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Introduction

After a very successful 16th Triennial Meeting in 
Lisbon in 2011, our ICOM-CC Working Group of 
Graphic Documents continues to develop the 
themes of research and conservation practice for 
library and archival documents. The aim of the 
ICOM-CC Graphic Documents Working Group is 
unchanging: to gather and disseminate informa-
tion from around the world on the conservation 
of all forms of documents, including, but not 
limited to, those on paper, parchment and papy-
rus. 

The working program of the graphic document 
group 2011-2014 reflects the fast evolution in 
the professional field. The program has seven 
main targets focusing on research and practice, 
at object and at collection level, from diagnosis 
to imaging and digitalization. The objectives are 
situated in the following areas:

 
• Multidisciplinary projects dealing with the 

treatment of artifacts on paper, parchment 
and papyrus (such as manuscripts, printed 
books, albums, atlases, prints, drawings, archi-
tectural drawings, cartoons, scrolls, herbaria, 
collages, three dimensional objects in papier 
maché, etc). 

• Imaging as support to the diagnosis and treat-
ment of conservation issues with paper ob-
jects. 

• The challenges of digitalization in the ar-
chive-, museum- and library- world (at collec-
tion level). 

• The extent to which decision processes in the 
conservation of paper-based collections are 
influenced by changing views of the ethics of 
conservation. 

• The mix of Western and Eastern traditions in 
paper conservation. 

• Models for surveys and risk assessment of 
graphic documents collections. 

• Growing competences in the field of paper-, 
library-, archive- and print- conservation. 

The Interim Meeting of the Working Group 
Graphic Documents in Vienna (17 - 19 April 2013) 
on the theme Paper Conservation: Decisions & 
Compromise, provides a forum for the broad 
spectrum of activities our professional communi-
ty is developing. Ever increasing competences are 
demanded of paper-, library-, archive- and print 
conservators by, on the one hand, the challenges 
of digitalization in the archive-, museum- and 
library- world, the global impact of changing cul-
tural policies and economic constraints and, on 
the other hand, new research, new materials and 
new techniques. We realize that decision pro-
cesses in conservation are influenced by changes 
in ethics, politics and science. In the light of this, 
conservators need to shape their professional 
profiles to these processes and to play their part 
as valuable partners in negotiations over the fu-
ture of documentary heritage. 

The publication of the extended abstracts of 
the 43 contributions to this Vienna Interim Meet-
ing presents a fascinating overview of the cur-
rent state of research, practice and progress in 
the field of paper, book and document conserva-
tion and preservation. We thank the Vienna orga-
nization team, coordinated by Christa Hofmann 
and the authors for sharing their skills, experi-
ence and knowledge. 
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New Trends in Preservation in the Digital Age: New Roles for Conservators

Dianne Lee van der Reyden 
Former Director for Preservation, Visiting Scholar at the Library of Congress, USA

Introduction
The role of conservators has broadened during 
the last several decades. This is driven in part by 
changes in cultural institutions, such as the Aus-
trian National Library, the Library of Congress 
and others, because they are now stewards of 
an ever-increasing variety of documents, writ-
ten, imaged, or otherwise captured in multiple 
media and formats. As this interim ICOM-CC con-
ference shows, these formats range from atlases 
and albums to architectural drawings; broad-
sides to books of hours and herbaria; codices to 
cartoons; iron gall ink manuscripts to medieval 
illuminations; parchments to prints and photo-
graphs; and wall paintings to wall paper. Add to 
this legacy motion picture films and recorded 
sound cylinders, cassettes, compact discs, and 
other electronic analog and digital media, and 
the scope of formats and resultant issues facing 
today’s libraries, archives and museums (LAMs) 
can be daunting. 

But there are several emerging trends that 
expand a conservator’s capabilities in our digital 
age. This paper is intended to challenge conserva-
tors and other cultural stewards with a premise, 
a problem, and some solutions, based on those 
trends.

Premise 
There are billions of cultural heritage items re-
quiring preventive and interventive conservation 
actions. This fact was documented in the US by 
the 2004 Heritage Health Index Survey of the 
nation’s collections1, which showed that institu-
tions holding primary source materials face the 
following specific challenges:
•  Collections, which are in fact a cultural insti-

tution’s business assets, are extraordinarily 
and increasingly, vast and complex, with a 
large percentage requiring preventive and/or 
interventive care. Consequently, more surveys 
of collection needs and demography are re-
quired to help cultural stewards prioritize the 
allocation of dwindling resources, based on 
value, use and risk criteria relevant to respec-
tive collections.2

• Institutional staffs often lack sufficient re-
sources and, in some cases, training. There-
fore, more educational opportunities such as 
the ICOM-CC conferences, and more innova-
tions such as automation, are needed to maxi-
mize efficiency in the face of all too frequent 
staff reductions, especially as institutional 
responsibilities multiply.3

•  Contemporary collections can be as vulnerable 
as any. It is imperative that more research into 
the needs of modern media is designed, fund-
ed, conducted and disseminated, before the 
records of our current-day accomplishments 
vanish without a trace.4

Problem
Despite the desire for digitization to solve the 
problems of collection preservation, the fact is 
that collection complexity, exacerbated by inclu-
sion of digital material, is growing, not slowing, 
while resources are reduced or reallocated to 
scanning projects. What can conservators do to 
stem the tide of loss of collections?

Solutions
Conservators are among the most effective advo-
cates for cultural stewardship. We can stem the 
tide of loss by harnessing digital technology to 
advance emerging trends in libraries, archives 
and museums. By harnessing these technologies, 
we can develop solutions for the preservation of 
original primary source materials to strengthen 
and advance the following:
•  Science-based research for preservation, to 

support the needs of collections and conserva-
tors, and other scholars, through research and 
development (R&D).

•  Cost-effective preventive preservation for im-
proved access, to support efforts of cultural 
stewards through automated storage and dis-
play systems and environmental monitoring.

•  Preservation partnerships and conservation 
collaborations with funders and allied associa-
tions, to support students and professionals 
through hybrid educational endeavors, such as 
webinars, online courses, and other exercises 

8
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including computer-simulated and decision-
making modeling.

Trends
The solutions above are reflected in three emerg-
ing trends that expand preservation capabilities 
of LAMs in our digital age, and are the focus of 
this paper:
1 Technological science-based research and de-

velopment derived from collaborations among 
conservators and other experts in library, com-
puter and materials science to extract eviden-
tial information from primary source material 
and to expand the useful life of collections. 

2 Preservation and access developments for 
at-risk items of high value and use through 
cost-effective innovative storage and display 
systems, as well as environmental monitoring 
and control.  

3 Methods to maximize minimum resources 
through national and international partner-
ships, including ICOM, IFLA, ICCROM, AIC, 
Heritage Preservation, and others. 

These three trends are discussed more fully be-
low.

1 Technological Research and Development
Collaborations among conservators and other ex-
perts trained in library science, computer science 
and materials science expand options for using 
and preserving the most seminal, vulnerable, 
and at-risk examples of our collective cultural 
heritage. These collaborations are increasing the 
amount of valuable information extracted from 
primary source materials for use by scholars, 
utilizing diverse forensic techniques.5 Such col-
laborations not only preserve evidence inherent 
to primary source materials, but also extend the 
useful life of these materials, through develop-
ment of decision-making tools for new treat-
ments (as exemplified by Library of Congress 
work presented on iron gall manuscripts or 
other treasures such as Ptolemy atlases).

Other advances in forensic analysis, derived 
from CSI-like strategies and innovations, include 
hyperspectral imaging (HSI). HSI employs high 
resolution and false-color component analysis 
to characterize treasured items (such as Wald-
seemueller’s 1507 Universalis Cosmographia, the 
map that “named” America). HSI can document 
changes in condition over time caused by natu-

ral aging. HSI can also reveal evidential content, 
such as text or unique identifiers, hidden or ob-
scured by time (as exemplified in examinations 
of Jefferson’s Rough Draft of the Declaration of 
Independence,6 Lincoln’s Gettysburg Address, or 
L’Enfant’s Plan for the City of Washington).7

Other advances have occurred in environmental 
scanning electron microscopy (ESEM), which can 
produce elemental “dot maps” using false color 
to identify chemical compositions, as well as 
reveal activation sites for deterioration in tradi-
tional and audiovisual materials. An ESEM cham-
ber can simulate environments to mimic adverse 
conditions of temperature and relative humidity 
to image in real time their effects on collections, 
as a form of artificial accelerated aging. ESEM, 
along with HSI, can aid in prediction of useful 
life by tracking changes induced by simulating 
the effect of exposure to adverse environments 
of high temperature and relative humidity levels 
that lead to polymer chain scission from chemi-
cal breakdowns caused by thermal-oxidation or 
acid hydrolysis.8

The information derived from these and other 
techniques can be combined to produce a com-
posite digital image of a document, in effect a 
virtual “digital object” enhanced by “scripto-spa-
tial” analysis, akin to GIS mapping. This aids au-
thentication through detection, revelation and 
mapping of unique identifiers or other special 
features. To house the resultant vast complex of 
data, the Library of Congress developed a state-of-
the-art Center for the Library’s Analytical Scien-
tific Samples (CLASS). CLASS houses physical col-
lections (such as TAPPI Fibers, Forbes Pigments, 
and many others), and provides a database 
framework for accessing scientific information 
derived from sample and historic collections. It 
is intended to foster international scholarly stud-
ies of the Library’s unique reference sample and 
other data to advance science and scholarship.9

The Library of Congress has invested in other 
R&D projects to advance preservation and access, 
included in the discussion below.

2 Preservation and Access Developments
Recognition of the importance of environment 
on reducing change in, and risk to, primary 
source material has spurred investments in R&D 
to improve preventive preservation. Integrated 
automation systems have streamlined detection 
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and monitoring against adverse environmental 
changes, as exemplified by the various climate 
monitoring systems developed by the Image Per-
manence Institute (IPI).10 IPI research supports 
the principle of reducing thermal- and photo-
oxidation through cold, dark storage systems. A 
salient example of cold storage, maximized by 
high-bay shelving, is the Library of Congress new 
storage complex at Fort Meade.11 Other examples 
incorporate sustainability through naturally cool 
environments, such as underground or moun-
tain storage, as in the National Library of Norway 
facility in Mo-I-Rana.12 

Cold, dark storage can reduce the effects of ther-
mal- and photo-oxidation. But these effects can 
also be moderated by reducing the levels of oxy-
gen, through low-oxygen or anoxic storage. An 
example of the principle of low-oxygen storage is 
the British Library’s Boston Spa storage facility, 
planned to combine cold storage with robotic 
retrieval in an atmosphere of low oxygen levels.13 
These environments are intended as fire preven-
tion systems, but they also may have some effect 
in controlling object aging and pest infestation, 
especially in anoxic environments.14 

For exhibition, anoxic, hermetically-sealed “visu-
al storage” cases for treasured collections on dis-
play, such as the Library’s Waldseemueller Map, 
have been developed in partnership with the 
National Institute of Standards and Technology 
(NIST).15 The notion of “visual storage” has been 
maximized by several Smithsonian Institution 
museums through the use of diverse compact 
storage techniques. The Smithsonian American 
Art Museum has entire galleries with public 
displays on movable racks.16 The Smithsonian’s 
Museum Support Center has further examples 
of innovative adjustable and compact systems, 
employing cabinets and shelves that move in 
innovative lateral-track directions, as well as in 
the perpendicular-track direction found in many 
library compact shelves. These compact shelving 
systems can be hand-driven or automated.

Automation has also enabled more cost-effective 
mass preventive care through computerized box-
making and mat-cutting systems, which help 
containerize items on display or in storage. Such 
containerization at the item- and collection-level 
is important, as well, for emergency prepared-
ness, and is maximized when supplemented by 

further containerization in furniture and room 
design, especially when reinforced by innovated 
fire prevention, detection and suppression sys-
tems.17

A salient example of the principle of cold stor-
age, containerization and tailored fire sup-
pression systems is the National Audiovisual 
Conservation Center on the Packard Campus 
of the Library of Congress in Culpepper, VA, 
which among other innovations including un-
derground cold storage vaults, has cubby niches 
and innovative sprinkler designs for safe storage 
of highly flammable and self-combustible early 
nitrate film.18 

Recognition of the importance and extreme vul-
nerability of analog and digital audiovisual col-
lections, which are most reflective of our current 
cultural creations, has lead to substantial invest-
ments in R&D at the Library. Enhancements in 
digital imaging technologies, developed with the 
Lawrence Berkley National Laboratory (LBNL), 
have resulted in the “IRENE” machine and newer 
confocal imaging devices for sound reproduction 
from unplayable audio recordings, including cyl-
inders of indigenous languages (such as the now 
extinct Yahi tribe). This technology is so sensitive 
it can even capture sound from soot on paper (in 
the earliest phonautogram) or from emulsion 
on glass (part of Alexander Graham Bell’s work) 
and other experimental recordings of human 
voices. Current efforts seek to make the “IRENE” 
technology portable enough to serve collections 
worldwide.19

Developments such as this enable conservators 
and other cultural stewards to directly assess and 
prioritize needs for at-risk collections. Similar 
efforts focus on developing other portable instru-
ments with innovative, and integrated, analytical 
programs, such as a portable Fourier Transform 
Infrared Spectrometer (FTIR) programmed to 
detect chemical markers of degradation in au-
diotapes with “stickey shed” syndrome, which 
renders tapes unplayable.20

Other trends further access to the intrinsic and 
associative value of collections by producing 
“digital objects” while also promoting initia-
tives in preservation of digital assets. Studies 
in natural and accelerated aging of digital col-
lections have characterized the vulnerability of 
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current electronic physical formats such of CDs 
and DVDs.21 More reliable media are needed. One 
candidate is DNA, which has myriad advantages 
as an encoding system, from a preservation and 
information management perspective.22

3 Maximization of Minimal Resources 
through Partnerships
Partnerships, like the aforementioned examples 
with IPI, NIST and LBNL, promote preservation 
possibilities, especially when supported by public 
and private funders and associations such as AIC, 
ICON, ICOM, ICCROM and IFLA. Examples of pow-
erful partnerships that will advance preservation 
of collections include the following:
•  Digital Preservation Groups, such as that at 

the Library of Congress, which promotes pres-
ervation of digital formats most at risk, by de-
veloping guidelines based on best practices of 
life cycle management. 

•  National Endowment for the Humanities/
National Digital Newspaper Program, which 
provides a model for preservation of at-risk 
collections by its initiative to preserve newspa-
pers through digitization from microfilm.23 

•  Council on Library and Information Resources’ 
Digital Humanities Fellowship, which advanc-
es scientific studies of primary source materi-
als.24 

•  Andrew W. Mellon Foundation’s Grant for 
Library and Archives Conservation Training, 
which aims to advance graduate training 
through partnerships among institutions such 
as the Library of Congress.25

•  Heritage Science Programs, such as that at the 
University College of London (UCL), to advance 
the new discipline of heritage science within 
university STEM (science, technology, engi-
neering and math) curricula, as supported by 
national science agencies.26 

New roles for conservators
Conservators have long recognized the impor-
tance of materials science in assuring the long-
term efficacy of our efforts. We now have new 
opportunities to exploit advances in computer 
science, particularly in the fields of imaging and 
data analysis, facilitating the emerging disci-
pline of digital humanities. Partnerships with 
our computer savvy counterparts can ultimately 
lead to innovations that, for instance, enhance 
conservation treatment training through com-
puter simulation incorporating haptic biofeed-

back technology, similar to that used to train 
medical surgeons.27 This, particularly if coupled 
with the development of expert systems for de-
cision-making, can extend our skills and judge-
ment.

We need to continue to promote surveys to docu-
ment and prioritize collection needs, incorporat-
ing new endeavors that leverage economies of 
scale, such as UCL’s collection demography sur-
vey, or, in the US, the upcoming second Heritage 
Health Index Survey planned by Heritage Preser-
vation to capture changes in stewardship, aware-
ness and needs during the last decade.

Finally, we must educate ourselves to recognize 
the pressing needs not only of our traditional 
collections, but also of the most vulnerable me-
dia in our audiovisual and digital collections, 
which are the legacy of our own era.

Conclusion
The trends described in this paper, which are 
becoming more prevalent in major institutions 
tasked to preserve our collective cultural heri-
tage, aim to maximize today’s minimal resources 
through expanding preservation capabilities and 
partnerships. Despite economic limitations, we 
are all compelled to recognize our responsibili-
ties to sustain and conserve our cultural resourc-
es, just as we do our natural resources, though 
development of information and educational 
outreach initiatives.28 
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Notes

1 For more on the Heritage Health Index, 
see: http://www.heritagepreservation.org/
hhi/

2 The topic of survey techniques is not 
covered in this paper, but for informa-
tion on preservation priority surveys 
to compare and group collection needs 
for conservation treatment and general 
care, and random sampling surveys to 
determine resource allocations for vast 
and diverse collections, as well as item 
level surveys, see: Van der Reyden, D., H. 
Tennison, F. W. Tsai, and M. Parish. “An 
’Angel Project’ of Dinosaur Proportions.” 
Book and Paper Group Annual 15 (1996): 
145–160. http://cool.conservation-us.org/
coolaic/sg/bpg/annual/v15/bp15-18.html

3 To address educational challenges, a sym-
posium funded by the Getty and orga-
nized by the Library of Congress on Pres-
ervation Education in the 21st Century, 
published a report available at: http://
www.loc.gov/preservation/outreach/sym-
posia/preseduc.html

4 For an example of a national scientific 
research agenda addressing the needs of 
collections, see: http://www.loc.gov/pres-
ervation/scientists/

5 For more on return-on-investment 
science-based resources for preservation, 
see: Van der Reyden, D. “The Science-
Based Fight Against ‘Inherent Vice.’” 
International Preservation News, 50 
(2010): 5-10. [PDF: 2.2 MB / 44 p. (entire is-
sue)] http://www.ifla.org/files/pac/ipn/50-
may-2010.pdf

6 See article by the Washington Post’s Marc 
Kaufman on “Jefferson changed ‘subjects’ 
to ‘citizens’ in Declaration of Indepen-
dence”, on July 3, 2010 at http://www.
washingtonpost.com/wp-dyn/content/
article/2010/07/02/AR2010070205525.html

7 See France, F. “Best Practice and Stan-
dards in Environmental Preservation 
for Cultural Heritage Institutions: Goals, 
Knowledge, Gaps”, British Library Confer-
ence: Advances in Paper Conservation 
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Scientific Research in Paper Conserva-
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http://cool.conservation-us.org/jaic/ar-
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Control of Museum Insect Pests; Tools for 
Conservation, The Getty Institute, 2003.
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tems, see: http://www.loc.gov/preserva-
tion/scientists/projects/anoxic_cases.
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sures, see: Van der Reyden, D. “Displays: 
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at the Library of Congress.” In Proceed-
ings of the International Symposium, 
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17 For more on containerization strategies, 
see: Van der Reyden, D. “Paper Docu-
ments.” In Storage of Natural History Col-
lections: A Preventive Conservation Ap-
proach. Edited by C.L. Rose, C.A. Hawks, 
and H.H. Genoway, 327–354. Pittsburgh, 
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22 For more on the possible use of DNA as a 
storage medium, see: Van der Reyden, D. 
“Preservation in the Digital Age: A Dis-
cussion about Conservation in Libraries 
and Archives: Dialogue with Jeffrey Levin 
and James Druzik.” Getty Conservation 
Institute Newsletter 22, no 3 (2007): 10–15. 
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25 http://www.loc.gov/preservation/out-
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26 For more on UCL’s Heritage Science Pro-
gram, see http://www.bartlett.ucl.ac.uk/
graduate/csh/learn/mres-heritage-science

27 For more on the role of computer-simu-
lation in conservation training, see: 

 Leuschke, R., R. Donlin, M. Claus, M. 
Nugent, D. van der Reyden, and B. Han-
naford. “Haptic Characteristics of Docu-
ment Conservation Tasks.” In Proceed-
ings 2008 Haptics Symposium, 383–386. 
Reno NV: 2008. [PDF: 890 KB / 6 p.] http://
brl.ee.washington.edu/BRL_Pubs/Pdfs/
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Reyden, D. “The Preservation Directorate 
at 40.” Library of Congress Information 
Bulletin 66, no. 5 (2007): 95–99. http://
www.loc.gov/loc/lcib/0705/directorate.
html. For more on future strategies 
for document collections, see: Van der 
Reyden, D. “Future Directions in the Pres-
ervation of Document Collections (Or: 
Coming of Age in the Digital Era while 
Avoiding a Preservation Mid–life Crisis).” 
AIC News 32, no. 6 (2007): 1. [PDF: 658 KB 
/ 24 p.] http://www.conservation-us.org/_
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The Albums of Duke Charles de Croÿ: Consolidation and Modified  
Re-housing of Double-sided Miniatures on Parchment in Bound Volumes

Uta Landwehr | Junko Sonderegger
Austrian National Library, Conservation Department, Vienna, Austria
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The ongoing conservation project of the so-called 
Croÿ-albums, Codices Miniati 49 and 50, part of 
the collection of Manuscripts and Rare Books at 
the Austrian National Library, involved an unusu-
ally wide range of possibilities and several levels 
of decisions. The large number and the size of 
the objects to be treated multiply the conse-
quences of choices.

The albums make up a total of 15 Baroque red 
leather bindings which contain a total of 423 
parchments measuring from 51,0 to 54,0 cm by 
38,0 to 40,5 cm. The skins were painted on both 
sides, thus acting as supports for 846 gouache 
paintings. These pieces are a portion of an origi-
nal collection of reportedly about 2500 objects 
assembled in 23 volumes. They were commis-
sioned by Duke Charles de Croÿ d´Arschot (1560 
– 1612) during the Spanish regency of the South-
ern Netherlands and depict views of those ter-
ritories which enclose areas of today’s Belgium, 
Northern France and the Netherlands. They were 
executed between 1590 and 1611 by the artist 
Adrien de Montigny (d.1615) and his workshop 
after detailed land registers.

The large collection was sold and thus dis-
persed after Duke Charles de Croÿ’s death. Today 
paintings are in the collections of various Euro-
pean institutions and private owners. The pieces 
from the Viennese Croÿ-Albums were acquired 
by Duke Charles of Lothringen (1712 – 1780); it is 
assumed that he bought the paintings at three 
auctions. They were incorporated into the impe-
rial collections and the royal geographer, Abbé 
Palquois de Reigniere, arranged the order of the 
parchments after 1753. The sheets were adhered 
to paper mats with animal glue. These were 
bound into albums with alternating support-
ing pages of rag paper. Today we consider these 
Baroque volumes containing the parchments as 
historic, but not original since they are not the 
first presentation of the pieces.  

The albums reveal some conservation history: 
in the mid-1970s the parchments were removed 

from the books because of severe cockling and 
heavily-flaking pigments due to material ten-
sions and friction. The paper frames were cut 
off leaving a fold about 4 cm wide in the book. 
After removing the parchments from the paper 
frames, conservation treatment consisted of 
consolidating the paint layer. Parchment glue 
was sprayed over the surface several times after 
pre-treating the sheets with ethanol. The skins 
were flattened after humidifying and stretching.  
Eventually the individual sheets were placed 
into transparent polyester pockets which were 
attached onto the remaining folds with synthetic 
adhesive. The pockets, open at the top and bot-
tom, were partially secured with transparent 
pressure sensitive tape, allowing some air circula-
tion. Additional slits were cut into the fore - edge 
of the pockets to allow further air exchange. 

Fig. 1: parchment sliding out of polyester pocket, adhesive 
tape lost in the tail area
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Besides the visually disturbing “plastic feeling” 
within the shiny polyester pockets, the current 
problems of the paintings include their sliding 
within the partially creased pockets when turn-
ing pages (Fig. 1). Abrasion occurs as well as static 
charges which endanger loose pigments (Fig. 2). 
Some of the tapes’ adhesive has migrated into 
the supporting paper, some of the carriers have 
fallen off.

The range of possible conservation interventions 
to secure the condition of the Croÿ-Albums in-
cluded doing nothing (leading to denying access 
to the objects for readers), minimal intervention 
(replacing the pressure sensitive tapes), as well 
as an overall treatment (remounting the parch-
ments within the Baroque bindings). The ex-
treme intervention considered was to remove the 
paintings from the books and to re-house them 
in individual double-sided matboards stored in 
acid-free boxes. 

Creating a decision-making tree helped to vi-
sualize the complexity of the issues involved and 
to better understand common points and dif-
ferences between the various options. The treat-

ments’ impacts were discussed considering the 
factors of safety for the objects, practical feasibil-
ity, time (labour costs, balancing priority with 
other projects), material costs (custom-made rag 
paper for frames, Japanese paper for protective 
sheets, archival quality matboards) as well as 
a possible increased need of storage space. The 
common requirements for the time-consuming 
invasive interventions (remounting or removing 
from the bindings) were the consolidation of 
the flaking paint layers, and to ensure safe han-
dling of the objects in order to allow a careful 
although restricted use of the valuable paintings. 
Some of the theoretical treatment options, like 
remounting each parchment in a paper frame 
reflecting the Baroque mounting, were ruled out 
after evaluating the results of practical tests and 
mock-ups. 

Considering the importance of the Croÿ-
albums, a cost- and time-intensive overall treat-
ment seemed justified. Finally, the choice was 
made to remove the polyester pockets from the 
books and to attach the consolidated parch-
ments with adapted T-hinges to the supporting 
paper pages. 

A few paintings with very fragile paint layers 
and heavy pigment losses will not be remounted 
into the books but kept separately in double-
sided matboards.

The estimated timeframe per treated volume 
is roughly 300 working hours.

A positive side-effect of this long-term project, 
during which each of the parchments needs to 
be handled, is the chance to digitize the paint-
ings after consolidation before remounting. The 
availability of high quality digital images facili-
tates access to the content of the valuable minia-
tures. At the same time it permits to strictly limit 
the physical use of the fragile originals.  

For areas with poor adhesion, consolidation is re-
alised with gelatine 1% w/v in water (Gelita Novo-
tec GP Type 73 189 technical grade, type B) using 
an ultrasonic mister (AGS 2000, ZFB). For flaking 
areas the gelatine is applied 2% w/v with a thin, 
long-hair brush (5/0 da Vinci, Nova Synthetics). 
Hinges of Japanese paper (Paper Nao RK-38, 16g/
m², 3 x 2 cm) are attached along the left edge 
on the back of the treated parchment using a 
mixture of wheat starch paste and Methocel 
A4M 2.5% w/v (spacing 0.7 cm) (Fig. 3). A sheet of 
strong, yet smooth and slightly translucent Japa-
nese paper (Paper Nao RK-19, 32g/m², 59 x 46.5 

15

Fig. 2: detail with losses and loose pigment flakes (raking light)

Fig. 3: feathered hinges attached along the edge on the verso of a painting
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cm) is placed over the recto of each gouache and 
pasted over the hinges onto the supporting paper 
with Methocel A4M 2.5% w/v. This construction 
protects the painting’s surface while reinforcing 
the row of hinges. Careful handling allows turn-
ing the pages without the risk of sliding and fric-
tion (Fig. 4). An illustrated instruction sheet has 
been designed for curators showing the handling 
of the parchments in the books step by step.
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A 1763 Illuminated Haggadah Manuscript:  
How Ineffective Past Treatments Resulted in an Antioxidant Research  
Project, Impacting Current Treatment Decisions

Doris St-Jacques | Maria Bedynski | Lynn Curry | Season Tse

Library and Archives Canada; Canadian Conservation Institute, Ottawa, Canada

This 1763 Altona Haggadah (Fig. 1 ) is a mid-eigh-
teenth-century illuminated manuscript from the 
Lowy Collection of Library and Archives Canada 
(LAC). The manuscript is particularly important 
as it does not represent high book art, but gives 
testimony to the way a middle class Ashkenazi 
family of the 18th century would have celebrated 
Passover. The text is accompanied by 97 illumi-
nated miniatures and a fully illuminated frontis-
piece. Analysis of paper, ink, pigments and coat-
ings from the manuscript was undertaken using 
Fourier transform infrared spectroscopy (FTIR), 
energy dispersive x-ray spectroscopy (EDS), scan-
ning electron microscopy (SEM), x-ray diffraction 
(XRD) and/or polarized light microscopy (PLM) at 
Canadian Conservation Institute (CCI)  (Helwig, 
Corbeil: 2009). 

The text is written in iron gall ink and the pig-
ments used in illuminations are predominantly 
red, blue and green. They were identified as dry 
process vermilion or cinnabar, Prussian blue, 
and atacamite/paratacamite (copper chloride 
hydroxides). Unidentified yellow, glaze-like paint 
is very thinly applied. Gold toned colours were 
found to be composed of brass flakes. The colours 
are transparent and the pigment vehicle is hard 
and glossy. Lighter colours are also present al-
though these are less concentrated dispersions 
of the same red, blue and green pigments. Gum 
was identified as the only binding media present. 

The paper support is in fragile condition due 
to iron gall ink and copper containing atacamite 
corrosion. On several pages, ink had penetrated 
to the verso of the page, making the text difficult 
or impossible to read. It is unevenly discoloured 
and stained throughout. Handling and use is the 
cause of much of the grime around the edges of 
the folios. There are large brown liquid stains on 
several pages caused by splashed red wine, most 
probably during the ceremonial Passover meal. 

Past Conservation Treatment Highlights

1987 examination revealed that deterioration 
of the paper was further advanced in areas of 
densely applied iron gall ink (Fig. 2) The green 
copper pigment had also caused similar deterio-
ration of the paper. Treatment in 1987 included 
dismantling the manuscript and deacidifying 
the pages with solvent based Wei T’o #2 solu-
tion (methyl/ethyl magnesium carbonates in 1,1 
Dichloro-1-Fluoroethane (HCFC-141B) and metha-
nol). This was followed by tissue repairs using 
carboxy-methyl-cellulose as an adhesive. 

Examination In 2007 revealed many new 
cracks and losses throughout the manuscript. It 

ICOM-CC Graphic Documents Working Group Interim Meeting | Vienna 17 – 19 April 2013
1717

Fig. 1: Frontispiece of the 1763 Altona Haggadah, from the 
Jacob M. Lowy Judaica Collection, Library and Archives 
Canada, (BM674.6 A3 1763 xxfol. LOWY) 



was evident that the deacidification treatment 
of 1987, had been unable to completely protect 
the paper from continued deterioration caused 
by the iron gall ink and atacamite pigment. The 
poor 2007 condition of the Haggadah prompted 
discussions about the need for further conserva-
tion treatment, required to effectively delay dam-
age caused by oxidation, catalyzed by copper and 
iron in the inks and pigments.  

Due to the water sensitivity of many elements 
in the manuscript, only non-aqueous methods 
could be considered for future treatment.  Sol-
vent based antioxidant treatments were still at 
the experimental stage at that time and required 
further research before they could be applied to 
originals.

Until an appropriate treatment could be 
found, it was necessary to mechanically stabilize 
the damaged and fragile areas of the manuscript.  
Berlin tissue, one of the lightest tissues presently 
available, was coated with gelatin and used as a 
remoistenable tissue.  Recent studies have shown 
that type B gelatin with a high or medium 
Bloom, is effective in preventing migration of 
free iron (II) ions (Kolbe 2004).  The coated tissue 
was reactivated in situ on the suction table, us-
ing an ethanol/water solution (Pataki, 2009).

At this point, a joint research project was de-
veloped between Library and Archives Canada 
and the Canadian Conservation Institute, to in-
vestigate treatment options for the Haggadah. 

Joint CCI / LAC Research Project Highlights

The paper, inks, pigments and experimental 
conditions were selected based on a review of 
recent studies and literature. We chose verdigris 
and atacamite as the pigments,  Iron gall ink and 
iron gall ink with copper as the two types of ink.  
The European co-founded InkCor project, identi-
fied a number of antioxidants that can be used 
in solvent based solutions. Halides were among 
the most effective for treatment of both iron and 
copper inks and pigments (Malesic et al. 2005 
and 2006; Kolar et al. 2008). We chose Tetrabutyl 
ammonium bromide (TBAB) and 1-ethyl-3-methyl-
imidazolium bromide (EMIMBr) as the two an-
tioxidants for the project. For deacidification, 
we chose WeiT’o, to simulate the past treatment 
of the Haggadah and Bookkeeper spray, as it is 
widely used in conservation.

Sample preparation (Fig. 3), treatment meth-
ods and detailed results of this project are avail-
able in the 2012 AIC Book and Paper Group an-
nual (Tse et al. 2012).

Brief Summary of Results 

Ink Samples:
Both WeiT’o and Bookkeeper improved the paper 
strength with both types of ink samples. They 
also increased the pH of the two inks, though 
not all of the acids were neutralized, as the inks 
remained acidic. This acidic pH means that de-
terioration of paper will continue, but it will 
be slower than without treatment. In the ink 
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Fig. 2: Close-up of some of the losses found in heavily inked areas  
of the manuscript. 

Fig. 3: Pigment samples being pre-aged in LAC’s  
humidification chamber



samples, the addition of antioxidants showed no 
improvement in paper strength over deacidifica-
tion alone. The addition of antioxidants did not 
influence the pH before or after aging.

Verdigris Samples:
Deacidification alone resulted in a slight im-
provement of paper strength and the addition 
of an antioxidant did not affect the pH of the 
samples.  WT deacidification, followed by an anti-
oxidant, did not improve paper strength substan-
tially, though the antioxidant and Bookkeeper 
treated samples showed some improvements, 
especially with EMIMBr.

Atacamite Samples:
The antioxidant treated samples showed a 
marked improvement over just deacidification 
alone. Though both antioxidants were effective, 
the antioxidant/Bookkeeper combinations gave 
the best results for this sample group.

Research Project Conclusions:
This study indicates that the benefits of the two 
antioxidants are not evident when the inks are 
still acidic. Deacidification treatments do not 
automatically ensure neutralization of all the 
acids, so it is important to verify the pH of the 
ink lines on the manuscript, not just of the sur-
rounding paper (Tse et al 2012).

Past WeiT’o treatment of the Haggadah im-
proved the pH of the paper and though the ink is 
still acidic, we believe that the WeiT’o treatment 
has delayed corrosion. Deacidification was neces-
sary but not sufficient by itself.

Though this study has added to the body of 
knowledge available on antioxidant treatments, 
we hope to gain confirmation of our results 

through current and future studies, including 
similar work being done at the Austrian National 
Library, for example, before committing to a spe-
cific antioxidant treatment for the Haggadah. 

Re-binding the Haggadah  

As the Haggadah at this point remained dis-
bound and antioxidant treatment possibilities 
required further confirmation before being con-
sidered, discussions took place regarding the re-
binding of the manuscript. In the end, it was de-
cided to rebind the manuscript and that the con-
temporary cover boards would not be re-used for 
two reasons. First, the valuable evidence of past 
bindings and repairs would need to be removed, 
in order to improve flexibility and allow reattach-
ment of the cover.  Second, reusing the covers 
would limit the board re-attachment methods to 
those using sewn supports, either laced or cased.  
These traditional structures can cause compres-
sion of the spine during opening, resulting in 
arching of the pages, which places the manu-
script support and media at serious risk.

The condition of the Haggadah, combined 
with other important factors, defined the re-
quirements for a new binding structure. Also, 
to prevent the spread of copper and iron II ions 
further into the paper, only non-aqueous adhe-
sives could be used for spine linings and other 
binding procedures. A second requirement was 
the inclusion of interleaving. The type of paper, 
method of attachment and whether to add an 
alkaline reserve to the interleaving, with or with-
out an anti-oxidant buffer, were all taken into 
consideration.  

To prevent physical damage to the fragile 
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Fig. 4: The Rebound manuscript with the antioxidant impregnated interleaving



manuscript paper, the binding would need to 
lay completely flat when open, avoiding stress 
on the paper folios and arching of the pages. The 
options for binding structures would need to 
consider the sewing method, spine shape, spine 
lining and board attachment method. Revers-
ibility was also essential for the binding. Plan-
ning ahead for possible antioxidant treatments 
which would require dis-binding, meant that the 
sewing, linings and covers had to be removable 
without causing damage to the manuscript. To 
provide for long-term preservation of the manu-
script, the use of recognized techniques and ar-
chival quality materials was essential.   

Research and sample mock-ups resulted in 
a suitable binding option. The sewing method 
selected required minimal manipulation of the 
text block. The binding would have a flat open-
ing, supple boards, little or no change in dimen-
sions and would require very little use of adhe-
sive and to improve the ageing properties of the 
manuscript indirectly, interleaving papers were 
impregnated with an alkaline buffer and antioxi-
dant (Hansen, 2005). 

The stabilized Haggadah has been digitized 
due to its restricted access and is stored in the 
dark, in a controlled environment of 18 degrees 
Celsius and 40% RH, awaiting possible antioxi-
dant treatment in the future (Fig. 4).
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The Conservation of the Hussite Codex (Mus.Hs.15492)  
Considerations on Minimal Intervention

Birgit Speta
Austrian National Library, Conservation Departement, Vienna, Austria

This paper discusses considerations on minimal 
conservation intervention, using the example of 
the Hussite Codex, which is in the collection of 
the Department of Music at the Austrian Nation-
al Library in Vienna.

History1

The Hussite Codex is one of the most famous 
graduals (books containing antiphons and choral 
music) of Kutna Hora (Czech Republik).  Known 
as Hussite Codex or Smisek Gradual, this gradual 
is called the Hussite Codex because it contains 
illuminations showing scenes of the life of the 
reformer John Hus2, while its other name, the 
Smisek Gradual, reflects its original ownership 
by Michal Smísek of Vrchoviste, who commis-
sioned it from  Matthew´s workshop in Prague. A 
note on the last page of the manuscript records 
1491 as the year of completion.

Miniature painting
The gradual is extensively illuminated. A large 
part of the first page is gilded. Beneath a picture 
of the Madonna, the Smisek family is portrayed. 
All initials are decorated, either with ornamental 
patterns or in figurative paintings.

The first page of each choral is lavishly illu-

minated as well, for example with scenes of the 
life of Jesus Christ or motives including vines, 
angels, birds or fruits.

Technical description
The object is very large and heavy, measuring 63 
cm in height, 42 cm in width and 21cm thick. 
All together it comprises 491 parchment leaves . 
Because of its size and the substantial metal fit-
tings the Hussite Codex weighs 42 kg (Fig. 1).

The textblock is sewn on 6 double cords made 
of leather plus two cords for the endbands. The 
leather of the cover is blind-tooled. The arms 
of the commissioning client is situated in the 
middle of the board. There are two huge clasps at 
the front, one of which is engraved with the year 
‘1562’.

Another important detail: the headbands were 
plaited, which means that the strips of leather 
are sewn around the primary headbands as well 
as through the leather of the cover. As the pri-
mary headbands are part of the sewing, the cover 
of the spine is fixed to the textblock on head and 
tail.

This detail will play a significant role in our 
considerations on conservation treatments.

Damage
The parchment of the textblock was in good con-
dition, though there were minor losses or abra-
sions on the illuminations.

The greatest damage and at the same time the 
greatest challenge was the fragile connection be-
tween textblock and the upper board.

The upper board was connected with the 
textblock by just two strips of parchment back-
ing and two weak and deteriorated double-cords 
as the leather of the cover, most of the backing 
and the flyleaves were broken in the upper joint. 
Due to this damage in combination with the 
weight of the front board every opening of the 
manuscript could have led to a total separation 
of board and textblock.

The leather of the spine is very brittle and 
was also already broken at the joint to the lower 
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board over the length of some centimetres. In 
the event that the manuscript is often used, the 
damage is likely to become more extensive and 
the leather could break further.

Considerations for a conservation concept
The aim of the conservation treatment was to 
strengthen the connection between textblock 
and upper board in order to relieve the two weak 
double cords of their great burden and prevent 
them from breaking.

Conventionally, the broken cords could have 
been reconnected and the torn leather would 
have been glued with a new strip of leather. How-
ever,  it would have necessitated the removal of 
the metal fittings so that the leather on the up-
per board could have been lifted up. Solid leather 
conservation at the spine would also have re-
quired undoing the plaited headbands, because 
of which the leather of the spine could not be 
lifted up. Thus the opening between leather and 
textblock only extended to a width from about 1 
to 4 cm. This implicates that there was not much 
space left to work and it would not have been 
possible to provide steady counter-pressure for 
glueing the leather together, because the spine 
is hollow as it was not rubbed in between the 
raised double cords.

Each of those considerations would have 
meant a great intervention into the original 
structure.

Leather conservation alone would not have 
affected the stability needed to support the 
cords. Nevertheless it was necessary to do some-
thing about the broken leather, as it stuck out 

and therefore was in danger of being damaged 
through handling.

As the abovementioned possibilities were ex-
cluded, we decided to apply an additional back-
ing as well as a fold around the first section. Both 
the backing and the fold should extend onto the 
upper board thus stabilizing the connection to 
the board to some extent.

The second question was what to do about the 
broken leather, as we decided it was necessary to 
at least do something about it. Due to the techni-
cal details described earlier, it would not have 
been possible to close the tear with one piece of 
new leather as there was not enough space nor 
the possibility to press it.

Conservation report
First, all illuminations were consolidated with 
the ultrasonic nebulizer with a 0.5 % gelatine 
solution.

The pastedown of the upper board was lifted 
up with a metal spatula. A fold made of linen 
was put around the first section. It was cut 
around the cords, so that it could be put around 
the section without cutting the sewing thread. 
The linen was glued to the verso of the first sec-
tion with starch paste.

The next step was an additional spine lining. 
New strips of linen were glued onto the original 
lining. The spine was brushed with glue while 
the linen was brushed with wheat starch paste. 
As the gap between the spine of the textblock 
and the leather only had a maximum of 4 cm, 
it was not possible to glue it across the whole 
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width of the spine. We thought this to be accept-
able as the original vellum lining was still intact 
and was very stable in those areas.

For further stabilization the first section as 
well as the spine lining was partially sewn to the 
first sections. There was insufficient space to do 
the sewing in the usual manner.

Workflow of partial sewing (Fig. 2):
Due to the strength of the parchment the holes 
had to be pre-stitched with a pricking awl. To 
pull the thread through the section a threading 
aid (dental floss) was used. As the floss was too 
flexible despite the pre-stitching, in most cases it 
still could not be pulled through the hole in the 
section fold. Therefore a thick injection needle 
was used as a temporary inflexible lead to pull 
the thread through. The injection needle was 
manoevered through the section and while the 
floss was held in place, the needle was removed. 
Now the thread could be threaded into the floss 
and be pulled through the leaves.

After partial sewing the loose linen folds were at-
tached with animal glue to the inner side of the 
upper board. The paste-down was glued with rice 
starch paste into its original position.

The next step was to stabilize and consolidate 
the broken leather at the spine. It would not 
have been possible to close the tear along the 
whole length, and as there was no way to press 
it, the old and new leather could not have been 
glued together firmly. Therefore the tear was just 
closed in between each cord under the original 
leather.

The material used was linen lined with Japa-
nese paper. It was sprayed with Aero Color3 dye 
and was cut into strips which match the distance 
of the cords. It was worked similarly as a “half” 
paper tube (Fig. 3), as it was open on one side cov-
ering only the half width of the spine.

First of all one side of the linen fold was glued 
to the spine of the textblock with animal glue 
and wheat starch.

The other half of the linen fold was glued to 
the spine leather. For drying it was supported by 
two boards of Vivak4. These had been cut to two 
different templates to allow each to be pulled 
beneath the leather of the spine; the smaller one 
could even be pulled through the narrow slit 
above a double cord. The templates overlapped 
slightly to provide the necessary counter-pres-

sure (Fig. 4). From the outside it was pressed with 
a screw clamp put on a sheet of polyester felt and 
a board of wood.

Conclusion
The conservation treatment presented effected 
the stabilisation of the connection between text-
block and upper board. Due to its great weight 
the upper board should still be supported care-
fully when moved.

The torn leather was consolidated with the 
strips of linen to prevent its edges from tearing.

Nevertheless it is recommended that access to 
the Hussite Codex should be largely restricted. 
The leather of the spine is very brittle, so it is 
probable that at some time it will also break in 
the lower joint.

Therefore, the manuscript should not be 
opened further than to an angle of 90° and only 
while being supported carefully.

