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Verdigris pigments on paper can change their colour from
green to brown and degrade cellulose fibres depending
on different factors.

In a project funded by the forMuse-Program of the
Austrian Ministry of Science and Research chemical and
mechanical methods to stabilise verdigris pigments were
investigated on samples and evaluated before and after
accelerated ageing. Benzotriazole (BTA), a copper com-
plexing agent, was proven to stabilise cellulose chemically
in the presence of copper ions. Regarding mechanical
strengthening of the degraded paper, coated Japanese
tissue papers were developed that can be reactivated
with a minimum of moisture or with solvents.

The results of the project were applied in practice in
the conservation of a 16th century printed book with
engravings, and an 18th century atlas with celestial maps.
Green coloured areas showed different stages of colour
change and degradation in each of the volumes (Fig 1).

The decision-making process and the treatments chosen
for the three books are described and discussed. In two
cases a solution of BTA in ethanol was applied locally.

BTA has the advantage of rapid complexation and the
high potential to deactivate copper ion-induced deg-
radation. The disadvantages of BTA include a possible 
yellowing during light ageing and the lack of practical
experience with BTA on cellulose. A copper indicator pa-
per was adapted to monitor the complexation process.
The coated tissue papers can be adjusted by using dif-
ferent adhesives (Fig 2). Activation with a minimum of
moisture reduces the risk of copper ion migration.

*1 Contacting author: Austrian National Library, 
Conservation Department, Vienna, AT. 

Tel: +43.1.5341 0322, Email: Christa.Hofmann@onb.ac.at

2 University of Natural Resources and Life Sciences, 
Chemistry Department, Vienna, AT

C. Hofmann*1, A. Hartl1, K. Ahn2, K. Druceikaite2, U. Henniges2, A. Potthast2

Stabilisation of verdigris
Application of research in conservation practice

Fig 1: Andreas Cellarius, Harmonica Macrocosmica, 1708, 
detail of discoloured and degraded verdigris colouration 
(© Conservation Department, Austrian National Library)

Fig 2: Stabilisation of degraded areas with Japanese tissue papers 
(© Conservation Department, Austrian National Library)

15



Making the best use of time has become increasingly
important within the heritage sector. Prioritising objects
for conservation treatment or preventive conservation
remains a challenge for the conservation professional in
the context of ever increasing exhibition schedules. Dif-
ferent risk management methodologies have been used
in the field of heritage conservation for some years.
However, often curators and conservators have clear but
diverging ideas about priority of work based on the value
of the object in one case, or the damage of the object in
the other. Finding common ground based on the highest
potential loss of value has been the subject of a series of
stakeholder group discussions at the British Museum.

Using only elements of value and vulnerability assess-
ment out of common risk management methodologies,
curators were asked to assess the value of their collection
in a first step. In a second step, these assessments and the

vulnerability of objects were discussed with colleagues
from science and conservation. As a result, a visual map
of priorities emerged, which had buy-in from all sides,
and which formed the basis of a future work plan.

This method has helped to develop a shared under-
standing of priorities amongst different heritage profes-
sionals, and dealt effectively with prioritising objects
based on potential loss of value objects and perceived
risks.

*1 Contacting author: Anna E Bülow: British Museum, London, UK. 
Tel: +44.20.7323 6873, Email: abuelow@thebritishmuseum.ac.uk 

2 Cultural Heritage Agency of The Netherlands (RCE), Amsterdam, NL
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Pride and prejudice
Developing a shared understanding of priorities
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For dry cleaning of paper, parchment, leather and seals,
many conservators use different types of rubbers and soft
brushes, which have significant drawbacks. The rubbers
contain sulphuric compounds and plasticizers. The inten-
sive treatment of dirty surfaces can change their texture.
Brushes can remove a lot of dust, but some part of the
dust particles and mould spores will be rubbed into the
surface.

A new method provides a solution to those problems:
The ‘soft particle blasting’ with different types and deri-
vates of cellulose and starch powder. This materials are
chemically stable, inert and harmless. Fortunately, the
blasting agents have a variety of structural properties,
making it possible to select suitable types of agents for
specific cleaning problems.

With this method one can work very gently and effec-
tively on sensitive prints (lithographics, digital prints),
photographs, drawings, moulded papers, parchments
and fragile seals (Fig 1). The last step is to simply remove
the soft particles with an airbrush. 

For three years many students and a number of con-
servators made experiments and used this technique for
many different objects with convincing results (Fig 2).

