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A brief exploration of problems in evaluation of
previous treatments
Alissa Anderson
Adviser, the Swedish National Heritage Board, Visby, Sweden

Abstract
How do we know that the methods and materials used in conservation are appropriate?
Evaluations of previous treatments can inform current conservation practice. This paper
discusses five problems that obstruct systematic and useful evaluations: ambiguous
judgement criteria, validity, reliability, documentation and infrastructure. The problems were
identified through an analysis of nine evaluation cases and a literature study.
Keywords: Previous conservation treatments, evaluation, review, assessment.

Introduction
A quick scan will reveal that there are unexpectedly few publications on non-invasive
evaluations of remedial conservation treatments in conservation literature. I find this
surprising, since understanding the past is at the core of the conservation profession. Most
conservators would agree that revision is a good way of ensuring the quality of present
practice. How come then there is so little to read about evaluations of treatments?
In 2019 I completed my master’s thesis on the subject of evaluations (Anderson 2019). The
aim was to theoretically explore best practice for non-invasive evaluation of materials and
methods in remedial conservation treatments. This paper is based on the parts of the thesis
that describe problems in evaluation. While discussing the problems I will mention a few
suggestions for overcoming them.

Why evaluate?
In 2014, the Swedish National Heritage Board (SNHB) held a conference on risk
management in conservation, where conservation professor Adrian Heritage argued
that we talk too little about the conservation treatment as a risk. Heritage exemplified
this with the conservation of a mural, where cleaning, removal of overpainting, water
treatment and consolidation could be compared to several degradation parameters,
such as physical force, water damage, soiling and loss of material. Heritage suggested
that conservators should admit and actively handle the risks associated with treatments
(Heritage 2015: 15).
In scientific laboratory studies, for example accelerated ageing, substitute materials
are used instead of original objects to study the suitability of conservation products and
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treatment methods. Limitations are set in order to make a study reproducible, and to
correlate cause and effect. Due to such limitations, laboratory studies cannot always be
translated to reality.
An important aspect of ensuring the quality of remedial treatments and conservation
products is to check naturally aged objects some-time after the treatment. An aged
treatment will show the result of a complex interaction between countless factors.
Non-invasive evaluations of previous treatments could be employed more frequently and
systematically, to complement the knowledge gained by scientific laboratory investigations.

Methods
Even though they are rare, one can from time to time encounter a study where a previous
treatment is evaluated. In order to explore hypothetical evaluation problems, nine case
studies were analysed, see Table 1.
Table 1. Examples of studies where previous treatments were evaluated and their evaluation
subjects, methods and results.
Case

Source

Object
type

Number
of objects

Evaluation
subject

Evaluation
questions

Evaluation method

Time
past
treat
ment

Documen
tation
access

Evaluation results

1

Sully &
SuensonTaylor
1996

Archaeological
freeze dried
leather,
Museum of
London

660

Condition
of objects
treated with
glycerol
after 5, 6, 12
or 13 years

Does the usual
method of the
museum stabilize
the objects in
a long-term
perspective?

Visual condition
assessment according to a
customised classification
model

5, 6,
12
and 13
years

Good
access.

Stable condition for the
majority of objects

Specific
information
(concentration of
product)
could be
used in the
statistical
analysis.

Concentration of product
and the object time
period affects treatment
effect

Good
access, but
more information was
wished for.

Tendencies have been
noted.

Unknown. All
details were
however
known since
the conservator and
the evaluator
was the
same
person.

The treatment exhibited
the desired long-term
effect.

Fair access.
Conservation
staff were
available for
questioning.

Lack of systematic
maintenance has
affected the durability of
the treatment.

What aspects
facilitate the
success or failure of
a method?
2

3

4

Gentle
1998

Mailand
1998

Myrin
2006

Silk textile,
private
collection
and
National
Trust

3

Silk
costume.

1

Gotland
sandstone,
architectural details
in outdoor
condition.

Purpose
fulfilment
of the
treatment.

Which aspects of
the treatment were
successful and
which less so?

Statistical methods
for correlating known
parameters

Visual condition
assessment of specific
factors

14
and 17
years

How should
planned retreatments be adjusted?

16

Condition
of the silk
costume
treated with
Beva 371.

Has the treatment
changed in an
undesirable way?

Purpose
fulfilment
of the
treatment
(effectiveness,
durability
and
protective
capacity of
product).

What are the
reasons for the
observed problems
for the consolidation, hydroprotective treatment
and filling of the
stone?

Visual condition
assessment.

12
years

Visual condition
assessment.
Analytical methods (Karsten
tube, ultrasound pulse
velocity).

Between
1–15
years

More
analytical
measurements were
wished for.

Concentration of product
may need to be adjusted
according to object time
period.

Retreatment has been
suggested.
Practical knowledge
on the method and
materials is broadened.

The evaluator suggested
to treat untreated
areas of the object
accordingly.

Change of colour over
time could be related
to the content of the
conservation product.
Adherence failure in
treatment was observed
where the stone was
previously treated with
oil paint (treatment was
not efficient).

(Table 1 continues on the next page)
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(Table 1 continues from previous page)
Case

Source

Object
type

Number of
objects

Evaluation
subject

Evaluation
questions

Evaluation method

Time
past
treat
ment

Documen
tation
access

Evaluation results

5

Marcuccio &
Claudio
2006

Oil
paintings
in Italian
churches.

15

Condition
of glue
paste lined
paintings
stored in
fluctuating
climate.

--

Visual condition
assessment.

Apx.
80–30
years

Unknown.

pH was on expected and
desired levels.

Ageing
properties
in three
different
adhesives
common
in painting
conservation.

Are the objects
in need of
retreatment?

10–35
years

Fair access.
Conservation
reports are
there for
each object,
but much of
the important
information
is not
documented.

No need for re-treatment
for majority of objects.

Condition
of previously
treated
objects.

Is the choice of
the conservation
method the reason
for better condition
among some of the
objects?

Bad access.
50 % of
the digging
sites lacked
conservation
reports.

Too small number of
objects for answering
the evaluation question.

6

7

Anderson
2010

SNHB
2012

Canvas
paintings
from
several
museum
collections.

Archaeological
metal.
Östergötlands
museum.

104

--

Comparison between two
object groups with different
constants and variables.

Damages attributed to
the practical aspects of
the method were noted.

Analytical method (pH).

What tendencies
can be observed in
the treated objects?

Visual condition
assessment according to a
customised classification
model.
Comparison between the
damage description prior
to conservation and the
observed state

Visual condition
assessment according to a
customised classification
model.

--

Correlation between
observed condition and
known parameters.

No connection between
time passed since
treatment and the need
of retreatment could be
established.
Too small number of
objects for general
conclusions on ageing
properties of the
adhesives.

The condition varied
hugely among objects
from the same digging
site and treated with the
same method.
Dinitrol pasta did not
appear to have given
any protective effect.
Objects conserved at
Malmö museer were in
better condition than
other.

8

9

Häggström et
al. 2013

Häggström et
al. 2013

Archaeological
wood.
Historiska
museet.

1474

Archaeological
wood.
Historiska
museet.

29

Occurrence
of characteristic
signs of
degradation
in alum
treated
objects.

In what condition
are the alum treated
objects, seen to the
characteristic signs
of degradation for
such objects?

Visual assessment
according to a customised
classification model.

Suitability
of a
treatment
programme.

Is the treatment
programme suitable
to apply on similar
objects?

Visual condition
assessment according to a
customised classification
model.

Apx.
50–80
years.

No access.
Some old
recipes for
treatments
were found.

Results consisted of
number of objects in the
different classes.

Immediately.

Very good
access.

Results consisted of
number of objects in the
different classes.

Analytical method (pH).

Analytical methods (pH,
weight, X-ray).
Comparison between
condition and other, on
beforehand established,
factors before and after
retreatment.
Ranking of the treatment
according to a valuation
model.

Conservation
and evaluation were
interconnected.

The treatment
programme was
suitable.
Practical knowledge was
gained and documented.
Too small number of
objects for general
conclusions.

Apart from the evaluation examples, this study was informed by literature on evaluation
practice in business and in politics. Literature on conservation theory was studied to
establish evaluation concepts within the conservation field. To gather insight on evaluations from conservators an online survey was distributed to the members of the Nordic
Conservators Group in Sweden. It was answered by 27 members. The survey is of lesser
importance for the analysis presented here and will only be referred to marginally.
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All analysed case studies were conducted non-invasively. Evaluations with non-invasive
methods are easier to receive permission for than invasive ones and are more appropriate
for systematic application. Evaluations of conservation materials and methods through
accelerated ageing, simulations or through studies on substitute materials, were not
included in this study.
In this paper the term ”classification model” encountered in the study by Häggström et al.
(2013), is used consistently for all models for classifying observations.

Central evaluation concepts
Evaluation experts Sandberg and Faugert, describe evaluation as a systematic investigation of the worth and merit of an activity (2016: 11). Forss gives a similar description,
but replaces the word activity with object, where the object is seldom a physical thing but
rather a phenomenon, an organization, an action, a policy or a decision (2007: 10–14).
Forss points out that evaluation is a process, and not the report produced as a result of that
process (2007: 14).
In conservation evaluation, this object would correspond to the effect of the treatment
method or of the conservation material. It is not the heritage object that would be judged and
valued, but the activity causing the condition of the object. In this text the word evaluation
subject will be used instead of evaluation object, as not to confuse it with heritage object.
I will also make a distinction between evaluation subject and purpose, where the purpose of
an evaluation will signify what is meant to be achieved, and not what is meant to be judged
and valued.
While evaluation can be used as a method in a scientific study, there is a difference
between science and evaluation. Evaluation springs from practice and the goal is to make
an activity better. A concept highlighted by experts is that the evaluation must be useful
(Forss 2007: 15–18; Sandberg and Faugert 2016: 13). The usefulness is described by
the purpose. Are the results meant to inform preservation or conservation decisions? Will
they be used to check whether the conservation assignment was conducted according to
agreement? Or, is the evaluation conducted in order to teach conservators something new?
In evaluation theory, experts usually distinguish between formative and summative evaluations, where the former stands for the purpose of learning, while the latter describes the
purpose of checking results (Gröjer 2004: 8).
A mere observation statement is not enough to be called an evaluation, at least not when
many factors could have led to and affected the observed outcome. The condition of an
object is not the same as the effect of a treatment. An effect can be desired or not desired.
It can be unexpected. Sandberg and Faugert warn that where the causes to an observed
condition (the effect) are not investigated further or discussed, evaluations can lead to
erroneous recommendations (2016: 21).
A valuation model explains what is valued and what the judgement is based on. Forss
explains that a model can take on many forms. It can be mathematical, for example an
equation; a series of boxes; a form or a bullet list. It can also be expressed qualitatively as
a text (2007: 100). Sandberg and Faugert point out that evaluation models are often richer in
content than scientific studies, since they include descriptions of practice, ideas and ideals
(2016: 61–62).
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In conservation, valuation models often contain classification models. Classifications
facilitate studies with many objects and enhance consensus among evaluators. Such
models can be more or less specific. An example of a specific model is: 1 = yellow; 2 = blue.
An example of a less specific classification model is: 1 = stable condition; 2 = in need of
treatment.

Analysis of nine evaluation cases
Three different types of motives for evaluation are found among the studies in Table 1:

•
•

Find out how the conservation methods and materials perform over time.

•

Check whether an object needs re-treatment.

Understand whether some aspect of a previously applied treatment needs adjustment
before it is applied again.

The main motive in the cases 1, 2, 3 and 9 was to inform a re-treatment plan. In cases
4–7 the motive was to generally learn more about certain methods and materials. A few of
the studies are scientific, while others follow up the evaluators own practice, or check the
condition of the treated object.
At first glance the evaluation subjects are similar in all of the cases. The condition of the
object is the focus of attention. A closer look reveals that the subjects differ. This reflects on
the choice of the evaluation methods. The evaluation subjects were:

•
•

Condition of objects treated with a particular method/conservation material.

•
•
•

The fulfilment of the purpose of the treatment.

Occurrence of characteristic signs of change in objects treated with a certain
method/conservation material.
Ageing properties of conservation material.
Suitability of applying a method or using a material for other objects.

The overall condition of the treated object was the main subject in four cases. In order to
answer the evaluation questions, the evaluators compared condition to known parameters.
In case 1, the condition of the 660 objects, 5–13 years after treatment, was correlated to
different specifics, for example the concentration of glycerol in the treatment. In case 3, only
one object was examined, and here treated and untreated areas were compared in order
to make a verdict on the treatment. In case 5, the condition of the 15 objects was correlated to factors such as properties of the storage areas and treatment specifics. In case 7,
the condition of an unknown number of objects was compared to differences in treatment
methodology.
Cases 8 and 6 presented a slightly different approach. The subject of case 8 was to detect
characteristic signs of change related only to alum treatments, and not assessing the whole
condition of the object. Soiling was, for example, not part of the classification model. In
case 6, the objects were also examined for characteristic signs of change. Although the
approaches in these cases were similar, the subjects differ. In case 6, the subject was
assessment of the conservation material, while in case 8 it was to gather information on the
type and the extent of object degradation.
In cases 2 and 4, the subject was the fulfilment of the purpose of the treatment. The
assessment evolved around specific functions of a treatment and not the whole condition of
the objects.
NKF X XII CONGRESS OCTOBER 21–22, 2021
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In case 9, the subject was the suitability of applying a treatment programme in a mass
conservation. Here the methods were ranked according to suitability, immediately after the
trial treatments.
Case 1 and 8 were epidemiological studies in that they used statistical methods to look at
how effects are distributed in a large population of objects. Both cases study archaeological
conservation. It is possible that archaeological objects are more suitable for epidemiological
studies than other types of heritage, since several factors can be equal for a vast number
of objects: digging site, production period, material type or conservation method. In both
studies, the authors pointed out that the evaluated material was not as homogeneous as
expected, that the comparable parameters were few and that the statistical uncertainties
were many. In case 7, the number of the objects was not conveyed in the text. Judging from
the context the study was epidemiological and the material type was also archaeological.
In five cases (2–5 and 9), the number of objects chosen for the evaluation were between
one and 29. In several of these studies the authors pointed out that general conclusions
cannot be drawn from such small studies. On the other hand, the evaluators were able
to learn about tendencies and gained practical and useful insights about the investigated
materials and methods. One example is case 9, where 29 objects were treated, and the
treatments evaluated, in order to assess the suitability and applicability of a treatment
programme for a large-scale archaeological conservation project. Cases with only one and
three examined objects had a formative purpose (see Central evaluation concepts above).
An example is case 2, where two objects treated with a common adhesive 17 and 14 years
prior, were examined in order to gain insights and refine the evaluators own practice using
that adhesive.
Visual inspection was the main method for gathering information in all of the studies. In five
cases, a classification model was developed prior to the assessment. In those cases where
the evaluation was planned before the start of the treatment, comparisons of established
factors before and after treatment were made. In four cases, visual inspection was aided by
analytical methods, such as pH, weight, X-ray, Karsten tube, and ultrasound pulse velocity.
In case 4, analytical methods were given a more prominent role. Measurable values were
compared before and after conservation. Case 6 is the only example where an attempt was
made to compare the current condition to the pre-treatment condition found in the conservation records. Here, the majority of the examined conservation reports lacked images, and
were incomplete in treatment information. However, this study show that it is possible to
draw some evaluation conclusions even with such limited documentation.
Examples where a classification model with clear judgement criteria was presented were
easier to understand. In three of the studies it was not clearly explained what the judgement
was based on. For example, in case 4 it was not apparent whether there had been a survey
template. In case 6 there was a template, but no explanation was given for why an object
was placed in each category. As for case 5, the evaluation showed that the restauration
method had helped to preserve the pH-levels measured on the objects surfaces. However,
this perception was not explained in the evaluation. This study was disseminated as a
conference poster, which could be why some information was lost. The subject of this study
was not clear, the text did not reveal how the results would be used and it appears that the
evaluators did not measure what they intended to measure. This study lacked a control
group, i.e. objects not treated with the evaluated treatment type. Research logic makes it
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easy to criticize the study’s conclusion that the treatment was the main factor for the objects
being in good condition.
Documentation records are of utmost importance for evaluations. In the two examples
where the conservator of the evaluated treatment was also the evaluator, accessibility to the
information was good. The evaluators in cases 4 and 6 expressed their frustration over the
short-worded conservation reports, difficulties in finding the records and a wish for results
from standardized analytical measurements. In cases 7 and 8, there were almost no records
of the treatments at all.
As seen in several of the examples, a side effect of a conservation evaluation can be that
the processes surrounding the treatment are revealed and reviewed. Case 4 showed that
the deficient maintenance of buildings had negatively affected the outcome of the treatment.
Leaking roofs and damaged drainage had caused new damage (Myrin 2006: 85). Case 6
is a good example of how difficult it can be to find objects conserved with a certain method
or material through searches in museums digital and analogue collection management
systems. The author writes that it is probable that many relevant objects were not evaluated
simply because they could not be identified (Anderson 2010: 10–11).
The case studies show that it is common for one study to have both a long term and a shortterm purpose. A short-term purpose answers an immediate question: what condition is the
object in right now? A long-term purpose is to broaden the knowledge base of the conservation profession.

Ambiguous judgement criteria
An evaluation requires a judgement from the evaluator. As the analysis above reveals, clear
judgement criteria are important for transparent and thus useful evaluation studies. Some
criteria can be retrieved from normative documents, such as ICOM Code of Ethics for
Museums (2017), E.C.C.O. Professional Guidelines (2003) and CEN-standards for conservation of cultural heritage. A problem for evaluations of previous treatments is that several of
the requirements in these documents can be interpreted in different ways.
One such example is the principle that conservation materials and methods should be
compatible with the materials of the object (ICOM 2017: article 2.4; E.C.C.O. 2003: article 9).
The CEN-standard Main general terms and definitions defines compatibility as the extent to
which one material can be used with another without compromising the stability or the significance of the object (SIS 2019: article 3.3.5). In reality, choosing a compatible conservation
material often means balancing at least three different concepts, which in some cases are
incompatible with each other:
1

That the material will not affect the physical or conceptual integrity of the object.

2

That the material has a similar origin or manufacturing history to the materials of the
object (for example a traditional type of fibre or glue).

3

That the conservation material has similar physical properties to the materials of the
object (for example elasticity, glass transition temperature or tone of colour).

Different evaluators can interpret these quality criteria differently. In addition, there are
disparities in what is considered ethical and appropriate in different conservation disciplines, as noted both by Caple (2009: 28) and Ashley-Smith (2009: 14–15). Another popular
criterion, the minimal intervention, has been discussed by Muñoz Viñas as an oxymoron: it
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is always possible to say that an intervention could have been made even smaller
(2009: 49–50).
The criteria that a conservation treatment should not harm the cultural heritage (E.C.C.O.
2003: article 9) might seem straight forward. However, aesthetical preferences or trends
can affect how much change in an object is acceptable before it is considered harmed.
Ashley-Smith has exhaustively discussed the word damage and concludes that a damage
is perceived in a two-step process. First, a change in the object must be detected, then the
change must be evaluated for its effect on the object’s value to the stakeholders (2013: 8).
If the evaluator is someone other than the conservator of the treatment, the valuing aspect
in combination with vague principles might damage trust among peers. This risk is even
greater where the study concerns a small number of objects or where the evaluation
is made shortly after the treatment. In evaluation theory, it is pointed out that abstract
goals are seldom useful as evaluation criteria (Sandberg and Faugert 2016: 13). Criteria
somewhat closer to the conservation practice might be

•
•

Chemical and/or physical stability of the conservation material.

•
•
•
•

The harmlessness to human health.

The inability of a material or a treatment to start unwanted chemical processes within
an object.
The environmental impact.
The effectiveness of a method.
The impact of a method on the understanding and readability of the object.

Chemical and physical stability is a common criterion for conservation materials. In evaluations of naturally aged treatments, it should be considered that chemical changes might not
be detectable non-invasively. Non-invasive evaluations could perhaps help to detect the
most chemically unstable materials. Stable materials can only be found through accelerated
ageing techniques, since it can always be argued that the naturally aged material has not
aged long enough for a drastic change to occur.
In addition to the listed criteria above, in conservation literature one can find numerous
specifics for treatments of certain object categories and for different types of damages,
illustrated here by two examples. Through a survey among textile conservators, Nilsson
found that the criterion most often mentioned for considering a treatment successful was
its aesthetical appearance, while supporting the object to prevent further damage came
second (2015: 44). What is actually important in a judgement is not always what we might
think it is. In an accelerated ageing evaluation of adhesives for joining plastics, Winther et al.
listed detailed criteria, such as specifications for solubility, refraction and Tg (2015: 108). The
writers concluded that none of the evaluated adhesives fully complied with all criteria (2015:
110). This shows that even with clear judgement criteria, it is important for an evaluator to
have realistic expectations for the outcome of a treatment.
Transparent valuation criteria are facilitated by correct indicators. Sandberg and Faugert
describe a good indicator as being distinct, commonly accepted and supported by sources
(2016: 52). In conservation, indicators can be found in literature on specific object types
and can for example evolve around known and undesired effects: yellowing, reduction in
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smoothness, opacity, smell, corrosion, whether an object is stiff when handled, whether it
crumbles, and much more.
The ethical guidelines constitute vague evaluation criteria, but this does not mean that it
is impossible to evaluate a treatment from the perspective of ethics. What is important is
that well designed valuation models are used. An evaluation of ethical considerations in a
treatment might call for engagement of several stakeholders and professions.

Validity
Countless factors contribute to the effects of a conservation treatment: the material composition of the object, its history, the properties of the conservation material, variations in the
method itself, and the environment around the object. This constitutes a validity problem for
the valuation judgement. In conservation evaluation, validity evolves around three aspects:
1

The relation between evaluation purpose and the evaluation result. Did the evaluator
measure what was supposed to be measured? Is there actually a connection between
the observed effect and the evaluation subject? (Example: corrosion is observed on all
objects treated with a certain method, not due to the treatment but due to unsuitable
environment).

2

The validity of results on a larger number of objects. Are the results of the study true
for all objects conserved with this method/material? (Example: four out of five objects
conserved with the same method in a collection are in bad condition).

3

The validity of results for future application of treatment (example: this type of glue will
always yellow over time).