 Endnotes

1  Fritzsch, K.E., ‚Die Kuttenberger Bergbau-
miniaturen des Illuminators Mathaeus’, 
Deutsches Jahrbuch für Volkskunde, 1960 
(Bd. VI), pp. 213-228

2 Jan Hus, Theologist and Reformer, born 
1369, died 1415 as martyr

3 Aero Color is a fine spray colour on  
acrylic basis.

4 Vivak is a transparent copolyester board, 
thickness 1,5 mm.
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Books in Exhibitions: History and Adventures in Display

Lieve Watteeuw
KU Leuven, Faculty of Arts & Illuminare, Research Centre for Medieval Art, Leuven, Belgium

Introduction
The history of display of manuscripts and early 
printed books is shifting from the age when they 
were in use, to an epoch wherein their physical 
presence became a tangible mirror of a far and 
distant past. Our contemporary understanding 
of an ‘exhibition’, from the latin exhibere (to 
hold out, display) stems from the 19th century 
on the concept of a ‘large-scale public showing’1. 
However, the display of books and documents 
on shelves and lecterns is starting from the early 
Middle Ages on. We find evidence of this in me-
dieval paintings and illuminations, illustrating 
scriptoria, writing desks, armaria and studiolos. 
The display of books didn’t refer to aesthetics, 
but to wealth, devotion and erudition. Overall, 
books and documents were displayed in public 
places like churches, to strengthen their legal 

and devotional importance or to commemo-
rate. In this perspective, these early displays 
are antecedents of the modern concept of an 
exhibition. Complementary to iconographical 
sources, archival and literary texts are reveal-
ing the close attention for security and physical 
integrity which the owners and custodians of 
books had in the dawn of book display. From 
the end of the 18th century on, but prominently 
from the middle of the 19th century, medieval 
and early printed books left the closure of their 
repositories and through the modern exhibition, 
became part of a new form of visual culture. As 
a result of this approach, custodians and librar-
ians were increasingly pressured to permit books 
out of their secure storage, and sources reveal 
occasionally a severe resistance to this trend of 
public displays. Restorers -as craftsmens- were in 
service of this changing vision and function of 
the early book heritage. This essay will shed light 
upon these early tensions between conservation 
and exhibition by presenting and discussing the 
documented evidence we have of medieval and 
modern displays. 

On book niches, grills, curtains, glass and 
chains: Examples of display of books in the 
Middle Ages

Security was certainly the main issue during the 
public display in the Middle Ages, as medieval 
churches functioned not only as places of prayer, 
but as trade, market and negotiation centres. 
A number of entries in the Antwerp chapter’s 
accounts of the Church of Our Lady around 
1500-1503 mention ‘metal windows’ to protect 
books. Donors specified in their wills that books 
must be kept in a safe place. Johan von Heins-
berg (1419-1455), Prince-Bishop of Liège, was 
aware of the potential risks and in 1424 issued 
a decree that taking, copying or damaging the 
all-important deed known as the Paix des Douze 
which was kept behind bars in a recess in one of 
the columns of St Lambert’s Cathedral, would 
be punishable by the loss of a hand2. In 1449 the 
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chaplain of St Brice’s Church in Tournai gave a 
breviary to the church on strict condition that it 
would be kept safely behind iron bars in a niche 
in the wall next to his tomb3. In the painting of 
the Seven sacraments by Roger Van der Weyden, 
dated ca. 1445, a wooden book niche with grills 
is painted in detail (Figure 1). In January 1519 
the will of Lodewijk Witkin of the Church of Our 
Lady in Bruges specifically required his books to 
be chained, so that they could be looked at, read 
or studied by all who wished to do so, but could 
not be stolen or lost4. Accounts for 1456 to 1475 
from the Church of St Michael in Cornhill (Aber-
deenshire) confirm that the price of a book chain 
was not an expensive method of ‘prevention’ 
against theft5. In the sixteenth century chained 
libraries became more common, especially in 
the Reformed parts of Europe, where the growth 
of semi-public libraries led to an increase in the 
chaining of manuscripts and printed books.

Moreover, display in private contexts would be 
surrounded with special care in the more physi-
cal sense. In the chambers of eminent individu-
als special measures were taken to protect books. 
This appears, for instance, in the description 
of the effects of Corneille Haveloes -the audi-
tor of the Chamber of Accounts in Brussels in 
1520- who had a red curtain complete with iron 
rod and rings, to hang in front of his books6. 
The library of Duke Anne de Montmorency 
(1492-1567) had bookcases protected by glass and 
completed with strong red wool curtains to save 
the volumes from the damaging effects of light7. 
Individual miniatures and small painted pictures 
hung on the walls, were sometimes covered with 

a plate of glass or crystal. That was the case for 
a small picture depicting the Sweet Name of Jesus 
behind glass, given by a nun – who was also an 
illuminator – to the Carmelites of Sion in Bruges 
in 15088. In the same period, sisters in Malines 
were protecting small miniatures and devotional 
prints in their retables incorporating relics and 
ex-votos known as “Closed Gardens” or “Beslo-
ten Hofjes” with polished crystals (Figure 2). In 
manuscripts small veils of silk were sometimes 
added, chiefly to protect the raised gilding from 
abrasion9 (Figure 3).

On art exhibitions, disbanding, rebinding 
and reproductions: Display in the  
19th century 

After the Ancien Regime, more particular in the 
second part of the 19th century, medieval and 
early modern books were displayed in museums, 
often in efforts to legitimate and aggrandize the 
national past and its cultural heritage. Exhibi-
tions or the more or less permanent display of 
old books and manuscripts in showcases became 
fashionable in several European cities and main 
libraries. Furthermore, the presentation of ar-
chival and library material was connected with 
the growing concept of leisure time and tourism. 
World exhibitions and exhibitions of medieval 
art, as an new urban phenomenon, were popu-
lar platforms for display of documents in a his-
torical context. They generated a transnational 
mobility of people and artworks. One of the 
highlights in the middle of the 19th century was 
certainly the collection in the Victoria & Albert 
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Museum in London and the prestigious exhibi-
tion of fine medieval art in Brussels in 188010. 
This major exhibition included a large number 
of medieval manuscripts and incunabula from 
all over Europe and proved to have considerable 
public appeal. Already in 1860 there was a grow-
ing interest, especially in England, in travelling 
to the Continent to see actual medieval relics, a 
trend that the development of the railways had 
made possible. 

On the other hand, the growing interest and 
public display of century old books encouraged 
the unbinding from their original bindings. For 
the 1880 Brussels exhibition a splendid illumi-
nated book of Hours (the Hennessy Hours) was 
unbound and the folio’s presented in movable 
wooden frames11. The same approach could be 
seen in the Bargello Museum in Florence where 
the collection of manuscript leaves of the French 
antiquarian Francetti Carrand (1821-1899) were put 
in 1894 on permanent display in vertical wooden 
showcases12. 

The press took the communication for the ex-
hibitions in their hands and Travel Guide Books 
like the little red Baededeker, Handbook for Travel-
lers are revealing with great precision which 
precious books or documents the new traveller 
could see “on show” in the main European li-
braries, museums or archives. These institutions 
were open to the public, although limited hours 
a day or week. A closer look to the continuing 
new editions of the Baedeker show how long the 
same manuscripts and early printed books stayed 
on display, this could be without doubt between 
twenty and thirty years, with the opening on 
the same page. The example of the Antwerp Mu-
seum Plantin-Moretus is clear, the 1891 edition 

of Baedeker is mentioning: Room III. in the center, 
miniatures from the tenth to the sixteenth century13. 
On the first floor of the Museum there were au-
tographs, incunabula and documents on view in 
glass showcases, close to the windows. The show-
cases were covered with leather covers to protect 
against light (Figure 4). Not all repositories took 
these preventives measurements.

For public collections, there was another chal-
lenge. After the Sankt-Gallen (1898) and the Liège 
conference (1905) attended by a large group of 
European librarians, one of the solutions pro-
posed to protect original book material was the 
making of reproductions14. The starting point 
was the idea that the original would be handled 
less and thus would be better conserved. Photo-
graphic reproduction, it was argued, allowed the 
user to view and study a manuscript as much 
and for as long as he pleased, without any risk 
to the original. In this scope, only facsimiles of 
European manuscripts were sent to the St. Louis 
World’s Fair in 1904. The travel risks and the 
long display period were esteemed to riskfull.

 
Conclusion
The context and evolution of display of historical 
documents in public and private places reveals 
a fundamental interest of the custodians for the 
protection and the prevention of the artefacts. 
In the modern period, the value of libri antiqua 
shifted to items with an historical, didactical fi-
nancial and artistic value. In this context, books 
were from the 19th century on -without scrutiny- 
dismantled, mounted, restored and rebound 
to function in the shifting exhibition contexts. 
The ‘progress’ in display entailed occasionally 
a dramatic paradox for the physical integrity of 
the old document. The history of the display of 
an artefact is an important mark in the material 
pedigree of a book. In this regard, conservators 
-with their trained eyes and minds- can frequent-
ly reveal detailed material marks of those distant 
and mostly undocumented displays. In this way 
they are privileged observers and keepers of the 
unwritten history of a book or document15. 
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1 The Old French the word exhibicion 
from the latin exhibere (to hold out, dis-
play) is already mentioned in the  
14th century.

2 The Paix de Douze is a the peace agree-
ment that finally brought to an end a bit-
ter vendetta between two noble houses 
that had devastated the principality of 
Liège. See : Stanislas Bormans, Recueil 
des Ordonnances de l principauté de 
Liège, 1st series 974-1506, Brussels,  
1878: 556.
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15 Further reference: Lieve Watteeuw, The 
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of Illuminated Manuscripts in the Low 
Countries, Corpus of Illuminated Manu-
scripts, Vol. 19, Low Countries Series, 
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Figures 

Fig. 1: Book niche with grids in a 15th 
century church. Rogier Van der Weyden’s 
Seven Sacraments Altarpiece (1445-1450), 
Antwerp, Koninklijk Museum voor 
Schone Kunsten, Inv. 394, detail of the 
central panel.(© Griet Steyaert)

Fig. 2: Miniature on parchment depicting 
the virgin and child, mounted behind a 
polished mountain crystal. Illumination 
damage by darkening of the lead white. 
Early 16th century, City Museum of Mech-
elen, “Closed Garden of the Unicorn” (© 
Lieve Watteeuw)

Fig. 3: 13th century red silk veil protect-
ing an initial. Museum Plantin-Moretus, 
Antwerp, M. 16.3, Petrus Lombardus, 
Sententiarum libri IV, France or England, 
first quarter of the 13th century, (© 
Bruno Vandermeulen - KU Leuven)

Fig. 4: Exhibition room with showcases 
for manuscript display in the Museum 
Plantin-Moretus, Room III, Antwerp. Post-
card - early 20th century ? (© Museum 
Plantin-Moretus)
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Risk and Safety of Illuminated Manuscripts with Brittle Paint Layers: 
Can the Digital Scan Substitute Old Manuscripts?  
Are Old Choices of Conservation Reversible? 

Robert Fuchs
CICS University of Applied Sciences Cologne, Germany

Paintings on paper or in manuscripts were nor-
mally made in the watercolor technique. Pig-
ments and dyes were mixed with a water soluble 
media and painted with a brush. Even the 
ground of gold or silver leaves and the gold and 
silver inks were bound with water-soluble glue. 

Therefore one thought as a first idea for the 
consolidation of brittle paint layer to use a non-
water soluble fixing agent. The idea was the 
reversibility of polymer agents with non-water 
solvents. But unfortunately it is not seldom that 
dyestuffs of the illuminations bleeded with the 
solvents. This made the restorer helpless and 
therefore it was decided to start researching the 
technique of mediaeval book paintings with a 
research institute at Göttingen University.  
This paper is based on research experience of 
more than 25 years. 

Even up to now older consolidation techniques 
can present difficult problems for conservation. 
The digitization project of the Bern library made 

it necessary to investigate some precious illu-
minations because the paint layer seemed too 
brittle for digitalization. We could prove that in 
the restoration of 1937 the restorer used petrola-
tum (Vaseline) to fix supposed brittle paint layers 
in many manuscripts. This soft waxy substance is 
still soft and glossy and has changed the appear-
ance of the paintings. 

This paper will compare different consolida-
tion techniques and discuss the reversibility. 
Finely the question if the digital scan can substi-
tute the old manuscripts will also be discussed.

Prof. Dr. Robert Fuchs

CICS University  
of Applied Sciences – Cologne 
Ubierring 40 
D-50678 Köln, Germany 
robert.fuchs@fh-koeln.de
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Fig.1: Prudentius 9. Jh., Burgerbibliothek 
Bern, Cod. 264, 2, p.18 detail: a drop of 
petrolatum lays on the surface.

Fig.2: Prudentius 9. Jh., Burgerbibliothek 
Bern, Cod. 264, 2, p.21 detail: the petrola-
tum drops are so soft, so that scratches by 
touching can be seen.

Fig.3: Prudentius 9. Jh., Burgerbibliothek 
Bern, Cod. 264, 2, p.33 detail: the blue pig-
ments are embedded in the waxy mass.



Integrating Analytical Tools in Treatment Decision-making for a  
1513 Hand-colored Ptolemy Geographia Atlas

Lynn Brostoff | Sylvia R. Albro | John Bertonaschi
Library of Congress, Washington D.C., USA

Introduction
In 2009, conservators from the Library of Con-
gress (LC) undertook the technical examination 
of Claudius Ptolemy’s Geographia, an atlas 
printed by Johannes Schott in Strasbourg in 
1513 and now part of the Lessing J. Rosenwald 
Collection in the Rare Book and Special Collec-
tions Division. Bound in stiff-board vellum, the 
Atlas contains the text and mathematical coor-
dinates from Ptolemy’s second century A.C.E. 
work on world geography, a sixteenth century 
supplemental text, and forty-seven hand colored 
woodblock and letterpress printed maps. All but 
one of the maps in the Atlas are hand-colored in 
six hues, including a problematic green used for 
mountain features throughout the maps. The 
final map in the volume illustrates the territory 
of the book’s patron, the Duke of Lorraine, and 
is an early example of multiple color woodblock 
printing.

The Rosenwald 1513 Ptolemy Atlas has been 
unavailable for study or display for some time 
due to its fragile condition. Initial examination 
of the Atlas by LC paper and book conservators 
confirmed that the vellum binding was extreme-
ly tight, preventing the book from opening com-

pletely and contributing to breaks in the gutter 
of the pages. In addition, conservators noted that 
approximately forty of the maps appear in rela-
tively good condition, while seven of the maps 
(Fig. 1), are in extremely poor condition, with 
all colors dull or darkened, the green pigment 
sometimes powdery, and the paper generally 
soft and discolored. The green on these maps has 
sunk to the back of the support and caused offset 
onto the opposite pages. 

In order to best approach the complex preser-
vation of this important volume, a research team 
composed of  conservators, scientists, and cura-
tors joined forces, resulting in an investigation 
into how the Atlas was produced, how it devel-
oped its current condition issues, and how to for-
mulate a treatment strategy. Many of the specific 
research questions posed by the group have been 
systematically answered over the past two years 
through scholarly research and technical analy-
sis, leading to informed conservation treatment 
planning and decision-making. The initial dis-
coveries of the research team have been detailed 
elsewhere [1, 2, 3, 4], but are summarized here.  

History records that the production of the 
1513 Ptolemy Atlas began in the early 16th cen-
tury in St. Dié, France, where a small group of 
humanist scholars known as the Gymnasium 
Vosagense, including Matthias Ringmann, Mar-
tin Waldseemüller, and their patron the Duke of 
Lorraine, combined efforts to produce a volume 
with newly corrected Ptolemy information, along 
with updated maps based on European discover-
ies of the late 1400’s. This project appears to have 
been interrupted by the untimely deaths of the 
Duke and Ringmann and the volume was left 
unfinished until 1513, when it was published in 
Strasbourg by another consortium that included 
Waldseemüller.

Examination reveals that the Atlas is con-
structed from three different types of laid 
papers: twenty maps contain a slightly variant 
Crown watermark; four maps and seventeen text 
papers have a Lily watermark; and the remaining 
papers contain no watermark. Throughout the 
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Atlas, the Crown papers are in very good condi-
tion, exhibiting quite white color and expert 
sheet formation. These watermarks appear iden-
tical to those that make up the separate sheets of 
LC’s prized sixteenth century Map of the World 
printed by Martin Waldseemüller.  The Lily pa-
pers are in fair to good condition, but the pulp 
is less evenly processed and dispersed, and the 
sheet is generally not as white in color. On the 
other hand, a large portion of the papers with-
out watermarks are in markedly poor condition 
and show deterioration of the green pigment. 
Compared to the Crown or Lily papers, this pulp 
is clearly less well-processed, the formation of 
the sheet is rather uneven, and the paper is light 
brown to tan. 

Non-invasive, quantitative X-ray fluorescence 
spectroscopy (XRF) analysis of the papers used 
in the Rosenwald volume and other LC copies 
of Ptolemy’s Geographia strongly suggests a 
correlation between condition and elemental 
composition in the paper. The Crown papers have 
a calcium (Ca) to iron (Fe) ratio of about 16:1. In 
contrast, Lily and unwatermarked papers in poor 
condition contain Ca:Fe ratios of about 6:1. This 
evidence suggests that the presence of a rela-
tively large quantity of Ca and low proportion of 
Fe, combined with high quality processing, has 
helped protect maps and colorants from degrada-
tion, even in the presence of the copper-based 
green pigment, which was confirmed by polar-
izing light microscopy to be verdigris (2). The 
other colorants appear to be organic-based and 

remain unidentified. The difference in inherent 
paper quality is further supported by our obser-
vation that in four different copies of the Atlas, 
the same maps appear brown, even in uncolored 
versions. 

Records show that in 1938, Philadelphia dealer 
A.S.W. Rosenbach sold the book to Rosenwald, 
who subsequently donated it to LC. Cover board 
pastedowns and repairs on the maps provide us 
with good evidence that the Atlas had undergone 
several rebindings including one in the mid-20th 
century. These conclusions are pertinent to the 
analytical finding of a heavy brush application of 
potash alum/gelatin solution on the seven maps 
in poor condition. This agent was most likely ap-
plied during the last rebinding in an attempt to 
strengthen papers that had become weakened 
during natural aging. What is remarkable is that 
this “strengthening” treatment coincides with 
poor condition of both verdigris and the paper 
support. This lies in sharp contrast to maps still 
in good condition, which show the presence 
of relatively minor amounts of potassium (K) 
and sulfur, from original preparation for hand-
coloring, that remains benign in its influence 
on aging. In addition, close examination of the 
restored maps shows that while the verdigris has 
turned brown in most of these maps, it remains 
bright in the gutter regions, where a guard paper 
with a high Ca:Fe ratio plus significant amounts 
of zinc (Zn), was adhered. These guards were in 
place before the alum agent was brushed onto 
select maps, protecting the paper and verdigris 
pigment in the centerfold from further discolor-
ation both physically and through the beneficial 
action of Ca- and Zn-containing compounds.   

With many of the questions regarding the Atlas’ 
condition and history answered, the current 
project goals address the conservation treatment 
approach and methodology. This paper describes 
the use of quantitative XRF, along with spectral 
examination, as decision-making tools during 
treatment. Based on the initial technical exami-
nation and analysis, the following treatment 
plan was established: 1) remove the non-original 
binding; 2) remove guards from deteriorated 
maps that need stabilization or that prevent 
complete opening of folios; 3) remove the potash 
alum-gelatin strengthening agent from the seven 
restored maps; 4) reduce discoloration from ver-
digris offset; 5) restore a better Ca:Fe balance in 
the conserved maps; 6) treat the altered verdigris 
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locally to prevent its continued deterioration; 
and 7) rebind the Atlas in a historically sympa-
thetic binding. 

Method
XRF was conducted using a Bruker Tracer Tur-
boSD spectrometer with a rhodium anode and 
silicon drift detector. The instrument was oper-
ated with vacuum pumping, a titanium filter, 
and either 15 kV and 55 μA or 40 kV and 20 μA 
for 180 seconds. Results were analyzed quantita-
tively with Bruker Calprocess software and linear 
calibration from metal-doped samples of What-
man paper developed at LC; due to imperfect 
calibration standards, quantitative results have 
up to about 20% uncertainty depending on the 
element and variation in the paper (4). Initial UV 
fluorescence examination was done with a hand 
held UVL-56 Blak-Ray lamp at 366nm. More ex-
tensive spectral imaging was conducted on select 
maps before and during treatment using a Mega 
Vision Monochrome E6 39 Megapixel camera sys-
tem and light emitting diodes (LED) illumination 
at 13 narrow spectral bands from the UV through 
the infrared range.

Results and Discussion 
Following disbinding and guard removal, conser-
vators tested alum removal in guards taken from 
the deteriorated maps by blotter washing on a 
suction table with either a 50% ethanol-modified 
aqueous solution or a pH 7.5 aqueous solution. 
XRF measurements before and after treat-
ment showed that the ethanol-modified blotter 
washing only removed about 40% of the alum, 
while pH 7.5 water easily removed the agent, as 
measured by K concentration. After testing the 
guards, the Nona Asiae Tabula (Fig. 2) was chosen 
for initial map treatment because it had signifi-
cant, white alum surface deposits, was the least 
fragile of the maps in poor condition, and was 
the easiest to handle. 

The conservation treatment involved four 
separate steps of blotter and suction table wash-
ing using various solutions. The first treatment 
used 50% ethanol and 50% water adjusted to pH 
8.0 with Ca(OH)

2
. XRF measurements indicated 

that only about 25-30% of the alum agent was re-
moved by this method; however color sensitivity 
to water led us to try this protocol first. Neverthe-
less, this solution caused minor color transfer.  
The second step focused on local treatment of 
offset staining from verdigris.  Here ethylenedi-

amine tetraacetic acid (EDTA) and NaBH
4
 were 

successful at removing excess copper from the 
paper and reducing the staining. However, EDTA 
left a residue in the paper that is visible with 
UV fluorescence.  In the third step, blotters used 
for washing were wet with aqueous solution 
brought to pH 8.5 using calcium hydroxide.  This 
was effective for removing the excess alum in the 
paper overall. By not spraying the recto, we were 
able to minimize movement of color.  The fourth 
treatment used calcium bicarbonate-saturated 
blotters in an attempt to increase the amount of 
calcium left in the paper. Table I describes the 
succession of steps, the solutions used, and the 
results obtained; Table II shows XRF results for 
paper areas, excluding the offset stains. 

After treatment, the Nona Asia Tabula map ap-
pears significantly brighter, treated staining 
from verdigris offset is considerably reduced, 
and the paper feels stronger and more flexible. 
XRF analysis of the map and blotters before, 
during and after treatment shows the effective 
removal of potash alum in the paper as well as 
copper in areas of verdigris offset. Copper con-
tent in areas treated near verdigris does not ap-
pear increased, within the margin of error. EDTA 
residues remain in treated areas, as detected by 
UV fluorescence, and are the subject of further 
study. 

Conclusion
The value of combined XRF and spectral analysis 
as treatment monitoring and decision-making 
tools is demonstrated as an integral part of the 
conservation of a 16th century atlas with verdi-
gris and old restoration damage. The treatment 
of one map has been a step-by -step process of 
trial and review, involving analytical monitor-
ing and compromises. This process has lead to 
formulation of detailed procedures for six other 
maps in the volume in poor condition, as will be 
discussed.  Current conservation measures in-
clude removal of a potash alum-based “strength-
ening” agent by blotter-washing with pH-adjust-
ed aqueous solutions on a suction table. Develop-
ment of methodology for reduction of copper 
staining and possibly also conversion of browned 
verdigris is in process with the aid of these tools 
and Raman spectroscopy.
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TABLE II: Metal Content in Nona Asiae Tabula Map Paper 
Before and After Treatment As Determined by XRF 

ave. ppm 
before 
treat-
ment (no 
offset 
areas)

variation 
in paper

ave. ppm 
after  
treat-
ment 
step 1

total 
change

ave. ppm 
after  
treat-
ment 
step 2

total 
change

ave. ppm 
after  
treat-
ment 
step 3

total 
change

ave. ppm 
after  
treat-
ment 
step 4

total 
change

K 11000 12% 7800 (-29%) 8100 (-26%) 1100 (-89%) 980 (-91%)

Ca 4500 9% 4500 nd 4800 nd 4300 nd 5300 slight 
gain

Fe 730 7% 670 nd 710 nd 730 nd 710 nd

Cu 330 28% 310 nd 340 nd 410 nd 420 nd

Ca

Fe
6.2 6.7 6.8 5.9 7.5

nd = not detected



TABLE I: Suction Table Treatment Process for Nona Asiae Tabula Map 
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STEP VERSO TREATMENT RECTO TREATMENT RESULTS

1 Overall spray on verso and 
blotter #1  infused with
50:50 solution*

Sprayed overall with 
50:50 solution*

•XRF: alum-K reduced ≤ 30% in paper margin areas, as 
detected by K

•XRF: K detected all over blotter #1, but not in #2

•XRF: no detectable change in Ca, Fe, or Cu content in 
margin areas of paper

•XRF: effect of ammoniated water inconclusive

•UV: fluorescent material from map deposited in the 
blotter overall

•UV: Some color sank and transferred to blotters #1-2 

•Paper brightened overall

•Ammoniated water slightly lightened offset staining

Blotters #2-3 infused with 
50:50 solution*

Sprayed overall with 
50:50 solution*

Map margins brushed/ 
sprayed with 50:50 
solution*

Areas of offset 
brushed with dilute 
pH 9.0 NH4OH

2 Humidification between 
Goretex;

Blotter #1 infused with 
aqueous Ca(HCO3)2 (1.10 g/l 
in DI water) 

Select offset stains 
in map reserve areas 
brushed with EDTA** 
or Ca phytate± solu-
tions twice

• XRF: Cu reduced ~ 75% in offset treated with aqueous 
EDTA, but less with aqueous Ca phytate 

• XRF: Fe and Ca content in paper unchanged, but Ca 
reduced in treated offset areas

• XRF: alum-K reduced ~ 85-90% in treated offsets, but not 
further reduced in paper

• XRF: no detectable increase in Cu in paper adjacent to 
two treated areas within margin of error

• UV: fluorescent material transferred overall from map 
paper to blotters.  

• UV: EDTA-treated areas and adjacent blotters strongly 
fluorescent 

• UV: fluorescent bleach residue completely transferred to 
adjacent blotters by 3rd blotter 

• EDTA lightened offset stains, but also lightened some 
organic colorants

• Ca phytate did not markedly lighten offset, but colors 
unaffected

• NaBH4 lightened offset, in Ca phytate and in EDTA 
treated areas.

Select offset areas in 
colorants brushed 
with EDTA** or Ca 
Phytate± solutions 
twiceBlotters #2-4 infused with 

Ca(HCO3)2
Brushing and spray-
ing with 50:50 solu-
tion* in treated areas 
(rinsing)

NaBH4*** brushed in 
treated reserve offset 
areas twice

All treated offset 
areas brushed with 
50:50 solution* six 
times (rinsing)

3 Humidification between 
Goretex;
Blotters #1-4 infused with 
Ca(OH)2
pH 8.5

Map image reserve ar-
eas and map margins 
brushed with 50:50 
solution* twice

• XRF: alum-K reduced ~ 80-90% in rinsed areas (to levels 
found in maps without 20th c. restoration)

• XRF: no spreading of Cu detected in paper areas near 
verdigris above margin of error (i.e. up to ~ 500 ppm)

• UV: some fluorescent material still coming out of the 
map, but only at the edges 

• No visible color transfer into blotters

4 Humidification between 
Goretex;
Blotters #1-3 infused with 
Ca(HCO3)2

Reserve areas and 
margins: rinsing 
and deacidification 
with 50:50 solution* 
followed by dilute 
Ca(OH)2

• XRF: Fe content in paper unchanged
• XRF: Cu further reduced to over 90%
• XRF: slight gain in Ca uptake possible
• UV: fluorescence on map only evident in areas treated 

with EDTA and NaBH4
• Map pH adjusted from 4.0-4.7 to 6.0-6.5
• Tidelines lessened successfully
• No visible or UV visible color transfer into blotters 

Tidelines: sprayed 
with 50:50 solution*

*50:50 solution = 50% ethanol and 50% water adjusted to pH 8.0 with Ca(OH)2.
**0.1M ethylenediamine tetra-acetic acid in water adjusted to pH 8.0 with ammonium hydroxide
***0.25% sodium borohydride in 50:50 solution*
±1.75 mmol/L calcium phytate according to H. Neevel formula



Verdigris I: Compromises in Conservation
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Copper green pigments have the potential to 
cause severe degradation of paper and parchment. 
Additives, application method and storage condi-
tions influence the visual appearance and chemi-
cal stability of the colour. At the Austrian National 
Library manuscripts, prints and maps coloured 
with verdigris display different stages of degra-
dation (Fig. 1, 2). Finding stabilising conserva-
tion methods and providing conservators with 
decision making tools was the aim of a research 
project funded by the forMuse programme of the 
Austrian Ministry of Science and Research. 

Samples were prepared by applying copper ac-
etate pigments mixed with gum arabic on hand 
made rag paper sized with gelatine. After pre-
aging, the first group of samples was subjected to 
treatments with a variety of solutions including 
aqueous deacidification, non aqueous de-acid-
ification, antioxidants and complexing agents. 
The solutions were applied by air-brush on the 
suction table or by brush on the verso. The sec-
ond group of samples received an application 
of coated Japanese tissue papers for mechanical 
reinforcement. For the purpose of comparison 

the coated tissue papers were also adhered on 
rag paper without colour and on Whatman No. 
1 filter paper. The coating agents ranged from 
aqueous to non- aqueous adhesives, and could 
be activated by water, ethanol or heat. A third 
group of samples was prepared according to 
historic references and recipes by the mixture of 
verdigris with plant dyes, pigments or juices. Af-
ter preparation and treatment, the three groups 
of samples were light- and heat-aged.

The effect of the solutions on cellulose was evalu-
ated by analysis of molar mass and carbonyl 
group content before and after aging. The coated 
Japanese tissue papers were visually assessed and 
submitted to simple mechanical testing. Indica-
tor papers were used to monitor migration of 
copper ions during treatments. LA-ICP-MS (Laser 
Ablation-Inductively Coupled Plasma-Mass Spec-
trometry) was performed on selected samples to 
further evaluate the movements of copper ions. 
The verdigris samples with different additives 
were visually compared before and after aging 
with green colours found in manuscripts, early 
printed books and maps.
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Fig. 1: Kyeser, Bellifortis, mid 15th century, Cod. 3068 Fig. 2: Cellarius, Atlas Coelesti sue Harmonica Macrocosmica, 
1708, FKB 272-25.



Solutions that have the potential to chemically 
stabilise verdigris on paper (Ahn, Verdigris II) 
need to penetrate the paper matrix. In this study 
the solutions had to be applied by brush in order 
to have a positive effect on cellulose. Spraying of 
solutions on the suction table minimised migra-
tion of copper ions during treatment. The move-
ments of copper ions could be monitored with 
indicator papers. The visual observations were 
confirmed by LA-ICP-MS. Treatment decisions 
will be a compromise between the risks of migra-
tion, the change of media and possible beneficial 
effects of applied solutions. High humidity dur-
ing storage and treatment can lead to migration 
of copper ions and enhance degradation of cel-
lulose.

For mechanical stabilisation of paper degraded 
by copper green pigments, Japanese papers 
coated with films of adhesive offer the possibil-
ity to support the weakened paper carrier. By 
using thin and matte adhesive films produced 
on a silicon mat, in combination with tissue 
papers, 2 -3.7g/m2, the visual interference can be 
reduced. Activation of the adhesive coating with 
the sponge-blotter-system developed by Jacobi 
(Jacobi et al. 2011), minimises the risk of migra-
tion of copper ions. In this study, coatings with 
wheat-starch paste-methylcellulose, gelatine and 
Klucel G in ethanol proved to provide sufficient 
strength without leading to detrimental effects 
on the mechanical and visual properties. The use 
of a specific adhesive or adhesive mixture can be 
adjusted to the needs of an artefact. Conservators 
have a range of options to find the best compro-
mise between strength, visual appearance, ease 
of application and removal. 

Verdigris seems to have been frequently applied 
in mixtures with green and yellow plant colours 
to produce different shades of green (Fig. 1). The 
exposure to light represents a risk for these light 
sensitive compositions. Light seems to play a role 
in initiating degradation of cellulose in the pres-
ence of copper acetate. Plant colours and addi-
tives like vinegar, tartaric acid or alum can lead 
to brown discolorations during aging. The qual-

ity of paper, sizing, method of colour application 
and environmental factors influence the condi-
tion of verdigris. Liquid application of colour, 
high humidity during storage and the direct 
effect of water have a negative impact. Treatment 
decisions will have to balance the previous con-
dition and history of an artefact with the side-
effects of an intervention. 

The conservation and preservation of verdigris 
on paper will, in most cases, be the search for 
an acceptable compromise: between penetration 
of solutions and migration of copper ions, be-
tween the support of degraded paper and visual 
change, between the complexity of the artefact 
and the question of access.
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Introduction
Paper objects with copper pigments are threat-
ened as they may exhibit an accelerated degrada-
tion of cellulose and heavy discoloration of the 
paper depending on the condition of the object. 
In some cases, the paper eventually becomes very 
fragile and even handling of the object becomes 
critical. Paper conservators and scientists have 
been seeking solutions in many directions – re-
inforcement, environmental controls, solution 
treatments, etc. As a part of the forMuse pro-
gramme of the Austrian Ministry of Science and 
Research, various solution treatments of paper 
with verdigris were tested simulating a practical 
situation that conservators might face in their 
workshop. In the present study, various chemical 
treatments of a handmade rag paper containing 
verdigris bound in gum arabic, will be discussed 
in comparison to the results obtained from the 
same rag paper impregnated with copper. The 
copper impregnation represents a more homoge-
neous situation which can be better controlled 
and monitored. 

Methods and Materials
The solutions applied to pre-aged test specimen 
varied from calcium bicarbonate in water to met-
al ion complexing agents or antioxidants in etha-
nol. Spraying on a suction table and brushing on 
the verso were mainly applied to samples with 
partially soluble verdigris (Type 1). Only immer-
sion treatment was carried out for the samples 
that underwent oxidation and impregnation of a 
fixed content of copper (Type 2) prior to the treat-
ment. After applying accelerated aging, measure-
ments of molar mass and carbonyl group content 
of samples were performed by GPC (Gel Perme-
ation Chromatography)-Fluorescence-MALLS 
(Multi Angle Laser Light Scattering)-RI (Refractive 
Index) system after selective chemical labelling 
of carbonyl groups.

Results
None of the alkaline treatments in water nor in a 
mixture of water and ethanol reduced cellulose 
degradation significantly for samples of type 1 
regardless of the application methods employed. 
Especially 100% aqueous alkaline treatments 
degraded the sample much more compared to 
the untreated control. On the other hand, when 
those solutions were applied to samples of type 
2 different results are obtained: Alkaline treat-
ments with calcium bicarbonate or magnesium 
propylate were both effective to reduce Mw loss 
and formation of carbonyl groups. Benzotriazole 
in ethanol which has been used in the field of 
metal conservation worked as the most efficient 
inhibitor of copper-catalyzed degradation of cel-
lulose among the applied chemical solutions, 
more importantly for both types of the samples 
although it causes significant discoloration of 
paper depending on its concentration. It was also 
found to be effective under photo-oxidative as 
well as under hot and humid aging conditions. A 
concentration of 0.5% was high enough to form 
a benzotriazole-Cu complex by immersion of 
samples of type 2 in solution while the same con-
centration of benzotriazole was not yet promis-
ing for sample type 1 with a spraying application 
method. 

Calcium phytate treatment followed by a de-
acidfication treatment did not lead to any retar-
dation of cellulose degradation in the presence 
of copper ions for both types of samples unlike 
for paper containing iron gall inks ((Neevel 1995; 
Reißland 1999). Both sample types treated with 
tetrabutylammonium bromide, known as an an-
tioxidant scavenging hydroxyl radicals, exhibited 
significant reduction of degradation compared 
to the untreated control. A single application of 
ethyl-p-hydroxybenzoate which decreased the 
degradation rate when it was combined with a 
non-aqueous deacidfication treatment (Henniges 
et al. 2006) did not show any beneficial effect in 
terms of molar mass protection of cellulose for 
both sample types.
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Not only the selection of the chemical treatment 
is important, but also the application method 
itself should be taken into consideration depend-
ing on the conditions of the samples and the 
solutions. Spraying of the reagents on a suction 
table did lead to a large fluctuation of target 
characteristics, e.g. molar mass (cf. Fig. 1) and 
is not easy to control when a certain amount of 
active agent is to deposit homogeneously. Ap-
plication by brushing the reactive agent on the 
verso was highly efficient with sample type 1 for 
the treatment with benzotriazole or tetrabutyl-
ammonium bromide. On the other hand, brush-
ing on the verso was found to be not suitable for 
deacidfication treatments since the paper hardly 
changed its pH. 

Discussion and Conclusions
As the copper impregnated samples of type 2 
were treated and analyzed together, the results 
obtained from samples of type 1 that are close to 
a practical situation were better understood. The 
deacidfication treatment seems to be a challenge 
for heavily sized inhomogeneous rag papers with 
partially-soluble copper pigments independent 
on the application method. It is always accom-
panied by migration of copper ions that cannot 
be overcome with a deacidification treatment 
alone. Spraying the reagents on a suction table 
may lead to an inhomogeneous treatment for 

such samples, and the underpressure of the 
suction table needs to be optimized depending 
on the respective aim, either for generating a 
minimum migration of copper ions and washing 
out of degradation products or for impregnation 
with an active substance. Even with the rather 
complex set of test samples used in this study, a 
simple brushing application of benzotriazole or 
tetrabutylammonium bromide was found to be 
more promising to reduce copper-induced cel-
lulose degradation. Selection of what and how to 
treat papers with copper pigments is highly de-
pendent on variables that are not only connected 
to the paper substrate but also depending on the 
conditions of the pigment.
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Fig. 1 Molar masses of the control samples and the samples treated 
with Ca(HCO

3
)
2
 in mixture of water and ethanol (2:1) by various  

application methods after accelerated aging.
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The recent BSI:PAS198 (British Standards In-
stitute, 2012) specification for managing envi-
ronmental conditions for cultural collections 
requires environmental management to be justi-
fied in the context of collection use, significance, 
degradation and environmental considerations. 
It introduces the term ‘expected collection life-
time’; however, there is currently not much liter-
ature available on how this could be determined 
or what lifetimes could reasonably be expected. 
In the frame of the Collections Demography 
project (2010-2013), research was undertaken to 
assess the expectations of library and archival 
users, and their attitudes to document use and 
degradation, to inform the decision on appropri-
ate planning horizons (Dillon et al. 2012a). 

This was accomplished using the VALUE (Value 
and Lifetime – User Engagement) questionnaire 
(Dillon et al. 2012b), and experiments involving 
the library and archival users themselves. The 

questionnaire was distributed to visitors and 
readers at a number of institutions to capture 
how the contexts of use affect their attitudes, 
reflected in the values which they associate 
with documents, as it is likely that these affect 
the expected collection lifetime. In the context 
of the project, ‘value’ was operationalized in 
terms of the benefits that can flow from a collec-
tion. These may depend on material change and 
degradation and environmental management 
ensures that documents remain fit for the pur-
pose of reading or display until they degrade to 
an unacceptable level, ie they become ‘damaged’ 
(Strlic et al., in press). 

The Collections Demography project is at-
tempting to model these processes in an integrat-
ed collection model.

The VALUE questionnaire 
Statements were collected in interviews with 
readers at The National Archives (Kew), and from 
the literature. The questionnaire also consisted 
of sections allowing for collection of information 
on the user (e.g. activities, experience and demo-
graphics), the particular document they were 
using or viewing, what they think is important 
about the document (i.e. ratings of value state-
ments), and their perspective on the desired life-
time of the document and their opinions on the 
document’s condition, care and use. The analysis 
was carried out using factor analysis (Tabachnik 
and Fidell, 2007).

The questionnaire was distributed at the 
National Archives (Kew), the Capitol Visitor Cen-
ter (Washington), the Library of Congress, and 
English Heritage properties (Brodsworth Hall, 
Kenwood House and Eltham Palace). In total, 543 
responses were collected. 

The respondents were asked to rate their 
agreement/disagreement with ca. 60 statements 
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Fig. 1: Frequency of responses to the question ‘How long would you like 
the original document/books you have been using/viewing today to last 
in a readable state/a good enough state to be displayed?’



about the document they viewed or read on 
the day of the visit. Following factor analysis, 
nine factors were extracted (56% of variance ex-
plained), which are summarised in Table 1. The 
factors are related to personal as well as wider 
significance of historic archives and libraries. 

Expected collection lifetime 
In the VALUE questionnaire, the respondents 
were additionally asked how long they would 
like the document they had been using (or view-
ing, in the context of an exhibition or of a his-
toric library) to last in a usable state. The major-
ity of responses focused on 50, 100, 200 and 500 
years, with 86% of respondents giving a response 
of ≤500 years (Fig. 1). Interestingly, there was only 
a small proportion of respondents of the opinion 
that the documents need to remain in a useable 
state indefinitely. The results corroborate previ-
ous findings focussing on museum and conserva-
tion professionals (Lindsay, 2005).

Interestingly, a similar study was recently car-
ried out on the expected lifetime of geological 
collections among professionals working with 
natural history collections (Robb, 2012). The 
results showed that 70% of the respondents ex-
pected the objects to last ≤500 years. The similar 
figure indicates that the actual material stabil-
ity (geological collections being generally more 
chemically stable than paper collections) may 
not be reflected in the expected collection life-
time.

It is of further interest what users thought 
could prevent documents from lasting this long. 
The results showed that readers, as well as visi-

tor to exhibits and historic libraries, generally 
place most importance on handling as the source 
of degradation. Environmental conditions and 
storage were generally thought to be the second 
most important reason, followed by neglect. 
These views overlap with general conservation 
considerations well.

Wear and tear
Paper conservation research has so far mainly 
focussed on material change and environmen-
tal impacts. There is a solid body of research on 
chemical degradation of historic paper, leading 
to the loss of mechanical properties and discol-
oration, and objects that are potentially unfit 
for the purpose of reading or display. Properties 
that might negatively affect the fitness of objects 
are colour (a direct consequence of chemical 
degradation) and physical features that reduce 
the readability of such an object, such as tears 
and missing pieces, which may accumulate due 
to use. The process of accumulation of physical 
change is of significant interest to the Collec-
tions Demography model, as it links material 
properties and instances of use. 

The influence of some of the value factors on 
the decision when a document becomes unfit for 
use was explored in a series of user workshops, 
where users were requested to rank the fitness 
for purpose of differently distressed documents 
(discoloured, with tears or missing pieces). In 
this exercise, carried out at The National Ar-
chives (Kew), Library of Congress (Washington) 
and the Wellcome Library (London), 331 users 
participated. An example of three documents 
used in these workshops (out of 17 in total, with 
different combinations of distress) is shown in 
Fig. 2. It turned out that users are concerned 
with colour and tears only to a minor extent 
(irrespective of the purpose, i.e. display or read-
ing), while they generally rank documents as 
‘unfit’ only once a piece of document is missing, 
containing text. It is important to stress that by 
unfit, we mean that some users will likely find 
the accumulated degradation unacceptable. This 
certainly does not mean that the document be-
comes unsuitable for use. 

Mechanical degradation (wear and tear) can 
only occur during handling of a document. So 
far, there has been no study looking into the 
rate of accumulation of aspects of mechanical 
distress during handling and a controlled ex-
periment was designed involving handling of 
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Fig. 2: Examples of differently distressed documents used in fitness-for-
purpose workshops, progressively discoloured and with a progressively 
big missing piece from left to right. The document on the left also has 
a large tear, stretching across text.



objects by readers-volunteers. The objects were 
either bound books or folders containing loose 
sheets of paper, resembling archival folders. The 
aim was to subject each document to instances 
of handling and monitor the accumulation of 
physical degradation (tears, missing pieces) dur-
ing use, which involved turning the pages resem-
bling the process of reading. 25 different books 
and archival folders were used, with paper of 
different degree of polymerisation (DP), to inves-
tigate how accumulation of mechanical degrada-
tion depends on DP.

Only paper with DP<300 accumulated missing 
pieces with text at an appreciable rate (Fig. 3). 
For documents with DP>600, missing pieces with 
text accumulated at an insignificantly low rate 
and in many cases did not develop missing pieces 
even after 90 instances of handling. In order for 
this data to be of use, it needs to be used in the 
context of the average frequency of document 
use at the collecting institution, which forms an 
essential input into the collection model.

Conclusions
Collections can be seen as a dynamically chang-
ing entity, changes depending on external (envi-
ronment, use), as well as internal impacts (mate-
rial make-up). Although the rates might be dif-
ferent, the processes of change in collections and 
those taking place in living populations are simi-
lar, so the principles of modelling could also be 
similar. In the Collections Demography project, 
we are developing a general stock (population) 
model, in which a collection could be defined as 
a group of objects to which a given set of man-
agement criteria are applied. This enables the 

model to be used for examination and optimisa-
tion of different management scenarios (with 
respect to the environment or use), as suggested 
in recent environmental management guidance.
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Fig. 3: The consequence of 50 instances of handling for the paper (bound and unbound) with the lowest DP. 
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Factor Name Description

Future Value Statements in this factor relate to the potential future value of documents, their significance to 
society and value to others, altruistic feelings about collections and the survival of documents.

Materials & Sensory 
Experience

Statements relate to users’ sensory experience of documents (mainly visual) and refer to such 
things as style, design and materials.