* Contacting author: CICS, FH Köln, Cologne, DE. 
Tel: +49.221.8275 3497, Email: bert.jacek@fh-koeln.de

B. Jacek*

Soft particle blasting
A gentle dry cleaning method for sensitive surfaces

Fig 1: Removal of soot on a lithography (© Bert Jacek) Fig 2: Removal of dust on Ultramarine on parchment (© Bert Jacek)
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In the 19th century, the traditional method of paper
manufacturing was replaced by industrial processes.
Wood pulp as the raw material and alum rosin as a sizing
agent were introduced. The changes resulted in the
reduction of pH in the paper, leading to a chemical break-
down of cellulose fibers, which resulted in a massive
decay of library and archival holdings (Fig 1). Research has
shown that adding alkaline compounds to the acidic
paper when it is still in usable condition, known as de-
acidification of paper, can extend the life expectancy of
the papers.

The survey of monographs in the National and Uni-
versity Library, performed in 2006 during 6th Framework
Programme EU project PaperTreat, revealed the startling
condition of the collection. In the collection of approxi-
mately 125,000 books, produced between 1850 and
2000, approximately one third of the books were already
in a severe state of degradation with degree of poly-
merization (DP) less than 400. 

In 2013 a mass deacidification programme was intro-
duced (Preservation Technologies B.V., Netherlands). The

primary focus was on a selection of archival copies of the
monographic print collection ‘Slovenika’, with the date of
publication from the middle of the 19th century onwards. 

Selection criteria for mass deacidification of the books
were physical condition of the items, pH value of the
paper and paper strength. Non-destructive analysis using
Karakta portable Near Infra-Red Spectrometer (Karakta
d.o.o., Ljubljana) was performed in order to determine pH
before and after deacidification and degree of polymer-
ization of paper (Fig 2).

On a smaller amount of the samples, which could be
tested destructively, comparison of NIR technique for
determination of pH of paper with standard methods
was also performed in order to evaluate the method.

*1 Contacting author: National and University Library, Ljubljana, SL.
Tel: +386.1.5861 362, Mobile: +386.31.2020 96, 

Email: jasna.malesic@nuk.uni-lj.si

2 Karakta d.o.o., Ivančna Gorica, SL
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Mass deacidification
Treatment of endangered books in the National 
and University Library of Slovenia

Fig 1: Example of book, printed on acidic paper 
(© Conservation and preservation centre, NUL)

Fig 2: Near Infra-Red Spectrometer (© Conservation and preservation
centre, NUL)

72 12-16 October 2015 - XIIIth IADA Congress Berlin

15



7312-16 October 2015 - XIIIth IADA Congress Berlin

Bacteria can not only be a dangerous microorganism, but
also a useful organism producing cellulose. This bio-
technologically produced cellulose differs from vegetable
cellulose by it’s nanofibrillated structure, chemical purity,
high mechanical stability and ability to be modified 
(Fig 1). 

Preliminary studies show that bacterial cellulose (BC)
can produce papers with a remarkable surface strength
and outstanding surface quality presenting an interesting
alternative to the traditional papers used for mending
modern papers such as coated and transparent paper
(Fig 2). The surface property of these papers especially 
are a major challenge for conservators. Up to now no
adequate supply was available for this kind of loss repair.
With the new BC fibers, the feel and look of coated
papers is reproduced without further additives. It can also
produce papers that are suitable for mending transparent
papers.

The development of this novel mending paper began
in July 2011 with a three-year project at the University of
Applied Sciences in Cologne. The project is conducted 

in close cooperation with partners from the industry and
is funded by the Zentrale Innovationsprogramm Mittel-
stand (ZIM). The variability of the material required the
development of new manufacturing and processing
methods. Final results of the research project will be
presented with recent findings in regards to the prep-
aration, extensive material testing and different appli-
cations in paper conservation.

*1 Contacting author: Kunstmuseum Basel, Department of Prints 
and Drawings, Paper Conservation, CH.

Tel: +41.61.2066 273, Email: annegret.seger@bs.ch

*2 Atelier für Papierrestaurierung Dirk Ferlmann, Cologne, DE.
Tel. +49.221.6161 531, 

Email: p.kochendoerfer@papierrestaurierung.org

A. Seger*1, P. Kochendörfer*2

Bacterial cellulose
A new material in paper conservation

Fig 1: Purified moist layer of bacterial cellulose (© Annegret Seger) Fig 2: Detail of a coated paper mended with bacterial cellulose paper
(© Annegret Seger)
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Many book and paper documents written on acidic
wood-based papers have degradation problems. While
conservation techniques such as mass deacidification
have been developed to address the issue, the strength-
ening of degraded paper documents is receiving less
attention. The ‘fleece’ method is a typical strengthening
method involving a homogenous application of a small
amount of fibers on the surface of degraded paper docu-
ments.

