and 
English text; Courtesy of Library of Virginia

Fig. 13. Wesleyan 1726 book with paper imitating Spanish embossed 
leather; Courtesy of Wesleyan University
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Placement and Orientation of the 75 Engraved Plates
 During the treatment of the HOF book, the “correct” 
placement and orientation of the engraved plates was unclear. 
Each plate had a page number on their upper corner which 
was presumed to correspond with their placement in the 
text.  However, in the HOF book, the plates failed to appear 
next to their corresponding text page number. While most 
of the plates were oriented in the recto direction, there were 
six plates that faced the verso direction. Examining additional 
copies of all three editions provided insight on the organiza-
tion of the plates. 
 The same engraved plates that originally were made for 
the first 1726 edition were used and reprinted for the subse-
quent two editions. The plates with their page location listed 
corresponded to their placement in the first edition that had 
the parallel Italian and English text and therefore were congru-
ous with the 1739 edition. With the Italian text omitted in the 
1755 third edition, the plate page numbers no longer correctly 
corresponded with their placement. The first edition text 
folios only contained one number on the recto side instead of 
each side having its own page number. The text page number 
sequence started over again with the beginning of the section 
on Painting and for a third time at the Statuary portion of the 
book. The two 1726 books examined had all of the engraved 
plates oriented in the verso direction with the engraved image 
facing the recto text page with the corresponding number.   
 The 1739 second edition examined also only had one page 
number on the recto side for each text folio and the page 
numbering sequence restarted with each of the three parts: 
Architecture, Painting, and Statuary.  Because the Italian text was 
retained, the plates mostly were placed next to their corre-
sponding text page number. Six of the 75 plates fail to follow 
this convention and appeared near but not next to their cor-
responding text page number. A major difference from the 
1726 first edition was that the 1739 second edition was that 
the all the plates were oriented in the recto position facing the 
verso of the corresponding text page number.     
 All of the 1755 third edition books observed were orga-
nized differently from their earlier predecessors. The Italian 
text was completely omitted and the text folios were num-
bered on both sides of the pages. The same text numbering 
continues throughout the book. Although the majority of the 
plates were oriented in the recto direction, an average of ten 
plates in each copy were facing in the verso direction.  There 
appeared to be some continuity across the third editions for 
the placement and orientation of each plate. 
 To try and quantify this continuity, the plate placement and 
orientation of all seven 1755 editions were recorded.  In terms 
of plate placement, there was a 100% agreement on location 
for 63 out of the 75 plates (If the book was missing the plate, 
its absence was noted but not included in the statistics.) For 
the 12 plates that were placed in various locations, the mode 
(number that appears most frequent in a series) placement was 

 All the books examined showed evidence of being cut 
down.  The original dimensions of the paper were probably 
the size of an 18 x 24 inches paper mold such as Demy (17 
x 20"), Medium (19 x 24") or Royal (19 x 24"). The HOF 
book had the largest dimensions at 17 5/8 x 11 3/8 inches with 
deckles at bottom and fore edges. The University of Iowa had 
the smallest book at 16 ¼ x 10 3/8 inches (figs. 14–15). Some 
books retained the deckled edge appearance while others had 
a smooth fore-edge. Cutting down the edges of books was a 
popular and efficient way to address fraying edges of worn 
manuscripts and damaged gutter edges. The folds of the gath-
erings were cut off for other reasons—mostly to avoid dealing 
with glue removal. Another method that appeared on two of 
the examined books to address damaged pages was to lami-
nate the entire page. Although this method prevents further 
paper loss, it can cause additional stiffness and cockling. 

Fig. 14. HOF book frontispiece and title page after treatment; 
Courtesy of Historic Odessa Foundation

Fig. 15. University of Iowa book frontispiece and title page with 
margins drastically cut down; Courtesy of University of Iowa
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plus 75 plates that appear through the main text.  Because sta-
tistically the HOF book only had 39 of the plates, every plate 
that was inconsistent with the “correct” sequences would have 
a larger impact on overall sequence accuracy than books that 
were more complete.  The average of the two percent accuracy 
for both plate placement and orientation to determined overall 
plate accuracy is recorded (fig. 19).  
 All the books examined have been rebound so any attempt 
to quantify accuracy in plate organization is problematic. 
The HOF * percent accuracy for orientation was lowered 
because of the treatment decision to orient all the plates in 
the recto direction although this later research indicated that 
ten plates (of which HOF* has 7) should be oriented in the 
verso direction. Because of this decision, the overall accuracy 
of HOF was 98.5% while HOF* was 91%. The ten plates 
according to the “correct” sequence that should be oriented 
in the verso direction and how they were oriented in HOF 
and HOF* is listed (fi g. 20). On refl ection and after examin-(fig. 20). On refl ection and after examin-). On reflection and after examin-
ing additional copies of the 3rd edition, the HOF* book is an 
exception to the orientation norms observed. However, the 
2nd edition copy observed supported the HOF* orientation 
treatment decisions.

determined. The percent agreement or confidence factor was 
calculated for each placement and is listed (fig 16). The same 
method was used for plate orientation. There were only seven 
plates that did not have 100% agreement on their orientation. 
The mode orientation and percent agreement/confidence 
factor for the inconsistent plates is recorded (fig. 17). 
 After the mode for each inconsistent term was determined, 
“correct” sequences for plate placement and orientation were 
established. Each 3rd edition book including HOF (before 
treatment) and HOF* (after treatment) were compared 
separately against the “correct” sequences to determine each 
book’s percent accuracy for both plate placement and orien-
tation (fig. 18). The number that appears under each listed 
institution on the x-axis is the total number of plates found 
in each book. A complete book has the engraved frontispiece 

Fig. 16. Table showing the placement of plates where there is not 
100% agreement across all 3rd editions

Fig. 17. Table showing the orientation of plates where there is not 
100% agreement across all 3rd editions Fig. 18. Graph showing the percent agreement of plate placement and 

orientation of each volume against the “correct sequence” 

Fig. 19. Graph showing the overall plate accuracy for each examined 
volume

Plate Number Mode Plate 
Placement

Percent 
Agreement (%)

Pag. 16 Lib. I 18 67

Pag. 32 Lib. II 34 67

Pag. 48 Lib. III 52 86

Pag. 19 N. 4 Lib. IV 130 83

Pag. 20 Lib. IV 130 83

Pag. 62 Lib. VIII 174 83

Pag. 89 Lib. IX 198 83

Pag. 105 Lib. X 216 86

Pag. 111N. J (sic.) Lib. X 224 86

Pag. 2 Lib. I 242 83

Pag. 4 N. I Lib. I 244 83

Pag. 32 272 86

Plate Number Mode Plate 
Orientation

Percent 
Agreement (%)

Pag. 52 Lib. III Verso 57

Pag. 20 Lib. IV Recto 83

Pag. 71 Lib. VIII Verso 67

Pag. 89 Lib. IX Verso 67

Pag. 105 Lib. X Recto 86

Pag. 3 Lib. I Verso 83

Pag. 9 Lib. I Verso 86
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radiography (0.19mm, 6hrs) as Heawood #1829 and is dated 
1743 (fi g. 23). Beta radiography was also done for the coun-(fig. 23). Beta radiography was also done for the coun-. Beta radiography was also done for the coun-
termark (0.12mm, 2 hrs) and the initials “IV” (0.12mm, 2 hrs) 
(figs. 24–25). The shield with bars watermark that occasion-). The shield with bars watermark that occasion-
ally appeared in the HOF book was identified as Churchill 
#434. It establishes it as an 18th century paper that appears 
with Gerrevink and Villedary watermarks (fig. 26). The dating 
from the watermarks determined that the 1755 edition used 
different papers than the earlier editions. An example from 
the Wesleyan University 1726 volume of the shield with bars 
shows a different shield with bars (fig. 27).
 The Gerrevink family made paper in Holland before the 
18th century but it was not until after 1700 that their paper 
began appearing with the LVG monogram. The initials stood 
for Lubertus van Gerrevinck, who worked the Phoenix mill 
at Egmond aan den Hoef, near Alkemaar, Holland (Heawood, 
478). The LVG mark was appropriated by many makers in 

 Relationship to the Supplemental Section 
 In addition to the standard text and plates, the HOF book 
also had an incomplete supplemental section by James Leoni.  
Given the later date on the title page (1758), the supplement 
must have been incorporated at a later date. Examination of 
the 1726 first editions revealed that they included the same 
James Leoni supplement but had an earlier title page that was 
dated 1726 (figs. 21–22). Of all the 3rd editions observed, 
only HOF and Yale had the supplemental section. 

watermarks

 Although a quick identification of the LVG watermark was 
established during examination of the book, detailed iden-
tification and recording of the watermarks that appeared in 
the HOF volume was undertaken after the treatment. The 
main Strasburg Lily/Fleur-de-lis was determined from beta 

Fig. 20. Table showing plates according to modial average that should be in the verso orientation and the relationships with HOF and HOF* 

Verso Plate Numbers Percent Agreement (%) HOF Before Treatment HOF* After Treatment

Pag. 52 Lib. III 57 Recto Recto

Pag. 30 Lib. VII 100 Verso Recto

Pag. 33 N. 1 Lib. VII 100 Verso Recto

Pag. 33 N. 2 Lib. VII 100 Verso Recto

Pag. 71 Lib. VIII 67 Missing Missing

Pag. 89 Lib. IX 67 Missing Missing

Pag. 3 Lib. 1 83 Missing Missing

Pag. 9 Lib. I 86 Verso Recto

Pag. 15 Lib. II 100 Verso Recto

Pag. 32 100 Verso Recto

l e f t t o r i g h t

Fig. 21. Wesleyan 1726 book title page to the 
supplement section; Courtesy of Wesleyan 
University

Fig. 22. HOF book title page to the 
supplement section; Courtesy of Historic 
Odessa Foundation
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t o p t o b o t t o m

Fig. 24. HOF beta radiograph (0.12mm, 2hrs) of the fleur-de-lis; 
Courtesy of Historic Odessa Foundation and the Philadelphia 
Art Museum conservation laboratory

Fig. 25. HOF beta radiograph (0.12mm, 2hrs) of initials “IV”; 
Courtesy of Historic Odessa Foundation and the Philadelphia 
Art Museum conservation laboratory

Fig. 23. HOF beta radiograph (0.19mm, 6hrs) of Strasburg Lily 
watermark; Courtesy of Historic Odessa Foundation and the 
Philadelphia Art Museum conservation laboratory
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Statuary. In One Book by Cosimo Bartoli (1755) was carried out 
at the HOF with limited time, resources, and facilities. The 
treatment needed to be completed within the eight weeks of the 
summer internship because of pervious time commitments of 
people involved in the project. Monetary constraints did not 
allow for the volume to be rebound in leather which would 
have been historically appropriate, but it remains an option 
for the future. Although the HOF did not have a conservation 
laboratory, creative treatment solutions were devised in the 
afforded space. While the before treatment research and 
consultations provided great insight for the treatment, it failed 
to provide the quantitative information gathered from the 
books examined after treatment. Based on the quantitative 
results, the conserved HOF book plate orientation is an 
exception to the observed trend in third editions, although it 
is consistent with the orientation decisions seen in the 1739 
edition. The watermark comparisons and identifications 
proved that the 1755 copies used different paper than the 
earlier editions. Overall, the research and treatment provided 
the HOF book with context of the past, comparison with 
other volumes in the present, and stabilization for the future.   

Western Europe, including James Whatman, Henry Portal and 
others in England, as a mark of quality. The Gerrevinks are 
closely associated with the name or initials of Jean Villedary 
(“IV”), with whom they may have had agreement with to 
make papers for the Dutch and English markets. There were 
several generations of papermakers called Jean Villedary who 
operated in Vraichamp, Beauvais and La Couronne mills 
in the Angoumois (Angouleme) from 1668 to 1758.  The 
Villedary family moved to Hattem in Guelderland, Holland, 
in 1758, where they continued to make paper (Churchill 
2006, 21). The paper was popular because of its quality and 
large size (Heawood, 478).

conclusions

 In conclusion, the rebinding of The Architecture of Leon 
Batista Alberti, In Ten Books. of Painting. In Three Books. And of 

Fig. 26. HOF book with transmitted light digital photograph of 
shield with bars watermark; Courtesy of Historic Odessa Foundation

Fig. 27. Wesleyan 1726 book with transmitted light digital photograph 
of a different shield with bars watermark, Courtesy of Wesleyan 
University
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introduction

 Yellowing of digital print papers has been show to be caused 
by a variety of deterioration forces including heat, humidity, 
pollution, light, and enclosures. The purpose of this project 
was to quantify the effects of temperature and humidity on 
the yellowing rates of digital prints in cultural heritage col-
lections. Heat and humidity are the only two material stresses 
that can’t be eliminated from storage and therefore ultimately 
determine the maximum limit of how long a digitally printed 
object can last. The damage can be done to the paper sub-
strates, surface coatings, or optical brightening agents. 
 Because all prints, whether on display or stored in the 
dark, are continually undergoing degradation due to heat 
and humidity, the first step in determining a strategy for 
their long-term care is usually to assess their thermal stability 
(natural aging rate) at a variety of potential storage humidi-
ties. Heat is damaging by itself, but it also amplifies other 
chemically driven decay forces. The thermal and humidity 
decay rates of many library and archive objects have already 
been studied, but no comprehensive study has been done to 
determine these rates for modern digitally printed materials. 
Understanding the thermal decay rates of materials can lead 
to the development of storage conditions that will ensure the 
object’s accessibility and usability for extended periods.
 The quantity of digitally printed materials in collections 
is enormous and continues to grow. A 2008 survey of librar-
ies, museums, and archives found that 87% of institutions 
already have digital prints and that 30% of them have seen 
yellowing of some portion of their digital print collections.1 
Because digital prints are a relatively new type of collection 
asset this is clearly a serious problem. This project focused 
only on the thermal yellowing of prints and did not study 
other forms of thermal damage such as colorant deterioration 
(e.g. fade or bleed) or physical deterioration of the substrate 
(e.g. embrittlement or delamination). This study was part of 
a larger project intended to evaluate the effects of a wide vari-
ety of deterioration forces on modern digital prints. Results 
of IPI’s other studies on the stability of digitally printed 

douglas nishimura, daniel burge, jean-louis bigourdan, 
and nino gordeladze

Yellowing of Digitally Printed Materials in Cultural Heritage Collections

abstract

 The purpose of this project was to quantify the effects of 
temperature and humidity on the yellowing rates of digital 
prints in cultural heritage collections. Heat and humidity 
are the only two material stresses that can’t be eliminated 
from storage and therefore ultimately determine the maxi-
mum limit of how long a digitally printed object can last. 
Heat is damaging by itself, but it also amplifies other chemi-
cally driven decay forces. The thermal and humidity decay 
rates of many library and archive objects have already been 
studied, but no comprehensive study has been done to 
determine these rates for modern digitally printed materials. 
Understanding the thermal decay rates of materials can lead 
to the development of storage conditions that will ensure the 
object's accessibility and usability for extended periods. The 
Arrhenius method was applied to a large variety of papers 
used in digital printing (including inkjet, dye sublimation, 
and electrophotography) at three different humidities with 
incubations periods up to ninety-four weeks. It was found 
that the yellowing rates are highly dependent on both 
temperature and humidity and that digitally printed photo-
graphs were more prone to yellowing than digitally printed 
documents or prints made on digital presses. The yellow-
ing differences among individual samples within a category 
were sometimes greater than between categories meaning 
that the prime determinant of a given print’s stability may be 
the specific products (brands of colorants and paper) from 
which it was made rather than its category (e.g. inkjet photo 
paper). However, because most of the materials tested were 
predicted to last several centuries before noticeable yellow-
ing at room conditions, the cost of reducing temperature or 
humidity to prevent yellowing may not be warranted.
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data that allows for predicting the stability of materials at a 
reduced temperature (such as room conditions) from acceler-
ated aging tests. IPI has successfully used this approach in the 
past to determine the deterioration rates for photographic film 
bases and traditional color photographic dyes. This complex 
technique requires incubating the printed materials at a series 
of temperatures for increasing periods of time. The logarithm 
of time to failure (noticeable yellowing) of the print is graphed 
against reciprocal temperature in Kelvin, and the resulting line 
is extrapolated to predict time to failure at room temperature 
(or any other temperature such as cold storage). Performing 
the test at various humidities can give institutions an estimate 
of how the collection materials will perform over time at a 
variety of possible temperature and humidity combinations.
 For this experiment, an increase in status A blue density of 
0.05 was used as the failure point. This was chosen because 
it is clearly noticeable yellowing and because higher levels 
would extend the test periods beyond the project’s three-year 
limit. This level of yellowing may or may not be the level of 
change considered objectionable for all uses and by all insti-
tutions; however, some level needed to be selected and the 
use of the same level for all extrapolations would allow for 
comparisons between the different temperature and humidity 
combinations. The 0.05 level is in no way to be considered the 
level at which the print will be unusable or unreadable.
 Because the goal of the project was to determine the 
thermal stability of collections of digital prints as opposed 
to specific digital print products, a large number of differ-
ent digital print types with multiple representations of each 
would be necessary to create a realistic surrogate test popula-
tion. For these experiments, a total of 28 different printing 
paper types that covered the entire range of the major digital 
printing technologies and their more common sub-categories 
were included. The materials tested and their primary end 
uses (photographs, documents, and production printing) are 
listed in tables 1–3. 
 The individual papers were then grouped into categories 
that collection care personal could be trained to differentiate 
(they would not be able to identify prints to the level of spe-
cific products). These categories would be used to report the 
results. These categories are listed in tables 4–6.
 The papers were all unprinted except the color silver 
halide paper which was unexposed and processed to paper 
white and the dye sublimation paper which was printed with 
no image so that the clear overcoat used in the system would 
be applied. All papers were tested in triplicate. The samples 
were measured with a GretagMacbeth Spectrolino for Status 
A blue density. The device conformed to ISO 5–3: 2009 
Photography and graphic technology—Density measurements—Part 
3: Spectral conditions and ISO 5–4: 2009 Photography and graphic 
technology—Density measurements—Part 4: Geometric conditions 
for reflection density. It was assumed that since none of the 
samples were printed with an image that all samples for each 

materials in cultural heritage collections can be found at www 
.DP3Project.org.
 Below are descriptions of the three major digital printing 
technologies that were studied in this project:

 x Inkjet—This technology is used by many home and office 
desktop printers. Small droplets of ink in an aqueous solu-
tion are rapidly jetted onto the printing paper. In addition 
to the desktop printers, there are also some wide-format 
inkjet printers that are typically used to create large images 
for fine art or commercial purposes. Inkjet printing is used 
for both documents and images.

 x Dye Sublimation—In these systems, the image-forming 
colorants are transferred to the print paper from colored 
donor ribbon. The printer modulates heat energy to the 
colored ribbons to control the amounts of yellow, magen-
ta, and cyan dyes that are transferred. This technology is 
most often used in consumer snapshot-size photo print-
ers and in commercial photo kiosks. This process is only 
used to created pictorial images. It is never used to create 
documents.

 x Color Electrophotography—This process is mostly used to 
produce documents from laser printers. In color electro-
photographic systems, color toners are deposited on the 
printing paper by an electrical charge (modulated by a la-
ser or LED array) and “fixed” by heat or pressure. The 
toners are usually pigments with the black toner being 
very stable carbon black. Electrophotography is also the 
primary technology used in production digital presses 
where digital printing technology has been scaled up from 
the desktop and office size printers to devices that print 
hundreds to thousands of copies for short-run periodicals 
and monographs.

 The experiment also included traditional print materials 
whose behaviors (at least in general, if not in these specific 
experimental conditions) are already known. Direct compari-
son with these older and more familiar print materials should 
provide important context for the results of this project. Three 
types of printing papers were used as comparison controls in 
the experiments: traditional silver-halide color photographic 
paper, standard office paper used in black-and-white electro-
photographic printing, and offset lithographic papers. 

method

 The method most commonly used to evaluate the tem-
perature dependence of a material is the Arrhenius Method, 
named for the Swedish chemist Svante Arrhenius. This 
method forms the basis of the ISO standard 18924 Imaging 
materials—Test Method for Arrhenius-type Predictions developed 
to evaluate the thermal stability of imaging materials in par-
ticular. The Arrhenius method is a mathematical treatment of 
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paper would be acceptably similar to each other and that ini-
tial readings on every one of the over 12,000 samples included 
in this test would be unnecessary; however, every sample was 
measured after each incubation period for every temperature 
and humidity combination.
 The samples were pre-conditioned at 21°C at each of three 
humidities (20%, 50%, and 80% RH) for one week. The 
samples were then placed into aluminum foil-laminate bags, 
the air was squeezed out, and the bags hermetically sealed. 
The samples were incubated in foil bags to ensure constant 
moisture content of the samples throughout the experiment 
as well as protect them from atmospheric pollutants. All of 
the bags required for a single incubation period at each tem-
perature and humidity were then put into another bag, the air 
was squeezed out and the outer bag was hermetically sealed. 
The double bag provided assurance that the moisture con-
tents wouldn’t change due to possible pin holes through the 
metal foil layer in the inner bags.
 For this study, IPI used 55°C, 65°C, 75°C, and 85°C as the 
series of temperatures and 20%, 50% and 80% as the various 
potential storage humidities to evaluate. The time periods 
ranged from one week to nearly two years depending on the 
temperature. Higher temperatures needed shorter incubation 
periods and lower temperatures needed longer test periods. 
Enough samples for twelve different incubation periods for 
each temperature and humidity combination were prepared. 
Twelve pull times, with three moisture contents, incubated at 
each of four temperatures in triplicate required 432 specimens 
for each product. This made for over 12,000 samples for the 
entire experiment. Because the thermal rates of the materi-
als are not known in advance it is impossible to know how 
long the incubation periods need to be. Estimations based on 
experience with previous materials were helpful but adjust-
ments to the initial time estimates would need to be made as 
the experiment progressed.
 From the data, years to endpoint would be predicted at 
10ºC, 20ºC, 30ºC at 50% RH to compare the effects of tem-
perature on print yellowing. In addition, years to endpoint 
would also be predicted for 21ºC at 20%, 50%, and 80% to 
compare the impact of humidity on yellowing. It should be 
noted that as long as samples at two temperatures reach end-
point for any humidity level, it would be possible to make an 
Arrhenius prediction, however, with only two data points, the 
quality of the prediction could potentially be very low. 
 After approximately six months of incubation, the data 
collected to date was extrapolated to create rough predic-
tions of the incubation periods that would subsequently 
be required to reach the 0.05 status A blue density increase 
for the samples that had not yet reached endpoint. These 
first predictions indicated that it would require over seven 
years for some samples to reach endpoint using the current 
test temperature and humidity conditions. This was signifi-
cantly longer that originally anticipated. For this reason the 

Table 1. Photo Paper Test Samples

Table 2. Document Paper Test Samples

Table 3. Production Printing Paper Test Samples

Table 4. Photo Categories

Table 5. Document Categories

Table 6. Production Printing Categories
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remaining incubation periods were extended to more closely 
match these first rough calculations of required incubation 
times. Additional samples were also created and added to 
the experiment at two intermediate temperatures: 70°C and 
80°C. These would reduce the overall time for the experi-
ment to be completed as a greater number of samples would 
reach endpoint before the end of the project.