Public Value & 
Evidence

Statements in this factor were based on a set of statements found on the Public Service Quality 
Group’s biannual survey of UK archives [8]. They were found to cluster together in this factor. State-
ments refer to some of the core roles of government archives in supporting business, administra-
tion and the law.

Personal Meaning & 
Identity

Statements in this factor relate to the way in which original documents may be used in archives 
and libraries to build understanding of family, community and personal identity, for example by 
gaining insights into one’s personal origins or feeling more connected to other people in the pres-
ent day.

Understanding the 
Present

Statements refer to the use of documents to help understand events in the present day and to link 
the past to the present.

Discovery & Engage-
ment

Statements in this factor refer to the way in which using or viewing original documents can elicit 
surprise, feed curiosity and stimulate the senses.

Content & Learning Statements in this factor refer to the information content (i.e. text and images) of documents, what 
can be learnt from them and their role in enabling understanding of and insight into the past.

Connection to the 
Past

Statements in this factor reflect an interest in what mattered to people in the past, how docu-
ments can help the user or viewer feel connected to people in the past, and how documents are 
part of history.

Rarity A small factor with statements relating to the uniqueness of the document and whether it could 
be replaced if damaged.

Table 1: Factor structure of value statements from the VALUE questionnaire
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Introduction
Conservation and preservation decisions often 
rely on the assessment of the condition of the ar-
tefact or the collection. Due to the numerous fac-
tors such as destructiveness of the methods, high 
price and specialised expertise needed, the use of 
analytical methods is still rather limited. Novel 
applications of analytical methods targeting cul-
tural heritage materials, such as size exclusion 
chromatography and Near-Infrared spectroscopy 
address some of the drawbacks of the traditional 
chemical characterisation of such materials. This 
paper discusses advantages and limitations of 
some characterisation techniques used to assess 
the condition of historical paper.

Experimental
The pH of paper was evaluated using traditional 
cold extraction method (Tappi529 om-11) using 
a combined glass electrode. Equilibrium pH was 
determined by repeating the measurement until 
a constant pH reading was obtained. 

Size exclusion chromatography of cellulose deri-
vatised using phenyl isocyanate derivatives was 
used as described previously (Kolar 2012).

Viscometric determinations of the degree of 
polymerisation (DP) were performed according to 
the standard procedure ISO 5351/1. 

MORANA NIR 1.0 commercial software appli-
cation was used to predict paper properties using 
Labspec NIR256-2.5 Near-Infrared Spectrometer 
by Ocean Optics. It has a spectral range 900-2500 
nm and a sampling interval between 6 and 7 
nm. It contains a temperature-regulated InGaAs 
detector array. The light source is an external 
tungsten halogen light (HL-2000-FHSA). Data ac-
quisition was performed using a 600 μ diameter 
premium grade bifurcated optical cable. 

A single ply of the paper to be analysed was 
placed on several plies of Whatman paper. The 
spectra were collected using an optical probe. 

Independent sample sets were used for calibra-
tion and validation. Partial least square analysis 
was used to model the paper properties. Cor-
relations were optimised using different pre-
treatments of the spectra and by selection of 
wavelengths. 

Discussion and Results

1. Condition of paper
Condition of paper is an important information 
affecting conservation choices. The arsenal of 
methods includes determination of mechani-
cal properties, viscometric determination of DP, 
chromatographic determination of molar masses 
and the use of Near-Infrared spectroscopy. 

The use of mechanical properties, such as fold-
ing endurance, tearing resistance, and bursting 
strength are limited due to their destructive na-
ture and a requirement for a large paper sample, 
often exceeding 10 g. In addition, relative un-
certainties of most of these methods are rather 
high.

It had been demonstrated that mechanical 
properties correlate with molar mass of cellulose 

ICOM-CC Graphic Documents Working Group Interim Meeting | Vienna 17 – 19 April 2013
42

Fig. 1: Correlation between molar mass of carbanilated cellulose and 
degree of polymerisation of cellulose. R2 is the coefficient of determi-
nation. It describes how well a regression line fits a set of data. N is the 
number of data points.



(Zou 1996), giving rise to extensive use of visco-
metric determinations of degree of polymerisa-
tion (average number of monomer units in cel-
lulose, DP) in characterisation of paper. Relative 
uncertainty is low, around 1% and a few tenths of 
mg of sample are needed. Although much lower 
than in the case of mechanical properties, this is 
an ample amount which prevents the use of the 
technique on historic materials. Alternatively, 
molar mass of cellulose may be determined us-
ing size exclusion chromatography, either using 
non derivatised cellulose (e.g. Henniges 2008) or 
derivatised (e.g. Lojewski 2010). A good correla-
tion is observed between the viscometrically de-
termined DP and the molar mass of carbanilated 
cellulose (Fig. 1). 

It had been shown that in the case when cellu-
lose is derivatised using phenyl isocyanate, a few 
fibres suffice for characterisation (Stôl 2002). De-
spite the destructive nature of the method, the 
amount of the sample is small and the method 
results in no visible damage to the artefact. It 
also enables evaluation of different stabilisation 
processes on historical samples containing iron 
gall ink (Kolar 2012). However, the uncertainty 
related to the method is larger than in case of 
viscometry, often exceeding 5%. This is partly 
due to inhomogeneity of paper, the effect of 
which is more prominent in smaller samples. 

It is also an expensive method requiring highly 
skilled personnel. 

Near- and mid-FT-IR reflectance spectroscopy 
was used to model DP values obtained using 
viscometry (Trafela 2007). Quality of prediction 
is often described with a correlation coefficient 
R. The closer it is to +1 or -1, the more closely the 
two variables are related. A good correlation (R 
= 0.9658) between actual and predicted values 
were obtained using a scientific bench-top spec-
trometer Perkin-Elmer Spectrum GX (Waltham, 
MA) which collects spectra between 714 nm ~ 
5,000 nm. The same instrument was used in 
another study, where mechanical properties 
such as tensile strength after folding (R = 0.8845) 
and tensile strength (R = 0.7607) were predicted 
(Lichtblau 2008). The instrument is not portable 
and the otherwise non-destructive spectrometric 
measurements are limited by the small size of 
the sample which can be used for otherwise non-
destructive analysis. Based on the promising pre-
dictions a commercial software was developed by 
MORANA RTD, which enables determination of a 
range of properties of various papers, such as DP, 
Mw, pH, alkaline reserve using a reasonably af-
fordable, portable spectrometer which allows for 
non-destructive data collection using an optical 
fibre. The software is, were possible, adapted to 
the requirements of the conservation communi-
ty, which is often particularly interested in more 
degraded papers. Thus in addition to the predic-
tion of DP of all rag papers, a separate prediction 
is made for more degraded papers, decreasing 
the error associated with the method (Fig. 2).

2. pH
Given the importance of pH on stability of paper, 
pH determination is likely the most often used 
analytical method in paper conservation stud-
ies. Standard method involves immersing 1 g 
of paper into 70 mL of distilled water and pH is 
determined after 1 hour (ISO 6588-1:2012). Since 
destructive sampling is required, researchers 
have minimized the sample requirements to 30-
50 μg by using a micro electrode. Miniaturisation 
of the procedure decreases the repeatability with 
acceptable values of 1.0 pH unit (Strlic 2004), 
which was ascribed to the inhomogeneity of pa-
per.

In the alternative standard (TAPPI T 529 om-09) 
determination of the surface pH is made up to 
30 min after application of a water droplet to the 
surface of paper. Although non-destructive sam-
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Fig 2. Partial least square prediction of DP of rag paper. RMSEP is root 
mean square error of prediction. It is defined as the root of the average 
of the squared differences between the predicted and measured values 
on the validation objects. R is the correlation coefficient, describing 
the strength of a linear dependence between two variables. N is the 
number of data points.



pling is required, tide-lines are created due to the 
application of water. A micro-electrode was used 
in order to minimize the amount of water need-
ed and consequently, related damage induced by 
the measurement (Strlic 2005). The electrode is 
so far not commercially available. 

Considering the damage which is induced us-
ing the above described methods, a non-destruc-
tive method which does not require addition of 
water would be desirable. Recently, a good cor-
relation (R = 0.9573) between measured and pre-
dicted pH values were obtained using a scientific 
bench-top spectrometer described earlier. Using 
a portable Ocean Optics spectrometer and the 
above mentioned software, prediction model for 
all kinds of independent paper samples is charac-
terised by R = 0.8802 and RMSEP = 0.73. 

Although in use for decades, the standard 
methodology involving pH determination after 
1hr of cold extraction does not provide informa-
tion on whether gelatine sized rag paper is acidic 
or alkaline, when equilibrium pH is reached. Our 
study of 150 historical rag samples showed that 
pH of most of the rag papers with acidic pH, as 
determined using the standard method, stabi-
lised in alkaline region. This was observed also in 
our earlier study (Strlic 2004). Determination of 
the equilibrium pH value would thus be useful 
in the assessment of the stability of paper. The 
latter is difficult to determine, as several weeks 
of measurements may be needed for paper pH to 
reach equilibrium, while the recently proposed 
method where the sample in water is stirred at 
250 r.p.m. (Strlic 2004) is difficult to implement. 
Although not as accurate as the determination 
using a pH meter, NIR spectroscopy may be use-
ful also in this case offering a prediction for the 
equilibrium pH with R = 0.8123 and RMSEP = 
0.76. Prediction is based on all kinds of paper.

Conclusions
Inherent features of cultural heritage require 
a specific approach to its characterisation. It is 
imperative that the data is collected non-destruc-
tively or at worst, micro-destructively. Also, the 
instrumentation should be portable in order to 
minimize risks to the heritage due to the trans-
port. The method employed should be character-
ised by high sensitivity and low detection limits, 
which reveal the condition, enable determina-
tion of provenance, or point to possible future 
problems and thus allow preservation actions 
to be taken in time. It is also preferable that the 

methods are simple, reliable and accessible.
While we know what we want, none of the 

existing methods for determination of pH and 
the condition of paper addresses all of the above 
mentioned requirements. DP determination 
is sensitive, affordable and reproducible, yet 
destructive. Size exclusion chromatography of 
carbanilated cellulose leaves no visible damage 
to the artefact, but is instrumentally demanding 
and expensive. Near infra-red spectroscopy with 
accompanying software can be simple, fast, port-
able, relatively affordable, but is associated with 
a larger uncertainty. The choice of the analytical 
method will remain subject to the nature of the 
artefact and the conservation problem, among 
others. While size exclusion chromatography, 
when available, may be the method of choice in 
case of a precious artefact or a limited number of 
samples to be analysed, NIR spectroscopy may be 
more appropriate for characterisation of larger 
sets of artefacts, as well as for rapid characterisa-
tion of the artefacts during daily work in conser-
vation departments. 
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Introduction
Many historical documents written with iron gall 
inks are endangered by the corrosive effects of 
these inks. In this work, a combination of com-
plementary analytical methods was used for the 
first time in order to study the “calcium phytate” 
process which is used in conservation studios 
to stabilize damaged manuscripts (Neevel 1995). 
This process consists of an antioxidant treatment 
performed by means of a calcium phytate (CP) 
solution, followed by a deacidification treatment 
performed with a calcium hydrogencarbonate 
(CH) solution. The antioxidant treatment capital-
izes on the properties of myo-inositol hexaphos-
phoric acid (phytic acid) that inhibits iron 
through chelation. In order to use relatively low 
acidic solutions, the pH of the calcium phytate 
solution is increased up to values between 5 and 
6, which is in the range of the CP precipitation 
threshold. This abstract synthesizes a larger work 
(Rouchon et al 2011a) that was performed on 
laboratory samples in order to investigate how 
the calcium phytate precipitate impacts the ef-
ficiency of the treatment. 

Experimentals

Preparation of laboratory samples
Samples consisted in Whatman no.1 paper sheets 
impregnated with a diluted iron gall ink pre-
pared with laboratory products1.The ink presents 
a pH of 3.0 ± 0.1 and the iron content deposited 
in the paper (11 mMol·g-1) remains inferior but 
close to the iron content of original manuscripts 
which is usually over 20 mMol·g-1 (Remazeilles et 
al 2005).

Before treatment, the samples were artificially 
aged for approximately 6 days in a climatic 
chamber, using mild ageing conditions (70°C, 
65% RH) in order to simulate some degradation 
of the paper and to achieve a decay of approx.  
10-15% of mechanical properties. 

CP solutions were prepared following the pro-
tocol proposed in the nineties (Neevel 1995) and 
fully described online (http://irongallink.org). In 
order to study the effect of the CP precipitation, 
four different values of pH were chosen (Fig. 1): 
4.8 (transparent solution), 5.2 (turbid solution), 
5.5 (white cloudy solution), and 6 (precipitate 
formation at the bottom of the container). The 
CH solutions were prepared with a method close 
to that used in conservation workshops: 1.1 g of 
calcium carbonate was added to 1 L of commer-
cially available sparkling water2. The bottles  
were closed immediately after addition, then  
left to rest for 24 hours before use. Only the su-
pernatant was used (pH 5.8 ± 0.2). The various 
treatments that were implemented are listed 
in Table 1. Each immersion was performed us-
ing 2 mL of solution per 1 cm2 of paper. After-
wards, the samples were aged again for approx. 
2 months in the same conditions as before treat-
ment.

Analytical methods
As conservation treatments in first place aim to 
limit physical decay to the paper, mechanical 
testing appeared meaningful for the evaluation 
of treatment efficiency. The paper mechani-
cal properties were evaluated with a zero-span 
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tensile tester (Pulmac, TS-100) on dried papers, 
pre-conditioned at 23°C and 50% RH. This test 
consists in measuring the failure load necessary 
to break a strip of paper maintained by adjacent 
jaws. The load is expressed in kg per 15 mm of 
strip width. For each sample, 10 measurements 
were performed and the average was considered. 
Standard deviation were ranging from 2% to 6%.

Mechanical tests were completed with pH 
measurements performed on cold extracts, pre-
pared with 0.5 g of paper in 25 mL of decarbon-
ated ultrapure water. Additionally, global el-
emental contents were measured by Inductively 
Coupled Plasma - Atomic Emission Spectrometry 
(ICP-AES), and elemental distributions were 
mapped by Scanning Electron Microscope and 
Energy Dispersive X-Ray Spectrometer (SEM/EDS) 
according to a protocol fully described elsewhere 
(Rouchon et al 2011a). 

Results

Efficiency of anti-oxidant and deacidification 
treatments
The evolution of the pH as a function of artifi-
cial ageing time is plotted in Fig. 2. The pH of 
untreated samples remains stable and close to 
a value of 4 during the degradation. The wash-
ing effect of water is noticeable: the removal 
of soluble acidic compounds from the samples 
increases the pH by approx. 1 unit. But contrary 
to untreated samples, the pH of washed samples 
decreases during artificial ageing and finally re-

covers its initial value.
The deacidification realized by means of the 

CH solution raises the pH up to alkaline values 
(close to 8). However, when deacidification is per-
formed employing only bicarbonate (Bi), this ef-
fect does not last very long and the pH falls back 
to a level of approx. 5 during the first month of 
artificial ageing. This decline is limited when the 
samples are treated with CP prior to deacidifica-
tion (PhyBi-1 to PhyBi-4): In these cases, the pH 
stabilizes around a value of 6 after one month of 
artificial ageing

Fig. 3 shows that the untreated samples are the 
most damaged. After three months of artificial 
ageing, they have lost 80% of their zero span 
breaking load. In comparison, the samples that 
were washed in water only (W30 and W60) are 
less damaged: The removal of soluble compounds 
delays the paper degradation, however, without 
stopping it. The benefit of CP solutions is similar 
for all investigated pH values (Phy-1 to Phy-4) and 
slighly higher than that of water washing, but 
these treatments remain of limited efficiency. 
Similarly, the CH treatment, when used by itself 
(Bi), gives rise to a short term beneficial effect only.

Contrary to all the above, excellent results 
were obtained using a combination of CP and CH 
(PhyBi-1 to PhyBi-4): after 3 months of artificial 
ageing, only a 10% loss of zero span breaking 
load is observed, irrespective of the pH of the CP 
solution that was employed.
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Evaluation of stochiometric effects (“side ef-
fects” is not an appropriate title)
The molar Ca/P ratios of the samples Phy-1 to 
Phy-4 are similar (0.605 ± 0.05), meaning that in 
the pH range 4.8 to 6, the CP is deposited in the 
samples with an average stochiometry of 3.6 cal-
cium atoms per phytate molecule. This suggests 
that the precipitate is a mixture of Ca:Phytate 
3:1, Ca:Phytate 3.5:1 and Ca:Phytate 4:1, consist-
ently with existing data: The Ca:Phytate n:1 is 
known to be soluble for low values of n (n=1 
and n=2), and insoluble for higher n values (2 < 
n) (Graf 1983). The specification of phytate solu-
tions can be calculated versus pH considering 
the 12 pKa values of this acid (Heighton et al 
2008): In the pH range from 5 to 6, three species 
of phytate, respectively bounded to four, five, and 
six protons are co-existing in solution, meaning 
that resp. eight, seven, and six free sites remain 
available for calcium bounding. If we consider 
that each calcium can occupy maximum two 
available phytate sites, and that calcium does not 
remove bound protons, the resulting Ca:Phytate 
precipitate stochiometry should be between 3:1 
and 4:1, consistently with the measured value of 
3.6:1. 

In our experimental procedures, the phytate 
concentration in the solution is 1.75 mM, and 
the concentration of iron in solution remains 
below 0.044 mM, a value estimated under the 
assumption that all iron present in the paper is 
dissolved. Phytate is also present in large excess 
compared to iron. In these conditions, its high 
affinity toward iron is expected to lead to the 
formation of soluble iron phytate 1:1 complexes, 
thus facilitating iron removal from the paper in 
comparison to pure water. This is not the case. 
Pure water appears the most efficient for iron re-
moval (50 % of iron is lost). On the contrary, iron 
is more likely to remain in the paper when CP is 
present in solution (only 30 % of iron is lost). Far 
from enhancing iron removal from the samples, 
the CP solution helps to retain iron in the paper. 

In CP solutions, calcium is used at a concentra-
tion of 4.4 mM, i.e. in large excess over iron (< 
0.044 mM). It is already known that the addition 
of calcium in iron phytate solutions provokes 
co-precipitation phenomena (Subba Rao and Nar-
asinga Rao 1983). Similarly, the fact that CP solu-
tion helps to retain iron in the paper appears to 
us related to co-precipitation phenomena. Iron is 

present in low concentration and can be incorpo-
rated in the calcium:phytate precipitate without 
noticeably changing its stochiometry.

It was recently demonstrated on quite similar 
laboratory samples (Rouchon et al 2011b) that 
the cellulose depolymerisation was mainly due 
to oxidative mechanisms provoked by surround-
ing oxygen. Consequently, the poor efficiency 
of CP treatment, when performed alone (Phy-1 
to Phy-4) refers to the fact that phytate does 
not inhibit iron at this pH level. The ability of 
phytate to chelate iron is correlated to its ca-
pacity to block all iron coordination sites. This 
property was evidenced in mild alkaline, but not 
in acidic conditions. In these conditions protons 
are obviously competing with calcium and iron 
for phytate bounding. We think that the iron 
which remains in the paper after CP treatment is 
only poorly bound to CP and thus not inhibited. 
When the CP treatment is followed by deacidifi-
cation, the pH of the paper rises to approx. 8 and 
approx. two of the protonated sites of phytate 
become available (Heighton et al 2008), thus fa-
vouring the inhibition of iron through chelation.

Conclusion
This study confirms that the calcium phytate 
treatment should necessarily be followed by a 
calcium hydrogencarbonate deacidification in or-
der to achieve long term stability. It additionally 
shows that the precipitation of calcium phytate 
in the treating solution does not significantly 
impact the efficiency of the treatment. We think 
that iron is not inhibited in the pH range 5 to 6, 
because it has to compete with protons and cal-
cium ions to bind phytate. After deacidification, 
the removal of protons releases approx. two new 
chelating sites on each phytate molecule, which 
is probably enough to efficiently inhibit iron.
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 Endnotes

1 composition of the ink : monohydrate  
gallic acid (Aldrich, 398225), 0.6 g·L-1 ;  
heptahydrate Fe(II) sulphate (Aldrich, 
215422), 2.66 g·L-1; gum arabic (Aldrich, 
G9752), 6 g·L-1.

2 Perrier, pH 5.2, composition in mg·L-1: Ca2+, 
155; Mg2+, 7; Na+,12; SO

4
2-,46; Cl-, 25; HCO

3
-, 

445.
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Table 1. List of implemented treatments

Name distilled water CP solution CH solution

W30 2 baths – –

W60 4 baths – –

Phy-1 – 2 baths (pH 4.8) –

Phy-2 – 2 baths (pH 5.2) –

Phy-3 – 2 baths (pH 5.5) –

Phy-4 – 2 baths (pH 6) –

Bi – 2 baths

PhyBi-1 – 2 baths (pH 4.8) 2 baths

PhyBi-2 – 2 baths (pH 5.2) 2 baths

PhyBi-3 – 2 baths (pH 5.5) 2 baths

PhyBi-4 – 2 baths (pH 6) 2 baths

The baths were lasting 15 minutes each, and the solutions were renewed between two baths.



Practice and Progress in the Conservation, Preservation and  
Digitization of the Dead Sea Scrolls

pnina shor | lena libman | tanya bitler | tanya treiger 
Israel Antiquities Authority, Jerusalem, Israel 

The discovery of the Dead Sea Scrolls in the 
Judean Desert some sixty years ago, in 1947, is 
considered one of the greatest archaeological dis-
coveries in modern times. The scrolls were either 
written or copied in the Land of Israel between 
250 bce and 68 ce. They represent the oldest 
written record of the Old Testament, and contain 
the earliest copies of every book of the Bible, ex-
cept for the Book of Esther. This ‘Ancient Library’ 
enables us a glance into a period of time pivotal 
to both Judaism and Christianity. Thanks to the-
se remarkable texts, our knowledge concerning 
the origins of Judaism and early Christianity has 
been greatly enriched. 

Issues of conservation, preservation and docu-
mentation of the Dead Sea Scrolls have concer-
ned both scholars and conservators ever since 
the scrolls’ discovery. The removal of the fragile 
scrolls from the caves, where they had been 
preserved for over 2,000 years, interrupted the 
environmental stability that had ensured their 
preservation for so long. Since their discovery, 
the scrolls were damaged by ravages of time, as 
well as from mishandling and mistreatment. 

In 1991, the Israel Antiquities Authority (iaa) 
advised by leading experts in issues relating to 
conservation of manuscripts written on parch-
ment and papyrus - established a designated con-
servation laboratory for the preservation of the 
Dead Sea Scrolls. The conservation and preserva-

tion of the scrolls has since been an ongoing task 
due to their extreme brittleness and the need to 
meet up with the most up-to-date conservation 
methods. 

Currently, the iaa is collaborating with 
international experts to reevaluate the conserva-
tion techniques under use, and to decide upon 
courses of action for still unresolved issues. The 
iaa is also engaged in an advanced, large-scale 
digitization project, which was initiated as part 
of the conservation efforts. This project includes 
the development of a monitoring system for the 
state of preservation of the scrolls and the creati-
on of highest-quality color images and advanced 
near infra-red images. As the publication of the 
scrolls is formally completed, the iaa will upload 
the digitized scroll images online, with their 
transcriptions, translations, commentaries and 
bibliography, allowing a free access to all. 

The Dead Sea Scrolls are a universal cultural 
heritage. As such, it is our duty to safeguard the 
scrolls and preserve them for future generations, 
sharing them with the public and scholarly com-
munity worldwide.

Authors 

pnina@israntique.org.il 
libman@israntique.org.il 
bitler@israntique.org.il  
IAA, Israel Antiquities Authority

ICOM-CC Graphic Documents Working Group Interim Meeting | Vienna 17 – 19 April 2013
50



The Language of Parchment – Learning about the History of Manuscripts 
with the Help of Visual Assessment of the Parchment

Jirí Vnoucek 
The Royal Library, Department of Preservation, Copenhagen, Denmark

Introduction
Studies of the physical appearance of the parch-
ment, which has been used for writing manu-
scripts, can provide an interesting supplement 
to the existing forms of manuscript research and 
help to create a more complex image of the infor-
mation recorded in medieval books.

The rocketing development of modern tech-
nologies has also brought a great improvement 
in scientific analyses of materials. In recent 
years we have been given very detailed and ex-
act information about collagen fibre and amino 
acids, the basic component of parchment. From 
microscopically sized samples it is possible to 
identify the DNA of the animal from whose skin 
the parchment was produced or to analyse the 
processes that caused degradation of the col-
lagen fibre. Although this information opens up 
new horizons in many fields of this research, it 
is still necessary to interpret the results obtained 
correctly and within the context of further stud-
ies in sciences that support history and namely 
studies of codicology in order to exploit their 
potentials to the full.

It is rather paradoxical that on the one hand 
we can learn almost intimate details about the 
parchment itself while on the other hand the 
description of parchment in codicological litera-
ture lags far behind, being content with general 
descriptions of its qualities, often vague and 
inexact, and it is only occasionally that specific 
features are noted which are characteristic for 
different types of parchment and its methods 
of preparation. It is not rare for these to be pre-
sented more like curiosities than important in-
formation for a detailed description and further 
studies of the parchment. 

It seems that codicologists are slightly uncer-
tain as to what is to be expected from modern 
scientific analyses, since their questions in this 
field are mostly limited to the identification of 
the types of animal skin from which parchment 
was made or they expect answers to rather bi-
zarre questions concerning the use of uterine 

parchment and other rarities, theories which 
turn up in literature repeatedly. 

In this context it might be thought quite 
surprising that rather simple non-destructive 
methods of visual observation of parchment can 
yield a whole spectrum of interesting informa-
tion that can enrich our knowledge not only 
about parchment itself but also about the whole 
production of parchment manuscripts and their 
history.

In my master’s thesis called “Defects and 
damage in parchment manuscripts – an aid to 
visual examination of parchment for writing 
purposes” (2010), I have focused my research on 
the different types of imperfections and damage, 
which can be found in parchment manuscripts. 
These were examined and described in chapters 
referring to the ways in which they appeared in 
parchment. For example, anatomical evidence 
about the animal from whose skin the parch-
ment was made, evidence of the steps in the 
process of manufacture of the parchment or the 
preparation of its surface for the writing and 
production of the codex. Different forms of ag-
ing and damages of parchment as they developed 
during the long history of the manuscripts were 
examined and described and their potential as a 
source of information discussed. In order to be 
able to recognize differences in the parchments 
in manuscripts it is also important to under-
stand the methods of their preparation, which 
differed in the course of time and according to 
their place of production. Practical experiments 
with the manufacture of parchment can help to 
verify some of the theories or hypotheses. Recon-
struction of the methods of production of the 
parchment can also reveal the origin of some of 
the imperfections that can later be recognized in 
historical manuscripts.

During my subsequent work with parchment 
manuscripts I have realized that all these specific 
“signs or traits” are displaying information that 
can be brought into line like stones in mosaics 
which, if set up correctly, can create a more com-
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plex picture and provide overall information. It 
might be explained differently by saying that 
they can be interpreted as some kind of linguis-
tic letters on the parchment. If the parchment of 
manuscripts could be systematically studied by 
this means on a larger scale we might find the 
right combinations and eventually be able to un-
derstand this language. Although this might per-
haps sound too literary, there is no doubt that it 
represents a great potential for serious research 
based on the physical appearance of the parch-
ment in a manuscript. 

Methods
Methods and tools employed for the visual ex-
amination are kept quite simple, so that any 
researcher in manuscript studies would be able 
to employ them. Different types of lighting 
might be used in order to recognize remarkable 
details giving us information about the types of 
animals, their sizes and the anatomy of the skins 

that were used in the manuscripts. A great help 
is provided in the case of observation of parch-
ment folia by transmitted light. Raking light on 
the other hand improves the visibility of various 
traces from tools originating from the produc-
tion of the parchment. 

Digital photography has made it possible to 
provide later evaluation of details recorded on 
the computer screen. Pictures obtained by high-
resolution digital cameras can be later enlarged 
or relatively simply manipulated in generally 
used computer programs in order to ease recog-
nition of even smaller details that can be later 
matched and compared with similar features on 
pictures from another folium or even another 
manuscript. Interesting results are appearing 
when parchments that were used for the produc-
tion of manuscripts in the same scriptorium are 
compared. 

More and more manuscripts have recently 
been digitalised and made available on libraries’ 
web sites. Texts or illustrations may be studied 
online and browsing through the manuscripts 
also makes possible a first general observation of 
the parchment. This can, however, only be used 
for preselecting some specific folia that show vis-
ible irregularities, while for more detailed and 
complex observation it is still necessary to con-
sult originals and use special techniques of light-
ing and photography. Occasionally some printed 
facsimiles still offer more information than 
available from digital images on the websites. 

Examples of use of visual examination of parch-
ment in manuscripts
A The Hamburg Bible (The Royal Library, Copen-

hagen, GKS 4, 2°) manuscript in large folio 
size can be used as a good example for studies 
of the manufacture of parchment and the pro-
duction of the manuscript. On its large parch-
ment folia we can find an almost complete cat-
alogue of the different types of imperfections, 
repairs or other signs that are characteristic 
for parchment produced in the 12th/13th cen-
turies. The method of formatting this parch-
ment into bifolia and their organisation into 
quires in the codex display a quite advanced 
system for eliminating natural irregularities 
in the parchment. (Fig.1, 2)

B Strikes made by the parchment-maker’s knife 
recorded on the surface of the parchment folia 
of The Prague Sacramentary from the 8th/9th 
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centuries (The Prague Castle Archive, Metro-
politan Chapter Library, O.83) can help us to 
reconstruct the manuscript’s bifolia back into 
the shape of the animal from which the skin 
was made. By this “reverse” method we can 
also learn interesting information about the 
sizes of sheep skins and how parchment was 
folded and divided into bifolia and later dis-
tributed and organized in quires (Fig. 3).

C The codex which includes King Valdemar’s Ca-
dastre (The Danish National Archives, C 8) and 
other manuscripts from the end of 13th cen-

tury is rather small in size and brings together 
slightly different types of parchment, which, 
thanks to the traces of the parchment-maker’s 
tools and other characteristics, can be identi-
fied, compared and partly sorted into certain 
groups. It is also rather interesting to compare 
this parchment with the parchment of other 
codices which were written by the same scribe 
and preserved in different libraries (Fig. 4).

Conclusions
Parchment in manuscripts carry, like a vessel 
travelling through history, in several layers of in-
formation from the past. In order to understand 
these it is necessary to learn its language by car-
rying out systematic research on the characteris-
tics of different types of parchment and the dif-
ferent signs left on the surface from the process 
of manufacture or later damage. The clue lies in 
correct evaluation of the results obtained from 
visual analyses and combining them into certain 
patterns. 

Some methods are developed and these have 
already brought interesting results as in the case 
of several individual manuscripts, but their great 
potential can be improved by development of 
specialised computer programs which will en-
able research into and evaluation of a much larg-
er number of folia and animal skins from which 
parchment manuscripts have been made. 

There is no doubt that highly specialised mate-
rial analyses can produce relevant information 
but it is extremely important to target them 
precisely and effectively. The best effect will be 
obtained especially by interdisciplinary research 
involving codicologists and other historians, 
researchers in manuscripts, who will combine 
their knowledge with that of experts in other 
fields such as archaeology, biology, conservation 
and forensic science.

Texts for illustrations

Fig. 1: Each bifolio of the second volume 
in the Hamburg Bible is created from 
one calfskin. This means that the origi-
nal spine of the animal was laid down 
horizontally at right angles to the spine 
of the book. Backing light made observa-
tion of the former rump and spine of the 
animal easier. Note also the marks of the 
vertebrae and the U-shaped cut in the 
area of the former tail.
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Fig. 2: Coloured paper strips placed 
in the first half of the fore edge of the 
codex mark the original position of 
the head (yellow) and tail (green) of the 
animal on the skin. There are several 
reasons why the spines are distributed 
in this way through the quires. Parch-
ment is more undulated and thicker in 
the area of the original neck, spine and 
rump than in other parts. With this 
layout one achieves a better balance in 
the thickness of the text block so that 
undesirable undulation of the folia is 
prevented. Spines of the skins of smaller 
sizes are placed centrally, while spines 
of larger skins are positioned either 
further up or down towards the top or 
bottom of the text block. With this ar-
rangement a larger skin can also be used 
more economically, since leftovers which 
are cut away from one side of parchment 
may be used for the production of small-
er manuscript documents.  

Fig. 3: One of the reassembled skins from 
the Prague Sacramentary, a manuscript 
of quarto size, shows that this skin was 
large enough to produce only 3 bifolia 
and not 4 as might be generally expected. 
This is not so surprising, since the sheep-
skin from which the parchment was 
made is quite thin and weak and could 
easily be mechanically damaged during 
the flaying of the skin. In addition, raw 
skin in the course of the parchment-mak-
ing process may be affected by bacteria 

or mould, resulting in the appearance of 
a large number of small holes. Skin can 
become mechanically weak and quite 
large areas have to be removed already 
before the skin is stretched on the frame. 

Fig. 4: Traces of the parchment-maker’s 
knife can be visualised by making a rub-
bing over a textured surface placed over 
the parchment folio. This frottage meth-
od helps to isolate and record traces of 
a tool which left on the parchment a 
unique offprint made by its jagged edge. 
The obtained “fingerprint” or “bar code” 
can be later used for recognition of the 
identical tool on the surface of other 
parchment folia coming from the identi-
cal skin and later placed in a different 
part of the text block or even another 
codex. In the case of a smaller manu-
script, for example of octavo size, we 
can expect a very uneven distribution of 
bifolia originating from one skin in the 
text block. For their production may also 
involve leftovers from the production of 
larger manuscripts.

Jirí Vnoucek 
The Royal Library, Department of  
Preservation, Copenhagen, Denmark 
jiv@kb.dk
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The Use of NIR Spectroscopy to Investigate the Condition of Parchment

Paul Garside | Barry Knight
British Library, London, UK

Abstract
Parchment documents and manuscripts repre-
sent an important part of our written heritage, 
but are prone to a variety of degradative reac-
tions and so are inherently vulnerable.  The abil-
ity to monitor the condition of parchment and 
assess the way in which it responds to the envi-
ronment allows the most appropriate conserva-
tion, display and storage strategies to be adopted, 
and will help to ensure the survival of these arte-
facts for future generations.

Near infrared (NIR) spectroscopy provides a 
non-invasive (and, with the correct equipment, 
potentially in situ) method of investigating the 
chemistry of parchment, and has been used in 
the work presented here to both assess the prog-
ress of two common deterioration mechanisms 
for this material (gelatinisation and thermally 
induced cross-linking), as well as to better under-
stand the way in which it responds to changes 
in the local environment (particularly humid-
ity).  Correlations were drawn between physical 
changes observed in the parchment samples, as 
they were subjected to degradative reactions or 
environmental variations, and changes in the 
spectra measured by derived peak intensity ra-
tios.  These ratios then allow similar processes to 
be monitored in other such materials.  A further 
outcome of this work has involved applying these 
techniques to assess the differences in behaviour 
with respect to local conditions between single 
parchment sheets and books of bound parch-
ment leaves, in conjunction with data recorded 
by temperature-humidity loggers, and this is of 
particular interest when compared to similar re-
sults for paper.

The work has stemmed from questions posed 
by objects in the British Library’s collection, 
and has been used to better understand these 
artefacts and aid collection care decisions.  Fur-
thermore, the environmental response data will 
help to inform strategies for the storage of both 
individual parchment items and the collection 
as a whole (not only benefiting their long-term 
survival but also potentially allowing energy and 
financial savings).

Introduction
The British Library’s collection contains many 
thousands of parchment documents and vol-
umes, including such important and prestigious 
artefacts as the Magna Carta, the Lindisfarne 
Gospels and the St Cuthbert Gospel.  As items 
such as these are of great historic and cultural 
significance, preserving them for future genera-
tions is of great importance, and to do this it is 
necessary to understand their current condition 
and there likely ongoing behaviour.  Tradition-
ally this has been the province of the expertise 
and experience of individual conservators and 
curators, but with the increasing availability of 
analytical equipment it is now possible to supple-
ment this knowledge with instrumental tech-
niques that can allow objects to be rapidly inves-
tigated and assessed, permitting those items in 
need of greatest attention to be highlighted and 
thus selected for attention.  With increasing de-
mands on budgets and time, growing collection 
sizes and, in many institutions, fewer specialist 
conservation staff, techniques like this which 
allow resources to be employed most efficiently 
will come to be of ever greater importance.

Parchment is prone to damage from a variety of 
causes, including gelatinisation due to exposure 
to excessive levels of moisture, microbiological 
attack (usually also linked to humidity), physical 
damage including general wear-and-tear, em-
brittlement from desiccation, and distortion and 
shrinkage caused by the extreme temperatures 
of fires.  Gelatinisation is a common problem 
for parchment documents, resulting from the 
hydrolysis of the highly ordered and relatively 
durable collagen protein to the amorphous and 
physically weak gelatine. Parchment documents 
are also significantly more susceptible to the 
effects of fires than the equivalent paper docu-
ments (Fig. 1); the material contains a variety of 
residual oils and fats which will readily burn if 
exposed to a flame, and at high temperatures the 
bulk material will shrink and distort, not only 
resulting in the loss of information from the doc-
ument, but also exposing more of the material to 
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the fire (on the other hand paper, unless found 
as loose sheets, tends to remain as a solid block, 
which chars around the edges but does not read-
ily burn). One of the collections on which the 
Library was based, the Cotton collection (origi-
nally belonging to the 17th century antiquarian 
Sir Robert Cotton) was involved in two fires, the 
first in 1731 and the second (smaller) one in 1865, 
which caused significant damage to many impor-
tant documents, including Beowulf and a copy of 
the Magna Carta.

Some cases of these types of damage are read-
ily apparent - taken to an extreme, gelatinisation 
results in a material with a typical translucent, 
glossy appearance, and fire damage causes obvi-
ous scorching and distortion.  Not all degrada-
tion is so obvious, and early stages of deteriora-
tion can be difficult to detect.  Even at such stag-
es, however, these changes can have a significant 
effect on the stability of the material and will 
influence the choices of the most suitable con-

servation treatments and storage conditions. For 
example, gelatinised parchment is particularly 
prone to further damage from water, whilst ther-
mally damaged material is brittle and prone to 
physical damage.  Therefore it would be of value 
to the preservation of these materials to have a 
method of detecting these early signs of damage 
in order to identify materials at risk and to treat 
them in the most appropriate manner.

Given the value of the artefacts which may be as-
sets, such a technique would have to be non-sam-
pling and non-invasive to be of use in the field of 
conservation; ease of use, rapidity of analysis and 
the potential to carry out the investigation in 
an in situ manner would also be desirable.  Near 
infrared (NIR) spectroscopy provides a method 
which fulfils these requirements, and has there-
fore been investigated as a method characteris-
ing the state of parchment.

To this end, a variety of different samples 
were obtained for investigation. Some of these 
came from historic sources, and thus represent 
examples of ‘real’ ageing and damage; to widen 
this set of samples, further specimens were pre-
pared by exposing modern parchment to heat, 
fire or conditions that would induce gelatinisa-
tion.  These materials were used in conjunction 
with NIR spectroscopy to investigate measurable 
changes and thereby develop methods of moni-
toring such changes in parchment artefacts.

This research has been carried out as part of a 
larger investigation into the condition, conserva-
tion and assessment of parchment based arte-
facts held in the British Library’s collection.

Method
A number of historic parchment samples in a va-
riety of conditions were collected for assessment.  
In addition, surrogates were prepared in several 
ways.  Gelatinised specimens were produced by 
placing several different parchment samples in 
a high humidity environment (90% RH, 40°C), 
and removing sections daily over the course of 
a month.  Samples were also exposed to fire to 
yield specimens which mimicked the fire-dam-
aged parchment of the cotton collection.  These 
materials were stored at 18°C and 50% RH prior 
to and during analysis.

Spectra were collected from these materials, 
using a PerkinElmer ‘Spectrum 400’ spectrome-
ter fitted with an NIR integrating sphere; spectra 
were recorded over the range 12,000 - 4,000 cm-1, 
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Fig. 1:  Fire damage to a parchment manuscript, showing scorching and 
distortion (the parchment was deliberately cut between lines and col-
umns in the 19th C to allow it to be flattened).



with a resolution of 16 cm-1 and averaged over 50 
accumulations.

Results and Discussion
Examining the spectra shows that the thermally 
damaged samples display a characteristic change 
in the region 4700 - 4200 cm-1 (Fig. 2).  It can be 
seen that as the sample suffers thermal damage 
the strength of the peak at 4420 cm-1 diminishes 
with respect to the neighbouring peak at 4540 
cm-1; furthermore, the shoulder observed at 4920 
cm-1 loses definition.  Using these observations, 
it is possible to derive a spectral intensity ratio 
that reflects this change and can thus be used to 
investigate regions of thermal damage:

 D
D
 = I

4540
 / I

4420

Where: D
D
 = indicator of thermal damage

 I
x
 = intensity at x cm-1, above a baseline

  drawn from 4680 to 4150 cm-1.

The changes involved in the early stages of ge-
latinisation are more subtle, but can be seen if 
the broad peak at 7300 - 6100 is considered (Fig. 
3). The general shape of this peak changes as 
gelatinisation occurs, with the primary peak at 
6860 cm-1 diminishing and a secondary one at 
6685 cm-1 becoming more apparent. As above, an 

intensity ratio based on this observation can be 
used to assess the degree of gelatinisation in a 
parchment sample:

 D
g
 = I

6685
 / I

6860

Where: D
g
 = indicator of gelatinisation

 I
x
 = intensity at x cm-1, above a baseline

 drawn from 7540 to 6030 cm-1.

If a sample is prepared in which localised gelatin-
sation has been encouraged by the use of a damp-
ened swab, or which has been partially burnt, 
then these ratios can be derived from spectra 
recorded systematically across the specimen and 
displayed as a colour scale, indicating the areas 
in which damage has occurred and thereby dem-
onstrating that this approach can be used to map 
such damage.

Conclusion
NIR spectroscopy is a valuable tool for the inves-
tigation of historical and cultural artefacts, as 
it can be used a non-sampling, non-invasive, in 
situ manner, and is rapid and simple to employ.  
With this work we have demonstrated how the 
technique may be used to investigate the state of 
parchment, in particular the onset of gelatinisa-
tion and thermally induced damage. This will 
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Fig. 3:  Changes related to gelatinisation in the  
NIR spectrum.

Fig. 2:  Changes related to thermal damage in the  
NIR spectrum.



inform decisions on conservation treatments, 
handling methods and display and storage condi-
tions.  Currently this approach is used as a spot 
analysis technique, but the aim is to developing 
into an imaging method that will allow parch-
ment manuscripts to be rapidly assessed.
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Color Printing in 16-17th-Century Italian Chiaroscuro Woodcuts:  
Degradation, Conservation Issues and Exhibition Concerns

Linda Stiber Morenus
Library of Congress, Washington, DC, USA / Staatliche Akademie der Bildenden Künste Stuttgart, Germany

Italian chiaroscuro woodcuts are among the 
most innovative of Renaissance prints. A wood-
cut print is made from a wooden plank that is 
carved in relief, inked, and impressed in paper. 
Chiaroscuro woodcut prints – named from the 
Italian term for contrasting light and dark tones 
– emulate drawings of the period. The design of 
a chiaroscuro woodcut is distributed over two 
to five woodblocks that are printed in superim-
posed layers of colored inks, thus creating transi-
tional passages of shading. These tonal passages 
are often anchored by a “key” block which car-
ries the primary outlines of the design in black 

or dark colored ink. The printmaking process 
results in an image of complex stratigraphy. 

Together, the layered ink colors were usually 
chosen by the printmaker to create a sense of 
volume or spatial recession - prime objectives of 
Renaissance imagery. The rich visual language 
of the chiaroscuro technique is predicated on 
the varied and nuanced colored inks and print-
ing effects which give the medium its expressive 
power. There is a vast literature dedicated to the 
composition and behavior of printing ink over 
the centuries, however no study addresses sys-
tematically oil-based colored inks as used in 16th-
17th century Italian chiaroscuro woodcuts. 

Many centuries after a chiaroscuro woodcut was 
originally executed, deterioration can affect its 
legibility, and distort the historical and aesthetic 
interpretation of the work. Moreover, a correct 
assessment of condition is fundamental to select-
ing appropriate conservation and preservation 
measures.