In this paper, a cellulose-nanofiber coating process 
is performed along with the ‘fleece’ method for 
strengthening naturally degraded acidic papers. A sample
paper to be treated is put on a leaf-casting stand and a
small amount of water is poured on it (Fig 1). Two types
of cellulose nanofibers were mechanically prepared from
wood fibers. Application of the cellulose nanofiber onto
the wet degraded paper was done using a coating rod to
spread a small amount of nanofibers evenly over the 
substrate. The cellulose nanofiber coating on the wet
degraded paper is compared with that on the air-dried
degraded paper. After the coating is performed drying 
is done with a rotary dryer. 

For the degraded paper coated with cellulose nano-
fibers along with the ‘fleece’ method, we observed an
increase in tensile strength just after the treatment 
(Fig 2). The tensile strength of the nanofiber coated paper 
showed more than 1.2 times that of the uncoated paper.
To evaluate the efficiency of the nanofiber coating, 
physical tests were undertaken before and after acceler-
ated ageing. 

The nanofiber coated paper gave better results for
tensile strength, tearing strength and folding endurance
compared with the uncoated paper.

*1 Contacting author: Tokyo University of Ariculture and Technology, Div.
Environmental and Natural Resource Science, 

Fuchu, Tokyo 183-8509, JP. 
Tel: +81.42.3675 725, Email: okayama@cc.tuat.ac.jp 

2 Kochi prefectural Paper Technology Center, Kochi, JP

3 National Museum of Ethnology, Suita, Osaka, JP

T. Okayama*1, C. Kadoya1, R. Kose1, M. Seki2, N. Sonoda3

A new technique for strengthening 
degraded paper
Application of cellulose nanofiber coating on a paper surface

Fig 1: Cellulose nanofiber coating (© Takayuki Okayama) Fig 2: Changes in tensile strength of naturally degraded papers treated
by cellulose nanofiber coating as a result of accelerated ageing. 
(© Takayuki Okayama)
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In the last few years, much research has been conducted
to provide new treatments for the conservation of graphic
arts in particular to limit the use of water on inks that can
migrate causing significant damage to the paper. But
what about a textile covered with a water sensitive decor-
ation?

This question arose in the case of a talismanic tunic
from the Guimet Museum  (Paris, FR), restored during a
degree course in the Institut national du patrimoine (Inp,
Paris, FR). This Iranian tunic from the 19th-20th century is
made of a cotton fabric coated with starch (Fig 1).
It is covered on both sides with drawings and calli-
graphies made with inks of various natures (Fig 2). Over
time, it lost the appearance of clothing and its tex-
ture became more like one of a very brittle paper. It was
therefore necessary to consider a treatment able to limit
the folds and to fill the existing gaps. 

According to a study carried out on iron gall inks used
in graphic arts, an exposure at 80% RH was necessary
to minimize the risk of ink migration. It was therefore 
considered appropriate to place the tunic in a closed
chamber with a controlled relative humidity (RH) en-
vironment to avoid the presence of water in liquid form
even in small droplets. 

It seemed interesting to divert the common use of
silica gel (dehumidify museum showcases) to set up this
treatment consistent with the water sensitivity of the

tunic without risk of condensation on the surface of
materials. Among all kinds of silica gels, different with
properties and specific humidity values, the Silica gel 
type M®, sold by the company ‘Long life for art’ (Eich-
stetten, DE), was chosen for its properties to stabilize a
closed environment between 60% and 90% RH.

The artwork was placed for 10 days twice (two sides),
at 70% RH for the relaxation of the tissues which was
really effective. This duration is reasonable for a textile
conservation treatment and takes into account all the
materials present.

This treatment can be applied to the humidification 
of composite objects in various fields, for example 
archaeology and ethnography. In graphic arts, this 
humidification controlled processing could be an option
for the treatment of iron based inks. Since the study of
the tunic, it has started to be used in the paper and book
conservation laboratory of the school.

*1 Contacting author: Laboratoire de l’Institut national 
du patrimoine, Aubervilliers, FR.

Email:maroussia.duranton@inp.fr

*2 Textile conservator, Paris, FR.
Email:hennion.gaelle@yahoo.fr

M. Duranton*1, G. Hennion*2

Application of Silicagel M®

A moistening treatment of a water-sensible 
starched textile and its decoration

Fig 1: General view of the talismanic shirt (© G.Vanneste) Fig 2: Details of calligraphies (© G.Vanneste) 
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The ionic fixatives Rewin®EL and Mesitol®NBS are in
established use to prevent bleeding of water-sensitive
media during aqueous treatment. Their single or com-
bined application, as well as the inclusion and intensity 
of any subsequent rinsing varies among practitioners. 