Is it at all possible to draw valid conclusions from non-invasive evaluations of such complex
matters as change in an object over time? In natural ageing studies, it might be difficult to
isolate a certain aspect enough to draw definite conclusions between cause and observed
effect. In the online survey made for this study, several responders pointed out that conservation evaluation should consider the environment of the object. In several of the cases in
Table 1, different environmental factors were compared to the status of the aged treatment.
However, this area is very complex. A simple study can quickly swell to unreasonable
proportions when the vast number of parameters are included into the equation.
Epidemiological methods are employed in conservation, where statistics help to formulate
damage functions (DF) (Ashley-Smith 2013). DF are mathematical equations based on
quantifiable factors in an object’s environment and measurable effects in the object. DF
are used to calculate how, for example, environmental factors will affect an object over
time. However, DF research in conservation is still young. The use of statistical methods in
evaluation of previous treatments require large number of similar objects treated in the same
way. While there are such collections (archaeological objects, archives) the amount needed
for statistical certainty is perhaps too large for limited studies. For non-invasive evaluations of previous treatments, a more reasonable approach could perhaps be to simply note
tendencies and indications of change, and not try to draw general conclusions from small
populations.
In evaluation theory, complex realities are handled by transparent valuation models.
Methods like additionality and benchmarking can be employed. Additionality is used to
describe the additional contribution of an activity, beside what would have happened
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anyway, and to point out other factors that could have contributed to the outcome (Sandberg
and Faugert 2016: 22). Applied to conservation, a fictional example is where a conservator
concludes that all 20 objects treated with the same method are in very good condition.
Another conservator points out that these objects were in fairly good condition even before
the treatment, and besides, the climate in the storage has been stable. The second conservator has here used the method of additionality. Benchmarking is a comparative method,
where differences between outcomes are compared and analysed. Those entities that
perform best constitute a model, and explanations are sought for those which do not reach
the desired state (Sandberg and Faugert 2016: 79).

Reliability
In conservation evaluation, reliability concerns three things:

•
•
•

Whether the evaluator is biased, for example through their motive for the evaluation.
Basis for judgement, for example, has enough information been gathered?
The precision of tools for data collection.

In the online survey conducted for this study, it became clear that some conservators
connect the independence of the evaluator to objectivity and thus a greater reliability in
evaluation. The evaluation theorist Forss points out that while there are situations where
such scrutiny is needed, most times it is more appropriate that those most interested in, or
especially familiar with, the case also conduct the evaluation (2007: 14–15). Gröjer writes
that formative evaluations should be conducted by concerned parties (2004: 184). Sandberg
and Faugert point out that independent evaluators come with advantages and disadvantages. Admittedly, independence can be related to an unbiased opinion, but at the same
time the evaluation might be perceived as controlling and judgemental to the stakeholders
(2016: 42). The motive and purpose should guide the decision on whether an independent
evaluator is needed.
Motives that call for independence might be a suitability review of a treatment, information
gathering prior to funding application or controlling whether a treatment is conducted
according to a tender. There are however motives where it is more acceptable that the
conservator of the evaluated treatment also acts as the evaluator. Perhaps preservation
conditions for an object need improvement, or the conservator wants to review his/her
own practice. A common motive in the examples (Table 1) is to find out more about certain
materials and methods, prior to further application. Another motive is to follow up one’s
own treatments. In such evaluations, important information on materials and methods can
emerge and should be disseminated to others.
For a transparent and objective evaluation, the motive and the purpose require clear explanation. Already at the planning stage it should be established whether the evaluation is
controlling or formative.
In all of the analysed cases, the assessment was based on a visual inspection. The uncertainties in subjective observations have been exhaustively discussed by Taylor, who has
shown that ambiguity in survey form definitions greatly affects survey reliability. Even the
word condition means different things to different inspectors (Taylor 2013: 99). While the
visual inspection is a limited tool, it is simple and efficient.
As seen in the cases, visual inspection is sometimes aided by more reliable analytical
methods. An increasing number of non-invasive and even portable analytical techniques
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are applied in conservation science. Unfortunately, these are often expensive and require
special knowledge on operation and interpretation of results. In a synthesis of the results
hitherto achieved from the ongoing IPERION CH project, New strategies for diagnostics of
conservation treatments, Łukaszewicz points out that non-invasive methods are still far less
precise than invasive ones, and that more research is needed (2019: 23).
Depending on the purpose of the evaluation, it might instead be of more use to have good
practical knowledge of materials, for example to be able to make judgements on how a
surface feels to the touch. A well-prepared valuation model, including classifications with
clear and precise definitions, is helpful.

Documentation records
In several of the analysed cases (see Table 1) it was clear that the documentation left much
to be whished for. Documentation was either hard to find or lacked relevant information.
Scant documentation does not affect the condition of an object, but is hardly compatible
with ethical requirements of today. It obstructs not only evaluations, but also retreatments
and preventive care. A verdict on documentation quality in an evaluation of past treatments can therefore be in its place. It can help illuminate structural problems such as time,
infrastructure and motivation for documenting object management.
Most conservation evaluations are dependent on some form of documentation of the
treatment. Different types of information can be used for different evaluation purposes.
The conservation proposal compared to the conservation report enables comparisons
of results and effects to the purposes and goals of the treatment. Environmental data,
previous technical investigations of the object and even condition reports can give important
background information as well as parameters for comparisons.
In a project where data mining techniques were applied on museum databases, it was
obvious that searching through PDF-, Word- and Excel-files was time consuming, since
each document has to be opened manually (Golfomitsou et al. 2017: 7). Albeit not easy,
museum information retrieval is possible, which cannot be said for all types of cultural
heritage. One example is given in a report by the Swedish Public Art Agency (2019: 102).
Information on public art in Sweden is scattered among property owners, overseers and
authorities. Resources have been made available for documentation, but the records are not
structured and they differ in quality.

Infrastructure
Evaluations of previous treatments give verdicts on results and effects of conservation
methods, based on systematically collected information and according to a clear valuation
model. So far, no guidance for such evaluations exists. In my master’s thesis (Anderson
2019) guidelines are suggested, in an attempt to aid evaluation practise, but for truly useful
evaluations there are several infrastructure obstacles left to tackle.
In the online survey for this study, responders stated that there is a need for guidance on
methods and tools for inspection of objects, but not general guidance on evaluation practice
(Anderson 2019: 144–145). However, the analysis of the case studies show that basic guidelines would have been beneficial for studies where motive, purpose and valuation criteria
were not accounted for, for making them even more useful for the conservation field.
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In conservation condition assessments, both ascending and descending scales are used.
The number of classes as well as terminology differ. This obstructs comparisons of different
evaluation studies. Standardized classifications are available for describing the type,
material and technique of an object (J. Paul Getty Trust n.d.) but not yet for recognizing and
classifying damage types. This complicates outsiders’ understanding of the grounds for a
judgement verdict. However, since different evaluations have different objectives it would
not be fruitful to standardise classification models. If the purpose of the model is to establish
priorities, an unstable condition might be ranked 1, whilst in other contexts 1 (or A) might
be linked to good condition. In a worst case scenario, a standardized scale for all situations
might lead to the erroneous conclusion that results from different studies easily can be
compared.
On the other hand, some things can be standardized. In their 1999 article, Suenson-Taylor
et al. gave excellent guidance for epidemiological evaluations and statistical methods. The
suggestion of using criterion anchored scale, CARS (1999: 188) can be adapted in many
evaluations. CARS guide the evaluator to consider specific elements of the condition, and
to grade each such element within a given scale. Each grade should be explained with
condition criteria, specifically defined in relation to the material.
The notion of evaluation usability is obstructed by the lack of infrastructure for conservation
information safeguarding and retrieval. Cultural heritage management systems of today
allow for searches on treatment methods and materials only to a limited extent. There are
international databases that list conservation materials, for example Cameo (2020) and
Preserv’Art (2014). In theory, evaluation results on degradation processes and observations
of undesirable changes in conservation materials could be disseminated in such databases.
However, these databases are neither persistent, structured nor standardized, and cannot
be linked to, for example, collection management systems. Besides, there are hardly any
regulations for conservation documentation content in Sweden today. Documentation
is needed not only for future conservators, historians and evaluators, but also to avoid
handling potentially harmful substances that might have been used in a treatment.
From the online survey it was obvious that evaluation organization is an issue causing
concern. Who should call for and pay for evaluation assignments? What official body
should conduct evaluations? Who should convert the results to usable knowledge? Who is
responsible for the quality of conservation treatments: conservators, authorities who give
permission for treatments, a supervising authority or the science and academia? There is
currently no infrastructure to ensure the overall quality of conservation methods through
evaluation of previous treatments, at least not in Sweden.

Discussion
There are probably many answers to the question of why so little is published on evaluation
of previous treatments. One could be that conservation is often prescribed to the field of
natural science, where statistical certainties and definite answers are sought for rather than
shared experiences. A well-founded criticism against studies of naturally aged treatments is
that general conclusions cannot be drawn from limited number of objects and with so many
variables affecting the outcome. Epidemiological studies are used for more certainty on the
long-term effects of treatments, but such studies require great resources in funds, personnel
and time, and are still no guaranty that the sought for answers are given. If statistical validity
is called for, perhaps evaluation of previous treatments is not the answer.
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However, this does not mean that we cannot learn anything at all from non-invasive and
small-scale evaluations. In the analysed cases above, evaluations of one or a few previously
treated objects were useful and valuable for the individual conservators/evaluators practice
development, for the collegial exchange on conservation practicalities and, above all, for
informing those specific objects preservation strategies. And, what if the evaluation reveal
tendencies in the real objects that deviate from laboratory findings? It is important that such
observations stop being urban legends and start informing conservation community, for
example through publishing in conservation journals and posting in online databases.
Seen from the answers in the online survey and from the subjects of the evaluation cases,
there are different views on what an evaluation of a previous treatment is. Some tend to
expect a control, a check of appropriateness or, whether the conservator had a relevant
training. Others want to understand how methodological differences affect the long-term
effect of a treatment. Both perspectives are valid evaluation purposes.
The consequences of conservation treatments on the attributed values of heritage objects
are not commonly discussed other than by conservators. The quality of treatments is
regulated within the profession. One exception is the permission process through the
Swedish County Administrative Board regarding Swedish churches, but even here it is in
many cases difficult for the antiquarians to estimate the long-term aspects of conservation.
At least in Sweden, questions on significance and what is to be conserved are dominating,
while questions on how something should be treated and what the risks of a treatment might
be, are primarily reserved for conservators.

Conclusion
Five problems obstructing evaluations of previous treatments were identified through an
analysis of nine examples of evaluations found in literature.
In the analysed examples, motives for evaluating were to acquire more knowledge on how
conservation materials and methods functioned over time, to determine if a method needed
adjustment before retreatment, or to check whether an object needed further treatment.
The evaluation subjects in the examples concerned condition comparisons, characteristic
signs of change, ageing properties of methods or materials, the purpose fulfilment of the
treatments, and the suitability of methods or materials for further application. Two studies
were epidemiological. Some were conducted scientifically, others were small scale for
following up individual practice or specific objects. The main investigation method was visual
inspection. Analytical methods complemented visual assessment in four of the cases.
The following evaluation problems and their possible solution were identified:

•

Ethical guidelines in conservation provide ambiguous judgement criteria. This may for
example lead to subjective criticism of predecessors or competitors. Ambiguous criteria
is a structural problem springing from the common understandings in the conservation
community. Since this problem can be solved through planning and transparency, it is
also a methodological problem which can be solved with guidelines and training.

•

The problem of validity springs from the uniqueness of objects. Real objects in complex
environments give rise to many variables, making it difficult to draw general conclusions
on conservation methods and materials.

•

The third problem is the reliability of an evaluation judgement. The motive for conducting
an evaluation can affect the credibility of a study. Also, the easiest investigation
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technique, visual inspection, is subjective. Validity and reliability are methodological
problems which can be solved by thorough planning of a study.

•

Documentation records are often too brief and non-standardised. Conservation reports
are difficult to retrieve, the formats are not machine-readable and the information not
searchable in databases. This also obstructs dissemination of important evaluation
findings on methods and materials. This is a practical problem for the individual
study, which quickly becomes a structural problem when considered on a larger
scale. Infrastructure for documentation content, format and safeguarding is still under
development.

•

The organization around evaluations is an obstruction for useful evaluations. There has
so far been a lack of guidelines for evaluation of previous conservation treatments. This
is a structural problem since there is a lack of responsibility and authority to ensure the
overall quality of conservation through revision planning.

While the methodological problems can be solved with guidelines, standards, training and
planning, the structural problems can only be solved through discussion both within the
conservation community and together with other professions on a higher cultural heritage
management level. Despite all these obstructions, the examples presented in this paper
show that evaluations of previously conducted remedial conservation treatments can reveal
significant facts and thus guide conservators of today. Even small evaluations are useful
for building up a critical mass of information on how treatments age, for shedding light on
arbitrary factors in conservation practice, and for framing further scientific questions.
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Abstract
The tradition of conservation and restoration in the National Museum of Slovenia can be
traced back to 1880 with the appointment of the first museum preparator. During the first
half of the 20th century, the Slovenian conservation–restoration practice was greatly influenced by the work of Friedrich Rathgen. A major turning point followed in 1959 with the
formal establishment of the Conservation Department under the leadership of chemistry
engineer Nada Sedlar. In the following year, Sedlar visited the conservation laboratories
in Mainz, Munich, and Nancy. Her observations inspired the introduction of more modern
materials and methods. For decades, the Conservation Department continued to struggle
with understaffing and lack of suitable space and equipment. Many of these problems were
addressed after Slovenia’s independence in 1991. The department was expanded considerably, allowing the staff to specialise and divide their work according to materials and
provenance of artefacts (archaeological finds versus objects of cultural history). Throughout
the previous six decades of its existence, the department has contributed decisively toward
the development of modern conservation–restoration in Slovenia. A particularly visible affirmation of the conservation–restoration profession followed in 2019 with the exhibition
In good hands, marking the 60th anniversary of the department.
Keywords: Conservation, restoration, history, National Museum of Slovenia, 20th century.

Introduction
The purpose of this paper is to outline the development of conservation and restoration at
Slovenia’s oldest museum institution, the National Museum of Slovenia, and its predecessor,
the Carniolan Provincial Museum Rudolfinum (Fig. 1). The beginnings of systematic conservation and restoration work undertaken under its roof can be traced back to the appointment
of preparator Ferdinand Schulz in 1880 (Bufon 1967). Apart from the curator and director,
Karel Dežman (Deschmann), Schulz was the only professional employed by the museum
at that time. Although initially based on craft traditions of the 19th century, the systematic
preservation, conservation, and restoration of historical artefacts have been part of the
museum’s activities ever since (Fig. 2).
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Fig. 1. The Carniolan Provincial Museum under construction (Photo: NMS archive).

Fig. 2. Ceramic
objects damaged
during the 1895
earthquake
(Photo: NMS
archive).
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Conservation–restoration practice during the first half of the 20th century
The first description of conservation–restoration treatments of museum artefacts in Slovenia
dates back to the beginning of the 20th century. In 1905, extensive archaeological excavations took place at the early medieval necropolis Lajh in Kranj. Led by Walter Schmid, the
curator at the Provincial Museum, the
event was closely followed by several
newspapers. Gorenjec published a
description of two methods widely
popular at the time, used for the conservation of finds (Fig. 3):
“The conservation of finds,
especially iron objects, was
attempted by applying new methods
for removing rust from antiques,
developed by Blell and Krafting.
Blell heats the iron object, which
must have a sufficiently strong core,
until red-hot and then immerses it
in phosphoric acid. Krefting, on the
other hand, wraps the object with
a zinc plate and then immerses it
in a solution of caustic soda. The
resulting galvanic current removes
the rust immediately. The attempts
were very favourable, and the finds
look much better now. The work is
to be continued in the laboratory
of the pharmacist M. Šavnik.”
(Gorenjec, 27 May 1905, VI/21.)
Both Blell’s and Krefting’s methods are
described in detail in Die Konservierung
von Altertumsfunden, written by Fried
rich Ratghen in 1898. The library of the
National Museum of Slovenia keeps
both editions of Rathgen’s handbook,
the first edition published in 1898, as
well as the second, extended edition

Fig. 3. Photograph of the two swords
described in the article in Gorenjec
(published in: Schmid, W., 1907. Die
Reihengräber von Krainburg. Jahrbuch
für Altertumskunde. Vienna, p. 65)
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Fig. 4. Rathgen’s handbooks kept in the library of the National Museum of Slovenia (Photo: Nataša
Nemeček, NMS, Department of Conservation–Restoration).

from 1915 (Fig. 4). As shown by numerous notes on their pages, both were a favourite
read among our museum predecessors. In the first edition of 1898, these notes are particularly frequent in chapters on the conservation of iron objects, while in the 1915 edition,
they become more extensive and include commentaries spread throughout the whole book
(Nemeček 2012: 24–39).
After many years of service at the museum, conservator and assistant Ferdinand Schulz
retired in 1909. He was succeeded by Fran Dobovšek, who died on the Bosnian battlefield
in 1915 during World War I. The obituary published in Carniola pays particular homage to
Dobovšek’s conservation work:
“His speciality was modern preservation methods, the conservation of metallic objects,
assembly of broken vessels, and filling of porcelain objects. He was always looking for
the best and least harmful adhesive materials. His gypsum casts were so well made
that they were hard to distinguish from the original once painted according to the
original template. He made casts for new mounts and similar items himself based on
the provided drawings. Whether cleaning, disinfection, lamination, joining or anything
else, he executed all with the same skill and perfection.” (Mantuani and Sajovic 1915:
241–244.)
From 1915 to 1917, the museum had no conservator. During the interwar period, the care
of artefacts in the Carniolan Provincial Museum Rudolfinum, which in 1921 was renamed
the National Museum, was provided by Viktor Herfort1 (starting 1916) for the conservation
treatment of natural history materials, and painter Fran Tratnik (starting 1926) for the restoration of the extensive paintings and sculpture collection. Tratnik left some notes on the
restoration of paintings during his early years at the museum. Of particular interest are his
descriptions of treatments undertaken on The Last Supper, Inv. No. 3533:
1

Herfort primarily treated objects from the natural heritage collection, but sometimes also those from
archaeological or cultural history collections.
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“The painting is heavily discoloured and mouldy. The paint has partly lifted off the
canvas, and swelling and puckering have developed on the remaining parts. The
painting has suffered extensive damage on account of humidity and needs cleaning by
Pettenkofer’s method. The heads of the apostles are mostly only red blotches without
any external contours on faces and arms. The painting was probably washed with soap
and water, and therefore mould and bubbles have developed, which will have to be
straightened out with ironing. Faces will have to be retouched, parts that have fallen
off will have to be repaired with putty and retouched, and the painting restreched on a
frame with wedges.” (NMS Archive, 27 November 1926/2, No. 908.)
For the conservation of archaeological artefacts, the museum often contacted Drago Vahtar,
the conservator at the Ethnographic Museum (Orel 1949: 129). Some of the more interesting
artefacts probably treated by Vahtar include two bronze helmets from the Fedran collection
(Inv. No. 3020), armour from Vrhpolje near Stična, and several other artefacts, which the
museum re-restored in the 1960s and documented their condition upon acquisition. Prior
to 1945, the interior walls of larger metal objects were usually reinforced with cardboard or
copper sheets, brass wire and rivets. Putty was used as filling material, and artefacts were
coated in a thick layer of shellac, putty, or paraffin over their entire surface (Nemeček 2013:
181) (Figs. 5–7).

Fig. 5. “Preparation” procedures on phalerae from
Vrhpolje, performed before World War Two – canvas
was used as a fixture and hide glue was probably
added as adhesive. (Photo: NMS, Department of
Archaeology photo archive.)

Fig. 6. “Prepared” phalerae – copper plate was
used as fixture before World War Two (Photo: NMS,
Department of Archaeology photo archive.)
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Fig. 7. The cuirass from Vrhpolje near
Stična “prepared” in the 1930s by Drago
Vahtar (1881–1948), preparator in the
Ethnographic Museum (Photo: NMS,
Department of Archaeology photo
archive.)
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From the interwar period onwards, museum employees were required to pass a professional
exam. In regard to conservation and restoration procedures, the archival sources lead us
to conclude that the prevailing methods used at the time were based on Die Konservierung
von Altertumsfunden, which was the basic textbook prescribed for the professional exam
(Nemeček 2013: 67).
The end of the Second World War found the collections at the National Museum in poor
condition. In 1944, they had been stored in the museum’s damp basement to protect them
from air raids. Archaeological artefacts were particularly badly affected by moisture, and
even the oldest, previously conserved artefacts suffered considerable damage. Apart from
corrosion, they had developed mould, and deterioration was ongoing even in objects that
had been treated with often excessively thick layers of shellac or hide glue. This had led
to the almost complete destruction of some extremely valuable objects, which could have
been prevented by the intervention of a conservation expert (Nemeček 2013: 80–82). The
condition of objects was assessed by Rudolf Berce, an engineer who had been cooperating
with the museum on the conservation of its extensive coin collection since 1942.
The Department of Conservation and Restoration keeps a document handwritten by Berce
in 1943, a discussion in ten chapters outlining the possible treatment methods of bronze
and silver coins. Of particular interest is the chapter containing the description of cleaning
techniques based on the available literature and the author’s own experience. The conservation of coins took place from August to October of 1942 in the National Museum’s conservation studio in Ljubljana:
“Regarding the Krefting method as proposed by Rathgen (II) for the mass cleaning, I
believe the following remark is in order: both caustic soda and the rinsing bath should
be prepared using distilled water, as I suspect that hard water helps form a whitish crust
on objects, which I believe is predominantly insoluble alkaline zincate; however, I have
no evidence to support this.”
The author’s account of the coin conservation treatment concludes with the words:
“I, therefore, propose the following: use a large shallow vessel made of glass or
enamelled iron, cover its bottom with a grate, place each coin in its own zinc wrap, leave
a space of at least two coins between each coin, place coins only 0.5 to 1 cm below the
surface, use a mild caustic soda solution (5 per cent) which prevents strong reaction,
use a solution prepared with distilled water, constantly monitor the process (check
every hour) despite increased costs, use rubber gloves but do not come into contact
with bronze as the procedure on silver coins has shown that rubber constantly releases
sulphur; the zinc piece must be cut in such manner that it stays preferably in an upright
position so that the coin cannot fall off its surface. The coin must be placed in such a
position that the formation of bubbles underneath it is prevented.” (Berce 1943).
After the war, Berce was given the task of establishing a conservation laboratory in line
with modern standards and methods; the National Museum conservator also played a key
role in the education of experts for the emerging regional museums. Starting in 1946, the
preservation of ceramic objects was provided by two assistants while Berce was in charge
of the conservation of metallic objects. He also participated in excavations carried out by
the museum and was solely responsible for the relevant technical documentation and taking
photographs. His name is now more or less forgotten, which is surprising given the fact that
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he was the first Slovenian restorer to have been involved extensively in the conservation
of metal objects and to have regularly published his results, as attested by the long list of
his bibliographic entries in both local and international scholarly journals. An overview of
methods used at the time reveals that they were still based on the methods of the ”German”
conservation school as described in Rathgen’s handbook, among which electrolytic cleaning
and the use of different acids prevail. More contemporary methods of electrolytic cleaning
by the so-called Finnish method were also used. Not only did Berce copy these methods,
but he also refined them with the knowledge and experience he acquired in the conservation of archaeological objects. Berce’s collaboration with the National Museum ended in
1957.