Colored printing ink can become altered by 
a number of degradation phenomena. Under-
standing the durability of vehicles and colorants 
is central to an accurate reading of chiaroscuro 
prints. Vehicles for early modern period inks are 
typically composed of drying oils, with possible 
admixtures of natural resins. Both share a ten-
dency to become brittle and yellowed with age. 
Darkness and humidity increase this tendency  
(Gettens and Stout 1966: 46). Some inks of the pe-
riod are subject to colorant deterioration. In his 
valuable study, A History of Printing Ink, Balls 
and Rollers 1440-1850, Colin Bloy distinguishes 
the light stable pigments – inorganics, earths, 
and metallic compounds – from the fugitive or-
ganic colorants, including indigo and lakes (Bloy 
1972: 40). Other pigments are chemically reac-
tive, such as copper acetate, lead carbonate and 
lead oxide. Breakdown of colored ink also can 
lead to blanching – a clouding effect. Finally, the 
paper support may undergo ink-associated dam-
age as well.
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This paper summarizes what is known about 
the early modern methods and materials of 
manufacturing colored printing ink. The study 
explains how some colorants deployed in these 
inks degrade. A technical survey of over 1500 
Italian chiaroscuro woodcuts, examined in 
international collections, is complemented by 
instrumental analysis of several prints. The study 
focuses on woodcuts that have the qualities of 
early impressions, making it reasonable that 
they bear the closest relation to the originator’s 
concept. The research interprets analysis of inks 
suspected to comprise colorants such as organic 
pigments, copper acetate, lead carbonate or 
lead oxide. Logical deductions are drawn from 
analysis results as regards changes in the visual 
appearance of select prints, based on the docu-
mented behavior of unstable colorants in similar 
media, such as oil paint. Based on the cumula-
tive evidence, a condition assessment protocol 
is offered and conservation treatment, storage 
and exhibition issues for the Italian chiaroscuro 
woodcut are described.
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A Study of Dyed Endpapers during Islamic Mediaeval Times in Egypt:  
Purpose, Materials and Techniques

Hassan Ebeid | Jean Brown | Ysanne Holt | Brian Singer
Conservation Department, Northumbria University, UK / South Valley University, Egypt

The research investigates the use of yellow natu-
ral dyes in Egyptian book manuscripts endpapers 
and their historic sources. It aims to explore 
whether the traditionally used yellow natural 
dyes in Arabic endpapers were selected for their 
colour and for their biocidal properties. The 
project investigates if bookbinders were knowl-
edgeable of these properties and tries to find out 
how effective these dyes actually are as biocidal 
agents. 

Interdisciplinary methodologies are used and 
include 1.The translation of an unpublished 
Islamic treatise. 2. The use of HPLC for identifica-
tion of the dyes in three samples. 3. Testing of 
the antibacterial properties of turmeric, weld, 
safflower and saffron against three strains of 
bacteria that have been identified in an Egyptian 
museum. Turmeric, weld, safflower and saffron 
were the most commonly used sources of yellow 
colour during the medieval Islamic period in 
Egypt. It seems very likely that these four dyes 
have some useful biocidal properties, which is 
supported by a laboratory microbial study. Weld 
(Reseda lateola) has been identified in three his-

toric paper samples by simultaneous detection of 
Luteolin and Apigenin by using HPLC. 

1. Introduction
In the Islamic mediaeval era, scribes and callig-
raphers showed a particular interest for coloured 
papers and many stunning examples and illustra-
tions of their works have survived in museums 
and galleries around the world (Fig. 1) (Bosch and 
Petherbridge 1981: 133).

There are many reasons for colouring papers. 
Probably the artistic appeal could be considered 
one of these reasons.  Moreover, writing on co-
loured paper could be for health reasons (Minor-
sky 1959, p.113). Interestingly, coloured papers 
could have a symbolic significance. For example, 
a full red colour was considered as privilege in 
official correspondence of persons of high rank. 
For instance, al-Qalqashandi, a fourteenth centu-
ry Egyptian scribe mentioned that official corre-
spondence between the sultan in Egypt and only 
his two vices for Karak - a city in Jordan famous 
for its castle – and for Syria were usually written 
on red papers (al-Qalqashandi 2004, vol.6, p.193). 

Paper colouring was thought to be used with the 
intention of protecting paper from bio-deterio-
ration factors as this was previously employed in 
China in the tenth century AD, when paper was  
immersed in a solution of phellodendon, an ex-
tract yellow dye from Amur cork tree (Gibbs and 
Seddon 1998), or immersed in a solution of pep-
per (Piper nigrum) (Zhong 1988).

This work seeks to address significant gaps in 
technical and historical knowledge about Islamic 
endpaper dyes and will contribute novel informa-
tion from previously untranslated Islamic treatis-
es. Further, findings will inform the conservation 
and preservation practices with regard to book 
artefacts and help historians learn more about 
the preparation and techniques used in historic 
dyes manufacturer.
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Fig. 1: Undyed and dyed paper gathering from a Quran (folios 225mm x 
155mm), Mamluk period, fifteenth century, Oriental Institute, Chicago 
(Bosch and Petherbridge 1981: 39)



2. Methods
An interdisciplinary methodology is used in the 
research. This combines a literature review and 
interpretative analysis, the interrogation of pri-
mary historic sources, the technical analysis of 
artefacts and empirical scientific study.

2.1. Historic source
The original source of this research depends 
mainly on gathering information from an origi-
nal treatise that has some paper dyeing recipes. 
The manuscript consulted here is a nineteenth 
century copy of a medieval manuscript (approxi-
mately from 13th century to 15th century AD) 
in the Egyptian National Library and Archives 
– Dar al-Kutub – in Cairo having the title ‘Rsalh 
Fá Sna’at al-’Hbar Wghyrha’ (an essay on mak-
ing inks and other materials). The manuscript 
colophon states that it was copied on Thursday, 
18 Muharram AH 1268 (1851 AD) By Mustafa al-
Safti (al-Safti 1851). It explains the materials and 
the traditional techniques that had been used in 
developing colouring and dyeing papers in the 
Islamic mediaeval era. 

2.2. Analysis of Historic Samples
Three historic samples were analysed by High 
Performance Liquid Chromatography – Electro-
spray Ionisation – Mass Spectrometry (HPLC-ESI-
MS) has been used be to identify the origin of the 
dye by comparing retention times of compounds 
to standards and those prepared from plant ex-
tracts with the historic samples. The HPLC used 
was Thermo Scientific, Hemel Hempstead, UK. 
The parameters were tuned by previous similar 
analysis, to the deprotonated quasi-molecular ions 
of morin and quercetin (Perry, Brown et al. 2011).

The column used was a Gemini ODS, 5μm 
particle size, 110Å, 150 mm x 2.0 mm I.D (Phe-
nomenex Inc., Torrance, CA, USA) thermostated 
at 30o C. The gradient elution programme was 
performed using solvents: A: Acetonitrile + 1% 
Acetic Acid and B: Water + 5% Acetonitrile + 1% 
Acetic Acid. For reagents and dyes; the standard 
flavonoids, isoflavonoids and anthroquinones 
were of the best purity available obtained from 
Sigma-Aldrich Inc. (Saint Louis, Missouri, USA) 
for morin, quercetin, apigenin, kaempferol 
and genistein, MP Biomedicals Europe (Illkirch, 
France) for emodin and Carl Roth GmbH (Karl-
sruhe-Rheinhafen, Germany) for rhamnetin, fise-
tin and luteolin. 

The extraction procedures for dyes in the 

plant matter were carried out using 100-150 mg 
of dried plant matter. The extraction procedure 
of the historic samples differed as the minimum 
amount of methanol was used (150 μl) and 5 – 
8 Amberlyst 15 ion exchange resin beads. The 
samples were then vortexed as before and heated 
under reflux for 2 hrs. After allowing cooling 70 
μl of the sample solution was added to 70 μl of 
water and mixed well. 100 μl solutions were in-
jected directly into the instrument. 

2.3. Microbial Study
The antibacterial properties of turmeric, weld, 
safflower and saffron have been tested against 
three strains of bacteria; Bacillus subtilis, Micro-
coccus luteus and Bacillus cereus by using the 
Cork Borer technique which involves pouring the 
dye solution into a hole in an agar plate spread 
with a microbial suspension then measuring the 
inhibited diameter zone. 

3. Results
3.1. Investigation of the copied original manu-
script (al Safti 1851) indicates that a direct dyeing 
process was used for paper. Dyeing was achieved 
by dipping paper sheets directly into a dye bath 
and this was a job carried out by scribes not 
papermakers. Al Safti also gives fifteen histori-
cal recipes for dyeing paper by using the follow-
ing plants and materials: henna (two recipes), 
myrtle, weld, turmeric, white straw, garlic peel-
ings, green fenugreek, red onion skins, lac, sap-
panwood, cinnabar, verdigris, the ring of pome-
granate and finally safflower. Findings from all 
sources (al-Safti 1851; Baker 1995; Loveday 2001; 
Graaff 2004; Cardon 2007; Cardon 2009), suggest 
that turmeric, weld and saffron were the most 
commonly used sources of yellow colour during 
the medieval Islamic period in Egypt.

3.2. Three historic samples were taken from dyed 
endpaper of a manuscript book, originally from 
Mamluk period (13th – 16th century AD) that is lo-
cated at the faculty of medicine’s museum, Cairo 
University, Egypt. An established method (Perry, 
Brown et al. 2011) was used to investigate the ex-
istence of yellow flavonoids in these three paper 
samples. The components identified in the first 
sample were apigenin or genistein at m/z 269, 
retention time 6.90mins and luteolin at m/z 285, 
retention time 5.93mins (Fig.2). The components 
identified in the second sample were apigenin / 
genistein at m/z 269, retention time 6.68mins. 
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The third sample was undyed and from the same 
book which appeared to show a peak for luteolin 
at m/z 285, retention time 5.82, this was unex-
pected, and however, the apigenin or genistein 
peak was not observed in the undyed sample. 

3.3. Results from the microbial study, by using 
Cork Borer technique
 Clear zones of inhibition were observed on the 
agar plates containing the three chosen strains 
of bacteria after incubation around the punched 
hole containing safflower dye solution made 
from a traditional recipe and including lemon 
juice (Fig. 3). The diameter of the clear zones was 
measured. 

4. Discussion
4.1. Four yellow natural dyes (turmeric, weld, 
safflower and saffron) were selected for special 
study because of the prevalence of yellow dyed 
endpapers in Egyptian medieval manuscript 
books (Fig. 4), noted during extensive handling 
of collections and  because their application was 
widespread during most historical periods (Baker 
1995; Loveday 2001; Graaff 2004; Cardon 2007). 
To date, there is no conclusive evidence from 
primary texts, modern scientific publication or 
any other explanation as to whether yellow dyes 

were used for any specific purpose. 
In the Islamic mediaeval era, papermakers were 
producing paper ranging in colour from cream 
to dark cream and either grey or off-white in 
tone according to its production inputs, there is 
no record of colour being added to the pulp in 
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Fig. 2: Chromatogram of the first Sample showing the presence of luteolin and apigenin (or genistein)

Fig. 3: Cork borer test for the effect of safflower dye against 
Bacillus subtilis grown on nutrient agar medium



the initial stages of papermaking manufacturing 
process (Loveday 2001: 51). The copied original 
manuscript (al Safti 1851) indicated that the dyes 
were applied directly to the sheet of paper by 
scribes.

The copied original manuscript claims that 
many plants and materials have been used to dye 
paper (listed above) and gives interesting infor-
mation in the form of fifteen recipes for prepar-
ing these materials. Weld could be an example of 
these recipes:

“Yellow lemon dye of weld is prepared by tak-
ing one pound of seasonal (newly-collected) weld, 
washed and put in a container of copper with 
one ounce of wild Natron (Endnote 1). Then, 
twenty-four pounds of water of the well and is 
poured over it and kept overnight. [Later on,] it 
is boiled until it is completely diffused into the 
water. [Once] heating is stopped, it is filtered, pre-
cipitated and then it used for dyeing [the paper], 
it gives a vegetable-like colour [to the paper] and 
God is the most Knowledgeable” (al-Safti 1851: 
27).

Although the text of the studied manuscript 
is a copy from 1851 AD, the original may date 
back to earlier than the 15th century AD, and this 
assumption is supported by its style of writing, 
Arabic terms and technical information. More-
over, it is to some extent similar to another text 
about paper dyeing and colouring which is writ-
ten by a Persian librarian in 1433 AD (Thackston 
1990). Furthermore, there is no handmade paper 
originating from Egypt after the 17th century AD 
(Loveday 2001: 27).

4.2. Analytical results from the three historical 
samples identified the presence of luteolin and 
either apigenin or genistein, which co-elute and 
have the same parent ion mass. According to 
these results, there are two possible biological 
sources for the dye used in these samples which 
are Genista tinctoria, common name Dyer’s 
Broom, which contains luteolin and genistein 
or Reseda luteola, common name weld, which 
contains luteolin and apigenin. To differentiate 
between these two biological sources, the mi-
nor component of chrysoeriol in Reseda luteola 
could be looked at in using a further develop-
ment of this method, and therefore the identity 
of dye (expected to be Reseda luteola) could be 
established unequivocally.

4.3. The main reason for choosing the tested 
bacterial strains is that Bacillus subtilis causes 
serious damage to library materials (Gallo 1985: 
38), and Micrococcus luteus and Bacillus cereus 
which have been identified in the Faculty of 
Medicine’s museum, Cairo University, Egypt 
(Ebeid and Amer 2006) where the tested sample 
had been taken. The main reason for using these 
three strains of bacteria in the microbial study 
is to use them as a monitor for biocidal proper-
ties in the dyes which have been used in Islamic 
paper, specifically in endpapers. It seems after 
measuring inhibition zones that the four dyes 
chosen have some useful biocidal properties.

5. Conclusion 
The traditional method of dyeing paper in Is-
lamic mediaeval era has been clarified.  Weld was 
identified in three samples and the microbial 
study supports the concept that these dyes have 
some useful biocidal properties. Therefore, it is 
possible that the dyes were used intentionally to 
dye endpapers in order to give protection from 
biological attack.
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Fig. 4: Dyed endpaper pasted at the front and back cover of a manu-
script book, (169 mm x 122 mm), Mamluk period (13th – 16th century AD), 
faculty of medicine’s museum, Cairo University, Egypt
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Preservation of Architectural Drawings on Translucent Paper in Brazil:  
Conservation Methods in Public Institutions

Aline Abreu Migon dos Santos 
Federal University of Pelotas, Rio Grande do Sul, Brazil

Introduction
The discussion proposed in this communication 
comes from the observations occurred in ongo-
ing research about a methodology for conserva-
tion1 treatment of architectural plans2 on trans-
lucent paper, on the master’s degree in Social 
Memory and Cultural Heritage Federal University 
of Pelotas. Conservators, who are preserving 
objects of cultural heritage, must think deeply 
about the whole process of achieving a conserva-
tion treatment, including not only the technical 
procedure but also the underlying philosophy, 
assumptions and value judgments inherent in 
the object, which can contribute to each decision 
during treatment. To formulate a proposal of 
conservation treatment, one must first under-
stand the current conditions of the professionals 
and institutions that preserve the cultural assets.

Translucent paper, popularly known as trac-
ing paper, is found in collections and  monetary 
currency. This type of support can be grouped as 
follows: architectural plans, technical drawings, 
maps and drawings of artists.

Currently, it is clear that along with photogra-
phy, handmade architectural design is regarded 
as one of the gems that make up an architectural 
background. The maker uses the architectural 
language, which is a “graph instrumental, in-
cluding its processes and techniques of the archi-
tect to represent an object, idea or environment 
through lines on a surface” (Ching, 2006:163).

In the mid-nineteenth century and the twen-
tieth century, traditionally, for the original3 ar-
chitectural plans, three different types of paper 
were used: watercolor paper for ink and pencil 
drawings; paper pattern, with a coated surface, 
and translucent paper, popularly known as trac-
ing paper, whose composition varies greatly in 
quality (price, 2011). Importantly, according to 
Claude Laroque (1992: 15), before 1870 many ar-
chitects destroyed their drawings after construc-
tion of the building, believing this documenta-
tion does not arouse interest beyond problems 
for storage. Moreover, the documents were taken 

to, or even developed further, on the actual 
construction site, thereby suffering premature 
deterioration. However, in the twentieth cen-
tury, original drawings were kept in the office 
of the architect and only copies were allowed to 
circulate. However, the architectural plans were 
stored without due care, nailed, rolled or folded. 
The use of self-adhesive tape was also common in 
architectural firms to protect designs around the 
outer edges of the paper.

Translucent paper has been used for centuries. 
Traditionally, it was a thin paper impregnated 
with oil or resin to give translucency, which is 
its main feature. In the first decades of the nine-
teenth century, it was available in newsagencies 
and through suppliers of artists, when French 
translucent paper, according to the trade cata-
logs, was considered superior. Many manuals 
contain instructions on how to make your own 
paper translucent French. During this period 
when the architects sought professional recogni-
tion, artists used materials of high quality to dis-
tinguish the community of arts, differentiating 
itself from carpenters and house builders (price, 
2011: 77).

The industrial production of translucent paper, 
according to Laroque (1992: 15) began around 
1860 in Europe, with Germany as the most 
important producer. The industry continued 
to grow with the construction of factories in 
France, Belgium and Austria. It is noteworthy 
that after 1865, with the intensification of the 
process of industrialization, new management 
techniques were needed and the profession of 
architecture acquires a management character, 
with the goal of becoming more “efficient”. “The 
profession of architect becomes capitalist, with 
the function of generating a profit” (Lathrop, 
1980: 326).

Catani, however, points out that this change 
in the field of architecture, effected not only the 
needs of architecture. “In reality, is associated 
with a broader social process of implement-
ing new forms of production, which began to 
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demand greater control over the production 
process on the part of those who held their plan-
ning” (Catani, 2006:115). In this context, the 
function of the technical design should solve the 
problems of production through the use of a uni-
fied graphical language. That means the design 
should be represented, as clearly as possible, 
avoiding doubts at the time of execution of the 
project. In the nineteenth century, the first tech-
nical rules of  graphical representation of proj-
ects were created, seeking a common language to 
facilitate communication.

As a solution for the production of architec-
ture of that period, translucent paper allowed 
other media to be copied, and also was extremely 
helpful during the process of architectural de-
sign, since it could be used to redesign and over-
lay different design options.

In Brazil there are some public institutions 
that keep architectural drawings on translucent 
paper, including archives, foundations, universi-
ties and libraries. Many of these designs have 
disappeared due to a lack of awareness about 
the documentary value that only in recent years 
began to exist in the country. Before, these 
drawings were stored without any preservation 
or archival methodology and simply discarded 
for lack of space in the institutions. A major 
problem for the institutions, that keep archi-
tectural drawings, are their large and different 
dimensions, that, due to this peculiarity, are dif-
ficult to handle and pack. In the specific case of 
translucent paper, we perceive much difficulty 
for conservators, because this material is very 
susceptible to physical and chemical changes, 
particularly when exposed to temperature 
changes, humidity and pollutant gases that ex-
ist in the air. Another problem are variations 
in papermaking, where changes occur in their 
coloring, texture and flexibility. The visual dis-
tinction between manufacturing methods is very 
difficult to diagnose, which makes conservation 
work even more challenging and necessary. This 
research focuses on collections of architectural 
drawings on translucent paper made between 
the late nineteenth century to the present day. 
The objective is to present the main public insti-
tutions in Brazil that keep architectural draw-
ings on translucent paper and how they handle 
these documents. Initially, the presentation does 
not intend to discuss preservation methods used, 
but a brief evaluation of what is being done in 
these institutions.

Method
For gathering of information, a questionnaire 
was designed and sent electronically to entities 
registered in the International Council on Ar-
chives - CONARQ. This is a collegial body, linked 
to the National Archives of the Ministry of Jus-
tice, which aims to establish a national policy 
for public and private archives, as a central office 
of a National Archives System, overseeing the 
normative guidance document management and 
special protection for records. Later, other insti-
tutions were inserted that seemed relevant to 
the search, such as the Faculties of Architecture. 
In total, questionnaires were sent to 229 institu-
tions. 

The questionnaire aims to seek:
•  Data from the institution;
•  Characterization of the institution;
•  Legal nature;
•  If it is an  institution of custody of translucent 

paper documents;
•  Date of the documents;
•  If there already occurs some conservation 

treatment;
•  The treatment applied;
•  Problems during treatment;
•  Tips for treatments useful for conservation.

Conclusions
Research is fundamental to start a local knowl-
edge of collections that keep architectural draw-
ings on translucent paper in the country, having 
the opportunity to create greater awareness and 
interaction among researchers from various 
fields and institutions, promoting an exchange 
of information, beyond seeking the earned value 
of these documentary drawings. Their conser-
vation is extremely important, as they relate 
to identity, action and memory of Brazilian ar-
chitecture, being considered Brazilian Cultural 
Heritage, in addition to being used as a source 
for historical research of science, architecture 
and engineering.  Preservation becomes a goal to 
be achieved by archivists, conservators and espe-
cially historians of science.

Importantly, the research is still in progress 
and will be finalized in March 2013.
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Notes

1 According Salvador Muñoz Viñas conser-
vation is “the activity that is to take mea-
sures for the fewest changes for as long 
as possible.”

2 In common usage, all graphical docu-
ments produced by architects are usually 
called plans or architectural plants. In 
this article we will use the term architec-
tural drawing as equivalent.

3 The architectural plans done manually in 
the twentieth century often had copies.
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Removable Loss Integration in the Re - Treatment of Robert Delaunay‘s 
Three Graces, Study for “The City of Paris” at the Albertina, Vienna.

Irene Brückle | Maike Schmidt | Eva Hummert | Elisabeth Thobois
Studiengang Konservierung und Restaurierung von Graphik, Archiv- und Bibliotheksgut,  
Staatliche Akademie der Bildenden Künste Stuttgart, Germany;  
Kupferstichkabinett der Staatlichen Museen zu Berlin, Berlin, Germany;  
Albertina, Abteilung Restaurierung, Vienna, Austria

The case study illustrates core questions that 
concern loss integration of artworks on paper: 
defining and refining the treatment goal in 
discussion with curators; developing a mini-
mally invasive method for loss integration that 
respects the potential future treatment desires; 
the technical challenge of creating a visual 
match for an unevenly discoloured, machine-
made paper. The project was carried out as a 
cooperation between the Museum Albertina and 
the Staatliche Akademie der Bildenden Künste 
Stuttgart. The large oil sketch “The three Graces, 
study for ‘The City of Paris’” by the French painter 
Robert Delaunay, measuring ca. 190 x 140 cm 
(Fig. 1), is one of several preparatory works for 
the famous painting The City of Paris in the Cen-
tre Georges Pompidou. It belongs to the Batliner 
Collection in the Museum Albertina (Inv.Nr. 
GE29DL). The artwork, drawn on thin, machine-
made woodpulp-paper, was apparently torn into 
several large pieces by the artist himself. After 
Delaunay’s death in 1941, however, the work 
was reassembled, lined on canvas and mounted 
on a strainer. The mounting was at least once 
removed and renewed. The sketch shows many 
damages, many of them caused by historic res-
toration treatments such as filled losses, which 
are visually obtrusive, wrongly overlapping tear 
edges and aged retouchings. It also had under-
gone extensive aqueous treatment of which no 
record exists, most likely including bleaching, 
which subsequently caused mottled discoloura-
tion and brown tide lines along the oil paint 
edges. Patches of untreated, and therefore even 
coloured and darker brown paper have remained 
in isolated areas between paint strokes where 
treatment had not been dared. This mottled ap-
pearance of the original paper was to be matched 
in the production of an insert. The problem 
that was addressed in our treatment concerned 
two large distracting losses resulting from the 
1940ties damage, one at the right lower edge ca. 

49 x 13 cm, the bigger and more prominent one 
at the lower left edge ca. 46 x 74 cm. They had 
soon been filled with woodpulp paper inserts 
that had discoloured to a dark-brown tone con-
trasting with the original paper colour. The old 
inserts had been pasted onto the lining, overlap-
ping the edges of the original. Black-and-white 
photographs of the work in earlier exhibition 
catalogues starting 1956 already show the paper 
fillings (Anon. 1956; Schilling and Platte 1962; 
Jenderko-Sichelschmidt 1976), but indicate that 
their colour once was much brighter than today. 
This suggests that the paper darkened in the 
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Fig. 1: Robert Delaunay, “The three Graces, study for ‘The 
City of Paris’ “ (Albertina Inv.Nr. GE29DL), 1912, normal 
light, before treatment (08.07.2010).



course of time under the influence of light, and 
that the colour of the paper fillings might once 
have matched the colour of the original paper 
quite well. Because of their dark brown colour, 
the old fills are incongruent elements disturbing 
the original image and thus were attracting the 
viewer’s attention. The museum wanted to ex-
hibit this key work of Delaunay at the Albertina 
and desired to make it more presentable to the 
museum visitors. The goal for this treatment was 
a visual improvement of the affected areas, to be 
accomplished by an overlay over the old inserts, 
that would not attempt to reconstruct the miss-
ing parts of the image – which would have been 
impossible due to the fact that no information 
exists about the missing parts. Rather, areas 
covered with the dark old paper fillings were to 
be visually integrated with the rest of the paper. 
As the removal of the old inserts would not have 
provided any advantage for the preservation and 
current treatment of the artwork but would have 
involved an invasive procedure presenting an 
unnecessary risk for the original, it was decided 
to cover the old inserts with new – aesthetically 
more fitting – ones. This was possible because 
the old fills were of a thinner paper than the 
original, leaving room for another layer of pa-
per that would not exceed the thickness of the 
original. Only the overlapping parts of the old 
fills were removed from the original to reveal 
covered areas of the original paper and paint and 
thus to minimize the area that needed to be re-
touched. Slightly moistened brushes worked best 
to swell the paper and starch-based adhesive and 
lift them with a spatula. Loose remaining fibre 
residues were removed with a scalpel. Newly 
revealed original paper and paint areas clarified 
the previously concealed border of the original 
design. 

Key: insert paper choice
In order to keep the new retouching removable it 
was to be adhered only at the edges. A thick Japa-
nese kozo paper (Paper Nao, 106 g/m2, K14) was 
chosen for its dimensional stability, even water 
absorption capability, uniform surface qual-
ity and bulky, compressible structure and even 
chamfering characteristics. It was key that this 
paper also achieved a close visual match of the 
original machine-made paper because it shared 
its smooth, slightly shiny surface. 

The treatment process involved four  
main steps.

1. Testing the paper toning materials 
The inserts were cut slightly larger than the 
loss shape. They were toned in over ten stages 
to colour-match the original paper. A selec-
tion of colourants (reactive paper dyes, direct 
paper dyes, watercolours, acrylic and airbrush 
colours) were tested for an easy utilisation such 
as a regular colour application. The three most 
promising colourants (Pergasol® direkt paper-
dyes, Schmincke Akademie® Acryl Color and 
Schmincke Aero Color® Professional) were then 
tested for water solubility; all colourants were 
adequately insoluble on the insert paper after 
the dye had dried. An artificial light-aging test 
following DIN ISO 105-B02 was conducted to 
check the long-term light stability of the colour-
ants. Before and after the aging process, colour 
measurements were carried out1. Samples of 
the retouching paper prepared with the colour-
ants were aged for ten days in artificial light in a 
light aging chamber (Q-Sun Xenon XE-1-BC)2. The 
strong fading of Pergasol® direct paper dyes dis-
qualified them for the use as a retouching agent, 
whereas the acrylic and the airbrush-colourants 
showed almost no fading. The acrylic colours 
achieved the best light stability. 

2. Toning and trimming the insert 
To find the most suitable application method, 
the acrylic and the airbrush colours were applied 
with different techniques: dipping in a colour 
bath, brush application and application with 
spraying devices used with compressed air (spray 
gun and airbrush). The best method turned out 
to be a combination of two steps: first applying 
a uniform coating and then applying the dif-
ferent mottled irregularities in a second step. 
To produce the initial uniform colouring, the 
paper received more than ten applications of 
diluted acrylic colours (Schmincke Akademie® 
Acryl) applied with a spray gun. Between every 
application the paper was dried and the colour 
compared to the original, to adjust the colourant 
concentration for the next application. In the 
second step, the mottled toning of the original 
was imitated by local airbrush and paintbrush 
colour applications (Schmincke Aero Color® Pro-
fessional). The brush was used to imitate stained 
and streaky structures – the airbrush was used to 
produce soft colour gradients, especially at the 
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edges. To imitate the colour of the original pa-
per, the irregular colour patterns of the adjoin-
ing original paper parts were used as an orienta-
tion and brought together in the middle of the 
insert. The inserts were trimmed and chamfered 
to the exact shape of the loss and received a final 
toning with watercolours along their edges. Dur-
ing the dyeing processes the colour was observed 
several times under different light sources to test 
for metamerism3. 

3. Stabilizing the toned insert by lining and  
coating 
To stabilize the larger insert and to protect it 
from possible later distortion, in the case of 
climate changes in the future, the larger insert 
paper was lined verso with a thin Japanese kozo 
paper. The Japanese paper had been prepared 
by coating it with Lascaux® 498HV adhesive, 
and was applied to the verso of the insert by 
reactivating the adhesive with heat. The lining 
enhances the dimensional stability of the insert 
paper and protects it against distortions. The ad-
hesive and the application method were chosen 
on the basis of tests conducted with insert papers 
lined with either starch paste, methylcellulose or 
Lascaux® 498HV that had been exposed to cycles 
of fluctuating humidity (50-95% RH). The sam-
ples were measured before, during and after the 
humidification to check the degree of extension. 
The test showed that only the samples prepared 
with Lascaux® 498 HV were dimensionally stable 
when exposed to high relative humidity. Further-
more, to smoothen the surface of the retouching 
paper after the extensive colouring processes, 
diluted methyl cellulose (Methocel® A4C) was ap-
plied with a spray gun and the surface was then 
dried in contact with a piece of polyester fabric 
(Bondina®). 

4. Shaping and attaching the inserts 
To create a smooth transition from the insert  
paper to the original, the edges of the insert 
were chamfered from the back at a width of  
5 to 10 mm. Finally, the insert was adhered to the 
edges with starch paste, minimizing the area of 
adhesion, at some areas minimally overlapping 
onto the original by about one millimetre to 
cover dark stained edges, revealed after remov-
ing the former overlapping paper fills. The new 
inserts remain removable, leaving the historic 
treatment of the artwork accessible. With the 
old fills covered, their prominent visual distrac-

tion is eliminated, allowing a more focused per-
ception of the painting (Fig. 2). Both retouched 
inserts achieve a good colour match with the 
whole picture. They are in-plane with the origi-
nal also along their adjoining edges where there 
is no noticeable step in part due to the conform-
able nature of the insert paper. The retouched 
insert surface is very similar to the surface of 
the original. No metamerism effect was noticed 
when viewing the insert and the original under 
different light sources. 

Outcome and outlook
Where the old insert overlapping edges were 
removed from the original, newly revealed origi-
nal paper areas and small parts of the picture 
indicate design details critical to the understand-
ing of the painting. The project required many 
micro-steps of technical and aesthetic decision-
making. Key to its success was the continual, 
interdisciplinary consensus building in which 
preservation and aesthetic concerns were com-
municated in a differentiated way. At this point, 
the oil sketch will be examined together with 
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Fig. 2: Robert Delaunay, “The three Graces, study for ‘The 
City of Paris’”, normal light, after treatment (08.08.2012).



the curators in review of the treatment to date 
to see whether final adjustments in the retouch-
ing need to be made. After that it will be decided 
whether the oil painting areas should receive 
any local surface cleaning. Also, similar inserts to 
compensate other small losses will be decided on 
when the treated painting undergoes final evalu-
ation. 
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Endnotes

1 Datacolor Check Pro, software Tools, 
measuring conditions: spectral range 
360-700 nm, incl. gloss, standard observer 
ankle 10°, LAV, illuminant: daylight D 65

2 10 days, 1,1 w/qm x nm, black standard 
temperature 28°+-3°, window glass filter 
W-IR (X-10761-K)

3 Metamerism describes the phenomenon 
that two colours look identical under 
specific light conditions, and differ when 
the light source changes. A metamerism 
between the original an the retouching 
paper can occur when different kinds 
of colours and colour mixtures are used 
(Poulsson 2008).
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Simple yet Complicated – An Evaluation of Airbrush Technique  
Applied to Filling Losses using Cellulose Powders

xing kung liao | fei wen tsai 
Tainan National University of the Arts, Tainan City, Taiwan

Introduction
Filling losses is a very common practice for pa-
per-based artifacts. This can be performed either 
by machine using a leafcaster, or it can be done 
manually, which can  be very labor intensive. 
Many methods have been designed to achieve fill-
ing purposes depending on the nature and the 
condition of the paper objects. Considerations to 
be observed in filling or compensation of paper-
based materials include the character and thick-
ness of the paper object, the quality of the filling 
materials and the properties of the adhesives, as 
well as compatibility issues between the paper 
artifact and filling materials, etc. 

In general, filling materials used for this pur-
pose include paper pulp and cellulose powder. 
Paper can be inserted to compensate for losses 
using western paper or bast fiber paper, also 
known as Japanese paper. Paper pulp is another 
filling material; it could be applied in numerous 
irregular-shaped loss areas of an artifact if the 
object can tolerate wet treatment. The paper in-
sert method is mainly performed manually, and 
paper pulp can be applied manually with the 
help of a suction disc or performed mechanically 
using a leafcaster. Both paper and paper pulp as 
mentioned above are the most commonly repair 

materials for filling applications (Paper Conserva-
tion Catalog, 2011).

Another filling material – cellulose powder 
– is also recorded in conservation related litera-
ture. It can be used to fill small losses by adding 
water to powder to form a paste and then apply-
ing it to loss areas. One concern about the use of 
cellulose powder as a filling material is its flexi-
bility after application. In addition, the difficulty 
of applying cellulose powder evenly is also one 
of the disadvantages of using it as a filling mate-
rial. To avoid uneven application, spraying might 
offer a viable alternative when using cellulose 
powder to compensate losses. 

The spraying method has been adopted as one 
of treatment techniques for in-painting, humidi-
fication and consolidation/fixing, as well as for 
applying a protective coating layer on the surface 
of an object (Webb, 1998).  This can be done by 
using various tools such as air mist, a Dahlia 
sprayer, airbrushes or other methods. Among 
these spraying tools, the airbrush can yield an 
even coating for treatment purpose. This paper 
evaluates an alternative method of filling losses 
using stable and reversible cellulose powders 
and airbrush techniques that is regularly used in 
Asian painting conservation. 

The airbrush applicator
The invention of the airbrush is attributed to 
Francis Edgar Stanley, who patented the first 
airbrush in 1876 (Patent Number 182,389). His 
invention was not used for art works, however, 
up until 1879 when the first “airbrush” instru-
ment with a hand-operated compressor used for 
painting-related purposes was developed by Ab-
ner Peeler. At that time the airbrush was not at 
all sophisticated, and it took four more years of 
development to refine the airbrush device which 
was marketed by Liberty Walkup. 

An airbrush works basically by passing a 
stream of fast-moving (compressed) air through a 
Venturi, which reduces the air pressure (suction) 
to allow liquid or paint to be pulled from an in-
terconnected reservoir. The high velocity of the 
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Fig. 1: After Mapping the Areas to Be Filled



air stream atomizes the liquid or paint into tiny 
droplets as it blows past a very fine paint-meter-
ing component. Various triggers are designed to 
control the amount of liquid, allowing an opera-
tor to achieve finely smooth blending effects.

Three factors affect the effects of the airbrush 
technique – the spray distance, the air pressure 
and the viscosity of the paint. Generally speak-
ing, the airbrush should be placed a distance of 
10 to 20 cm from the object to be sprayed. Pres-
sure should be adjusted between 0.1Mpa to 0.2 
Mpa in general, although it can be reduced to 
0.02Mpa to 0.05Mpa in order to achieve fine, deli-
cate results. The ideal viscosity of the substance 
used for spray purposes should be maintained 
between 45 to 60 cp. 

For the purposes of this study, three stages 
were designed to evaluate the applicability of 
airbrush techniques using cellulose powders for 
filling purposes: (1) the type of cellulose powder; 
(2) appropriate viscosity of the powder mixture; 
and (3) the mixture for spray application. 

Selecting cellulose powders 
The first stage of this study involved mixing 

cellulose powders with cellulose ethers to deter-
mine appropriate types of cellulose powders that 
spread smoothly and will not block the nozzle 
during spray operation. Cellulose ethers have 
been studied extensively for their stability (Bac-
ker, 1984; Feller & Wilt, 1990). Three different 
cellulose fibers with 0.2% methyl cellulose added 
were selected for evaluation. The formula is de-
scribed as follows: 
1. 0.5 g of Arbocel BC 1000 fiber with 10 g of 0.2% 

methyl cellulose.
2. 0.5 g of Arbocel BC 200 fiber with 10 g of 0.2% 

methyl cellulose.
3. 0.5g of microcrystalline cellulose with 10 g of 

0.2% methyl cellulose.
 

A spray test showed that the microcrystalline 
cellulose powder mixture sprayed smoothly with 
no blocking effect, and it was the only type of 
cellulose which could pass through the 0.1mm 
diameter nozzle of the airbrush. The results 
showed that microcrystalline cellulose was an 
appropriate type of cellulose for further study as 
a filler material. 

Viscosity test
After the first stage, the microcrystalline cellu-
lose powders were then mixed with cellulose 
ethers and gelatin. Six groups of mixtures, all 
containing methyl cellulose (MC), carboxymethyl 
cellulose (CMC), microcrystalline cellulose (MCC), 
water and ethanol, were divided into two major 
subgroups depending whether or not gelatin was 
added. Among the ingredients, ethanol was used 
to increase mobility and to speed up the drying 
rate. Gelatin is used as a sizing agent and as di-
spersing agent in the paper industry. The formu-
lations and ratio by weight are shown as follows 
and in Table 1. 
A: 2%MC, MCC, water, ethanol
B:  2%CMC, MCC, water, ethanol
C:  2%MC, 2%CMC, MCC, water, ethanol
D:  2%MC, MCC, water, 2%gelatin, ethanol 99%
E:  2%CMC, MCC, water, 2%gelatin, ethanol 99%
F:  2%MC, 2%CMC, MCC, water, 2%gelatin, etha-

nol 99%

Measurement of viscosity was then carried out 
in order to adjust the viscosity of mixtures to 
between 40 to 60 cp, which will yield better 
consistency for spraying effects. A viscosity cup 
was used for measurements. Drain time for this 
test was suggested as between 17 to 23 seconds 

ICOM-CC Graphic Documents Working Group Interim Meeting | Vienna 17 – 19 April 2013
74

Fig. 2: Before and After Filling



at 25°C ± 2°C, equivalent to 40 to 60 cp at ideal 
viscosity for airbrush application. The results of 
the viscosity test are shown in Table 2. The drain 
time for all tested groups fell in the range of 19 
to 23 seconds, which indicates that all of the te-
sted mixtures are suitable for spray application.   

Mixtures for Spray Test
Different amounts of mixtures were designed 
for spraying at a distance of 15 to 20 cm. In this 
test, 1oz and 0.5oz of mixtures were sprayed onto 
a surface of Xuan paper in size of 5cm by 10cm. 
After spraying, roughness of six groups were me-
asured by using Mitutoyo Surface Roughness SJ-
301. The results of test showed that the roughness 
values of groups A and C were greater. Group F 
was shown to be the most consistent of all tested 
groups. In addition, the evenness of the mixture 
in Group F also appeared to be more controllable 
for spray application.   

Conservation Implementation
The hand scroll, painted by Lin-can Lee, used for 
this study was seriously degraded by mold. The 
treatment process included surface cleaning, 

facing, backing removal, first layer of lining, se-
cond layer of lining, removing the facing paper, 
mapping the losses, applying masking to losses, 
filling losses with airbrush, in-painting and mo-
unting. The method used to fill losses using an 
airbrush is as follows. Strips of Xuan paper were 
used to cover holes. Water was then applied on 
the Xuan paper according to the shape of the 
hole. Water tear was performed to shape areas to 
be compensated, shown on Figure 1. Based on the 
result of this experiment, the powder mixture F 
was chosen to be used as filling material in accor-
dance with the airbrush technique. After filling, 
0.2% gelatin was also sprayed to provide further 
reinforcement. Before and after filling are shown 
in Figure 2.  

Conclusion 
The results showed that airbrushing can be an ef-
ficient way to fill losses of paper. A Chinese hand 
scroll was successfully restored in a follow-up 
conservation operation. In conclusion, this study 
offers an alternative method for filling losses in 
paper artifacts with special considerations.
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Ingredients

Groups

Cellulose Binder Solvent

MCC MC
2%

CMC
2%

Gelatin
2%

Ethanol
99%

Water

A 1 1 – – 2 2

B 1 – 1 – 2 3,5

C 2 5 1 – 4 5,5

D 1 1 – 2 2 2

E 1 – 1 2 2 5

F 1 2 1 4 4 3

Table 1. Ingredients of Powder Mixtures (Weight in grams)

Table 2. Results of Viscosity Test

Group Drain time in Average ± Standard Deviation 
(seconds)

A 20.8 ± 0.8

B 20.2 ± 0.4

C 23 ± 0.9

D 19 ± 0.7

E 19.6 ± 0.5

F 23 ± 0.0
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Ronald by Franz West.  
Conservation of a Three - Dimensional Painted Papier Mâché Object

Andreas Hartl
Austrian National Library, Conservation Department, Vienna, Austria

Introduction1

Entitled Ronald, the object is shaped like a three 
dimensional guitar (Fig. 1). It was created in the 
late 1970´s by the Austrian artist Franz West (16 
February 1947 – 25 July 2012), and is part of a cat-
egory of works which he labelled as Namensbilder. 
These objects are dedicated to particular persons 
and could be described as a kind of portrait.

Ronald is one of a group of 17 artworks sub-
titled Our Railroad Workers and their Union (Fig. 
2). The associated pieces are works on paper 
including collages, drawings or overpaintings of 
newspapers or photographs, and are presented in 
frames, most of which were created by the artist. 
All the pieces were made as independent works 
of art over a period of 20 years. 

In 1996, the group in question evolved from 
a selection of works for the exhibition Collagen 
Passstücke Werke 1972-1990 in the Viennese gal-
lery Kalb. It was very common for Franz West to 
combine works from different periods, and so he 
also included furniture or sculpture as well as 
works by other artists. Following this 1996 show, 
the Essl Museum of Contemporary Art in Klosterneu-
burg, bought Our Railroad Workers and their Union.

The technical study and conservation of Ronald 
was subject of a diploma thesis at the Institute 
for Conservation at the Academy of Fine Arts 
Vienna in 2011.

Construction
The whole object is made of papier mâché and is 
shaped as a relief. The lettering Ronald is formed 

as three-dimensional characters in a different, 
unidentified material. 

Papier mâché is a material very commonly used 
by West. In early years of his career, he used 
telephone book pages for his raw material. Later, 
he used mainly newspaper because telephone 
books were no longer available in the amounts 
he needed. 

The recto view of the guitar shows several 
layers of paint. Very similar structures of these 
layers can be found in many comparable papier 
mâché objects. The first layer consists of a grey 
undercoat followed by layers in yellow and pink, 
onto which the lettering Ronald is applied. A 
layer of white coats, the name as well as the pink 
colour was probably the initial surface. This stra-
ta can be found on the entire recto of the guitar. 
The verso is not painted, leaving the papier mâ-
ché exposed. For improving the stability of the 
form, a wooden broomstick was worked into the 
material from the middle of the body, over the 
neck to the head of the guitar.

Damage
Due to a massive infestation by biscuit beetles, 
the papier mâché body was almost completely hol-
lowed out and the stability of the object drasti-
cally decreased. Because of insect holes, the sur-
face was painted over in extensive areas, using 
the same material as the initial surface. After-
wards, some of the insect tunnels on the recto’s 
surface were partially overworked with different 
types of gypsum. 

As a result of further structural damage of un-
known origin, numerous additional repairs had 
been undertaken. A fracture runs the length of 
the body from the bottom to the top edge, at the 
beginning of the broomstick. Despite previous 
attempts to repair the crack, it remains a risk. 

Because of the extensive degree of damage, 
Ronald was classified as not available for loans. 
However, for an exhibition in the USA, the group 
should be shown in its entirety, so the museum 
and West’s atelier agreed to produce a full-size 
model. 
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Fig. 1: Ronald, recto view



Presentation 
The museum is presenting the group in the same 
arrangement as that created by Franz West at its 
first exhibition in 1996. There were a few excep-
tions, as West arranged exhibitions by himself 
and would sometimes combine different groups 
of artworks. 

Ronald is presented in a pine showcase, which 
is covered at the front and the rear with trans-
parent acrylic glass, fixed with screws. Probably 
the object was originally not presented in the 
case. There are indications that the frame was 
made in order to protect the damaged Ronald 
within the group presentation. At the rear of 
the guitar screw holes of the supposed previous 
mounting were found. Like the original artwork, 
the copy was to be presented unframed.

Conservation Goals
Part of the project was the examination of the 
paint layer structure and the earlier repair treat-
ments. An important question was how to treat 
the object’s patina. The correlation between re-
pairs / “patina” and their importance to the his-
tory of the object was examined. To find out by 
whom the earlier repairs had been undertaken, 
people in Franz West’s working environment 
were interviewed. Furthermore, objects from this 

particular group were compared regarding struc-
ture and surface appearance. It was not possible 
to answer this question in the context of this the-
sis. There were suggestions that the repairs and 
overworking was done by West himself or, with 
his permission, by one of his assistants. 