results

 The samples were incubated for one to ninety-four weeks. 
Not all of the samples reached the yellowing endpoint for 
all six temperatures during this period. A significantly larger 
number of samples reached endpoint at the high tempera-
tures and elevated humidities than at low temperatures and 
low humidity. The predictions below are based on the largest 
number of temperature values possible for each humidity, but 
could be as low as just two.
 Figures 1–3 below illustrate the effects of temperature 
on years to noticeable yellowing for the various categories 
of digitally printed materials: photographs, documents, and 
production printing. The range of values for the various 
individual samples within each category is represented by the 
black lines within each bar. 
 Figures 4–6 below show the effects of humidity on years 
to noticeable yellowing for the various categories of digitally 
printed materials: photographs, documents, and production 
printing. The range of values for the various individual sam-
ples within each category is represented by the black lines 
within each bar. 
 Digitally printed photographs were more prone to ther-
mal-induced yellowing than digitally printed documents or 
prints made on digital presses. Of all the photograph paper 
categories, dye sublimation prints were the most sensitive to 
yellowing. The worst paper tested was an inkjet fine-art paper, 
though that paper is not common and may be rarely found in 
collections. Temperature and humidity variations clearly had 
a significant effect on the yellowing rates of all the print types. 
However, because most of the materials tested should last sev-
eral centuries before noticeable yellowing, the cost of reduced 
temperature below human comfort levels or humidity levels 
below 50% to prevent yellowing may not be warranted. 
 The bars showing the range of individual sample perfor-
mances were extremely wide. In some cases the samples within 
a category varied more than the categories themselves. This 
means that the prime determinant of a given print’s stability 
may be the specific products (brands of colorants and paper) 
from which it was made rather than any class or category it can 
be ascribed to. The strategies to preserve collections of digital 
prints should still be made for each of the different print cat-
egories and sub-categories, but collection care staff will have 
to pay attention to their collections to watch out for individual 

Fig. 1. Predicted Years to Just Noticeable Yellowing of Digitally 
Printed Photographs at 50% RH

Fig. 2. Predicted Years to Just Noticeable Yellowing of Digitally 
Printed Documents at 50% RH

Fig. 3. Predicted Years to Just Noticeable Yellowing of Digital 
Production Prints at 50% RH
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prints that may differ from the trends of their category and 
experience an even greater rate of decay.
 The data also suggested that the yellowing reported in the 
2008 survey by institutions is probably not from thermal-
induced decay but from one of the other factors such as light 
or air pollutants. Digital printing has been around for only 
three decades, and most collection materials will come from 
the latter part of that period. Because the weakest material 
under room conditions should last 64 years before noticeable 
yellowing, it is unlikely that natural aging is the cause of the 
damage these institutions have reported. Efforts to prevent 
yellowing should not focus on reduced temperature or 
humidity but on reduced exposure to light and open air.

conclusions

The following conclusions were drawn from the data:

 x Digitally printed photographs were more prone to yellow-
ing than digitally printed documents or prints made on 
digital presses.

 x The yellowing rates are highly dependent on both tem-
perature and humidity.

 x The yellowing differences between individual samples 
were sometimes greater than between categories. This 
means that the prime determinant of a given print’s stabil-
ity may be the specific products (brands of colorants and 
paper) from which it was made rather than its category 
(e.g. inkjet photo paper).

 x Because most of the materials tested should last several 
centuries before noticeable yellowing at room conditions, 
the cost of reducing temperature below human comfort 
levels or humidity below 50% to prevent yellowing may 
not be warranted.

 x Because yellowing is likely not the only important form 
of deterioration influenced by temperature, storage tem-
perature and humidity recommendations cannot be made 
based solely on yellowing rates.
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Fig. 4. Predicted Years to Just Noticeable Yellowing of Digitally 
Printed Photographs at 21°C

Fig. 5. Predicted Years to Just Noticeable Yellowing of Digitally 
Printed Documents at 21°C

Fig. 6. Predicted Years to Just Noticeable Yellowing of Digital 
Production Prints at 21°C
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prepared with gypsum and a red earth. The presence of 
specific absorption bands in some of the NIR reflectance 
spectra suggests the use of egg tempera as a binder in some 
areas of the miniature, while other areas seem to have been 
painted using either gum Arabic or egg glair. High-resolution 
infrared reflectograms show limited underdrawing in ink, 
mainly in the pink foliage and in areas of the prophet’s robe 
where the folds have not been painted exactly over the drawn 
lines; the presence of more extensive underdrawing cannot 
be excluded. Additionally, the page has been ruled and the 
music notes seem to have been outlined, probably with a 
metalpoint stylus. This methodology combining analytical 
techniques has been shown to also be useful in the study of 
watercolors, gouache and metalpoint drawings. 
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2. Delaney, J. K., et al., Application of imaging spectroscopy to the 
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A Comprehensive In-Situ Approach for the Analysis of Illuminated 

Manuscripts and Drawings: Exploring the Synergy between 

Imaging Spectroscopy, FORS, XRF, and High-Resolution Multispectral 

Infrared Reflectography

abstract

 This study will describe the combination of high fidelity, 
site-specific methods (FORS and XRF) with the mapping 
capability of imaging spectroscopy, to provide improved in 
situ mapping and identification of pigments in fragile and 
light-sensitive works of art. These analytical techniques have 
been combined predominantly to study oil paintings. Due 
to the very limited ability to sample fragile works of art, 
development of in situ analytical techniques is important. 
The experimental setup in use at the National Gallery of Art 
in Washington, DC combines the mapping and diagnostic 
capabilities of both reflectance and luminescence imaging 
spectroscopy with the specificity of more traditional 
analytical in situ methods such as FORS and XRF. This 
combination allows comprehensive non-invasive studies 
of different kinds of works of art. The relatively low cost 
imaging apparatus ($10K) consists of a Si-CCD camera, a 
color-corrected lens, a set of 12 narrow-band filters (400–950 
nm), and black/white standards for calibration to reflectance 
values. Operating at low light levels (200 lux), this system 
was used to identify and map the primary pigments in works 
on paper1 and illuminated manuscripts2. Additionally, a high 
spatial resolution (280 dpi) and high sensitivity multispectral 
infrared reflectography camera, with a custom lens, allows 
imaging works of art in three spectral bands between 1000 
and 2500 nm with extremely low light levels (20–50 lux), 
thereby facilitating the identification of thin underdrawing 
lines. Results will be presented regarding a few 14th- and 
15th-century illuminated leaves, including Praying Prophet 
painted by Lorenzo Monaco in Florence around 1413. The 
palette used to paint this leaf is extremely rich and mainly 
consists of lead white, ultramarine, red lead, vermillion, red 
and yellow organic dyes, lead-tin yellow, brown earths, and 
mosaic gold. The green color has been obtained by mixing 
azurite and massicot, and the gold leaf is laid over a ground 
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Procedure:
1. Brush a thin and even layer of Lascaux 498 HV onto a piece 

of silicon coated polyester film and dry the adhesive with a 
hair dryer. Silicon coated polyester is recommended to help 
facilitate separation of the mending strips from the polyes-
ter film. Expedited drying is recommended to prevent dirt 
or debris from accumulating in the adhesive surface. 

2. Lay a piece of thin Japanese paper across the dry Lascaux 
film. Reactivate the adhesive with a tacking iron at medi-
um heat through a piece of silicon release paper. 

3. Once the Japanese paper is adhered to the Lascaux film, 
cut the sheet into narrow strips. 

4. Peel the polyester away to reveal the adhesive just before 
positioning the strips on the verso of the primary support. 
The strip should bridge the tear with the adhesive against 
the verso of the primary paper support. 

5. Reactivate the adhesive with a tacking iron at medium heat 
through silicon release paper or with a local brush applica-
tion of ethanol. 

 The Lascaux mends are flat and local staining and tideline 
formation is avoided because the mending strips are void 
of water. In addition to meeting aesthetic goals, they are 
removable with either heat or solvent. The mending strips 
can be made well in advance of use, and can be stored almost 
indefinitely afterwards between polyester film sleeves. 

reactivated lining supports

 Lascaux 498 HV can be used as a thermoplastic adhesive 
when treating hydrophobic supports or objects. In cases 
where aqueous adhesives have no affinity for old adhesive 
residues, Lascaux 498 HV can be used to attach the compro-
mised primary support to a Japanese paper lining paper.

Procedure: 
1. Mist a metal table with water, and lay down a piece of 

silicon coated polyester film. Secure the polyester to the 
table by squeegeeing all of the air bubbles out. Securing 

samantha sheesley

Practical Applications of Lascaux Acrylic Dispersions in Paper Conservation

 In cases when commonly used adhesives, such as wheat 
starch paste, gelatin, methyl cellulose, or klucel G, are not 
suited for a paper conservation treatment due to media sen-
sitivity, or extremely hygroscopic or hydrophobic supports, 
Lascaux Acrylic Adhesives may provide paper conservators 
with alternative treatment options. This paper will emphasize 
the versatility and practicality of Lascaux Acrylic Adhesives 
for mending, lining, and filling problematic paper supports 
through several examples.
 As described by the manufacturer, the base of both 
Lascaux 360 HV and 498 HV is a dispersion of a thermoplas-
tic acrylic polymer on the base of methyl methacrylate and 
butyl acrylate with a pH 8–9. While wet, Lascaux 360 HV and 
498 HV can be thinned with water; but as the films dry, the 
water molecules are expelled and the dry films are insoluble 
in water. The dry films remain soluble in Acetone, Toluene, 
and Xylenes. The dry 360 HV film is sticky, whereas the dry 
498 HV film is elastic but hard.1 

reactivated mending strips 

 Lascaux 498 HV can be used as a reactivated thermoplas-
tic adhesive for mending tears in particularly hygroscopic 
papers, such as transparent papers. The short and macerated 
fibers that comprise these modern transparent papers read-
ily absorb moisture and expand considerably. Local flattening 
before mending allows for better realignment of the tears and 
fragments. However, subsequent introduction of moisture 
from an adhesive, such as wheat starch paste, methyl cellulose 
or gelatin, could result in local cockles as the fibers expand 
along the mends. 
 Lascaux 498 HV can be effectively used to make mending 
strips which could be reactivated with either heat or solvent. 
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2. Apply a thin and even layer of Lascaux 360 HV onto a 
piece of silicon coated polyester film. Silicon coated poly-
ester is recommended to help facilitate separation of the 
mending strips from the polyester film. 

3. While the Lascaux 360 HV is still wet, drop the humidified 
paper on the surface of the adhesive while supported on 
the polyester film. The paper can be gently brushed into 
contact with the adhesive through the polyester film. The 
top piece of polyester film can then be removed from the 
surface of the paper.

4. Thoroughly dry the Lascaux 360 HV with a hair dryer 
through the paper while supported by the silicon coated 
polyester film.

5. Once dry, the silicon coated polyester can be removed 
from the Lascaux-coated paper.

6. Position the Lascaux-coated paper accordingly over the 
verso of the primary paper support. Press the lining paper 
into contact with the object. Trim excess lining paper. To 
properly adhere a lining, apply even, moderate weight 
overall in a press or under glass and weights. 

 If a thin Japanese paper, such as Tengujo, is selected, the 
adhesive will penetrate the paper support, thereby creating 
a double-sided adhesive sheet. If a thicker paper is selected, 
such as Sekishu, a single-sided adhesive sheet will be created. 
The paper sheet can be used for lining or cut into mending 
strips. Strips are easily cut before the silicon coated polyester 
film is removed.

fills for sprung breaks in rigid supports

 A mixture of Lascaux 360 HV with 498 HV and pigments 
can be used as a toned fill material for rigid, hydrophobic 
supports with sprung breaks. Gaps pose both structural and 
aesthetic problems: a sprung break could promote additional 
physical damage, and the interruption of an image tends to 
be visually distracting. When working with laminate supports, 
such as photo buttons, or those that cannot be washed, the 
formation of tidelines may be a concern as moisture or solvent 
from a fill material moves laterally into the primary support. 

Procedure:
1. Combine equal parts Lascaux 360 and 498 HV with pig-

ments to approximate the tone of the support. The ratio is 
approximately 2 parts Lascaux 360 HV: 2 parts 498 HV: 1 
part pigment. 

2. Thoroughly mix the ingredients and then brush the mix-
ture onto a piece of silicon coated polyester film. Brush 
the mixture in multiple directions until evenly distributed 
and then dry it with a hair dryer. 

3. Once dry, score a small rectangular section of the dried 
pigmented Lascaux film with the tip of a scalpel carefully, 
so as not to cut through the polyester. 

the polyester film to the table will prevent dimensional 
changes and planar distortions. 

2. Wipe the moisture from the surface of the polyester 
and then apply a thin coating of Lascaux 498 HV to the 
polyester with a small paint roller. Use a smooth squeegee 
to remove excess Lascaux and smooth the film. This 
necessitates speed, because as the adhesive dries, small 
clumps form and can be dragged through the film. 

3. Once evenly coated, dry the Lascaux with a hair dryer. As 
the adhesive dries, it changes in appearance from opaque 
white to milky to crystal clear.

4. Lay a piece of Japanese paper on top of the dry adhesive, 
and reactivate the Lascaux with heat from a household 
iron at low to medium heat (no steam) through a piece of 
silicon release paper. 

5. Once the paper is adhered to the Lascaux film, transfer it 
to another area of the table to cool. Once cool, peel away 
the polyester film to reveal the adhesive-coated Japanese 
paper. 

6. Drop the Lascaux-coated Japanese paper adhesive-side-
down onto the verso of the primary support. Reactivate 
the adhesive from the verso with an iron through a piece 
of silicon release paper. 

7. Once cool, trim the excess lining paper. 
8. Losses to the original support can be filled with toned 

Japanese paper from the recto. Fashion inserts to fit each 
loss and then attach them to the lining paper from the recto 
by reactivating the underlying Lascaux adhesive with a 
tacking iron at medium heat through silicon release paper. 

 The lining will provide overall reinforcement to a fragile 
paper support, in spite of hydrophobic adhesive residues or 
media sensitivity, without creating tidelines or causing planar 
distortions.

pressure-sensitive mending strips and 
lining supports

 Using Lascaux 360 HV rather than 498 HV will result 
in mending strips or lining supports with a dry, but tacky, 
adhesive film. The tacky adhesive film works as a pressure-
sensitive adhesive. The resulting mending strips and lining 
supports can be positioned and repositioned, then adhered 
to the primary support with pressure, rather than using heat 
or solvent.

Procedure:
1. Humidify the appropriate mending/lining paper overall by 

lightly spraying the paper with deionized water while sup-
ported on a piece of polyester film. Humidification of the 
paper will help to prevent the formation of cockles and 
creases when it is placed in contact with the wet adhesive.
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4. With the aid of a microspatula, separate the edge of the 
scored area and fold it onto itself. 

5. Roll the folded edge with a finger to form a coil. The 
length and diameter of the coil is dependent upon the 
amount of Lascaux that is rolled. The 360 HV provides the 
tack needed for the Lascaux film to stick to itself, allow-
ing it to form and hold its shape, and the 498 HV hardens 
enough to prevent it from acting as a pressure sensitive 
adhesive. The elasticity of the Lascaux allows the coil to 
be stretched to fit the narrowest portions of a break and 
compressed or folded onto itself to bulk and fill the widest 
apertures of a gap. 

6. Fit the pigmented Lascaux coil into the gap using a pair of 
fine tweezers. 

7. Once in place, activate and smooth the coil with a warm 
tacking iron set to 180⁰F through a piece of silicon coated 
polyester film. By warming through polyester film, the fill 
takes on a slick surface. 

8. Excess Lascaux is easily cleaned with any number of sol-
vents on a swab; of course, this necessitates solubility tests 
prior to treatment. 

9. The addition of pigment creates a base color for fills, and 
the fills readily accept acrylic paint for additional inpainting. 
Because the Lascaux is dried before it is applied, it precludes 
the formation of tidelines or discoloration that would oth-
erwise be caused by lateral movement of water or solvents 
between layers, coatings, or backings. The malleability of 
the Lascaux lends itself to narrow, wide, and varying losses. 
The Lascaux fills also offer additional structural support by 
reinforcing the edges of a sprung break from the recto. And 
the elasticity of the Lascaux would benefit the support if it 
were to be flexed during handling or if the fragments were 
to experience differential expansion and contraction. Fills 
can be mechanically removed with a pair of fine tweezers or 
with the aid of minimal heat or solvent. If the edges of the 
loss are delaminating or flaking, the appropriate consoli-
dant should be applied beforehand. The consolidant would 
help to stabilize the support while providing a barrier layer 
between the fragile support and the fill. 

note

1. www.lascaux.ch/pdf/en/produkte/restauro/2_adhesives_adhesive
_wax.pdf (accessed 08/15/10)
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Cut and Tape: 

Marguerite Yourcenar’s Emendations to a Typescript of L’Oeuvre au noir

abstract

 Marguerite Yourcenar (1903–1987) was a Belgian-born 
French novelist, essayist and short story writer. She worked 
on L’Oeuvre au noir (translated into English as “The Abyss”) 
from 1921 until it was published in 1968. A typescript of 
the manuscript dated 1956–1968 is preserved among the 
substantial collection of Yourcenar’s papers and correspon-
dence in Houghton Library, at Harvard University. The 
loose sheets of the typescript, with extensive corrections, 
deletions, and emendations, were oversewn by machine and 
then commercially bound in two volumes. Yourcenar’s edit-
ing involved cutting apart her typed pages, rearranging the 
sections and taping them back together. Her penchant for 
revisions meant that some pages were an assemblage of up 
to seventeen separate pieces. In some cases, a single word 
or phrase was changed three or four times. By 2002 when 
the manuscript was brought to the Weissman Preservation 
Center, it was in such poor condition that it had been off-
limits to researchers for years. The primary curatorial and 
conservation challenge of this typescript was the failure of the 
rubber-based adhesive tape used throughout. The composite 
leaves sometimes fluttered into a pile of paper scraps when 
a page was turned. To complicate matters, Yourcenar often 
typed and wrote directly on the tapes securing the previous 
emendations, making their retention and exact placement 
paramount. This talk will describe the treatment protocol 
designed to address the different types of emendations and 
the techniques used to return the 460-page manuscript to a 
stable condition accessible to researchers. 

THERESA SMITH
Paper Conservator 
Harvard University Library
Cambridge, MA
theresa_smith@harvard.edu
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Before conservation treatment of the 1739 edition could be 
considered, it was necessary to locate another L’Amerique map, 
complete with all the text panels, which could be referred to 
during treatment. LAC’s 1698 edition of the map was treated 
several years ago, using enzymes to remove a paper border 
which covered severely trimmed and incomplete text panels. 
(Bedynski) It was therefore necessary to look beyond Library 
and Archives Canada for a complete version of the map. A 
L’Amerique map with full text panels was located at the William 
L. Clements Library, at the University of Michigan, in Ann 
Arbor. A scanned image at a scale of 1:1, was purchased from 
the library for use in the treatment of LAC’s 1739 edition.
 To better understand some of the ethical issues presented by 
the untreated 1739 edition of the L’Amerique map, it’s necessary 
to examine the map’s condition, past restoration, the fabrica-
tion of the title banner and the resulting treatment decisions.
 
condition of the map

 The backing paper of the untreated 1739 edition was not 
original. It was a single sheet of acidic, machine-made paper, 
which needed to be removed for the long-term preservation 

Nicolas De Fer’s L’Amerique Wall Map: 

A Look into Ethical Concerns Resulting from Past Restoration

doris st-jacques and maria bedynski

introduction and background
 
 This is a before treatment photo of the 1739 edition of a 
wall map of the Americas, by Nicolas De Fer (fig. 1). The 
map is from the collection of Library and Archives Canada 
and is entitled ‘L’Amerique Divisee selon l’etendu de ses Principales 
Parties’, or, ‘America Divided according to the extent of its Principal 
Parts’. L’Amerique is part of a series of large wall maps by De 
Fer which also include the world, Europe, Asia and Africa. 
J.F. Bénard, one of De Fer’s three sons-in-law, is listed as the 
printer on the 1739 edition of the L’Amerique map, though 
Nicolas De Fer is listed as the printer of the 1698 edition of 
the map which is also part of LAC’s collection. 
 De Fer’s L’Amerique map contains specific significance to 
Canada, due to its large, decorative vignettes depicting late 
17th century Canadian life, such as a Newfoundland cod 
fishery, and the famous vignette of beavers building a dam 
near Niagara Falls (figs. 2–3). As the beaver vignette was later 
reproduced in a map by Hermann Moll, Nicolas De Fer’s 
L’Amerique map is referred to as the “Original Beaver Map”. 
(Dahl, p.23) Though the engraving of the map is attributed 
to Hendrick Van Loon, the numerous decorative vignettes 
are believed to have been designed, etched and engraved by 
Nicolas Guerard. (Dahl, p.25) 
 Few of De Fer’s large wall maps have survived over time, 
and even fewer with the original cloth backing, dowels or 
accompanying text panels. The L’Amerique maps in LAC’s 
collection each consist of a title banner, two side text 
panels, a bottom text panel and the four central panels of 
the map. Each text panel is made up of two sheets of paper, 
totalling twelve sheets in all. Neither of LAC’s L’Amerique 
maps includes the original dowels once used for display. 
Unfortunately, tack holes and black paint along the outer 
edges of the 1739 edition, are the only remaining evidence 
that dowels had been attached. 

Presented at the Book and Paper Group Session, AIC’s 39th Annual 
Meeting, May 31–June 3, 2011, Philadelphia, Pennsylvania.

Fig. 1. LAC’s 1739 Edition of L’Amerique (R/1-2000/1739) under 
raking light, before treatment
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of the map. In addition to the acidic backing, there was over-
all cockling and an opaque substance had been generously 
applied to the tears and losses in the map and text panels (fig. 
4). The opaque had also been used to cover complete rows of 
text, which had been misaligned during past restoration. As a 
result, the substance would need to be removed to view the 
original text beneath. 

Text Panels
 Tenting was occurring between the left text panel and the 
central panels of the map. Examination of the area through 
transmitted light revealed evidence of a once overlapping 
margin, extending from the map panels onto the verso of the 
text panel (fig. 5). During past restoration, the left text panel 
was likely separated from the map by cutting between the 
panels, severing the overlapping margin in the process. As the 
margin was not replaced, tenting along this area was inevi-
table. In order to bring the area back into plane, the missing 
overlapping margin would have to be recreated.
 While examining the bottom text panel, conservators 
noticed that the title section of the panel was placed at the 
right and that the section on the left began in mid sentence. 
The two sections of the panel had been reversed during past 
restoration and would need to be returned to their original 
positions (fig. 6).
 Language had clearly presented difficulties during resto-
ration, as the text on all but one of the in-fills was Italian, 
though the language of the map and accompanying text 
panels is French (fig. 7). Though the Italian text had nothing 
to do with the map, the infills were considered part of the 
history of the object and some questioned their removal. The 
infills had been badly shaped, were covering original text and 
would therefore need to be completely removed to view the 

Fig. 4. An opaque substance had been applied to damaged areas of the 
text and paper

Fig. 5. Transmitted light shows evidence of a missing, overlapping 
margin, resulting in tenting between the panels

l e f t t o r i g h t

Fig. 2. The decorative 
vignette of a 17th century 
Newfoundland cod fishery

Fig. 3. The decorative 
vignette of Canadian beavers 
building a dam near Niagara 
Falls (Note the perfect 
ramps leading to the dam 
and the beavers walking 
upright while carrying mud 
on their tails)
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text beneath. In addition, text fragments seem to have been 
placed haphazardly throughout the map and text panels, as 
the fragments had nothing to do with the surrounding text. 
Determining the correct location of these fragments would 
require referral to the scanned edition of the L’Amerique map 
from the William L. Clements Library. 