A break with prewar practice (1958–1981)
In 1958, the arrival of Nada Sedlar, a chemistry engineer, laid a more solid and more
scientific foundation for the development of conservation–restoration activities. Under her
leadership, the laboratory for the conservation of metals opened in mid-July 1958, and the
Department of Conservation was established as a separate organizational unit in 1959. In
1960, aiming to organise work procedures at the department along the lines of similar institutions, Sedlar visited conservation workshops in Mainz and Munich in Germany and Nancy
in France. In 1961, as a Unesco Fellow, she also studied in England, France, and in the
Netherlands. As the work methods of her predecessor Berce were outdated, Sedlar
focused on the introduction of modern materials and methods that, since the 1950s,
had considerably changed the work methods practised by conservators and restorers
(Fig. 8). Of particular help was the contemporary specialist literature, particularly
Plenderleith’s Conservation of Antiquities from 1956 and Studies in Conservation, the new
periodic journal started in 1952.

Fig. 8. Nada Sedlar
in Stična in 1962
(coating a profile),
excavations on grave
48. (Photo: Vida Stare,
NMS, Department of
Archaeology photo
archive.)
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Over time, the department grew to four employees, specialising in the conservation of metal,
ceramics, and wood. In addition to full-time conservators, the department also received
occasional assistance from other museum employees who normally carried out other duties
(NMS Archive, 22 April 1961).
The work conditions in the laboratory were poor. A questionnaire of 1961 lists the
following equipment: partial kit for spot-test microanalyses, a drying oven, a water distiller,
a rectifier, a vacuum pump, a voltmeter and two probes, a hygrometer, a pocket microscope,
a concrete tub, a 22 l glass flask, a stoneware flask, glassware, dental drilling machine,
a desiccator, tweezers, a sanding machine, a magnifying glass, and a table tripod. The
rooms were so dark and damp that the instruments kept corroding and required constant
cleaning.
The most common method for treating iron objects was electrolytic reduction, sometimes
also applied locally, in a 5 % NaOH solution. Occasionally, reduction with aluminium plates
and zinc granules was used, and sometimes also the combination of electrolytic and
electrochemical treatment. Objects were then rinsed with distilled water, tested for chlorides
with silver nitrate, dried in a thermostat and coated with a methacrylic resin such as Paraloid
(NMS Archive, 22 April 1961).
Among the more demanding projects undertaken in the era of Nada Sedlar was the restoration of the Emona Citizen statue. This began in 1964, when signs of corrosion were
noticed on the statue’s surface, resulting from previous restoration treatments. Work had to
be stopped several times due to the shortage of chemicals. Several agents were tested for
the removal of corrosion products; the team eventually settled for glycerine-alkali baths
(2 % NaOH) and used them to remove malachite layers, while cuprite was removed using
an EDTA solution. Chloride ions were removed in a sodium bicarbonate bath. A new internal
polyester frame was made, and the statue’s fragments were affixed to it with Araldite. The
statue was gilded with gold leaf, given a protective coating of shellac, and a new base was
made. The work on the gilded bronze statue was completed in 1971 (Sedlar 1971).
Between 1958 and 1981, despite constant understaffing, a lack of suitable space, and
restrictions regarding technical equipment, the conservation laboratory led by Nada Sedlar
managed to keep up with the professional developments in the West, particularly in regard
to the use of contemporary synthetic materials. However, Sedlar’s greatest achievement was
the systematic implementation of working methodologies to conservation and restoration
of artefacts from both of the museum’s central fields – archaeology and cultural history.
In addition to applying new conservation techniques, the department carried out its core
mission in the conservation of museum collections by providing specialist education and
training for conservators in regional and other local museums. From 1973 to 1979, Nada
Sedlar gave a series of lectures at the Department of Archaeology of the Faculty of Arts on
the conservation techniques for archaeological materials. Because of the department’s core
mission, a great deal of effort went into updating a specialist library, which was generally
considered one of the best in Yugoslavia.

Prehistoric situlas and kettles – three periods, three approaches
Objects from the prehistoric collection, namely situlas and kettles, are very telling when
researching the history of metal object conservation–restoration. Prior to 1945, the
material used for the stabilisation of these artefacts was either multi-layered cardboard
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or copper sheet attached with rivets, using the so-called Mainz technique. Cracks were
tied together with brass wire woven through tiny holes drilled into the original metal
substance. Damaged sections of the surface were filled with putty, and the artefacts were
finally coated with a thick layer of shellac, putty or paraffin. Plaster and canvas were also
commonly used as filling materials (Fig. 9).
Many objects subjected to such treatment were restored again in the 1960s, this time
using synthetic materials. Preparing for the exhibition Art of Alpine Illyrians and Veneti
(1962), Nada Sedlar was able to make good use of the knowledge gained during her
studies in Mainz. The restoration of prehistoric vessels (such as two situlas and a kettle
from the Magdalenska Gora site, and partly also the famous Vače Situla) was done
according to the methods used in Mainz, with fragments attached to a supporting frame.
This involved the use of polyester resins, with or without thickeners, and the frame
was cast into moulds made of various materials. The best results were obtained by the
following method: first, a positive of the object was made using clay or fibre-reinforced
dental wax. Then, a negative was prepared from plaster and insulated with coloured
wax. Next, a layer of colourless polyester resin containing 30 % thickener was added
and reinforced with a layer of fibreglass. Araldite or methacrylic resin were used to glue
fragments onto the supporting frame, while gaps were filled with putty or a mixture of
resin and solvent with the addition of earth colours. This particular system allowed a quick
and effortless manufacture of supporting frames (NMS, Department of Conservation and
Restoration Archive, 1961) (Fig. 10).

Fig. 9. Situla from Novo mesto, “prepared”
before World War II. (Photo: NMS,
Department of Archaeology photo archive.)
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so-called Mainz system. (Photo: NMS,
Department of Archaeology photo archive.)
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Fig. 11. Situla restored in the 1990s. (Photo: NMS,
Department of Conservation–Restoration, photo archive.)

A major modification of this method was introduced only from 1990 onwards. The
construction of the internal frames used to attach the original fragments was adapted to
facilitate their later removal, thus making the procedure fully reversible (Fig. 11).

Transition into the modern era (1982–1999)
In 1982, Zoran Milić, a chemistry engineer, became the new head of the Department of
Conservation. Upon assuming his duties, he inherited from his predecessor the established
work methods and the limitations that restrained further development: understaffing and a
lack of suitable space and equipment.
The number of employees grew only slowly. Between 1988 and 1990, the department was
able to recruit two additional restorers specialising in furniture and archaeological ceramics.
Due to the lack of formal education programmes in the conservation and restoration of
museum artefacts, study trips abroad proved a valuable source for gaining new knowledge
and skills. In 1983, Zoran Milić visited conservation laboratories in Bonn, Trier, Wiesbaden,
Stuttgart, and Munich. All these laboratories had attained more or less identical levels of
technical and professional knowledge, as many of their employees had been trained in
Mainz. Their laboratories were spacious, airy, and equipped with ventilation devices (NMS,
Department of Conservation and Restoration Archive, 1984).
Following the example of these institutions, especially the one in Mainz, the lack of suitable
space and technical equipment was partially redressed in 1985. Despite the difficult
economic situation of that time, the department was able to modernise its metal conservation laboratory and buy new equipment thanks to the financial support of the Cultural
Union of Slovenia: a new ultrasonic bath, a pH meter, two micromotors, a drying oven, a
photo camera, an ultrasonic hammer, a precision scale, two fume hoods, consoles, two
magnifying lights, a spinning wheel, two magnetic mixers, a water distiller, abrasive attach-
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ments for the micromotor, varnish (Paraloid, Bedacryl, Incralac, Frigilene), silicone rubber,
and scalpels. However, the shortage of funds prevented the modernisation of the studio for
ceramics restoration (NMS, Department of Conservation and Restoration Archive, 1985).
Once again funded by the Cultural Union of Slovenia, the department was able to carry
out the renovation of its rooms in 1986, specifically masonry work, wall repainting, and
central heating. All the hazardous conservation–restoration procedures such as electrolysis, grinding and sanding of metals, varnishing, and work involving organic solvents were
relocated to a dedicated room.2 A new room (formerly a carpenter’s workshop) was acquired
for the production of casts and furniture restoration (NMS, Department of Conservation and
Restoration Archive, 1986). Despite these upgrades, the work conditions at the end of the
1980s were still quite poor due to the lack of sunlight, and the presence of damp and insufficient space.3
During the first half of the 1980s, the department’s work included the restoration of items for
the exhibition Art Noveau in Slovenia, among them furniture, porcelain, silver-plated vessels
and vases, and leather and fabric items. Because of the large quantity of furniture in need
of restoration, the department was assisted by external personnel. The work took place in
unsuitable damp rooms with poor lightning and air conditioning. Due to the use of organic
solvents and the presence of dust and sodium hydroxide aerosols, the concentration of
vapours would often reach levels so high that they were irritating to the respiratory system.
Also, the work tools were in a very poor state of repair (NMS, Department of Conservation
and Restoration Archive, 1983).
Among the department’s other interesting projects was the restoration treatment of items
for the exhibition The Bronze Age in Slovenia (1987). These included the finds from
Magdalenska Gora, a situla from Rovišče, and a situla from Šmarjeta (NMS, Department of
Conservation and Restoration Archive, 1987). In 1988, the Department of Conservation’s
activities were presented for the first time in the exhibition titled Acquired Memory
1983–1988, and a round table discussion on the future of restoration was organised in
the museum’s Cultural and Information Centre (NMS, Department of Conservation and
Restoration Archive, 1988).
Because of the exceptionally large number of exhibition projects organised by the
Department of History and Applied Arts in the Arkade Gallery, the department’s employees
were mostly engaged in the restoration of items from the cultural history collections.4 The
work methods in this period were mostly based on the practices implemented by Nada
Sedlar, except for the alkaline sodium sulphite method5 for iron artefacts.
In the 1980s, the work of the Department of Conservation still revolved around two core
areas, conservation and restoration of archaeological and cultural history artefacts, as
outlined by Nada Sedlar as far back as 1958. However, due to the fundamental difference
2 During the renovation of basement rooms, the restoration workshop was temporarily relocated to the
Arkade Gallery. The renovation was completed in early 1991.
3 As there was no space available, the ceramics studio was located in the ground-floor corridor.
4 Apart from Art Noveau in Slovenia (1984), other exhibitions at the Arkade Gallery included Tin (1981),
Tapestry in Slovenia (1982), and Chests (1984). The exhibition Slovenians in 1789 (1989) was held in the
building on Prešernova Street.
5 This process of water reduction for the desalination of marine underwater finds was developed by
Australian scientists North and Pearson in 1975. One of the early adopters of the method among European
museums was the Würtemberg State Museum in 1982. See North and Pearson 1975.
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in approach, the need to separate these two areas in terms of staffing and allocated space
became much more pressing. Additionally, systematic X-ray examinations of metal objects
were begun in 1982 in collaboration with the Institute of Metal Constructions (IMK). In regard
to documenting the conservation–restoration procedures, a new method for registering
objects was introduced, which involved card indexes with matching photographs instead
of the former diaries and ledger sheets. More attention was devoted to the development of
preventive conservation, with regular microclimate measurements in storage depots and
exhibition galleries using thermo-hygrographs (NMS, Department of Conservation and
Restoration Archive, 1982).
Within its area of competence for the conservation and restoration of museum artefacts, the
department organised workshops and training sessions for numerous conservators from
other Slovenian museums. This laid the groundwork for the development of the conservation
practice in the following decade.
Slovenia’s independence in 1991 brought about several positive changes in the Department
of Conservation. The department was considerably expanded in terms of staff, technology,
as well as space. Considerably greater financial resources and particularly new sensitivity
for the development of the profession enabled organizational changes that helped increase
the professionalisation of staff. In the past, due to the problems of understaffing, conservators–restorers at the National Museum of Slovenia were expected to perform work on
all types of material in the museum collections. With the arrival of new staff in the 1990s,
they were finally able to specialise in specific materials. During this period, the organization
of the department took on a new form that has remained unchanged until the present day
(Nemeček 2013: 146).
In 1990, the department employed seven conservators, but the number of staff rose to
12 by 1999. The development of the National Museum’s conservation department was
long hindered by its unfavourable location in the museum’s basement. The available space
allowed only the recruitment of a conservator for archaeological ceramics and conservator for arts and craft objects of metal and the arrangement of a makeshift workplace for
a restorer of paintings. Once the Slovenian Ethnographic Museum had moved out of the
building, the working area of the department increased by three more rooms.6 Following the
example of Mainz, the workplaces were fitted with local dust collectors, chambers, stereo
microscopes and fuming hoods for work involving chemicals.
Electrolytic/electrochemical cleaning of metal objects was fully abandoned in the early
1990s and replaced with sandblasting in a blasting chamber. The late 1990s also saw the
completion of the first phase of the relocation of cultural history materials from the Ursuline
Monastery to the premises on Metelkova Street.
The majority of archaeological artefacts were subjected to X-ray examination,7 which
enabled better-informed treatment procedures. The idea of having its own research
laboratory operating within the department, one modelled on similar laboratories in foreign

6

One room in the south part – renovated in 1998 – and one room each in the west and north part of the
building.
7 With regard to X-ray examinations, the department still cooperates with the Institute of Metal Constructions
(IMK). The initial designs for the new building on Metelkova Street have provided space for an examination
room and X-ray device, however this project has not yet been realised due to the lack of funds.
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institutions, had been present since the late 1980s. The first step in this direction was
made in 1999 with the acquisition of an X-ray fluorescence spectrometer (XFR-EDS) for
the analysis of the composition of non-ferrous alloys. For other types of analyses, such as
neutron radiography and PIXE, the department began collaborating with external institutions
(Nemeček and Menart 2017: 31–32).
In line with the global trends in the 1990s, preventive conservation became an increasingly important issue. The museum’s archaeological artefacts were moved to new storage
facilities in the early 1990s, when the museum arranged a central depot under the atrium
of the main building on Prešernova Road (Stare 1992: 41). At the time, the microclimate
in the museum was still measured with hair thermo-hygrometers. The already familiar
problems persisted: the relative humidity was too low in winter and too high in summer,
especially in the central depot where dehumidifiers had to be used. The changes in relative
humidity damaged some of the more sensitive artefacts such as the Egyptian mummy, the
Ljubljana Moor logboat, and the furniture displayed on the first floor (NMS, Department of
Conservation and Restoration Archive, Department of Conservation Report for 1994).
The department also played a crucial role in raising the quality of conservation–restoration
work in regional museums, overseeing the purchase of materials and equipment used not
only in the National Museum but also in many other Slovenian museums with the funds
allocated by the Ministry of Culture (NMS, Department of Conservation and Restoration
archive, 1995).
Regarding the development of specialised equipment, the department collaborated with the
local company Kambič, which produced the chambers for the alkaline sulphite process and
vacuum ovens. The department continued to perform the tasks within its competency and
trained numerous conservators-restorers from other Slovenian museums, which resulted
in standardised work methods in the field of museum conservation–restoration across the
national and regional institutions.

Conservation–restoration in the new millennium
In the first decade of the new millennium, the focus shifted to the issue of preservation and
exhibition of cultural history material. In 2004, the museum began the second phase of the
relocation of the storage rooms in the Ursuline Monastery to the temporary premises on
Metelkova Street. The inauguration of the new National Museum building on Metelkova in
2008 solved to a great extent the problem of storing and exhibiting cultural history
artefacts.8
In the new exhibition rooms on Metelkova Street, the museum was finally able to present
the artefacts from its cultural history and applied art collections. Studios for the treatment
of ceramics, paintings, and the production of copies or replicas were also set up. The
realisation of this complex project, which involved the planning of depot equipment,
the relocation and restoration of materials, arranging the new permanent exhibition, and
planning the equipment for studios, was due in no small part to the employees’ hard work
of the Department of Conservation and Restoration.

8

Štamcar, 2011, pp. 8, 13. Klun 2008. Available at: https://www.rtvslo.si/kultura/razstave/nms-na-metelkoviod-igrac-do-impresionistov/157420 (accessed 20 June 2018).
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In the new millennium, the field of conservation–restoration became an established
profession to the extent that conservers-restorers were able to publish their texts in
exhibition catalogues and other periodical publications of the National Museum of
Slovenia.
Significant progress has also been made in preventive conservation with the introduction of
the Telehum system for electronic microclimate measurement in depot rooms. Additionally,
a new microclimate measurement system, Controlant, was launched in 2016. Major
preventive conservation projects include book fumigation with argon in 2003 and 2004,
and fumigation of furniture and other materials prior to their relocation to the new storage
depot on Metelkova Street in 2007 and 2008. For this purpose and at the department’s
initiative, a special oxygen measurement system was made at the Jožef Stefan Institute
using argon (Jesenovec and Nemeček 2017: 32–34). In recent years, the museum’s conservators-restorers have made a significant contribution to designing glass display cabinets
for permanent exhibitions, for which controlled climate conditions are particularly important
because the objects remain on display for a very long time (Menart 2018: 133).
Scientific analyses also became an inseparable part of conservation–restoration procedures. In addition to systematic X-ray examination of objects, X-ray fluorescent spectrometry
(XRF-EDS) is performed regularly on objects made of non-ferrous alloys. Apart from the
analysis of metal objects, the department also performs microscopic analyses of textiles
and FTIR and Raman analyses of other organic materials (e.g. pigments in paintings) while
intensifying the cooperation with the Restoration Centre of the Institute for the Protection of
Cultural Heritage of Slovenia (Nemeček and Menart 2017: 33).
Another important segment in the restorer’s scope of work is the recording of performed
procedures. The documentation developed slowly. In the late 1950s, the department
started using so-called work record sheets and replaced them in the 1980s with more
detailed documentation on card indexes. The first computer programme, Konservator,
was introduced in the 1990s, and since 2000 all procedures have been registered using
Patina software. To date, this remains the only conservation–restoration software used by
Slovenian institutions involved in the protection of cultural heritage.
A particularly striking affirmation of the conservation–restoration profession in Slovenia
materialised itself in 2019 with the first independent museum exhibition titled In good hands:
60 years of conservation–restoration in the National Museum of Slovenia, dedicated to the
Department’s 60th anniversary (Fig. 12). The exhibition project offered a unique opportunity
to present the rich history of the conservation–restoration of museum artefacts while also
critically evaluating some of the earlier techniques and treatments. The exhibition included
over a hundred artefacts from various historical periods, the earliest dating from the
5th century BC and the latest as recently as the 1980s, illustrating the main fields of work
carried out by the conservators-restorers of the National Museum of Slovenia. The
museum presentation was accompanied by a comprehensive catalogue publication
(Fig. 13).

Discussion
In the six decades since the establishment of the Department of Conservation, major
advances have been made in the conservation and restoration of museum artefacts. Given
the complexity of archaeological, cultural, and historical material, employees have long had
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Fig. 12. Exhibition
In good hands/60
years, 2019.
(Photo: NMS,
Department of
Conservation–
Restoration, photo
archive.)

Fig. 13. Front page
of the exhibition
catalogue. (Photo:
Nataša Nemeček,
NMS, Department
of Conservation–
Restoration, photo
archive.)
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to cope with unsuitable working conditions, inadequate equipment, and understaffing. It was
only in the 1990s that the department was considerably reinforced in terms of staff and was
able to begin specialisation according to individual materials. In this period, the department
was organised in the manner still in use today. Of exceptional importance was also the
training undertaken in institutions across Western Europe, particularly in the restoration
laboratory of the Römisch-Germanisches Zentralmuseum in Mainz, which has served as the
Department of Conservation and Restoration’s role model ever since the 1960s when Nada
Sedlar and three additional employees trained there.
Apart from Mainz, the National Museum of Slovenia’s conservators-restorers also trained
in the Federal Office for the Protection of Monuments in Vienna, in Braunschweig, at
the Wallace Collection, in Venice at ICCROM, and at the Victoria and Albert Museum in
London. Furthermore, Gorazd Lemajič, who invented an innovative procedure for supplementing hollow glass, trained numerous restorers in foreign institutions, including those in
the Metropolitan Museum in New York.
The advancement of the profession was also achieved by a more favourable educational
structure of employees, stimulated by the increased complexity of work that requires
knowledge both in humanities and sciences, as well as technology. Although today, the
workplaces of conservators-restorers are far better adapted to the health and safety
standards than they were in the past, there is still much room for improvement. After more
than three decades since the last renovation of the building on Prešernova Road, the time
has come for a new major refurbishment.
Due to the lack of funds, the department has neither succeeded in establishing its own
research laboratory nor resolving the issue of suitable equipment and preventive conservation in the depots and exhibition rooms on Metelkova Street. Contrary to contemporary
trends – see the case of the new British Museum conservation centre – the department is
forced to operate in two locations.9 Another problem, common to all Slovenian museums, is
the rather unfavourable age structure of employees. With an average employee age of fifty,
the department would like to see younger conservators-restorers with appropriate education
join and actively contribute to our work.

Conclusion
The history of museum conservation–restoration in Slovenia dates back to the late
19th century. Its development was fostered first by the Carniolan Provincial Museum
in Ljubljana and later its direct successor, the National Museum of Slovenia, whose
Department of Conservation and Restoration continues to establish new professional
methods and standards.
The modest beginnings of conservation and restoration activities in Slovenia’s oldest –
and central – museum institution were rooted in craft tradition gradually supplanted by
the techniques introduced by Rathgen’s ”German school”. These remained dominant until

9

Since 2015 the British Museum conservation centre (World Conservation and Exhibition centre) has joined
under one roof all conservators-restorers who until then were spread out in different locations across the
British capital. Available at: https://www.ft.com/content/10967ba4-96c1-11e4-922f-00144feabdc0
(accessed 1 August 2018)..
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the late 1950s, when the use of modern materials and techniques was introduced in the
museum’s laboratory, influenced by the new generation of German and British conservation–restoration specialists. For decades, the lack of funds, suitable space and equipment
hampered further progress. Slovenia’s declaration of independence in 1991 and the subsequent economic revival finally enabled the rapid growth of the museum’s Department of
Conservation and Restoration. Today, its team embodies the leading group of Slovenian
specialists involved in the treatment of museum artefacts.
Despite various challenges, the conservation–restoration profession has successfully
established itself as a vital component of Slovenia’s museum network, evolving into a
highly interdisciplinary branch working in close collaboration with curators, scientists and
experts from various fields – a trend described aptly by the words of Salvador MuñozViñas: Restorers are like chimaeras of the Antiquity – a humanist, scientist and an engineer
combined into one” What a challenging yet inspiring task!