Lack of rinsing and local fixative application is known
to risk paper discolouration. This study investigates the
function of aqueous rinsing subsequent to fixative appli-
cation to avoid these side effects and optimize the
treated paper's future stability. It examines whether and
how effectively subsequent rinsing steps benefit the fixa-
tive-treated paper. In particular it is determined if fixative
residues are removed, if discolouration formation is di-
minished, how cellulose ageing with respect to oxidative
and hydrolytic degradation is benefitted and if the
paper's electrostatic load caused by fixative residues is
changed. 

Experimental results on 119 treated and artificially
aged test papers show that rinsing is of importance 
for diminishing the residue and thereby any negative
effect of remaining fixatives on the stability of the paper.
Rewin® EL residues showed negative side effects; 
Mesitol®NBS had no negative side effects, and even may
have a positive effect on the paper condition (Figs 1 
and 2). In conclusion, one 15-min aqueous rinse is the
minimum required, while three 10-min rinses are recom-
mended when using the fixatives on paper objects.

* Contacting author: Daimlerstraße 18a, 70372 Stuttgart, DE. 
Tel: +49.711.6734 8550, Mobile: +49.173.6307 397, 

Email: julia.roller@posteo.de 

J. Roller*

Rewin®EL and Mesitol®NBS
How to remove ionic fixatives (aqueous washing 
treatment aids) from paper

Fig 1: Molecular weight of filter paper treated with ionic fixatives 
(© Julia Roller)

Fig 2: Carbonyl group content of filter paper treated with ionic fixatives 
(© Julia Roller) 
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The Oriental Collections of the Georgian National
Museum (GNM) are significant for their extensive 
chronological and geographical range. The Collections 
include miniatures, manuscripts and drawings dated by
8th-9th, 16th-19th centuries. For decades the collection was
kept in unsatisfying conditions: absence of space for 
proper storage, fluctuating temperature and relative
humidity, improper security, poor ventilation and fire
detector system, no appropriate storage equipment, etc.
(Fig 1).

The unsuitable environments posed a danger to the
collection. GNM made it a priority to undertake urgent
measures aiming to rescue the collections. In 2010-2012
GNM received support from the European Union to carry
out a Twinning Project entitled ‘Support to the institu-
tional development of the Georgian National Museum’.
European partner institution of the GNM was the Stiftung
Preussischer Kulturbesitz and its Staatliche Museum zu
Berlin. The project had 4 components. Component 3 
of the project was ‘Collection re-housing pilot case’.

It involved conservation and re-housing of the collection
in a specially arranged storage facility. 

During the collaboration with the German specialists
the analytical scheme determined, the risks assessed, and
the volume of work was calculated. 

Throughout the project the following actions were
taken: a data-base for documentation, a list of objects,
and a photo documentation were created; the condition
of each object was evaluated; the materials for preven-
tive conservation were chosen; the packing and cleaning
spaces were prepared; each object was cleaned, flatten-
ed, the damaged parts were consolidated, and packed.
After the treatment the artefacts were placed in special
storage boxes and positioned in a new storage room 
(Fig 2).

* Contacting author: Georgian National Museum, Tbilisi, GE. 
Tel: +995.32.2982 127, Mobile: +995.557.0102 18, 

Email: dgogashvili@yahoo.com

D. Gogashvili*

The oriental collections of the 
Georgian National Museum
Re-housing and conservation of the miniatures, 
manuscripts and drawings

Fig 1: Old storage facility before re-housing (© GNM) Fig 2: After conservation, the collection was re-housed in a new storage
facility (© GNM)
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The housing of library collections inside archival boxes
and enclosures is often considered desirable because the
enclosures provide a stable, dust-free environment for the
items inside, and give some protection against damage in
the event of a fire or flood. They also facilitate handling,
and for enclosures such as fascicles and mounts, where
the item is hinged into the enclosure, collections security
is improved.

However, in an institution with vast collections, there
are many factors to consider when determining a housing
strategy. Which parts of the collections should be
prioritised for re-housing (Fig 1)? What types of boxes
and enclosures give the best performance, and how can
this be tested? And what are the pros and cons of making
enclosures in-house rather than buying them from a
conservation supplier?

This paper describes the risk-based approach which
the National Library of Scotland has taken towards
housing its collections. The current practice is to box all

incoming paperbacks, to store all maps inside plan chests,
and to re-house existing collections through project work,
with priority given to special collections and to collections
where a space saving can be made, for example by
transferring CDs from jewel cases into custom-made
wallets. Nearly all boxes and enclosures are made in-
house, as this is considered to be more cost effective and
to give greater flexibility (Fig 2). The designs of the
enclosures are constantly changing and developing, and
their performance is assessed through visual inspections
and more formal research including environmental
monitoring and sprinkler simulations.