Non-Original Components
 A decorative, marbled paper border framed the outer edges 
of the text panels. The border was a machine-made paper, 
clearly a much later addition to the map. No text or original 
information was covered by the marbled paper. Conservators 
met with the archivist and agreed that the marbled paper 
would be documented and removed to permit re-alignment 
and repair of the map and the text panels. Further decisions 
about returning the border to the map would be made at a 
later point in the treatment. 

Fig. 6. The two sections of bottom text panel had been reversed 
during past restoration

Title Banner
 Delamination was occurring along multiple tears in the 
title banner, revealing another layer of printed text beneath. 
When viewed with transmitted light, it was clear that the word 
Amerique had been cut from another source and pasted over-
top of the word Europe (fig. 8). Due to a loss in the paper, half 
of the letter ‘M’ in the word L’Amerique was missing, reveal-
ing part of the letter ‘U’ in the word Europe beneath. A line 
was drawn between the M and the U with handwriting ink, 
completing the letters and therefore disguising the loss (fig. 
9). The text style, ink and paper used in the word L’Amerique, 
appears to be identical to the rest of the title banner and was 
therefore considered authentic to the time period. Further 
investigation into the purpose of the layered title was there-
fore necessary before making treatment decisions.
 Conservators consulted LAC’s 1698 edition of de Fer’s 
L’Amerique Map and found similar cut edges around the word 
Amerique in that title banner. When viewed with transmitted 
light, the word Europe was visible beneath L’Amerique, just as it 
had been in the 1739 edition. To determine if only these two 

Fig. 7. Text infills were from a variety of sources and all but one was 
in Italian

Fig. 8. Transmitted light revealed the word Europe beneath 
L’Amerique

Fig. 9. The U in the word Europe below has become part of the letter 
M in the word L’Amerique
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substance. Pieces of the backing paper were kept, as the 
woven imprint in the adhesive was the only proof there had 
once been a cloth backing. Due to the extensive damage and 
the hand colouring, the backing on the central map panels 
was removed with the aid of a Laponite poultice for greater 
control of the humidification.
 The central panels were then safely washed on the suction 
table. Warm water was gently sprayed and dabbed through 
a layer of facing tissue to protect the watercolours (fig. 11). 
Once all the panels were washed, they were sized with a 
warm 1% solution of gelatine in water, applied by brushing 
through a layer of facing tissue. 

Infilling
 One method considered for infilling losses in the text 
panels, was to use the scanned copy to print the missing text 
and insert it into the loss areas. The intent was not to disguise 
the losses in the original, but rather to provide the missing 
textual information where possible. This proposed method 
of infilling raised many ethical concerns. In addition, it was 
extremely difficult to find an appropriate printing method for 
the infills. Following further consultation, the decision was 
made not to incorporate the missing text as infills but to find 
another means of including the missing information.
 The two sections of the right text panel were the least 
damaged of all the panels, allowing them to be leaf cast. All 
of the remaining panels were more heavily damaged, so the 
same leafcasting pulp was applied by hand (fig. 12). The wet 
pulp infills were blotted, partially dried and lined with a thin 
Japanese tissue, using wheat starch paste as an adhesive. Any 
overlapping margins which had been trimmed from the 
panels during past restoration, were re-created with the infill 
pulp and lining tissue. 

Reassembly and Lining of the Map
 Following infilling and drying, the center panels of the 
map were then re-assembled in order according to their 

editions had been altered, digital images of L’Amerique maps 
from other institutions were also examined. Conservators 
noted cut edges within the title areas of the digital images as 
well. The similarities among the various title banners could 
lead one to draw conclusions about their production, though 
further investigation would be required for certainty. As 
much of the text is the same in other title banners from the 
series, the printer likely took an already existing title banner 
from an earlier De Fer wall map, that of the Europe map in 
this case, and covered the word Europe with Amerique. This 
eliminated the need to engrave and print an entirely new title 
banner for the L’Amerique map, when only the location name 
needed changing. 
 
conservation treatment 
 
 Conservation treatment began with the humidification 
of the overlapping seam along the right side of the map (fig. 
10). The overlap was gradually lifted with a spatula, allowing 
the text panel to be safely cut from the map without damag-
ing the overlapping margin, as had occurred to the left text 
panel during past restoration. The right text panel was then 
separated into two sections. The remaining text panels were 
also removed and separated in the same manner. All the text 
panels were then pre-treated with alcohol, and immersed 
in water baths to aid in the backing removal. Light brush-
ing during bathing aided in the reduction of the opaque 

Fig. 10. Using steam on the overlap to allow safe separation of the 
text panels from the map

Fig. 11. Washing a central panel of the map on the suction table, 
through a layer of facing tissue
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overlapping margins. A complex, double-lining method was 
selected because of the overall size of the map, the multiple 
components requiring assembly and the necessity to control 
the dimensional changes during this part of the treatment.
 An oversized sheet of Terylene (also known as Dacron or 
sailcloth) was sprayed with water, and then pasted out with 
wheat starch paste. The Terylene was then transferred to the 
vertical light wall, used for work on oversized documents (fig. 
13). Sheets of Kizukishi paper were pasted out with wheat 
starch paste and added to the Terylene, rolling them with a 
brayer to remove any air bubbles. The sheets of Kizukishi 
were allowed to dry on the Terylene.
 The assembled and dried center panels of the map, were 
first humidified with a damp brush, then pasted out with 
wheat starch paste. Paste was also applied to the Kizukishi 
sheets already on the wall. The center panels of the map 
were then transferred to the light wall and rolled out with 
a brayer. The title and side text panels were added in the 
same manner, followed by the bottom text panel (fig. 14). 
Alignment of the panels was a result of extensive measure-
ment and photo documentation. Following discussions with 
the archivist, it was decided to return the marbled paper 
border to the map. Though the border was not originally 

Fig. 12. Applying pulp infills by hand to the more damaged areas.

part of the map, it was not obscuring any of the textual infor-
mation and could easily be removed if necessary. Once the 
map and text panels had been assembled on the light wall, 
the marbled paper border was added. 
 When dry, the Terylene sheet was peeled from the light 
wall and placed face down on the table (fig. 15). The Terylene 
was then separated from the verso, by carefully sliding hands 
between the Terylene and the thin Kizukishi paper of the first 
lining. To allow the map to return to its original dimensions, 
it was rehumidified prior to the second lining. With the map 
still face down on the table, sheets of Kurotani #52 were 
adhered to the verso of the first lining with wheat starch paste 
(fig. 16). Large margins of the Kurotani paper were pasted to 
the table, providing tension to the map while drying.

Inclusion of the Missing Text
 Instead of storing the Italian infills in some sort of an enve-
lope or sleeve, it was decided to give them a more active role. 
The infills were positioned on a sheet of Mylar, according to 

Fig. 13. A pasted-out sheet of Terylene being smoothed onto the glass 
surface of the light wall

Fig. 14. Assembling the map and text panels onto the first lining
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the map, the missing information has been printed from the 
scanned copy. The printed panels are now stored with the map 
as reference panels, making this L’Amerique map a much more 
complete source of information (fig. 18).
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their original locations, adhering them in place with Lascaux 
360HV. This Mylar ‘overlay’ can be placed onto the repaired 
text panel, to view the Italian infills in their previous locations 
(fig. 17). As the decision had been made not to print infills for 
the areas of text loss, the full text panels were printed from the 
scanned copy and included with the completed map in stor-
age. This was a much more sympathetic manner of including 
the missing textual information. 

conclusion

 The L’Amerique map has presented conservators with 
numerous challenges and ethical considerations. The delami-
nating title has given us further insight into De Fer’s production 
methods. The opportunity to consult another L’Amerique map 
during treatment has allowed conservators to correct damage 
from past restoration, which would not have been possible 
otherwise. Text and original elements of the map which were 
hidden, have now been uncovered. Though the textual infor-
mation missing from the loss areas was not re-introduced into 

Fig. 17. Mylar overlay with the old infills (left), the completed text 
panel (center), a printed copy of the scanned L’Amerique map from 
the Clements Library in Michigan (right)

Fig. 18. After Treatment photo of the 1739 edition of LAC’s 
L’Amerique map (R/1-2000/1739)

Fig. 15. Removal of the map, first lining and the Terylene from the 
light wall

Fig. 16. Applying the sheets of the second lining to the verso of the 
map
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 x Terylene ™ (also known in the U.S. as Dacron or sailcloth) 
A crease resistant, synthetic, polyester fabric used to make 
ropes, rain wear and sails. (polyethylene terephthalate, PET) 
Used in paper conservation as a temporary support during 
lining. Also used as a support in paintings conservation. 

 x Lascaux 360HV: A thermoplastic copolymer butyl-meth-
acrylate dispersion thickened with acrylic butyl-ester. Ex-
tremely elastic; the dry film remains permanently tacky. 
Water thinable, insoluble in water when dry. The adhesive 
has a pH of 8.9 and is bio stabilized.
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 x Laponite RD: (sodium magnesium lithium silicate) A high-
ly purified, synthetic, patented colloidal clay in the form of 
a white powder, which forms a clear gel when mixed with 
water. It has a pH of 9.8 at a 2% suspension. The gel has 
also been prepared using solvents, though the manufac-
turer has indicated that solvents cannot completely replace 
the water. To avoid leaving residue directly on the paper, 
Laponite can be applied to a barrier layer such as Reemay 
or a facing tissue. Used as a poultice in paper conservation 
for local humidification and softening of adhesives or in-
ground dirt. Available from various conservation material 
distributors.
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folding screens. The images are printed with black sumi ink 
onto thin to medium weight Japanese paper. One of prints and 
several backing papers had been defaced by crayon (figs. 1–2).
 This study presents tests for removing crayon on mockups 
using three different combinations of mechanical, solvent and 
wet treatment techniques. After these treatments, mockups 

Investigating Crayon Removal from Paper Based Japanese Prints

hsin-chen tsai

abstract

 This paper investigates solvents and techniques that could 
be applied towards removing crayon graffiti from a group of 
Munakata Shiko’s prints in the collection of the Museum 
of Fine Arts, Boston. The twelve prints to be treated were 
printed with black sumi ink1 on Japanese paper in the 1960’s. 
After the images were printed, they were mounted as a 
pair of folding screens, each with six prints with additional 
papers for the surround and backing. At some point, these 
works were defaced with graffiti. This graffiti was applied 
with crayon and it appears on one of the prints and three of 
the backing papers. 
 Before treatment could proceed, a number of tests using 
mockups were conducted to determine the best course of 
action. Different brands of crayons were tested. After using 
mechanical techniques to remove most of the crayon, four 
solvents: petroleum ether, toluene, mineral spirits and 
xylenes, which are located at the non-polar, wax area on the 
Teas-chart, were chosen for removing the graffiti. Test results 
show that toluene and xylenes have better solubility to crayon 
than other solvents; the use of mineral spirits resulted stains 
on the paper. These mockups were also examined using 
ultraviolet light, and in some cases fluorescent tide-lines 
were observed. Tide-line formation seems to depend upon 
how much crayon remained after mechanical cleaning and 
how the solvents evaporated. Taking into consideration the 
properties of Japanese paper, crayon and solvents, this paper 
also proposes three different techniques for solvent applica-
tion that will avoid tide-line formation.

introduction

 In 2001, twelve woodblock prints by Munakata Shikô 
(1903–1975), were acquired by Museum of Fine Arts, Boston. 
These woodblock prints were mounted as a pair of six-panel 

Presented at the Book and Paper Group Session, AIC’s 39th Annual 
Meeting, May 31–June 3, 2011, Philadelphia, Pennsylvania.

Fig. 1. Flesh crayon is located at the print on the left 6 panel

Fig. 2. Green crayon is located at the backing paper on the right 4 
panel
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 Comparison between the mockups and the graffiti found 
on prints R1, R3, R4, R5, R6, L1 and backing paper R2, R5 
shows that it might be made from yellow makers; graffiti 
found on print L6 and backing papers R4, L5 might be flesh 
and green colored crayons. 
 Analysis of the graffiti found on L6 and backing paper 
R4, L5 using transmitted light infrared micro spectroscopy 
indicates that they contain a hydro carbon wax similar to 
paraffin as a binder, titanium dioxide or kaolin clay as a filler, 
and colorants.

solvent selection

 Since analysis showed the crayon graffiti to contain paraffin 
as a binder, non-polar solvents were considered appropriate 
for removing it from the paper support. According to the 
Teas-chart, the area for wax (non-polar materials) is located at 
the lower right corner (fig. 7). Petroleum ether (fig. 8 number 
6), toluene (fig. 8 number 7) and xylenes (fig. 8 number 8) 
were chosen as appropriate solvents for removing crayon. 
Due to the toxicity of toluene and xylenes, mineral spirits 
(fig. 8 number 4) were also selected because it is located at 
the extreme non-polar corner. Mineral spirits could be mixed 
with another, less toxic solvent to approximate the solvency 
characteristics of xylenes and toluene. 

crayon removal tests

 Mockups emulating the conditions found on the works 
of art to be treated were prepared by woodblock print-
ing black sumi ink on a similar paper and lining these with 

were observed under normal and ultraviolet light in order to 
see if they caused tide-lines to form.

types of graffiti

 When viewed under the microscope the various strokes 
of crayon-like graffiti on the print and backing papers appear 
different. After spot tests using water, it was determined that 
some of graffiti was actually made by a water soluble marker-
like material. Table 1 lists the types of graffiti on the screens.
 When examined under the microscope, two different 
materials appear to have been used. They appeared similar 
to crayon and marker. Therefore, mockups using crayon and 
water soluble marker were prepared for comparison with the 
graffiti found on the screens. The yellow graffiti appears to 
be absorbed into the paper similarly to the marker mockup 
(figs. 3–4). The flesh, blue and green graffiti appear thick and 
chunky and it covers the printing and the paper in a manner 
similar to the crayon mockup (fi gs. 5–6). These images illus-figs. 5–6). These images illus-. These images illus-
trate the similar appearance between the mockups and graffiti. 

l e f t t o r i g h t

Fig. 3. Mockup of marker under microscope

Fig. 4. Graffiti on the panel L1 under 
microscope

Table 1. Graffiti are found on the screens

l e f t t o r i g h t

Fig. 5. Mockup of crayon under microscope

Fig. 6. Graffiti on the panel L6 under 
microscope



Tsai   Investigating Crayon Removal from Paper Based Japanese Prints 95

Solubility tests show wax-based crayon is soluble to 
slightly soluble in xylenes, 
toluene and mineral spirits. 
However, they are not as 
soluble as water is to the water soluble crayon. Solvents locat-
ed at the wax area on the Teas-chart were not able to dissolve 
large amounts of crayon. Therefore, most of the crayon had 
to be removed using mechanical cleaning methods before 
using solvent cleaning. Therefore a treatment using mechani-
cal and solvent techniques was explored. 
Since the crayon was thickly applied on top of the paper fibers, 
gentle pouncing with a kneaded eraser was able to remove 
most of it from the surface. A scalpel was also used to release 
additional crayon as required. After mechanical cleaning, 
most of the loose crayon was removed as seen in figures 9–10; 
but some crayon was still left and needed further treatment.
 Tide-lines were observed around the tested areas after 
using solvents indicating that some materials must have been 
dissolved from the crayon after testing. In addition, colorants 
were seen on the back of the paper, especially in areas free 
of printing. Therefore, obtaining acceptable cleaning results 
without causing tide-lines and dissolving colorants to the 
back of the paper would be desirable. Three techniques were 
carried out: 1. Small amounts of solvents were applied to 
the crayon from the front using cotton swabs. 2. The mock-
ups were bathed in water followed by brush applied solvent 
to the front and picking up the crayon with blotting paper 
squares; 3. Moistened the mockup with water and placed it 
face up onto the damp blotting paper, brush applied solvent 
to the front and picking up the crayon with blotting paper 
squares (fig. 11).

result and discussion

 The cleaning results are seen in figures 13, 15, and 17. 
In technique 1, treatment could be controlled by using a 
tiny swab with small amounts of solvent and changing the 
cotton frequently and there is no colorant or stain seen at the 
back after treatment. Basically swabs with solvents dissolved 
crayon and lifted it away at the same time preventing colorants 
from penetrating the paper. Technique 1 appears to have a fair 
cleaning result. Toluene or xylenes were more successful at 
removing crayon than petroleum ether or mineral spirits; use 
of mineral spirits resulted in the formation of haloes. 

two layers of Japanese paper to create a total thickness is 
0.22mm. Once created, four varieties of wax-based crayon4 

were applied in stokes onto them in a manner similar to that 
found on the works needing treatment. Additionally, two 
water soluble crayons5 were applied to mockups as described 
for the wax-based crayons. Comparison between the two 
allowed for observation of the effects of solvents on them. 
Solubility tests were undertaken using the following steps: 
application with a cotton swab, air drying, checking front 
and back. Table 2 shows the results for the tests conducted 
on these six types of crayon.

Fig. 7. Teas-chart; solubility-areas of common binding media2   

Fig. 8. Location of solvents in the Teas-chart3

Table 2. Solubility test results (×=insoluble, =slightly soluble,   
     =soluble,     = very soluble.) 

 
 
 Product/brand 

name  
 Water Petroleum 

ether 
Toluene Mineral 

Spirit 
Xylene 

1 NeoART-WS       
2 Neocolor-WS       
3 Sennelier  × ×    
4 Sakura  × ×    
5 Crayola  × ×    
6 Crayons  × ×    
 
 
  
 
 
	  

Fig. 9. Before mechanical cleaning
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Figs. 12–13. Before (left) and after (right) treatment of technique 1

Figs. 14–15. Before (left) and after (right) treatment of technique 2

Figs. 9–10. Before (left) and after (right) mechanical cleaning 

Fig. 11. Three techniques of crayon removal 

 
 

 
Technique 1 Technique 2 Technique 3 

	  
Technique 1                             Technique 2                                  Technique 3



Tsai   Investigating Crayon Removal from Paper Based Japanese Prints 97

conclusion

 Through tests of crayon removal on the mockups, investi-
gating conclusion is as following:

1. No solvent works perfectly. Although toluene and xylenes 
do dissolve crayon well, use of solvent needs to be com-
bine with either mechanical or wet treatment to achieve 
desirable results. 

2. Mineral spirits causes paper to stain and become transpar-
ent in the treated area. This result was seen when it was 
mixed with other solvents as a substitute for toluene and 
xylenes.

3. Technique 1 allowed the most control during treatment. 
A combination of the wet treatment as techniques 2 and 
3 did achieved better cleaning results. However, avoiding 
the formation of tide-lines is an important consideration if 
the technique 3 is to be used.

4. Crayon removal treatments using solvents shows a better 
cleaning result in areas of printing, because the printing 
acts as a barrier to solvents and dissolved colorants. In areas 
free of printing, cleaning is difficult and not as effective.

It is likely that the use of sumi containing an animal glue 
binder for printing in addition to the cross-linking between 
paper and this binder over time decreased its solubility to 
water which allowed for wet treatment to be considered as 
part of the treatment to remove the crayon. Techniques 2 and 
3 employed treatment with water. 
 The idea was to make use of the antipathy between polar/
water and non-polar/crayon and non-polar solvents to pre-
vent migration of the crayon into the paper. Technique 3 
introduced additional water by placing the mockup face-up 
on damp blotting paper to keep it moist. The results show 
that techniques 2 and 3 have a better cleaning effect than 
technique 1, especially technique 3 because the damp blotting 
paper kept the back of the mockups moist during treatment. 
This helped keep the solvent on the surface longer which 
aided in dissolving the crayon more efficiently. However, 
because the mockups were wet, it became difficult to control 
the amount of solvent used and the areas being treated.
 Observation under ultraviolet light reviews the amounts 
of crayons on the surface, Technique 1’s mockup showed 
more crayon remaining than the other mockups; technique 
2 and technique 3 have better results. However, a fluorescent 
tide-line was visible at the edge of techniques 3’s mockup 
where the damp blotting paper was. The additional moisture 
must have pushed the solvents along with the crayon causing 
a tide-line to form as the mockup dried.

Figs. 16–17. Before (left) and after (right) treatment of technique 3

ll

Figs. 18–20. Under ultraviolet light after treatment of technique 1 (left), technique 2 (middle), technique 3 (right)
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notes

1. A black ink composed of soot and animal glue.
2. Pietsch, Annik, Lösemittel, P172. 
3. Horie C.V., Materials for Conservation, p194
4. The crayon’s brands are Sennelier, Sakura, Crayola and Crayons.
5. The crayon’s brands are Caran D’Ache NeoART and Caran D’Ache 
NeocolorII.
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jodie utter

Romance Maker: The Watercolors of Charles Russell

abstract

 Analyses of Charles M. Russell (1864–1926) watercolor 
artists’ materials and techniques were undertaken using 
magnification, polarizing light microscopy (PLM), X-Ray 
Fluorescence (Tracer III XRF), Infrared Photography (IR) and 
ultra violet (UV) radiation. Russell’s pigments are identified, 
as well as shifts in his technique over the course of his career. 
A largely self taught, prolific artist Russell starts out with a 
crude talent that develops quickly. He abandons cowboy life 
and begins painting fulltime in 1893. He master’s transparent 
watercolor in the 1890’s peaking around 1898. His technique 
takes a major turn after a 1903/4 visit to New York City where 
he comes into contact with other professional artists—their 
work greatly affects his approach. After this visit he starts to 
work predominately in opaque watercolor. By the time of his 
death in 1926 he is one of the great American watercolor-
ists. Pigment samples were collected from Russell’s studio 
materials housed at the CM Russell Museum, the Britzman 
collection at the Gilcrease Museum and a paint tin belong-
ing to the National Cowboy and Western Heritage Museum. 
The Russell paint samples were compared to known historic 
paints to confirm and identify marked and unmarked paint 
pans within Russell’s studio materials. In addition, focus is 
given to the wide variety of high quality artists’ materials 
available on the Montana frontier in the late 19th and early 
20th centuries. 

JODIE UTTER
Conservator of Works on Paper
Amon Carter Museum of American Art
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loans, and their related budgets, in order to facilitate major 
treatments. Despite the fact that the MFA has the oldest 
institutional Asian painting conservation studio in the U.S., 
because of the size of the collection of more than 5000 paint-
ings, many have not been treated since arriving in Boston at 
the turn of the 20th century (fig. 1).
 The most prevalent formats for Japanese paintings are 
the hanging scroll and folding screen. Other formats include 
sliding doors, or fusuma, albums, handscrolls, fans, and even 
lanterns and banners. Japanese painting formats share a 
common kinetic characteristic, in that they are rolled, folded, 
or opened and closed regularly. The complex structures 
of these formats are designed to enable this handling, but 
damage naturally results over time even under the best of 
circumstances. This necessitates regular and comprehensive 
treatment for the preservation of these types of paintings. It 
also means that the mountings and other materials attached 
to the paintings are rarely original, because most Japanese 
paintings extant today have received some kind of major 
treatment in the past. 

How far do we go? 