Bibliography
Archival documents
National Museum of Slovenia Archive:

F. Tratnik’s report of conservation treatments, 27 November 1926, Box 1926/2, No. 908, NMS
archive.
Completed questionnaire of the Federal Institute for the Protection of Cultural Monuments, the
Federation of Museum Societies of Yugoslavia and the Conservators Society of Yugoslavia,
22 April 1961, Box 1961, No. 632, NMS archive.
National Museum of Slovenia Archive:

N. Sedlar’s technical report for 1961, s. n., Department of Conservation and Restoration archive,
NMS.
Nada Sedlar, Conservation procedure for the gold-plated bronze statue of Emona citizen, 1971, s. n.,
Department of Conservation and Restoration archive, NMS.
Report for 1982, s. n., Department of Conservation and Restoration archive, NMS.
Report for 1983, s. n., Department of Conservation and Restoration archive, NMS.
Report for 1984, s. n., Department of Conservation and Restoration archive, NMS.
Report for 1985, s. n., Department of Conservation and Restoration archive, NMS.
Report for 1986, s. n., Department of Conservation and Restoration archive, NMS.
Report for 1987, s. n., Department of Conservation and Restoration archive, NMS.
Report for 1988, s. n., Department of Conservation and Restoration archive, NMS.
Report for 1991, s. n., Department of Conservation and Restoration archive, NMS.
Report for 1994, s. n., Department of Conservation and Restoration archive, NMS.
Report for 1995, s. n., Department of Conservation and Restoration archive, NMS.

NKF X XII CONGRESS OCTOBER 21–22, 2021

41

authors: Nataša Nemeček & Toma ž L a z ar

Publications:
Berce, R. 1943. Restoration of Copper and Silver Coins. Ljubljana: unpublished manuscript.
Bufon, Z. 1967. ‘Ferdinand Schulz’, in Slovenski biografski leksikon 10, A. Gspan et al. (ed.).
Ljubljana: Slovenska akademija znanosti in umetnosti.
Gorenjec. Političen in gospodarski list 27 May 1905, VI/21.
Jesenovec, D. and Nemeček, N. 2017. ‘Zaplinjanje z argonom v Narodnem muzeju Slovenije’, in
Konservator-restavrator. Povzetki mednarodnega strokovnega srečanja, Nemeček, N. (ed.), 32–34.
Ljubljana: Društvo restavratorjev Slovenije, Skupnost muzejev Slovenije.
Klun, A. (2008), NMS na Metelkovi: od igrač do impresionistov. Available at:
https://www.rtvslo.si/kultura/razstave/nms-na-metelkovi-od-igrac-do-impresionistov/157420
(accessed 20 June 2018).
Lozar Štamcar, M. (ed.) 2011. Narodni muzej Slovenije. Zgodovinske in umetnostne zbirke. Stalna
razstava. Ljubljana: Narodni muzej Slovenije.
Mantuani, J. and Sajovic, G. 1915. ‘Fran Dobovšek’, Carniola. Izvestja muzejskega društva za
Kranjsko 6(4): 241–244.
Menart, E. 2018. ‘Mikroklima na novi stalni razstavi Železnodobne zgodbe s stičišča svetov’, in
Konservator-restavrator. Povzetki mednarodnega strokovnega srečanja, Nemeček, N. (ed.), 133.
Ljubljana: Društvo restavratorjev Slovenije, Skupnost muzejev Slovenije.
Muñoz-Viñas, S. 2013. Lecture given at the conference Conservation in the Nineteenth Century held
at the National Museum of Denmark, 13–15 May 2013.
Nemeček, N. 2012. ‘Friedrich Rathgen, oče modernega arheološkega konservatorstvarestavratorstva. Nemška konservatorska šola na Slovenskem v času avstro-ogrske monarhije’,
Argo 55(2): 24–39.
Nemeček, N. 2013. Razvoj konservatorske delavnice v Narodnem muzeju in pregled konservatorskih/restavratorskih tehnik s poudarkom na arheološki in umetnostnoobrtni kovini. Ljubljana:
Univerza v Ljubljani, Akademija za likovno umetnost in oblikovanje.
Nemeček, N. 2014. ‘Zgodovinski razvoj konservatorsko-restavratorske dejavnosti v Narodnem
muzeju Slovenije’, in Konservator-restavrator. Povzetki strokovnega srečanja, Motnikar, A. (ed.),
79–85. Ljubljana: Skupnost muzejev Slovenije.
Nemeček, N. and Menart, E. 2017. ‘Baker, bron ali medenina – to je zdaj vprašanje. Zgodovina
naravoslovnih raziskav v Narodnem muzeju Slovenije’, in Preteklost pod mikroskopom,
Miškec, A. (ed.), 29–49. Ljubljana: Narodni muzej Slovenije.
North A. and Pearson, C. 1975. ‘Alkaline sulphite reduction treatment of marine iron’,
ICOM-CC 4th Triennial Meeting Preprints: 1–13.
Orel, B. 1949. ‘In Memoriam Drago Vahtar’, Slovenski etnograf 1/91: 129.
Stare, V. 1992. ‘Arheološki depo Narodnega muzeja. Razvoj in urejevanje’, Argo 33–34: 41.

NKF X XII CONGRESS OCTOBER 21–22, 2021

42

authors: Nataša Nemeček & Toma ž L a z ar

Biography
Nataša Nemecek, MA, obtained her degree in History of Arts at the University of Ljubljana,
Faculty of Arts, in 2003 and in Conservation-restoration at the University of Ljubljana,
Academy of Fine Arts and Design in 2004. She is a senior conservator-restorer at the
National Museum of Slovenia, where she has been employed since 2004. Hers research
area is the history of museum objects conservation in Slovenia. She is also the Editor in
Chief of the publication Conservator–restorer, Vice president of the Slovenian Society for
ConservationRestoration, a member of the Slovenian museum association’s Conservation–
restoration section.
Contact details
Nataša Nemeček
Conservation–Restoration Consultant
National Museum of Slovenia, Ljubljana, Slovenia.
Email: natasa.nemecek@nms.si
Tomaž Lazar (1982) is a historian specializing in military history of the Middle Ages and the
Early Modern Period, obtaining his PhD at the university of Ljubljana in 2010. He has been
employed at the National Museum of Slovenia since 2008, working as a curator in charge of
the arms and armour collection. His bibliography currently includes approximately 250 publications, including three monographs and some 60 scholarly papers. He has (co)authored
four major museum exhibitions on topics ranging from chivalry in Slovenia to Japanese
arms and armour, scientific analyses of museum artefacts, and history of metallurgy.
Contact details
Tomaž Lazar
Museum Consultant
National Museum of Slovenia, Ljubljana, Slovenia.
Email: tomaz.lazar@nms.si

NKF X XII CONGRESS OCTOBER 21–22, 2021

43

authors: Nataša Nemeček & Toma ž L a z ar

The Stockholm Magistrate and Lower Court
protocols 1660–1684
A smorgasbord of conservation treatments
Lotta Möller
Conservator, Lotta Möller Papperskonservator AB, Stockholm, Sweden

Abstract
Stockholm City Archives keep a collection of civil court protocols from the late 17th century.
The protocols are written in iron gall ink on high quality rag paper. The document paper
is locally severely degraded by humidity and mould, with large lacunas. The level of ink
corrosion is on the other hand generally relatively low.
Since 2017, paper conservator Helen Skinner and I, have treated some of the documents.
During the project, it has been found that other documents in the collection are previously
treated. In the autumn of 2020, I got the permission from the City Archives to review the
archive and examine these previously treated documents. Six different methods were identified
and studied by ocular and tactile examination. From the understanding of the conservation
materials and techniques, the methods were placed on a timeline from 1917 to 2017.
The paper presents and discusses the six methods. The result indicates that the level of
ink corrosion has no correlation with the treatment method, though some of the treatments
include the use of humidity and/or water. The study should be regarded as a first overview
for deeper future research on the material.

Sammanfattning
I Stockholms stadsarkiv återfinns 212 volymer med handskrivna rättsprotokoll från
Stockholms Magistrat och Rådhusrätt 1660–1684. Protokollen är skrivna med järngallus
bläck på lumppapper av hög kvalitet. Samlingen uppvisar genomgående fukt- och
mögelskador, i många fall så allvarliga att papperet lokalt helt brutits ner och fallit bort.
Nedbrytningsgraden hos bläcket är däremot relativt låg, med missfärgning och genomblödning men utan synlig sprickbildning eller materialbortfall. I samband med en konserveringsinsats upptäcktes att det i samlingen finns exempel på äldre åtgärder. Som ett
fristående projekt hösten 2020 fick jag, papperskonservator Lotta Möller, möjlighet att titta
närmare på dessa. Efter en övergripande genomgång valdes sex olika åtgärdstyper ut. En
eller två ark åtgärdade med respektive metod kunde undersökas okulärt i detalj. Utifrån
vilka åtgärdsmaterial och metoder som tros ha använts, placerades åtgärdstyperna in på en
tidslinje från 1917 till 2017.
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Här presenteras de sex åtgärdstyperna och vissa för- och nackdelar diskuteras med särskilt
fokus på bläckfrätning. Resultatet pekar på att graden av bläckfrätning inte tycks ha någon
direkt koppling till vilken åtgärdsmetod som använts, trots att vissa av metoderna med
säkerhet inbegripit fukt och/eller vatten. Nya frågor har väckts och en mer ingående undersökning av materialet föreslås.
Nyckelord: Papperskonservering; handskrifter; järngallusbläck.

Inledning
I början av 2017 larmade en forskare Stockholms stadsarkiv om att ett antal civilakter ur
Stockholms Magistrat och Rådhusrätt från 1683 var i så nedbrutet skick att de inte gick att
hantera. Eftersom arkivet sedan 2006 inte har egna konservatorer eller bokbindare, kontaktades privata papperskonservatorer för att åtgärda akterna. Jag och papperskonservator
Helen Skinner lämnade två gemensamma åtgärdsförslag varav det ena accepterades.
Sedan dess har ett 20-tal akter i samlingen lämnats in för konservering.
Under de tre år som projektet pågått har det uppmärksammats att vissa akter i samlingen är
åtgärdade sedan tidigare. Med tiden har min nyfikenhet växt. När och hur har de åtgärdats?
Med vilka material? I september 2020 fick jag tillåtelse av Stockholms stadsarkiv att gå
igenom hela samlingen 1660–1684. Det visade det sig då att ett smörgåsbord ur 1900-talets
konserveringshistoria gömde sig i volymerna.

Material
Arkivet omfattar 212 volymer ur Stockholms Magistrat och Rådhusrätt 2a F Civilakter
huvudserie 1660–1684. De genomgångna volymerna innehåller obundna men häftade
handskrifter med protokoll och handlingar över civila mål som tagits upp i stadens
rådhusrätt.
Papperet i akterna varierar vad gäller tjocklek, struktur och vattenmärkning. Kvaliteten är
genomgående hög och trots de individuella skillnaderna är likheterna akterna emellan
mycket stor. Tillståndet varierar från mycket gott skick med enbart mindre förslitningar och
revor i kanterna till djupgående nedbrytning med stora materialbortfall och svart och vit
mögelpåväxt (Fig. 1). I många fall är nedbrytningen lokal, stora delar av en sida kan vara
helt opåverkade, papperet vitt i tonen, starkt och flexibelt, samtidigt som det i exempelvis
överkant kan ha mögelpåväxt, vara mörkt brunt, fullständigt nedbrutet och sönderfallande.
I mitt första åtgärdsförslag beskrev jag tillståndet hos akter ur volym F 2a 201 på följande
sätt: ”I olika grad har papperet missfärgats (blivit brunt), förlorat sin limning, blivit mjukt,
smuligt och skört. Kanterna är i vissa fall mycket skadade och det finns hål och bortfall även
mitt på sidorna. På sina ställen har nedbrytningen gått så långt att papperet kan sägas ha
förmultnat.”
Bläcket som använts har i varierande grad antagit en brunaktig färg och i områden med
större mängd koncentrerat bläck förekommer genomblödning och/eller missfärgning av
papperet i anslutning till bläcket, indikationer på s.k. järngallusbläck. Detta bläck innehåller
järn (II)- och järn(III) joner och sura ämnen vilket orsakar hydrolys av cellulosa. Papper
skrivet med järngallusbläck bryts därmed ner under texten som en följd av bläckets komposition. Denna typ av nedbrytning kan kallas bläckfrätning. Tester av bläcket i civilakterna
utfördes i samband med att det första åtgärdsförslaget skulle lämnas. Bläcket på akt
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Fig. 1. Exempel på icke åtgärdad akt. Example of untreated document. (Photo: Lotta Möller.)

52/1683 testades med ”Iron gall ink test paper” från Preservation Equipment vilket gav
positivt utslag både för järn(II)- och järn(III)joner.
Nedbrytning hos papper orsakad av järngallusbläck accelereras och sprids vid hög
luftfuktighet eller förekomst av vatten. Fukten/vattnet får syran och järnjonerna att sprida
sig i papperet och bidra till nedbrytning även av omkringliggande områden (Reissland
och Ligterink 2011). Nedbrytningen kan leda till sprickbildning och i värsta fall sönderfall
av områden med text. Trots att förekomsten av mögel visar att akterna utsatts för hög
fuktighet, är nivån av bläckfrätning relativt låg. Stark missfärgning av omkringliggande
områden, sprickor i papperet under bläcket eller bortfall förekommer generellt sätt inte.

Undersökningsmetod och avgränsningar
Alla 212 volymer gicks igenom översiktligt och korta noteringar kring åtgärdsteknik
gjordes. Alla indikationer på åtgärdernas ålder noterades. Utifrån genomgången blev
ett antal åtgärdstyper tydliga. En akt av varje typ valdes ut. För att underlätta hantering
och även jämförelser valdes sedan ett eller två ark ur respektive akt ut för vidare
undersökning.
Karaktärisering av åtgärdsmaterial och teknik gjordes genom okulär undersökning i
dagsljus, släpljus, på ljusbord och i stereomikroskop, 6,5 x – 40 x förstoring samt genom
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taktil undersökning med fokus på flexibilitet, ytstruktur, hanterbarhet. Det har inte funnits
någon dokumentation av åtgärderna att tillgå. Det har inte heller varit möjligt att göra
kemiska analyser av de använda materialen.
Tid

Åtgärdstyp

Material

Tvätt

1900–1930?

The tissue process

Silkespapper

Troligtvis ingen tvätt

1930–1950?

Silkesslöja

Silkesslöja

Troligtvis ingen tvätt

Silkesslöja och västerländskt papper

Möjligtvis tvätt och avsyrning

1967–1985?

Japanpapper

Japanskt papper och ibland västerländskt
papper

Inga indikationer på tvätt

1985–1999

Pappersgjutning

Västerländska pappersfibrer och tissue

Nedsänkning i vatten

1988–1992

Lokala lagningar

Japanskt papper och västerländskt papper

Inga indikationer på genomförd tvätt

2017–2020

Klucel® G

Japanskt tissue och lens tissue

Ingen tvätt

Två papperskonservatorer och en bokbindare verksamma och/eller tidigare verksamma
inom arkiv och bibliotek bjöds in att titta på de valda arken. Utifrån min undersökning och
samtalet med de tre konservatorerna/bokbindarna placerades åtgärderna in på en tidslinje,
se tabellen:

Resultat och diskussion
”The tissue process” (1900–1930?)
En av de tidigaste metoderna för att stabilisera nedbrutna dokument var att med klister
laminera dem på en eller två sidor med ett tunt, halvtransparent papper, så kallat tissue eller
silkespapper. Metoden ska ha använts under nästan ett sekel, från mitten av 1800-talet till
mitten av 1900-talet, trots att den var långt ifrån optimal (Roggia 1999). Ray O. Hummel
och W.J. Barrow beskriver 1956 metoden på följande sätt: ”This produces a sheet of limited
strength with a decided loss in legibility. […] While loss of visibility and relatively low physical
strength are the primary reasons for the limited use of this process, it is also somewhat
slow. It also makes no provision for eliminating the active compounds in the sheet that
caused deterioration” (Hummel och Barrow, 1956: 261).
I samlingen återfinns många akter som tycks ha åtgärdats just med denna metod. Arken har
laminerats på båda sidor med ett tunt tissue, ofta i kombination med ifyllningar av västerländskt papper eller tjockare silkespapper (Fig. 2.) Ark med text på bara en sida har även
laminerats på den blanka sidan med det tjockare silkespapperet. Ett tissue har korta fibrer,
tätt sammanflätade, som täcker skriften. Det har gulnat och missfärgat originalpapperet,
samt gjort sidorna styva samtidigt som kanterna blivit spröda. Det tjockare silkespapperet
är så kraftigt missfärgat att det antagit en orange färg. Originalpapperets karaktär är helt
förändrad och texten lätt dimmig. Ifyllnaderna är i många fall ojämna och klumpiga i formen.
På två av akterna återfinns stämplar, ”Stockholms rådhusarkiv 4 augusti 1917” och
”Stockholms rådhusarkiv 4 januari 192[?]” (Fig. 3.1 och 3.2). I mikroskop syns tydligt hur
bläcket i stämplarna ligger ovanpå tissue-papperet. Lamineringarna har alltså utförts för
åtminstone 100 år sedan.
Idag kan åtgärderna vid första anblicken framstå som förfärlig. Bläcket tycks dock ha klarat
behandlingen relativt väl. Det finns exempel på viss bläckfrätning men det är inte genomgående eller i högre grad än hos många av de icke-åtgärdade akterna. Det primära värdet
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Fig. 2. Tissue-processen. The tissue process with infills. (Photo: Lotta Möller.)
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Fig. 3.2. Stämpel 192[_]. Stamp 192[_].

Fig. 3.1. Stämpel 1917. Stamp 1917.

(Photo: Lotta Möller.)

(Photo: Lotta Möller.)

hos arkivhandlingar är informationsvärdet, och det är oftast det som prioriteras vid konservering. Trots låg kemisk stabilitet hos de använda materialen och en, med dagens ögon,
grov teknik, så går det efter hundra år att läsa texten och bladen kan hanteras utan att de
faller sönder. Det måste således tillstås att åtgärden på många sätt fungerat.
Silkesslöja (1930–1950?)
Parallellt med tissue och silkespapper användes silkesslöja för konservering. Processen
var i princip densamma som för tissue, men istället för ett transparent papper användes en
tunn sidenväv. Sidenet var starkare och samtidigt mer transparent än silkespapperet, men
också dyrare. ”The Emery silking process”, en variant med tillsats av paraffinvax, patenterades kring sekelskiftet 1900 och ska ha varit vanligt förekommande i Europa in på 30-talet
(Roggia 1999).
Ray O. Hummel och W.J. Barrow (1956) kommenterar metoden på följande sätt:
“Unfortunately, the silk used in the process has not proved to be stable. Eventually it
becomes brittle, discolored, and loses its resistance to tearing […] The impurities in the
paper which caused the deterioration are also left in to continue their destructive work.
Thus, the silking process cannot be considered as a permanent one. […] While still used
in some places, it is no longer considered to be a satisfactory method of permanent restoration” (Hummel och Barrow, 1956).
I många av volymerna i samlingen finns någon akt åtgärdad med silkesslöja. De flesta är
laminerade med slöja recto och verso utan ifyllnader. De mest nedbrutna områdena hos
originalen är hos dessa akter ännu mörkare än hos de icke-åtgärdade akterna. Möjligtvis
är detta till följd av tillsats av just paraffin. Silkesslöjan har gulnat, i varierande grad, men är
precis som angivet i citatet, mer transparent än tissue (Fig. 4). I motsats till det Hummel och
Barrow beskriver tycks slöjan dock ha bibehållit sin styrka, arken känns kraftiga och styva.
Originalpapperets mjuka smulighet är helt borta.
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Fig. 4. Silkesslöja. Silking.

(Photo: Lotta Möller.)

Fig. 5. Silkesslöja med ifyllningar.
Silking with infills. (Photo: Lotta Möller.)
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En variant på åtgärden förekommer också, men i mindre antal. Dessa akter har laminerats
med silkesslöja, men har även getts ifyllnader med västerländskt vattenrandat papper.
Ifyllningarna är rivna, täcker ett par millimeter av originalpapperet och löper sedan i många
fall längs hela arket och ger det en förstärkning i alla kanter (Fig. 5). Tillpassningen av
papperet är omsorgsfullt gjord och övergångarna mjuka. Slöjans tuskaftsväv ger dock ytan
en kornig känsla och arken är styva och oflexibla. Slöjan har gulnat men inte i lika hög grad
som hos akterna utan ifyllnader och de nedbrutna områdena är inte heller mörknade. Detta
skulle kunna förklaras av att paraffinvax inte använts i denna variant.
Akterna som fyllts med västerländskt papper har stora lakuner men mycket lite missfärgat
papper runt lakunerna. Bläcket är också mer orange i tonen. Under 30-talet ökade medvetenheten kring pH-värdets betydelse för cellulosans nedbrytning. Tvätt och avsyrning blev därför
ett viktigt inslag inom konservering. Det är troligt att tänka sig att akterna åtgärdade med
silkesslöja och västerländskt papper tvättats och avsyrats i samband med åtgärden.
Det missfärgade och nedbrutna papperet kring lakunerna skulle i så fall gått förlorat i tvätten.
Någon direkt skillnad i grad av bläckfrätning kan inte noteras hos de två varianterna med silkesslöja. Den orangea tonen hos akterna med ifyllnader av västerländskt papper är dock slående.
I en av de med silkesslöja åtgärdade akterna återfinns en maskinskriven notis: ”Detta halva
blad var hopvikt till en fals varvid de andra bladen voro häftade”. Pluralböjningen av verb,
såsom formen voro, började fasas ut i svenskan i början av 1900-talet och formerna togs
bort ur lagtexterna 1967. Utifrån
det är det sannolikt att notisen
är skriven under första halvan av
1900-talet. Det gör det rimligt att
föreställa sig att silkesslöjan ersatte
tissue i stadsarkivets bokbinderi/
konservering någon gång på tidigt
30-tal och att metoden utvecklades med tvätt och ifyllningar runt
40-talet.
Japanpapper (1967–1985?)
I volymerna från 1667–1671 är
ett stort antal av akterna laminerade med japanpapper kombinerat med ifyllningar med västerländskt papper utan vattenränder
(Fig. 6). Japanpapperet som
använts är relativt tunt men
tillräckligt tätt för att göra texten
lätt mjölkig. Det japanska papperet
är vitt i tonen och uppvisar
inga tecken på nedbrytning.
Lamineringen har gjort papperet
Fig. 6. Laminering med japanpapper.
Lamination with Japanese paper.