*1 Contacting author: National Library of Scotland, Edinburgh, UK.
Tel: +44.131.6233 858, Mobile: +33.7943.432 624, 

Email: i.griffin@nls.uk

I. Griffin*1, K. McMillan1

Housing library collections
The development of a risk-based approach 
at the National Library of Scotland

Fig 1: Un-boxed library books, showing evidence of soiling and physical
wear and tear (© Kenneth McMillan)

Fig 2: Some of the boxes and enclosures which are manufactured and
used at the National Library of Scotland (© Kenneth McMillan)
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When it comes to improving the visual appearance of
works of art on paper, surface cleaning and washing may
not be sufficient to remove all discolouration (Fig 1). 
Bleaching could then be considered to achieve the desir-
ed aesthetic result. Among the available bleaching
agents, hydrogen peroxide is a versatile choice that has
many advantages: rather low toxicity and easy handling,
to name but a few.

However, well-known radical formation when in
contact with iron or other transition metal impurities in
paper might seriously impair the outcome of a treatment.
Cellulose degradation and colour reversion might occur
after only a few months of storage. Thus, the question
arises if and how hydrogen peroxide can be applied in a
safe way when the precise iron ion content in the paper
remains unknown.

Several historic papers were analysed by combining
iron ion quantification, molar mass, and brightness deter-
mination. Treatments that actively decrease the iron ion
content were applied before bleaching with hydrogen
peroxide to the selected historic papers. 

None of the pre-treatments removed all detectable
iron ions, thus, no iron-free paper was obtained (Fig 2).
Still, the hydrogen peroxide bleaching with and without
pre-treatments and including post-treatment washing
steps was comparably successful. The achieved paper
colour is stable and no significant impact on cellulose
integrity occurred in most papers.

In conclusion, even though almost all historic papers 
contain iron ions, the majority of them can be bleached
with hydrogen peroxide, because not only the amount
of iron ions, but also their accessibility influences the 
bleaching result.

*1 Contacting author: BOKU University of Natural Resources 
and Life Sciences Vienna, AT. 

Tel: +43.1.4765 46453, Email: ute.henniges@boku.ac.at

2 Frankfurt/Main, DE

3 State Academy of Art and Design Stuttgart, DE

U. Henniges*1, L. Niehus2, I. Brückle3, A. Potthast1

Hydrogen peroxide bleaching 
of papers containing iron ions
Discussing the viability of a potentially harmful system

Fig 1: Intense tidelines and foxing require the intervention of the con-
servator. But can we bleach this print safely with hydrogen peroxide?
(© Irene Brückle)

Fig 2: Impact of different pre-treatments on the iron ion content in
historic paper
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In early 2014, one of Germany’s largest archives, the State
Archive of North Rhine-Westphalia (Landesarchiv Nord-
rhein-Westfalen) moved its collections from six different
locations to its newly built main building in Duisburg.

The Archive keeps records of Rhenish history from as
early as the 9th century until today, comprising a wide
range of materials – from parchment and vellum deeds to
modern records, from glass plate negatives to modern
data storage devices.

This presentation will talk about the experiences gain-
ed and lessons learned from planning, realisation, and
evaluation of this large-scale collection move.

One of the major challenges was the safe and secure
transport of the collection items, avoiding any mechani-
cal damage due to vibrations, shock or fluctuating cli-
mate. Collections containing very vibration sensitive items
were noted and additionally protected by collection care
staff prior to the move. The main focus was on minimis-
ing or avoiding movement within the storage boxes. As
some collections contained as many as several thousand
items, practical, efficient and economic solutions had to
be found.

In addition to these in-house preparations, the tender
document precisely defined general handling and trans-
port guidelines as well as specific criteria for various
materials. Collection care staff were present throughout
the move to check the moving company’s compliance
with these guidelines. Data loggers were used for climate
and vibration spot checks. Working in interdisciplinary
teams greatly contributed to the success of this project. 

This presentation will share both drawbacks and posi-
tive outcomes of this large-scale collection move.