Compensation and Mounting Choices in the Treatment of Japanese Paintings 

tanya t. uyeda

abstract

 Japanese paintings are usually executed on paper or silk, 
and mounted in a variety of formats such as hanging scrolls 
or folding screens. These paintings have often undergone 
multiple treatment campaigns prior to entering Western col-
lections, due to the fragility of the materials used, and the 
kinetic nature of their formats. In some instances, a past 
heavy-handed treatment has become, as a result of time, an 
integral part of the painting. Treatment with modern day 
methods may result in returning the object to a more authen-
tic and stable state, but it can also result in a drastic visual 
change. The “standards” for the removal of past infills and for 
loss compensation (including inpainting) of Japanese paint-
ings in U.S. collections differ from standards used in Japan, 
but is one more ethical than the other or are both in fact quite 
arbitrary?  Using specific examples of treatments from the 
Japanese collection at the Museum of Fine Arts, Boston, this 
presentation will explore the decision-making process behind 
the conservation and “remounting” of these complex works 
of art.  Issues to be discussed include: decisions regarding 
changes in format, methods of loss compensation, the re-use 
of detailed inpainting from previous treatments, choices of 
mounting silks and whether to reuse or replace a mounting.

introduction

 The current staff of the Asian Conservation studio at the 
MFA has a staff of 6 full-time conservators that specialize in 
all areas of Asian paintings and prints. Conservators work 
together as a team in the hands-on treatment, necessitated by 
the size and complexity of many of the objects. Because of 
the high cost associated with materials and treatment of this 
type of artwork, Asian Conservation studio staff work closely 
with curators and the museum administration in the plan-
ning of large MFA-organized touring exhibitions and other 

Presented at the Book and Paper Group Session, AIC’s 39th Annual 
Meeting, May 31–June 3, 2011, Philadelphia, Pennsylvania.

Fig. 1. Asian Conservation Studio at the Museum of Fine Arts, 
Boston
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 Because Japanese scrolls and screens are made up of com-
plex support layers applied to the painting and its mounting 
in specific configurations, conservation treatment entails 
rather invasive procedures of dismantling the painting (fig. 2), 
removal of linings and past infills and patches, application of 
new linings (fig. 3) and finally, remounting the painting into 
an appropriate format. The mounting of a Japanese painting 
is therefore physically and semi-permanently attached to the 
painting itself. The longevity and overall preservation of the 
painting is dependant on the materials and methods used to 
mount the painting into the appropriate format. The presen-
tation and integrity of the painting is wholly dependant on 
the appropriate choice of format and mounting. This balance 
between condition and aesthetic governs many of the treat-
ment choices, as the following examples will show.

format changes

 One of the unique characteristics of Japanese paintings 
is that they often undergo changes in format during their 
lifetime, for example changing from handscroll or album, to 
hanging scroll or screen, and sometimes back again.
 This example of a rare painting by the artist Suzuki 
Harunobu, better known for his woodblock prints (fig. 4), 
is one of only six known paintings by the artist, and came 
into the MFA collection on a framed panel. Exposure to air 
and light in this format has resulted in the extreme darkening 
of the painting silk, as well as abrasion of the color. Invasive 
techniques that involved trimming losses in the original silk 
into regular geometrical shapes for ease of infilling further 
disfigured the appearance. Research confirmed the suspicion 
that it once was a hanging scroll, and it was returned it to this 
format, using an antique kimono obi, or sash, silk for part of 
the mounting. As another example of a change in format, this 
pair of hanging scrolls (fig. 5) were once two fusuma, or slid-
ing door paintings from large Zen temple complex in Kyoto 
called Daitokuji. This theory was supported by museum 
documentation, and also from examination of the paper used 
for the painting, which is a type commonly used for screens 
and sliding doors, a short-fibered paper with a clay filler 
called maniai, and by the presence of repaired holes in areas 
of the painting where door pulls would have been inserted. 
Paintings of this kind were often remounted into hanging 
scroll format during the late 19th century for display in newly 
created museums in Japan, but this type of paper does not 
respond well to the rolled format and results in severe creas-
ing and cracking.
 Returning the paintings to a rigid door format was a posi-
tive step for the integrity of the paintings, as the continuity 
of the subject can better be seen without the border silks 
(fig. 6). The rigid format also resolved the creasing and 
cracking. Although the doors now take up much less display 
space, storage space needed to be adapted to accommodate 
the new flat format. 

Fig. 2. Dismantling a hanging scroll

Fig. 3. Applying new linings

Fig. 4. Before and after treatment, Suzuki Harunobu, Spring Outing 
on the Banks of the Sumida River, Japanese, Edo period, Meiwa era 
(1764–1772), hanging scroll, ink and color on silk, 32.7 x 54.8 cm, 
11.7355 William Sturgis Bigelow Collection, Museum of Fine Arts, 
Boston
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rolling and unrolling the scroll, the original is often worn 
away over time leaving only the silk patch.
 When the infill silk does not match the weave and weight 
of the original, the result is a textural mismatch that is visually 
displeasing (fig. 8). The area on the upper right is the result of 
a large area of silk applied as a patch, and the effect in the areas 
of overlap, as well as the mismatch in the weave, is distracting 
and structurally unstable. 
 On this 13th century Buddhist panel painting (fig. 9), a 
number of rectangular patches have been applied from the 
back and have pushed through to the front due to the ten-
sion of the panel mounting. The largest of these overlaps a 
large area of the demon figure in the middle. In the center of 

loss compensation

 Losses in silk paintings have in the past been treated with 
silk from other paintings, as is the case with this example from 
a 13th century set of paintings of the Buddha’s disciples, or 
arhats (fig. 7). Lacking the benefit of light tables, rayon release 
papers, and the added treatment time gained from the use of 
facing methods to support the painting during debacking, loss 
compensation in the past commonly involved the attachment 
of rectangular strips of painting silk to the back of the losses, 
often overlapping the original by a large margin. Because of 
the difference in physical strength between the older and 
newer painting silk, and because of abrasion resulting from 

Figs. 5. Before treatment, Kano Motonobu, Tartars Hunting, Japanese, 
Muromachi period, 16th century, pair of panels, ink, color and 
gold on paper, 170.8 x 95.9 cm, 11.4265, 11.4266 Fenollosa-Weld 
Collection, Museum of Fine Arts, Boston

Fig. 6. After Treatment 

Fig. 7. Example of rectangular silk patches, artist unknown, Sixteen 
Rakan (The Eighth Rakan), Japanese, Kamakura period, 13th century, 
panel, ink, color and gold on silk, 82.6 x 43.4 cm, 11.6198 William 
Sturgis Bigelow Collection, Museum of Fine Arts, Boston
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the silk, so that the infill material more closely matches the 
original in strength as well as appearance. Infill sections of silk 
are cut to match the loss perfectly, and the infill is dropped in, 
jigsaw-puzzle fashion, with no overlap, so that the original 
painting and losses are all on the same plane (fig. 11). Due to 
the high cost of this material, and the reliance on the generos-
ity of Japanese colleagues to share valuable stock, one of the 
ongoing projects at the MFA is to pursue alternative methods 
to irradiating silk in the U.S. 

keep or remove?

 Many older Japanese paintings have undergone multiple 
campaigns of treatment, and conservators are often confront-
ed by evidence of past treatments. The most visually obvious 
example is large sections of detailed inpainting. The quality of 
the inpainting, the value of its presence in the composition, as 
well as the estimated age of the infill all are factors discussed 
with the MFA curators prior to commencing treatment. This 
13th century painting of one of a set of four Deva kings (fig. 
12) is an unusual panel painting on silk, and as a result of its 
constant exposure in a temple setting, the support silk has 
deteriorated and discolored dramatically. The importance of 
the painting was evident however, in the more than four cam-
paigns of conservation treatment determined through initial 
examination. Each king is standing on a demon, and the face 
of this one is a complete recreation (fi g. 13). Following dis-fig. 13). Following dis-). Following dis-
cussions with the curator, it was decided to leave this infill in 
place, as its removal would create an unacceptable void in the 
face of the creature. 
 The use of certain combinations of materials in past 
conservation treatments sometimes creates the appear-
ance of features in a painting that are not original, but their 
removal results in a blank void. In this example (fig. 14), 
the proper left shoulder of the figure is missing, but it has 
been re-formed by a dark silk patch and heavily inpainted. 
This view (fig. 15) shows the same area from the reverse, 
with the paper linings and surrounding silk patches partially 

this patch is a grey loss, which is where the patch has failed 
and fallen away, taking whatever original was attached to it, 
and revealing the grey toned lining paper. In another area 
on the same painting, the inpainting of crucial feature, the 
eyes, has been done on top of a silk patch (fig. 10). These 
patches will be left in place to preserve the eyes, in spite of 
the mismatch of the weave. 
 As silk production and weaving technology developed in 
Japan, increasingly finer silks were produced. Older paintings 
therefore are often characterized by a coarser, looser weave 
of silk than later paintings and as a result there developed 
an enormous variety of weaves and weights of painting silks 
over time. The Asian Conservation studio at the MFA stocks 
a wide variety of painting silks for use in conservation treat-
ments. These silks are custom-woven in Japan, so the weave 
structure matches the original painting. The silk is then 
treated with electron beam emission radiation to deteriorate 

Fig. 8. Detail of a mismatched silk infill, artist unknown, Sixteen 
Rakan (The Seventh Rakan), Japanese, Kamakura period, 13th century, 
panel, ink, color and gold on silk, 82.6 x 43.4 cm, 11.6195 William 
Sturgis Bigelow Collection, Museum of Fine Arts, Boston

l e f t t o r i g h t

Fig. 9. Detail showing patches 
pushing through original from the 
reverse, Chomyo, Four Guardian Kings 
(Komokuten, the Guardian of the West), 
Japanese, Kamakura period, 13th 
century, one of a set of four panels, 
ink, color and gold on silk, 148.7 x 
72.3 cm, 11.4064 Fenollosa-Weld 
Collection, Museum of Fine Arts, 
Boston

Fig. 10. Detail, eyes inpainted on top 
of misaligned silk patch. See figure 9 
for artwork identificaiton



Uyeda   How far do we go? 105

Fig. 11. Detail of silk infilling technique. 

Fig. 12. Chomyo, Four Guardian Kings (Komokuten, the 
Guardian of the West). See figure 9 for artwork identification

Fig. 13. Detail, Demon face infill. See figure 9 for artwork 
identification

Fig. 14. Shoulder detail from the front, red line denotes edge of dark 
silk patch. See figure 9 for artwork identification

Fig. 15. Shoulder detail from the reverse, red lines denotes back of 
original ink lines, green line denotes edge of dark silk patch. See 
figure 9 for artwork identification
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Discussions with the curator led to the decision to reuse the 
infill (fig. 17).
 Since many Japanese hanging scrolls in the MFA collec-
tion were at some time in the past mounted onto panels, 
one of the priorities in treatment is to return a panelized 
hanging scroll painting back into a hanging scroll whenever 
possible. The hanging scroll format requires a more invasive 
level of treatment, however, due to the need to eliminate 
any overlaps or localized unevenness that can cause abra-
sion in rolling and unrolling the scroll.  In this example 
(fig. 18), returning this 14th century Buddhist painting 
mounted on a panel to a hanging scroll format had to be 
abandoned because removal of the detailed inpainting of the 
halo was deemed unacceptable. The area behind the head of 
this darkened painting has been lined almost entirely with 
one continuous section of silk, and then lined with an ink-
toned paper. This method of lining a silk painting with silk 
is not uncommon, and was often a pragmatic choice when 
treatment time was limited, and large losses needed to be 
compensated.  It is problematic, however, because adhesion 
between silk layers is not strong, and often compromises 
the stability of the weaker original silk. Therefore it is not a 
method used in current treatments, and whenever possible 
it is replaced with the previously mentioned silk infilling 

removed. With the removal of the dark patch and the sur-
rounding brown patches, the result will be a large blank area. 
The curator agreed in this case that this was an acceptable 
option to leaving the heavily inpainted infill with the specu-
lative shape. New lines or other details will not be added, 
and the whole area will be toned to an unobtrusive back-
ground color. 
 This is an example of the reuse of a finely detailed past 
infill. The top center section of this 14th century mandala 
painting (fig. 16) has the depiction of a tiny Buddha figure, 
which was determined to be a later addition to compen-
sate a large loss in all but the head and chest of the figure. 

Fig. 16. Overall image, before treatment (left) and after treatment 
(right), artist unknown, Sonsho Mandala, Japanese, Kamakura period, 
14th century, hanging scroll, ink, color, and gold on silk, 90.6 x 56.7 
cm, 05.200 Special Chinese and Japanese Fund, Museum of Fine 
Arts, Boston

Fig. 17. Detail showing Buddha figure without old infill (upper left) 
and with the infill replaced (lower right). See figure 16 for artwork 
identification

Fig. 18. Detail of upper section of figure, silk lining extends from the 
top of the painting to just above the shoulders of the figure, anony-
mous, Miroku, the Buddha of the Future, and Two Attendants, Japanese, 
Kamakura period, 13th century, panel, ink and color on silk, 110 x 
56.1 cm, 06.1903 Special Chinese and Japanese Fund, Museum of 
Fine Arts, Boston
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treatment, so it was carefully removed (fig. 23). Curators 
and conservators all agreed that this unusual choice of color 
had a significant impact on the overall appearance of the 
painting, perhaps suggestive of a nighttime setting for the 
subject, and concluded that it must have been a deliberate 
choice. It was decided to replace the lining with a similarly 
toned blue paper. 

techniques and paper linings. This treatment was compli-
cated by the fact that significant sections of the halo were 
inpainted on top of the large section of infill silk. Partial 
removal of this large piece of silk might have compromised 
the many tiny, fragile islands of original silk adhered to it, if 
the attempt were made to preserve only the inpainted sec-
tions. In the opinion of the conservators, removal of the 
large infill with the inpainted lines was acceptable because 
enough of the original line remained to enable the viewer to 
discern the more oblong shape of the original halo (fig. 19). 
However, the curator was not comfortable with the loss of 
the existing, albeit recreated line. Because the large areas of 
overlap would have been detrimental to the stability of the 
painting in scroll format, the large infill section as well as the 
paper linings were left intact, and the painting was mounted 
onto a panel once again.

toned linings

 Another issue with this same painting is the extremely 
darkened appearance resulting from the application of a dark 
black/blue lining. One of the advantages of comprehensive 
conservation treatment is the opportunity to replace heavy, 
dark linings with one of a lighter, more complementary tone. 
The color of the paper lining that is first applied to a silk paint-
ing is one of the most important, and often overlooked, factors 
in the appearance of a Japanese painting. Because silk naturally 
discolors over time, and because of the fragmented nature of 
many older silk paintings, the color and tone of the new lining 
can greatly affect the appearance of the painting. This is an 
example of the extreme visual impact of a pale lining on a 
heavily damaged silk painting (fig. 20). This is an example of 
a more sympathetic color choice for a lining, in this image of 
a 14th century Buddhist painting after lining, partially infilled 
with silk, and prior to inpainting (fig. 21). 
 Occasionally, linings are toned with unusual colors. This 
is an example of an 18th century painting lined with a dark 
indigo-toned paper (fig. 22). Delamination of this lining 
from the silk painting was one of the major reasons for 

Fig. 19. Halo of the 
figure, red lines denote 
position of original 
halo, yellow lines 
indicate position of 
inpainted halo. See 
figure 18 for artwork 
identification

Fig. 20. Example of strong visual impact of a pale lining on a dark-
ened, heavily damaged silk painting, formerly attributed to, Kano 
Takanobu, Battle Scenes, Japanese, Edo period, first half of the 17th 
century, 61.4 x 45.6 cm, 11.4244 Fenollosa-Weld Collection, Museum 
of Fine Arts, Boston

Fig. 21. Example of a toned lining, partially infilled and before 
inpainting, Artist Unknown, Miroku, the Buddha of the Future, Japanese, 
Kamakura-Nanbokucho period, 14th century, hanging scroll, ink, 
color, and gold on silk, 113.5 x 57.3 cm, 1980.466 Gift of Mr. and 
Mrs. Wilbur D. Canaday, Museum of Fine Arts, Boston
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topmost talon is a past recreation, but this was also kept in 
the interest of preserving the totality of the composition. The 
blank infill area above the talon was replaced with a more sym-
pathetic paper choice and tone (fig. 25). The result of these 
choices is shown in figure 26. In order to assist the curator in 
visualizing the different options for this treatment, many dif-
ferent tones of patch papers were prepared. Presenting these 
against the original painting aided discussions regarding which 
areas to preserve and which areas to remove (fig. 27).

selective reuse of old infills

 This next example combines several of the issues previous-
ly mentioned, such as format change and replacing or keeping 
old infills. This is a set of 8 fusuma sliding door paintings on 
paper, dating to the 18th century, that came into the MFA 
collection joined in pairs, and with a canvas border similar to 
what is sometimes used to line maps and other large paper 
objects in Western paper conservation (fig. 24).
 The primary goal of the treatment was to divide the joined 
sections back into individual fusuma, and to mount them on 
newly made panels. Treatment also provided the opportunity 
to address areas of past inpainting. Some large patches had 
been taken from sections of another painting and included 
extraneous brushwork that did not blend with the original 
composition. Other losses had been inpainted with ink of a 
different tone and gloss from the original and did not match. 
Further, the curator agreed that in some areas the brush 
strokes were significantly weaker than the original, making 
it difficult to appreciate the strength of the original composi-
tion. Extensive discussions were necessary to resolve concern 
over the retention or removal of specific inpainted lines in the 
interest of preserving continuity of the composition.
 In the lower left corner of the second panel, for instance, 
the brushstrokes under the claw are not original, and were 
painted on a large infill. It was thought that the weakness of 
these strokes distracted from the power of the sweeping curve 
above the claw, and the curator wanted it removed. However 
the curator wanted the outline of the “palm” of the claw 
preserved, including inpainted sections, which involved trim-
ming the infill along the ink line. Likewise, a large part of the 

Fig. 24. Before treatment, Soga Shohaku, Dragon and Clouds, Japanese, 
Edo period, 1763, set of eight panels, ink on paper, 169.7 x 139.1 x 1.9 
cm, 11.7040.1, 11.7040.2; 11.7041.1, 11.7041.2; 11.7042.1, 11.7042.2; 
11.7043.1, 11.7043.2 William Sturgis Bigelow Collection, Museum of 
Fine Arts, Boston

l e f t t o r i g h t

Fig. 22. Detail to show tone of lining through silk (right), and overall image after treatment (left), Keisai Eisen, Geisha, Japanese, Edo period, 
about Tenpo 3–5 (1832–1834), hanging scroll, ink and color on silk, 103.6 x 41.1 cm, 11.4662 William Sturgis Bigelow Collection, Museum of 
Fine Arts, Boston 

Fig. 23. Removal of blue fibers of first lining from the reverse of painting. See figure 22 for artwork identification
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This case-by-case evaluation of what areas of past treat-
ment to retain and remove differs from the current Japanese 
standards for conservation treatment of government desig-
nated paintings, which requires that all non-original elements 
of a painting be removed, and losses toned to a pale brown 
color with no attempt to match the surrounding area.

mounting choices 

 The choice of an appropriate scroll mounting for a 
Japanese hanging scroll is determined first by the period 
and subject matter of the painting. A 14th century Buddhist 
painting is mounted in a very different style from an 18th 
century painting of a courtesan, or a 15th century ink land-
scape painting. Although there are many guidelines, such as 
certain textile patterns and mounting proportions associated 
with specific genres of painting, conservators today also place 
equal importance on a mounting that complements the paint-
ing. Therefore by its very nature the selection process is highly 
subjective. It is also important to reiterate that the existence of 
a truly original scroll mounting is very rare, given that most 
Japanese paintings have been remounted and conserved at 
least once in their lifetime, and usually more often.
 At the MFA, the overall mounting “style” of the collection 
is characterized by the fact that a large percentage of the paint-
ings have not been remounted since arriving in Boston more 
than a hundred years ago.  In contrast, a majority of compa-
rable paintings in Japanese collections have been remounted 
at least once, and more likely 2 or 3 times during the same 
time period. As scrolls are remounted, they often take on the 
fashion of the time in which they are treated. Many of the 
paintings at the MFA appear to have been remounted just 
prior to departing Japan, and these mountings have silks and 
combinations of patterns available and popular during the 
turn of the 20th century. These mountings may not always 
complement the painting, and most certainly postdate the 
artwork. However, because this time period, the late 19th 
century, is significant to the MFA and the origins of its 
Japanese collection, consideration must be given to whether a 
mounting on a particular painting has value as a kind of time 
capsule. Some paintings have much older mountings that 
also can be worth preserving. Conservators therefore first try 
to assess if the current mounting on a scroll is appropriate, 
complementary and useable.
 This 13th century painting (fig. 28) had a complementary 
selection of quality fabrics dating back to at least the 18th 
century for its mounting, and although worn and somewhat 
soiled, it blended nicely with the worn, somewhat soiled 
painting. Conservators decided choices from the museum 
stock could not improve the mounting in this case, and chose 
to reuse all the silks.
 This is one of a pair of 15th century ink paintings of hawks 
(fig. 29). Although the overall appearance of the old mounting 

Fig. 25. First two panels, before treatment (left), red boxes denote 
areas modified during treatment. See figure 24 for artwork 
identification

Fig. 27. Presentation of patch samples during consultation with 
curator

Fig. 26. First two panels, after treatment. See figure 24 for artwork 
identification
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because one of the three paintings, Women and Maple, was 
cropped and significantly darker than the others, suggesting 
it had at some point been separated from the other two.  
Conservators chose to approximate the simple appearance of 
the monochrome paper mounting using an unpatterned silk, 
upgraded with a finely woven gold brocade for the top and 
bottom border and highlighted with gold-toned fabric accent 
lines throughout (fig. 31).
 The final two examples show mounting choices in the 
treatment of two 18th century paintings. Ongoing research by 
this author suggests that greater freedom in types of textiles 
used and the combinations thereof characterizes mounting 

complemented the painting in style as well as motif, due to the 
condition of one of the sections, together with the desire to 
expand the dimensions of the vertical borders for preservation 
reasons, conservators chose to replace the mounting with 
silks of similar patterns and colors. Silk fabrics are hand-dyed 
and toned in the studio using synthetic and natural dyes to 
adapt them to each individual painting.