(Photo: Lotta Möller.)
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styvt och glatt i ytan. Det är
troligt att anta att den utförts
med stärkelseklister vilket
bidragit till att göra papperet
styvt. Lagningar med stärkelseklister kan orsaka lokal, accelererad bläckfrätning då stärkelsen
innehåller fukt. Inte heller dessa
akter uppvisar dock någon högre
grad av bläckfrätning än övriga.
Lamineringarna är gjorda konsekvent genom hela akterna, trots
att originalen i många fall inte
tycks ha varit särskilt skadade.
Aspekten att en åtgärd inte bör
vara mer genomgripande än
vad skadorna kräver, vad som
kallas ”minimum intervention”
tycks således inte ha tagits i
beaktande. Minimum intervention
introducerades som begrepp och
blev en del av etiska regler och
riktlinjer under 1900-talets sista
decennier.
Japanskt papper förekom
tidigare men blev allmänt spritt
inom västerländsk konservering i
Fig. 7. Pappersgjutning 1985. Leaf Casting 1985. (Photo: Lotta
samband med översvämningen i
Möller.)
Florens 1966 (Webber 2015).
I arkivet ligger dessa akter utan individuella omslag eller i äldre bruna omslag utan
märkning. Det gör att de tros ha åtgärdats före 1985 men efter 1966.
Pappersgjutning (1985–1999)
I volym 86, 1671 återfinns akter åtgärdade genom s.k. pappersgjutning. Pappersgjutning
började användas framförallt i östra Europa under 60-talet (Blunn och Petherbridge 1976).
Ifyllnad av materialbortfall görs genom att arket sänks ner på en skärm i utspädd pappersmassa. Vattnet töms sedan ut och fibrerna dras då till håligheterna i arket och bildar där nytt
papper.
Bland dessa civilakter går det att följa utvecklingen av tekniken under 10 år. Den
första akten som är åtgärdad med metoden har stämpeln ”Stockholms Stadsarkiv
Bokkonserveringen 1985” på omslaget. Arken har gjutits med en, idag, rosa, relativt
grov pappersmassa i kombination med laminering på ena sidan med ett gulaktigt, för
ändamålet tjockt japanskt papper (Fig. 7). Arken har fått en bubblig struktur, som om de
torkats under press mellan hårda vävda filtar. Originalen tycks ha varit i relativt gott skick
vid åtgärden utan behov av generell stabilisering, vilket gör det svårt att förstå varför de
åtgärdats på ett så genomgripande sätt. Kanske ville bokbindarna helt enkelt testa sin
nyinförskaffade utrustning?
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Fig. 8. Pappersgjutning 1995. Leaf Casting 1995. (Photo: Lotta Möller.)
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Enstaka ark är utförda med metoden i de påföljande akterna. Några volymer senare syns
dock hur tekniken har förfinats. Fibermaterialet är nu vitt och bättre anpassat till originalets
kvalitet och det papper som använts för laminering är mycket tunt och nästan osynligt
(Fig. 8). Strukturen är slätare och varken original eller åtgärdsmaterial tycks ha missfärgats.
Däremot syns hur fragment kring bortfall och hål har vikts eller hamnat på sned i processen.
På flera ställen har texten dessutom skymts av fiberansamlingar. Den sista pappersgjutningen återfinns i volym 156/1676 och är stämplad ”Stockholms Stadsarkiv Bokkonservering
1999”.
Pappersgjutning är en process som bygger på vatten och kräver att originalet sänks
ner i en utspädd pappersmassa. Originalpapperet hos de akter som åtgärdats genom
pappersgjutning under 1990-talet är väldigt vitt. Det är troligt att de genomgått en tvätt före
gjutningen. Bläcket är dock inte blekt och orange såsom bläcket i akterna åtgärdade med
silkesslöja. En möjlig förklaring skulle kunna vara att papperet tvättats men inte avsyrats.
Det är därmed intressant att notera att bläcket ser ut att uppvisa ungefär samma skadebild
som i övriga akter. Det skulle i så fall vara ett exempel på det faktum att en genomgripande
tvätt där lösliga ämnen i bläcket sköljs ur materialet anses orsaka mindre risk för bläckfrätning än introduktion av enbart fukt (Reissland och Ligterink 2011).
Lokala lagningar (1988–1992)
Lokala lagningar förekommer i arkivet i många varianter och utföranden. Ett stort antal akter
har omslag stämplade Kiruna och årtal mellan 1988–1992. Statliga ”Stiftelsen föremålsvård
i Kiruna” instiftades 1986 med ändamål att bedriva vård och konservering av museiföremål,

Fig. 9. Lokala lagningar från Stiftelsen Föremålsvård i Kiruna. Local repair from the Kiruna Centre for
Conservation of Cultural Property (Photo: Lotta Möller.)
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böcker och arkivalier, samt digitalisering av fotografiskt material och dokument med hela
landet som upptagningsområde. Hit har Stockholms stadsarkiv lämnat en stor mängd
akter för konservering. Åtgärdersteknikerna som har använts är framförallt lokala lagningar
med japanskt papper av olika sorter och ifyllningar med västerländskt vattenrandat
papper. Lamineringar förekommer men endast i fall när originalet så har krävt (Fig. 9).
Den hantverksmässiga kvaliteten varierar, det är tydligt att många händer har arbetat med
materialet. De lokala lagningarna har i ibland skapat spänningar och bidragit till deformation
och även viss gulning. Generellt är åtgärdsmaterialet dock relativt välbevarat och det syns
inga tecken på att bläcket i områden med lagningar eller lamineringar är i sämre skick än
omkringliggande text. Originalen tycks däremot inte, i relation till många andra akter, ha
varit så nedbrutna, och det är intressant att Stadsarkivet trots det valt att åtgärda dem
externt.
Klucel® G (2017–2020)
I arkivet återfinns även de akter som åtgärdats av mig och Helen Skinner. I det ursprungliga
åtgärdsförslaget presenterades två möjliga vägar. Den ena var att lämna akterna utan
åtgärd annan än inkapsling av arken i individuella polyesterfickor för att möjliggöra digitalisering. Förslaget innebar att en stor mängd akter skulle kunna åtgärdas till en relativt låg
kostnad. Den andra vägen var att göra en traditionell aktiv konserveringsåtgärd som istället
skulle vara betydligt mer kostsam. Stadsarkivet valde det senare.
Fytatmetoden, som är en av de metoder som idag förespråkas för behandling av järngallusbläck, kräver fullständig blötläggning i ett flertal olika bad. Utifrån papperets sköra tillstånd
framstod denna metod som alltför riskfylld och all typ av tvätt uteslöts (Reissland et al.
2007). För att minimera risken att initiera bläckfrätning genom introduktion av fukt, men
ändå kunna utföra lagningar och laminering, valdes hydroxypropylcellulosa Klucel® G löst
i 99,9 % etanol som adhesiv. Även etanol kan lösa gallsyran i järngallusbläck och skapa
nedbrytning i omkringliggande papper, men då etanolen avdunstar betydligt snabbare än
fukt i stärkelseklister är risken lägre. Utifrån resultaten presenterade av Martin et al. (2011)
och Jacobi et al (2011) framstod Klucel® G i etanol som det bästa alternativet.
Akterna rengjordes och torkades. De förlimmades sedan med 2 % Klucel® G löst i 99,9 %
etanol. Förlimningen visade sig vara nödvändig för att skapa tillräcklig vidhäftning mellan
originalpapperet och lamineringspapperet. Efter förlimningen laminerades arken på en
sida med 3 % Klucel® och japanskt tissue Nao 3,7 g/m2 samtidigt som lakuner fylldes i
med Lens tissue, hampatissue 9 g/m2. Efter torkning laminerades andra sidan lokalt kring
sköra områden med det tunna tissue-papperet och lakuner fylldes i med ytterligare ett lager
hampatissue (Fig. 10). Metoden har enbart använts på de mest nedbrutna akterna och en
individuell bedömning har också gjorts för varje ark. Om en laminering av hela arket inte
bedömts som nödvändig, har det gjorts lokalt på båda sidor. Ark utan skador har lämnats
utan åtgärd.

Slutsats
I undersökningen presenteras exempel på hur samma problem har försökt att lösas på
olika sätt under hundra år. Metoderna som använts varierar i material, metod men också
i omfattning. Likheterna åtgärdsmetoderna emellan är dock slående. Det är exempelvis
intressant att den metod jag och Helen Skinner använde 2017 inte är så annorlunda mot
den som utfördes 1917. Materialen skiljer sig åt, istället för silkespapper med korta sönderbearbetade fibrer har akterna laminerats med ett mycket tunt handgjort japanskt tissue av
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kozo, bland de längsta cellulosafibrer som går att finna. Förfarandet tycks dock i stort sätt
vara detsamma.
Något som väckt frågor är det faktum att ingen av de undersökta arken uppvisar någon
större variation i graden av bläckfrätning. Detta trots att vissa av metoderna som använts
med stor sannolikhet innefattat fukt (användning av stärkelseklister) och andra blötläggningsmetoder (pappersgjutning). Kanske finns det anledning att modifiera min och Helens
metod? Vore det bättre att använda stärkelseklister, som verkar ha fungerat tidigare, istället
för Klucel G® i etanol? Är tvätt trots allt möjligt? Skulle fytatmetoden i så fall kunna vara ett
alternativ?

Fig. 10. Klucell G. (Photo: Lotta Möller.)
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Det har i denna undersökning inte funnits tillgång till någon dokumentation av de tidigare
åtgärderna. Vi kan se vad åtgärderna gett för resultat, men vi vet inte exakt med vilka
material och metoder de är utförda, i många fall inte heller när. Vi vet därmed inte heller i
vilken kontext eller under vilka omständigheter de är utförda. Det vore intressant att djupare
undersöka materialet. Dels att fastställa använda adhesiv och fiberinnehåll i konserveringsmaterialen. Dels att undersöka bläcket och försöka förstå hur det kommer sig att bläckfrätningen inte tycks ha påverkats av fukt och vatten.
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även till papperskonservator Cecilia Isaksson, bokbindare Christina Svensson, papperskonservator Helen Skinner, papperskonservator Karin Olsson och fotokonservator Teresa
Mesquit.

Referenser
Blunn, D. and Petherbridge, G. 1976. ”Leaf Casting – The Mechanical Repair of Paper Artefacts”,
The Paper Conservator, 1:1, 26–32.
Hummel, Ray O. and Barrow, W.J. 1956. ”Lamination and Other Methods of Restoration” In Library
Trends 04 (3) Winter 1956: Conservation of Library Materials: 259–268. Available at:
https://www.ideals.illinois.edu/browse?type=author&value=Hummel,%20Ray%20O
and https://www.ideals.illinois.edu/browse?type=author&value=Barrow,%20W.J.
Reissland, B and Ligterink, F., ”Aqueous treatment – All-or-non law. ”Iron Gall Ink Webbsite.
The Cultural Heritage Agency of the Netherlands. Amsterdam 13 February 2011.
Reissland, B., Scheper, K. and Fleischer, S., ”Phytate-Treatment”. ”Iron Gall Ink Webbsite. The
Cultural Heritage Agency of the Netherlands. 2007.
Roggia, S. 1999. ”William James Barrow: A Biographical Study of His Formative Years and His Role
in the History of Library and Archives Conservation From 1931 to 1941” PhD dissertation, Graduate
School of Library Service Columbia University.
Webber, P., ‘The use of Asian paper conservation techniques in Western collections’ in Adapt &
Evolve 2015: East Asian Materials and Techniques in Western Conservation. Proceedings from the
International Conference of the Icon Book & Paper Group.

Biografi
Lotta Möller, examinerad papperskonservator vid Göteborgs Universitet, institutionen för
kulturvård 2014. Driver sedan 2015 egen papperskonserveringsateljé i centrala Stockholm.
Kunderna utgörs av såväl museer, arkiv, auktionshus, gallerier och privatpersoner.
Kontakt
Lotta Möller
Lotta Möller Papperskonservator AB
Stockholm, Sverige.
Email: konservator@lottamoller.se

NKF X XII CONGRESS OCTOBER 21–22, 2021

57

author: lot ta möller

NKF X XII CONGRESS OCTOBER 21–22, 2021

58

advertisement.

Large scale conservation before digitization
Setting standards and changing roles
Lisa Edgren
Head of the Department of Paper Conservation. Kiruna Centre for Conservation of Cultural
Property, Kiruna, Sweden

Johanna Fries Markiewicz
Head of Conservation, Swedish National Archives, Stockholm, Sweden

Abstract
In 1986, the Government of Sweden decided to establish the Kiruna Centre for
Conservation of Cultural Property (SFMV) to increase employment opportunities in Kiruna.
The idea was that SFMV would provide conservation services to, among others, the
Swedish National Archive. The geographical distance between SFMV and the National
Archive is a challenge to address when standardizing workflow processes and coordinating
transportations of collections.
The fundamental task of the National Archives is to keep official records available for the
present and future public. In 2019 the Swedish National Archives appointed SFMV to
prepare a collection of severely damaged 19th century Real Property Registers for digitization. The Senior Conservation Manager Sarah Noble at The National Archives in the UK
was invited to a workshop on how to set up a large scale digitization project. Based on this
workshop, a pilot project was initiated to establish preparation measures for the collection.
By mediating experiences from the pilot project, where films and pictures were used to
discuss the preparation process on digital platforms, this paper aspires to contribute to the
general expertise on how to set up large scale digitization projects and prepare collections
for digitization.
Keywords: The Swedish National Archives, preparation for digitization, Kiruna Centre for
Conservation of Cultural Property.

Introduction
In the autumn of 2019, it was decided at the Swedish National Archive that a large collection
of frequently used Real Property registers kept in six different locations around the country
should be digitized. Part of the collection was in a very poor condition, due not only to
use but also old repairs with inappropriate materials which had furthermore damaged
the volumes. Digitization was not only a way to make the collection accessible and easily
searchable but also a way to prevent the original material from further damage. However,
the collection required conservation measures before digitization to ensure legibility, and
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enough stability to withstand the digitization process. Resources in-house were not available
and it was decided that the Kiruna Centre for Conservation of Cultural Property (SFMV)
should be appointed.
A major challenge in the project was the fact that SFMV is situated in the very north of
Sweden and the archival collections are kept in different locations around Sweden. This
made planning central to the project, communication around conservation criterias, handling
issues and logistics. To enable the project, a workshop was held with representatives from
competence needed to go ahead. Apart from digitization techniques, meta data, handling
issues conservation measures with time management and a workflow could be established.
A pilot project was then initiated. The purpose of this paper is to discuss the experiences
from the pilot project, where a standardised work flow for conservation was developed
to enable digitization. The paper wants to contribute to the general expertise on how to
prepare archival collections for digitization but also discuss the objectives of conservation in
large-scale conservation projects of archival collections.

Background
The Swedish National Archives collection measures about 760 shelves kilometres, 3 million
maps and prints, millions of photographic materials as well as audiovisual and digital information. Public access to the official records is fundamental. The archives are kept at eight
different locations around Sweden, from the south to the north. The National Archives Unit
for Digitisation (DIT) is located in Fränsta, a town in the middle of Sweden. DIT is one of the
largest digitization centres in Europe, permanently employing 70 people working with the
digitization of cultural heritage.
To preserve these large collections in the Swedish National Archive, conservation measures
have to be strongly prioritised and standardized. There are not enough resources to do all
conservation in-house and to be able to go forward, different solutions are needed. One
way of prioritising is to look at a collections information value and material significance and
decide further action. Another way is to use external resources.
The Kiruna Centre for Conservation of Cultural Property (SFMV) was founded 1986 as a
labour market policy project to create and secure employment opportunities in Kiruna, a
mining town in the most northern and sparsely populated part of Sweden. Since then, SFMV
receives a yearly financial allocation from the Government of Sweden to provide conservation services for The Swedish National Archives (the National Archives), the National
Library of Sweden, and the Swedish Historical Museum. Today, SFMV’s Department of
Paper Conservation permanently employs seven trained paper conservators that can be
appointed for the conservation of books and archival material.
SMFV has a long history of conserving cultural heritage but the project described is the first
when the goal was to conserve a large collection during a limited time scope.

Preservation for digitization
The fundamental task of archives, national or regional, is to collect, keep and preserve
records so that they are accessible to both the present and the future public.
Digitization of archives collections contributes to welfare and knowledge, by making the
information more easily and widely accessible, and, at the same time, it preserves the
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original documents since the digital surrogate can be read instead (Bülow and Ahmon,
2010: 4, 47). In line with this view, digitization of archives is a field within conservation
that emerged during the early 21st century. One of the earliest publications on this topic
is `Preparing collections for digitization´ where Bülow and Ahmon (2010) describe how
a commercial and a non-commercial digitization project was developed at The National
Archives UK (TNA). Since long, archives in Europe implement models for digitization on
parts of their collections and to make collections digital is one of the main objectives in
many archival organizations, affecting all other activities and routines.
At TNA, conservation for digitization aims to stabilize the document to withstand the digitization process without further damage, and to make the text legible by unfolding turned covers
and flatten creases covering text (Bülow and Ahmon 2010: 138 ff.). Linked to this, Bülow and
Ahmon (2010) identify a shift within the conservation profession: from the preservation of the
original items to the enabling of their usage. In line with this thought, Bülow and Ahmon (2010:
6) concludes that digitization requires a pragmatic approach towards risk assessments where
the risks of digitizing should be balanced with the benefits gained from digitization.
In `Book Conservation and Digitization: the challenges of dialogue and collaboration´
Campagnolo (2020) aspired to bridge a gap between the different professions which
commonly are involved in digitization projects. There is a need for a common vocabulary
between archivists, bookbinders, conservators, and digitization specialists, concludes
Campagnolo (2020). In line with Bülow and Ahmon (2010), Campagnolo (2020) agrees that
digitization should cause as little damage as possible to the original document. In view of
this fact, he spotted a need for technology to adapt to the archives being digitized, rather
than the archives adapting to the digitization technology (Campagnolo 2020).

The National Archives Collection of Real Property Registers
The Collection of Real Property Registers are central to the Swedish state and its citizens
as it holds information about land ownership. That means that the collection has a high
information value but the homogeneous and repetitive structure of the collection, bound
volumes with standardized information and similar damage all through, is typical for late
19th century official registers. The uniqueness in the material is low.
Establishing standardized conservation measures and time management for this collection
was assumed to be relatively uncomplicated, and at the same time applicable to all collections of Real Property Registers within the National Archives.
The fact that the records had less material significance (other than as a bearer of information), and at the same time did not contain any sensible information or data; made the
risk assessment of transporting the collection to SFMV for preparation, and to DIT for
digitization, justified by the benefits from digitization.
As seen in Fig. 1, the records had a repetitive structure. As official records, it was important
to have as much text as possible legible in the digital surrogate. It should be noted that the
volume had a text that continued over a two page spread, this can be seen in Fig. 2.
Due to frequent use and handling, previous repairs with inappropriate repair materials
were a significant problem. Common damage were, as seen in Figure 3, tight bindings that
restricted the opening angle so that the text was lost and obscured near the spine edges of
the pages. Another problem was repairs with adhesive which had caused the pages edges
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Fig. 1. The Real Property Registers had a repetitive structure, ideal for establishing standardized
conservation measures and time management. (Photo: Lisa Edgren.)

Fig. 2. The Real Property Registers had text that continues over a two page spread. (Photo: Lisa
Edgren.)
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near the spine to stick together and hide the text (see Fig. 4). As seen in Figs. 5 and 6, this
had caused longitudinal tears near the spine end of the pages that not only distorted the
text, but also risked a loss of sequence since these pages commonly were parted in two.
Another typical damage was tears and brittleness at the head and tail of the volumes. As
seen in figure 7, this distorted the text and possessed a risk of loss of fragments (sustaining
important information) during handling and digitization. Also, due to frequent use and
handling, many of the volumes had common major and minor tears, of which many had
been repaired with adhesive tape. For digitization, this was not a big concern because the
text was generally legible despite the adhesive tape.
Fig. 3. Example of a tight binding
that restricted the opening of the
volume and hid the text near the
spine end of the page. (Photo:
Lisa Edgren.)

Fig. 4. Previous repairs had
caused the pages edges near the
spine to stick together, hiding the
text. (Photo: Lisa Edgren.)
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Large scale conservation of archival acts
To set a foundation for the pilot project, a workshop
was organized by the National Archives at their
archive in Härnösand. The aim of the workshop was
to discuss the following:
1

What standardized preparation measures are
required by SFMV to prepare the collection of
Real Property registers, kept at the Regional
State Archives in Härnösand, for successful
(legible) digitization at DIT? Also: what is
the time management for these preparation
measures?

2

How can a workflow process for a successful
large scale digitization project, including logistics
of transportation between the National Archives
Regional State Archives and SFMV in Kiruna be
set up?

3

What are the digital techniques available? How
shall communication around handling, transport
be made during the process?

The Senior Conservation Manager at The National
Archives UK (TNA), Sarah Noble, was invited
to share her expertise. Sarah Noble has a long
experience in leading mass-scale conservation
projects at TNA and her attendance was central to
the work being done.

Fig. 5. An example of a repair with
adhesive near the spine end of the
page that resulted in longitudinal tears
which not only distorted the text, but
also risked a loss of sequence since
these pages commonly were parted in
two. (Photo: Lisa Edgren.)