As a result a strategy in dealing with the pres-
ent surface condition was developed. Part of 
West’s concept is that objects can be handled by 
the owner. The patina which is due to the han-
dling of the object is therefore part of its history. 
As a result of the research into the artist’s modus 
operandi, the surface was accepted in its current 
condition. 

In order to adequately stabilise the papier mâ-
ché body’s structure, two methods had to be com-
bined. During the work, it became evident that it 
would not be possible to stabilise the entire body 
from surface to centre. Therefore it was decided 
that only the surface and the subsurface areas 
should be treated; while not a complete proce-
dure, it would strengthen the object’s structure 
somewhat.

Another major aspect was to develop measures 
to optimise the situation for transport, storage 
and exhibition to prevent further structural 
deformations when handling the object and to 
thus minimize damage. 
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Fig. 2: Our Railroad Workers and their Union, Exhibition catalogue Franz West, To Built a House You Start with the Roof.



Because of the instability of the crack in the 
middle part of the body and the fact that the 
object was not mounted in the frame, transport 
and handling cannot be undertaken without a 
high risk of damage. It was necessary to secure 
the unstable crack and the object itself inside 
the frame. 

Treatment
The structural damage is similar to the insect  
infestation, which can be found on wooden 
objects. Initially, fillers for wood conservation 
were tested on mock-ups for their capabilities to 
adapt to this object. Finally, it was not possible 
to find a satisfying solution with fillers as they 
did not match the material properties of papier 
mâché. Fillers generally include high amounts 
of moisture and need long time to dry which in 
turn causes the material to swell and soften too 
strongly. 

The method finally applied involves paper 
pins2 and a technique used in dentistry, which 
could be adapted for stabilisation procedures. 
Ranging in diameter from 0,01mm to 1,2mm, 
the pins permitted filling and stabilising the 
insect tunnels very accurately (Fig. 3). To adhere 
the pins in the insect tunnels, paste was applied 
with a dosing system by BELO3, so it was possible 
to dispense a defined amount of adhesive and 
avoid intense weakening of the paper material by 
too much moisture. It was thus possible to work 
very quickly and efficiently which was essential 
for the treatment procedure. 

The second part of the stabilisation process was 
to secure the precarious crack in the body as 
well as the mounting of the object in the frame. 
Therefore a grid-shaped “scaffolding” was cre-
ated to fit seamlessly into the uneven verso 
surface of the body and the head of the guitar. 
The support structure is made of thin strips of 
corrugated board with which the vulnerable 
area along the crack could be stabilised and the 
object could be mounted in the show case in one 
procedure (Fig. 4). 

Notes

1 Interview; Andrea Überbacher,  
West Archive Vienna

2 Henry Schein, Paper Pins, Maxima® Hand 
rolled paper points. Colour coded. Ster-
ile. http://www.henryscheinbrand.com/
product.php?switchlang=de&leader=&pr
oduct=9002505

3 http://www.belo-restauro.de/English/
Company/Catalogue/Painting/Dosimeter/
dosimeter.html
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Fig. 4: The verso view with the scaffolding made of corru-
gated cardboard before mounting into the show case.

Fig. 3: The implementation of the paper pins. 



The Restoration of Cartoons  
at the Department of Drawings and Prints in the Louvre

Valentine Dubard
Département des arts graphiques, Musée du Louvre, Paris, France 

Charles Le Brun was named Director of the Royal 
Academy of Painting and Sculpture in Paris in 
1663. The following year, he entered the service 
of Louis XIV, becoming First Painter of the king 
and chief official responsible for the painted dec-
oration of the royal residences, a position which 
led him to undertake projects that became em-
blematic of the reign of the Sun King such as the 
Hall of Mirrors and the Ambassadors’ Staircase 
at Versailles (Fig 1). This last decoration was de-
stroyed during the reign of Louis XV in 1752; all 
that remains are the preparatory drawings and 

later prints that record the overall composition.
Upon the death of Charles Le Brun in 1690, 

the superintendent of buildings, art and manu-
facturing in France, François Michel Le Tellier de 
Louvois, seized all works of art found in the art-
ist’s studio, including works made while he was 
First Painter as well as works made prior to his 
appointment.

About 3,000 drawings and 700 cartoons thus 
entered the royal collection in 1690, spanning 
more than forty years of the artist’s career. The 
size of the collection is exceptional; it comprises 
not only composition studies but also drawings 
after live models as well as cartoons as large as 5 
by 3 metres. As exceptional as the drawings’ qual-
ity is the light they shed on the successive design 
stages of his grand scale decorative projects. 
Indeed, in Charles Le Brun’s studio, the works 
were kept together in “packets”1 which probably 
served as repository of formal ideas for the in-
struction and use of his assistants and students. 
The fact that in certain sheets the drawn lines 
have been retraced, and that traces of repeated 
transfer on to the walls can be found, suggest the 
reuse of specific cartoons. Their early entry into 
the collection meant that, unlike many other 
works preserved in the Department of Drawings 
and Prints, they were never the object of collec-
tors’ changing tastes, but were acquired fresh 
from being used. 

The history of the conditions under which the 
works by Charles Le Brun were conserved, once 
they had entered the royal collections, is known 
through archival records and through the traces 
of changes and damages left on the works them-
selves. Their state of conservation was regularly 
noted in the reports that successive keepers of 
the King’s paintings and drawings addressed to 
the monarch, asking for the means to conserve 
them. The cartoons were for a long time stored 
rolled up or folded, and some still are (Fig. 2); 
they bear stains that indicate water damage at 
some point and tears that show careless han-
dling.

The small and medium-sized drawings have 
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Fig. 1: Ambassadors’ staircase, Château de Versailles, after treatment

Fig. 2: Rolled cartoons before treatment



been the object of several mounting campaigns, 
the first of which occurred in the first half of the 
eighteenth century, at the initiative of Antoine 
Coypel and of his son Charles, successive keepers 
of the royal collection of drawings. They con-
cerned about 450 drawings, which were at that 
time glued on to blue cardboard mounts deco-
rated with strips of gold paper. Much later, in the 
1970s, numerous single study sheets were placed 
in beveled window mounts, within which they 
are maintained by a hinge on the right side edge. 
Today, these drawings are the object of a restora-
tion campaign that intends to loosen the hinges 
that sometimes marked the sheets and to change 
the mounts, which have become acidic.

Past treatments tell us about the perception 
that our predecessors had of Charles Le Brun’s 
cartons. At the time when Garnier d’Isle, Control-
ler General of the Royal buildings 2 could write 
that at least “the heads, the hands and the feet” 
should be cut out in order to save them, the im-
portance accorded to the cartoons was due to the 
renown of their author, Le Brun. Their primary 
function, to transfer a given composition onto 
the wall, was no longer valid; cartoons were not 
regarded as true works of art3. In the eighteenth 
century, one exception, however, is notable: 
Pierre-Jean Mariette had a head [cut out of a car-
toon] stuck on to a blue mount4, as he did with 
the most valuable works in his collection. In the 
early nineteenth century, the remounting of car-
toons on canvas marked a change in the works’ 
perception: it was performed in order to frame 
and exhibit them in the galleries of the Louvre. 
At this time, any missing parts of the drawing 
were completed directly on the coloured margins 
(Fig. 3).

The first exhibition of Le Brun’s cartoons 
opened in 1866 and lasted for several years. The 
effects of light, coupled with the deterioration 
from the mix of adhesives used for the pasting, 
have caused severe discoloration. These mixtures 
of flour-based, protein and carbohydrate adhe-
sives age badly; they harden and can take on 
an orange color. At the time, they were used by 
painters as well as by picture restorers. Numer-
ous small folds and creases show a deformation 
of paper and a lack of understanding of paper’s 
expansion and contraction phenomena, which 
confirms our hypothesis that the remounting 
of Le Brun’s cartoons was realized by painters 
or picture restorers. In France, the conserva-
tion of graphic works of art is a relatively recent 

discipline; formerly it was associated with the 
practice of mounting and framing small- and 
medium-sized drawings, while larger formats 
were associated with the conservation of large-
sized paintings.

Between 1992 and 1994, a campaign was start-
ed to identify and photograph the cartoons by 
Charles Le Brun in the collection. Basic restora-
tion work was done on this occasion, consisting 
of surface cleaning of the ensemble and a provi-
sional consolidation of tears, in order to allow 
the works to be photographed safely.

The earliest exhibitions at the Louvre Museum 
were pedagogical in nature; their aim was to 
allow maximum access to the works. Thereaf-
ter, little by little, the role of the museum was 
redefined; it adopted a more scientific approach 
to conservation. Today, the museum not only 
conserves works of art, it also wishes to affirm 
the historical state they were in at the moment 
of acquisition. 

The works on paper preserved in the Depart-
ment of Drawings and Prints of the Louvre are 
made accessible to researchers and interested lay 
persons in the Department’s study room. Consul-
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Fig: 3: Missing areas of the drawings completed in the 19th 
century



tation presumes that the works are mounted in 
such a way that both recto and verso can safely 
be examined. This imperative directs the selec-
tion of restoration treatments.

Conserving, displaying, consulting – these 
demands are sometimes difficult to reconcile, 
especially for large-sized works. Conservation im-
plies a stable environment and climate, minimal 
handling, and maximum protection against light 
and against atmospheric pollution. The solutions 
needed for exhibition of the work may be tempo-
rary; in that case, it is more a question of means, 
of the time needed for an intervention, of the 
budget allocated for the restoration, installation 
and taking down of the work, than an ethical 
issue. However, consultation of the works on pa-
per requires durable and sustainable solutions to 
problems of conservation; the works need to be 
accessible and it must be possible to manipulate 
them safely.

The approach chosen by the conservation stu-
dio at the Department of Drawings and Prints 
seeks to take into account, in its treatments, 
to maintain as much as possible the work’s au-
thentic character, to enable its exhibition and 
its consultation, and thus to allow historians to 
conduct their research. 

In the case of Le Brun’s cartoons, there is the 
additional difficulty of the sheer number and 
heterogeneity of the ensemble. Among the 700 
cartoons there are masterpieces, unique items of 
great historical and artistic importance, as well 
as more modest works and even copies that were 
used to transfer the drawing or as teaching mate-
rial for pupils. However, all share the fact that 
they are essentially working drawings, carrying 
the traces of their use.

Since the creation of the conservation studio 
of the Department of Drawings and Prints in 
1989 and following the first restoration cam-
paign, which involved superficial cleaning and 
consolidations needed to allow an inventory of 
the collection to be taken, sixty cartoons have 
been restored. Over the past twenty years, resto-
ration protocols have evolved and the materials 
used have been updated. Nevertheless, the same 
inherent logic and the main stages of restoration 
remain valid. They take into account both the 
history of the cartoons and their dimensions.

Cartoons that were folded or rolled often suf-
fered so much friction that the radiance of the 
white chalk heightening and the velvety char-
acter of the black chalk lines were lost. If the 

cartoon was pasted onto a backing canvas, on the 
other hand, it usually is now badly discolored 
and few traces of the white highlights are left. 
The stiffness of the marouflage and the deteriora-
tion of the adhesive justify the cartoon’s removal 
from the canvas backing. Additionally, poor stor-
age conditions were often the cause of distortion 
of the canvas, extreme dirt, and stains. The diffi-
culty encountered in removing the glue depends 
on the quality of the adhesive used and its age. 
Selected solutions involve heat and an alpha-
amylase gel.

Consolidation of tears and filling in missing 
areas are needed in all the cartoons. Folded or 
rolled works often exhibit more tears, yet their 
paper is not as distorted as is the case with works 
that were backed on canvas in the nineteenth 
century. Some cartoons are lined once or twice. 
Wheat starch paste and Japanese “minogami” 
paper are used to line the cartoons (Fig 4).

The large- scale cartoons are, in general, past-
ed onto a canvas of ‘aged’ linen prepared with 
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Fig. 4: Ambassadors’ staircase, Château de Versailles, detail 
of conservation work



intermediary sheets of paper. This procedure is 
frequently adopted with cartoons that were re-
mounted on canvas in the nineteenth century. 
The preparation of the support is done concur-
rently with the restoration of the work itself. The 
linen is ‘aged’ three times to give it the required 
inertia guaranteeing stability. It is a long but 
essential process, needed to obtain optimal ad-
hesion of the paper to the canvas. Strain gauge 
frames are used to absorb the stresses the work 
may undergo due to climatic variations.

Small-sized works are mounted on acid-free 
board of either honeycomb structure, or simple 
lightweight board. Different techniques may be 
employed: the work may be stretch-mounted on 
a cardboard, or mounted in such a way that the 
verso of the sheet remains accessible.

The questions posed by the preservation of 
the cartoons continue after their restoration. 
Until few years ago, the cartoons were systemati-
cally framed in heavy wooden frames painted 
black. This has been discontinued since, both to 
preserve the original character of the cartoons 
and for reasons of weight during handling. The 
cartoons are now placed in a light type of frame 
that is needed for storage or for handling during 
transport.

The choices made in the restoration of the 
cartoons of Charles Le Brun remain a matter of 
importance. The equilibrium between conserva-
tion, exhibition and consultation is a delicate 
one, and both the margins of action and those of 
the budget are limited. On-going research takes 
us ever closer to lighter, less invasive manners of 
mounting, consistent with the preservation of 
the works’ authenticity and their history.

Valentine Dubard for the team of conservators of the  
Department of Drawings and Prints of the Musée du Louvre 

Notes

1 The ‘packets’ gathered works according 
to site and type; patterns were kept sepa-
rate. See: Beauvais, L. Pinault Sørensen, 
M. 2000. Musée du Louvre, département 
des Arts graphiques. Inventaire général 
des dessins. Ecole française, Charles Le 
Brun, 1619-1690, 2 vols., Paris, for refer-
ences to all historical information cited 
here.  

2 Statement of 2 June 1749 ; see note 1.

3 « Ces cartons de très peu de valeur »  
(« these cartoons of very little value »), 
circa 1730, Charles Coypel ; see note 1.

4 Department of Drawings and Prints, Inv. 
29845.
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To Remove or Retain? – Extensive Infills and Reworking in a  
Large - Scale Japanese Wall Painting

philip meredith | tanya uyeda
Museum Of Fine Arts, Boston, USA

Introduction
Dragon and Clouds, a monumental panoramic wall 
painting in ink on paper from an unrecorded 
temple in Japan by the 18th century eccentric 
Soga Shohaku, was acquired by the Museum of 
Fine Arts, Boston, from the collector William 
Sturgess Bigelow in 1911. Hawk, a companion 
work by Shohaku, acquired at the same time, is 
believed to come from the same building.  Both 
works are on identical paper and of the same 
proportions. Examination confirmed that Dragon 
and Clouds comprised eight separate parts, at 
least seven of which had originally been mount-

ed as fusuma, or sliding doors, as indicated by the 
losses in the paper where the finger-pulls, or hiki-
te, would have been fitted. A central part of the 
composition between the continuous left four 
and right four sections is missing. Only two sec-
tions of Hawk are extant.  A photo taken in 1912, 
shortly after the acquisition of the works, shows 
how they had been remounted, removed at some 
point from their door structures and joined in 
pairs, with white cotton borders and heavy paper 
linings (Fig. 1).  

Both paintings had unusually large and un-
explained areas of loss, perhaps due to their 
hurried removal from architectural setting in 
already damaged condition. It is possible that 
they may have come from a neglected or aban-
doned temple following the Haibutsu Kishaku 
anti-Buddhist movement of the early years of the 
Meiji period 1868-1874. 

Losses in Dragon and Clouds had been infilled 
with paper taken from now-missing sections of 
Hawk. Although the two works were on paper of 
matching sheet size and manufacture, the infills 
taken from the ‘Hawk’ painting were darker in 
tone and, in places, carried brush strokes and 
imagery from the artwork (Fig. 2).

It was apparent that missing parts of the image 
of the dragon painting had been repainted on 
the infill paper.  The repainted areas were dis-
cernable, due to the use of an ink of a different 
hue and sheen to the original.  In some places 
the repainting was skillfully executed, whereas 
in others the brushwork was clumsy and awk-
ward.  Furthermore, elements from the hawk 
painting that were still visible in places beneath 
the repainting created a confusing visual mix.  
When the decision to treat both paintings was 
taken, it raised the question of what to do with 
the infills and repainted sections.  To remove all 
infills and retain only the original artwork would 
have severely broken up the image and made it 
difficult to read as a cohesive composition. To 
keep all the historical infills would have retained 
the distracting elements, the tonal mismatches 
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and poor brushwork that were so disfiguring 
to the appearance of the painting in its present 
condition.

Method
A damage map of both the paintings was made 
to record all the original and infilled areas, and 
group discussions between conservation and 
curatorial staff were held to reach a consensus 
of agreement.  It was decided to remove the ma-
jority of background area in the infills, but to 
retain repainted sections where the brushwork 
was acceptable in terms of execution and worked 
successfully to hold the composition together.  
These areas were marked out and recorded.

The artworks had been stored rolled for some 
time before their temporary display once in 1966 
and again in the early 1990’s. For this purpose, 
they were treated remedially to put down flaking 
paper fragments and flatten planar distortions.  
Subsequent to their display they were put back 
into storage between large sheets of Plexiglas. 

Prior to this, their most recent treatment, 
the paintings were in an embrittled condition, 
with flakes of paper lifting from the surface, 
delamination of the lining papers, and heavy 
creasing from previous rolling and unrolling. 
The decision was made to separate the paintings 
into their individual sections and remount them 
onto wooden lattice cores with paper sub-linings 
in a style similar to that of their first mounting 
format as sliding door panels. This would return 
them to their original appearance and allow 
them to be exhibited and stored in a stable and 
safe manner.

There was overall discolouration and degrada-
tion of the support paper, probably a result in 
part of the heavy sizing that had been applied 
to allow for the generous application of ink that 
the artist employed. It was expected that some 
of the discoloration in the paper would be water-
soluble and, if so, should be removed before 
any later wet treatments, such as re-lining and 
re-pasting onto a support panel where it might 
leach or migrate to other areas. The paintings 
were separated into single sections, each ap-
proximately 165.6 cm high and 135.0 cm wide, 
sprayed with water to relax and allow the paper 
and its linings to be brushed out flat.  Sheets of 
thin rayon paper were dampened and applied to 
the face of the artwork to protect the surface and 
hold any lifting fragments in place. Lightweight 
blotting paper was dampened and applied to 
both sides of the artwork, turning the stack and 
replacing the blotting paper until no further 
discolouration was removed. The two layers of 
heavy Japanese lining paper were removed from 
the back of the painting and it was given a tem-
porary lining of thick rayon paper, then medium 
weight Sekishu paper to support the embrittled 
artwork.

After drying, it was possible to assess the slightly 
lighter colour of the paper and prepare infill 
papers of a corresponding and suitable tone.  
The original paper support used for both paint-
ings was a heavy gampi (Diplomorpha sikokiana) 
fibre furnish with a kaolin clay loading, known 
as maniaishi. Produced in the Najio district near 
Kobe, it was a popular choice for wall and door 
paintings in castles and temples from the late 
15th century onwards. A similar paper, currently 
made by the Tanino family, was selected for the 
infillings. A lighter weight of paper was chosen, 
then lined with medium weight Mino paper, to 
allow for easier control during the shaping and 
handling of the infills. The lined repair paper 
was dampened and pasted by its outer edges to 
drying boards in preparation for sizing and ton-
ing.  Sizing was made with a solution of animal 
glue, (nikawa), 2.5% and alum 0.5% and brushed 
evenly over the paper surface in both directions 
and two applications. Colour for toning was pre-
pared from sticks of colour pigments, (boenogu), 
and carbon ink sticks, (sumi), ground down with 
water and the addition of a little animal glue 
for stability. The colour was applied with a wide, 
soft brush similar to that used for the sizing, in 
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repeated applications until the desired degree of 
toning was achieved. For the infills in areas with 
dark ink-washed background, further applica-
tions of carbon ink colour were used.  

Infill papers were of the appropriate tone were 
selected by consulting the damage map and the 
artwork, matching for colour, then tracing and 
cutting roughly to size and marking for placing 
in position from the verso.  For those previous 
infills in the painting that had repainted areas 
we wanted to retain, but background elements 
we wished to remove, we partially cut along 
the outline with scalpels to produce a clean 
and clear edge. The paintings were once again 
dampened and faced with thin rayon paper and 
water, then laid face down on a double layer of 
dampened heavy rayon paper to cushion the face 
of the artwork and prevent it drying out during 
the infilling and re-lining process. The temporary 
lining was removed along with unwanted old 
infills. Where a part of the old infill with repaint-
ing was to be retained, the partially pre-cut edge 
was completely cut through from the back, again 
with scalpels and the unwanted portion taken 
away. Newly prepared infills were dampened and 
put into place, heavy wheat starch paste applied 
at the overlap, the excess margins reduced with 
tweezers.

With infilling completed, the paintings were 
lined with two layers of medium weight Mino 
paper, the edges wet cut.  The grain of the paper 

was horizontal for the first lining, vertical for 
the second.  Before the application of the second 
lining, tears, splits and heavy creases in the art-
work were reinforced with medium weight Mino 
paper, wet-cut across the grain in strips approxi-
mately 1.5 cm wide.  A border of thick Sekishu 
paper was added to allow for handling and at-
taching the artwork to a drying board.

The relined artworks were placed face up on 
large felts and the facing papers removed. When 
the surface of the artwork had started to dry, 
another felt was placed on top, to slow down the 
drying, promote suppleness and prevent distor-
tion.

The following day the relined section was 
humidified by spraying with water, brushing 
out flat, and attaching by its borders to a drying 
board.

For the remounting of the paintings in the 
style of sliding doors, wooden lattice cores of 
Japanese cedar (Cryptomeria japonica) and black 
lacquered wooden trims were ordered. The cores 
received the traditional six linings of eight lay-
ers of paper that are commonly used for folding 
screens and sliding doors. The verso of the art-
works were pasted with a thin paste overall and 
a heavy paste around the outer edges, then the 
prepared cores lowered into place. The backs of 
the screens were covered with a plain silk fabric, 
pre-lined with dyed paper. Both the painting and 
lined silk were put on one immediately after the 
other and dried overnight between felts to slow 
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down drying and prevent warping of the core.  
After drying, the lacquered wooden trims were 
fitted.

In place on their support cores, the paintings 
were ready for final adjustments to the toning 
of the new infills. The aim was to bring the infill 
to a level slightly lighter than the surrounding 
original. This proved more difficult in some ar-
eas than others, particularly where there was a 
strong contrast or variation from one side of the 
infill to the other. In this case, a slight gradation 
made the transition more visually acceptable. 
Toning was carried out by building up thin wash-
es of colour, applied with soft brushes. Stick co-
lours and carbon ink sticks were used. Large ar-
eas in the dark background of Dragon and Clouds 
had been painted with a coarse, velvet-like black 
that was unlike the ink used in other parts of 
the painting. It may be that this was a type of ink 
known as kezurizumi, made from shaving dried 
waste remnants from the production of stick ink 
and soaking overnight in water. The resulting 
ink is a thick, rich black that was used for paint-
ing paper lanterns and the production of inex-
pensive printed matter. The stick ink we ground 
for use in toning the new infills had much finer 
particles and produced a shinier finish than we 
required. Alternative carbon black pigments 
were tested and it was found that peach stone 
black, cherry stone black, vine black and ivory 
black produced the required colours and matt 
finish that we were looking for.  

Conclusions 
The progress and degree of toning was constantly 
monitored and discussed by conservators and cu-
ratorial staff. Areas that had been removed were 
re-assessed and in one case, replaced. Prior dis-
cussion and reassessment of what to remove and 
what to retain was a key factor throughout the 
treatment of what was a complex mix of original 
and later imagery. The aim had been to remove 
obtrusive and distracting repairs whilst retaining 
repainted portions whose removal would have 
significantly affected the readability of the over-
all image.
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Captions 

Fig. 1: Dragon and Clouds. Acquisition 
photograph of the four left hand sec-
tions, taken in 1912. 
*Museum of Fine Arts, Boston. William 
Sturgis Bigelow Collection 
*Photograph © Museum of Fine Arts, 
Boston

Fig. 2: Dragon and Clouds. Second section 
from the right, before and during treat-
ment.  Left, before treatment. Note the 
large repainted infill at lower left, with 
grass and rocks from the Hawk painting 
clearly visible.  The repainted lower por-
tion of the tail was retained, as was the 
end of the tail at the right.  Right, during 
treatment. After infilling and relining, 
before toning of new infills. 
*Museum of Fine Arts, Boston. William 
Sturgis Bigelow Collection 
*Photograph © Museum of Fine Arts, 
Boston

Fig. 3: Reviewing extent and degree of 
toning new infills. 
*Museum of Fine Arts, Boston. William 
Sturgis Bigelow Collection 
*Photograph © Museum of Fine Arts, 
Boston

Fig. 4: After treatment. Dragon and 
Clouds on display at the Tokyo National 
Museum in the exhibition Japanese Mas-
terpieces at the Museum of Fine Arts, 
Boston, 2012. 
*Museum of Fine Arts, Boston. William 
Sturgis Bigelow Collection 
*Photograph © Museum of Fine Arts, 
Boston
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The Migration of Hydroxy Propyl Cellulose During Consolidation of a  
Painted Wallpaper: A Case Study Using a Fluorescent - Labelled Consolidant

Tilly Laaser | Karolina Soppa | Christoph Krekel
Staatliche Akademie der Bildenden Künste Stuttgart, Germany;  
Hochschule der Künste Bern, Konservierung und Restaurierung, Bern, Switzerland

Introduction
This paper presents the evaluation of a consoli-
dation method planned for a painted wallpaper 
in the Neues Museum Berlin in 2007. Five years 
before, the painted surface had been secured 
with facings applied with Klucel® (hydroxy pro-
pyl cellulose) solved in ethanol. A method for 
their removal and simultaneous consolidation of 
the weakly bound and partly flaking paint layer 
was proposed by the conservators in charge and 
evaluated by researchers at the State Academy of 
Art and Design Stuttgart with test objects.1 The 
penetration behaviour of hydroxy propyl cellu-
lose in the test wallpapers was visualised using 
fluorescent labelling.2

Original wallpaper and conservation  
problem
In 2008, the Neues Museum Berlin was restored 
and reopened for the public after it had been 
severely damaged in World War II. The ceiling 
wallpaper is part of the original interior fittings 
from the 1850s. Originally, maculature and pa-
per supports had been attached to the ceilings 
of the Mythologischer Saal and afterwards been 
painted in situ with glue-bound distemper.3

After having suffered different damages con-

nected to the partly destroyed museum building, 
the 250 m2 of wallpaper were treated by conser-
vators in 2002. The painted surface was secured 
with facings applied with hydroxy propyl cellu-
lose dissolved in ethanol and the partly detached 
wall paper removed from the ceilings and trans-
ferred to a storage in anticipation of further con-
servation treatment. 

At the beginning of the wall paper’s conserva-
tion in 2007 4, it was not possible to remove these 
facings from parts of the paint surface without 
risking paint loss. Thus, a method comprising 
their removal and consolidation of the weakly 
bound and in parts flaking paint was proposed 
by the conservators and investigated on test ob-
jects specially designed for this study at the State 
Academy of Art and Design Stuttgart. 

Method and testing
The fluorescent labelling of hydroxy propyl cel-
lulose5 with Fluorescein-5-isothiocyanate (FITC 
‘Isomer I’)  was executed before its application, 
thus guaranteeing a precise detection of the 
latter. During the fluorochromization reaction, 
FITC and hydroxy propyl cellulose formed a sta-
ble bond (see Fig. 1). Any free fluorochrome was 
removed in a subsequent dialysis.

The non-fluorescing test wallpaper was pro-
duced by glueing together two layers of paper  
with wheat starch paste which were then painted 
with several layers of glue-bound ultramarine 
(see Fig. 2).6 The test wallpapers were treated with 
a fluorescent-labelled hydroxy propyl cellulose 
(corresponding to the first conservation treat-
ment in 2002): Facings consisting of Japanese 
tissue7 were attached to the paint layer of the 
test objects with a ten per cent solution of the la-
belled cellulose ether in ethanol. Having allowed 
a sufficient period of drying, it was now tried to 
remove the papers and at the same time use the 
facings’ adhesive to consolidate the paint layer 
(corresponding to the current conservation treat-
ment). The conservators in charge suggested that 
the hydroxy propyl cellulose should be treated 
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Fig. 1: Fluorochromization reaction between hydroxy propyl cellulose 
and FITC ‘Isomer I’, forming a stable, fluorescing conjugate.



with ethanol and the dissolved consolidant be 
transported into the paint layer and between 
paint layer and paper support by means of low 
pressure, avoiding however the impregnation of 
the paper support. Application method and resi-
dence time of the solvent, as well as exposure to 
low pressure were varied (an overview of the con-
servation treatments can be seen in Table 1).

After the consolidation method had been tested, 
samples were cut out, embedded in Technovit 
2000 LC and cut with a microtome into 8 μm 
thick layers. The thin sections were examined 
with fluorescence microscopy using a filter set 
specially designed for FITC. The non-fluorescing 
test wallpaper appeared black while the labelled 
hydroxy propyl cellulose exhibited a bright green 
fluorescence. The thin sections allowed for a 

sharp view of the cross sections and a clear detec-
tion of the fluorescing consolidant within the 
sample while weak auto fluorescences of the ma-
terials were eliminated.  

Results
It was shown that different migration depths 
could be achieved by varying the application 
method of ethanol and by the time the test ob-
jects remained on the suction table (see Fig. 3). 

Best results were achieved when only applying 
the ethanol from the front and removing the test 
objects from low pressure as soon as the facing 
had been removed (treatments A and C). The con-
solidant accumulated between support and paint 
layer as well as within the weakly bound paint 
(visible in higher magnification). Exposing the 
sample to low pressure before the facing’s remov-
al (2 min. in treatment C) had only little impact 
on the migration depth. Applying the ethanol 
also from the back (treatment B) resulted in the 
undesired effect of a slightly deeper penetration 
of the consolidant; however, the consolidant 
migrated mostly between paint layer and sup-
port as well as into the paint layer. Leaving the 
test object on the suction table after the removal 
of the facing (treatment D) lead to the complete 
penetration of the consolidant into the paper 
support while it was not any longer visible on or 
within the paint layer. This treatment was thus 
eliminated as an option.

Based on these findings, it was possible to 
choose the appropriate parameters for the hy-
droxy propyl cellulose to migrate into the weakly 
bound paint and accumulate between paint layer 
and support without risking impregnation of the 
paper support. 

The application of fluorescent-labelled consoli-
dant on test objects designed for the conserva-
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Fig. 2: Photos in visible light of thin sections (8 µm) of the original 
wallpaper (left) and the test wallpaper (right). Layers: 1 Paper sup-
port, lower layer; 2 wheat starch layer; 3 Paper support, upper layer; 
4 paint layer.

Test painting Ethanol application Removal of facing on suction table Left to dry on suction table

A from the front (5 min swelling) immediately no

B from the front and from the back  
(5 min swelling)

immediately no

C from the front  (5 min swelling) after 2 min no

D from the front (5 min swelling) after 2 min yes

Table 1 Conservation Methods tested



tion issue allowed a visualisation and an evalu-
ation of the method without endangering the 
object itself. 

Endnotes

1 This study was carried out in the scope 
of Karolina Soppa’s PhD project that 
studies the behaviour of consolidants 
using fluorescent labelling.

2 The method is described in more detail 
in: Soppa, K., Laaser, T., Krekel, C. 2011. 
‘Visualizing the Penetration of Consoli-
dants Using Fluorescent Labelling’. Paper 
presented at the CCI-Symposium 2011: 
Adhesives and Consolidants for Con-
servation - Research and Applications, 
Ottawa. Available at: http://www.cci-icc.
gc.ca/symposium/2011/Paper%2017%20
-%20Soppa%20et%20al.%20-%20English.
pdf.

3 Original technique and the conservation 
are described in detail in: Lucker, T. 2009. 
‘Decken- und Architravtapeten im  
Mythologischen Saal’. In Das Neue Mu-
seum Berlin - Konservieren, Restaurieren, 
Weiterbauen im Welterbe, Staatliche Mu-
seen zu Berlin et al. (ed.) 220-2. Leipzig: E. 
A. Seemann.

4 The 2007 conservation campaign was car-
ried out by Restaurierung am Oberbaum, 
Berlin.

5 Klucel® MF, Hercules Inc., Aqualon.

6 Handmade, acid-free and non-ageing, 
90g/sqm paper, 15% wheat starch paste to 
glue paper layers together. Paint:  
ultramarine pasted with water, then 
mixed with 2% solution of bone glue.

7 Japanese tissue, 11 g/m2, Deffner &  
Johann. 
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Fig. 3: Penetration behaviour of hydroxy propyl cellulose 
(Klucel® MF) in a test wallpaper: samples photographed 
with filter set adapted to FITC, hydroxy propyl cellulose  
appears green while the sample itself is black, small  
sections in visible light on the left for orientation. Results 
of  tested treatments A-D (see Table 1) are described in the 
text.
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Ethical Considerations Concerning the Conservation and Restoration  
of a Herbarium from the 19th Century

Magdalena Grenda
Warsaw Rising Museum, Warsaw, Poland 

Introduction
After two years of efforts to get financial support, 
the Reverend Krzysztof Kluk Museum of Agricul-
ture in Ciechanowiec ordered the conservation 
of a herbarium from their collection. The arti-
fact’s history and origin were little known, and 
the author of the herbarium was anonymous. 
The curator wanted to submit the item for histor-
ical botanist research but was afraid of making it 
accessible for anybody due to its very poor condi-
tion. There was a clue for dating hidden in the 
paper: a watermark with the date 1816. The style 
of the Linnaean system for taxonomy assignment 
used in the herbarium suggested it was created 
before 1850 1. Nevertheless, these were only mere 
pieces of information concerning the history of 
the artifact and the owner was interested in fur-
ther research. The conservation treatment was 
intended to enable safe handling and submission 
of the item for future examination. 

Condition of the item
The herbarium has the form of an album and is a 
compilation of various types of plant specimens, 
arranged on large sheets of a greenish laid paper. 

The sheets are sewn on four rigid cords, bound 
in cardboard binding with a woodblock printed 
paper. On every page, 4 to 10 specimens, are lo-
cated irregularly, most of them have short hand-
written descriptions. Particular specimens have 
longer specifications containing Polish and Latin 
names, taxonomy assignment and some notes on 
usage, some of which are very colorful. The speci-
mens are attached to the paper using narrow 
strips of white laid paper. The larger leaves and 
petals were pasted to the paper support.

The herbarium was seriously damaged prior 
to conservation treatment. Severe damages were 
found on almost all the elements of the item: 
only half of the front cover remained; the con-
struction of the whole block was dismantled; 
the covers’ cardboard was spongy and  stratified 
and there were a lot of losses in the outer layers 
of the paper. The remains of woodblock printed 
paper showed heavy discoloration and the pat-
tern was hardly visible. The spine lost its proper 
shape. The paper sheets were torn at the edges, 
were creased and spongy. There were a lot of 
brown stains in the paper, mostly repeating the 
shape of the plants, which is probably the effect 
of poisoning the plants done in order to repel 
pests.

However bad the condition of the paper part 
of the item, the most serious problem concerned 
the specimens. The majority of plants had fallen 
off their places and moved to the area of the 
spine which caused damages to brittle plants. 
The damages were of different extent, from little 
cracks to severe breakages or even crushing. Nev-
ertheless, still a lot of specimens remained in 
one piece, yet out of the intended place (Fig. 1). 

The plants were brittle, often incomplete, 
partially crumbled and a lot of specimens swung 
when attached at one point to the sheet.

Issues taken into consideration and  
conservation planning
Any handling was actually risky and might cause 
further damages or loss of plant material. The 
main goal of the conservation of such an item 
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Fig. 1: Page 15 before treatment.



was basically to reinforce the structure of the 
artifact to prevent it from further deterioration 
and mechanical damages. 

The priority of the owner was to bring the 
item to a condition that would enable scientific 
research, and identify the origin and the history 
of the herbarium. Moreover, the item was sup-
posed  to be exhibited. This meant that all the 
loose material can no longer stay between the 
sheets of paper and it was necessary to find a 
solution for the more than half of the specimens 
loosely laying on the pages.

What did this mean for conservation? It soon 
turned out that the professional knowledge of 
paper conservation is not sufficient to complete 
a treatment that would meet the owner’s expec-
tations. The Museum of Agriculture in Ciecha-
nowiec doesn’t employ a paper conservator. All 
the processes should be completed during this 
particular treatment. The conservation studio 
was remote from the Museum’s location and 
there was no possibility of frequent consultation 
meetings. From the conservator’s perspective 
it was a matter of scientific responsibility. The 
questions to face first were: shall the conservator 
match the loose plants to a particular place in 
the herbarium using a botanic encyclopedia and 
intuition or should he put all the loose material 
in a buffered envelope and send it back to the 
owner? What if he confuses the plants? What if 
he attaches them and makes it difficult to work 
with for a botanist researcher who will find out 
that somebody made some terrible mistake? Will 
the researcher then be able to safely remove the 
specimen from the sheet and attach it onto the 

right sheet without any damage to the specimen 
and the whole item? 

The only method to solve the problem of the 
loose plant material was close cooperation be-
tween the conservator and an ethnobotanist, 
notably since there were a lot of specimens be-
longing to the same taxonomic family and sev-
eral plants were apparently not lying on “their” 
sheets but were dislocated in the distance of a 
few pages. Specialist’s advice seemed to be more 
than necessary.

Treatment
Before the conservation treatment the herbari-
um was carefully documented, including page-
by-page photographing which proved to be an 
extremely helpful tool from the very beginning. 

The binding and the book block were disas-
sembled. Dismantling revealed fragments of the 
woodblock printed paper that were not discol-
ored, which enabled the later reconstruction. 
Originally there were no numbers on the pages, 
so the conservator made the pagination. After 
slitting the sewing, each page was treated as fol-
lows: the loose plants and plant particles were 
taken out from the area of spine, the whole loose 
plants and possibly identifiable plant fragments 
were put into envelopes numbered after the 
number page on which they were found. Dirt, 
plant crumbles and insect remains were removed 
and the sheet was separated from the block. 

Pages were dry cleaned. Brittleness of plant 
specimens excluded the possibility of extensive 
wet processes like washing, so only local wet 
treatment of the paper was considered when ap-
plicable. The brown stains on the paper support 
were not planned to be removed as this might 
have been damage the plants. Furthermore, the 
stains were considered an identifying factor, 
helpful in matching some of the loose plants or 
identifying the lost material. The sheets were 
deacidified from the back with Bookkeeper 
Spray which is a surface deacidifying agent and 
provides non-aqueous deacidification. This was 
considered the safest solution both for the paper 
and plants as there are no clear guidelines for 
the deacidification of plant material. The pH rose 
from 5-6.30 before to 6.5-8 after conservation.

Paper support needed strengthening which 
was provided by applying 2% methyl cellulose so-
lution from the back of the sheet. After applica-
tion the sheet was turned upside down and any 
excess methylcellulose on the plants was gently 
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removed with damp cotton swab. Then the paper 
tears were mended and the paper losses were 
infilled.

The flexibility of plants changed dramatically 
due to the change of humidity and was expected 
to get low again during drying under pressure. 
The sheets were then pressed under a soft layer 
of felt, which gave good results for most of the 
sheets. The ones for which this method didn’t 
work well were put in the press, between several 
layers of Whatman blotting paper sheets, after 
humidification in Gore-Tex®. 

After flattening the sheets it was possible to 
start the process of matching. The first attempt 
was to match on a particular page the plants 
that used to lie on its surface in the area of the 
spine. If some plant didn’t match any description 
or trace of plant on the page, the conservator 
searched for the right place on the other sheets. 
All the matches and the fragments that were 
difficult to identify were photographed (Fig. 2). 
The matching process was reviewed with ethno-
botany professor Lukasz Luczaj from University 
of Rzeszów. This cooperation made it possible 
to match about 90% of specimens. The rest was 
uncertain due to the lack of description or the 
condition of the specimen remains. 

The specimens that were not identified and/
or remained loose were put together in the buff-
ered paper envelope and treated as a separate 
attachment to the item.

The plants were mounted onto the paper 
using the original white paper strips and rice 
starch paste. If the paper strips were not suffi-
cient for that purpose, the attachment was sup-

ported with light Japanese tissue, died greenish 
matching the colour of the paper support (Fig. 
3, 4). If the large leaves or petals were detaching 
from the sheet, they were pasted with a spot of 
rice starch paste onto the sheet. 

The block of the album was resewn. The bind-
ing and the woodblock printed paper were recon-
structed.

The herbarium was again documented after 
the treatment, page by page. 

Conclusions
The conservation of the Museum of Agriculture’s 
herbarium was a challenging and demanding 
task. It required careful observation all the time 
and reevaluation of methods commonly used in 
paper conservation. During the treatment both 
conservator and ethnobotanist were seeking for 
the most satisfying solution that is safe for the 
plant material and at the same time enables 
handling and exhibiting the item. In addition 
the herbarium was intended to be a subject of 
further scientific research. The idea to return 
the plants to their places seemed to be the best 
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Fig. 3: Specimen mounting supported with dyed Japanese tissue.

Fig. 4: Page 15 after treatment.



one. It required a lot of examination, decipher-
ing original descriptions that were not free from 
mistake and occasionally very puzzling. All re-
sulted in a very careful matching of the plants to 
the handwritten text or to the identifiable traces 
on the paper. 

A good photographic documentation is very 
important, which in these kinds of treatment 
may be crucial, especially if the conservator is 
consulting his work with other specialists and 
uses email as the fastest way to exchange the 
information. Good, extensive documentation 
also allows the evaluation of all stages of con-
servation treatment in terms of later botanist 
research. Some specimens were wrongly assigned 
by the author of the herbarium. This may be 
proven only by the pictures made before conser-
vation.

The interdisciplinary character of conserva-
tion may be very satisfying if you find a good 
specialist that you cooperate with. This kind of 
cooperation may also help to overcome techni-
cal problems which appeared in this case (issues 
concerning the remoteness from the owner and 
impossibility of frequent precise consultation).

This artifact proved to be in need of extensive 
intervention. Attempts to evade plant matching 
would result in making the artifact almost a use-
less sample instead of a historical source for bota-
nists. Of course, it would make it less attractive 
for the exhibition purposes, too. 

Herbaria are specific items and there is not 
much research on the influence of conservation 
treatment methods to plant material. It would be 
desirable to examine the mutual influence of dif-
ferent features of paper and plant materials and 
the effects of conservation on specimens 2.

The treatment was fascinating and yet pro-
voked questions, such as the legal extent and 
unusal practice and the large influence of the 
conservator on treatment decisions. 
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Introduction
One of the characteristics of the Books of ours 
produced in Europe in the 15th century is the 
richness of the materials used in the decoration 
of the devotional images, representing the social 
and economic power of its owner and trans-
forming them into luxury objects. This was one 
reason why these books became “best-sellers”, 
carefully donated from generation to generation. 
The core point of this article is the presentation 
of the ethical approach for the conservation of a 
French Book of Hours dating from the early 15th 
century, now stored in the Library of the 18th 
century Mafra National Palace (Lisbon, Portugal), 
based on the study and comprehension of the 
techniques and materials used. In fact, for the 
full appreciation and understanding of the work 
involved in the construction of the Book of ours 
and the development of a conservation strategy, 
it is crucial to know which materials were used, 
determine their conservation status, and attest 

the interventions suffered throughout its exis-
tence.

An interdisciplinary team studied the historic 
context of this prayer book, its techniques and 
material composition, its conservation condi-
tion, and decided the curative conservation ap-
proach (Araújo, 2012). In this article we intend 
to describe all the steps taken and explain the 
decision making, taking into account conserva-
tion ethics.

 
Identification
A brief look at the Book of Hours, cofre no. 24
Figure 1: The original codex’s body dated from 
ca. 1420 and three leaves were added later, in the 
second half of the 15th century. This manuscript, 
in ‘Use of Autun’, measures 197 mm x 135 mm 
x 50 mm and consists of 181 parchment leaves, 
with 14 lines of text, written in Latin and French. 
Among those, there are 14 leaves with illumina-
tions, on a text of three, four, or five lines.

The Books of ours of Mafra Library has French 
origins and different characteristics, both in 
technique and building of colors. The manu-
script of cofre no. 24 is, from a material point of 
view, the most luxurious and decorative in the 
collection. However, it is also the most deterio-
rated one. The bookbinding is a full calf brown 
leather, gold decorated on the spine with the 
inscription: Heures de Votes (Hours of Votes). The 
bookbinding was probably produced later in Por-
tugal, since its features and decorative materials 
are typical of the late 18th / early 19th centuries.