This triptych of 18th century beauties was mounted in a 
paper mount, which was often the first mounting choice for 
this time period in order to put the paintings into a convenient 
format for sale (fig. 30). The paper mounting was in poor 
condition, and determined not to be an original mounting 

Fig. 28. Before Treatment (left) and After Treatment (right), artist 
unknown, inscribed by, Osen Keisan, Budai (Hotei), Japanese, 
Muromachi period, dated 1479, hanging scroll, ink and color on 
paper, 61.4 x 45.6 cm; 11.4244 Fenollosa-Weld Collection, Museum 
of Fine Arts, Boston

Fig. 29. Before Treatment (left) and After Treatment (right), Soga 
Nichokuan, Hawks, Japanese, Edo period, 17th century, one of a pair 
of hanging scrolls, ink on paper, 116.2 x 54.8 cm, 11.6904, 11.6905 
Fenollosa-Weld Collection, Museum of Fine Arts, Boston

Fig. 30. Before Treatment, Chobunsai Eishi, Inscribed by: Ota 
Nanpo, Women and Willow, Women with Cherry, Women with Maple, 
Japanese, Edo period, Kyowa era (1801–1804) to first half of Bunka 
(1804–1818) era, triptych of hanging scrolls, ink and color on silk, 
95.3 x 32.8 cm, 11.7946, 11.7956, 11.7962 William Sturgis Bigelow 
Collection, Museum of Fine Arts, Boston

Fig. 31. After Treatment. See figure 30 for artwork identification
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opens the painting, highlighting the many colors and drama 
of the composition. 
 The final painting in this discussion is of a rustic country 
beauty by the well-known artist Katsushika Hokusai (fig. 33). 
The mounting of poor quality, 19th century silks was badly 
degraded and did not complement the painting. In keeping 
with the simple, rustic look of the image, a slightly unusual 
combination of a roughly woven beige unpatterned silk for 
the top and bottom section, a plaid-patterned silk for the 
central surround, and a printed cotton chintz for the top and 
bottom narrow horizontal borders was chosen. It is common 
for the top and bottom horizontal borders to be reserved for 
the most valuable textile in a mounting, due to its proximity to 
the painting. This type of cotton chintz, even though it is not 
silk, was a type of fabric highly valued during the time period 
of the painting subject. This chintz was painstakingly salvaged 
from museum stock of textile scraps, lined with paper, and 
used for this border and matching hanging futai strips.
 These are just a few examples of many complex discus-
sions regarding loss compensation and mounting of Japanese 
paintings. 
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styles of the Japanese Edo period, in keeping with the overall 
flourishing of the arts and concern with fashion. This 18th 
century painting depicting a dancer was mounted in fabrics 
that looked to be from the late 19th century, but the dark 
heavy borders constricted the vibrant appearance and dyna-
mism of the subject (fig. 32). Given the strength of the image, 
however, finding a complementary alternative from museum 
stock proved challenging. Many long weeks of discussions 
and dye tests resulted in the new mounting, which visually 

Fig. 32. Before Treatment (left) and After Treatment (right), 
Katsukawa Shunsho, Shakkyo,the Lion dance, Japanese, Edo period, 
Tenmei 7–8 (1787–1788), hanging scroll, ink and color on silk, 82.5 
x 32.5 cm, 11.7762 William Sturgis Bigelow Collection, Museum of 
Fine Arts, Boston

Fig. 33. Before Treatment (left) and After Treatment (right), 
Katsushika Hokusai, Woman from Ohara Carrying Bundles of Firewood, 
Japanese, Edo period, late Bunka (1804–1818) or early Bunsei 
(1818–1830) era, hanging scroll, ink and color on silk, 90.7 x 33.5 cm, 
11.7432 William Sturgis Bigelow Collection, Museum of Fine Arts, 
Boston
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marion verborg

Light Bleaching: Scientific Investigation of Various Effects 

on Different Properties of Several Old Papers

abstract

 The light bleaching is an aesthetic treatment used in the 
field of paper conservation. Its efficiency, measured by the 
increase of brightness in the paper, has been quite extensively 
studied but the actual chemical mechanism of light bleaching 
in relation to paper fibers has not been elucidated in most of 
the literature. In the theoretical part of this study, the author 
recounts the chemical reactions occurring in the paper during 
light exposure. In the experimental part, the effects of light 
bleaching were demonstrated in terms of the chemical and 
mechanical properties of various papers. Six different kinds 
of papers were chosen for the study, and characterized by 
means of microscopic observation and various spot testing.  
Then, each paper was cut into multiple samples and submit-
ted to different treatment conditions to compare the action of 
each treatment on the studied properties (figs.1–2): washed 
in ambient light, immersed in water in the dark, exposed to 
high-intensity light in a dry condition, immersed in water and 
exposed to high-intensity light. Control and treated samples 
were measured for their optical properties by measuring the 
brightness with a spectrophotometer; the mechanical proper-
ties by testing the tensile strength (O-SPAN Test); acidity by 
evaluating the pH; and the condition of the fibers by measur-
ing the degree of polymerization by viscosimetry. All these 
measurements and tests were repeated after artificial thermal 
aging to appreciate the effects on the long term as well.  
 On the short term effect, light bleaching in water immer-
sion neither brightened nor darkened the lignin-containing 
paper even after four hours of exposure. On the other hand, it 
increased the brightness of all the non-lignin papers whether 
the paper is made of woodpulp or rag/cotton. For some paper, 
the bleaching treatment decreased the strength of the paper 
and the degree of polymerization soon after the treatment. 
The pH was not significantly changed by the light bleaching 

Presented at the Book and Paper Group Session, AIC’s 39th Annual 
Meeting, May 31–June 3, 2011, Philadelphia, Pennsylvania.

Fig. 1. Metal Halide Lamp used for indoor light bleaching

Fig. 2. Samples exposed to light during the research project
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treatment. On the long term effect, rag/cotton paper showed 
the least color reversion compared to other kinds of paper.  
 In conclusion, it is obvious that most often, a simple 
bath or a deacidification treatment can considerably reduce 
the yellowing without being negative for the fibers. Even 
though it is difficult to make general observations since the 
behavior of each paper is different, it can be said that the 
light bleaching treatment may have negative consequences 
and the decision to apply it should be taken seriously with 
the respect of its effects and potential damages on the paper 
fibers. Understanding the intricacy of light bleaching and 
the positive and negative effects on various papers may lead 
conservators to implement the procedure for individualized 
cases. The decision making for light bleaching should be 
based on each conservator’s ethical and technical judgment.    
 A full-text publication of the research project and its 
results is pending.

MARION VERBORG
Paper Conservation Fellow 
Conservation Center for Art and Historic Artifacts
Philadelphia, Pennsylvania
marion.verborg@gmail.com
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This open discussion took place during  AIC’s 39th Annual Meeting, 
Philadelphia, PA. The moderators organized the panelists, led the dis-
cussion, and recorded notes. Readers are reminded that the modera-
tors do not necessarily endorse all the comments recorded and that al-
though every effort was made to record proceedings accurately, further 
evaluation or research is advised before putting treatment observations 
into practice.

further information and resources and ended with a question 
and answer session. A summary of each presentation and the 
resultant discussion are provided below.

ANDREA KNOWLTON
grappling with treatment decisions for large-scale 
digitization of archival materials

abstract

 With only two conservators serving a collection of over 
500,000 rare books and more than 20 million manuscripts, 
the conservators at UNC-Chapel Hill’s Wilson Library 
have always had to make difficult decisions about treatment 
priorities. As technology shifts modes of access and curatorial 
priorities change, expectations for conservation treatment in 
a research library are changing. Over the past two years, the 
digitization model in Wilson Library has begun to shift from 
curated, grant-funded projects to large-scale digitization of 
entire collections integrated into normal library operations. 
In 2009, the Southern Historical Collection at Wilson 
established a new program with the aim of digitizing all of 
its 16 million manuscripts. We struggled to come up with a 
treatment approach that would allow us to adequately prepare 
large numbers of materials for digitization. Ultimately, in 
the context of digitization, we have come to accept a very 
minimal approach to the treatment of archival collections. 
Turning to the Code of Ethics to evaluate our decisions, we 
believe we can reconcile this approach with our professional 
obligations and still meet the needs of the 21st-century 
research institution. At the same time, this has required a 
shift in our understanding of our role as conservators.

introduction

 The Special Collections Conservation Lab at the University 
of North Carolina at Chapel Hill serves five collections, all 
housed in Wilson Library, including the Southern Historical 

laura o’brien miller and melissa tedone
discussion group co-chairs

Archives Conservation Discussion Group 2011:

Digitization and Its Effect on Conservation Treatment Decisions: 

How Has Wide-Spread Digitizing of Collections Changed 

Our Approach to Treatment?

abstract

 In line with this year’s AIC theme: ETHOS, LOGOS, 
PATHOS: ethical principles and critical thinking in con-
servation, The Archives Conservation Discussion Group 
2011 examined the impact of providing digital collections in 
museums and libraries, and their conservation implications. 
Presentations and a subsequent discussion covered topics such 
as: How conservators are balancing ethical concerns, espe-
cially as dictated by the AIC Code of Ethics, with increased 
demand from digital projects. How conservators are keeping 
pace with large-scale or fast-paced digitizing projects, while 
maintaining standards. And the impact of limiting access to 
original materials by providing digital surrogates and its effect 
on treatment decisions.

introduction

 The 2011 Archives Conservation Discussion Group 
(ACDG) met in Philadelphia on Thursday, June 2, to discuss 
the role of conservation in digital projects. Given the scale and 
pace of today’s digital projects, it is a complex challenge for 
conservators to keep up with even basic stabilization of materi-
als while maintaining quality standards. Participants discussed 
adaptive stabilization techniques for a range of materials and 
outlined preventative measures for safe handling throughout 
the process. The co-chairs for ACDG invited five conservators 
working on very different projects from various institutions 
to share their experiences. The speakers covered a broad 
range of challenges and solutions. In addition to their pre-
sentations, some of the participants provided handouts with 
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this was a brave new world, and it was clear our approach to 
pre-scanning stabilization would have to change.

treatment approach for large-scale 
digitization

 As we worked through how and when we would be 
involved and the degree of stabilization we would undertake, 
we noticed that some of our own preconceptions about what 
conservation is and what conservators do would need to be 
reconsidered. Our self-questioning was also shaped by our 
awareness of common practices in other institutions and per-
spectives we had seen in the literature. 
 The scale of the program was our first stumbling block. 
Conservators are detail people. When thematic digitization 
projects featuring a group of selected items was the norm, 
many conservators, including us, have taken the approach of 
examining all items before, and sometimes again after, digi-
tization. As digitization scales up, this is simply not possible. 
Since curatorial staff go through collections in detail to col-
lect other kinds of information for the scanning workflow, 
we see no reason to duplicate these efforts. Instead, we have 
trained staff to identify items in need of conservation before 
scanning, erring on the side of sending too much rather than 
too little. Any folders with items in need of repair are sent to 
the Conservation Lab, several boxes at a time, in an ongoing 
workflow devoted to the Trickle. 
 We weren’t sure at first how well this process would work. 
For past digital projects, we have always completed quick, 
informal surveys of the proposed collections ourselves since 
it does generally require a conservator’s eye to estimate treat-
ment timelines. But for an ongoing program like the Trickle, 
the process has worked remarkably well. Collections with 
significant conservation needs can simply be pushed back in 
the scanning queue until treatment is complete.
 Once the materials were in the lab, we had to develop a 
feasible range of treatment that would work for the kinds of 
materials we typically see in SHC collections, including man-
uscript letters from the 18th to 20th centuries, typescripts, 
oversized documents (like indentures), ledger bindings, and 
journals, to name a few.
 We first considered the influence of our scanning set up. 
All scanning is completed in-house in our Digital Production 
Center (DPC) using two Zeutschel overhead scanners. I 
personally train all new scanning technicians in safe handling 
of special collections and in the identification of potential 
problems that could arise with digitization. Because of the 
lab’s proximity to the DPC, we are also able to maintain a 
close, on-call relationship with the scanners in the event that 
questions come up during scanning. Although we have heard 
the idea that scanning technicians cannot be trained to be 
adequately careful, this has not been our experience.

Collection (SHC), a large archival collection comprised of 
nearly 16 million unique primary sources. With just two con-
servators to meet the conservation needs of all of the special 
collections, we have always had to make difficult decisions 
about where best to utilize limited resources. The complexity 
of these decisions has been compounded by the demands of a 
growing digitization program.
 In 2009, following a two-year Mellon-funded study of 
scholar and patron needs, the Southern Historical Collection 
launched the Digital SHC. This initiative was conceived as 
a new, ongoing program to be integrated into normal library 
operations—not a stand-alone project. The long-term goal 
is to digitize all 16 million items in the collection and make 
them accessible online. To achieve this, individual collections 
in the SHC are digitized in their entirety, with images linked 
through the online finding aids. To date, approximately 
170,000 items have been scanned for the Digital SHC. This 
program is affectionately known as the “Trickle”, which rep-
resents the continuous nature of the digitization stream. 
 The large-scale approach of the Digital SHC mirrors a 
growing trend in special collections. Digitization efforts are 
shifting from highly curated digital projects, often funded by 
grants, towards large-scale digitization of entire collections, 
emphasizing access through dramatic increases in quantity. 
Numerous recent publications highlight this shift. A recent 
OCLC report titled “Taking our Pulse: The OCLC Research 
Survey of Special Collections and Archives” includes the 
development of new models for large-scale digitization as one 
of thirteen essential actions to transform special collections in 
this time of changing technology and scholarship. A second 
report, “Rapid Capture: Faster Throughput in Digitization 
of Special Collections,” promotes methods to increase both 
the speed and scale of digitization. It seems this trend is only 
likely to increase, and may play an integral role in the con-
tinuing relevancy of special collections.
 For any conservation lab, a large-scale approach poses 
numerous challenges, and perhaps even more so when a 
project becomes a program, as in the case of the Digital SHC. 
Grant-funded projects offer the opportunity for funding to 
support project conservators or technicians. With today’s 
tightening budgets, additional conservation staffing to sup-
port a new digital program is often not possible. Also unlike 
a thematic project, when the goal is to digitize collections in 
their entirety, we cannot ask curators to consider a substitute 
if a selected item is too fragile to scan. 
 As scanning was to begin for the Digital SHC, we were 
suddenly faced with the question of how to deal with boxes 
and boxes of materials with potentially significant conservation 
needs prior to scanning. The Trickle suddenly felt like a flood, 
and it was clear that the Conservation Lab had the potential 
to be a major bottleneck in the operation. Although we have a 
strong history of project-based digitization in Wilson Library, 
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 Ultimately these factors led us to adopt a very minimal 
approach to stabilization with a basic goal of ensuring safe 
handling and legibility. Most of the work is carried out by stu-
dent assistants working under the supervision and guidance 
of the two conservators. Individual items are surface-cleaned 
only if the dirt obscures text or has the potential to rub off 
on hands or equipment. Only tears that are likely to become 
worse with handling are repaired. We roughly define this as 
tears greater than 2 cm in length, along folds, or extending 
into the text or image area.
 In a 2003 article, Helen Lindsay of the London 
Metropolitan Archives describes treatment for “once only” 
handling by a scanner, which closely resembles our approach. 
Essentially we are only doing enough repair to allow a scan-
ning technician to safely place an item on the bed of the 
scanner and return it to the folder. This is a bit of a moving 
target, and varies with the type of paper and location of the 
tears. But when working from this perspective, fewer and 
fewer repairs really seem necessary to protect the integrity 
of the page. The result is that we are now doing far fewer 
repairs than when the program began, and many items leave 
the lab with some tears still in place. We do, however, try 
to strike an appropriate balance so that scanners can work 
safely at a reasonable speed without having to take extreme 
measures for damaged documents. More than any other 
issue, the question of what to repair has required a significant 
adjustment in our thinking and expectations and has been a 
catalyst to thinking about our changing landscape. 
 We have seen numerous references in the literature from 
both the conservation and library communities to what 
appears to be a widely held belief that digitization of a collec-
tion increases requests for its use in the reading room. Some 
conservators have argued that we need to treat items that will 
be digitized not just for scanning, but with this increased use 
in mind. In our institution, we have not seen evidence to link 
digitization with increased use onsite. If digitized collections 
do come through the reading room and are found to be too 
fragile to use, we can address conservation needs through 
other existing workflows.
 For the average document, repair takes only a few min-
utes per page. Of course there will always be some items that 
require more complex repair, such as an 18th century inden-
ture received in small pieces (figs. 1–2). Such items require 
significantly more time, and treatment may be carried out by 
one of the conservators, although the example shown here 
was repaired by a student. 
 Other than basic page repair, there are several typical prob-
lems that we encounter time and again in these collections, 
and over time we have adopted practices that streamline 
preparation. Extremely brittle items and those with extensive 
losses due to mold, insect, or iron gall ink damage are housed 
in Mylar and scanned in the sleeve. 
  

Fig. 1. Before Treatment: 18th century indenture

Fig. 2. After Treatment: Indenture stabilized for digitization

Fig. 3. Documents with attachments often require special instruction 
to the scanning technician
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 In the context of this project, we typically do not remove 
pressure-sensitive tape. We might remove previous repairs 
of other kinds, like glassine tape for example, if they can be 
easily removed, and if they obscure image or text or compli-
cate repair due to misalignment.
 Because of this minimal approach, many of the documents 
post-stabilization do not look like objects that have just under-
gone treatment. Of course we all know that treatment does 
not always improve the aesthetics of an item, particularly for 
archival collections, and we can expect stabilization to do even 
less. Initially, we grappled with a sense of embarrassment that 
having such images on our website would be seen as a reflec-
tion of our care for the collections. But more significantly, I 
believe this also touches on a deeper issue. 
 Very minimal, partial repair is not what our conserva-
tion training prepared us to do. We took this approach of 
“least possible” stabilization for digitization somewhat out of 
necessity and desperation, and initially it felt wrong. Was this 
an issue of conservation changing with the times, or being 
pushed onward and downward?
 We turned to AIC’s Code of Ethics and Guidelines for Practice 
to examine our decisions. Many sections of the code, guide-
lines, and commentaries touched on some aspect of our 
approach to conservation for the Digital SHC program, but 
Commentary 20 on preventive conservation, Commentary 
21 on the suitability of treatment, and the commentaries 
related to documentation provided the most insight as we 
examined the procedures we had put in place. 
 It is clear from what I have described that we have estab-
lished a strong preventive conservation component to the 
Digital SHC program that easily meets the requirements 
for the development of policies and procedures for the safe 
handling and use of collections outlined in Guideline 20 
on preventive conservation. We have played an active role 
in training curatorial and scanning staff, and we regularly 
advise on appropriate digitization workflows and suitable 
scanning equipment.
 Many of the special practices described in the commentar-
ies to Guidelines 24–28 on documentation relate directly to 
the kind of mass treatment of similar items that we are doing 
for the digitization program. We meet the requirements by 
maintaining basic documentation for all treatment completed 
as part of the Trickle workflow, including a group treatment 
proposal approved by the curatorial liaison and a record of 
treatment and materials used for each individual collection. 
Any variation from the routine is documented. If individual 
items call for treatment beyond the established procedure, we 
consult with the liaison and produce additional documenta-
tion if warranted by further treatment.
 Guideline 21, which addresses suitability of treatment, 
recognizes that conservators work within a broad continuum 
of care and must consider a range of factors for any treatment, 
including available resources and institutional priorities. 

For complex items, such as indentures or legal documents 
with multiple layers or attachments that cannot or should not 
be separated, we rely upon extra instruction to the scanning 
technician to ensure the image is captured without incurring 
damage (fig. 3). 
 We are very fortunate that most of the bound volumes 
require little intervention in order to be scanned using avail-
able equipment. The vast majority are ledger bindings, which 
were originally constructed to be opened flat for use. This 
allows for easy capture with the overhead scanner. If jour-
nals and other bound volumes do not open flat, a cradle can 
be fitted to the Zeutschel to support the binding. Just as we 
do for flat documents, we tend to limit repair to major tears, 
rarely needing to address structural problems, and we find 
this is usually sufficient for safe scanning.
 Very few items are in such poor condition that we cannot 
justify even the minimum treatment required to make them 
safe to scan. The document shown in figure 4 is one of just 
two examples that we have rejected for digitization since 
scanning for the Digital SHC began. As you can see from the 
image, this letter would have required a great deal of treatment 
for very little gain. The letter was virtually illegible due to the 
extensive strike through and drop out of the iron gall ink on 
thin, brittle paper, so it seemed unlikely that we would be able 
to attain a legible scan even with time-consuming treatment.

Fig. 4. A manuscript letter with severe iron gall ink damage is one of 
just two items rejected for digitization by the conservators
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AMY E. BAKER
is stabilization conservation? treatment of oversize 
maps for digitization

 The CONSOL Energy Mine Map Preservation Project is 
funded collaboratively by CONSOL Energy, the Department 
of the Interior’s Office of Surface Mining, the Pennsylvania 
Department of Environmental Protection (DEP), and the 
University of Pittsburgh. The goal of this ongoing project is 
to stabilize a collection of approximately eight hundred maps 
for digitization, so that detailed images of the maps can be 
made available to the public on the internet. The project is 
now in its fourth year. To date, the Conservator and as many 
as eight student assistants have cataloged, surveyed, and stabi-
lized over 400 maps for digitization. In 2011, there are plans 
to hire a full-time conservation technician to assist with the 
ongoing project. 
 Mining operations have been underway in Pennsylvania 
since 1760, and the southwestern portion of the state is 
riddled with abandoned mines. Laws requiring drawing up 
a map of a working mine did not take effect until 1850, and 
even then regulations requiring that these maps be saved 
were not strictly enforced. The impetus for the CONSOL 
Energy Mine Map Preservation Project came in 2002, when 
nine miners were trapped underground for four days in 
Somerset County, PA, after breaching an old mine that had 

Although we have heard some conservators question whether 
stabilization for digitization is really “conservation”, based 
on this guideline, I am firmly convinced that it is. We are 
not lowering our standards. We are simply doing less. As we 
developed the treatment protocol for the Trickle, we sought 
to identify the point on the conservation continuum that 
would be adequate for safe scanning given the variables and 
context. We carefully considered all aspects of the scanning 
workflow, such as staff training and equipment, as well as 
the resources available, the priorities of our institution, and 
competing needs for our time. We found Guideline 21 and 
the associated commentaries to be particularly relevant to 
our decision making for the Digital SHC program in the 
context of both our broader conservation program and our 
institution as a whole.

conclusion

 Certainly there are benefits to our approach. We retain 
conservator time for complex treatment of materials used 
in other contexts, whether in the reading room, on exhibit, 
or for instruction, another growing priority for special 
collections in academic libraries. Our cooperation with the 
Digital SHC is also an important piece of the collaborative 
relationships we maintain with our colleagues in Special 
Collections. By taking a pragmatic approach, they see that 
we are working with them to achieve common goals—in this 
case, to increase access to our collections. We believe that our 
practical approach means that they continue to involve us in 
the process and in decisions that have the potential to affect 
the well-being of the collections. And on the rare occasions 
that we must say no to the proposed use of a particular item, 
they understand there is sound reasoning behind it. 
 Recognizing the benefits gained, we believe we have 
finally hit the right mark on the conservation continuum for 
the Digital SHC. As we manage the conservation program 
as a whole, we work to maintain a careful balance between 
full treatment and minimal intervention in order to meet the 
needs of all of the collections in our care. At the same time we 
must embrace the new realities of special collections in the 
21st century if we are to retain our relevancy within our insti-
tution. Ultimately, we view the role of conservators as that of 
facilitators to help make access happen—to advise, train, and 
treat so materials can be made available to as wide an audience 
of potential users as possible without sacrificing long-term 
preservation goals.
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 To achieve a clear image of the map, the conservation 
team dry cleans surface dirt, wet cleans grime with poultices, 
washes when necessary, and removes tape where it is obscur-
ing media. They humidify and flatten the maps, mend tears 
to pull the maps flat, and also re-line the maps. To ensure 
that the maps are stable for transportation and storage, the 
conservation team mends tears that may snag and constructs 
protective housings to protect the maps from rough handling 
and potentially inclement weather. Everyone who handles 
the maps along their route to scanning and then back to 
the University of Pittsburgh for permanent storage receives 
yearly training on safe handling practices. 
 Use of the physical maps has, unexpectedly, increased over 
the course of the project. Even though the maps are enor-
mous and unwieldy, some people simply prefer using the 
physical maps to their digital surrogates. 
 Philosophical questions which have caused Baker concern 
during the course of this project include:

 x Is this merely “preservation triage”? Is conservation no 
more than a by-product of digitization?

 x Is the technology dictating the treatment parameters? 
Should a higher level of conservation treatment be de-
manded for digitization?

 x Are stabilization and conservation treatment different? Is 
stabilization just one aspect of conservation treatment? 
How can this be categorized?

 x How can the AIC Code of Ethics guide stabilization ef-
forts as well as full conservation treatment? What level of 
treatment is ultimately acceptable? 