Seven samples of the collection of Real Property
Registers were examined by Noble and discussed
with the participants: representatives from conservation, from digitization, the archives and SFMK.
The idea was to include all knowledge needed in the
process. Based on these discussions, in line with
TNA, it was decided that preparation measures by
SFMV would only aim to make the text as legible
as possible for the digitization and to stabilize the
volume enough to withstand the digitization process.
After digitization, the volumes will be stored safely
without the necessity to be easily accessible since
they were not expected to be handled anymore.
To ensure a steady workflow process and minimize
the risk of a bottleneck situation, preparation
measures at TNA were estimated and actual
time registered. Just as TNA, it was decided that
SFMV would keep track of the required time for
preparation measures. To estimate and follow up
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Fig. 7. Example of a volume with brittle tears at the head and tail of the volumes, due to heavy
usage. The brittle ends distorted the text and created a risk for loss of fragments while handling
during the digitization process. (Photo: Lisa Edgren.)

about time management, SFMV would use an excel sheet for documenting measures and
estimate time and keep track of discrepancies so that the time estimations would become
more accurate for the collection as more volumes would be prepared. This would also be
helpful for calculations of future digitization projects where preparation measures had to be
included.
To establish preparation measures for the collection of Real Property Registers, a pilot
project was initiated. SFMV would prepare and DIT digitize 40 volumes of Real Property
Registers. Furthermore, the empirical pilot project was divided in two phases. In each
phase, a batch of 20 volumes of Real Property Registers were prepared at SFMV and
digitized by DIT. After each phase, the National Archives, DIT and SFMV met and evaluated
the process. Responses, from DIT and the National Archives, on the digitized result from
preparation measures were given to SFMV from DIT. In this way, SFMV was able to adjust
and standardize preparation measures.
Transportation of the collection between Härnösand, to Kiruna, to Fränsta and back to
Härnösand, is a freight of 1850 kilometres in total. Since SFMV and The Regional State
Archives have good experience form collaborating with the only transportation firm that
frequently transports goods in the north of Sweden, it was decided that their services would
be appointed.

The pilot project
The project was divided in two phases. In each phase, 20 volumes of Real Property
Registers were prepared at SFMV and digitized by DIT. Afterwards, the group involved,
evaluated the result and the workflow process. In this way, preparation measures were
adjusted in line with the digital surrogate and time management were adjusted in line
with the preparation measures. Questions for each evaluation were: have the preparation
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measures resulted in a successful (legible) digital surrogate? If not: what adjustment would
be required to achieve successful (legible) digital surrogate?
For the first evaluation, a physical meeting was scheduled at The Regional State Archives
in Härnösand in March 2020. But, in response to the COVID-19 pandemic this meeting was
cancelled. Instead, in line with recommendations from the Government of Sweden, a digital
meeting was held on the 16th of June 2020. Evaluation of the second phase was held in a
physical meeting at the Regional State Archives in Härnösand on the 19th of October 2020.
Evaluation of the first phase of the pilot project
The first batch of 20 volumes of Real Property Registers, took 101 hours to prepare, 5 hours
per volume. Standardized conservation measures involved repairs with heat-set tissue;
some flattening of page edges and some removal of old repairs covering text.
The volumes were digitized at DIT using an overhead scanner with a book cradle where
the page spread is fixed by a hardened glass plate. This required the volume to have an
opening angle of 180 degrees. For this reason, around 100 pages became illegible in the
digital surrogate. Because the 20 volumes contained around 6 780 pages, this corresponds
to 1,47 %. As seen in Fig. 8, this was successfully illustrated by DIT in the Zoom meeting.

Fig. 8. During the Zoom meeting it was concluded that 1,47 % of the digitized pages were illegible.
(Photo: Lisa Edgren.)
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Fig. 9. Example of longitudinal tears near the spine end of the page due to previous repairs with
inappropriate repair materials. (Photo: Lisa Edgren.)

The option of using a V-scanner was considered but rejected. Mainly because DIT is used
to digitize similar volumes, where the text continues over a two page spread, in an overhead
scanner as it captures the whole page in one image. To increase the volume's opening
angle to 180 degrees and enable digitization it was concluded that SFMV would, in addition
to previous preparation measures, separate volumes with tight and damaged bindings from
the books spine to make the text near the spine ends legible. For safe handling during transportation, preparation and digitization: each volume would receive an archival box.
Evaluation of the second phase of the pilot project
The second batch of 20 volumes of Real Property Registers took 133 hours to prepare
which is around 7 hours per volume. In addition to previous preparation measures (repairs
with heat-set tissue, flattening of page edges and some removal of old repairs covering text)
SFMV separated volumes with tight and damaged bindings from the books spine to make
the text near the spine ends legible in an opening angle of 180 degrees. It should be noted
that methods for opening the volume up without disbanding it completely was tested but
unsuccessful due to previous repairs with inappropriate repair materials. Previous repairs
had caused longitudinal tears in the page end near the volume's spine. These tears were
not consolidated with heat set tissue. This can be seen in Fig. 9, and in Fig. 6. To mend
these longitudinal tears, approximately two out of three volumes were disbanded.
During the second evaluation it was concluded that all pages of all volumes had been
successfully digitized in such a way that all the digital surrogates were legible. Therefore,
preparation measures from the second phase of the pilot project should be used for
establishing preparation measures.

NKF X XII CONGRESS OCTOBER 21–22, 2021

67

authors: lisa edgren & Johanna Fries Markiewicz

Results
Standard for Preparation Measures and Time Management
Results were conducted qualitatively, by evaluating the digital result from preparation
measures of the 40 volumes, and quantitatively by collecting data of preparation measures
and time management in an Excel sheet. By relating the quantitative data with the evaluations, the volumes were divided into four categories. For each category, preparation
measures and time management were established.
Category A was in good condition and legible at a 180-degree opening angle. This category
could be sent straight to digitization without preparation measures and would not be sent to
SFMV. The remaining three categories, which required preparation measures before digitization, are described below.
*

Category B was legible in a 180-degree opening angle but did require some repairs
with heat-set tissue, flattening of page edges, and some removal of old repairs covering
text. The time for preparation of this category was estimated to 45 minutes per
100 pages.

*

Category C was not legible in a 180-degree opening angle and requires preparation
measures of the binding. This in addition to preparation measures as seen in category
B. The time for preparation of this category was estimated to 90 minutes per 100 pages.

*

Category D required the same measures as category C but to a greater extent.
The time for preparation of this category was empirically to 200 minutes per 100
pages.

Another fixed 30 minutes were added for each volume for handling and documentation.
Another 15 minutes per 100 pages were added for turning the pages. In summary, time
management in the Excel sheet was estimated using the following equation, developed by
SFMV:
X = 30 + (Y ÷ 100 × 15) + (Y ÷ 100 × Z) ÷ 60
X = Estimation of time required for digitization in hours; Y = total amount of pages and
Z = minutes for preparation measures (B, C or D).

Establishing a large scale digitization project
In line with the knowledge that it takes approximately 7 hours to successfully prepare a
volume for digitization, it seems reasonable to assume that SFMV can prepare around 500
volumes of Real Property Registers (or similar) per year for the National Archives. It should
be noted that time estimation will become more accurate as more volumes are prepared by
SFMV and more quantitative data will be registered.
Furthermore, the empirical pilot project has shown that it is possible to set up a successful
workflow process for a digitization project, including logistics of transportation between
the Regional State Archives in Härnösand, SFMV in Kiruna and DIT in Fränsta, a freight
of 1850 kilometres in total by using a commercial transportation firm. However, it should
be noted that this was successful for this collection since it had high informational value,
but no material significance. If the National Archives would choose in the future to appoint
collections with higher or other values, to SFMV for conservation, risks would be assessed
according to that specific collection.
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Discussion
Risk assessment for public access
The desire to make documents more easily accessible and searchable through digitization
is commonly considered well in line with the spending of governmental funds. Digitization
contributes to the welfare and knowledge of collections because it increases research and
access to the information at the same time as it preserves the original material, says Bülow
and Ahmon (2010). Therefore, Bülow and Ahmon (2010) advocate for a pragmatic approach
towards risk assessments in large scale digitization projects. By doing so, they identify a
shift in the conservation profession: from the preservation of original material to the facilitation of sustainable use and development of the material (Bülow and Ahmon 2010: 5 f.).
This shift is very well illustrated in the pilot project with the Real Property Registers. To
transport public archives 1850 kilometres for preparation and digitization is, of course, a
risk that needs to be assessed. However, the benefits are hard to overlook. Resources to
prepare all the volumes inhouse were not available and the volumes were frequently used.
The fundamental task of the National Archive is to provide public access to official records
and any use of the originals could lead to information loss.
On the one hand, not transporting the collection for preparation at SFMV in Kiruna and
digitization at DIT in Fränsta would keep the volumes safe in the archives. On the other
hand, repeated handling of the collection for access to the information requires continuous
non efficient ad hoc measures from conservators at the archive and in the end is a risk of
information loss.
It is also important to remember the political context. The Government of Sweden decided
to establish SFMV in Kiruna as a geopolitical strategy, and by doing so, binding these
employment opportunities within heritage conservation in one of the most geographically
remote cities of Sweden. Not only is the conservation of archival information in line with
the political objective to increase access for every citizen in Sweden. It is also fair to say
that it supports democratic strategies of a public presence and rural area. In the end, the
Government of Sweden chose to establish SFMV in Kiruna.
In this way, preparation before digitization becomes a democratic process that not only
sustains the cultural heritage profession in all parts of Sweden but also makes cultural
heritage more easily accessible to every citizen of Sweden.
Adapting to the technology or adapting the technology
Was it correct to adjust preparation measures to the digitization equipment by disbanding
volumes to increase their opening angle to fit the overhead scanner? At the Vatican Library,
Núñez Gaitán (2020) describes how a flatbed scanner was used for digitization of collections at the Vatican Apostolic Library. The scanner required the books to have an opening
angle of 180 degrees or 130 with support (Núñez Gaitán, 2020). This was not a problem
since most of the books at the Vatican Apostolic Library throughout history had been continuously disbanded and rebound, which is why an opening angle of 180 or 130 degrees
was not a problem (Núñez Gaitán 2020: 91, 95). Also, by using the flatbed scanner they
were able to photograph two pages at one time (Núñez Gaitán 2020: 91). To capture books
that continue across a page spread in a single image is also recommended by Bülow and
Ahmon (2010: 84). Volumes that the conservators declared unsafe to open in 130 degrees
were excluded from the digitization project. so that in the future they could be digitized with
the right technical tools (Núñez Gaitán 2020: 91).
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In line with Núñez Gaitán, Campagnolo argues (2020: 9) that the digitization equipment
should be adapted to the item (being digitised) and not the other way around. Furthermore, it
is in line with the idea that digitization should cause as little damage as possible towards the
original item (Bülow and Ahmon 2010; Compagnolo 2020; Núñez Gaitán, 2020). However,
to exclude parts of a collection from digitization until the right technical equipment can be
acquired needs to be balanced towards the benefits. Yet, digitization requires a pragmatic
approach towards risk assessments where the risks of digitizing should be balanced with
the benefits gained from digitization (Bülow and Ahmon, 2010: 6).
In contrast to the Vatican Apostolic Library, volumes from the collection of Real Property
Registers that were not legible in an opening angle of 180 degrees were disbanded for two
main reasons:
Firstly, the nature of the collection as explained earlier, late 19th century, with frequently used
informational content but without material signification. Due to frequent use and repairs,
the collection was in poor condition. Removal of binding might be justified if the binding is
damaged and has lost its function, damaging the paper instead of protecting it (Bülow and
Ahmon 2010: 131) and if the book receives a rehousing that maintains the sequence of the
pages (Bülow and Ahmon 2010: 126 ff.). The risk for loss of sequence and further damage
due to the volumes was minimized by the fact that each volume received an archival box.
Secondly, at DIT, volumes with text that continues over a two-page spread is commonly
digitized on a scanner that requires an opening angle of 180 degrees since it captures the
whole page spread in one image. This was also concluded by Núñez Gaitán (2020: 91) and
recommended by Bülow and Ahmon (2010: 84).
A concern with disbanding the volumes for digitization is that it may result in loss of historical evidence regarding the volumes’ materiality (Campagnolo 2020: 86). However, these
Real Property Registers are standardized in format, and most of them will still be kept in
their original format if someone would be interested. Also, the Real Property Registers are
preserved after digitization so that their materiality in the future can be examined.
Acceptance of the incomplete
One could say that preparation for digitization requires the conservator to accept the
incomplete, the goal is only to make text legible and the document stable according to
strict standards. This stand is in contrast to the fact that the conservation profession has
emerged, during the 19th century, from the need for sustainable conservation of objects'
physical material as a carrier of aesthetic properties. Therefore, it might seem reasonable to
assume that conservators will face challenges when transitioning from the conservation of
physical material to the preparation of physical material as a tool to enable digitization.
In other words, digitization is the preservation and preparation become a tool for digitization.
This can be justified by viewing the volume as the material carrier of readable information.
Moreover, by preserving the readable information by digitization the material carrier can
be stored but does not necessarily need to be conserved. The value of the document lies
beyond its physical properties, which is why the document can be safely preserved through
digitization.
Bülow and Ahmon suggest (2010: 19) that preparation for digitization can reshape the
role of the conservator. Preparation for digitization is not limited to the conservation of
only favoured and constantly used books and archives (Bülow and Ahmon 2010: 19).
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It is also a fact that the work being done is standardized and repetitive. But one could
also suggest that in the long run, the identity of the conservator in mass scale conservation projects might be reshaped. The identification lies instead in a larger context, the
conservator is part of joint work to strengthen the democratic values in society, making our
common cultural heritage accessible to everyone.
In response to COVID-19
In response to the COVID-19 pandemic, the first evaluation of the project was held online
on a digital platform. After sharing illustrative pictures, from preparation measures at SFMV
and the result from the digitization at DIT, a live discussion emerged. From this discussion,
valuable conclusions regarding the future of the pilot project were drawn.
Since the second phase continued successfully, it seems reasonable to assume that future
evaluations and frameworks for conservation projects, that the Swedish National Archives
appoints SFMV to execute, can benefit from digital meetings. Hopefully, this could bridge
the geographical distance between SFMV and the Swedish National Archives, as well as
promote collaborations and expertise within the conservation profession.

Conclusions
The project has created a ground for a large-scale digitization project on which all collections of Real Property Registers, within the National Archives, can be digitized. In this way,
digitization becomes the preservation strategy and the preparation a tool for digitization.
This can be justified by viewing the volume as the material carrier of readable information.
Moreover, by preserving the readable information by digitization the material carrier can be
stored but does not necessarily need to be conserved.
The pilot project has shown that it takes approximately 7 hours to prepare a volume for
digitization. Linked to this, it seems reasonable to assume that SFMV can prepare around
500 volumes of Real Property Registers per year for the National Archives. The decision to
take the risk of transporting the collection from different locations for preparation at SFMV in
Kiruna and later to Fränsta was balanced against the risk of not doing anything at all. Also,
the decision was in line with the Government of Sweden's democratic strategy (to establish
SFMV in Kiruna and bind these employment opportunities to Kiruna) and the National
Archives fundamental objective (to provide access to the archives). In this way, preparation before digitization becomes a part of a democratic process that not only sustains the
cultural heritage profession in all parts of Sweden but also supports the sustainable use and
development of official archives by making them more accessible to the public.
The two phases of the pilot project have taken a full year to complete: from a first
appointment in early autumn 2019 to a project plan by the end of 2020. Conservation
measures performed by SFMV needed to be adjusted to the National Archives conservation strategy: prioritising and standardization of measures for conservation and time
management. In this project, preparation for digitization involves a transition from long term
conservation measures (for sustainable preservation) to short term preparation measures
(for digitization as the sustainable preservation strategy).
Finally, the project has shown that it is possible to set up frameworks for conservation
projects through digital meetings, and that this could bridge the geographical distance
between SFMV and the Swedish National Archives.
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An international collaboration for the analysis of
Vincent van Gogh's olive grove paintings
Malin Borin
Gothenburg Museum of Art, Gothenburg, Sweden

Tom Sandström
Swedish National Heritage Board (RAÄ), Visby, Sweden

Abstract
This poster will be presented as a short film of a collaborative analysis project, studying
the painting “Olive Grove, Saint Rémy” by Vincent Van Gogh at The Gothenburg Museum
of Art (GKM). Ten museums and several conservation scientists participated, investigating paintings from the Olive Grove series, focusing on painting technique, materials and
condition. Research was coordinated by The Van Gogh museum and The Dallas museum
of Art, with results to be presented in an upcoming exhibition. GKM requested scientific
help from the Swedish National Heritage Board (RAÄ), Visby. RAÄ participated on-site
with equipment for radiography, multispectral imaging, µXRF and RTI. Paint samples were
studied at the laboratory in Visby by OM and SEM-EDX. Nationalmuseum in Stockholm
contributed with IRR, and multispectral imaging (VNIR) was conducted by National Institute

Fig. 1. Cross section of now medium blue brushstroke with preserved purple
tones deeper in the paint. (Photo: Swedish National Heritage Board.)
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of Optics – National Research Council, Florence. Further analysis of paint samples was
performed at the Cultural Heritage Agency of the Netherlands, Amsterdam, using optical
microscopy, SEM-EDX and HPLC-HRMS. This broad spectra of competencies and
equipment enabled the identification of several pigments, with particular interest in organic
red paints. The use of a fugitive cochineal tin-based red and a relatively stable synthetic
alizarin red were revealed. Relationship to other canvases in the series was facilitated
through automated thread counting by Rice University, Houston.

Fig. 2. Detail showing now (after fading) medium blue brushstrokes with partially preserved
purple tones under the frame. (Photo: Gothenburg Museum of Art.)

Fig. 3. Vincent van Gogh, Olivskog, Saint-Rémy, 1889, Olja på duk, 74 x 93 cm.
(Photo: Gothenburg Museum of Art.)
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From values to strong policy making
Nina Robbins
University lecturer, Helsinki University, Helsinki, Finland

Abstract
My article examines how museological value discussion offers tools for museum professionals to engage themselves in the current discourse on sustainability. Firstly, one needs to
accept the fact that museums are in the business of originality. Secondly, museums must be
seen as policy makers in society. Because of these two facts, museum professionals need
up-to-date tools in order to navigate within the realm of such policymaking.
One way to utilize this toolbox is to join forces with all sectors of museum work. In addition,
we need to look at the value processes inside our own institutions, keeping in mind that in
our field, any value development cannot culminate in the span of just one museum career;
it is rather something developed over time. This is seen, for example, in objects that have
received “key object” status or are referred to as “iconic” in museum collections.
In my article, I introduce two cases where museum professionals have joined forces in
clarifying their focus: a disposal workshop involving Eastern Finnish art museums and the
museum display renewal of the Vehkalahti Regional Museum. I will use concepts such as
Art Museum Disposal Project and Vehkalahti Identity Check in my text to describe these
projects.
Keywords: Museology, conservation, value discussion, identity, policy making.

Introduction
My career as museum professional, which started in the 1980s, has left me with the
impression that we museum professionals prefer to avoid conflict-creating moments and
to keep our institution as somewhat of a refuge for both ourselves and our audiences.
The common cliché, “Your work is so endearing” must ring a bell to many of us. Everyday
museum reality has traditionally been seen as something bearing a lighter weight compared
to other sectors of municipal structures, e.g., technical, educational or health care. These
misunderstandings are now lessening, and this strong sector of humanistic sciences is
beginning to be seen in another light, both internationally and domestically (Scott 2013;
Piekkola et al. 2013; Heikkilä and Niiniluoto 2016; Koski et al. 2020). There are indications
that even our understanding of global economics that has occupied the role as
a master narrative, is under re-evaluation (Raworth 2017; Mazzucato 2017). Statements
such as “Shareholder value is no longer everything.” is a strong indicator that society’s value
discussion has reached a new level (Gelles & Yaffe-Bellany 2019).
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The message that museums should actively engage themselves in value-related issues and
thus become strong policy makers also became very evident during the ICOM Kyoto 2019
General Conference discussions. However, one should keep in mind that value talk in the
sector of museums is not a new thing. This development has roots going back to the 1990s,
when museums were starting to be seen as agents of social inclusion (Sandell 1998; Weil
2002). These aspects were further integrated into the latest museum definition suggestion,
which was debated and criticized during the Kyoto conference and returned for further
discussion at the time of the writing of this article (Ehanti 2019; Haynes 2019; Small 2019).
In addition, newer ideas of various participatory methods, ways to engage audiences and
aspects of co-creation have further democratized the role of professionals and introduced a
new group of stakeholders to participate in content planning (Anderson, 2004; Simon, 2010).
In the 2020s museums are facing an identity check and are more often than before asking:
Whose museum? In this respect, museums are and can become strong policy makers in
society, and this role should not be subsumed within the traditional identity of museums as
mere keepers of the past. With this, museums are merely taking a more active part in the
global demand for a more sustainable society and all these concepts ought to be synchronized with the global responsibilities of institutions that have solidified their roles as part
of society builders (Weil 2002; Holden 2006; Museoalan Teemapäivät 2019). The younger
generation of museum professionals is building their professional identity during a time
when policy making is an institutional duty that cannot be ignored. For this, professionals
need proper tools.