*1 Contacting author: Georg-August-Universität Göttingen,
Niedersächsische Staats- und Universitätsbibliothek Göttingen,

Papendiek 14 (Historisches Gebäude), Göttingen, DE.
Tel: +49.551.3952 02, Email: thalmann@sub.uni-goettingen.de

*2 Contacting author: Landesarchiv Nordrhein-Westfalen, Münster, DE. 
Tel: +49.251.6206 5033, Mobile: +49.172.5111 247, 

Email: matthias.frankenstein@lav.nrw.de 

R. Thalmann*1, M. Frankenstein*2

Moving history
Planning and realising the move of 100km of archives

Fig 1: The State Archive of North Rhine-Westfalia – Germany´s largest
archive building (© Foto: LAV NRW, Peter Fröhlich)

Fig 2: Transport of a climate-controlled crate (© Foto: LAV NRW,
Rebecka Thalmann) 
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The duties of conservators are clearly different in various
Institutions. Some conservators work on single objects
while some manage large amounts of projects. At the
Historical Archive of Cologne, due to the catastrophic
collapse in 2009, we faced a wide range of archival 
material showing various damages to an extent that
nobody was prepared for. We needed to find a way to
treat all these damaged objects immediately and in a very
conscientious way. 

Neither the condition of an artefact, which could vary
from just slightly dusty to entirely torn to fragments, nor
their age were a criteria for treatment. Recovered objects
were first stored mixed up in temporary boxes and then 
registered in our database. We had to adapt our work-
flow in order to treat boxes containing photographs as
well as paper charters with seals from the 17th century,
and modern photocopies. The decision to use a database
with a barcode system to simplify the documentation
procedure was an important and vital step. We are con-
stantly adjusting how each conservator rates the dam-
ages to achieve a homogeneous documentation. The 

treatment and storage facilities are modern and in ac-
cordance with the newest standards (Figs 1 and 2). We
have the privilege to develop our workflow processes
with an international team of conservators on site with
different backgrounds and expertise. In addition the con-
servator’s team works closely with assistants, teaching
them conservation procedures and the meaning of tak-
ing care of cultural heritage. 

Our work takes into account a very specific surround-
ing. It is this special experience that we would like to con-
vey today to the conservation world.

*1 Contacting author: Center for Conservation and Digitization 
at the Historical Archive Cologne (RDZ), Cologne, DE.

Tel: +49.221.2213 4837, Email: marion.verborg@stadt-koeln.de

*2 Contacting author: Center for Conservation and Digitization 
at the Historical Archive Cologne (RDZ), Cologne, DE.

Tel: +49.221.2213 4840, Email: pavlos.koemtzidis@stadt-koeln.de

M. Verborg*1, P. Koemtzidis*2

How we work
The Conservation and Digitization Center 
of the Historical Archive Cologne

Fig 1: The main conservation workshop at the Center for Conservation
and Digitization at the Historical Archive Cologne (RDZ) (© Historical
Archive Cologne, RDZ)

Fig 2: The storage at the Center for Conservation and Digitization at the
Historical Archive Cologne (© Historical Archive Cologne – RDC)
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The microbiological sampling of objects in the laboratory
of the National Library of Poland has been executed for
over 25 years. The presence of active fungi (mould) is the
greatest concern. Microbiological sampling is essential for
the conservator's decision on further treatment. This
includes the choice of a potential disinfection method,
taking into accont the safety of objects and personnel. 

Traditionally, sampling is done by pressing a dry filter
paper against a potentially contaminated surface, the so
called 'filter-paper impress' method' (Fig 1). In the last
few years 'dry swab' and Adenosine-TriPhosphat (ATP)
methods have been introduced (Fig 2). ‘Wet swab’ is used
in industral sampling. 

Although the 'filter-paper impress method' is still com-
monly used in conservation in Poland, there are no ex-
perimental data on its detection limits. In the 'dry swab'
method, a single colony on a Petri dish equals approx.
160 CFU/dm2 on the sampled surface (CFU = colony 
forming units), but the question: ‘How much of the 
material present on the surface can we really acquire
during sampling?’ has still waited for an answer.

The four methods were compared on four different
surfaces: Whatman filter paper, Whatman filter paper
sized with 2% gelatine, contemporary printing paper,
glass Petri dish as a reference (control) surface. They were
infected with five species of moulds isolated from library
materials: 

• Penicillium funiculosum
• Penicillium ochraceum
• Aspergillus awamori
• Aspergillus versicolor
• Botryotrichum piluliferum

The impress method collects on average about 10-3 

of the material present on the sampled paper surface.
The dry swab sampling method collects on average 
<10-3 to 10-1 of the material present on the sampled
paper surface.

The ATP tests need a special protocol of sampling for
moulds to be applied in practice.

Even a single colony on swab or impress sample could
indicate very high presence of CFU's on the sampled 
surface. Additional tests suggested that leaving an ATP
swab humid for 2 hours before the ATP measurement
provides more reliable results.

*1 Contacting author: National Library, 02-086 Warsaw, 
al. Niepodleglosci 213, PL. 