 The treatment for these mining maps ultimately follows 
these ethical guidelines:

 x Stabilization treatments are reversible insofar as it is pos-
sible

 x The materials used do not adversely affect the objects
 x The information content of the maps is being preserved
 x Although the physical object is, in some cases, being altered, 

documentation keeps a reliable record of these alterations

 The conservation team strives to find a balance between 
the time-pressures of the mining industry, treatment of the 
physical artifacts, the scanning technology, transportation 
restrictions, and access issues. The satisfaction of all parties 
involved indicates the overall success of the project to date. 

Amy E. Baker, Conservator, ULS Preservation Department, 
University of Pittsburgh

filled with water. Although all nine miners were eventually 
rescued safely, the entire ordeal could have been avoided if 
a map of the abandoned mine had been preserved. Knowing 
the locations of abandoned mines would also help avoid 
structural problems faced by property owners in this area, 
such as sinkholes under a driveway or foundation caused by 
break-through into an old mine shaft.
 Maps are cleaned and stabilized at the University of 
Pittsburgh Preservation Department and are then trans-
ported to the National Mine Map Repository (NMMR) in 
Greentree, PA, to be scanned. Physical maps are returned 
to the University of Pittsburgh’s University Archives for 
permanent storage. Access to the digital surrogates of the 
maps is available to the public online. The digitized maps are 
used by homeowners to determine whether they need Mine 
Subsidence Insurance (offered by the Pennsylvania DEP), by 
land reclamation projects, by the Bureau of Mine Safety, by 
engineers involved in gas exploration and new underground 
mining operations, and ultimately for the protection of 
miners, the public, and the environment. 
 The maps are oversized manuscript “hardbacks,” meaning 
they have been hand-drawn on heavyweight paper adhered 
to canvas. The dimensions of the maps are, on average, five 
feet high by ten, twenty, or thirty feet wide. The maps date 
from approximately 1860–1950. Common damages include 
maps too brittle to unroll safely, tears and breaks, surface dirt, 
water damage, stains, and mold. Most of the maps have been 
previously mended with pressure-sensitive tape, which must 
be removed for a clear digital scan. The scan area of the Cruse 
Table Scanner CS 285/1100 ST/FA measures 58" x 90" with a 
dpi of 220 to 630. The scanner is equipped with a suction table 
to encourage the maps to lie flat for imaging. Since the maps 
are larger than the scanning bed, they are scanned in sections 
and then digitally stitched together in Photoshop. The maps 
must be compacted for transportation to and from the scan-
ning facility because they are too large to be transported flat 
in the DEP’s van, which measures 58" x 76". However, since 
re-rolling frequently causes problems such as creasing, tent-
ing, and releasing from the backing, it was determined that, 
in some cases, sectioning the maps and re-lining them in sec-
tions to accommodate the necessary transportation needs of 
the project was a preferable course of action. Sectioning the 
maps and transporting them flat puts less stress on the paper, 
and provides a flatter, uncompromised surface for scanning 
than re-rolling for transport. 
 What “stabilization for scanning” means within the scope 
of this project:

 x Maps must present a clear image so mine workings can 
be seen

 x Maps must lay flat (with assistance such as suction or plexi 
weights)

 x Maps must be safe for handling, transportation, and storage
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a survey of the manuscripts and created a database using 
Microsoft Access. The database included information on 
the binding, materials, condition, and exhibition and treat-
ment history of the manuscripts. This database not only 
serves the purpose of organizing key information to struc-
ture treatments for digitization but has also formed a digital 
resource of information on the structure, condition, past 
treatment, and exhibition of the manuscripts. The initial 
survey produced a rough time estimate for treatment group-
ing manuscripts into four categories; good, fair, poor, and 
dire. The database made it possible for the conservation staff 
to easily keep track of the manuscripts in need of treatment 
and to record the treatment done on each manuscript prior 
to digitization. This tool enabled proper documentation in 
an organized format that could be done efficiently, keeping 
with the fast pace and time constraints. 
 A second condition survey was carried out half way 
through the project. At this point, the imaging was going 
much more quickly than the treatment of manuscripts and 
further condition information was necessary to properly 
organize and prioritize treatment. This survey organized the 
manuscripts into five categories using a number system, one 
being in the best condition and five the worst. The manu-
scripts in categories four and five were reviewed together by 
a conservator and the curator to set treatment priorities and 
discuss treatment options and risks of putting heavily dam-
aged manuscripts through the process of digitization. As a 
result of this second survey, a few manuscripts were removed 
from the project due to the complexity of their condition and 
treatment needs.
 The treatment of the manuscripts can be broken into 
two categories. The first category, necessary treatment, were 
treatments undertaken to every folio of every manuscript 
before digitization. These treatments included media 
consolidation, tear repair, the stabilization of damage caused 
by copper containing pigments, the reattachment of loose 
leaves, the stabilization of broken sewing, and the stabilization 
of split joints. Possible treatments were treatments that 
would be carried out if necessary. For instance, many of the 
manuscripts had insect damage in the central areas of the 
folios. These damages would not be affected by the vacuum 
pressure of the wedge and were not in risk of becoming 
worse. Loose sewing without an access point with which to 
anchor it was carefully assessed in order to determine if the 
manuscript could withstand digitization without exacerbating 
the problem. The sensitivity of the Stokes system made it 
possible to digitize some of these manuscripts without what 
might be considered as a full treatment. 
 Remoistenable tissue was the primary mending material 
used for edges tears, insect damage, and damages caused by 
copper containing pigments. The tissue can be reactivated on 
a wet tile prior to application or in situ with a brush appli-
cation of moisture or a 50:50 water/ethanol solution. This 

STEPHANIE JEWELL
digitization at the walters art museum: islamic and 
western materials 

 The Walters Art Museum recently finished a two year 
digitization project of Islamic material and is currently in the 
middle of a second two year project digitizing Western materi-
al, both funded by the National Endowment for Humanities. 
The Islamic digitization project included 128 codices and 114 
single leaves and the Western project includes 102 codices, 19 
single leaves, and 3 scrolls; a total of 366 objects to be digi-
tized over the span of four years. 
 The goal of the digitization project is to create a digital 
resource made of full digital surrogates of the illuminated 
manuscripts in the collection of the Walters Art Museum in 
order to preserve, archive, and provide universal public access 
to the museum’s collection. The overall project includes 
three main components: examination and treatment by con-
servation, the digital image capture, and documentation with 
metadata. Every digital image is accompanied by the manu-
script title, author, scribe and date of creation. The images are 
stored on the Walters Art Museum database and will also be 
available through various portals including ArtStor, the Index 
of Christian Art, and Digital Scriptorium. Jewell discussed 
the organization and implementation of the conservation 
component of the project.
 The equipment chosen for the image capture was an 
important part of the project and one that would influence 
treatment decisions over the course of digitization. At the 
beginning of the 2008 NEH Islamic digitization project, an 
imaging system was acquired by the museum. Several systems 
were reviewed by the conservation and curatorial departments 
and The Stokes imaging system was acquired. The digital 
capture of the images is done by two dedicated digitization 
technicians using the Stokes System. The system consists of a 
camera mounted at a fixed position and a pneumatic vacuum 
wedge on the opposite side that is lowered to support each leaf. 
The camera and wedge are positioned so that every folio is 
photographed at a constant focal place. The book cradle adjusts 
to the weight distribution of the manuscript, supporting the 
book in a manner that minimizes the stress and strain to the 
binding. The folios are turned manually by the technicians 
and the wedge is lifted and repositioned before every image is 
taken. The system serves both the mission of the institution 
and the grant project by protecting the rare manuscripts with 
its methods of reducing the strain to the objects and producing 
high-resolution archival quality images. To date, nearly 54,000 
raw images have been captured. Additionally, the sensitivity 
of the cradle to support the manuscripts directly influenced 
some of the treatment decisions made by the conservation 
staff prior to digitization. 
 At the beginning of the Islamic digitization project, an 
intern in the Book and Paper conservation lab conducted 
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review each Pension file and identify records that require con-
servation intervention. The volunteers also complete a partial 
arrangement of records, selecting key documents to place at 
the front of the file. The volunteers will use these documents 
to fill out a target sheet for each file to aid in indexing and 
metadata entry. Each volunteer receives 16 hours of National 
Archives orientation and 10 hours of training specific to this 
project from the archival unit and conservation staff. The vol-
unteers receive instruction on safe handling of the records, 
how to identify records in need of conservation and how to 
place the most fragile documents in polyester sleeves. It is 
estimated that approximately 2% of the Pension Files will 
require some sort of conservation treatment. 
 The records vary in format. The majority are loose textual 
documents on paper with a small percentage of parchment 
and photographic materials. Other interesting types of objects 
found in the files include a fabric swatch and a mole. The 
fabric swatch was used to identify the corpse of a widowed 
pensioner. The mole had been the tent mate of a soldier. The 
soldier sent the mole to his wife as a memento and she used 
the mole as evidence of her marriage to the soldier when 
applying for her pension. The volunteers make new and 
exciting discoveries in these files every day. 
 The focus for conservation treatment includes:

 x Tears that make the records unsafe to handle at the camera.
 x Attachments secured with glue, metal fasteners or ribbons 

that obscure unique information.
 x Fasteners and seals with ribbons that prohibit documents 

from being imaged because they cannot lie flat on the 
camera platen.

 x Oversize materials that exceed the dimensions that may be 
captured by our partner cameras.

 x Unstable photographic materials. 
 x Files with mold. 

 When confronted with tears and the question of when 
to mend them, one of their biggest concerns is new damage 
occurring to records when the camera operators are imaging 
the documents. Large tears that already exist in the records 
before they reach the camera make turning the records 
over extremely difficult. Their partner camera operators 
are Genealogical Society of Utah volunteer missionaries 
extremely devoted to their work and very focused on the 
number of images they capture every day. The project is a bal-
ance of conservation and the custodial archival unit working 
with the camera operators to ensure they handle the docu-
ments with care while the operators capture approximately 
5,000–7,000 images each per week. Records with large tears 
are placed in polyester sleeves or stabilized with mends of 
Japanese paper and wheat starch paste. They prefer to use 
sleeves whenever possible to reduce the amount of time spent 
mending, keeping in mind that the use of sleeves adds weight 

method of mending introduces less moisture than a wet 
paste method and requires significantly less drying time. The 
repairs are suitably unobtrusive and reversible. The efficiency 
that this type of repair method allowed was integral in the 
work flow of the treatment of the manuscripts. 
 In conclusion, Jewell outlined four main conclusions 
that came out of the conservation component of the Islamic 
digitization project at the Walters. The first is that the imaging 
equipment plays a large role in the treatment decisions made 
by conservators. Time constraints require an organization 
of treatments so that they may be timed appropriately and 
accomplished within the set amount of time as mandated 
by the project. The database compiled and the beginning 
of the NEH digitization project and the mid-point survey 
were integral in the organization of treatments and treatment 
decisions. Low moisture mending methods allowed for 
effective and efficient treatment for large scale projects. The 
last conclusions which was elegantly presented by Gabrielle 
during the general session is that the decisions made by 
conservators have to account for the historic value, academic 
value, safety of the object, and equipment capabilities and 
time limitations. 

Stephanie Jewell, Mellon Fellow in Book and Paper Conservation

AMY LUBICK
digitization at the national archives: the widows’ 
certificates pension file project as a treatment model

 The National Archives has approximately 10 billion pages 
of textual documents. Of the 10 billion pages, 130 million 
are currently available to view online. Among the various 
in-house and partnership scanning projects underway at the 
National Archives is a partnership project with FamilySearch, 
also known as the Genealogical Society of Utah or GSU, 
to scan 1.28 million files or 35,164 cubic feet of Civil War 
Pension Files which Lubick’s presentation focused on. 
 The Civil War Pension files are some of the most frequent-
ly used records in the National Archives. Historically, the 
Federal Government granted pensions to Union Veterans of 
the Civil War, their widows, minor children, and dependent 
mothers and fathers. The pension files vary in the number of 
documents they contain, but one hundred or more is quite 
common. Each file will contain records for all claims relating 
to one particular veteran. The project to begin scanning these 
files began in October, 2007 and is slated to finish in 53 years 
if scanning continues at the current rate of approximately 
30,000 images per week by four camera operators. Given 
the size and estimated duration of this project, conservation 
treatment being performed on the records is limited. 
 The Conservation staff relies heavily on approximately 70 
trained NARA volunteers working solely on this project to 
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information hidden beneath an attachment adhered with glue 
is unique to the file; tabbing it for separation by conservation 
or making the decision the information is repeated elsewhere 
in the file and deeming it unnecessary to separate. 
 This concept of “unique information” is communicated 
to the researcher through the use of “slugs”—messages that 
are included in the final image. This slug tells the researcher 
that the text hidden under the attachment in the bottom left 
corner of the image is not unique. If the slug wasn’t in the 
image, the researcher would be left wondering what was 
beneath the attachment and if they were missing key pieces 
of information. 
 So far in Fiscal Year 2011, Lubick says that they have spent 
603 hours treating 2727 records for the Pension File Project. 
1081 records have been repaired and 465 records have been 
separated to allow access to information. In 2009, they began 
to keep fairly detailed statistics on the amount of time being 
spent on treatment for digital projects. This assists with plan-
ning for future scanning projects, developing the lab’s annual 
work plan and scheduling staff. The conservation treatment 
completed for digital projects occurs at both of the DC Area 
NARA conservation labs located on the Mall and in College 
Park, MD. The scanning takes place at 3 different locations 
in the area. Where the records are located and where they 
are being scanned impacts where the NARA conservators 
and technicians work to prep the records. Scheduling can 
sometimes get complicated for the multiple scanning proj-
ects they are working on at any given time. Their turnaround 
time for the conservation treatment of all records for digital 
prep is approximately one week. Each week, they receive a 
new cart of Pension file boxes that have been prepped by the 
volunteers. They also receive a stack of individual pension 
files from the camera operators containing records stopped 
at the camera that were overlooked during the initial prep. 
Like the volunteers prepping the files, the camera operators 
receive training from the conservation staff on safe handling 
and identifying items that need conservation attention. The 
camera operators are instructed to contact Conservation if 
they come across a problematic record or a document they 
are uncomfortable handling. 
 Seals and ribbons present many challenges. As stated ear-
lier, these records have been heavily used so they find many 
seals that have been previously creased and ribbons that have 
deteriorated or been removed, although, this actually makes 
imaging these records much easier than records with intact 
ribbons. Overall, the Pension file records are in fairly good 
condition. Because of that, the decision was made to allow 
the use of weights during imaging. The decision to allow 
the use of weights with this particular group of records has 
significantly reduced the number of records requiring con-
servation attention and has helped us to deal with the many 
ribbons and attachments that are part of this series. 

and bulk to already overstuffed boxes. Records torn into two 
or more pieces are mended instead of being pieced together 
inside a polyester sleeve. This avoids shifting of the fragments 
within the sleeve that would later force the camera operators 
to align the fragments under the camera. In trying to hastily 
piece the records together just prior to imaging, there’s a risk 
the fragments won’t be aligned properly or that fragile or brit-
tle records will incur more damage. Whether the records are 
sleeved or mended, the obvious goal is to align text to increase 
legibility and ultimately make the record safe to handle. 
 Currently, they have a team of 5 conservators and techni-
cians working on the pension file project. Lubick emphasized 
a consistent approach to the treatment of the pension files and 
the preparation of records for digital imaging in general. This 
includes a consistent approach to the types of mends per-
formed on records for digital imaging. With each new digital 
project, a treatment protocol is developed for the particular 
record series working in collaboration with the custodial 
archival unit. The protocols differ based on the format of 
the records. For example, there is another project that 
involves imaging torn tri-folded records. These records are 
being unfolded prior to imaging and refolded post imaging. 
They would not be able to place these records in polyester 
L-sleeves for stabilization since the records will be refolded 
so they must be mended. Prior to beginning a new project, 
the protocol is reviewed with the team of conservators and 
technicians working on the project. With the understand-
ing of when and whether a record should be mended, the 
conservators and technicians are free to choose the materials 
they prefer for mending as long as the mends can be applied 
quickly and neatly, align text and won’t obscure information. 
The mends don’t have to extend edge to edge and may have 
the appearance of simple band-aids. These partial mends 
can be applied with more speed than full mends that would 
require trimming. Once repaired, the document may be 
placed in a polyester sleeve if additional support of the record 
is necessary. When they first began prepping records for 
scanning, they believed the mends needed to only withstand 
being moved one last time from envelope to scanning platen 
and back to the envelope; believing the records would not 
be handled again. But the reality is that the records remain 
open and continue to be pulled and handled by researchers 
until the images are available online. This process can take 
approximately six to eight months. 
 The majority of conservation treatment steps performed 
in the lab is repairs followed by separating records that are 
glued or fastened together in some manner. From the outset 
of this project, an important objective has been to make 
accessible unique information contained within these files 
for researchers viewing the digital images online. For the 
volunteers prepping the records and reading the documents, 
they quickly become the experts on the particular files they 
work on. It becomes their job to let Conservation know if 
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and approximately 3 tintypes have been discovered so far. 
Conservation treatment on the photographic materials has 
been minimal. The daguerreotype was in a case that had been 
severely damaged. The various components were separated, 
photographed and rehoused in a custom made box for storage 
apart from the remainder of the file. Removing the photo from 
the file has been somewhat standard practice. Considered 
quite valuable, the photos, which are often small in size and 
loose in the file, are stored in a vault so they won’t accidentally 
disappear from the file. One exception was a tintype which 
was attached quite securely to the paper document with a 
metal fastener. The tintype was in good condition and there 
wasn’t any information on the record beneath the photo, so it 
was decided to leave it attached to the paper support. 
 The treatment decisions the NARA conservation staff 
make for digital projects allows for access to information and 
safe handling of the materials. They believe the role of con-
servation is critical to the digital imaging process and not just 
in performing conservation treatment. 

Amy Lubick, Conservation Digitization Coordinator, National 
Archives (NARA)

BILL HANSCOM
harvard’s chinese rare book digitization project

 Commenced in January 2010, the Chinese Rare Book 
Digitization Project is a 6-year, access-driven project orga-
nized between Harvard-Yenching Library (HYL) and the 
National Library of China (NLC). The aim of the project 
is to digitally image HYL’s entire collection of Chinese rare 
books: holdings comprising nearly 52,000 volumes and one 
of the largest collections of its kind outside of China. More 
than one-third of the titles in Harvard’s collection are not 
available at NLC. During the project, the images will be con-
currently made available to the public through web access in 
both the United States and China. 
 The holdings of the HYL Chinese Rare Book Collection 
span from the Song Dynasty (960–1279) through the Qing 
Dynasty (1644–1795), with the majority of holdings from the 
Qing and Ming (1368–1644) dynastic periods. 
 The majority of the volumes—or, more accurately, fas-
cicles—being digitized have been bound as the traditional 
side-stitched structure. The paper sheets which make up 
the fascicle have been printed on one side and then folded 
in half with the printing facing outward. The folded sheets 
have been stacked in order, with the fold at the fore edge, and 
then bound at the raw edge. The books have two bindings: 
an inner binding of twisted paper (in a few variations), which 
is passed through holes punched into the text block; and an 
outer binding of thread, usually silk, with its own set of holes. 
The inner, paper binding serves as the structural support for 

 They allow two different types of weights for use with 
this project. The first are lightweight drapery weights. The 
camera equipment used to image these records currently does 
not employ any type of hinged glass to flatten and reduce dis-
tortions inherent to the records. They are performing some 
humidification and flattening when required to relax creases 
with hidden text or to flatten oversize items that have been 
folded multiple times before being inserted in the file. The 
weights have been helpful in restraining records that may 
have been folded once along the bottom edge or for taming 
loose and unruly ribbons. The drapery weights are looped 
around the ribbons. This technique works only if the rib-
bons are slightly slack. If they are tied or secured too tightly 
or if the ribbons are too deteriorated, this technique cannot 
be used. Two images are typically taken, one with the ribbons 
pulled in one direction and then a second image with the rib-
bons pulled in the opposite direction to reveal all text below. 
 The second type of weights they allow to be used with 
these records are soft bean bag weights. They purchase the 
standard 1/2 lb. weights from Benchmark and also have them 
custom make 1/4 lb and 1/8 lb. weights as well. The bean 
bags are used when they need slightly more weight applied 
to the records. They work very well with glued attachments, 
attachments secured with seals and metal fasteners such as 
grommets. If an attachment can be carefully rolled back and 
weighted, this saves the conservation lab from having to 
separate the attachments. Introducing the weights has been 
an extremely helpful tool that has reduced treatment time 
significantly. Bean bag weights can be placed underneath 
attachments to support them. If the attachments are fragile, 
torn, stiff or too small to weight, the records will have to go 
to the lab for separation. 
 The camera operators are trained to recognize when it 
is appropriate to use a weight, which type of weight to use 
and how to properly use it. The NARA prep volunteers are 
also trained on the use of weights and to look out for the 
attachment types already mentioned where it would be unac-
ceptable to use a weight. They use mock-ups for training 
and emphasize that the weights should not be placed on the 
records in a way that will damage the documents or introduce 
creases to the records. 
 There is a small amount of parchment documents in these 
files, including some that have required mending. Treatment 
is not performed on parchment documents if all of the unique 
text remains legible. If mold was discovered in the files by the 
volunteers, these records are immediately sent to the NARA 
conservation lab in College Park, MD where they have a 
dedicated room and fume hood used for mold remediation. 
The records are cleaned with a Nilfisk vacuum cleaner and 
soft brushes. The documents are then mended or sleeved in 
polyester as necessary for imaging. 
 Although fairly rare, a small number of photographic 
images have been found in the Pension Files. A daguerreotype 
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 x  Insect Damage/Tears: Damage is stabilized with remoist-
enable tissue prepared using a 1:1 mixture of methyl cellu-
lose and wheat starch paste; mends are dried under weight 
and “blotter boards” constructed of hollytext, blotter, and 
gray/white board.

 x Creases Obscuring Text: Creases are locally humidified 
with deionized water & dried under weight and blotters.

 x Leaves Folded in Prior to Binding: Fascicle is disbound 
enough to fold leaf into proper position, then rebound.

 x  Brittle Covers: Old covers are removed and new covers 
and end-papers are constructed and attached.

 x Partial Leaves: A backing sheet of oriental paper of a compa-
rable tone is cut to fit the fascicle and temporarily inserted 
under the partial leaf during imaging.

 x Split Fore-edge Folds: Not treated; fascicles are flagged to 
alert camera operators who are trained to address the issue.