Discussion and theory – the two cases and their value background
This article introduces two best-practice projects in the area of collection management
and exhibition planning, in order to demonstrate that museum professionals do possess
tools to take part in the policy making of building sustainable heritage, thus contributing to
a sustainable society. In fact, these examples show how museums, at their very core, have
been in the business of building sustainable society ever since the cabinets of curiosities
(Impey & MacGregor 2001).
The initial information needed in order to design and complete these projects was gathered
during a study from 2012 to 2016, which ascertained museum professionals’ attitudes
towards collection management and collection disposals (Robbins 2016). In this study,
collection care and aspects of museum identity were the main points of focus. This study
indicated that there was a lot of tacit information affecting collection care issues and that
museum professionals felt unsure in many decision-requiring situations, as is shown in one
of the questionnaire responses:
“One of the difficulties is that a work of art in a collection will remain art, even if we do
not possess the needed tools for a definition of art. Even the relevant legislation does
not give us any accurate definition as to when an artwork threshold is reached, not
to mention all the needed quality requirements of art. From a copyright point of view,
bad art will also always remain art. The difficulties appear when one has to determine
between good and bad art. In the process of value assessment, one has to acknowledge one’s own subjectivity and historicity” (Robbins 2016: 176).
This in turn indicated that concepts such as identity and values had to be discussed in order
to strengthen the decision-making process of museum professionals.
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Tacit knowledge is often contrasted with explicit knowledge. Terms such as “gut-feeling”
and “knowledge at my fingertips” are often used to describe its character (Polányi, 1966;
Koivunen, 1997). It is often something that is difficult to transfer into written form. This
includes, for example, unwritten customs and procedures that are upheld but have not been
officially documented. These customs may not be official or written, but they may be very
much rooted in everyday museum practices, and this know-how is transferred to every new
museum professional coming to work in the museum.
All this is valuable capital and should not be ignored. To focus on tacit information takes
the research into areas that are hard to quantify. Nevertheless, it is important to take such
areas into consideration in the field of humanities. It is important to study methods with
which unwritten and silent information can be made visible. In addition to factual knowledge
involving museum work, we also need to study conceptions, attitudes and emotions.
For example, it would be beneficial for future museum professionals to make any valuerelated tacit knowledge visible, be it in the area of collection management or development,
collection care, long-term visions, exhibitions, financial resources or pedagogical
goals.
This prior study showed that value processes had been discussed among museum professionals, but very seldom integrated in any practical way into everyday practices of various
museum professionals or into official documents. Value processes were understood to be
rather theoretical and not easily applicable to everyday working situations. The task for
museum professionals was to start seeing value processes as a chain of actions, rather
than just one isolated and theoretical act. In order to make theory serve practice, one would
need to see this chain of actions starting from the value discussion and identity check
among museum professionals, following through practical steps, such as identifying key
objects or issues, and pointing out their significance. Eventually, the process is wrapped up
with the statement of impact, where the knowledge gathered by this process functions as
accumulative building blocks. This statement, in turn, becomes material for future professionals, visitors and stakeholders, and functions as an elementary part of the accumulating
value portfolio. Furthermore, it was noticed that to follow this chain of actions, i.e., value
discussion – identity check – identifying of key objects – pointing out the signification –
creating an impact statement, would help to ease things out in any stressful situations. In
my 2016 study I used the concept museological value discussion to comprehensively take
this chain of actions into account. With the term “museum professionals” I am referring to
all of the different professional groups that work in the museum institution. The 2016 study
showed that it is important to include a wide range of professionals in the decision-making
process and it is also important to seek mutual understanding in order to secure the wellbeing of our cultural heritage.
These issues were the main initiators for further study that took place in 2018 (Robbins
2019a and b). In this study, four museum-collection care professionals were interviewed
using Grounded Theory as the method, in order to find the focal points of current concerns.
Using this method, space is left for free contemplation and theoretical formation can be
developed as the research proceeds (Strauss and Corbin 1998; Glaser and Strauss 1999;
Charmaz 2006). The spirit of these conversations was co-operative, where the role of
experienced colleagues made rich and in-depth discussions possible, and the interview was
more of a peer-research process than a researcher-recipient process. As the result of the
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final analysis, five focal points arose from the interview material that were seen as needing
attention. These were as follows:
1

Value processes need a lifespan longer that one museum career.

2

Discussions are to include evaluation regarding the meaning of the concept “collective”.

3

Museum professionals have to maintain vigilance regarding value discussion.

4

An acceptable level of preservation has to be determined.

5

A variety of focal points has to be acknowledged.

These issues are all substantial and will require much attention by museums and researchers in the future. In this article, I will focus on points one and four, i.e., how to include
the significance of the history of museum collections in present-day value discussions and
how to determine the acceptable level of preservation and collection care. The reason for
selecting these focal points for this article was determined by the nature of two hands-on
projects that came after the 2018 study, namely the Eastern Finland Art Museums’ disposal
project and a re-evaluation of the Vehkalahti Regional Museum’s permanent exhibition. The
main determining factor for choosing to focus on issues one and four was that both projects
dealt with collection care issues, having the goal of collection development, keeping the
concept of dynamic collection care in mind (Mensch & Meijer-van Mensch 2011; Häyhä,
Jantunen & Paaskoski 2021). These two projects took place in 2019–2020, with points
one and four aligning well with their concept. The main goal was to emphasize the role of
value discussion and to see how this discussion can manifest itself in concrete outcomes
in everyday museum practice. Both of the projects were based on the information gathered
from the 2016 and 2018 studies.
Both of the projects involved in-depth and open dialogue, using Grounded Theory as the
basis. This meant interviews and free discussions with students and museum professionals, as well as the gathering of data, making and modifying conclusions as the project
developed. As in the 2018 research project, Grounded Theory enabled the formation of
fruitful peer-to-peer discussions among the participants. In addition, hands-on workshops
helped professionals in a concrete manner to openly discuss and jointly clarify the identity
of their own collections. The Art Museum Disposal Project was carried out by museum
curators in charge of the relevant collections and the Vehkalahti Identity Check was partially
done as an MA-level museology student project. In addition to this student involvement,
a short questionnaire based on methods of the Grounded Theory was given to museum
visitors in order to make the community voice more visible. This was seen as an important
aid in helping museum professionals to make solid and long-lasting decisions regarding
alterations to the current display. All of these actions were building blocks, which were used
in order to engage in the museological value discussion and eventually to be able to clarify
the focus of the museums’ identity.
Both the Art Museum Disposal Project and the Vehkalahti Identity Check were designed
to be hands-on projects for increasing the capability of museum professionals in decision
making, as well as in their capability to engage in value-related discussions. The previous
2016 study indicated that hands-on practice was needed, as is shown in the quote
presented earlier in this article. It was also noticed that value-related issues were seen as
difficult and too theoretical to be of any practical help in real-life situations.
It is true that value-related talk is often philosophical in nature (Danto 1964; Dickie 1974;
2001; Wollheim 1980; Haapala 2010) or based on merely practical value systems, such as
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various monetary-based calculations. These two spectra of value discourse are important,
but in themselves often not comprehensive enough or fully functional in everyday museum
practice. This might have been one of the reasons why value discussions have been difficult
to include in everyday practice. All in all, the philosophical texts offer the much-needed
theoretical base camp and starting point in the process of building one’s own practical
value portfolio, and the monetary-based calculations do work as a language for mutual
understanding within any given municipal structure. Value talk becomes museological once
we direct our attention towards museum work comprehensively and map out the points of
significance throughout history. This work cannot be completed during one museum career;
it needs time to accumulate and be brought to fruition. Because of this, museum profes
sionals must see themselves as mediators in the process and as those who contribute to
the accumulation of the value portfolio of their own museum.
It should be pointed out that efforts have been made to map out culturally significant value
systems and to refer to cultural significance in our current consumer-oriented culture
(Holden 2006; Porter, Kramer 2011; Piekkola et al. 2013; Scott 2013). Work has also been
done in this field from a museological point of view (Mensch and Meijer-van Mensch 2011).
Now it is time to move from the theoretical contemplation phase to the hands-on phase.
How can we increase museum professionals’ capability to engage, discuss and select?
There are recent publications that open up the processes of signification, collection care
and museum identity building to readers (Russell and Winkworth 2009; Assessing Museum
Collections 2014; Häyhä et al. 2015; Lehto-Vahtera 2018). Often these publications measure
value by rather short-term indicators, such as current audiences or trends. These are good
starting points, but it is important to understand the need for a longer-term perspective to
be included in the value building of museum identities (Robbins 2019a). Only with such a
long-term perspective can museums show the aggregation of various impacts and differentiate themselves in the contemporary impact race (Vaikuttavuusindikaattorit, 2009).

Art Museum Disposal Project – Eastern Finnish art museums clarifying their
collection identity
The Art Museum Disposal Project was first launched and coordinated by the Kuopio Art
Museum in 2019. The curator of collections invited other Eastern Finnish art museum
professionals to join the project. All of the participating museums had earlier established
that they had material in their collections that would be in need of a closer value check-up.
In general, museum professionals in Finland are very well aware of the shortcomings of
their own collections, but this issue has remained mainly on a discussion level. The 2016
study indicated that 73 % of art museum professionals are in favour of collection disposals,
but this has not yet reached mutual consensus. Museum professionals have not had the
required confidence or knowledge for decision-making regarding disposals (Robbins 2016:
166).
The Art Museum Disposal Project aimed to go beyond just talk and eventually end up
both implementing concrete actions and creating the basis for active disposal policies. In
addition, these museums were facing changes regarding collection facilities and it was time
for re-evaluation. It was very clear from the start that in order to do so, mutual consensus
among museum professionals was needed. This is why this difficult issue was presented for
peer-to-peer debate among all the participating colleagues. The art museums involved were
in Joensuu, Kuopio, Lapinlahti (Art Museum Emil), Mikkeli and Varkaus. The project started
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Fig. 1. Art museum disposal project participants discussing the need for consensus during the
second seminar day in 2019. (Photo: Nina Robbins.)

with a questionnaire that collected information regarding each collection and its disposal
needs. Among these questions were the following: What had already been disposed of
from the collection? What was written in official documents about disposals? What were the
current goals regarding the project? By answering these questions, participants were able
to familiarize themselves with the overall material and see areas in need of mutual improvement. It also allowed them to point out the need for a possible signification process to
take place before any potential disposal decisions or concrete actions (Häyhä, Jantunen &
Paaskoski 2015). It is exactly at this point where theory and practice meet and that museological value discussion becomes relevant. By making these issues visible through peerto-peer discussions and letting potentially sensitive points surface, we are pushed towards
value discussion. Without this, concrete decisions remain in a somewhat grey area (Fig. 1).
All in all, two seminar days which included a hands-on workshop about collection values, a
visit to a disposal site and three peer-to-peer discussion days were organized. Between the
seminar days, professionals gathered information regarding their own disposal needs and
clarified the need for various legal or political steps, as well as the need for further research
regarding specific disposal items. Once the participants became aware that they all were
sharing similar points of concern, the discussions reached a very deep and value-based
level. This was a strong indicator that consensus on such a difficult issue as disposal is
indeed both needed and possible to achieve. The results were gathered in the final report
and also presented to a wider museum audience during a two-day art museum theme
seminar for professionals.
At the end of the year all museums had selected artworks that did not fit their collection
identity and should be disposed of. In order to be able to make this selection, the profes-
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sionals pointed out that mutual consensus about disposals and a deep understanding
and knowledge of one’s own collection were the keys. These points helped them to better
select items for disposal. Eventually, the project created a collection care consensus, where
collection disposal is seen as an active part of collection care. As an essential part of this,
it is important that all disposal information is passed on to the next generation. This in turn
helps to build a value portfolio, facilitating a stronger basis for future decisions.

Vehkalahti Identity Check – the significance of an unchanged permanent
exhibition
Values were also at the core of the 2020 MA-level student project in the Vehkalahti Regional
Museum. It was possible to complete the project despite the COVID-19 pandemic, since
all plans and practical implementations concerning this project were well underway before
March 2020 and the lockdown of society. Eventually, the only alteration was that the final
Vehkalahti seminar was changed to a poster session that was displayed on the museum
premises after its reopening in the summer of 2020.
This project also originated from the needs of the museum itself. The Vehkalahti Regional
Museum was opened to the public in 1960 to house and display the collection gathered by
the Kymenlahti student organization and the ethnographer Erkki Ala-Könni (1911–1996). The
building itself had functioned as a school, so some of the original school interiors were still
intact. Due to the recent county unifications that have been taking place in Finland in recent
decades, Hamina museums had become the primary host for the collection, eventually
launching the need for an identity check of the collection. The present-day display had not
been altered since the opening of the museum in 1960 and was in need of a re-evaluation.
While weighing various options it also became clear that generations had grown to hold
deep memories of the very outdated museum display and that the power and significance
of these memories were not to be ignored. There was a mutual understanding to change as
little as possible and the concept of “a museum within a museum” was discussed, i.e., what
is the value structure for such an aged display, due to all of the memories that have accumulated in subsequent decades? Furthermore, what kind of an example does it offer regarding
earlier display methods? And eventually, what should we keep and what should we discard?
The first steps for the students were to create future plans for the museum following five
prechosen themes. These included ideas on how to enhance the visibility of the museum,
aspects of community empowerment, plans to diminish the carbon footprint and increase
the green handprint, analysing the significance of the display and renewal of display rooms.
The work was done in groups and involved two community afternoons, when students had
the possibility to interview visitors and record their memories. During the first afternoon,
a short questionnaire was given to the visitors to acquire more detailed information about
the significance of this regional museum. Unfortunately, the second community afternoon
had to be cancelled due to the COVID-19 restrictions. Despite this setback, the information gathered during the first afternoon was actually quite substantial and gave us an
oversight regarding the meaning of community memories and the significance of preserving
these memories. Three major points could be summarized according to the questionnaire
answers. The first point was that museums in general, and the Vehkalahti Regional Museum
in particular, function as a knowledge reserve for their immediate community. Sentences
such as “Museums possess knowledge capital”, “Museums are banks” and “Museums make
historical events concrete” were given among the questionnaire responses.
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The second point was that museums give perspective to our everyday lives. Opinions
such as “We are only one link in a long chain”, “Museums help to envision the future” and
“Museums give us roots” were given. The third point was not as concrete as the two earlier
ones. It reached more towards the emotional part of our consciousness and sentences such
as “There is something sublime in museums” and “Museums elevate us from the everyday”
were given.
It seemed that museum objects were seen as essential vessels through which these statements became possible. They allowed memories to surface. If this is the case, one could
claim that museums indeed still need their objects (Pearce 1990; Conn 2010) and accordingly, more attention should be paid to object research in museums (Artefacta 2016) (Fig. 2).
All in all, it should be pointed out that the total number of questionnaire responses was not
very large, only 13, and the age of all participants was 50 years and older. Nevertheless,
these answers, as well as the student interviews, have made the community voice visible
and have given museum professionals value capital to work with. Despite the small number
of answers, the richness of the data, one of the principles that Grounded Theory calls for,
was particularly surprising. Furthermore, these comments very strongly supported the idea
that any alterations to the current Vehkalahti display need to be very subtle and respectful.
The museum professionals carrying out these alterations would need to see themselves
as links in the long chain of history. This way, the new display of the Vehkalahti Regional
Museum would maintain its significance among the community (Weil 2002).

Fig. 2. Vehkalahti Regional Museum, the original classroom display from the 1960s. (Photo: Nina
Robbins.)
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Conclusion
This article described how concrete value processes in everyday museum work can help
museum professionals to clarify their focus and ease out any concerns that may hinder
decision making. The chain of actions described earlier in this article (value discussion –
identity check – identifying of key objects – pointing out the signification – creating an impact
statement) was elementary in both cases. Following this chain, museum professionals were
able to increase their knowledge of the issues at hand. With co-operative and open peerto-peer dialogue, the five Eastern Finnish art museums were able to support one another
and reach consensus about the importance of collection disposals. Through an MA-level
student project, Vehkalahti Regional Museum professionals were able to gather information
about the value network that was important for the community in order to make just and
long-term decisions about any display renewal. The core issue in both of these projects was
to analyse the value systems that manifest themselves in everyday museum work.
These projects were both separate from one another and different in nature. Nevertheless,
the common feature in them was the importance of value discussion, especially the fact
that this discussion should be museological in nature. The Art Museum Disposal Project
involved museum professionals facing difficult decisions in the process of solidifying their
collection’s identity. The Vehkalahti Identity Check reached out to the community to gain
information about the significance of the outdated display. This in turn helped museum
professionals to make the needed, yet subtle alterations, and to not disturb the power of
memories embedded in the old display.
As stated earlier in the text, there is a lot of tacit information in these endeavours. The
methods used in Grounded Theory and hands-on workshops helped museum professionals
to bring this tacit knowledge to the surface. Through in-depth discussions, open dialogue
and community involvement it was possible to reach this fount of knowledge, make it visible
and allow it to function as important capital for the museum.
This capital is valuable material to collect and preserve for future museum professionals,
and it adds to the chain of value development. Future professionals will in turn be able to
turn to this material and understand the reasoning and thought processes behind previous
decisions. In this work it is also important to look at the value processes of society – how
values are created and who gets to advocate for them. All in all, it is important to keep in
mind that the development of values cannot reach a culmination point in the span of just
one museum career. Such values are rather developed over the centuries. For example, this
can be seen in objects that have received “key object” status or are referred to as “iconic” in
museum collections (Lehto-Vahtera 2018; Barker 2020) (Fig. 3).
Eventually, an understanding of the long-term accumulation of a value portfolio, as well
as an occasional value check-up in one’s own museum environment, will lead to stronger
policy-making capabilities. This could ultimately resonate well with the current global
demands for a more sustainable future, thus putting museums in the position of being strong
policy makers in society in general. It is important to implement the relevant vocabulary,
express matters of significance and eventually have an opportunity to voice all of this in
policy-making discussions. It will be important to join forces and learn to point out the significance of long-term preservation. This will certainly be a welcomed vocabulary for future
impact investors, be they investors in the traditional, economic sense of the word or young
humanists who are voicing their opinions outside the humanities.
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Fig. 3. How to accumulate a value portfolio. (© Nina Robbins.)
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Past, present and future
Handling, treatment, and display challenges for sculptures in
museum collections
Veronika Eriksson
Conservator, Nationalmuseum, Stockholm, Sweden

Abstract
In recent years, storage, handling and treatment of the sculpture collection in
Nationalmuseum have progressed with improved conditions, methods and materials, but
there are still challenges to tackle. This article will highlight some of these progressions, but
also issues related to sculptures on open display in museums and how the visitors’ behaviour
seems to have changed over the last few years, prompting the need for creative solutions.

Historical background
When Nationalmuseum in Stockholm opened for the first time in 1866, the essential part
of the sculpture collection had been taken from the old Royal Museum originating from
1794. The collection was then built on King Gustav III’s collection of antique sculpture, and
later supplemented with donations and purchases of sculptures from mainly the 19th and
20th century by famous Swedish sculptors including Johan Tobias Sergel, Bengt Erland
Fogelberg, Johan Niklas Byström, and Alice Nordin. The collection also holds a great deal
of plaster casts of classic antique sculptures as well as a significant collection of European
sculptures dating from the Middle Ages until the early 20th century and includes works by
Adriaen de Vries, Giovanni da Bologna, Jacques Philippe Bouchardon, and Auguste Rodin.
At present, there are over 6,000 sculptures in the collection, most of which are plaster casts,
though the collection also includes bronzes, marbles and other stone sculptures, terracotta,
clay, wood and wax sculptures.
Over the years, the collection has been moved on several occasions, both within the
museum and from old to new storage with improved conditions. During these events, the
sculptures have been adversely affected by handling and transportation.
In 2013, Nationalmuseum closed due to renovation and the entire building was emptied of
exhibitions, workshops, offices, and storage facilities, which entailed packing and transportation of thousands of objects. After five years of renovation, the building offered three times
the previous exhibition space and a large increase of objects on display.
Keywords: Sculpture, storage, handling, treatment, open display, availability, ANJUSIL®,
3D scanning.
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Challenges
Moving a museum collection is, in addition to calculating and eliminating risk factors, a
good opportunity to collect new and valuable information about objects, as well as to
evaluate and improve routines and working methods. Digitalization and the use of collections databases are valuable tools for gathering, sharing and communicating information,
to create a consensus on how to handle a sculpture, or which specific conditions the
sculpture needs while on display. Damage observed on sculptures are often the result of
poor storage, handling or packing, open display, or previous restorations; all of which are
reviewed and continuously improved. The structure of a sculpture with original composition
and techniques, or previous restoration, can make handling complex. Detailed planning is
required to ensure that a secure level of handling can be achieved for both the sculpture
and the people around it. Sculptures, and especially large sculptures, appear durable and
structurally stable and strong; a perception that is perhaps reinforced by the fact that sculptures are the most common type of public art, and have been for a long time. In the new
exhibitions in Nationalmuseum it has been noticed that visitors show a significantly new and
bold attitude towards objects on open display, compared to just a few years ago. This new
behaviour must be evaluated, and creative solutions are needed to ensure the long-term
preservation of objects.
Past storage
Preservation has not always been a prioritized area for museums in the past. Storage, for
example, was not given much consideration apart from the importance of the vicinity to
the museum. There was
little knowledge on how
pollution, climate, light
or handling would affect
objects over time. Even
as late as the 1980s, one
of Nationalmuseum’s
storage facilities was
housed in a building in
which the museum’s truck
was parked inside the
actual sculpture storage,
with exhaust fumes
accumulating on the
sculptures (Fig. 1).

Fig. 1. Sculpture storage
during the 1980–2002.
(Photo: Nationalmuseum.)
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Since 2002, the whole storage has
moved twice and both times the
storage situation for the sculpture
collection have improved in terms of
safe and easy handling, and a stable
and controlled climate. Furthermore,
the conservators gained a deeper
understanding of the collection's
contents. Today, each object in the
sculpture collection is documented
and information has been made
accessible through the museum’s
object database. Large donations,
and a few acquisitions each year,
have largely increased the number
of sculptures in the last 20 years.
Sadly, there is a continuous problem
with confined storage space, and
a risk of physical damage, as the
collection grows bigger while space
volume of the storage facilities
become smaller due to high rental
costs in the Stockholm region.
However, the present sculpture
storage is kept clean and tidy, which
makes handling easier and creates
greater respect for the room and its
collection (Fig. 2).

Fig. 2. Sculpture storage in 2020. (Photo: Veronika
Eriksson.)

Closing the museum
When Nationalmuseum closed for renovation in 2013, the logistics planning for packing,
handling and transport had already been in progress for two years. Although the majority of
the collection was stored externally, the museum housed 455 sculptures out of which only
74 were on display. In the museum, sculptures were kept in the basement or in the attic
where the objects had to be carried down the stairs. Emptying the stores and methodically
going through the collection provided information on the objects and gave an opportunity to
separate objects that did not belong to the collection and make a clear line between accessioned objects and other objects.
Sculptures were packed on pallets, in crates, or boxes, and then divided into various
sections depending on their destination and whether they were going to external storage, on
loan, or off to one of the museum’s own temporary exhibitions spaces. During the museum’s
closure work was busier than ever and at one point Nationalmuseum had twelve parallel
exhibitions at external sites (Fig. 3).
Preparations for treatments
Nationalmuseum was closed for five years, which would indicate plenty of time to condition
check and treat sculptures for the museums’ new exhibitions. Instead, the schedule
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Fig. 3. Sculptures waiting to be packed and removed from Nationalmuseum. (Photo: Per-Åke
Persson.)

was very hectic during the closed period due to a large exhibition on Auguste Rodin in
the museum’s temporary exhibition hall in the Royal Academy of Arts in Stockholm, a
co-exhibition with the Louvre in Paris on Carl Gustav Tessin. In addition, there was the
opening of a permanent new exhibition hall, Nationalmuseum Jamtli, in the north of Sweden.
As time was drawing nearer to the grand opening of the new Nationalmuseum, the selection
of sculptures had to be finalised in order to give the conservators enough time to carry out
treatments and to organise the packing. As soon as a sculpture was guaranteed to go on
display, it was examined, treated if needed, and documented, before packing. Due to the
uncertainty surrounding the selection of objects, it was impossible to spend more than a
minimum amount of time on each object. This created a need to discuss the lowest acceptable level of conservation in order to reach a consensus amongst the conservators, and
also between conservators and curators regarding visual appreciation. In addition, discussions were held regarding the possibility to carry out treatments of objects while on display
as an educational element for the public.
A total of 249 sculptures were prepared for the new exhibitions at the museum, but 35 of the
sculptures that had already been brought to the museum were rejected before installation
and were subsequently returned to storage.
Temporary workspace
Since the workshop for sculpture conservation had been situated in the museum prior to its
renovation, new workspace had to be set up in external buildings. Since limited workspace
was available in the external locations, two workshops in two different storage buildings
were established making it possible to carry out conservation work on a relatively small
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scale. One of the workshops was situated in a location where the floor could not support
the heavy weight of a large stone sculpture. Thus, in order to achieve a safe and functional
workspace that would not affect other activities, a small undisturbed forklift truck storage
was temporarily converted into a workspace for dusty and wet cleaning of large and heavy
sculptures. The truck storage was situated on the same floor as the sculpture storage, which
kept handling and transport to a minimum.
In the temporary workspace, a small purpose-built booth was installed so that dust and
water vapour would not spread to the surrounding environment. The booth was set up in two
hours, built from wood, with the walls made of fireproof fibre glass cloth and construction
lighting in the top corners. Pallets with large sculptures could enter from one side allowing
the conservators enough space to work around the object instead of having to move the
pallet around to reach all sides of the sculpture. The manoeuvre of turning the pallet only
had to be carried out during photography before and after treatment (Fig. 4).