Our analysis aimed to identify the materials, 
the color production techniques and develop a 
palette, an element that may allow the charac-
terization of a particular workshop or artist. The 
study was focused on two colors, pink and blue, 
that according to a study carried out earlier (Vil-
lela-Petit, 2007) were two pigments (Brazilwood 
lake and lapis lazuli), mainly used by several Pari-
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Fig. 1: Manuscript of the cofre no. 24, dated ca. 1420 and ca. 1470, in use 
in Autun the Funeral Procession. Image © PNF



sian illuminators of the 15th century. This manu-
script, kept inside a strongbox in the Library of 
the Mafra National Palace, characterized by low 
and stable temperature levels, is now in reason-
able conservation conditions.

 
The problem
We came across a codex that had suffered several 
interventions at the level of bookbinding, which 
was replaced in late 18th early 19th centuries, 
contributing to the overall deterioration of the 
manuscript (Figure 2). The deteriorated book-
binding, that is accompanying the manuscript, 
no longer meets its essential goal, enabling the 
safe and secure manuscript’s handling. We took 
into account two hypotheses when considering 
the need to rebind the codex: 1 recovering the 
18th/19th century binding; 2 making a new bind-
ing following the original 15th century style. 
It seemed more appropriate to choose the first 

option, since there was no evidence of an early 
bookbinding. Proper conservation of the current 
bookbinding would stabilize the movement of 
the parchment sheets and therefore it is the first 
step for the stabilization of the pictorial layers.

In sections V, XV, and XX one folium was re-
moved and replaced, probably in the second half 
of the 15th century, by two thicker parchments, 
with illuminations. In the case of the first two 
the illuminations were assembled in a puzzle 
like fashion. Finally, in the case of section XXIII, 
it presented a ‘collage’ of four leaves along the 
hinge area. The changes led to an imbalance of 
the whole and contributed to the deformation 
of the body of the book and degradation of the 
binding structure, affecting the entire codex. 
However, sections III, VII and XVIII, which were 
originally designed for the absence of a folium, 
also contributed to this disparity. Regarding the 
text block, two hypotheses were discussed by the 
team and with the Mafra curators: 1 insertion of 
a sheet of parchment on the all signatures that 
presented unevenness; 2 inclusion of only three 
sheets of parchment on section II, since this was 
the only truncated section. The last option was 
chosen, respecting the original historical evidence 
and the principle of minimum intervention.

Conservation condition 
Deterioration was observed on the leather cover, 
namely surface soil, general wear, and missing 
areas of card and leather, especially in the spine 
and board corners, some caused by insects. The 
tight binding, related to the production period, 
was affected by incorrect handling causing stress 
on the spine and breaking the sewing. This 
meant that the manuscript was dismantled, with 
several loose signatures.

In general, the support of parchment seems 
stable under visual damage assessment (using 
IDAP parameters; IDAP, 2008), but shows sur-
face dirt and residues of animal glue, especially 
along the bifolia hinge area. Also observed were 
some gaps, caused by the sewing tension, and, in 
smaller amounts, tears in the fore edge of leaves. 
While in acceptable condition, the text showed 
areas of ink fading and areas of loose pigment 
due to poor adhesion of the different pictorial 
layers to the support. 

This condition is most evident in green, blue 
and white colors, probably due to the grain size 
of these pigments or low amount of binder. How-
ever, the hygroscopicity of parchment leads to its 
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Fig. 2: Manuscript of the cofre no. 24: Deformation in the 
text block caused by the binding.

Fig. 3: The body of the book is currently composed by 23 sections, from 
which five presented modifications. In section II, three original leaves 
were removed, resulting in discontinuity of text.



movement and consequently to these kind of pa-
thologies. In the manuscript we can also observe 
the presence of abundant gold and, in some 
leaves, the presence of silver, widely applied in 
the backgrounds of the illuminations. The first, 
applied as gold leaf, is damaged but it is the 
silver that presents extensive degradation and 
darkening due to its oxidation, totally distorting 
the original appearance of the whole decorated 
leaves.

 
Results
Analysis of materials and techniques
A systematic analysis of the illuminations was 
made to better understand the pictorial surface, 
to gather information about the color construc-
tion techniques in illuminated leaves, and to 
check for the presence of some surface mate-
rial such as varnish. In addition to macro and 
micro photographic records and observation 
under a binocular microscope, we used in situ 
non-destructive techniques, such as the Energy-
Dispersive X-Ray Fluorescence Spectroscopy, 
μ-Raman Spectroscopy, Fiber Optic Reflectance 
Spectroscopy and, when necessary, μ-Fourier 
Transform Infrared Spectroscopy. For the latter, 
samples were collected in micro-selected areas, 
under a microscope, completely invisible to the 
naked eye.

In general, the materials and techniques used 
were in agreement with what we know from 
15th century’s illuminated manuscripts (Bacci 
et al., 2009; Picollo et al., 2011). We can also 
add that it is a luxurious palette with beauti-
ful, precious and lasting colors (Melo et al., 
2012a). To the pigments (Figure 4) already used 
in medieval illuminated manuscripts of the 
12th and 13th centuries two new dyes were 
added, Brazilwood lake (Vitorino, 2012) and 
gamboge. Also two yellow synthetic pigments 
were added, lead-tin yellow (type I) (Pb2SnO4) 
and gold mosaics (SnS2) plus a basic copper sul-
fate, green, that we suggest to be a brochantite 
(Cu4SO4 (OH)), or a mixture thereof with langite 
(CuSO4.3Cu(OH)2.2H2O).

The different colors are temperate with vege-
table binder (polysaccharide such as arabic gum), 
protein (e.g., egg white or parchment glue) or a 
mixture of both, which is consistent with the 
materials and methods described in the treatises 
(Melo et al., 2012b).
In general, we can say that the colors analyzed 
are the original artist’s since, apart the leaves 
added later in the 15th century, no other altera-
tion or restoration signs were observed. This fact 
reinforces the proposal for intervention of the 
manuscript that focused only on general clean-
ing and rebinding.
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Treatment
The aim of the treatment was to preserve and sta-
bilize, physically and chemically, the text block 
and binding, without neglecting the material 
integrity of the object and its meaning, while 
maintaining cultural evidence with a spiritual 
dimension. According to the principle of mini-
mum intervention and respecting the principle 
of maximum retrievability, stable materials and 
methods were used which, in addition, would 
not impede future treatments.

A complete photographic survey was conduct-
ed for further information and in order to regis-
ter the remedial conservation process, allowing 
comparisons between the state before and after 
the intervention. The treatment consisted of the 
different phases described below.

The first step was cleaning general dirt that 
was mainly concentrated along the leaves hinge 
by mechanical means, using soft brushes, smoke 
sponge and spatulas.

Afterwards, as the glue layer present along 
the leaves hinge was too thick and the use of 
mechanical means to remove it could contribute 
to the increase of gaps and tears, we decided to 
remove dirt with a swab dipped in a solution of 
50% H2O/50% CH3CH2OH, softening the glue 
and allowing its removal, without causing fur-
ther damage in the leaves.

Subsequently, the bifolia and the deteriorated 
folium hinges were strengthened. In the first 
case, to strengthen the outer bifolia, a strip of 
parchment with a thickness identical to the 
original one was pasted with wheat starch paste. 
Simultaneously, in the inner bifolia, a strip of 
synthetic collagen was pasted to ensure its resis-
tance during the sewing.

Only large missing areas were filled. The re-
placement of the three truncated leaves was 
made with the inclusion of three new parch-
ment sheets with similar characteristics of the 
original ones but in a perfectly recognizable way, 
respecting the authenticity of the work and evi-
dences of its individual history.

After mechanical cleaning, the fly-leafs and 
paste-down papers were subject to a deionized-
water bath. At room temperature there were no 
satisfactory results, since the paper exhibited im-
permeable zones, so the temperature was gradu-
ally increased (not exceeding 40ºC). Afterwards, 
an increase in whiteness was observed during 
deacidification in a calcium hydroxide bath to 
create an alkaline reserve. The strengthening 

of these papers with Japanese paper and wheat 
starch paste was then made, allowing further 
sewing and pasting-down.

Throughout the treatment, the bifolia were 
kept under controlled weight in order to main-
tain the shape in which they would be sewn. On 
the other hand, leaves with creases and without 
substantial illuminations were subjected to an 
ultrasonic humidification and were left in the 
press, with moderate weight, cushioned with 
blotters.

After consolidating the bookbinding’s leather 
with Klucel G ® solution, 2% -CH2CH(OH)CH3 
/98% CH3CH2OH, it was cleaned with a bistoury 
and spatulas.

The remedial conservation measures achieved 
a major goal: avoiding the increase in size of the 
manuscript spine. The rebinding phase, already 
in process, requires leaving the necessary space 
along the joint for full protection of the text 
block.

 
Conclusion
Throughout the treatment of the text block the 
main concern was interfering as little as possible 
with historical evidence, while ensuring the 
physical and chemical stability of the whole, and 
the reversibility of the materials and techniques 
applied. During rebinding we will follow a simi-
lar philosophy in terms of criteria and conserva-
tion aims.

The treatment required complex decisions cov-
ering different areas of knowledge such as his-
tory of ownership, past and present conservation 
and restoration techniques, as well as authentic-
ity and work ethics issues.

In short, this was a rich and representative 
case study of what is possible to find in the world 
of graphic documents, covering a vast range of 
materials (from paper, to skins, and rich illumi-
nations) and different historical periods (15th 
century text versus an 18th/19th century bind-
ing), providing interesting challenges in terms of 
decision making.
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Notes

1  Brazilwood lake, lapis lazuli 
(Na8(Al6Si6O24) Sn), vermilion (HgS), min-
ium (Pb3O4) orpiment (As2S3), gamboge, 
lead-tin yellow type I (Pb2SnO4), mosaic 
gold (SnS2), indigo, azurite (2CuCO3.Cu 
(OH2)), malachite (CuCO3.Cu (OH)2) basic 
copper sulphate (Cu4SO4(OH)6·2H2O), 
white lead (2PbCO3.Pb (OH)2) and carbon 
black (C).
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Introduction
The Victoria and Albert Museum has a collection 
of Svetambara Jain manuscript pages from west-
ern India, including numerous examples dating 
from the mid 15th to early 16th centuries, which 
form a core part of the V&A’s collection of early 
paintings from the Indian sub-continent. 

Many of the manuscript pages in the V&A col-
lection are richly illustrated, having been ac-
quired as works of art. Among these is a nearly 
complete Uttaradhyayanasutra manuscript of the 
mid 15th century (Figure 1). This relatively early 
example contains very fine illustrations. The Ut-
taradhyayanasutra instructs Jain monks how to 
behave and expounds certain Jain ideas, but also 
contains many parables and explanatory stories. 
The Kalpasutra, of which the V&A has one almost 
complete copy and several pages from dispersed 
manuscripts, all dating from the 15th and 16th 
centuries, is the most commonly illustrated text 
(Figure 2). It gives a history of the 24 Jain saviours 
and later teachers as well as rules for monks 
in the rainy season, when the text is recited 
and worshipped at the Paryushan festival. Both 
texts form part of the canon of the Svetambara 
sect. Members of the laity commissioned cop-

ies of manuscripts, which were given to temple 
libraries and thus preserved. The donors gained 
religious merit from this activity. By the late 15th 
century expensive colours such as gold and ultra-
marine blue had become prevalent.

The Jain religion dates back at least 2,500 years 
and is fundamentally concerned with liberation 
of the soul from an endless cycle of birth, life, 
death and rebirth by the elimination of karma. 
All living beings are believed to have souls and 
partly in order to avoid accumulating harmful 
karma it is considered very important to avoid 
causing them injury or hardship. Non-violence 
to all beings is therefore the central and most 
recognised principle of Jainism and accordingly 
Jains are strictly vegetarian. 

Digitization and Conservation 
The decision to conserve and digitize these 
manuscripts in 2010 was prompted by the pro-
posal to redisplay a selection of Jain works of 
art in conjunction with the JAINpedia website 
(http://beta.jainpedia.org/ ) project digitizing Jain 
manuscripts in UK collections. The aim of this 
initiative was to make these delicate artefacts 
accessible for the public via the JAINpedia and 
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V&A websites and to conserve and mount the 
pages in order to allow them to be safely handled 
by scholars and researchers and displayed in the 
Nehru Gallery of Indian art, where they are pe-
riodically changed. The conservation work was 
made possible by generous contributions from 
the Institute of Jainology and the V&A Jain Art 
Fund.

The earliest Jain illuminated manuscripts were 
written and painted on prepared palm-leaves, 
bound with cords, and the folios were encased in 
decorated wooden covers. 

Ahmedabad and Patan in Gujarat were major 
centres of Jain manuscript production. From the 
12th century, the support changed progressively 
after the introduction of paper into western 
India from Iran, but the format of the palm-leaf 
manuscripts continued to be reflected to some 
extent in the long, rather narrow shape of the 
pages of paper manuscripts. The manuscripts 
are read by turning the pages about the hori-
zontal axis, unlike Islamic and European books. 
Although the practice of piercing palm leaves 
for the binding cords was abandoned with paper 

pages, which would easily have torn, decorative 
marks continued to be painted on the pages in 
the positions where holes would have been.

The fragility of the folios is largely a result of the 
extensive use of green verdigris (copper acetate) 
as a pigment. The copper degradation is evident 
on most of the illustrated folios, but is also ob-
served on many of the text only pages (Figure 3). 
In both cases, acid hydrolysis and accelerated oxi-
dation caused by the presence of copper acetate 
has resulted in both discolouration of the green 
pigment to a dull brown, and extensive discolou-
ration, embrittlement and even disintegration of 
the paper substrate in areas where the pigment 
was applied. 

A suitable conservation treatment for retarding 
such corrosion must address both the hydrolytic 
and oxidative processes at the same time. Stud-
ies have demonstrated that a combination of the 
complexing agent calcium phytate and an aque-
ous solution of calcium hydrogencarbonate are 
most effective in retarding corrosion (Potthast 
et al, 2008.). However, while this method may be 
considered appropriate for the treatment of iron 
and copper corrosion on Western manuscripts, 
such an interventive treatment is rarely, if ever,  
possible for richly painted Indian manuscripts 
on laminated papers.

The similarity of the verdigris damage to that 
caused by some iron gall inks lead the authors to 
consider the use of gelatine (isinglas) as an adhe-
sive. However as Jainism specifically prohibits the 
use of animal products, it was necessary to find 
a synthetic alternative which would act as an 
adhesive. Japanese Tengujo tissue and thin Mi-
nogami papers were coated with a 2 % solution 
of methyl cellulose adhesive brushed on a Mylar, 
the Japanese paper applied on it and brushed 
through a Hollitex with a Nadebake. After dry-
ing, this coated tissue was then reactivated with 
a minimal amount of moisture and then applied 
to the copper damaged areas,  minimising the 
amount of moisture introduced to the paper dur-
ing repair. Wherever possible the tissue was cut 
larger than the area of damage and applied to 
the verso, therefore only adhered to areas of rela-
tively strong paper. Some old repairs were partly 
obscuring the text. The main criterium to decide 
to remove them or not was dictated by the need 
to restore the legibility of the text. Conventional 
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Japanese paper and wheat starch paste were used 
to reinforce the most extensive insect damage 
and losses. The folios were then inlaid into a 
toned, hand-made paper of a similar thickness 
and colour to the paper of the manuscript to al-
low a safe and easy handling. 

The approach to both conservation and mount-
ing of the manuscripts were decided after discus-
sions with the curator of the Asian collection at 
the V&A , with a careful consideration of the im-
portance of these early texts to followers of Jain-
ism and a shared awareness of the risks posed to 
the original material by handling.

Historically, the display of the Indian pictorial 
collection at the V&A has been centred around 
individual paintings rather than entire manu-
scripts, and so it seemed logical to inlay the fo-
lios in an appropriate paper, and mount them in 
standard sized window mounts. In order to save 
much-needed storage space and also for aesthetic 
reasons, it was decided to mount three folios in 
each mount, which has the additional benefit of 
helping the viewer to see that the folios belong 
to larger manuscripts. With this method, a man-
uscript can be viewed in its original sequence, 
while at the same time being protected from 
unnecessary handling that could lead to further 
damage and loss to the already deteriorated fo-
lios. The mounted manuscripts are then stored 
in Solander boxes in the Indian Study Room at 
the V&A and can now be used for both periodic 
display in the Nehru gallery of Indian art at the 
Museum, and for close study by scholars (Figure 4). 

Captions

Fig. 1: Folio from an Uttaradhyayanasutra 
manuscript: King SreNika and the as-
cetic, showing the inlay method 
Opaque watercolour on paper; Cambay, 
Gujarat, about 1460; © Victoria and Al-
bert Museum, London

Fig. 2: Folio from a Kalpasutra manuscript: 
Neminatha’s birth (left) and his renun-
ciation to become a monk on seeing the 
frightened animals about to be sacrificed 
for his wedding feast (right 
Opaque watercolour on paper 
Gujarat, India, early 16th century 
© Victoria and Albert Museum, London

Fig. 3: Folio from an Uttaradhyayanasutra 
manuscript: the story of king ISukara, 
detail showing verdigris damage 
Opaque watercolour on paper 
Cambay, Gujarat, about 1460 
© Victoria and Albert Museum, London 

Fig. 4: Folios from an Uttaradhyayanasutra 
manuscript showing the mounting and 
storage methods used Opaque waterco-
lour on paper 
Cambay, Gujarat, about 1460 
© Victoria and Albert Museum, London
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Introduction
Leonardo da Vinci’s famous self portrait is made 
in red chalk on paper. It is housed at the Royal 
Library in Turin, Italy. The drawing is strongly 
affected by foxing spots. The damage presumably 
occurred between 1890 and 1950. The portrait 
has been recently brought to ICRCPAL (Rome) for 
scientific analyses. 

According to Corte et al. (2003) foxing is a 
modification of paper occurring in the form of 
brown, brown-reddish or yellowish spots, the ori-
gin of which has not yet been clearly explained. 
In fact, despite the extensive research that has 
been done in this field, no conclusive results ex-
ist to the cause of foxing. There are two different 
theories concerning its development: the biotic 
theory, according to which the stains are the 
result of the activity of micro-organisms (Choi 
2007, and references therein) and the abiotic 
theory, entailing chemical phenomena such as 
oxidizing and/or heavy metals deposits (Cain and 
Miller 1982). In particular, the deterioration of 
paper has been linked to the presence of metals 
in the pulp, and paper yellowing/browning is 
supposed to be caused by cellulose oxidation ca-
talysed by metals. There is moreover a quite clear 
relationship between the occurrence of these 
modifications and environmental conditions 
(Gallo and Pasquariello 1989). 

Recent investigations have studied the role of 
fungi in foxing by light and electron microscopy 
(Florian and Manning 2000). These studies found 
that in some cases the initial cause of foxing was 
a group of spores of conidia that had been depos-
ited on the surface of the paper prior to printing 
and had germinated in situ during the slow dry-
ing of the paper. 

Arai et al. (1990) proposed the following pro-
cess for the formation of foxing: absolute tono-
philic fungi conidia and or ascospores attach to 
paper, germinate and grow their hyphae. The 
hyphae form colonies around dust particles. 

These fungi metabolize mainly malic acid, cello-
oligosaccharides and aminobutyric acid in the 
colonies. These components react chemically 
together on the materials at Aw 0.80 and 20-35°C 
forming brown products and oxidative reactions 
on paper that result in localised foxing spots. 

From old books and manuscripts showing the 
characteristic foxing discoloration more than 60 
fungus cultures were identified by ordinary light 
microscopy and the most common encountered 
species are Eurotium, Aspergillus and Penicillium 
species. 

The brown-rusty spots that deface Leonardo 
da Vinci’s portrait have all the characteristics 
of foxing, and some of them show a blue-yellow 
fluorescence that is also typical of both biologi-
cal and chemical foxing (Choi 2007). 

The knowledge of the nature of the stains is 
a question of great concern because future con-
servation treatments and actions towards the 
famous object would better be based on scientific 
data. Furthermore, the delicate object has been 
poorly studied from the “biological” point of 
view: only a couple of swab sampling undergoing 
culture-dependent techniques was performed be-
tween 1960 and 2000, and no significant results 
were obtained at that time. 

With the aim to address the problem and as-
sess the current microbiological risk of the draw-
ing, we performed a study on Leonardo da Vinci’s 
self portrait based on non-invasive sampling 
using diverse membrane filters and swabs, and a 
combination of SEM-EDS imaging culturing and 
molecular techniques. 

Methods
Sampling
One of the main problems encountered in the 
study of Leonardo da Vinci’s self portrait was 
the execution of the sampling. Clearly no micro 
fragments could be removed since this action 
may have caused further damage to the object or 
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a loss of information for future research. There-
fore only totally non-invasive techniques were 
adopted. Different types of swabs and adhesive 
tapes were employed in sampling fungal or bac-
terial elements from paper (Figure 1). Wooden 
cotton sterile swabs were used to collect biologi-
cal particles from the surface of the drawing. 
Porous membranes of different materials (nylon, 
polycarbonate or cellulose nitrate) with a natural 
electrostatic charge were also used to collect fun-
gal aerial hyphae, conidiophora or fruiting struc-
tures, together with a few damaged fibres from 
the substrata. These objects, that can be valuable 
in diagnostic phases, cling to the charged surface 
of membranes and can be gently pulled from the 
mat. Both membranes and swabs can be used for 
direct observation with an electronic scanning 
microscope or used to perform molecular analysis. 

SEM-EDX technique 
Single fibres dust and surface material recovered 
with membranes or sampled with cotton swabs 
were analysed using a variable pressure SEM 
instrument (EVO50, Carl-Zeiss Electron Micros-
copy Group) fitted with a detector for electron 
backscattered diffraction (BSD). Only following 
an initial observation of the samples using SEM 
in VP mode at 20 kV were some of the samples 
coated in gold (using a Baltec Sputter Coater) and 
then subjected to further analysis in high vacu-
um (HV) mode. Sputtering was performed under 
an Argon gas flow at a working distance of 50 
mm at 0.05 mbar, and a current of 40 mA for 60 
seconds, so as to create a film of gold of about 15 

nm thicknesses. Reference elemental intensities 
acquired from pure compounds (standards) are 
commonly used to calibrate SEM-EDX systems. In 
the case study presented here, conventional ZAF 
correction integrated into the Oxford INCA 250 
microanalysis package was applied to the spec-
trum dataset (Oxford Instruments).

Molecular analysis
Porous membranes and cotton swabs were direct-
ly used for DNA extraction using the Fast DNA 
SPIN kit for soil (Bio 101) with modifications. 
DNA crude extracts were further used for PCR-
DGGE fingerprint analysis of the bacterial 16S 
rDNA (Schabereiter-Gurtner et al., 2001) and the 
Internal Transcribed Regions (ITS) (Michaelsen 
et al., 2006). Clone libraries from these amplified 
fragments were screened by DGGE and selected 
clones sequenced (Schabereiter-Gurtner et al., 
2001).

Conclusions
In the specific case of certain filamentous fungi, 
the fruiting body shape, conidia size and orna-
mentation can lead to positive identification 
at least at the genus level. The fungal species 
Eurotium halophilicum (C.M. Chr., Papav. & C.R. 
Benj. 1959) was found in foxing spots especially 
on the back of the drawing by means of SEM 
(Zeiss EVO 50- High Vacuum) imaging (Figure 2). 
Conidia appeared in different sampling points 
single or in groups, slightly ovate, echinulate 
with prominent scars and conidiophores finely 
covered with a layer of hairy structures (Figure 
2). Microscopic features of fungal structures as 
observed by SEM are consistent with those deter-
mined by Christensen et al. (1959) in the original 
description of E. halophilicum and by Montanari et 
al. (2012). E. halophilicum is an obligate xerophilic 
organism with a high tolerance to water stress: 
the minimum observed water activity (A

w
) for 

germination and growing is 0,675, the lowest for 
any Eurotium species. Its occurrence is associated 
with air-dust (Montanari et al., 2012 and refer-
ences therein) or house-dust in association with 
mites and Aspergillus penicillioides, and storage of 
dry food. E. halophilicum is reported as associated 
to foxing spots by Florian and Manning (2000) 
who published a SEM picture of the fungus 
without identifying it; with library material by 
Michaelsen et al. (2010) who found the fungus by 
DGGE-fingerprinting, without culturing it; and 
by Montanari et al. (2012) who isolated several 
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strains of this species from library materials 
freshly infected. 

This finding is consistent with the hypothesis 
that absolute tonophilic fungi germinate on pa-
per metabolising mainly organic acids, oligosac-
charides and proteic compounds. These compo-
nents react chemically together on the materials 
at a low water activity forming brown products 
and oxidative reactions on paper that result in 
localised foxing spots. SEM imaging showed also 
the presence of other fungal species, not only as 
single spores, but as propagules and small myce-
lial masses. 

DGGE-fingerprinting, a molecular technique 
based on direct extraction of DNA from environ-
mental samples, allowed the comparison of dif-
ferent sampling techniques and DNA extraction 
protocols enabling the optimization of tools for 
the analysis of such valuable object. In addition, 
a complete screening of the biodiversity of the 
fungal community inhabiting the portrait (on 
the face and on the reverse side) was obtained 
and showed the putative differences in microbial 
composition among different samples indicat-
ing, in general,  a higher biodiversity as initially 
suspected. Additional phylogenetic analyses 
revealed the presence of fungi with well known 
cellulolytic activities, with potential for the de-
struction of the investigated material. 
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Figure captions

Figure 1. Sampling approach to obtain 
fungal spores from Leonardo da Vinci’s 
self portrait.  Application of porous 
membranes (picture by D. Corciulo, ICRC-
PAL).

Figure 2. Scanning electron microscopy 
(SEM) image of conidia belonging to the 
fungal species E. halophilicum, collected 
by swab sampling in foxing spots on the 
back of the drawing. Image obtained 
with a Zeiss SEM EVO 50 in High Vacuum 
mode on a gold sputtered sample, oper-
ating at an accelerating voltage of 20 kV 
equipped with a detector for secondary 
electrons (SE).
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Introduction
The EU project “Men and Books” deals with 
bound volumes of the Archives of the Protestant 
Parish of the Holy Trinity in Swidnica, where 
12.000 individual items are stored. This archive 
is one of the most valuable for the history of 
Protestantism in Silesia, Bohemia, Moravia and 
Austria. Due to the climate, many of the books 
were attacked by microorganisms – mainly fungi. 
During the 1990s the books in Swidnica were 
fumigated with ethylene oxide. In conservation 
literature the use of ethylene oxide for book-dis-
infection is discussed highly controversially 1 (see 
also Meyer & Petersen, 2006) and it still remains 
an open question whether or not ethylene oxide 
is a good choice for book-fumigation. Without 
doubt fungi in archives are dangerous for both, 
men and books. However, some of the methods 
for disinfection are threatening both, books and 
humans. Therefore it was the aim of the study (a) 
to analyse if there is an active fungal community 
on the ethylene oxide treated books and (b) to 

investigate possible remains of ethylene oxide 
that might still have an impact on the microbial 
community and protect the books against mi-
crobial attack but might also be health threaten-
ing for the reader of those volumes. 76 books, 
44 manuscripts and 32 prints were selected for 
the project. They represent an essential corpus 
in terms of their information value. For micro-
biological analysis 20 samples were taken from 
various materials in 10 different books including 
textiles, different paper types, cardboard, leather 
and parchment (Table 1). Samples were taken for 
cultivation of fungi onto media and for genomic 
analysis in order to be able to detect both the 
viable and non-viable fungal community (being 
aware that the former ethylene oxide treatment 
might inhibit the PCR-amplification of the DNA). 

Materials and Methods

Isolation of fungi from books
Considering the high cultural and artistic value 
of the books, only non-invasive techniques were 
used for sampling: Porous membranes of differ-
ent materials (nylon, polycarbonate or cellulose 
nitrate) with a natural electrostatic charge were 
used to collect fungal aerial hyphae, conidia 
spores and fruiting structures, together with 
a few damaged fibres or small flakes from the 
substrata. Membranes were smoothly attached to 
the materials´ surfaces for several seconds, re-
moved and directly applied to cultural medium 
(2% MEA, DG 18) or stored in a sterile tube for 
DNA extraction and further molecular analysis. 
Plates were incubated at 22°C for 7 days. Fungal 
cultures were purified by several transfers onto 
fresh medium.

Measurement of ethylene oxide concentrations 
from books
For the selection of books several parameters 
were relevant: (1) moment of fumigation (2) ma-
terial composition, (3) age of the book, (4) size of 
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the book. The books for ethylene oxide measure-
ment were chosen aiming to get a representative 
average of all these features. This is especially 
important when it comes to transfer data into 
application Europe-wide and on an “average 
archive” at the end of the project. 28 volumes 
bound in leather, parchment, paper and textiles, 
dating from the 18th, 19th and 20th century, thus 
representing also different sorts of paper as book 
block, ranging from folio to quart were selected 
by the Parish in Swidnica and brought to the 
European Research Centre for Book and Paper 
Conservation-Restoration in Horn. There these 
books were put into a chamber of inert synthetic 
material of 1 m3 volume and stored under closed 
conditions for 60 days at 20°C and 50% R. H. 

Two different analytical methods were chosen 
to detect the off gassing ethylene oxide, a digi-
tal handheld device, Dräger X-am 5000, which 
turned out to be too rough (measuring range 0 
- 200 ppm, resolution 0.5 ppm, smallest possible 
detection 1 ppm; expected concentration below) 
and a GC/FID. For the later the measurement was 
passive with ORSA-tubes filled with activated 
carbon. The measurement lasted for 336 hours. 
Then the tubes were taken out, closed and sent 
to gas chromatography. The analysis was made 
with GC/FID with retention time catalogues and 
quantification via external calibration function. 
This standard working instruction is a modified 
NIOSH 1612. Working conditions: Gaschromato-

graph “Doppelsäulengerät Sichromat 1-4”; Injek-
tion: split/splitless; 2.5 μL splitted auf 2 wide-bore 
colums, 250°C, Colums: 30 m OPTIMA-WAX; 0.53 
mm * 1.0 μm and 30 m OPTIMA 1; 0.53 mm *1.0 
μm, Both detectors FID (250°C), Carrier gas Nitro-
gen: 2.5 mL/min, burning gas synth. air: 300 mL/
min, Hydrogen: 25 mL/min, stove temperature 
45°C isotherm 10 min, 45°C to 180°C in 5°C/
min; 180°C isotherm 13 min, 180°C to 200°C in 
10°C/min, 200°C isotherm 13 min.

Results and conclusions
The books in Swidnica were fumigated with 
ethylene oxide in the 1990s. Nowadays, after 20 
years, no ethylene oxide could be detected with 
the methods described above. A risk for human 
heath is thus rather improbable.

The results of the fungal sampling are shown in 
Table 1. From some samples, especially from the 
inner part of the books, no fungi could be isolat-
ed. Only very few fungi that are directly related 
to the destruction of the materials where isolat-
ed (Sterflinger, 2010; Sterflinger & Pinzari, 2011): 
Nigrospora and Alternaria are known to degrade 
cellulose and Scedosporium is a keratinolytic 
fungus, able to degrade leather. Species of Sce-
dosporium are known to be pathogenic for hu-
mans, causing a skin infection called phyaeohy-
phomycosis (de Hoog et al., 2000). Most abundant 
were species of the genus Cladosporium which 
were isolated from nearly all samples except for 
some inner parts of books. Cladosporium, how-
ever, is not regarded a true contaminant of books 
and cannot be related to the phenomenology of 
the sampled areas. Cladosporium rather is an en-
vironmental fungus which is extremely common 
in the air and spores of which settle down in dirt 
and dust. Thus, these fungi are isolated readily 
from the materials because of the spore load 
and not because they are actively growing and 
established on the books. Typical contaminants 
of humid paper, like species of Chaetomium or 
Trichoderma are missing. 

As a preliminary conclusion from the project it 
can be stated that the fungal community isolated 
15-20 years after fumigation can only to a small 
extend be related to the biogenic fungal phenom-
ena like white and dark floccose spots and areas 
visible on and in the books. It can be concluded 
that this is due to the ethylene oxide treatment 
that killed especially those fungi that formed 
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hyaline white mycelia on and in the books. Hy-
line, non pigmented fungi are generally more 
susceptible to biocides than darkly pigmented 
fungi. Most of the fungi that were isolated now 
can either be related to air borne spores or be-
long to darkly pigmented species that might 
have had a higher resistance against the ethylene 
oxide treatment. Although the amount of ethyl-
ene oxide degassing from the books was under 
the detection level, certain prevention against 
re-colonization by fungi seems likely also after 
15-20 years. The analysis of the non-viable fungal 
community based on DNA extraction could help 
to support this hypothesis. However, ethylene 
oxide fumigation might have intercalated into 
the DNA of the original fungal micro-flora thus 
hampering this type of analysis.
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food with ethylene oxide. For books no 
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Signature 
of the book

description fungal isolates according to 
morphological identification

00029 1 leather, inner part of back side book cover,
white fungal mycelium

Aureobasidium sp.
Cladosporium spp.
Penicillium sp.
Scedosporium sp. 

2 leather, front of book cover, white floccose 
mycelium

Cladosporium spp.
Eurotium rubrum

00084 3 leather, inner part of book cover no cultivable fungi

4 leather, book cover no cultivable fungi

R0184 5 suede, outside of book cover,
white to yellowish, granular colonies

Cladosporium spp.
Penicillium sp.

6 leather, inner side of book cover Alternaria sp.
Cladosporium sp.
Eurotium sp.
Penicillium sp.
Scedosporium sp.

7 textile, glued part inside of book, white fungal 
colonies

no cultivable fungi

8 paper inside, white fungal colonies Cladosporium sp.
Penicillium sp.

R0103 9 paper inside, fist page behind book cover, white 
fungal colonies

no cultivable fungi

02426 10 paper inside of book, dark spots Cladosporium sp.

R0176 11 paper inside of book, dark spots no cultivable fungi

12 paper, inner part of book cover Cladosporium sp.

R0232 13 paper inside of book, dark stains and colonies no cultivable fungi

14 textile, book cover, white spots and areas no cultivable fungi

15 textile, book cover, white spots Cladosporium sp.
Nigrospora sp.
Penicillium sp.

R0029 16 parchment, book cover Cladosporium sp.
Eurotium sp.
Penicillium sp.

08122 17 parchment, book spine Alternaria sp.
Cladopsorium sp.

R0103 18 textile, outside Penicillium sp.
dark pigmented fungus with 
meristematic growth
Penicillium sp.
white sterile mycelium

01695 19 paper inside of book Cladosporium sp.
red-brown sterile mycelium

reference 20 reference from sampling environment  
(table in book center Horn)

Cladosporium spp.

Table 1: List of books and materials sampled for microbiological analysis with morpho-
logical identification of cultivable fungi.*

* The molecular identification of all stains by sequencing of the barcode region (ITI-5.8S-ITSII) is in progress.



Deconstructing the Reconstruction

Ewa Paul | Anna Grzechnik 
The Warsaw Rising Museum, Warsaw, Poland

Introduction
Broadsides are single sheets printed on one side, 
used as public announcements or advertise-
ments. These official notices of laws and regula-
tions or execution lists became the common 
‘newscasts’ during the war. Such paper objects 
were produced quickly and inexpensively to meet 
the need of the moment. Due to their ephemeral 
characteristics and poor thin paper, broadsides 
often vanished as quickly as they were produced. 
(Website source: ’Broadsides’) A poster is a type of 
broadside, a composition of pictures and words, 
or words alone but with a distinct graphic ex-
pression. Similarly its main task is to spark inter-
est in a person passing by. 

This poster highlights the conservation treat-
ments of two war-time broadsides, one a poster 
‘Do Broni ‘ and the other a war-time Nazi an-
nouncement; both are part of the Warsaw Rising 
Museum (WRM) collection. The poster also de-
scribes the reasons to reverse the poster’s previ-
ous restoration, a selection of loss compensation 
methods and how these methods complement 
the historical value of the artifacts. 

‘The urge to preserve is a result of the view 
that the artwork is a valuable object (…). But  
decisions regarding what to preserve (…) are 
based on which of the artwork’s attributed val-
ues are recognized as more important’(Schintzel 
1999: 44).

At the core of this issue there is a conflict be-
tween the artifacts’ historic and aesthetic values. 
While it is important to take into consideration 
the aesthetic aspect of the artifact, as it usually 
guides any intervention, one must not forget its 
historical value, both the moment at which it 
was created and its passage through time. This is 
a dilemma every conservator encounters and it is 
as unavoidable as it is unresolvable because some 
subjectivity will always influence the decision 
making (Poulsson 2010); ‘ … it will be up to the 
conservator to decide how far to take a conserva-
tion treatment, whether that treatment involves 
stabilisation only or is of more interventive char-
acter. The objective must be to achieve the great-

est effect with the least amount of interference’ 
(Poulsson 2010:107). 

Background
The Warsaw Rising Museum along with its 
modern conservation studio opened its doors 
to the public in the fall of 2004. To make sure 
that all the artifacts were ready for the opening 
day treatments of some were contracted out to 
private conservation labs. The legendary Warsaw 
Rising poster entitled, ‘Do Broni w Szeregach AK’ 
(translation: To Arms in the Ranks of the Home 
Army), underwent a treatment in 1996.

In 1944 Mieczyslaw Jurgielewicz and Edmund 
Burke created this 70 x100 cm chromolitho-
graph. Their assignment came from the 4th 
Press and Publishing Division of the Home Army  
Information and Propaganda Bureau. Just as the 
Warsaw Rising was starting, copies of this poster 
called on citizens of Warsaw to take up arms and 
to join the Rising (Gola 2012:454). 

The WRM archive owns a few photographs 
documenting ‘Do Broni’ posters on the streets 
of Warsaw in 1944. Historical institutions value 
well-documented objects with interesting prov-
enance and this particular poster has an interest-
ing story. On August 1, 1944, the start of the Ris-
ing, a Polish scout named Jadwiga Komatowska 
posted it onto a building at 49 Nowy Swiat Street 
in Warsaw. When the Home Army was retreat-
ing from the area on September 13, Komatowska 
took it down and hid it in a nearby trench in the 
building’s courtyard. In January 1945 she dug it 
up and stored it until it was later presented to 
the WRM. The story of this artifact demonstrates 
that sometimes losses and damage within an ob-
ject are important and ought to be treated as its 
integral part.

Evaluation and treatment 
After evaluating an extensive reconstructive res-
toration which ‘Do Broni’ had undergone (Fig. 
1), the WRM conservators, Anna Grzechnik and 
Dorota Rakowska, found its results to be over-
bearing and heavy-handed. This restoration treat-
ment was done without much consideration for 
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the historical significance of the object, rather 
it only approached the artifact’s aesthetic value, 
impaired due to parts of its design missing. The 
conservators agreed that a “deconstruction” of 
this restoration would be necessary. 

There were also some structural questions 
with this restoration treatment. The poster 
became stiff and inflexible because of the ill-
matched thickness of backing paper used for 
lining it. Large losses were made disturbingly 
obtrusive by the in-fills which were made a few 
tones too light and mismatched color used for 
the reconstruction of the lettering.  

Deconstruction started with the removal of the 
backing paper. The artifact was humidified in a 
Gore-Tex and spun polyester ‘sandwich’ to allow 
for a slow introduction of moisture. The backing 
paper was carefully peeled off and the added re-
pairs were removed with various spatulas and lo-
cally applied moisture. The adhesive was reduced 
mechanically.

The poor condition of the original paper sup-
port was revealed and it showed that only three 
fourths of the paper support had survived (Fig. 
2). The paper support was structurally weakened 
and stained by mold and other degradation fac-
tors. The artifact suffered extensive losses to 

both lower corners and along its sides. Several 
loose fragments had to be reconnected with the 
main section of the poster with small paper tabs 
to keep them in place. Most tears and abrasions 
within the ink layer ran through the center fold 
line and had signs of direct retouching. In some 
places the color matching was off significantly, 
especially in the red ink areas where pinkish 
over paint became evident.

To remove the surface grime and dust, the 
front was gently dry-cleaned with eraser crumbs 
and a soft brush. The back was cleaned with 
small wads of cotton wool and deionized water 
to remove any residual adhesive. The object was 
then humidified gently and blotter washed. 

The large losses posed a problem; in-fills were 
prepared from Japanese paper of an appropriate 
weight but their color had to be toned down. The 
toning became a complicated trial and error ex-
ercise but with the help of ‘hellion textile dyes’ 
some even tones of warm beige and tan colors 
were obtained. Unfortunately several sheets of 
toned tissue were needed to fill all the losses, and 
not all of them turned the identical shade of tan.

The poster was then lined with a large sheet 
of kozo paper and wheat starch paste adhesive 
mixed with some thin methyl cellulose to ex-
tend the working time. The lining process was 
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completed with the help of two large sheets of 
Mylar serving as transferring aides. The object 
was then placed for 30 minutes under moderate 
weights in a ‘sandwich’ of blotter paper, spun 
polyester and a sheet of woolen felt. The blotters 
were changed a few times. When the poster was 
dry and flat, pieces of toned paper shaped to fit 
the areas of loss were attached with wheat starch 
paste from the front. 

Small losses within the ink layer were re-
touched with dry pigments, pastel pencils and 
Winston Newton watercolors. The objective was 
to make the main area of the image visually co-
hesive but not to reconstruct the image or the 
lettering (Fig. 3). Retouching proved to be tricky 
in the areas where previous intervention had 
taken place but overall successfully unified the 
main image.

The Nazi announcement broadside was printed 
in the 1940s in Krakow on a thin, pink machine-
made paper (Fig. 4). This propaganda poster 
consists primarily of historical text and minimal 
visual elements. Therefore the goal of the treat-
ment was to stabilize the object with minimal 
aesthetic intervention. Just as in the case of ‘Do 
Broni’, the condition of the object was poor. The 
paper support was dimensionally unstable, had 
numerous tears and losses along its main folds 

and had its upper right–hand corner completely 
missing. 

Although at first glance this treatment seemed 
similar to the treatment of ’Do Broni’, it proved 
to have its own challenges. The pink color of the 
broadside was unstable, so only blotter washing 
was possible. As in the previous treatment, lin-
ing was necessary to stabilise the very weak and 
brittle original support. First, all the folded areas 
were reinforced from the back with thin strips of 
Japanese paper and wheat starch paste. Some of 
these areas were very brittle and abraded. After 
a matching color was identified, an infill for the 
missing corner was created and attached from 
the back with wheat starch paste. As before, the 
lining process was aided by two large sheets of 
Mylar serving as transferring aides. Unfortunate-
ly the first lining procedure was unsuccessful. 
The paper chosen for the backing was too thick 
and the dimensionally unstable original support 
expanded too much during the treatment and as 
a result did not attach well to the backing paper. 
A combination of a few factors made the second 
lining successful: It was done with a thinner 
kozo paper. The original object was humidified 
for a shorter time. After the lining paper was 
adhered to the back of the original, the back was 
‘massaged’ with bone folders over thin blotters 
in the folded areas. To further reduce the creases 
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along its main folds the object was gently humid-
ified and carefully stretched for a short time. The 
color of the missing corner was well matched 
which made the new infill look good. We debat-
ed the idea of adding black stripes to the border 
on the attached corner. Thin strips of black paper 
were cut out to serve as a mock up frame. These 
strips completed the frame along the objects’ pe-
rimeter, and visually unified this object. 

Although it was an aesthetic choice, the miss-
ing black frame was added in the end as it made 
the added corner less visible. Subjectively speak-
ing, only then the greatest effect was achieved 
with the least amount of interference (Poulsson 
2010:107).

Conclusion
The extent of the loss compensation depends 
on the goals of the treatment and the values 
attached to the artifact, but also the individual 
and subjective attitude of a conservator. The pri-
mary goal of these treatments and conservation 
in general, is not to make an object look new or 
whole again, rather it is to stabilise it and reduce 
the damage that distracts from the design. If the 
artwork is considered to be of historical value, 
then its authenticity is vital, and the conserva-
tion will focus on stabilising its physical aspect 
first and foremost (Poulsson 2008:63). Some 
conservators may choose to employ minimal 
loss integration methods so that evidence of the 
objects’ loss and age, although still present, will 
recede to the background. Often, the artwork is 
considered important because of its aesthetic 
quality. Then ‘retouching may be used as means 
to preserve the legibility and the composition 
of the image. It may be considered a necessary 
or unnecessary evil (…) No matter how it is re-
garded, retouching has been and still is (…) a part 
of paper conservators’ repertoire (...) and subjec-
tive criteria will always influence the decision 
taken…’ (Poulsson 2008:107). 
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Conservators’ Investigation of Chinoiserie in Wilanow Palace
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In the collection of Wilanow Palace there is a 
large and varied set of Chinese paintings and 
woodcuts on paper dating from the second half 
of the eighteenth century and the turn of the 
nineteenth century, which are unique in Poland 
and which functioned as decorative wallpaper 
in the palace. They were mostly used as wall 
decorations for the Chinese Suite located in the 
central part of the palace. This suite, which con-
sists of five rooms and a small hallway, was fur-
nished by the contemporary palace owner, Count 
Stanislaw Kostka Potocki at the beginning of the 
nineteenth century. After the Second World War, 
during conservation works, eighteenth century 
frescoes were discovered in the Chinese Suite. 
A decision was made to restore the eighteenth 
century décor, whereas Chinese decorative ele-
ments were taken off the walls and underwent 
conservation. From then on they have been kept 
in the palace museum’s storage. Fifty-five objects 
of different kinds have been preserved. Some of 
them are typical export Chinese wallpapers and 
paintings, while others are traditional Chinese 
folk artworks which had a ceremonial or decora-
tive function and were used as wallpaper. 