 In the first year of this project, Imaging Services captured 
623,101 images, comprising 1,246,202 pages within approxi-
mately 8,200 fascicles. Approximately 1,300 of these fascicles 
(16% of total fascicles imaged) received over 550 hours of 
treatment combined.
 Due to the scale of the project, treatment compromises 
have proven to be unavoidable in order to maintain both 
standards of readability and imaging timelines. The most 
significant of these compromises is the disbinding of thou-
sands of fascicles over the span of the project and the removal 
of potentially original binding materials as a result. In order 
to retain a portion of this information, samples of removed 
binding materials are collected for curatorial records. 
Additionally, the paper binding, which contributes to the 
structural strength of the fascicle, has been eliminated from 
the post-imaging rebinding process. Given that patron access 
to these materials will likely decline with the creation of digi-
tal surrogates, the deficiency in the strength of the binding 
was weighed against the time saved, and determined to be 
acceptable when devising treatment protocols.
 There have been instances when, despite the mandate for 
readable text, we have advised against disbinding. The most 
common example of this are fascicles that have previously 
been treated using a traditional conservation structure called 
“jade-edged-in-gold,” in which the original material is sup-
ported with new paper in such a way that disbinding the book 
would make it difficult to handle during imaging, as well as 
to rebind afterward. The other exception is textblocks that 
are so brittle that the material in a disbound state is much 
more unwieldy to handle than when bound. In the majority 
of cases, these exceptions have been approved by the National 
Library of China.

Bill Hanscom, Project Conservation Technician, Weissman 
Presevation Center, Harvard University Library

the text block when it is trimmed at the head, tail and spine 
edges before the covers are added. The thread binding attach-
es the covers to the text block. Chinese books use a 4-hole 
binding pattern for the thread binding. Covers are usually of 
flexible brown or blue paper.
 The workflow for this project consists of three main staff 
groups: (1) dedicated staff at HYL; (2) Imaging Services staff 
(IS); and (3) Weissman Preservation Center staff (WPC). 
HYL staff pulls and superficially reviews all fascicles. Items 
deemed “camera-ready” are batched and sent to be imaged, 
while those requiring further preservation review are flagged 
and set aside for WPC staff to assess at HYL. Once reviewed, 
the fascicles will either be sent to WPC for treatment, or 
to Imaging Services for digitization or quick repair. Items 
sent to WPC for treatment are returned to HYL for batch-
ing after treatment. Camera-ready materials are reviewed, 
page by page, by Imaging Services staff and flagged for quick 
repair (disbinding, minor mending, etc.) or entered into the 
imaging workflow. At least two camera stations at Imaging 
Services are dedicated full-time to the project. WPC staff visit 
Imaging Services at least once a week to attend to materials 
flagged for on-site, quick repair. Materials which have been 
sent to Imaging Services flagged as camera-ready, but which 
are later found to be too damaged to undergo imaging, are 
transferred from Imaging Services to WPC for treatment, and 
then returned for imaging. 
 The main concerns of the Imaging Services staff are those 
of safe and efficient handling of the materials and obtaining 
images that optimize the readability of the text. Fascicles must 
be free of damage that obscures text or inhibits handling (such 
as insect damage where adjacent leaves catch on each other). 
Due to the specifically designed camera set up, in which two 
pages are imaged at once, the fascicles must be able to open to 
180 degrees with enough room between the text and gutter 
for all characters to be captured. A quota of 45,000 images per 
month, shot and delivered to Beijing, must also be met.
 The goals of WPC staff are to minimize the possibility 
of damage from handling during the imaging process and to 
facilitate capturing the best possible image of the text. Due 
to the high volume of material, treatment emphasizes stabi-
lization over full treatment. Materials and techniques have 
been carefully chosen to help minimize treatment time while 
maintaining high work standards. Common problems and 
the standard treatments devised to address them include:

 x Text Inside Gutter: Thread binding is removed and often 
the paper binding as well; loose thread loops are inserted 
to keep fascicle together; the fascicle is resewn with new 
cotton thread after imaging.

 x Broken Sewing: Depending on the stability of sewing, 
thread is removed and replaced with cotton thread, or ex-
isting thread is reinforced with new thread.
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a question about they can send to the conservation staff. 
Imaging Services have also been trained to identify what quali-
fies for quick repair and what is too extensive. They also know 
pretty well from experience what their cameras can handles, 
what their camera operators can handle as far as turning pages 
and so on. 

Q: Marieka Kaye, The Huntington Library: I have a couple of 
questions. I’m wondering if these kinds of projects require 
formal conservation surveys to be performed first. And also, 
I’ve worked places where, even though people have been 
trained to handle the items, the conservators still have to sit 
there and watch the scanners and people doing the photo-
graphing, and it takes up a lot of staff time. Have any of you 
had to do this? 
A: Stephanie Jewell: In answer to your first question, our 
project did include a condition survey at the beginning, and 
I found that helpful having come into the project halfway 
through. The survey was also very helpful with the over-
all workflow and decision-making process, so I would say 
that was one of the most integral parts of getting the project 
started. It also helped during staff changes with keeping up 
the pace that was necessary. 
A: Bill Hanscom: In the case of the Chinese Rare Book 
Project, a small sample was surveyed in order to try to esti-
mate the amount of conservation treatment time that would 
be needed. Due to the sheer size of the collection, it wasn’t 
possible to do a full assessment. 
A: Amy Lubick: At the National Archives, it was the same 
thing. We do a preliminary assessment, and given the size of 
the collections we’re usually scanning, we do a sampling as 
well. We’ll take some controlled photos and stats and create 
a spreadsheet with the pertinent information to try to come 
up with an estimate of how much time we think the project 
will take. To answer the second question, we normally do 
not babysit our camera operators. We do spend enough time 
working with them and training with them, and we will pop 
in when we can to check in on them and see what they need, 
or if there are any problems. 
Bill Hanscom: In answer to whether any babysitting is involved, 
the camera operators are pretty well trained, and in the case of 
this project, the camera operators have all worked on previ-
ous digitization projects on Chinese materials. 

Q: Janice Stagnitto Ellis, Smithsonian NMAH: I have a question 
about whether any of your institutions have a policy that once 
an item has been digitized, does that affect the access given to 
scholars? 
A: Stephanie Jewell: Not that I know of. 
A: Amy Lubick: We don’t. 

question & answer session

Q: Jamye Jamison, Intermuseum Conservation Association: Do you 
have any experience with the reverse of what you have all 
been discussing? Most of the situations you are describing 
are digitization-driven, and I am wondering how you treat 
objects that come through the conservation lab if it becomes 
appropriate at some time during the treatment to digitize 
them. So, for example, if a book is in the lab for treatment, 
and it would be safer to digitize the book while it is unbound, 
do you then take that opportunity to digitize that book? 
A: Andrea Knowlton: That has been done in our lab on a 
couple of occasions in the course of treatment, and because 
we have a relatively small-sized institution, with such a close 
relationship with the DPC, we were able to arrange for digi-
tization at the proper point in treatment. 

Q: Anna Friedman, Smithsonian Institution Archives: How do 
you deal with not knowing what you have, to scale the work 
towards? 
A: Amy Baker: When we began our map project four years 
ago, our inventory was 650 items. As we went along, we real-
ized there were maps rolled inside of maps, and sometimes 
there would be thirteen maps instead of just one in a roll. 
So, our inventory has grown to be close to 800. Also, there 
are other items presumed to be on the shelves, and it is my 
responsibility to locate those. 

Q: Suzy Morgan, Syracuse University Library: My question is 
for Amy Baker. So, originally you thought that use would go 
down for the original maps, but it seems like the opposite, 
that you’re getting more use. In light of that, have you con-
sidered storing the maps rolled versus having them flat in flat 
files, given the concerns about rolling and unrolling and the 
damage that causes?
A: Amy Baker: I think use has gone up because we’re more 
public now, we’ve been featured in some newspaper articles, 
and we have a website. We originally started showing them 
rolled, and we have had a few occasions where a patron has 
come in to look at a map that was rolled, and we’ve had to 
re-humidify it to get it flat again. We’ve taken such care to get 
them cleaned and pressed flat, and the reality is that they can’t 
be stored flat in one piece due to their size. We are going to 
start sectioning more of them to store flat. It also costs much 
less to store them that way. 

Q: Christine McCarthy, Yale University Library: I have a ques-
tion for Bill Hanscom. I was wondering about how selection 
is done, either for quick repair or for treatment by the 
Weissman Lab, and who in fact makes that selection? 
A: Bill Hanscom: Initially, it’s done by the staff at the library. 
They have been trained to identify damage that can be 
dealt with in quick repair, and anything that they may have 
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Q: Sarah Norris, Texas State Library & Archives Commission: 
Our institution has had digitization efforts limited by ongo-
ing institutional problems with digital file storage and not 
having a dedicated space for it, and I’m wondering if any of 
you faced problems finding space and assigning responsibility 
for digital file storage?
A: Amy Baker: I can say for our project, from the very begin-
ning the University Archives did not want to be in charge 
for that reason, and so the University just doesn’t have the 
[scanned] images. After the items are scanned, we are not 
responsible for the preservation of those images. 
A: Stephanie Jewell: We have a data manager who helps us 
manage the images, and where they go after they’re taken. 
Once the images are taken and processed, they are sent to 
various places for storage. Having a manager for that type of 
thing has been very helpful. 

Q: Priscilla Anderson, Harvard Business Library: Did any of you 
have any specific project management training before under-
taking these large-scale digitization projects? And if so, in 
what way, and would you do anything differently? 
A: Amy Baker: I didn’t do any formal training, but at the 
University of Texas Libraries, I supervised student on proj-
ects involving image capture, and that proved helpful. 
A: Amy Lubick: I had no formal project management training, 
but at the Archives we do have courses for the staff in team 
leadership skills and that sort of thing. 
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Q: Lynn Kidder, Library of Congress: I have a technical question 
for Bill, if you don’t mind. Are fore-edge splits repaired, and 
if so, what kinds of adhesives are used? 
A: Bill Hanscom: Fore edge tears are not repaired, and our 
camera operators are trained to deal with those, and those 
always are flagged to signal to the camera operator that they 
need particular care in handling. For other tears, methylcel-
lulose and wheat starch paste 1:1 is used. 

Q: Theresa Smith, Weissman Preservation Center, Harvard Library: 
I just wanted to understand better the structure of all of your 
Imaging Services with Conservation. At Harvard, Imaging 
Services is a subunit of the Preservation Center and is over-
seen by preservation librarians and Conservation is integral to 
beginning any digitization project because of that. I’m inter-
ested in hearing how each of your institutions relates Imaging 
Services to Conservation. 
A: Andrea Knowlton: In our institution, we’re a separate 
department, but we work really closely with the DPC and 
with the other departments that are developing the digitiza-
tion projects. So, they generally let us know pretty early in the 
process if there is a new project planned so we can do some 
sort of formal assessment of the materials. In the case of this 
particular project, there’s just an ongoing, rotating queue of 
collections to be scanned, so we don’t do any sort of addi-
tional assessment. If something came to the lab that was just 
too much treatment for us to do at that time, the item would 
just get pushed back in the scanning queue. 
A: Amy Baker: At the University of Pittsburgh, due to the 
nature of the project, the Preservation Department assesses 
and treats every map before it goes to be scanned. 
A: Stephanie Jewell: At the Walters, every manuscript that is 
going to be digitized comes to the lab first. So, we do have 
conversations between curatorial and conservation to set 
treatment priorities, and then there are two dedicated imag-
ing technicians that are on-site, in-house, that we have a 
great relationship with, a very open dialogue. I think that’s 
very important to the type of work that we are doing. When a 
decision is made not to fully treat a manuscript, we will have a 
conversation with our imaging technicians to let them know 
where there are weaker areas, something they might to have 
more caution with. It is a close-knit project, and that’s very 
important to the safety of our objects. We know our imaging 
technicians very well, and they know when to come to us if 
they’re experiencing any issues. 
A: Amy Lubick: I’ll just quickly say that the National Archives 
is currently going through reorganization, or a “transforma-
tion” as they’re calling it, so I think we’re still unsure how 
some of the various practices will operate. We will have a new 
and separate digitization unit, and I imagine that Conservation 
will be working very closely with them. 
A: Bill Hanscom: I think Theresa summed it up for Harvard. 
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This open discussion took place during  AIC’s 39th Annual Meeting, 
Philadelphia, PA. The moderators organized the panelists, led the dis-
cussion, and recorded notes. Readers are reminded that the modera-
tors do not necessarily endorse all the comments recorded and that al-
though every effort was made to record proceedings accurately, further 
evaluation or research is advised before putting treatment observations 
into practice.

a committee, which will counsel with the three Art con-
servation programs. The committee will be composed of 
four U.S. and three Western European professionals. Ms. 
Cunningham-Kruppa went on to discuss the importance of 
an interdisciplinary approach to education, and how this has 
always been apart of library and archives conservation educa-
tion. She concluded by introducing the panelists.

LOIS OLCOTT PRICE
University of Delaware, Winterthur

Ms. Price began by discussing the existing strengths of the 
University of Delaware program. These are a well established 
conservation and material science education, a strong inter-
disciplinary approach, an ability to encourage international 
study, the Winterthur Library with excellent collections and 
the knowledgeable onsite staff, and the preventive conserva-
tion program. An area of need is a Library and Information 
Science program. To address this lack of expertise, they will 
be partnering with Simmons College. Students will be able 
to obtain a certificate in Library Science. Students also need 
to develop relevant binding skills, therefore they be offer-
ing classes at the North Bennett Street School. Further, Ms. 
Price would like to strengthen ties and communication with 
professional organizations, such as ALA and SAA, in order to 
promote the program and its graduates. Ms. Price concluded 
by asking the profession to mentor promising pre-program 
students, and to consider taking students for summer work 
projects or internships.

JUDITH WALSH
Buffalo State College

Currently, their students are in class from 9–5 5 days/
week, which would make it difficult to add additional course 
work. While the library and archive students are under paper 
conservation, they can take an interdisciplinary approach and 
collaborate in other areas. Overall, the emphasis of the pro-
gram is on treatment with analytical components.

werner haun and justin johnson
discussion group co-chairs

Library Collections Conservation Discussion Group 2011:

Models for Educating Library and Archives Conservators

abstract

The Library Collections Conservation Discussion Group 
(LCCDG) of the Book and Paper Group was pleased 
to present, “Models for Educating Library and Archives 
Conservators.” This session consisted of a panel discussion 
moderated by Ellen Cunningham-Kruppa, University of 
Delaware, who began with a brief introduction of the topic 
mentioning the Mellon Foundation’s support to each of 
the programs represented on the panel. Those representing 
conservation programs gave an overview of their program, 
and how they intend to provide education and training for 
library and archives conservators. The presentations con-
cluded with Michele Cloonan, Simmons College, providing 
some historical context to the teaching of library and archives 
conservation, and the library and archives courses she sees as 
critical for conservators. Finally, the discussion was opened 
up to comments and questions from the audience.

Representatives from the conservation programs included 
Margaret Holben Ellis, New York University and the Morgan 
Library and Museum, Lois Olcott Price, the University of 
Delaware-Winterthur, and Judy Walsh, Buffalo State College. 

summary of presentations

ELLEN CUNNINGHAM-KRUPPA

Currently, they are trying to take a broad approach in 
developing the training of library and archives conservators 
by engaging the profession. With the support of the Mellon 
Foundation, Ms. Cunningham-Kruppa will be assembling 
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Preserving Digital Media, Digital Curation and Stewardship, 
and Audio-Visual Materials. In their program students will be 
able to pick which courses suit their needs or areas of interest. 
Some courses will be offered in person the first year, and by 
the second year, many will be online.

discussion session

Following the final presentation, the moderator opened 
the discussion period for comments, questions and responses. 
These are summarized and paraphrased below. 

The primary focus of the discussion centered on ade-
quately preparing students for the job market, and if there 
will be positions available to them.

Each of the programs has built into their curriculum 
a great deal of flexibility in order to be able to respond 
appropriately to the market. Many of them see the proposed 
programs as being in a pilot phase, and would appreciate 
and will be seeking feedback from the profession in order to 
improve them. They see the biggest issue with the job market 
as there being too few entry level positions. It is hoped more 
post-graduate fellowships will be created, and that employers 
would look to fill grant positions with newly graduated 
students. Further, each of the programs will be graduating 
fewer overall graduates, which will ease competition for 
available positions. Although, there is this concern, it has 
been found that 90% of University of Texas graduates have 
found positions. In the current economic climate, it may take 
students longer to find jobs, but eventually they do find them.

Lastly, private practice has often been a viable option for 
students, and these conservators are also willing to be mentors.
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Huntington Library, Art Collections and Botanical Gardens
jjohnson@huntington.org

With funding from the Mellon Foundation, they are 
expanding the department and will be adding a book lab and 
additional paper labs.

They will be looking to supplement the curriculum by 
providing seminars and intersession courses in book subjects, 
as well as moving image and recorded sound. Also, if there is 
interest the students will be able to take summer courses at 
Simmons College and the North Bennett Street School.

Ms. Walsh has found that it is difficult to retain students 
in the library and archives. Therefore, additional funding has 
been added to allow these students to attend conferences, 
take non-credit courses, and/or pursue other projects.

MARGARET HOLBEN-ELLIS

NYU has a long of history of collaboration in the education 
of library and archives conservators. When the Conservation 
Education Program, Columbia University, founded in 1981 
by Paul Banks opened Ms. Ellis taught many of these students 
during the nine years of the program.

Ms. Holben-Ellis described the rigorous NYU pro-
gram: students receive an MA and Advanced Certificate 
in Conservation after completing six Art History courses 
and fifteen conservation courses culminated by a full-time 
nine-month internship. They are required to have a reading 
knowledge of French or German, and to complete a thesis. 

In order to address the needs of the library and archives, 
NYU would like to strengthen their program in three ways:

1. By integrating additional coursework offered within New 
York University by the Palmer School of Library and 
Information Science.

2. Adding more focused practical treatment courses at 
Columbia University Libraries, and the Morgan Library 
and Museum

3. Providing opportunities for learning during winter inter-
session and the summer with courses at the NYC Rare 
Book and Manuscript Workshop, Rare Book School, and 
the Book and Paper Intensive.

MICHELE CLOONAN
Simmons College

Ms. Cloonan’s presentation started with discussing the his-
tory of conservation in libraries, and then went onto explored 
how the mission of libraries and archives has evolved over the 
years from collecting, organizing and managing to preserving, 
providing access, reference services and sharing resources. 
From there, she discussed some core library and archival sub-
jects that conservators need to know. These range from more 
traditional subjects, such as History of the Book and Archives, 
Organization of Collections and Preservation Management, 
as well as to more contemporary topics, such as Archiving and 
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Paper delivered at the Book and Paper Session, AIC’s 38th Annual 
Meeting, May 11–14, 2010, Milwaukee, Wisconsin.

This survey originally began as research for the Book 
Conservation Catalog chapter on leather in order to achieve 
an overview of what treatments are being used on leather 
bindings within and without of the field of conservation. 
 The authors wished to determine what types of repairs 
and treatments are currently being used on leather bindings 
in a variety of professional settings. The authors were curious 
if certain traditional treatments, such as leather dressing, were 
still being used and if emerging trends, such as solvent set 
tissue hinge repair are widely practiced. Since the decisions 
that conservators make on treating items of cultural heritage 
is generally linked to the type of training (apprenticeship, 
self-taught, graduate school or professional development) 
received, the authors were really curious if certain trends 
would merge after analyzing the data. 
 
survey design 

 The survey tool was designed with Kristen St. John’s 
previously mentioned leather survey as a starting point. 
Once a prototype of the survey was developed, numer-
ous conservation staff tested it before it was ready for use. 
The authors also received suggestions and feedback from 
St. John during the survey design and testing process.  
 The survey tool was available online through a survey 
tool available through the University of Illinois at Urbana-
Champaign for a two week period in September and 
October 2008. Email requests for voluntary participants 
were sent out to various listservs within and without of the 
conservation community to achieve as diverse a range of 
potential respondents as possible. The listservs included the 
Conservation Distribution List (ConsDistList), Preservation 
Administration Discussion Group (PADG), the Book Arts 
Listserv, and the rare book and manuscript listserv, Ex Libris. 
 The survey was divided into nine questions with three 
of those questions having multiple response sections. The 
first five questions on the survey asked basic demographic 
questions: job title, type of institution, size of general and 
special collections as an aggregate number, hours per week 

jennifer hain teper and melissa straw

A Survey of Current Leather Conservation Practices

abstract

 In fall 2008, a survey of leather conservation practices was 
sent out to fellow conservators as well as allied professionals 
via various listervs. The goal of this survey was to ascertain 
what types of treatments and repairs were being practiced 
on leather bindings in a variety of professional settings. The 
authors have presented the results of this survey and analyzed 
them to show the continuum of leather treatment within and 
without of the conservation community; highlighting not 
only emerging trends, and established treatments, but also 
when, why and by whom more traditional treatments, such 
as leather dressing, are still being practiced. 
 The survey results gathered detailed data from 57 national 
and international respondents, many of whom are conserva-
tion professionals and support staff, but also with significant 
responses from our allied professions. The results show that 
newer leather treatments, such as solvent set tissue hinge 
repair, consolidation via application of cocktails of micro-
crystalline waxes and cellulose ethers, and the use of molded 
cave paper as a substitute for leather appear to be accepted 
and utilized in the conservation field, but that traditional 
treatments such as the application of leather dressings and 
cleaning with saddle soap are also still used.

introduction 

  Since Kristen St. John published her own “Survey of 
Current Methods and Materials Used for Conservation of 
Leather Bookbindings” in the Book and Paper Group Annual 
in 2000, very little has been reported on how conservators 
and others deal with the treatment of leather bindings. The 
primary goal of this survey was to take a snapshot of what is 
currently being done with leather bindings in cultural heri-
tage institutions, private collections, and the wholesale trade. 



132 The Book and Paper Group Annual 30 (2011)  

spent on preservation/conservation and how the bulk of the 
respondent’s knowledge of conservation practices/leather 
treatment and principles was achieved. The next three 
questions asked what type of treatments and materials the 
survey respondents use for repair of leather bindings and 
how often. The responses used a five point scale gauging 
frequency of use of certain types of repair methodologies. 
This scale included frequent, occasional, rarely, never and 
not sure as the answer set. 
 The first treatment-related question covered what type 
of treatment the respondent currently uses on repair of 
leather bindings and the frequency of use. These treat-
ments included board reattachment, hinge repair, rebacks, 
and full rebinding. The next two treatment questions asked 
questions regarding frequency of use of adhesives, dyes, 
consolidants, lubrication and cosmetic treatment on original 
leather as well as on new leather. 
 The final question was an open-ended text field request-
ing any additional information or comments the respondent 
would like to contribute that wasn’t covered in the survey tool. 
No personal identifying data from the survey respondents was 
requested or recorded. 
 Please see Appendix 1 for a copy of the survey. 
 
demographic data
 
 A total of 57 individuals responded to the survey. Almost 
70% of the respondents self-identified as institutional con-
servators, institutional conservation staff, or conservators in 
private practice. Preservation administrators or staff totaled 
18%, and special collections curators and staff comprised 5% 
of our sample. The authors had hoped to capture more non 
conservation/preservation staff but a reply from one book 
dealer was received at approximately 2% of the total sample 
size (table 1). 
 As expected, most of the respondents, 71%, are based in 
US ARL or non-ARL institutions and 67% have collections, 
including both circulating and special collections, of one mil-
lion volumes or more. This percentage makes sense given that 
institutions with larger collections are more likely to have a 
conservation or preservation unit than smaller institutions 
(tables 2–3). 
 A vast majority of respondents, 75%, spend at least 20 hours 
per week on book conservation or preservation. Out of those 
75%, 50% devote at least 40 hours per week to our conserva-
tion/preservation (table 4). 
 The most meaningful demographic question for the 
survey asked respondents how they acquired the bulk of 
their knowledge pertaining to leather treatment and repair 
practices. While the question states to choose the one best 
answer for this question, our online survey tool inadver-
tently allowed multiple answers from survey respondents. 
Therefore, the total number of answers for this question is 

Table 2. Institution Type

US ARL institution 31

US non-ARL institution 8

Non-US research library 3

Non-US non-research library 0

Other 4

Table 3. Collection Size

Under 1 million 8

1-3 million 12

3-5 million 9

Over 5 million 16

Not applicable 1

Table 4. Preservation/Conservation Hours per Week

40 or 40+ 27

30 – 39 11

20 – 29 9

10 – 19 4

5 – 9 1

Less than 5 3

Not applicable 2

Table 1. Job Title

Institutional Conservator 25

Institutional Conservation Staff 5

Preservation Administrator 6

Preservation Staff 4

Special Collections Curator 2

Special Collections Staff 1

Other Library/Archives Staff 0

Conservator in private practice 9

Book Dealer 1

Other 2
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survey results

Overview
 The authors graphically represented the treatment data in 
two different forms. The first form looked at all the possible 
responses and identified the most popular (fig. 1). While this 
initial data analysis was a necessary step to derive the most 
popular responses, it was visually cluttered and difficult to 
analyze. From this, popularity of practice or materials choice 
was gauged by the number of respondents who selected 
either “frequently” or “occasionally” as a response for a 
particular question, implying that it is used with some regu-
larity. Further analysis of the discounted “rarely” and “never” 
responses is still necessary, and will be the focus of the authors 
future research on the topic.
 The second view of the data is a vertical bar graph that 
summarizes the number of “frequent” and “occasional” 
responses for all of those responding, as well as breaking out 
those responses by the practicing field of the respondent. 
The authors divided the fields of the respondents into three 
broad categories for comparison: Conservators; Preservation 
Administrators; Book Dealers & Curators (fi g. 2). By present-(fig. 2). By present- By present-
ing the data in this fashion, the authors felt that it more clearly 
illustrated when one particular field of respondents is heavily 
using a specific method or material compared to other fields. 