Tel: +48.22.6082 310, Email: b.zerek@bn.org.pl 

2 Academy of Fine Arts, Faculty of Conservation and Restoration 
of Works of Arts, Warsaw, PL

B. F. Zerek*1,2, J. Piechal1, M. Wilczak1

Microbiological sampling 
of library objects
Comparison of impress, dry swab, and ATP methods

Fig 1: Impress sampling with Whatman filter paper (© Jakub Piechal) Fig 2: ATP sampling with kikkoman® Lumitester PD-20 (© Jakub Piechal)
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Using the conventional germination measurements no
statement about the actual cleanness of a surface can be
made after a sterilisation or an old contamination. All
dead cells cannot be detected. At this moment the ques-
tion comes up: ‘Is this object safe or not?’. (Figs 1 and 2)

The non-invasive measurement of ATP (adenosine 
triphosphate) and AMP (adenosine monophosphate) is a
determination of the total energy content of intact
and not intact (dead) cells, and it indicates the total con-
tamination of suspect objects with all health allergenic
and toxic potential for human beings. The readings can
be the basis for finding the necessary cleaning method or
areas of ineffective cleaning can be accurately deter-
mined. The technology of ATP-AMP measurement is bas-
ed on a natural enzymatic chain reaction. The produced
light is proportional to the ATP-AMP quantity and can be
quantified with a Luminometer without cultivation.

This real-time sampling is very simple and is carried
out with a sterile LuciPac™PEN and a Lumitester™ PD20
(Kikkoman Japan). This method, used in the food industry
for determining the cleanness of surfaces, was adapted

for book and paper art objects by conservators. The
assessment of the presence of mould will no longer
be based on guessing or dependent on humans’ vague 
intuition, because the scientific readings can help to 
eliminate diffuse fears of mould, and can replace disin-
fection as the only solution.

The ATP-AMP method has been gaining acceptance in
the last six years and libraries, archives and conservators
in Germany have used it. The fast results and the deter-
mination of a really clean surface facilitate a safer hand-
ling of contaminated objects.

The paper will present the method, opportunities, and
limits, its practice and references. All examples are taken
from the everyday work of the author as a conservator in
cooperation with various German institutions.

* Contacting author: Freelance Conservator Berlin, DE. 
Tel: +49.30.6920 68860, Email: info@microconservation.de

C. Meier-Wolff*

How clean is my object?
The bioluminescence measurement (ATP/AMP) –
Method, practice and opportunities

Fig 1: Measurement on a textile book to clarify the reason of damage 
(© Meier-Wolff)

Fig 2: Measurement on a book edge to clarify the degree of contamin-
ation (© Meier-Wolff)

15



84 12-16 October 2015 - XIIIth IADA Congress Berlin

A fire breaking out in a library is a worst-case scenario for
everyone, the paper conservator and the simple user.
Nevertheless, fires – however sad – do happen. Two
recent examples for blazes in libraries are the case of the
Anna Amalia Library 2004 in Weimar, and the fire in the
library of the Glasgow School of Art. 

For the present study, we have obtained a rag paper
which partly survived the fire of the Anna Amalia Library
– it belongs to the so-called ‘ashbooks’ (Figs 1 and 2). We
have comprehensively analysed the chemical changes
brought about by the fire and the subsequent extin-
guishing. In order to better compare the information to
the naturally aged state of the paper before the cata-
strophic event we related the data to an identical copy of
the same book unaffected by the fire. Special focus was
placed on the presence of low molar mass degradation
products. The key issue was how cellulose integrity suf-
fered from high temperature impact and how this finally
affected the long term stability of the material. Did resi-
dues from the fire itself and/or from the extinguishing
influence cellulose structure? Is an immediate conserva-
tion action necessary to prevent further damage? 

In order to tackle those problems we applied a num-
ber of established chemoanalytical techniques. In add-
ition, also very recent developments in paper analysis,
such as DESI-MS for mapping of polyaromatic hydrocar-
bons were employed. 

The integrity of cellulose changes depending on the
temperature profile induced by the fire. The rather limit-
ed thermal conductivity of paper protects cellulose still in
close proximity to the burning edges. Size-exclusion chro-
matography coupled to light scattering analysis (SEC-
MALS) revealed conformational changes of the cellulose
molecule after impact of fire – a pre-stage of damage 
leading o higher brittleness in paper. The distribution of
low molar mass degradation products of paper itself
changes significantly. Different washing treatments
(water, ethanol), used to remove a variety of degradation
products shows beneficial results for the non-burned,
natural aged paper, but has a limited beneficial effect on
burned paper areas. Reasons for this behaviour will be
discussed. Based on the experimental results, paper sta-
bility and degree of damage were assessed and recom-
mendations for conservation measures were issued.