The fashion for chinoiserie in Poland, like in 
the other countries of Europe, had flourished 
from the seventeenth century. Chinese tapestries 
were mentioned as early as in the first preserved 
inventory of Wilanow Palace made in 1696. 
Wallpaper from China was very fashionable in 
Poland in the eighteenth century. Unfortunately, 
it has only been preserved in three palaces. It is 
not known precisely when the decorations of the 
Wilanow complex were brought to Poland. Both 
Duchess Lubomirska, who was Count Potocki’s 
mother-in-law and the former owner of Wilanow 
(she bequeathed the palace to her daughter and 
son-in-law in the late 1890s), and Count Potocki 
were avid collectors of Chinese artwork. The 
Chinese Suite was described in detail in the in-
ventory of the palace made in 1832. It is known 
from the previous inventory made in 1793 that 
Chinese wallpaper had been hung on the walls 
of different rooms. The so-called Chinese Suite 

was furnished by Stanislaw Kostka Potocki at the 
beginning of the nineteenth century.

The set of decorations can be divided into two 
basic groups. The first one consists of nine pan-
els on yellow paper, six of which are medallion, 
print-room style wallpapers depicting porcelain 
and silk production, while the remaining ones 
are: a representation of a Chinese lady and wood-
cuts. It is not currently known in which rooms 
they were hung. The second group comprises 46 
individual paintings which were separated from 
the surrounding wallpapers when they were be-
ing taken off the walls or they were stuck onto 
the wall individually or mounted on stretcher 
bars.

This collection can be divided into several 
thematic groups. Some of these objects are frag-
ments of export wallpapers dating from the eigh-
teenth century, which are genre works and land-
scapes depicting scenes of everyday life of the 
Chinese people. Others are separate, full-length 
figure images of Chinese women or woodcuts de-
picting groups of women with children indoors 
or outdoors. The set also contains small New Year 
woodcut prints and others which are themati-
cally or stylistically different from the rest.

The whole set was covered by a research and 
conservation programme aimed to describe the 
objects in historical, iconographic and techno-
logical terms as well as to determine their state 
of deterioration, develop conservation methodol-
ogy and carry out a model conservation of two 
selected objects. On this poster, we present the 
results of identification tests conducted on two 
selected objects which were made by using sig-
nificantly different techniques.

Preserved documents relating to the history of 
the first of the analysed objects (Fig. 1) do not 
provide answers to questions that have been 
raised. Information contained in the three exist-
ing inventories are too general to be associated 
with a specific object, and the documentation 
concerning conservation works conducted 
after the war is incomplete. Establishing the 
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time when the object was made and brought to 
Wilanow as well as its location within the palace 
turned out to be an incredibly difficult task. 

The object is a long panel with a representa-
tion of a nianhua type, bordered with an imita-
tive nineteenth century hand-painted decoration 
depicting vases and a valance. In the centre of 
the composition is a lady clad in an outfit from 
the Ming era with two boys. This is a popular 
theme in Chinese New Year prints representing the 
wish to have many prominent sons. It was made 
in China, probably by using a hand-primed, 
woodcut technique of printing contour lines or, 
as Prof. Feng Jicai from the Feng Jicai Literature 
& Art Institute of Tianjin University in China has 
suggested, it was entirely painted. Its dimensions 
are 251x83 cm. In the Wilanow collection there 
is a similar separate object with dimensions of 
158x64 cm. Such an attribution required to be 
supported by complementary technological and 
iconographic research.

Stratigraphic studies were carried out in four 
different locations (Fig.1.IV-VII). The analysis 
showed that the number of layers ranges from 
four to nine, whereas the object’s thickness 
from 0.266 to 0.824 mm (1.034 mm with the 
canvas layer). An analysis of fibre composition 

showed that both the paper which constitutes 
the surface of the Chinese object and the first 
lining layer were made of paper mulberry (Brous-
sonetia Papyrifera). It was probably xuan zhi (xuan 
paper). The second lining layer consists of paper 
mulberry, Edgeworthia gardineri, and rice straw. 
It was all stuck on 10 sheets of handmade paper 
made from flax fibres and connected by means of 
joining overlapping edges with starch paste. This 
paper is evenly covered with a yellow layer which 
has been identified as a mixture of glutin glue 
and litharge, where the painted layer was direct-
ly applied. The object was relined on canvas and 
mounted on the stretcher.

Preliminary determination of binders was per-
formed by microchemical methods. Starch was 
identified as a binder between subsequent layers 
of paper and the canvas with Lugol’s iodine test. 
The lack of stains after the application of Sudan 
Black B excluded the possibility of using oil bind-
ers or natural resins. Stains that appeared after 
using Ponceau S, which indicates the presence 
of proteins, might have been caused by starch 
penetrating the adjacent layers because of grav-
ity and material porosity. Results obtained by 
using these methods, especially with regard to 
the layers where calcium carbonate or gypsum 
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had been used, may be false-positive as these 
substances are good dye absorbents. Due to the 
limitations of the methods, it was necessary to 
perform further identification by using FTIR 
analysis. The first samples were obtained using 
swabs soaked in water, which allowed for selec-
tive isolation of substances which are the most 
water-soluble – plant gums, which also consti-
tute the object’s top layer. It is probably the layer 
with which the object was coated in its entirety 
during conservation works in the 50s. The com-
parison of the obtained spectra with the spectra 
for substances in standard samples taken with 
a scalpel (Fig.1.I-III) provided a probable picture 
of animal glue content with a small addition of 
plant gums. 

In order to preliminarily establish the scope of 
work, non-destructive studies were carried out by 
using false-colour infrared photography. The dif-
ference between the infrared image (in the range 
of 500-900 nm) and a part of the visible spectrum 
indicated the presence of specific pigments 
(Fig.1.12-18). Prussian blue, ferrite and organic 
yellow as well as cinnabar were identified. Fur-
ther studies were recommended, that were based 
on reflected-light microscope observation, water 
smears viewed in transmitted light, microcrystal-
line and drop reactions to test the presence of 
selected inorganic ions as well as analysis of the 
elemental composition of samples performed 
using the scanning electron microscope. Raman 
spectroscopy also proved useful. Eleven pigments 
were identified (Fig.1.1-11), three of which will be 
described in more detail. 

Blue pigment showed up as very small particle 
groupings in cloudy, greenish blue areas. The 
pigment was base-sensitive and it vanished after 
adding a base solution. Ferric ions were present 
in the obtained solution. This means that Prus-
sian blue had been used. Prussian blue was iden-
tified both in the Chinese image and European 
border (Fig.1.11). This pigment was obtained in 
1704. After 1750 it was brought to China by the 
East India Company. After 1825 it was produced 
in Canton.

Red pigment showed high resistance to acid 
and base reagents. No solubility was observed. A 
very distinctive microscopic view revealed large, 
angular and intense red grains. Characteristic 
parallel striations were observed among the red 
grains of natural cinnabar. Cinnabar was identi-
fied in the border and the image’s part depicting 
the boy’s attire (Fig.1.5). It is a natural pigment 

obtained by grinding the mineral and it was 
used in the ancient China as early as in the sixth 
and fifth century BC. It is called zhu sha. Rich cin-
nabar deposits are located in southern Chinese 
provinces. The method of manufacturing its 
artificial form, that is dry-process vermilion – yin 
zhu, was also developed in China at the begin-
ning of our era. 

Microscopic observation of whites from the 
woman’s face suggested that there might be two 
white pigments. Apart from very large, angular 
and colourless grains, very small, non-character-
istic particles were observed as transmitting a 
very small amount of light (Fig.1.6.a). The reac-
tion with diluted hydrochloric acid revealed par-
tial solubility. Some gas was released but a sub-
stantial part of the sample was left intact. SEM-
EDS analysis (Fig.1.6.b) revealed mostly calcium, 
carbon and oxygen, thus evidencing the presence 
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of calcium carbonate. Also, a certain quantity 
of titanium, magnesium as well as traces of sul-
phur and chlorine were detected. The presence 
of titanium combined with partial resistance to 
acid as well as of very small particles viewed in 
transmitted light might indicate that there was a 
titanium dioxide white pigment which may have 
come from overpaints. The presence of magne-
sium can be connected with calcium carbonate 
(magnesium content of calcite). Large calcium 
carbonate particles make it possible to conclude 
that a naturally derived calcite was used (for ex-
ample, coming from a limestone or shells). The 
presence of anorgenic limestone was excluded 
because it has a very different microscopic mor-
phology.

Mineral forms of carbonate were widely used 
throughout the world. The Chinese tradition of 
calcining and slaking crustacean shells in order 
to obtain shell white dates back to antiquity. Tita-
nium white is a synthetic pigment that has been 
produced on a larger scale since 1920. The fact 
that it was used means that there were conserva-
tion interventions that took place in the Euro-
pean area at a later time. 

The second object (Fig. 2) depicting “A woman 
under a blossoming tree” was an element of a 
wall decoration in the Chinese Cabinet, a part 
of Count Potocki’s Chinese Suite which was fur-
nished first. Three other similar objects were also 
used as the cabinet’s decoration. It is not known 
when they were brought to Wilanow or whether 

they were reused to decorate the cabinet and if 
they had not been used as a decorative element 
in another room before.

It is a representation which is typical of 
Chinese art exported to Europe. Thematically 
and technically similar woodcuts are located 
in the Schloss Favorite palace in Rastatt. The 
large object (163 x 90 cm) was made by using 
the woodcut technique, with painted parts (the 
objects from Rastatt were identified as woodcuts 
by F. Wappenschmidt), or it may have been only 
painted. It dates back to the second half of the 
eighteenth century, to the Qianlong period.

A sheet of paper was used as a surface; it was 
obtained by gluing the overlapping edges of five 
sheets of paper made from Broussonetia Papyrifera 
fibres and then it was lined with three sheets of 
paper, which was also made from Broussonetia 
Papyrifera. 

The paper was dyed yellow and covered with 
a glittery substance (Fig. 3), the composition of 
which is still being subjected to additional stud-
ies, and dusted with metallic powder. Colours 
were applied onto a surface prepared in this way.

Initially it was suspected that the surface was 
dusted with powdered metallic tin and sprinkled 
with ink or paint as there were clearly different 
colours. Analyses performed using the XRF meth-
od did not reveal any other metals (gold, silver), 
whereas tin was found in all studied locations. In 
order to confirm the results, studies were carried 
out by using the SEM-EDS mapping technique. 
In the tested sample of paper, all dots, also the 
black and brown ones, contained tin, but no pig-
ments or organic compounds were identified. 
The size of the dots ranged between 0.02 and 0.4 
mm. The sample was analysed using Raman spec-
troscopy. Tin oxide was identified in small, dark 
brown dots.

The layers of colour were applied using paints 
with an emulsion binder containing glutin 
glue and vegetable oil (FTIR analysis showed 
that there were lipid and protein substances). 
Colours, which were slightly transparent, were 
applied in very thin layers (the layers were 0.007–
0.049 mm thick). In the paints, for example cal-
cium carbonate, copper green, white lead, smalt, 
orpiment, organic red, and minium were identi-
fied.

 
The performed studies and analyses were aimed 
at establishing the work’s substance. Comple-
mentary studies of the objects’ content and 

ICOM-CC Graphic Documents Working Group Interim Meeting | Vienna 17 – 19 April 2013
120

Fig. 3: A woman under a blossoming tree, Wilanow Palace Museum, 
photo by T. Rizov-Ciechanski, a fragment and a close-up of the frag-
ment of a glittering background



function will provide a holistic picture of the 
phenomenon, which will be a basis for making 
crucial decisions concerning conservation. When 
selecting the methods of dealing with works that 
combine oriental and European traditions, com-
promises will be inevitable, which will make it 
an interesting challenge. 
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Introduction
Chinese handscrolls make up a large part of the 
Chinese painting collection at the Freer Gal-
lery of Art and Arthur M. Sackler Gallery. The 
number, size, and structural complexity of these 
functional objects, combined with ongoing exhi-
bition schedules and viewing requests from visit-
ing scholars, make conservation treatment essen-
tial to the care of the scrolls. The Freer|Sackler 
is one of only a handful of museums with full-
time conservation staff specializing in Chinese 
paintings. Xiangmei Gu, senior Chinese painting 
conservator, has been responsible for the exami-
nation, care, and treatment of the handscrolls 
in the collection for over twenty years. Most 
museums and institutions with collections of 
Chinese handscrolls, however, do not have a con-
servator on staff trained in the conservation and 
mounting of these objects. As a result, conduct-
ing condition assessments and developing treat-
ment proposals can be intimidating. This paper 
will outline the basic structure of the handscroll 
and discuss the systematic decision-making pro-
cess followed by Ms. Gu and the conservators in 
the East Asian Painting Conservation Studio at 

the Freer|Sackler when addressing condition 
problems associated with Chinese handscrolls. 
This systematic approach can serve as a guide 
for other conservators and museum profession-
als who are less familiar with the conservation 
of handscrolls, in the care of their collections. 
The decision-making process is as follows: (1) 
identification of condition problems; (2) ranking 
of conditions problems by severity and by fragil-
ity of the painting; (3) treatment options and (4) 
prioritizing treatment solutions that stabilize 
and ensure the safety of the object over intensely 
invasive treatments. 

Background  
The handscroll is one of the most important 
formats for Chinese painting and calligraphy. 
The handscroll is a complex structure composed 
of multiple layers, multiple sections, and dif-
ferent materials. The layers include the paint 
layer, the painted substrate(s), the first lining, 
and additional backing linings. The sections 
include, from right to left: a brocade cover, fron-
tispiece, the painting and endpiece for titles, 
inscriptions, and colophons. These sections are 
divided by wide silk borders and often framed 
with attached thin, paper borders. The different 
materials include paper, woven silk cloth, paste, 
wood, a silken cord, and a jade or ivory toggle. 
The lining support layers, brocade cover, silk bor-
ders, and silken cord are considered part of the 
mounting. The mounting serves as the overall 
scroll structure to make a continuous handscroll. 
All of these components are interdependent and 
form a single art object. 

The handscroll is a functional object designed 
to be unrolled and rolled. The left end of the 
handscroll is rolled into a tube with decorative 
caps inset at the top and bottom. The right edge 
of the handscroll is reinforced with a thin wood-
en stave to which a cord and toggle are attached 
to secure the scroll when rolled. The rolled for-
mat allows the painting to be easily handled, 
transported, and stored. 
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Fig. 1: Patriarchs of Chan Buddhism showing sharp creases before treat-
ment. (Freer Gallery of Art, Smithsonian Institution, Washington, DC: 
Gift of Charles Lang Freer, F1909.229)



Although handscrolls are usually exhibited fully 
unrolled, the handscroll as a personal, func-
tional object requires the viewer to continuously 
unroll and roll the scroll to reveal lengths of the 
painting that an individual can manage. The 
handscroll is an elegant and convenient design, 
but repeated handling often results in wear and 
damage. In addition, the quality of the materials 
and how the handscroll was originally assembled 
can also affect its overall balance, flexibility, and 
long-term stability. Conservators work to identify 
and treat problems to prevent further damage.  

The systematic approach used by the 
Freer|Sackler involves identifying common con-
dition problems, understanding the cause(s) of 
each problem, considering and prioritizing treat-
ment options, and determining the potential 
damage to the handscroll if left untreated. 

Problem Identification
Conservators at the Freer|Sackler have experi-
ence identifying condition problems and charac-
terizing the weaknesses in the overall structure 
of the handscroll that give rise to them.

Poor housing and environmental conditions, 
the use of low-quality materials, and the unsuc-
cessful integration by the mounter of the various 
complex components of the handscroll lead to 
common condition problems that include fox-
ing, brittleness, undulation, creases and splits, 
delamination of the laminate structure, separat-
ing joins, and paint loss.

The following condition problems typically 

occur during storage, when the object is rolled. 
Sharp vertical creases throughout the hand-
scroll can indicate that the paper and silk are 
degraded, acidic, and brittle. When creases are 
primarily located on the section of the painting, 
weakness is often associated with deterioration 
of the painted substrate and potential imbal-
ance between the painting and its surrounding 
mounting. Sharp creases confined to the joins 
in the mount generally indicate weakness in the 
structure due to inappropriate width and thick-
ness of the join and a paste layer that is too thick 
or strong. Minor creases and splits that do not ex-
tend to the center of the scroll, but repeat along 
the edges of the scroll, that appear tight and curl 
up, indicate damage caused by uneven shrinkage 
of the borders. 

Common condition problems resulting from 
poor or excessive handling include wear of the 
cover silk, splits in the mounting attached to the 
wooden stave, torn cords, and broken or miss-
ing toggles. Poor handling can lead to crushed 
edges and edge splits.  Unlike the damage caused 
by uneven shrinkage of the borders, edge splits 
caused by poor handling are common to a scroll 
that appears planar when unrolled.  

As a result of the scroll format and the nature 
of its use, many typical condition problems will 
repeat across the entire length of a scroll. Iden-
tifying condition problems and observing their 
location and patterns of repetition in relation-
ship to other parts of the scroll can help one to 
understand the cause(s) of damage and deter-
mine appropriate treatment. Depending on the 
condition issues and their severity, conservation 
solutions range from minor, localized treatment 
to complete remounting.

Problem Ranking 
After identifying condition problems, conser-
vators determine whether the scroll can be 
handled and displayed. Condition problems con-
sidered high priority are those when the stability 
of the media and the flexibility of the support 
layers are compromised during handling or exhi-
bition. Friable paint, delamination, brittleness, 
and severe creases and splits should be addressed 
and treated before further handling.

Some minor problems are also considered 
high priority if continued use of the handscroll 
is anticipated because they will lead to further 
damage if left untreated. Weak edges, tiny tears, 
minor losses, and crushed edges, combined with 
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Fig. 2: Patriarchs of Chan Buddhism, after treatment. Creases rein-
forced and surface humidified and flattened using minor treatment. 
(Freer Gallery of Art, Smithsonian Institution, Washington, DC: Gift of 
Charles Lang Freer, F1909.229)



repeated and unsafe handling, will lead to large 
tears in the painting. 

Treatment Options
The Freer|Sackler groups conservation treatment 
of handscrolls into three categories: (1) minor 
treatment; (2) intermediate treatment including 
partial remounting; and (3) complete remount-
ing. If possible, minimal intervention should be 
the first option.

Minor treatment can include minor consoli-
dation of loose paint or ink, surface cleaning, 
reattaching lifted support layers, strip reinforce-
ments, repair of small tears, infill of lost material 
on the brocade cover, and repair of lost or dam-
aged cords and toggles. Minor treatment requires 
sparing use and localized application of water to 
minimize the potential for distortion of the ab-
sorbent paper layers.

Strip reinforcements are used to stabilize 
creases and minor tears. Different thicknesses 
of Chinese Xuan paper and Japanese Mino paper 
are pre-cut into narrow strips. A narrow strip of 
paper is pasted and applied to the crease or tear 
on the backside of the handscroll. Strip rein-

forcements can be used to temporarily stabilize a 
handscroll that still requires further treatment, 
or can be applied as a permanent solution when 
there are few creases and tears or they are limit-
ed to the mount joins. Successful strip reinforce-
ments depend upon the conservator’s skillful use 
of the appropriate papers and paste consistency, 
otherwise, these repairs may cause additional 
damage. 

Humidifying and flattening handscrolls under 
weight is a minor treatment for addressing un-
dulations or the upward bowing of scrolls when 
unrolled. The Freer|Sackler uses a controlled 
moisture humidifying and flattening technique 
that is similar to what is known in western con-
servation as friction drying. Controlled intro-
duction of moisture into the support makes the 
scroll more flexible, evens out areas where strip 
repairs were applied, and can restore bonding 
strength between the mounting layers by soften-
ing and reactivating the paste, while minimizing 
the potential for water-induced stains and distor-
tions. 

When minor treatment is inadequate for 
stabilizing condition problems, partial remount-
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Fig. 3: Map of the Yellow River showing a large tear before 
treatment. (Freer Gallery of Art, Smithsonian Institution, 
Washington, DC: Gift of Charles Lang Freer, F1909.220) 

Fig. 4: Map of the Yellow River, after treatment. Tear re-
paired using partial remounting. (Freer Gallery of Art, 
Smithsonian Institution, Washington, DC: Gift of Charles 
Lang Freer, F1909.220)



ing techniques, which build upon fundamental 
mounting practices, should be considered. Par-
tial remounting includes reusing or replacing 
cover silks, repairing major tears, compensating 
for unevenness and imbalance in the mounting 
structure, and replacing the final backing layer. 
For example, severe tears and imbalance in the 
mounting structure can be addressed with a 
partial remounting treatment in which sections 
of the original backing paper are removed and 
replaced with new backing support. This ap-
proach allows serious condition problems to be 
locally treated without completely dismantling 
the handscroll. Partial remounting requires the 
skills used to remount old paintings and should 
be carried out by a trained specialist.

Complete remounting should be the last 
treatment option when a handscroll is in poor 
condition and can no longer be handled and 
displayed safely. Complete remounting may be 
necessary when the old mounting and support 
layers are brittle, severely creased, delaminating, 
and no longer function to protect the painting. 
Specialists trained in traditional methods of 
conservation and mounting techniques of hand-
scrolls should be consulted to carry out complete 
remounting.

Prioritization of Treatment Solutions
In most cases, treatment options for handscrolls, 
from minor treatment to complete remounting, 
reflect a balance between the needs of the hand-
scroll and the resources available to the conser-
vator. Time requirements for proper treatment, 
available working space and facilities, appropri-
ate materials, and the expertise of specialists 
are factors that influence treatment decisions. 
Minor treatment and partial remounting can 
be appropriate preservation solutions even for 
handscrolls in poor condition, when the time, 
resources, and expertise required for complete 
remounting are unavailable.  

Two Ming (1368-1644) dynasty paintings on 
silk from the Freer|Sackler collection, Patriarchs 
of Chan Buddhism (Fig. 1-2) and Map of the Yel-
low River (Fig. 3 - 4), are examples of paintings 
that would have been completely remounted 
under the standard of traditional practice, but 
were successfully stabilized using less invasive 
treatment methods. 

Patriarchs of Chan Buddhism was in fair con-
dition except for several severe vertical creases 
that rose into high peaks across the length of 

the handscroll. It required treatment for safe 
exhibition, but frequent handling or further 
display after exhibition was unlikely. Given the 
time constraints, the fairly stable condition of 
the primary support, and expected infrequent 
handling and display following the exhibition, 
minor treatment was the most appropriate treat-
ment solution. One- or two-layered strip rein-
forcements were applied to reduce the creases. 
For shallow creases, one layer of paper provided 
enough support, but for deep creases, two layers 
of paper were used to add extra support. After 
applying the strip reinforcements, the handscroll 
was humidified and dried under weight to flat-
ten it and make it more flexible.  

Map of the Yellow River was in good condi-
tion overall, but had a large vertical tear that 
made handling unsafe. Tears of this degree are 
often addressed with complete remounting, but 
a partial remounting treatment was carried out 
instead because of the painting’s overall good 
condition. In addition, the blue and green paint 
were thickly applied and could easily be dis-
turbed during complete remounting. The partial 
remounting treatment included removing the 
backing layers around the area of the tear us-
ing localized application of water, mending the 
break, integrating new backing papers to achieve 
the thickness and flexibility of the original sup-
port layers, and overall humidifying and flatten-
ing. In this case, partial remounting offered a 
more stable and long-term solution than minor 
treatment, but avoided the risks of complete re-
mounting. 

Conclusion
This systematic approach to assessing the con-
dition of and determining treatment options 
for handscrolls is used by the conservators in 
the East Asian Painting Conservation Studio at 
the Freer|Sackler to successfully manage the 
needs of the collection while keeping in mind 
the limitations of time and other resources. 
Recognizing that many other institutions face 
additional limitations and do not have conserva-
tors who specialize in Chinese paintings, this 
paper summarizes the most common condition 
problems of handscrolls and some of the treat-
ment options that are available. It is hoped that 
this paper will provide basic guidance on the 
structure and problems of handscrolls and build 
awareness for the sound management and pres-
ervation of these repeatedly handled objects. Like 
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all conservation treatment decisions, this ap-
proach defines the appropriate intervention as a 
balance between the condition of the handscroll 
and the conservator’s resources. The information 
presented in this paper can serve as a basis for 
future discussions on the specific treatments of 
handscrolls.
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Applications of Image Processing Software to Archival Material

Christina Duffy
The British Library, London, UK

Introduction
Images of archival material are useful to both 
conservators for monitoring changes and to re-
searchers for detailed analysis and permanent 
access to collection items. Digitisation projects 
generate huge volumes of image data. Images 
can be enhanced and manipulated with image 
processing software to suit the specific needs of 
the user. This allows historical documents and 
other collection items to be studied without the 
risk of damage to the primary source.

ImageJ is a powerful public domain Java-based 
image processing package. The nature of open 
source software allows for the constant update 
and availability of new plugins and recordable 
macros designed for specific tasks. ImageJ’s 
built-in editor and a Java compiler allow for the 
development of custom acquisition, analysis and 
processing plugins.

In this study the applications of image pro-
cessing software to archival material are de-
scribed highlighting the wealth of information 
that can be obtained from images.

ImageJ
ImageJ was originally designed for the purpose 
of medical imaging by the National Institutes for 
Health by Wayne Rasband, but has since found 
applications in many fields. It can be run on any 
computer with a Java 5 or later virtual machine, 
as an online applet or as a downloadable appli-
cation (Microsoft Windows, Mac OS, Mac OSX, 
Linux, Sharp Zaurus PDA).

ImageJ offers features similar to commercially 

available image processing software packages 
such as brightness/contrast adjustment, frequen-
cy domain filtering, binarisation and particle 
analysis. 

ImageJ Applications to Cultural Heritage
1.Image File Distribution
File Format Conversions: The sharing and distri-
bution of large image files generated by digitisa-
tion projects is often hampered by both the send-
er and recipient’s ability to convert between file 
formats. ImageJ is a versatile image processing 
program which can open and convert between 
TIFF, GIF, JPEG, PNG, DICOM, BMP, PGM and FITS 
images. Plugins can be installed to allow RAW 
image files, images in ASCII format and images 
which are loaded over the network using an URL 
to be opened and manipulated. This versatility 
allows any image format to be converted into the 
users preferred format for storage and archival 
purposes.

2. Digital Image Enhancement
Brightness/Contrast Adjustment: Important fea-
tures in a collection item are often obscured due 
to poor environment lighting during image cap-
ture. ImageJ supports 8-bit, 16-bit and 32-bit gray-
scale images, and 8-bit and 32-bit colour images. 
The brightness and contrast of an image can be 
interactively altered serving to optimise features 
and enhance regions which are shrouded in 
darkness (Fig. 1). 

However, when the brightness and contrast 
of the original image is altered, information is 
lost; the modified image has a reduced greyscale 
range. Therefore although the modified image 
appears more pleasing to the human eye (i.e. the 
differences between foreground and background 
seem more evident), the original actually con-
tains more information and is of a higher quality 
(Faigenbaum et al. 2012).

3. Metadata Generation
Set and apply scale: Accurately recording the 
size of a collection item is an important part of 
metadata documentation. ImageJ can be used to 
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incorporate scale bars in images. Without user 
intervention distances and areas on a digital 
plane are expressed in pixels and square pixels. 
Once the distance in pixels is known then the 
preferred unit (μm, mm, etc.) can be added.  Any 
future measurements made on the image will 
present quantities in the newly assigned unit. 

4. Watermark Extraction
Bandpass filter: The subject of interest of an 
image for a particular user can sometimes be 
obscured by other features such as a watermark 
hidden under lines of text. Bandpass filters can 
be used in ImageJ to filter out unwanted pixel 
structures. An upper size limit filters out large 
structures (shading correction) and a lower limit 
filters out small structures (smoothing). ImageJ 
uses a Gaussian filter in Fourier space allowing 
isolation of important features for research.

There is an extra option to suppress horizontal 
or vertical stripes, which is similar to subtracting 
an image that is only blurred in the horizontal 
or vertical direction in the original.

5. Colour Management
RGB Pixel Values: Colour charts should always 
be included in the image capture procedure to 
ensure that the RGB pixel values of the object be-
ing imaged can be compared to a standard. This 
is important in cultural heritage for the accurate 
preservation of colour in collection items, specifi-
cally photographic collections and illuminated 
manuscripts.

Colour is expressed as an RGB triplet (r,g,b), 
each component of which can vary from zero 
to a defined maximum value. This value can be 
determined with ImageJ. If all of the RGB compo-
nents of an image are at zero, then the image is 

black. Conversely if all of the RGB values are at a 
maximum, then the image is white. 

6. Provenance Determination
Colour Space Converter: Converting images 
from the RGB to other colour spaces can reveal 
hidden text and help determine the provenance 
of archival material. Colour can be specified by 
three parameters in a colour space and there 
are mathematical relationships that enable 
the parameters of one colour space to be trans-
formed into another. The colour of an image is 
most often described in terms of the percentage 
of red, green and blue hues combined. Images 
such as these exist in RGB colour space, but there 
are other ways to describe the colour of a pixel 
using different colour spaces.  Alternative ways 
of describing colour numerically are useful for 
making certain calculations easier and making 
colour identification more intuitive such as by 
describing colours by their hue, saturation and 
luminance.

Two ImageJ plugins allow for the conversion 
of a standard RGB image into another colour 
space called ‘Colour Transformer’ (Barilla 2012) 
and ‘Colour Space Converter’ (Schwartzwald 
2007). ImageJ can generate as many as fifty-two 
combinations of the original image in different 
colour spaces. 

7. Degradation Monitoring
Stacks: Degradation features in a collection 
item can be monitored over time by comparing 
sequential images. An image stack is a collection 
of images of the same size and bit depth usually 
taken over the same region of interest where 
the scene is not changing due to motion. ImageJ 
can display these spatially or temporally related 
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images in a single window allowing the user to 
scroll between images and monitor changes in 
the region of interest. Individual images within a 
stack are called slices. Cameras can be positioned 
in areas to collect photographs which can be 
compared to determine the rate of dust collec-
tion or mould growth in a cultural heritage site. 
Placing images into a stack allows for immediate 
identification of changes. Multispectral images 
can be opened as a stack in ImageJ to compare 
the behaviour of parchment and pigments across 
the electromagnetic spectrum.

8. Artifact Interpretation
Merging and Splitting Channels: Pseudocolour 
images are used to make features such as deterio-
ration artifacts stand-out so that they are easier 
to interpret. Pseudocolour or false colour images 
are single channel gray images of 8, 16 or 32-bit 
pixel depth that have colour assigned to them 
via a look-up table (LUT). They reflect differences 
in image intensity rather than differences in 
the image colour. This type of processing has ap-
plication for multispectral imaging where three 
bands revealing different information are chosen 
and assigned to the colours red, green or blue. 
These images can be merged to create a pseu-
docolour image highlighting important features 
(Fig. 2).

Sometimes image information can be ob-
served more readily in single channel view than 
in RGB combination. An RGB image can be de-

constructed in ImageJ using the Split Channels 
tool. The RGB original image separates into three 
grayscale images, in three different windows rep-
resenting red, green and blue colour channels.

9. Scholarly Understanding and Publication
Rotation and Transformation: Captured im-
ages are often at an unsuitable orientation for 
publication.  It is also useful to compare writing 
on one side of a page with that on the reverse to 
determine if faded text is obscured by ink over-
leaf. Within the Transform menu are options 
“Flip Horizontally” (replaces the image or selec-
tion with a mirror image of the original), “Flip 
Vertically” (turns the image or selection upside 
down), “Flip Z”, “Transform”, and three related 
to rotation which contains commands that ro-
tate the active image or stack.

Image straightening or image rotation is in-
advisable prior to digital restoration unless the 
image is rotating through 90° or 180° (due to 
the regular geometry of pixels). Slight rotations 
are achieved without apparent visible effect on 
the image, but a rotation results in the rewriting 
of colour values and slight blurring of boundar-
ies (Fig. 3). For cultural heritage collections, the 
boundaries of letters and artefacts are crucial to 
defining context (McFeely 2006).

10. Boundary Definition
Unsharp Mask: Unsharp Mask is applied to com-
pensate for poor focus during image capture ei-
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ther because the user failed to focus the camera 
tightly enough, or because the camera was too 
far away from the subject (a possible restriction 
due to limited gutter opening space for bound 
collection items). Unsharp mask is a command 
in the ImageJ Process menu which subtracts a 
blurred duplicate of the image followed by a 
rescaling of the image to obtain the same con-
trast of large low-frequency structures as in the 
original. The image is sharpened as this process 
is equivalent to adding a high-pass filtered image 
to the input image.

Unsharp mask is the final operation which 
should be applied to an image during process-
ing. It is a destructive process. Images can also 
be sharpened using Process > Sharpen but the 
user has no parameter control (blur radius and 
strength of filtering). Unsharp mask changes 
colour values and is especially destructive in the 
fine gradations of colour which form part of the 
image that is most vital in enhancement process-
es. Smooth backgrounds become grainy and lose 
subtle colour definition crucial to restoration, 
while boundaries become more well-defined  
(Fig. 4).

Conclusion
A suite of processing and analysing features in 
the ImageJ package offers multiple applications 
to the field of cultural heritage including image 
file distribution, digital image enhancement, 
metadata generation, watermark extraction, 
colour management, provenance determination, 
degradation monitoring, artifact interpretation, 
scholarly understanding and publication, and 
boundary definition. The increase in digitisation 
projects generates large volumes of image files 
that can be processed to enhance understanding 
of our collections, without physically handling 
fragile material.
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Figure Captions

Fig. 1: Brightness and Contrast. (a): original image, (b): 
brightness and contrast adjusted image. The image is 
processed using the automatic brightness and contrast 
command which optimises the settings based on the im-
age’s histogram. (Image: Cotton MS Nero D.IV Folio 89v).

Fig. 2: Merging and Splitting Channels. (a): multispectral 
image at 420 nm, (b) multispectral image at 720 nm, (c): 
multispectral image at 1,000 nm, (d): pseudocolour im-
age which is the sum of (a), (b) and (c) where colours are 
assigned as (a) = red, (b) = green and (c) = blue. (Image: 
Add. Ms. 45722, Leaf from Sforza Hours).

Fig. 3: Rotation and Transformation. (a): unrotated origi-
nal image of the letter a, (b): rotated image of the letter 
a, (c): unrotated close-up of the letter a showing pixel 
distribution, (d): rotated close-up of the letter a showing 
increased pixel blur when compared to (c). (Image: Cot-
ton Augustus ii 106).

Fig. 4: Unsharp Mask: (a): original unsharpened image, 
(b): image after Unsharp Mask command is applied 
once, (c): unsharp mask command is applied twice, (d): 
unsharp mask is applied three times. (Image: Add. Ms. 
45722, Leaf from Sforza Hours).
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Analysing Deterioration Artifacts in Archival Material  
Using Multispectral Images

Christina Duffy
The British Library, London, UK 

Introduction
Multispectral imaging is a non-invasive and non-
destructive method with applications in remote 
sensing, astronomy and most recently in the 
emerging field of cultural heritage. Details of 
archival material invisible to the naked eye may 
be revealed by examining them in the infra-red 
(IR) and ultra-violet (UV) regions of the spectrum. 
Unlike standard RGB imaging, multispectral im-
aging captures a dense set of spectral measure-
ments over a wide wavelength range revealing 
information unobserved in the visible bands.  
Deteriorating artifacts in archival material 
can be analysed and documented by process-
ing digital images generated by multispectral 
instruments, without the risk of damaging the 
primary source. 

Archival degradation is present in all materi-
als due to natural aging and can be accelerated 
by usage, poor storage conditions, unsuitable 
humidity, mould and insect infestations, and 
physical damage such as fires or floods. These 
conditions lead to typical deterioration artifacts 
including biological and physical damages, 
metal gall inks corrosion, ink diffusion and fad-
ing, seeping of ink from overleaf (bleed-through 
effect), blurred or unfocused writings, transpar-
ency, parchment gelatinisation, noise, spots, 
fragmentation of ink, or paper oxidation.

Examining these artifacts in different regions 

of the spectrum enables differently-coloured 
features to be emphasised so that deterioration 
artifacts may be distinguished and damage may 
become visible.

Multispectral Imaging: The range of all possible 
frequencies of electromagnetic (EM) radiation 
is known as the Electromagnetic Spectrum. It 
extends from low frequency and long-wave radio 
waves through to high frequency and short gam-
ma waves. The higher the frequency, the more 
energy a wave contains. These energetic waves 
can cause serious damage to sensitive material, 
including skin when exposed to UV radiation 
from the sun. Radiation either side of the visible 
region cannot be observed with the human eye, 
but can be captured visually using multispectral 
analysis. 

Multispectral imaging is a form of computa-
tional photography which extracts information 
from a sequence of digital images. Computa-
tional photography is based on the interaction of 
light with matter. When light falls on an object, 
energy is absorbed, reflected or transmitted by 
its surface. The extent to which this energy is 
absorbed or reflected is dependent upon the 
chemical nature of the object. Each material will 
have a characteristic spectral curve dependent 
on the chemical make-up. Multispectral instru-
ments can provide spatially-resolved analysis and 
distribution of materials with distinct spectral 
signatures. Many texts which are illegible to the 
eye are legible in the infrared. Similarly, deterio-
ration artifacts that cannot be seen in the visible 
can be observed at other wavelengths. 

Experimental Method
Hardware: A number of multispectral imaging 
systems are available on the market, but each 
developed for a specific purpose. One of the first 
systems designed for cultural heritage was devel-
oped and used for high resolution digitisation 
of large easel paintings at the National Gallery 
under the EU-funded VASARI project (Saunders 
1993). Since the VASARI project multiple systems 
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have been developed offering the user greater 
choice in technical specification.

Data in this study was collected using a Mu-
SIS system by Forth Photonics. Pages can be 
imaged rapidly facilitating real-time examina-
tion and a tunable monochromator means that 
the optimum wavelength for examination can 
be easily selected. MuSIS contains a sensitive 
photodetector reducing the amount of illumina-
tion required to fall on the object during image 
capture. Multispectral imaging with a MuSIS 
system can take photographs at 32 different 
wavelengths, ranging from the ultra-violet to the 
near-infrared at 20 nm intervals (420 nm – 1,000 
nm) as shown in Fig. 1.

Software: Multispectral imaging extracts infor-
mation from a sequence of digital images. There 
are several interactive visualisation tools avail-
able for handling multispectral imaging. Histori-
cally most software that processes multispectral 
data is specific to astronomical or remote sensing 
applications. Software ranges from commercial 
(ENVI from ITT Visual Information Solutions), 
to freeware (MultiSpec (Biehl, Landgrebe 2002)). 
These tools were designed to help solve practi-
cal problems faced by conservators in libraries, 
museums, and archives for character segmenta-
tion, monitoring of degradation, evaluation of 
cleaning methods, enhancing manuscript text, 
visualisation of palimpsests and for pigment 
identification.

Images collected with the MuSIS system were 

analysed using HSI Labs (Joo Kim, Zhuo, Deng, 
Fu, and Brown 2010). HSI Labs is an imaging soft-
ware program designed in collaboration with the 
Nationaal Archief of the Netherlands (NAN) and 
Art Innovation, a manufacturer of hyperspectral 
imaging hardware. The software is specifically 
designed for use on vulnerable historical docu-
ments where visualisation and analysis methods 
are required to determine the state of the col-
lection item. Features available with HSI ma-
nipulation include interactive spectral selection, 
spectral similarity analysis, time-varying data 
analysis and visualisation and selective band fu-
sion (Seon Joo Kim et al., 2010).

Results 
Pigment Identification and Monitoring: Each 
of the 32 spectral images produced by the MuSIS 
system is displayed as a monochromatic image 
representing the percentage of spectral reflec-
tance at each pixel for this band. The change 
in the value of the pixel’s spectral reflectance 
across the 32 bands can be plotted, and this cor-
responding plot is characteristic of the material 
analysed. This information allows the user to dif-
ferentiate between various pigments which may 
be unknown and compared to those which are 
known. 

Fig. 2 displays three panels showing different 
representations of the Renaissance illuminated 
manuscript Add. Ms. 45722: Leaf from Sforza 
Hours. To the left is the original colour image. 
Using HSI Labs spectral data is used to generate 
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similarity maps. Similarity maps between the 
mean of the spectrum of the marked area and 
the other points in the data are computed by us-
ing the entire spectral bands, visible bands and 
selected bands in the near-IR. The central and 
right images in Fig. 2 show similarity maps in 
greyscale and jet colour respectively.

Fig. 3 shows the spectral plot of the points 
marked 1-8 in the colour image of Fig. 2. The 
points were chosen based on colour differences 
observed visually, and were intended to capture a 
wide range of pigments used in the illumination. 
A plot of this data allows the user to compare 
spectra of different image points to determine 
their similarity (or dissimilarity). This has appli-
cations for measuring the corrosion or ink-bleed 
severity and separating foreground artifacts from 
the background of the image or document under 
analysis.

Photographic Degradation: Historical photo-
graphs form an important part of cultural heri-
tage collections as their examination allows for 
the improved understanding of most subjects 
of interest. They capture moments in time and 
allow observers to connect with characters and 
places in the past. Photographs are damaged by 
direct sunlight, insects, degrading adhesives, 
nearby sulphur compounds and high humidity 
which encourages mould growth.

Multispectral analysis has been used recently 
on daguerreotypes (Goltz, Hill 2012). Degradation 
of daguerreotypes results in the formation of tar-
nish on the highly polished silver surface which 

can obscure the graphic content of the image. It 
was found that the light absorption properties of 
a photograph with tarnished and untarnished ar-
eas had significant differences. These differences 
allowed for the near-IR camera to image through 
dirt and heavily tarnished areas. Multispectral 
analysis can therefore be used as a means of vi-
sually showing the conservator how much and 
which parts of the photograph have the potential 
to be recovered. Spectral analysis could be uti-
lised as a means of monitoring changes to tar-
nish and other photographic artifacts allowing 
preventative measures to intervene immediately.

Fig. 4 shows a 20th century photograph of a girl 
making her Holy Communion. A written inscrip-
tion in ink along the top records the date and 
event. Three bands (420 nm, 620 nm, 1,000 nm) 
of the 32 which are produced from the MuSIS 
instrument highlight the differences observed at 
different parts of the spectrum. Dirt and impuri-
ties visible at 420 nm can be eliminated at 1,000 
nm. The ink inscription along the top, which is 
faded to observers in daylight, appears enhanced 
and more legible at 620 nm.

From Fig. 4 it is evident that each waveband 
produced by the multispectral instrument 
contains different information. While it is 
sometimes useful to isolate these bands it is 
also advantageous to combine bands with and 
provide contextual details in the entire data vol-
ume in a process known as fusion analysis. This 
technique aids in enhancing the legibility of the 
data. The fusion technique is also useful in that 
it can remove artifacts on the document such as 
ink-bleed, ink corrosion, and foxing for research 
purposes.

Conclusion
Multispectral images are useful for analysing 
deterioration artifacts in archival material and 
where possible should be considered as part of 
the standard condition assessment process. Mul-
tispectral data can be used to analyse the effects 
of environmental aging. It is known that the 
effects of changes in humidity and temperature 
and exposure to light induce damage to docu-
ments over time. These changes can be system-
atically monitored with visualisation tools such 
as HSI Labs to track the exact process of aging. 
Parchment reflectance can be monitored to de-
tect degradation before it is visually observed.

Image processing is as important as image 
capture. Processing and analysing digital images 
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offers a non-invasive approach to study and dis-
seminate historical documents without the risk 
of damaging the primary source.
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Figure Captions

Fig. 1: The spectral range of the MuSIS 
system extends from ultraviolet to near 
infrared including the visible part of the 
Electromagnetic Spectrum. From  
http://musis.forth-photonics.com/

Fig. 2: HSI Labs multispectral image 
processing of the Renaissance illumi-
nated manuscript Add. Ms. 45722, Leaf 
from Sforza Hours. Similarity maps are 
a measure between the mean spectrum 
of the marked area and the other points 
in the data are computed by using the 
entire spectral bands, visible bands and 
selected bands in the NIR. Left: Original 
RGB image showing a variety of pigments 
used across the illumination. The num-
bers represent spectral plots shown in 
Fig. 3. Centre: Grey colour similarity map 
of the Leaf from Sforza Hours, Right: Jet 
colour similarity plots of the Leaf from 
Sforza Hours. Multispectral data was 
captured with the MuSIS system.