86 from the 57 respondents. Approximately one-quarter of 
the respondents, 24%, reported that their main source of 
training in leather treatment practices was through a graduate 
program in either conservation or preservation, 12% report 
knowledge acquisition through a conservation apprenticeship 
while 43% said their knowledge was acquired through on the 
job training and workshops. The remainder of the respon-
dents reported that they were either self-taught or learned 
through attending professional association meetings (table 5).  

Table 5. Knowledge Acquisition

Conservation apprenticeship 10

Graduate degree in conservation 19

Graduate work in preservation 2

Other graduate training 3

On the job training/experience 21

Workshops/training sessions 16

Professional association meetings 4

Self study (books, on-line, articles, etc.) 10

Other 1

Fig. 1. Materials Used for Rebacking: Total Responses. This view shows full graphical representation of all the data collected



134 The Book and Paper Group Annual 30 (2011)  

Materials Used for Repairs on Leather Bindings: Hinge Repair, 
Rebacks and Rebinding
 Although data was collected for these three types of repairs 
as separate questions in the survey, the authors found that it 
was useful to compare these three repair types side by side in 
their data analysis. 
 The most common hinge repair materials noted by 
respondents, overall, were Japanese tissue/papers1, Japanese 
tissue/paper lined on linen, or plain linen, with only mod-
erate use of book cloth and leather (table 6). Lower use of 
solvent set tissues, cave paper and other western papers were 
also reported, showing a slow but notable uptake of more 
recent repair techniques. There were less “other” options 
presented for hinge repair materials, but there was repeated 
mention of Tyvek as a hinge repair materials (2 entries), and 
well as other textiles than linen, including aerocotton, cam-
bric, and cotton muslin.
 By far the most popular material currently used for reback-
ing is Japanese paper or leather, but book cloth and linen 
also both reasonably popular. It should be noted that book 
cloth was shown to be strongly preferred by preservation 

Board Reattachment Methods for Leather Bindings
 For board attachment, the most popular method used by the 
respondents was the construction of tissue hinges, followed 
closely by linen hinges (see Figure 3: Board Reattachment 
Methods). A proportionally higher percent of preservation 
administrators preferred board tacketing and board slotting 
than conservators, which the authors found a bit surprising, 
while conservators offered many “other” options that were 
not anticipated by the survey. This heavy use of “other” by 
conservators is consistent throughout the survey, and was 
anticipated by the authors, as they were certain that there were 
many treatment methodologies and materials that they would 
not predict on the survey tool. The responses in these “other” 
fields will be summarized for each section as it is reviewed. 
The most common “other” responses for board reattachment 
methods included: rebacking (which was a section of its own 
later in the survey, so these were disregarded), extension or 
replacement of original sewing supports; and lacing in slips.

Fig. 2. Materials Used for Rebacking: Responses by Field. This view distills the responses to those most popular and then divides them by 
professional field of the respondent
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Fig. 3. Board Reattachment Methods

P
er

ce
n

t 
of

 r
es

p
on

se
s 

as
 “

fr
eq

u
en

t”
 o

r 
“o

cc
as

io
n

al
”

Materials used Reback New Case Hinge Repair

Japanese Paper 58% 11% 88%

Solvent Set Japanese Paper 2% 0% 16%

Japanese Paper Lined with Linen 37% 7% 35%

Linen 30% 14% 39%

Leather 56% 56% 28%

Cave Paper 12% 9% 7%

Other Western Papers 12% 23% 11%

Book Cloth 39% 56% 25%

Other 11% 7% 18%

Table 6. Materials Used for Hinge Repair, Rebacking, and Rebinding. Shaded fields indicate those 
with higher popularity in responses
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additions were presented, other than comments on how con-
servators should not use dyes on original leather. However, 
one material that the authors were not familiar with was ref-
erences as “Barrilics”. No information about such a dyestuff 
was readily available and the authors will continue to research 
the validity of this response. 
 When asked about their use of dyes on new leather, 
respondent indicated an increase of approximately 10% in 
overall use, and the noted preference to NOT dye leather 
dropped a proportionate 10%. Of those dyes indicated as 
commonly used, aniline dyes were the most common, 

professionals and leather was equally strongly preferred by 
conservators. Common “other” materials used echoed those 
used for hinge repair, and included aerocotton and muslin. 
 The responses for materials used in rebinding, or the cre-
ation of a new case, were about what the authors expected, 
with book cloth and leather as the two most popular respons-
es, favored by 56% of the respondents each. While leather was 
used commonly by 71% of conservators, however, only 20% 
of preservation professionals used it with any regularity, while 
conversely book cloth was used commonly by 70% of preser-
vation professionals, but shared as a close second in preference 
by 60% of conservators. Not surprisingly, nobody was regu-
larly performing full rebinding with materials such as solvent 
set tissues. There were only a few options not covered by the 
predetermined answers that were offered as “others” by the 
respondents, including limp vellum and alum tawed skins. 
One other response, from a self-identified ‘lecturer in library 
and archives conservation’, was for “rubberized io-enhanced 
stuff ”. This is an unknown material by either of the authors, 
and some of the responses by this respondent are to be called 
into question throughout the rest of the survey summary. 

Adhesives
 The data gathered in this section of the survey split ques-
tions and responses between those materials used on old 
or original leather and those used on new leather, to see if 
materials chosen differed and, if so, for which techniques and 
applications. Respondents showed strong preference for a 
PVA/paste mixture as an adhesive when working with original 
leather, with preferences also for straight methycellulose and 
PVA/methylcellulose mix (table 7). In the “other” categories, 
the authors were surprised to find how many respondents 
listed a preference for straight PVA (7 responses, or 13%) on 
original leather2. 
 The responses for adhesives used on new leather for repair 
echoed those materials used for original or older leather, but 
also displayed some additional preferences, and certainly pre-
sented different usage rates. The most common adhesive used 
on new leather is straight paste, followed by PVA/paste mix, 
straight PVA, and PVA/methylcellulose mix. Some popular-
ity was shown for paste/methylcellulose mix, and an “other” 
submission was noted for common use of a mixture of PVA/
paste and methylcellulose. Other “others” of note included 
the use of Isopropyl myristate (a synthetic emollient oil used 
commonly in cosmetics), and a mixture of Lascaux 498 with 
either paste or gelatin. 

Dyes
 From the data collected, the authors found that the most 
common dye used on original leather was actually their lack 
of use, for obvious reasons. However, when dyes were used, 
acrylics were selected most commonly followed by ani-
line dyes, and then watercolors (table 8). Very few “other” 

 Leather Type

Adhesives Used Original New

PVA 11% 42%

Paste 0% 77%

Methylcellulose 37% 25%

Gelatin 12% 90%

PVA/Paste Mixture 54% 44%

PVA/Methylcellulose Mix 33% 30%

Lascaux 360HV 4% 0%

Lascaux 498 16% 11%

PVA/Klucel G 12% 50%

Paste/Methycellulose mix 19% 23%

Animal Hide Glue 5% 7%

Beva 4% 2%

Other 11% 5%

Table 7. Adhesives used on Leather. Shaded fields indicate those 
with higher popularity in responses

Leather Type

Dye/Colorant Original New

Aniline 21% 32%

Mineral Spirit 12% 14%

Metal Complex 2% 14%

Acrylics 26% 28%

Watercolors 18% 18%

None 51% 39%

Other 2% 9%

Table 8. Dyes used on Leather. Shaded fields indicate those with 
higher popularity in responses
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alcohol and SC6000 wax—being used, more predominantly 
on original leathers than new repair leathers.
 To focus on the materials used for each individual 
category and for each type of leather, the authors found that 
in responses for the the consolidation of original leather, 
cellulose ethers were by far the most popular (predominantly 
the use of Klucel G, but also the prepackaged Cellugel), 
followed by no treatment, then the use of CCAHA red rot 
cocktail, followed by straight SC6000. Common responses 
to “other” included a light paste wash, Lascaux thinned with 
isopropynol, and Dow Methocel (a medium viscosity methyl 
cellulose). Surface preparations for the lubrication of original 
leather overall mirrored the responses for those used as 
consolidations with the most common answer being “none”; 
then marginal responses for cellulose ethers, red rot cocktail, 
and SC6000. Just under 15% of respondents referenced 
using a leather dressing formula for lubrication, but these 
were heavily represented by non conservators, with only 9% 
of conservators responding with their frequent use. “Other” 
responses were almost nonexistent with the exception of a 
questionable response of “Canada perforated salad dressing 
and cheese mix”, which the authors can only assume was 
written in jest. The authors’ last focus of the use of surface 
preparation for original leather was for cosmetic treatment. 
Again, “none” was the most popular response, closely 
followed by cellulose ethers, red rot cocktail, and SC6000. 
Although the response for SC6000 was approximately the 
same percentage as for use in consolidation, it represents a 
higher percentage of those materials used for consolidation. 
Renaissance wax, although still only 23% of responses, 
saw more than double an increase from 11% of responses 
for consolidation and lubrication use. Few “others” were 
submitted, but again included Dow Methocel, straight ethyl 

followed by acrylics. While watercolors were not the most 
popular over all (only about 17% of respondents) their use 
was reasonably strong for use on both new and old leather. 
Dyes mentioned in “other” for dying new leather included 
Tocopheryl acetate (vitamin E acetate), unspecified BASF 
dyes, unspecified Fiebings brand leather dye, and Meltonian 
Cream (a tinted shoe polish). 

Surface Treatments used on Leather 
 The authors chose to present the questions relating to the 
use of various surface treatments in three distinct categories 
(consolidation, lubrication and cosmetic), following Kristen 
St. John’s survey model referenced earlier, to better deter-
mine not only what materials were being used but also for 
what purpose. 
 Table 9 represents the combined data collected for all types 
of surface preparations used on new and used leathers for the 
three different purposes. Overall, looking at this compilation, 
the data shows that consolidation of old leather is the most 
common instance where a surface treatment will be used. 
However, this occasion is also the most commonly noted 
for NO treatment—a disparity that illustrates a division still 
present in the conservation treatment of leather.
 A large percentage of respondents also noted that they 
often used Klucel G (or in the cases of non-conservators, the 
prepackaged version of the same cellulose ether, Cellugel) for 
the consolidation and cosmetic treatment of old leather, as 
well as some respondents noting the use of cellulose ethers for 
lubrication, which was an unexpected response. Additionally, 
the authors were a bit surprised by the seeming popularity 
of the use of SC6000 microcrystalline wax on original leath-
ers, but not so surprised by the reasonable acceptance of the 
‘CCAHA red rot cocktail’—a combination of Klucel G in 

Consolidation Lubrication Cosmetic

Material Type Original New Original New Original New

(Waxes) SC6000 37% 12% 16% 16% 35% 30%

(Waxes) Renaissance Wax 11% 7% 11% 12% 23% 14%

(Oils)British Museum Formula 7% 5% 4% 7% 5% 7%

(Oils) NYPL Formula 7% 4% 11% 11% 16% 7%

(Cellulose ethers) Cellugel 28% 7% 14% 2% 12% 11%

(Cellulose ethers) Klucel G 63% 7% 18% 4% 37% 11%

(Combination) CCAHA Red Rot Cocktail 40% 11% 18% 9% 30% 16%

(Cleaners) Saddle Soap 4% 2% 4% 0% 2% 2%

None 42% 37% 33% 33% 37% 35%

Other 7% 2% 2% 0% 4% 4%

Table 9. Surface Treatment used on Leather. Shaded fields indicate those with higher popularity in responses
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as a regular user of leather dressing, this did not turn out to be 
the case, and use was spread over all three professional areas. 

conclusions and next steps

 The authors found the data collected through this survey 
useful in several ways—not only has it helped to outline the 
current trends in leather treatments in conservation and its 
allied fields, but it has also illuminated several directions for 
further research. The most obvious next step for the authors 
is to take this information and integrate it into the leather 
treatment section of the Book Conservation Catalogue, as 
was the primary purpose of this survey. However, as usual, 
what was developed to provide the authors with answers 
actually served mostly to produce more questions. 
 Throughout this research, the authors were faced (and 
continue to face) leather preservation materials that they are 
unfamiliar with. Not only were some of the answers provided 
in the survey unfamiliar (even if some of them, like the salad 
dressing are perhaps not worth too much investigation), but 
research on some of these unfamiliar materials turned up yet 
more leather treatment options. For instance, in researching 
one of the modern leather dressings noted by a respondent, 
the authors found another commercially produced mate-
rial for leather treatment, CIRE 213—a wax emulsion with 
neatsfoot oil which is marketed under license from CNRS 
(French National Center for Scientific Research) and claims 
to not only to “nourish and rehydrate leather, [but also] pro-
vides essential elements that allow dry and cracked leather to 
recover some of its suppleness….” as well as purporting to 
be insecticidal. Clearly, there are endless research possibilities 
for variety in leather treatment approaches.
 Perhaps the biggest area of future research to come from 
this project is the overwhelming use of cellulose ethers, 
particularly in the treatment of original leathers, but at the 
same time there are multiple comments from conservators 
about their dubiousness of their effectiveness and long-term 

alcohol, and an unidentified mild soap that was specifically 
noted not to be saddle soap. 
 For responses on the common usage of surface prepara-
tions for new leather, starting with those responses related to 
consolidation, all were low except for the answer of “none”, 
which is not surprising since new leather should, theoretically, 
not require any consolidation. However there were a reason-
able number of respondents (12%) who noted using SC6000 
wax for consolidation. The only “other” submission of note 
was for “Edward’s Formula”, again, a material unknown to 
the authors at present. Surface preparations commonly used 
for the lubrication of new leather were also all low except for 
“none” and small preference for SC6000 and Renaissance 
Wax. The small number of “others” mentioned included “pro-
cedural aluminum hydroxides”; oil from hands in working 
with the new leather, and Marney’s leather dressing a modern 
commercially produced dressing made of lanolin, neatsfoot 
oil and beeswax. Lastly, for the surface preparation used for 
the cosmetic treatment of new leather, “no treatment” was 
again the most common response, but a strong preference for 
SC6000, and some preference for CCAHA red rot cocktail and 
Renaissance Wax was also shown. Many “others” were sub-
mitted, though none for more than one reference, including 
cinnamon oil, Meltonian Cream shoe polish, Dow Methocel, 
and a leather dressing of neatsfoot oil and anhydrous lanolin to 
different proportions than the NYPL formula.
 One of the main questions the authors sought to answer 
through this survey was “how often are more traditional 
treatments, such as leather dressing, still practiced?” From 
the results of the survey, the authors can conclusively say that 
leather dressing is still practiced, and for a variety of reasons, 
by a variety of professionals and that multiple formulas are 
still used (table 10). The most common reason the respon-(table 10). The most common reason the respon-). The most common reason the respon-
dents reported using leather dressing is for the cosmetic 
treatment of original leather (21%), followed closely by the 
lubrication of new leather (18%). While the authors had sup-
posed that the conservation field would be less representative 

Table 10. Use of Leather Dressing as a Surface Treatment for Leather. Shaded fields indicate those with higher popularity in responses

Consolidation Lubrication Cosmetic

Cons Pres Deal/Cur Cons Pres Deal/Cur Cons Pres Deal/Cur

ORIGINAL LEATHER          

British Museum Formula 7% 0% 0% 0% 10% 20% 2% 10% 20%

NYPL Formula 10% 0% 20% 10% 10% 20% 19% 10% 0%
          
NEW LEATHER          

British Museum Formula 5% 0% 20% 2% 0% 0% 2% 10% 40%

NYPL Formula 5% 0% 0% 10% 0% 0% 7% 10% 0%
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effectiveness. Further research into effective consolidation of 
powdery leathers by different viscosity and different formulas 
of cellulose ethers is an avenue of further research the authors 
hope to pursue and perhaps present again to the Book and 
Paper Group in the coming years.

acknowledgements

 The authors wish to thank The AIC and Book and Paper 
Group for allowing them to present this information at the 
AIC Annual Conference, as well as Kristen St John, Laura 
Larkin, Whitney Baker, and all the staff at the University 
of Illinois Library’s Conservation Lab for helping them to 
review the survey.

notes

1. Although in the survey the terms “paper” was meant to include 
tissue weights, there were some respondents who did not respond 
that they used Japanese papers, insisting that they only used tissue 
and the two were not the same. These responses were collected as 
“other” responses, but then rolled in to the totals for paper, as was 
initially planned.
2. Straight PVA should have been included as an option in the survey 
and not relegated to “other” status, and was only omitted as an over-
sight in the preparation of the survey tool.
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submission and non-exclusive electronic rights to publish it 
online. It is the responsibility of authors to seek and obtain 
permission to publish from other rights holders (owners of 
objects described or illustrated, photographers, illustrators, 
or copyright holders other than the author) and to provide 
appropriate credits. Authors, not the BPG, are responsible for 
any payment of fees to such rights holders. Authors may note 
in the letter of permission restrictions on print or electronic 
publication required by the author or other rights holders, 
but the BPG retains the right to drop an image, text, or entire 
article from print and/or online publication if meeting or 
maintaining the specified restrictions proves impractical.

Copyright
 Authors, not the BPG or AIC, own the copyright on the 
material they publish in the Annual. Authors are free to pub-
lish their own material verbatim or in revised form elsewhere. 
Future publishers who wish to reproduce all or parts of mate-
rial published in the Annual must seek permission from the 
authors, not from BPG or AIC. When reproducing figures in 
your text from a copyrighted source, you are responsible for 
clearing permission before submitting your paper.

Submissions
 Submit papers electronically through a file sharing site or 
as an email attachment in a common word-processing format 
such as Microsoft Word or WordPerfect, either Windows or 
Macintosh version. 

Format
 For editorial style, refer to the JAIC guidelines for 
authors printed at the end of JAIC and the complete guide 
available at www.conservation-us.org/jaic.
 For general editorial style refer to the Chicago Manual of 
Style. Please do not use your word processor’s automatic 
text-formatting features (i.e., for bulleted or numbered lists, 
endnotes, style sheets, etc.), simply key in the text and symbols. 

 The Book and Paper Group Annual is a non-juried collec-
tion of papers pertaining to the conservation and preservation 
of works of art on paper, paper artifacts, books, and library 
and archival materials. The Annual compiles postprints (full 
text papers, summaries, or abstracts) of papers presented at 
the Book and Paper Group (BPG) specialty group sessions at 
the AIC annual meeting and independently submitted papers 
that are of interest to members of the BPG. Papers in the 
Annual may be of any length from a short technical tip to a 
full-length article.

Selection
 The Annual is a non-juried publication. Authors are 
responsible for the content and accuracy of their submissions 
and the methods and materials they present.
 Papers presented at the specialty group session of the 
annual meeting are selected by committee based on abstracts. 
After presentation authors have the opportunity to revise 
their papers before submitting them for publication in the 
Annual. There is no further selection review of these papers. 
The original abstracts distributed at the meeting are pub-
lished if the authors do not submit either their full text or 
a revised abstract. Discussion Group moderators/chairs are 
asked to submit to the Annual a summary of the discussion 
they organize. 
 Independent submissions are published at the discretion 
of the BPG Publications Committee. The Committee con-
siders as selection criteria the scope, intelligibility, originality, 
significance, and gross factual accuracy of the submission but 
does not attempt detailed review.
 The BPG encourages authors of papers that have appeared 
in the Annual and that have scope of general interest to the 
conservation community to submit their articles to the 
peer-reviewed publication Journal of the American Institute for 
Conservation (JAIC).

Permissions
 Authors submitting papers to the Annual are required 
to provide the BPG with written permission to print their 

Guidelines for Authors
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 Please use the following guidelines when formatting your 
document:

1. Full title and author at the top of the first page.
3. Highlight headings and subheadings in different colors.
4. Single space text, double-space before new paragraph.
5. Use italics, not underlines, where appropriate.
6. Format notes as endnotes. Do not use the word-processing 
program’s automatic endnote formatting feature; simply type 
the text at the end of the paper.
7. References must be alphabetized.
8. Include author’s name, title, affiliation, city and state, and 
email address.
9. Include a list of figures and captions at the end of the paper.
10. Do not embed figures into your word-processing docu-
ment but submit each as a separate file.

Figures
 Each figure (photograph, table, chart, line art, etc.) must 
have a reference number within the text. Captions for each 
figure should be numbered and listed at the end of the 
paper. Captions for works of art should include artist, title, 
date, media or materials, dimensions (in metric), and credit 
(including museum number). Captions for photographs 
captured under magnification or other special technology 
should specify the magnification and/or the technology (e.g., 
scanning electron microscope, UV light, etc.). Provide appro-
priate credit to the photographer or illustrator, if other than 
the author, in the caption or in an acknowledgments/credits 
section at the end of the paper.
 Digital files for figures are accepted in the form of TIF 
files with 300 dpi resolution, sized no larger than 6 inches 
and no smaller than 3 inches in the longest dimension. JPEGs 
are acceptable, though the resolution may be compromised. 
PDFs are also acceptable for charts and graphs. Do not submit 
PowerPoint files.
 Name each digital file with the appropriate reference 
number (e.g., Smith01.tif) and submit them as an email 
attachment or through a file-sharing site. Do not embed fig-
ures into your word-processing document but submit each as 
a separate file.
 Figures are printed in black and white in the print version 
of the Annual but may be produced in color in the online 
version. Please ensure that photographs, charts, and graphs 
remain legible when the color is stripped away.

Deadline
The deadline for submissions is July 1. Send submissions to: 

Renée Wolcott, Managing Editor 
Conservation Center for Art and Historic Artifacts
Philadelphia, PA 19103
rwolcott@ccaha.org
215–545–0613
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