*1 Contacting author: University of Natural Resources 
and Life Sciences – Vienna, Department of Chemistry, 

Division of Chemsitry of Renewables, Vienna and Tulln, AT.
Tel: +43.1.4765 46071, Email: antje.potthast@boku.ac.at

A. Potthast*1, K. Ahn1, T. Zweckmair1, A. Schedl1

Paper and fire
How stable is cellulose after surviving a disaster

Fig 1: Historic rag paper samples, collected from areas in different proxi-
mity to the origin of fire, dissolved in DMAc/LiCl 9% (w/v) ready for
determination of molar mass by SEC (© Kyujin Ahn, BOKU)

Fig 2: SEM image of a black broken piece of a burned paper part having
lost all strength of cellulose, but still showing a fiber network in the
micrograph (© Kyujin Ahn, BOKU)
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Heinrich Schliemann (1822-1890) is well known for his
keen interest in ancient Greece that led him to conduct
major excavations in Troy, Mycenae and Tiryns. Due to his
profession as a well established tradesman, he spoke and
wrote fluently more than ten different languages, in-
cluding Greek, Russian and Arabic. He was very meticu-
lous in his correspondence and used the copy press 
procedure for maintaining copies of his outbound mail
(Fig 1). The majority of Schliemann’s copy-books are now
kept in the Gennadius Library in Athens, Greece. There
are 43 volumes of a period within 1845 and 1890. They
cover a wide variety of different copy techniques and
materials, as Schliemann showed particular interest in
the technological developments.

By using non-destructive imaging techniques, this re-
search recorded the condition of Heinrich Schliemann’s
copy-books archive regarding the covers, spine, textblock
and in some cases loose copy papers, as well as indicated

the different types of ink and methods employed in 
acquiring these copies (Fig 2). The techniques included
examination in the ultra-violet (UV, UV photography, 
UV fluorescence colour photography and UV fluorescence
black and white photography), visible, and infrared
region (IR, IR reflectography and false colour IR imaging)
of the spectrum, at both front (recto) and back (verso)
sides of the selected pages. In addition, close-up photo-
graphs of single characters were taken.

*1 Contacting author: Department for Conservation of Antiquities and 
Works of Art, Technological Educational Institute of Athens, Athens, GR. 

Tel: +30.210.5385 463, Email: agathakam@yahoo.com

A. Anthoula Kaminari*1, A. Alexopoulou1

Heinrich Schliemann’s copy-books 
in the Gennadius Library
A non-destructive imaging documentation for assessing 
the condition of the archive

Fig 1: The signature of Heinrich Schliemann, Volume 1, page 23, detail 
(© Kaminari)

Fig 2: The offset of the next page’s copied letters are distinguishable,
Volume 27, page 491, detail (© Kaminari)
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‘Can modern imaging and image processing techniques
retrieve textual content from damaged parchment rolls?’

The Institute of Dentistry at Queen Mary University of
London is the leading centre for very high contrast X-Ray
Microtomography imaging. The 'Apocalypto' (Greek for
Revelation) Project is our collaboration with experts in
Computer Vision systems in the Computer Science
department at Cardiff University. This collaboration has
developed techniques and a workflow that allows us to
reveal some textual content from damaged parchment
rolls.

In initial results we have produced a virtual unrolling
of the full length of the left-hand third of a fused
parchment roll (Fig 1), amounting to in excess of 50 lines
of text — a five-fold increase over that accessable by trad-
itional means. The remaining two thirds of the roll will be
accessible to virtual unrolling as image-processing tech-
niques improve, without the need for any more X-Ray
scanning of the original document (Fig 2). 

Further results from a range of different heritage
objects will be presented — these are from on-going in-
vestigations and represent work in progress.

We have investigated the potential for damage to be 
caused to the document by the scanning process and
show that we are confident there is quantifiable extra
damage after scanning.

We think this article will conclusively show that we can
apply our techniques to heritage objects and produce
information of value to the conservation and archivist
communities.

*1 Contacting author: Queen Mary University of London, London, UK. 
Tel: +44.20.7882 5978, Email: d.mills@qmul.ac.uk 

2 Norfolk Record Office, Norwich, UK

3 School of Computer Science & Informatics, Cardiff University, 
Cardiff, Wales, UK

4 Institute of Dentistry, Queen Mary University of London, London, UK

D. Mills*1, A. Curtis2, P. Rosin3, Y.-K. Lai3, G. Davis4

Revealing the unreadable
Using non X-Ray imaging to reveal text on damaged 
and inaccessible manuscripts

Fig 1: Damaged, non-unrollable parchment document (© David Mills) Fig 2: Example output from our technique (right) compared with visible
imaging (left) (© David Mills)
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