Fig. 3:  Spectrum plot of the Renaissance 
illuminated manuscript Add. Ms. 45722, 
Leaf from Sforza Hours showing the use 
of multispectral images in pigment iden-
tification. 1 = blue clothing, 2 = green 
clothing, 3 = yellow hat, 4 = grey collar, 5 
= baby skin, 6 = gold halo, 7 = brown roof, 
8 = red clothing. 

Fig. 4: Three bands of the 32 generated by 
the MuSIS multispectral instrument are 
shown. Left: At 420 nm the photograph 
appears dirty and the ink inscription 
along the top is faded. Centre: At 620 
nm the impurities on the surface have 
been reduced and the ink inscription is 
enhanced. Right: At 1,000 nm the impuri-
ties have are removed and the image is 
no longer obscured. The ink, however, is 
not visible at this band. A combination 
of the 620 nm and 1,000 nm band would 
provide the optimum fusion.
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Strategy in the Case of a Wrecked Papyrus: Is an Intervention Appropriate?

Eve Menei and Laurence Caylux
Independent conservators, Paris, France

Some works may be historically significant but 
in disastrous condition. At each stage of evalua-
tion of the artifact, the conservator finds himself 
or herself confronted with the very question of 
whether to intervene.

In 2010, the Department of Egyptian Antiqui-
ties of the Louvre asked us to undertake research 
on the physical condition and possibilities for 
intervention on a large (estimated length of the 
scroll: seven metres) and exceptional papyrus, 
recently acquired by the Museum (inv.E 32 847) 
(Fig. 1).

Historical background
The document inscribed recto-verso, dated to the 
New Kingdom of Egypt (1550-1050 BC) displays a 
medical treaty on each side. The recto bears de-
scriptions of diseases together with remedies to 
treat them, for which some parallels are known 
from other papyri. The verso shows longer and 
more numerous descriptions together with 
magical spells unknown from other documents. 
The first text was written during the reigns of 
Thutmose III or Amenhotep II (1479-1404 BC) and 
the second one 150 years later at the beginning 
of the Ramesside period as an updated version 

of the preceding text. The manuscript is written 
in hieratic script, with cursive hieroglyphs, in 
carbon black ink and some sections are inscribed 
in red ink. The papyrus was acquired in 1953 by a 
private individual. It has remained the property 
of various private owners until its purchase in 
2007 by the Department of Egyptian Antiquities 
of the Louvre thanks to the contribution of the 
Ipsen Group. Its general condition was however 
so preoccupying that the Museum hesitated in 
concluding its purchase which was finally justi-
fied by the scientific importance of the docu-
ment. 

The production of papyri
The oldest known papyrus is an unwritten scroll 
found in a tomb and dated to 3100 BC. 
It shows evidence of a perfectly developed pro-
duction process.

A sheet of papyrus is made from strips cut 
vertically from the stem of the Cyperus papyrus; 
two layers of strips would be laid down one upon 
the other at right angles and then pressed. Like 
all organic materials, papyri eventually suffer 
deterioration through ageing, but stored under 
good conditions, they can still be very light in 

ICOM-CC Graphic Documents Working Group Interim Meeting | Vienna 17 – 19 April 2013
135

Fig. 1: Overall view of mounts 1 and 7 (Menei & Caylux©).



colour, comparatively flexible, with a good con-
sistency of fibres, even after 5000 years.  

Present condition
The dark brown colour and the fragile and crum-
bly material of the document are indicative of an 
unusual and advanced state of deterioration. The 
scroll was probably in bad condition when it was 
discovered.

It is separated into two parts (top and bottom) 
by a horizontal fracture running over its entire 
length. When the papyrus was unrolled, frag-
ments were placed into nine mounts without 
the corresponding top and bottom parts being 
joined.  Fragments were attached with strips of 
self-adhesive plastic tape between two sheets of 
glass bound with opaque self-adhesive tape. The 
glass of the mounts is very soiled by the dust of 
papyrus and some of them show white stains 
due to previous exposure to water. The papyrus 
comprises many vertical fractures, lacunae and 
broken fragments, many of them being detached 
and now loose. White haloes are today the only 
traces of pieces either displaced or lost (Fig. 2). 
Some fragments have become so crumbly that 
it is no longer possible to distinguish the fibre 
structure of the papyrus (Fig. 3). 

Intervention
After a preliminary thorough assessment of the 
condition and the constituents of the document, 
sponsors were sought to support research into 
the practical feasibility of a repair intervention. 
Once this research is completed, will it be pos-
sible to open the mounts, handle the fragments 
and replace them in the right order and store 

them in a satisfactory way?
A very progressive approach was decided con-

sisting of several steps (0 to 5, steps 0 to 4 being 
completed) in order to evaluate the practical pos-
sibilities.

Step O 
Initially, an overall H-D photographic study was 
carried out to document all pieces, recto and ver-
so. This then makes it possible for an epigraphist 
to work simultaneously on the texts with the 
competent curator in order to find the former 
position of the fragments misplaced.

We adopted the principle of a chronological 
journal in order to record every single operation 
(meetings, tests, orders, conversations, recom-
mendations).

We also got in touch with colleagues special-
ized in the conservation of papyri and exchanged 
our views on our problem: Bridget Leach from 
the British Museum in London and Florence 
Dalbre from the Bodmer Foundation in Geneva. 
These contacts have been very valuable to com-
pare the conservation materials used as well as 
to help us choose the methods to be applied. 

Step 1 
Opening the mounts
After this preliminary evaluation, we were con-
scious of the extreme fragility of the document 
and our first intention was to limit our interven-
tion to a maximum by only replacing the frag-
ments and changing the glass of the mounts. We 
began by opening a first mount but we quickly 
noticed that despite all our precautions, the pa-
pyrus was too brittle to be lifted out and handled 
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without preliminary consolidation.  
Our next objective was to select an appropri-

ate consolidant (by nature irreversible) to restore 
the consistency of the material.

Step 2 
Consolidant
On the basis of our practical experience in the 
conservation of papyri ( Menei 2010) and that 
of our foreign colleagues (Darbre 2008), it was 
agreed to select funori (an adhesive paste made 
from Japanese seaweeds of the Gloïopeltis fam-
ily). This is well known for its great smoothness. 
Its low surface tension allows for better penetra-
tion inside the layers of fibres of papyri which 
are not refined and not felted like paper. Used 
well, it does not cause brightness nor darkening 
of the papyrus.

Several methods for preparing funori exist in 
Japan: it can be soaked for varying durations, 
heated or unheated and can be used in various 
concentrations. To reduce the surface tension, 
we thought to add a few drops of ethanol. Then a 
method of preparation and concentrations meet-
ing our requirements of penetration inside our 
brittle papyrus had to be chosen. We carried out 
a number of tests to determine the best prepara-
tion and concentration of funori.

Two types of funori can be found on the market: 
an artisanal product sold as dried seaweeds and 
a product resulting from laboratory extraction 
(JunFunori®) sold as a white powder. We are cur-
rently hesitating between these two products: 
the first one benefits from already being tried 
and tested and the second from a laboratory 
production guarantee although it may be of vari-
able quality. We must carry out quality tests after 
maturing of the later product (Dauchez 2012, 
Michel 2011). For the moment we have decided 
to use traditional Japanese funori sold as dried 
seaweeds. 

Based on our experience and on conservation 

literature, the safest method for applying funori 
consists in brushing it over the surface through 
an intermediary film. The surface is too fragile to 
support direct friction of the brush and vaporiza-
tion does not permit overseeing easily the funori 
impregnation uniformly. After a test, it appeared 
absolutely indispensable to supplement consoli-
dation by adding a lining paper.

Step 3
Facing
Our selection criteria for the lining paper were a 
great transparency so that the written side being 
covered should remain readable, a good solidity 
and a good penetrating ability to allow the trans-
fer of consolidant.

A number of the thinnest Japanese papers  
were tested:

Paper Nao ref RK 00 3,5g/m2

Paper Nao ref RK 01 8g/m2

Berlin tissue 2g/m2

Tengu 3,5g/m2 and 2g/m2

The first mentioned paper, although very thin, is 
so coated that it does not let the consolidant get 
through easily. Best results are obtained with 2g/
m2 papers.
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Objective Final choice

Determine the best method of preparation: various 
durations for soaking and heating

24 hours soaking + 15 minutes heating

Define the concentration-ratio dry seaweed / water: 0,25%, 
0,50%,1%

0,50%

Assess the effect of adding ethanol None ( water penetrates more rapidly, but the long 
molecules of consolidant remain on the surface)



Step 4 
Consolidation/ facing protocol
The putting into place of this procedure has a big 
influence on all parameters (dispersion, transpar-
ency, brightness, pasting quality). 

We carried out tests on pieces of paper toned 
brown using watercolour paint and on pieces of 
unwritten papyri provided by the Department 
(Fig. 4). 

As for the method of application, we chose 
to lay the consolidant over the surface through 
Japanese paper with a flexible flat brush. It ap-
pears to us to be the fastest and the most precise 
method.

Ongoing step 
At this stage, our reflection and the preparation 
of the protocol must be confronted with the 
current condition of the document. We must 
now carry out our first tests on small original 
fragments. With the assistance of the curator, 
we will select them and choose the side to be cov-
ered with the facing.

After opening the mounts, the strips of adhe-
sive bands will be cut right on the edge of the 
fragments. Considering the extreme state of 
brittleness of the papyrus, it is impossible at the 
present time to eliminate them. After consolida-
tion and lining, we hope that it will be possible. 
This is why, we would be more favourable to lin-
ing the side without adhesive bands. 
 
We are also developing a method for removing 
fragments from their mount using a sandwich of 
nonwoven fabric with the aim of implementing 
the protocol for each separate fragment.
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Scope of our tests:

Objective Final choice

Assess the number of layers of consolidant  necessary Two layers

Appraise the quantity of consolidant on the brush The brush should be very lightly impregnated in order to 
avoid overflowing on the sides and wetting the papyrus 
too much

Determine if pre-pasting the paper increases transparency Not necessary with two layers of consolidant

Evaluate the need for pre-humidification of   the papyrus Essential to facilitate penetration



Fiber Optic Reflectance Spectroscopy (FORS):  
A Useful Technique for the Analysis of an Early 20th Century Livre d’Artiste

ana margarida silva | márcia vilarigues | maria joão melo | vicarte | marcello picollo 
Department of Conservation and Restoration, Faculty of Sciences and Technology,  
New University of Lisbon, Portugal
Institute of Applied Physics ‘Nello Carrara’, Florence, Italy

In paper conservation the analysis of materials is 
often quite difficult due to the fact that in deli-
cate art work paint layers are usually very thin 
and small in size. The use of in situ non-invasive 
techniques is recommended as the most appro-
priate analytical tool.

The analysis provided by Fiber Optic Reflec-
tance Spectroscopy (FORS) is useful in these 
cases. The proposed in situ non-invasive tech-
nique operates in the ultraviolet (UV), visible (Vis) 
and near-infrared (NIR) regions (350–2200 nm). 
It allows scientists and conservators to identify 
different compounds, especially pigments and 
dyes, to evaluate colour and colour changes and 
to detect alteration products. Proper instrument 
configuration may promote the achievement 
of these goals with just a single measurement. 
This methodology is based on the measurement 
of the diffuse radiation from the surface when 
compared with a standard of calibration, such as 
Spectralon® or barium sulphate plates.

This case study presents a livre d’Artiste by 
Amadeo de Souza-Cardoso (1887-1918), the most 
important Portuguese artist of the Avant Guard 
movements from the beginning of the twentieth 
century in Western Europe. The book entitled 
La Légende de Saint Julien L’Hospitalier (1912) 
was copied and illustrated by the artist from the 
tale of Gustave Flaubert, resulting in a piece of 
artwork. The decorative elements, illustrations, 
and text link each other gracefully, the result of 
which is a modern reinterpretation of a medieval 
codex. This beautiful and unique piece is now 
at Centro de Arte Moderna – Fundação Calouste 
Gulbenkian’s collection in Lisbon (Portugal).

The poster illustrates the effective use of FORS 

in the analysis of this book. On analysis of the 
book’s production, FORS technique confirmed 
the use of parchment in the bookbinding. FORS 
also offered interesting information about the 
watercolour’s molecular palette, rich in coloured 
and stable pigments, which corroborates previ-
ous studies, with the exception of the blue co-
lours. Gold and silver were also identified as well 
as alterations in silver. However, not all pigments 
can be identified in the 350–2200 nm range by 
FORS, because some materials have similar reflec-
tance spectra: for instance, cadmium red and 
vermilion. The black pigments were not easily 
identified because they show a strong absorption 
that masks almost all of their spectral features.

When necessary, analyses were complemented 
with micro-X-ray fluorescence spectroscopy and 
micro-Raman spectroscopy. 

The application of FORS proved to be useful 
to paper conservation, providing in situ non-in-
vasive analysis. The advantages of FORS include 
among others, the portability of the instrument 
(which allows analysis on site) and the ability to 
analyse the acquired spectra in real time.
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Imaging Characteristics of Graphic Materials with the Minidome (RICH)

Lieve Watteeuw | Bruno Vandermeulen | Jan Van der Stock | Pierre Delsaerdt |  
Stefan Gradmann | Fred Truyen | Marc Proesmans | Wim Moreau | Luc Van Gool
KU Leuven, Faculty of Arts; Illuminare, University Library & ESAT-Visics,  
Department of Electrical Engineering, Leuven, Belgium

The RICH project
RICH (Reflectance Imaging for Cultural Heritage, 
KU Leuven, 2012-2015) is creating a digital imag-
ing tool for researching, studying, and exploring 
material characteristics of library materials. In 
2005, the first generation of the module was cre-
ated for reading cuneiform tablets in the depart-
ment of Assyriology of the University of Leuven 
(KU Leuven). With the second generation of the 
imaging devise, developed in 2013, the visualiza-
tion of paper and parchment artifacts, paper and 
wax seals, illumination and bookbinding stamps 
(gold- and blind tooled, on the back and on the 
boards of bindings) is in development. The imag-
ing tool can create a sharp and exact image of 
the surface in 2D+ and proofs to be an accurate 
documentation tool for monitoring surface char-
acteristics of graphic materials. 

Infrastructure
The digital imaging device, IMROD (Imaging 
Module for Multi-spectral, Reflectance or 2D+), is 
digitizing with omnimulti-directional lighting 
and exports the result to 2D+ (Fig. 1). The tech-
nique is based on polynomial texture mapping, 
also known as Reflectance Transformation Imag-

ing (RTI), a technique of imaging and interac-
tively displaying objects under varying lighting 
conditions to reveal surface phenomena. The 
module is a hemi-spherical structure with a sin-
gle downward looking video camera (28 million 
pixels). The object to be captured ( maximum 180 
to 120 mm) lies in the center and is illuminated 
from computer-controllable lighting directions, 
through the subsequent activation of multiple 
white LEDs. The different angles that illuminate 
the surface of the artifacts are revealing extreme 
details. Special attention is taken to produce rak-
ing light to provide information on the surface 
topography. For each illumination an image is 
taken by the overhead camera, in total 264 im-
ages for each object. After processing these 264 
images, filters in the visualization system like 
virtual lighting, shading and sketch are incorpo-
rated in the software. The application of these 
filters allows detailed documentation of surface 
characteristics, irregularities, undulations, flak-
ing, lacunas and the different levels of loss of 
the pictorial layers of the researched artifact.  
After capturing the images, fine details can be 
highlighted by the use of specific digital filters, 
bringing out structures that would be less visible 
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Fig. 1: Dome for digitizing with omnimulti-directional 
lighting and export the result to 2D+. 
(© ESAT, KU Leuven)

Fig. 2: Last folio of a severely damaged 19th century manu-
script on paper,  imaged with raking light and adding a 
shade filter. (© RICH, KU Leuven)



under single illumination (like shade, contrast, 
sharpening and sketch filters) (Fig. 2 - 4). The tool 
is portable and mobile which makes it possible 
to examine books and archives in situ.

Further development
Until 2015 the RICH project will further develop 
this tool for researching and understanding the 
material and tactile characteristics of graphic 
materials. Examination and identification of the 
production of graphic objects, changes in their 
structures (the supports) and pictorial layers 
(paint, inks, drawing- and printing materials, 
varnish, gilding, retouching, abrasion) could be 
very accuratly documented during the first stage 
of the project. Complementary, RICH is useful 
to monitor the conservation and preservation 
status of an object before and after treatment, 
transport or exhibition. The results will be man-
aged and disseminated through a portal and an 
image database (2014 – 2015). 
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Fig. 3: 18th century paper seal, imaged with raking light 
with IMROD. (© RICH, KU Leuven).

Fig. 4: 18th century paper seal, image with raking light and 
sketch filter ((© RICH, KU Leuven).



The Paper Conservator’s Role:  
The Metropolitan Museum’s Renovated Galleries for the Art of the Arab 
Lands, Turkey, Iran, Central Asia, and Later South Asia

Yana van Dyke
The Metropolitan Museum of Art, Sherman Fairchild Center for Conservation of Works of Art on Paper,  
New York, USA

The Metropolitan Museum of Art houses one 
of the most important collections of Islamic 
art outside the Middle East. Within this world-
renowned collection is a significant body of 
works of art on paper and parchment, represent-
ing some of the most superlative accomplish-
ments of illuminated and illustrated manuscript 
production in the Islamic world. The collection 
safeguards approximately seventy-two fully-
bound manuscripts complete with their entire 

textblocks, in addition to several thousand 
detached singular folios, representing a broad 
span of time, from the tenth to the nineteenth 
centuries. These works of art on parchment and 
paper reflect great diversity and range of the cul-
tural traditions of Islam, with works from as far 
westward as Spain and Morocco and as far east-
ward as Central Asia and India. Comprising both 
sacred and secular objects, the collection reveals 
the interdependency of scholarly and artistic pro-
ficiencies within the Islamic world.

In October of 2011, the Metropolitan Museum 
of Art celebrated the grand reopening of fifteen 
galleries dedicated to the permanent display of 
its Islamic collection; following a monumental 
eight year, $50 million dollar renovation. This 
massive project encompassed hundreds of all 
types of objects housed within the Islamic art 
department; including objects made of glass, 
ceramic, wood, metal, carpets and textiles, and 
jewelry, in addition to works on paper and parch-
ment. 

Throughout the course of this eight year enter-
prise, the responsibilities and demands of the 
paper conservator were multifaceted: from first 
time surveys of the extremely rare manuscript 
collection, participation in exhibition case de-
sign, collaborations with curators, to probing 
scientific inquiries. Moreover, traditional conser-
vation assignments were consistently juxtaposed 
with surprising and extraordinary challenges. 
In addition to the practical and ethical consid-
erations that arose alongside the treatment of 
these complex works on paper and parchment; 
material investigations with the enlistment of 
numerous analytical techniques led to a deeper 
scholarly and technical understanding of objects 
examined.

The poster illustrates the multifarious profes-
sional demands and ever-evolving complex web 
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of responsibilities requiring appropriate and 
balanced conservation solutions faced by a pa-
per conservator within a museum environment 
during a major renovation project. This integral 
role was one that reached far beyond the micro-
scope and involved a host of collaborations with 
scientists, designers, engineers, architects, case 
and lighting designers, mount makers, as well as 
website designers. 
• The project team
• Conceptualizing, envisioning and defining the 

new galleries 
• New galleries exhibition design
• Ensuring the proper testing of all case const-

ruction materials 
• Checklist: object selections including rota-

tions
• Survey of bound manuscript collection

• Examination and condition assessment
• Prioritization of conservation treatments: 

straightforward to complex 
• Conservation treatment of detached folios 
• Conservation treatment of bound  

manuscripts 
• Spearheading scientific inquiries
• Working with museum photographers 
• Contributing to new publication of collection 

catalogue
• Assessing exhibition lighting design 
• Rehousing of all artworks for exhibition and 

long-term preservation
• Display of single folios
• Design custom cradles for display of bound 

manuscripts
• Object installation phase (Fig. 1 - 4)
• Facilitate the custom framing and housing of 

the monumental timurid quran folios
• Technology: create interpretive materials for 

touch screen monitors in galleries
• Training gallery tour guides on the arts of the 

book
• Ongoing gallery rotations of detached folios 

and bound manuscripts
• Ongoing monitoring of environmental condi-

tions
• Sharing and disseminating through online 

website content
• Presenting gallery talks
• Teaching in curatorial study course 
• Participating in an joint conservation exhibiti-

on related to the gallery renovation: “making 
the invisible visible” on view at the metropoli-
tan museum spring 2013 
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Figures 

Fig. 1: The Metropolitan Museum of Art, 
Galleries for the Art of the Arab Lands, 
Turkey, Iran, Central Asia, and Later 
South Asia, Gallery 450: The Patti Cadby 
Birch Gallery: Introductory Gallery, pho-
tographed in 2011.  Image © The Metro-
politan Museum of Art

Fig. 2: The Metropolitan Museum of Art, 
Galleries for the Art of the Arab Lands, 
Turkey, Iran, Central Asia, and Later 
South Asia, Gallery 450: The Patti Cadby 
Birch Gallery: Introductory Gallery, pho-
tographed in 2011.  Image © The Metro-
politan Museum of Art

Fig. 3: The Metropolitan Museum of Art, 
Galleries for the Art of the Arab Lands, 
Turkey, Iran, Central Asia, and Later 
South Asia, Gallery 455: Iran and Central 
Asia (13th-16th Centuries), photographed 
in 2011. Image © The Metropolitan Mu-
seum of Art

Fig. 4:  The Metropolitan Museum of Art, 
Galleries for the Art of the Arab Lands, 
Turkey, Iran, Central Asia, and Later 
South Asia, Gallery 457: Spain, North 
Africa, and the Western Mediterranean 
(8th-19th Centuries), photographed in 
2011: Image © The Metropolitan Museum 
of Art.
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Characterising the Origin of Carbon Black Inks by ATR FTIR Spectroscopy

Paul Garside | Rajabi Razak
British Library, London, UK
Kulliyyah of Architecture and Environmental Design, International Islamic University, Malaysia.

Carbon black inks have been used in Asia for 
millennia and, therefore, are found in many 
documents of historic significance.  The source 
of carbon for these inks varies with period and 
location, and so can provide important informa-
tion about the origins and nature of such manu-
scripts.

The work presented here details the use of 
attenuated total reflectance (ATR) infrared spec-
troscopy to aid in differentiating these materials.  
To this end, five inks were prepared using the 
following carbon sources: ivory, bamboo, coco-
nut and lamp black, made up using traditional 
techniques, along with a modern high purity car-
bon black.  The inks were applied to rag paper, 
modern printer paper, pure cellulose paper and 
parchment.  Subtle differences between the spec-
tra recorded from the samples (emphasised by 
applying spectral subtraction and other enhance-
ment techniques) could be linked to the source 
of the carbon and arise from incompletely burnt 
residual material, allowing their origins to be 
more accurately determined.  These differences 
were not observed with the higher purity mod-
ern materials, in which little or no residual ma-
terial exists.  When this method was applied to 
objects using carbon inks of this kind, in many 
cases it was possible to determine the likely basis 
of the ink.

This technique presents a valuable method for 
investigating the provenance and composition 
of these historically important inks, and thereby 
gaining a greater understanding of the objects 
on which they have been used.

Introduction
Pigments and inks based on carbon black have 
a long tradition of use, particularly in Asia, 
and therefore are found in many documents of 
historic and cultural significance.  The material 
used to make up these pigments is derived from 
the soot resulting from the incomplete combus-
tion of a variety of fuels, including plants, ivory, 
bone, lamp oils and waxes (Eastaugh et al. 2008).  
Knowing the source of the carbon black can pro-

vide valuable information about the provenance 
and history of the document in question, as well 
as giving clues to modifications or alterations.  
The work presented here details the study of 
such inks by ATR spectroscopy, with the aim of 
identifying their source by characterising residu-
al material in the soot.

Method
Finely ground carbon samples from burnt bam-
boo, coconut, ivory and lamp oil, as well as a 
modern carbon black pigment, were made up as 
inks by combining roughly 0.2 g of the carbon 
and 0.1 g gum in 5 ml water.  A brush was then 
used to apply these five inks to four different 
substrates: filter paper (pure cellulose), rag paper, 
printer paper and parchment.

Once the inks had fully dried, spectra were 
recorded from these ink specimens and from the 
substrate itself, using a Perkin-Elmer ‘Spectrum 
400’ spectrometer fitted with an ATR accessory, 
with 16 accumulations and 4 cm-1 resolution.  In 
each case, two sets of spectra were recorded, the 
first using a diamond ATR crystal and the second 
a germanium crystal, the former over the range 
4000-550 cm-1, and the latter over 4000-600 cm-1 
(the difference being due to the transmission 
ranges for the crystals).

For each sample and ATR crystal type, the pure 
substrate spectrum was subtracted from those 
of the ink on substrate, giving a spectrum of the 
residual material in each case.

In order to assess the usability and value of 
this approach, carbon inks on four documents 
(labelled as X1 to X4) were assessed in a similar 
way (subtraction of substrate spectrum from ink-
plus-substrate spectrum, followed by interpreta-
tion of the result), and the material origin of 
the ink thereby proposed.  This assessment was 
carried out using the germanium ATR set-up, for 
reasons discussed below.

Results and Discussion
The original and subtracted spectra for each of 
the five types of ink, recorded using  the germa-
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nium ATR crystal are presented (Figs. 1-2); note 
that only the results for the samples on modern 
printer paper are given, but those for the other 
three types of substrate were similar.  The results 
obtained using the diamond ATR crystal were 
also broadly similar, but the results of the spec-
tral subtraction were less well defined.

If the subtraction spectra are considered, it 
can be seen that certain characteristic features 
may be observed, related to the origin of the 
ink:  For the modern carbon black ink, a largely 
featureless background curve is observed, indi-
cating that the ink spectrum consists almost 
entirely of a simple carbon black absorption.  The 
two cellulose based inks (coconut and bamboo) 
yield spectra containing an indication of residual 
polysaccharide material (highlighted by the typi-
cal cluster of peaks in the region 1100 - 900 cm-1); 
this is poorly defined, as the cellulosic substrate 
complicates the spectral subtraction, but is suf-
ficiently good for the purposes of identification. 
For these inks, the results were more clear when 
the samples using the parchment (proteinaceous) 
substrate were considered.  As may be expected, 
it was not possible to differentiate the carbon 
sources for different types of cellulosic mate-
rial.  Ivory black ink gives a characteristic sharp 
peak centred on 1050 cm-1.  Lamp black contains 
residual oils, indicated by the pair of sharp C-H 
stretch bands in the region 2800 - 2900 cm-1.

It is apparent that the results obtained using 
the germanium ATR crystal are generally supe-
rior to those achieved with a diamond crystal.  

This may be explained if the difference in ATR 
sampling depth for the diamond and germanium 
crystals is considered (Fig. 3), based on the follow-
ing formula (Coates and Sanders 2000; Coombs 
1998; Spectra-Tech 2000):

Where:
 =  Depth of sampling penetration
 =  Wavelength of incident radiation
 =  Refractive index of ATR crystal
 =  Refractive index of sample
 =  Angle of incidence

The ATR accessory employs an angle of inci-
dence,   , of 45°; over the range that the spectra 
were recorded, the refractive index of the crystal, 
n

c
, is approximately 2.4 for diamond and 4.0 for 

germanium; the refractive index for the sample, 
n

s
, is taken to be 1.6 for a nominal organic mate-

rial.  This allows the way that the ATR sampling 
depth varies with incident wavelength and, 
importantly for this experiment, at any given 
wavelength is approximately four times great for 
diamond than for germanium.  This means that 
if a germanium crystal is used, a greater propor-
tion of any material at the surface (e.g. ink) will 
be observed in comparison to the bulk substrate, 
than if a diamond crystal is employed.

When the spectra of the unknown historic ink 
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Fig. 1: Germanium ATR FTIR spectra of carbon black inks on 
modern printer paper.

Fig. 2: Results of the subtraction of the paper spectrum from the 
spectra presented in Fig.1.



samples were considered using this information 
(Fig. 4), it is possible to propose the likely source 
of the carbon black: for samples X1, X2 and X4 
it appears that the ink is derived from cellulosic 
sources, whilst for X3 it comes from ivory.

Conclusion
It can be seen that with care, it is possible to 
identify the general source of carbon used for 
carbon black inks, providing this source contains 
residual material.  Modern ink of this kind, for 
which the carbon black has been produced using 
techniques which effectively ensure the combus-
tion of the original material and thus contain a 
minimum of other residues, are not amenable 
to identification in this manner.  However, tra-
ditional and historic methods of manufacturing 
carbon black typically allow a small proportion 
of the material to escape complete combustion, 
and this residue may then allow the source to be 
identified.

This technique, therefore, has the potential to 
reveal important information about the origin 
of carbon black inks (and provide a method of 
differentiating different carbon ink found in the 
same document), thereby providing an insight 
into the provenance, composition and history of 
the document.
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Fig. 3: Sampling depth for ATR spectroscopy, demonstrating the 
difference between diamond and germanium crystals.

Fig. 4: Subtraction spectra for four unknown carbon black inks.





A Technical Study and Conservation Project of Roy Lichtenstein’s Screen 
Print on Plastic, Sandwich and Soda, 1964

Marion Verborg
Köln, Germany

Introduction
The topic of this technical research is the study 
of three impressions of the print Sandwich and 
Soda, 1964, by Roy Lichtenstein, owned by the 
Harvard Art Museums. It is a blue and red ink 
screen print on clear plastic (Fig. 1). The prints 
are part of the portfolio X + X (Ten Works by Ten 
Painters), a set of ten works made by ten painters: 
Stuart Davis, Robert Indiana, Ellsworth Kelly, Roy 
Lichtenstein, Robert Motherwell, George Ortman, 
Larry Poons, Ad Reinhardt, Frank Stella and Andy 
Warhol. It was published by The Wadsworth Ath-
enaeum, Hartford, Connecticut; Five hundred 
portfolios were printed in 1964. The artists were 
selected by the curator of the Wadsworth Ath-
eneum, Samuel J. Wagstaff, Jr., who states on the 
back of the title folio: “This portfolio was com-
missioned and printed in an attempt to extend 
as much of the visual impact as possible of ten 
artists to paper and to make these prints avail-
able to collectors who might not otherwise have 
such a vivid slice of the artist.”

In this study, the three prints Sandwich and 

Soda owned by the Harvard Art Museums were 
examined and analyzed to better understand 
the history, technique and degradation process. 
There are many screen prints on paper by Roy 
Lichtenstein but few are ink on clear film. The 
technique and materials that Lichtenstein used 
for this work are more linked to commercial 
practice than the fine arts and many questions 
arise from this choice: Was Sandwich and Soda 
the first time he made a screen print on plastic 
and why? Did Lichtenstein keep using plastic as a 
support for printmaking after Sandwich and Soda? 
What process and materials were used to print 
Sandwich and Soda? What are the problems we 
can see today?

Sandwich and Soda was selected for an in-depth 
technical study not just because of the unusual 
support. The prints were also selected because 
two of the three copies have pressure-sensitive 
tapes applied to the ink side, presumably as hing-
es. The tapes are on the ink layers, in this case 
the verso since the object was meant to be seen 
through the transparent film, which is the recto. 
The tapes are different from each other: there 
is what seems to be two pieces of magic tape® 
on one print and what looks like two pieces of 
filmoplast® tape on the other print (Fig. 2). The 
carriers are slightly peeled off and the adhesive 
is accessible on the sides. A previous attempt to 
test the sensitivity of the ink caused some visible 
damage, which prompted the need for more in-
formation about the materials before coming up 
with the appropriate conservation techniques.

Method
In order to understand the materials and tech-
nique of the object better and to devise the best 
conservation treatment options for these prints, 
analysis was performed in the scientific lab of 
the Straus Center for Conservation and Techni-
cal Studies/Harvard Art Museums. The sampling 
was challenging since the surface of the object is 
shiny and very flat.

Micro-samples of each ink (blue in the edge of 
the printed area and red in the overlapping area) 
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Fig. 1: Lichtenstein’s blue and red ink screen print on clear plastic, 
Sandwich and Soda, 1964



were taken under microscope, as was a sample 
of the clear plastic support, shaved from the very 
edge of the object. A sample of each type of tape 
was also taken at the lifting edges (Fig. 3). 

FTIR, Raman, GC-MS and LDI-MS (Laser Desorp-
tion Ionization-Mass Spectrometry) were used in 
order to determine the composition of the plas-
tic support, pigments (red and blue) and tapes 
(carrier and adhesive).

Results
After GC-MS, the results show that the clear 
support is not made of acetate as stipulated in 
all the descriptions, catalogues or even on the 
invoices the printing company sent to the Wad-
sworth Athenaeum, but it is polystyrene. It is in-
teresting to note that today it appears that PVC, 
polyethylene, mylar, and acetate have mostly 
replaced polystyrene as clear and thin plastic 
printing surface. Polystyrene is now mostly sold 
as extruded white foam. LDI suggests that the 
blue pigment used is PB15 (phthalocyanine blue) 
which was a pigment commonly used for print-
ing ink. The red ink sample contains chrome red, 
PR63, and barium sulfate. The binder of the inks, 
both red and blue, is made of polystyrenes; it is 
a plastic ink which is specifically for printing on 
plastic. GC-MS identified the carrier and adhesive 
components of the Filmoplast-like tape as a cel-
lulosic material as assumed it was; and the office 
tape as PVA.

These results were interesting as they led us 

to develop a conservation procedure. Because 
the support and the ink binders were both poly-
styrene and thus probably well bonded, we felt 
more confident that the bond was strong enough 
to support gentle mechanical removal of the 
tape. 

Conservation project
After various tests, the best option was to me-
chanically remove the tape and tape adhesive. 
Attempts were carried out using tweezers peel-
ing at an acute angle to remove the tape and 
various white vinyl eraser pencils of different 
hardness and shape were used to reduce the ad-
hesive residues. Every step was carried out under 
microscopic observation to prevent any scratches 
or physical damage on the surface of the prints.

On one copy, it was possible to remove the 
Filmoplast-like tape carrier first by applying 
warm water with a very small brush; this soft-
ened the tape carrier, making it removable 
without affecting the ink. The tape carrier was 
then removed with tweezers. Then, some cellu-
lose powder 1 was scattered on top of the sticky 
residual adhesive and the adhesive plus cellulose 
powder was pushed away with a color shaper 
tool 2  without scratching the surface or removing 
ink. It appeared that in this case, instead of using 
an eraser pencil, a color shaper tool was more 
successful in reducing the adhesive residues. The 
results were very satisfying (Fig. 4). 

For the acrylic-based office tape on the other 
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Fig. 2: Filmoplast® tape attached on the ink layer on the verso  
of one of the prints

Fig. 3: Sampling under microscope of the tape carrier



copy, the same treatment (without the applica-
tion of warm water on the tape carrier) was car-
ried out with great success as well. 

Conclusion
This object had a ground breaking role in Pop 
Art and in art history, in terms of materials, 
techniques and subject matter. Sandwich and Soda 
was one of Lichtenstein’s first attempts to use an 
unusual support, in this case a thin clear plastic. 
Sandwich and Soda was one of many screen prints 
on unusual supports, he started making in 1964. 
He kept using plastic as a support, like for Sea-
scape I (1964), Moonscape (1965), Landscape 5 (1967) 
that are screen prints on Rowlux, a multi-lensed 
effect film that can create Moire-like visual pat-
terns. 

Artworks on plastic and their inherent degra-
dation processes is still a very relevant topic for 
museum’s staff. For example, at the MFA, Hous-
ton, there was very recently a gallery talk called: 
Spotlight on “Synthetic Supports: Is Plastic the 
New Paper?” (December 2011) which shows how 
this research falls into the trend. 

Conservators now have to deal with unusual 
surfaces and materials, which is challenging and 
interesting, and requires being very adaptable in 
our work. This project also served to remind this 
author that collegiality is the most effective way 
to understand a complex object and its damages 
and chose the best option for treatment. It was 
very helpful to be able to ask questions about 

plastics to object conservators and conservation 
scientists at the Straus Center for Conservation 
and Technical Studies to better understand the 
objects and treatment options. 

Endnotes

1 alpha-cellulose powder, Sigma Chemical 
Co., No. c-8002

2 Royal Sovereign Ltd UK, Color Sharper, 
Firm, Taper Point, #2
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Digitally Printed Paper In-fills for Compensation  
as Applied to Japanese Fold - Dyed Paper

Hsin-Chen Tsai 
Asian Conservation, Museum of Fine Arts, Boston, USA 

Introduction
In the conservation of Japanese folding screens, 
the decorative papers on the back can some-
times be replaced with new ones with the same 
or similar patterns. In the case of the folding 
screens, The Deities of the Tanni-sho, by Munakata 
Shiko, these decorative papers are typical Folk 
Art Movement (Mingei) style fold-dyed paper. The 
artist, Munakata Shiko, dedicated these screens 
to the founder of the Mingei movement, Yanagi 
Soetsu, with an inscription on the labels at the 
back of the screens. Therefore, the label and the 
decorative papers should be treated as integral 
parts of the art work and put back into place on 
the screens.

However, several large losses to these fold-dyed 
papers (Fig. 3) were present. For creating in-fills, 
it is not only a matter of choosing appropri-
ate Japanese paper by evaluating the thickness 
(slightly less than support) with visually match-
ing chain lines, color and texture, but also repro-
ducing the patterns. Therefore, printing digital 
photographic images on an appropriate Japanese 
paper for use as in-fills was considered. 

This paper presents the process of assessing 
the appropriateness of using digital in-fills for 

this case, the preparation of these digital in-fills 
and the materials and equipment that were 
used.

Digital techniques for loss compensation
Several papers have been presented about using 
digital techniques to compensate for losses in 
textile conservation. Rogerson used digital recon-
struction to display the completed image next 
to a beaded mask after research and discussing 
with the curator (Rogerson, 2002); this example 
illustrated how a digitally reconstructed image 
met the need of conservation and education. In 
the case in the Victoria and Albert Museum, a 
digital in-fill was successfully used in compensat-
ing large losses on a Thirteenth Century carpet 
(Hartog, 2009). Since the patterns of carpet are re-
peated and geometric, the conservator was able 
to print the image from the surviving pattern on 
an appropriate substrate. For recognition pur-
poses, the image was printed in a lighter shade 
than the original, so the visitor could be aware 
of the digital in-fill at a distance of six inches but 
would not be distracted by it when viewing at a 
distance of six feet. In paper conservation, Mc-
Clintock has mentioned using digital reproduc-
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Fig. 1: Printing digital in-fills on the Sekishu paper. Fig. 2: Tracing the losses before in-filling.



tion for historic wallpapers (McClintock, 2003). 
In 2012, Melody Chen presented a case of digital 
in-fills as used for Japanese Prints (Chen, 2012). 
A digital image of another impression from the 
Japanese print collection at the Museum of Fine 
Arts, Boston was printed on the Hahnemuehle 
Rice Paper (‘Digital FineArt’, n.d.). This is another 
successful example of how a digital image was 
used for in-filling when there exists an authenti-
cated reference. 

After reviewing these cases, compelling rea-
sons for compensating losses to the fold-dyed 
paper of Munakata Shiko’s folding screens with 
digital in-fills were determined. They were:
1. The digital reproduction has enough reference 

from the original. The image of patterns could 
be captured from undamaged fold-dyed areas 
by photography.

2. The losses to the fold-dyed papers are located 
on the folding screen’s reverse. The fold-dyed 
papers present a style of craft-art but not the 
fine art created by the artist. Reproducing 
partial patterns would not change the context 
and character of these fold-dyed papers.

3. The digital reproduction is less time-consum-
ing and creates a more satisfactory method of 
creating a visual in-fill than other possibili-
ties, such as using basic toned in-fills, remak-

ing fold-dyed paper using traditional tech-
niques for in-fills or hand painted in-fills.

4. The digital in-fills are printed in a lighter 
color than the original, so that they would be 
clearly visible at a close distance. The authen-
ticity of the original would still be distinguish-
able from the repairs.

Digital in-filling treatment
After examining and documenting the condi-
tion, the folding screens were photographed be-
fore and after treatment to document their con-
dition. Wooden trims were removed; each panel 
was separated and the fold-dyed papers were 
removed from the panels. The papers attached to 
the back of the fold-dyed papers were removed 
using Gore-tex to humidify them; followed by 
pressing between Reemay, blotting paper and 
thick Plexiglas. 

Of the twelve fold-dyed papers, three had con-
siderable losses and needed large digital in-fills. 
Since fold-dyed papers were going to be pasted 
onto the new under-cores, the papers for in-fills 
had to be similar or slightly thinner in thickness 
than the fold-dyed papers, so that the in-fills and 
the original would have similar expansion and 
shrinkage during mounting. Japanese handmade 
Sekishu paper was chosen for printing the image 
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Fig. 3: The reverse of left screen overall before treatment. Large losses and punctures are clearly visible. The hinges were 
split, with soiling in the lower portions and fother damage and tears in the upper portion. 



onto it for in-filling. The image was taken from 
another area of fold-dyed paper with fair condi-
tion and a clear pattern. Photoshop® was used 
for adjusting the image by color balance and 
brightness/contrast functions. Several trials were 
carried out for comparing the color of the repro-
duction to the original. An Epson Stylus Pro 4900 
printer was used for printing and its ink tested 
and shown to have great light resistance (‘Epson 
Stylus Pro4900-Print’, 2010). Trials showed that 
there was no migration of ink after the lining 
treatment. In addition, the trials passed the 
Oddy test carried out by the preventive conserva-
tion specialist at the MFA (Chen, 2012).

Unfortunately, the Sekishu paper was not com-
patible with the printer. After discussing this 
with the photography/printing expert, we found 
the irregular surface and the thinness of the 
Sekishu paper might cause the paper to jam in 
the printer. Therefore, one layer of a temporary 
lining of Japanese paper and thin wheat starch 
paste was added to the back of the Sekishu paper 
so it could be properly printed. The lined Sekishu 
paper was accepted by the printer and was able 
to receive the required image successfully (Fig. 1). 
A coating was not necessary in this case, because 
the patterns on the fold-dyed papers are irregu-
lar and slightly blurred in character. 

After printing out the digital in-fills, sizing was 
applied on the surface and the temporary lining 
was removed by humidification then the printed 
papers air-dried on felts. The sizing application 
was undertaken for fixing the fibers on the digi-
tal in-fills since the printing actually only stayed 
on the surface and could be lost or diminished if 
fibers lifted or were to be abraded through han-
dling. Additionally, sizing aided the application 
of toning washes with Japanese colorant sticks. 
Digital in-fills were toned in slightly different 
levels to blend into individual panels. However, 
they could be easily distinguished at a close-up 
distance once the losses were filled in. Before 
in-filling, the digital in-fills were positioned to 
match the patterns and the losses were traced 
roughly with pencil marks in transmitted light 
(Fig. 2). This helped to find the position right 
away after wetting the fold-dyed papers.

The fold-dyed papers were humidified overall 
using a sprayer and placed on the top of Rayon 
paper for protection. Once the fold-dyed papers 
were moist, they were brushed out from the 
center to reduce creases and to realign tears. The 
digital in-fills were set into place with a slight 
overlap using wheat starch paste. One layer of 
lining was added and then paper strips were 
pasted into place for reinforcing tears and sup-
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Fig. 4: The reverse of left screen overall after treatment. The large losses located in the first and last panels have been filled 
with digital in-fills. The hinge covers have been replaced with digital printings also.



porting the reverse of severe creases. Finally, the 
fold-dyed papers with their lining were flattened 
on the drying board to prepare them for place-
ment back onto the folding screens. These in-fills 
not only even up the fold-dyed papers in struc-
ture, but also provide continuous patterns to 
compensate losses in aesthetic effect (Fig. 4). 

Besides compensating the large losses, digital 
printings were also used in the covers of the 
hinges. Since those hinge covers appeared dirty 
and severely damaged (Fig. 3) they were replaced 
with new ones. The screen after completion of 
the treatment is show in Fig. 4. 

Conclusion
In this case, using digital in-fills was successful 
in compensating losses on the fold-dyed paper 
with regular patterns. In addition, this case 
shows the possibility exists to print the image 
on a thin handmade paper though temporary 
lining. However, this technique should always be 
carefully considered and thought through prior 
to treatment. Before using digital in-fills, conser-
vators should think about the following:
1. The digital image must have a strong reference 

in order to support the original both aestheti-
cally and historically.

2. Discuss with curator: Where is the digital in-
fill going to be and will it change the context 
of the original?

3. Digital in-fills can be a less time-consuming 
and more effective technique than other tradi-
tional techniques.

4. The digital in-fills will not be confused with 
the original by the viewer and they are revers-
ible.
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