Fig. 4. Steam cleaning carried out in the temporary workspace. (Photo: Anders Sjölund.)
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Treatments
Stone
Many sculptures had not been on display for a long time, if ever, and were suffering from
surface damage, accumulated dust and ingrained dirt from old storage conditions, as well
as structural or chemical damage. Most sculptures made from structurally stable stone
were treated with both dry and wet cleaning, where the dry cleaning included soft brushes
and various types of rubbers and sponges, while the wet and chemical cleaning included
sponges, steam cleaning and solvents used on heavy staining or tough dirt.
Plaster and terracotta
Sculptures made from plaster are much more difficult to clean and are easily damaged by
inappropriate methods, due to their sensitive surface and structure. The plaster sculpture
collection at Nationalmuseum can be divided into three major categories: 1. painted
surfaces, 2. surfaces with some sort of coating, and 3. untreated surfaces, at least as
observed with the naked eye. In the case of objects prepared for the exhibitions at the
new Nationalmuseum, the majority of the plaster sculptures were unpainted, with complete
or partial remains of the thin exterior skin of the cast. This is probably the most difficult
category of plasters in terms of treatment, and quite often the thin layer of the surface has
been damaged due to inappropriate handling or cleaning methods, or damaged as a result
of climate impact. In 2017, an expert meeting was held at the Ny Carlsberg Glyptotek in
Copenhagen, where a small group of conservators from France, Spain, Norway, Denmark
and Sweden had the possibility to discuss the cleaning of unpainted plaster cast sculptures.
The meeting included both live demonstrations and digital presentations of dry cleaning,
laser cleaning and poultice cleaning. The meeting provided new knowledge about both
methods and materials and was a good opportunity for a group of conservators to share
their experiences, both scientific and empirical, on cleaning unpainted plasters.
When cleaning the plaster sculptures for the new exhibitions in Nationalmuseum, a wide
range of cleaning techniques were used, both separate and in combination to adapt a
method to the needs of the individual object. One material that proved to be very useful for
removing loose and deposited dirt on unpainted plasters, as well as for terracotta sculptures,
without removing the surface patina, was the latex-based poultice material ANJUSIL®. This
product was developed during a Spanish conservation project in 2010 on the sculptural
works of the 17th century Velásquez Collection in the San Fernando Royal Academy of Fine
Arts in Madrid. ANJUSIL® is a white, aqueous suspension of a hydrocarbon polymer made
up of protein-coated globules with irregular shape which prevents the liquid from sticking to
the surface of the object. The liquid contains 3 % anionic and cationic solvents which help to
disintegrate fatty surface matter in pores covering underlying dirt. The liquid is dyed blue to
enable detection of any residue left on, particularly white, surfaces.
Method of application
The ANJUSIL® is applied thinly with a nylon brush on a suitably sized and controlled area,
depending on the shape of the object. Sometimes it is better to apply the liquid on a larger
area to reduce the risk of sharp lines between a cleaned and a non-cleaned area. When
the surface is irregular with cavities and pores, it is safer to apply the ANJUSIL® on a small
area so that there is enough time to remove the poultice before it sticks hard to the surface.
It is crucial to remove the poultice within a few minutes after the proper setting on porous
surfaces as it becomes more and more difficult to strip, the longer it remains on the surface.
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Fig. 5. Two white terracotta sculptures, the one to the left cleaned with
one application of ANJUSIL® and the sculpture to the right still untreated.
(Photo: Veronika Eriksson.)

If it adheres strongly to the surface, it might be possible to remove, but will most likely take a
long time and can cause both structural and surface loss. Occasionally it might be preferred
to spray the product onto the surface of an object to obtain an even distribution, for example
on flatter surfaces such as reliefs. On a three-dimensional object however, spraying would
not allow the same mechanical control and distribution as when using a brush which can
be angled and reach less accessible areas. The number of applications is determined
by the amount of accumulated dirt or the level of cleaning considered reasonable to help
understand and appreciate the artwork (Fig. 5).
Some advantages of ANJUSIL® are that it is easy to apply in a normal to cool room temperature, it has a relatively fast setting and working time, and it is cost effective with a one litre
bottle lasting for the treatment of multiple small sculptures. The disadvantages include that
the liquid comes ready-made with little possibility of adjusting the properties, a ‘one mix fits
all’ solution, which is not always desired. In addition, the risk of leaving the poultice for too
long jeopardizes the surface condition of objects. Further, the ANJUSIL® is more difficult to
apply in higher temperatures i.e., during summer, when it makes the compound fast-drying
and slightly lumpy creating a messy workspace when stripping the poultice.
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Recollecting objects
Several sculptures included in the exhibitions at the new museum had for many years been
on long-term loans to county administrative boards, government agencies, state institutions
or on loan to external exhibitions held in several of the Swedish Royal Palaces. Most sculptures passed through the conservation workshop before going on display, while some were
brought directly to the museum. Many of the borrowing institutions also wanted replacement
sculptures for those withdrawn from their long-term placements.
Twenty sculptures were packed and transported from the Orangery Museum at Ulriksdal
Palace in Stockholm where Nationalmuseum, since the late 1980s, has had a permanent
sculpture exhibition in collaboration with the Royal Collections. Out of the twenty sculptures
removed from the Orangery Museum, three were the large marble Norse gods Thor,
Oden and Balder, with heights ranging from 2.60 to 3.12 meters, as well as their original
plinths which are also made from solid marble. The sculptures were made in Rome by
sculptor Bengt Erland Fogelberg in the 1830s and brought to the Royal Palace in
Stockholm in the mid-1800s, but later placed in Nationalmuseum at the opening in 1866
(Fig. 6).
Packing and transport
Handling, packing and transport of heavy sculptures, such as the three marble gods
weighing from 1 890 kg up to 3 055 kg require both thorough planning and qualified lifting
expertise. Prior to moving the sculptures, handling and lifting techniques were evaluated and
each step of the process was risk assessed in detail within the working group consisting of
undersigned conservator, the head of art handling, external lifting experts and at times

Fig. 6. The Norse gods placed in the entrance hall of Nationalmuseum in 1866. (Photo: Axel
Lindahl.)
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a photographer to document the process. Written documentation and photos of how
lifting and transport had been carried out in the 1980s gave information of methods and
equipment used (Fig. 7).
Most of the previously used methods were done differently this time, such as the decision
to keep the sculptures up-right during the entire lifting and transport process, rather than
risking damage to the sculptures and injury to people handling when tilting such heavy
weights. Other preventive measures included up-to-date health and safety regulations for
handling heavy duty items, such as appropriate protective gear, but also protecting the
sculptures from shock and abrasion using cushioning between lifting equipment and the
sculpture as well as a fully covered transportation crate made of steel.
The working group was kept to a minimum number of people to avoid disturbance
and distraction during critical moments of the physical handling, and the six or seven
people present in 2018 was a large reduction of labour compared to when the sculptures were moved from the Royal Palace to Nationalmuseum in 1866. In the newspaper
Jönköpingsbladet1 from 1866, it is described how the statue of Oden was moved by 36
men from the Palace across the front garden and down onto the street, an action that took
several hours due to the bad road conditions on the cold and snowy day in March.

Fig. 7. The sculpture Oden during transport and installation in 1988. (Photo: Nationalmuseum.)
1

Jönköpingsbladet, 1866-03-06, sid 3: ”Fogelbergs kolossala staty Oden fördes i fredags f.m. med tillhjelp af
36 man från Stenmuseum till Nationalmuseum. Äwfen därwidlag war som wanligt sämsta föret i portlidret ty
transporten öfwer Logården ned till gata upptog en tid af flera timmar.”
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Fig. 8. The sculpture Thor during transportation into Nationalmuseum.
(Photo: Linn Ahlgren.)

Installations in the Sculpture Courtyard
On arrival to the new Nationalmuseum, the Norse gods were taken through the main
entrance with their steel crates rolled on so called skates; pieces of steel rail making a
railway into the Sculpture Courtyard, to protect the floor and spread the weight (Fig. 8).
The floor in the Sculpture Courtyard was locally reinforced to approximately three times
the weight of each sculpture to ensure that the floor could hold the weight of the objects
including their c. 1,000 kg marble plinths, as well as art handlers and heavy lifting
equipment. Although necessary, the local floor reinforcements limit all relocation of the gods
within the Sculpture Courtyard and the versatile use of the room which, in addition to being
an exhibition room, is also used for larger gatherings and events.
Which plinths would be most suitable to use for the gods, the original in marble, or custommade plinths that could be moved by a forklift, and allow a much easier handling and
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moving of the sculptures? As the original plinths had been used since the sculptures’ arrival
to Nationalmuseum in 1866, it was decided that the authenticity of the original came to have
a predominant significance in the context and were thus used in the new presentations.
The sculptures in the Sculpture Courtyard were the heaviest and some of the most difficult
to install in terms of handling and mounting. Other sculptures had vulnerable placements
in the room with a risk of causing hazardous situations for both sculptures and visitors. For
example, marble portrait busts were placed on slender stone plinths, where plinth and object
needed to be stabilised (Fig. 9). This had to be done with limited attachment possibilities to
avoid damage to the building construction or being aesthetically displeasing. Therefore, it
was decided to use a previously used technique that involves the attachment of two sheets
of sandpaper using PVA adhesive. The smooth side of one piece of sandpaper, shaped
to fit, was adhered on the underside of the base of the sculpture and the smooth side of a
second sheet of sandpaper was adhered to the plinth, both with a line of adhesive approximately two centimetres from the outer edges of the sandpaper. The two coarse sides of
sandpapers were then adhered to each other, again with the use of PVA adhesive and with
the same distance from the edge.

Fig. 9. Marble busts on slender plinths. (Photo: Veronika Eriksson.)
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Fig. 10. The friable
area affected by
chlorine salts.
(Photo: Charlotta
Bylund Melin.)

In total 30 marble sculptures of various shapes and sizes were installed in the Sculpture
Courtyard, a room intended to create a feeling of an Italian piazza.
Treatments in situ
One of the large full-sized sculptures in the Sculpture Courtyard had been returned from
a long-term loan where, since 1934, it had been placed close to the water in an indoor
public swimming pool. Chlorine water had repeatedly been splashed onto the lower part of
the sculpture, causing deterioration, porosity and fragility of the structure. After assessing
the potential risk of exhibiting the structurally weakened marble sculpture, it was decided
that the sculpture would not be of danger to the public and could thus go on display. The
sculpture was surface cleaned before the opening and then later structurally consolidated
on friable areas using the consolidant KSE 300, a solvent-free stone strengthener on a
silicic acid ester base from Remmers (UK) Ltd that allows future desalination to remove
embedded chlorine salts. As the consolidant was a potentially harmful chemical, it was
impossible to carry out the treatment during opening hours (Fig. 10). Otherwise, the plan is
to carry out the non-hazardous treatment of desalination during opening hours to give the
public a chance to take part in hands on conservation and give them the opportunity to ask
questions. This is a truly beneficial situation: the sculpture can remain on display, the time
for treatment is flexible, and the work of conservators is highlighted.

Accessibility with a cost
During the first year of opening, the museum had approximately 6,000 visitors each day;
a very high number for a Swedish museum and a big surprise to the management that had
calculated on 2,500 – 3,000 daily visitors. Consequently, this had an impact on staffing at
the museum, the visitors, and the objects themselves. There were not enough security staff
or visitor service staff to assist or keep track of all the visitors. There were overcrowded
cloakrooms and restrooms, dusty display cases, and objects were subjected to touching,
turning and twisting by visitors. In addition, the museum’s management had chosen a
design concept for the exhibitions with a particular scenography to create a closeness
between visitors and objects, as well as a scenography with several partitions in a room
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creating narrow passages. Also, with plinths as low as c. 20 centimetres, and with objects
placed near the podium edges, the objects were easily accessible for visitors to touch and
the podiums low enough for the visitors to step up on and use as shortcuts to get across or
to get really close to the artwork.
During the first year after opening, the preservation department in the new National
museum, consisting of conservators and art handlers, was very busy condition checking
and cleaning both objects and podiums from dust and dirt, and documenting the traces and
behaviours of visitors (Figs. 11 and 12).
After the five-year closure, a clear difference in visitor
behaviour and a much more nonchalant attitude
towards objects on open display could be observed.
Three-dimensional objects are tactile and, maybe
sculptures in particular, have inviting shapes and
surface textures. The approach by visitors was bolder
than ever and there are probably several reasons for
this behaviour. One reason that seems to spur many
visitors in the museum, is the selfie-culture and the
need to get a unique snapshot with an object that
can be instantly published and acknowledged on
social media. At the same time museums want to be
mentioned and linked to on social media as a free
advertising, but not at any cost.
The Sculpture Courtyard is a particularly exposed
exhibition room as it occasionally is rented out for
events, weddings or other gatherings where drinks
may be served. Only white drinks are served, as they
cause less visual damage if splashed on the marble

Fig. 11. Chewing gum in the hand of
the sculpture Girl carrying grapes by
Jacob Lundberg. (Photo: Charlotta
Bylund Melin.)

Fig. 12. The podium and lower part of the sculpture Baptismal angel by Bertel Thorvaldsen with
several shoeprints which interestingly often come from adult shoes. (Photo: Veronika Eriksson.)
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sculptures, although it is known that even white drinks leave stains as they are often acidic
which causes bleaching and white stains on the marble. In addition, alcohol consumption
contributes to people becoming less careful with both drinks and of themselves around the
objects.
Liquid stains have been observed on both sculptures and plinths and the damage reported
has so far only resulted in more visual prohibition signs.
Steps towards solutions
Various solutions to the problem of drinks being placed on sculptures and plinths have been
discussed but the influence of the conservation department is relatively small and preservation measures are overshadowed by the idea of accessibility and financial reasons.
However, an idea for a solution that has recently been discussed, is the use of removable
tables or shelves that are easily attached to the plinths. The tables should visually blend in
with the permanent plinths and be easily assembled and disassembled when needed. The
idea is to create alternative and accessible areas that feel natural to place a glass on and
also has a function as a barrier and protective shield for the sculpture and plinth.
In the Sculpture Courtyard there is only one sculpture that is not made from stone, a painted
plaster portrait of the great Swedish women’s rights activist and writer Fredrika Bremer,
made in 1866 by Carl Gustaf Qvarnström. The sculpture is exhibited in a display case as it
is too fragile to go on open display, especially in a room used for events and with less attendance by guards. The plaster portrait of Fredrika Bremer is essential to the context of the
exhibition in the Sculpture Courtyard as it is the starting point for an educational project on
gender, portraiture as well as the sculptor’s work process. The sculptor Qvarnström died in
1867, a year after the plaster portrait was finished, and therefore never made a final version
of the sculpture in marble as would have been expected at the time. This however, created a
good opportunity for Nationalmuseum to use the plaster bust as a model and to document the
process of transferring the plaster portrait bust into a finished marble portrait. As the plaster
sculpture was too fragile to send to the Italian sculptor who was given the assignment, or to be
copied using traditional moulding technique, it was decided to 3D scan the sculpture and print
it in nylon, a light weight and less fragile material for handling and shipping to Italy. With great
effort the photographer made an accurate 3D scan of high quality.
The marble sculpture was intentionally left unfinished with evident traces from tools, to
clearly illustrate the sculptor’s working technique. The marble bust is at present placed on
a table in the courtyard next to the original plaster, alongside transferring tools and a film
describing the transferring technique. Visitors are allowed to touch the marble sculpture in
order to understand and feel the work of the sculptor. To have a marble bust you are allowed
to touch in the same exhibition room as marble sculptures you are not allowed to touch,
is a contradictory combination that can easily cause confusion and send mixed signals to
visitors (Fig. 13).
A scanned solution?
In museums where visitors are allowed a generous proximity to the objects, in line with
the museum’s exhibitions idea and design, then touching is inevitable. In order to preserve
the original sculptures, one measure could be to use copies. Today, light sensitive objects
in Nationalmuseum are replaced periodically, a measure that could also be applied to
sculptures. If sculptures, heavily subjected to touching, in permanent exhibitions would
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Fig. 13. The marble sculpture of Fredrika Bremer on the 31st of August 2020, a
little less than two years after the installation and a very discoloured face due to
dirt and grease from visitors’ fingers. (Photo: Veronika Eriksson.)

be replaced with copies, full-time or for certain intervals, this would help to prolong their
lifetime. The idea might be provocative in terms of authenticity, but depending on how the
copies are handled, and the decisions are justified and communicated to the public, it could
be an alternative preventive measure. In addition, various techniques used to make copies
could be shared with the visitors as part of the museum education. Even if copies are made
with traditional casting techniques, it would still be valuable for so many reasons to 3D scan
the sculpture collection, especially for conservation documentation purposes, particularly
large sculptures that are more complex to perform damage mapping on. Scanned images
could also serve as a basis for producing replacement parts for sculptures that suffer from
material loss. In the process to create supports and mounts as well as to make packing
material shaped to fit, 3D scanning is already in use and in ever-growing demand.
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Nationalmuseum has already taken part in a project called Scan the World, a web-based
platform with the aim to build an open archive and accessible collections for everyone, and
where it is possible to download 3D printable model sculptures for free (Fig. 14).
The web-based platform encourages the public to contribute and share, either 3D scanned
models of sculptures, or images with Scan the World so they can create their own 3D
models. Visitors can thus contribute to collections documentation whilst simultaneously
having special and meaningful interactions with the object.

Fig. 14. Scan the World project manager Jonathan Beck teaching how to 3D scan the sculpture to
obtain as much information as possible. (Photo: Karin Glasemann.)
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Conclusions
Most sculptures have been subjected to some form of mechanical damage over time,
a majority of them during storage, handling and transport, and some while on display.
Various measures can be taken to prevent mechanical damage, and in recent years
Nationalmuseum has made several improvements. For example the sculpture storage, with
clean and tidy facilities and with sufficient space to safely handle large sculptures. Another
improvement, albeit theoretical, is that more complex handling of heavy sculptures is
preceded by a risk assessment conducted jointly by conservators, art handlers and security
managers.
Preventing damage to sculptures on open display, without protective barriers, is all the more
difficult. This is especially true when exhibition rooms are used for events involving the
consumption of food and drink, and there is not enough security staff present.
To follow up changes in the condition of the objects, documentation is crucial. With the
use of 3D scanning and 3D modelling, condition mapping of sculptures can be improved.
In addition, lost parts can be 3D printed and replaced, and in certain cases, high-quality
3D printed copies can be produced in order to temporarily, or permanently, substitute the
original sculpture – which, in turn, can help contribute to the long-term preservation of the
original object.
However, it must be emphasized that preservation resources must not be used up by timeconsuming and expensive 3D modelling and 3D printing but should only be used after
careful consideration and to complement other preventive measures. The use of copies also
raises ethical issues regarding authenticity, quality, and materials – where museums have a
responsibility to communicate reasoning and decisions the public. 3D printed copies should
never overshadow the importance or the appreciation of the original object. It is a balancing
act that requires careful consideration.
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Improving collections care documentation to
support a new approach in conservation management
at the Museu Nacional d’Art de Catalunya
Ruth Bagan and Mireia Campuzano
Conservators, Museu Nacional d’Art de Catalunya, Barcelona, Spain

Abstract
Conservation of cultural heritage has undergone a substantial shift in the last decades.
Documentation related to the preservation of this heritage also underwent this change,
in parallel, highlighting the close link between these two disciplines. The change of
perspective in conservation seeks to obtain a wider and more comprehensive view of the
collections management, and focuses its efforts on prevention. This translates into a new
approach in the documentation and database administration. At the Museu Nacional d’Art
de Catalunya, this development is evident in the document processes, which have evolved
from files describing briefly conservation interventions, to a wider data collection that
seeks to integrate previous studies and diagnosis, analysis, interventions and, ultimately,
everything related to the historical memory of the artwork. Currently, within the context of
developing the Collections Conservation Plan, we have carried out an optimization of the
database conservation module in order to meet the needs of this new approach. Under the
premise of making full use of the tools provided by the database MuseumPlus, we have
created a range of reports to introduce key references for preventive conservation, related
to artworks but also introducing information related to museum’s premises. These reports,
in addition to collecting data on the condition and care of the collections, include an incident
log, linked to the related risk indicators. In a near future, the goal is to cross-reference this
data with essential aspects of the artworks such as vulnerability and significance, in order
to obtain a comprehensive view of the preservation of the collection and to better inform
decision-making.
Keywords: Preventive conservation, documentation, MuseumPlus, collection management,
risk assessment, incident log.

Introduction
The Museu Nacional d’Art de Catalunya was created in 1934 as the Museu d’Art de Catalunya,
placed in the Palau Nacional of Montjuïc, built for the International Exposition of 1929
(Fig. 1). After many vicissitudes and reform projects, in 1990 it was opened as the Museu
Nacional d’Art de Catalunya, to integrate into the same building the collections of the old

NKF X XII CONGRESS OCTOBER 21–22, 2021

107

authors: ruth bagan & Mireia Campuz ano

Fig. 1. Museu Nacional d’Art de Catalunya, view of the main façade. (Photo: Museu Nacional d’Art
de Catalunya, Barcelona 2020).

Museum of Modern Art, the Cabinet of Drawings and Prints, the Numismatic Cabinet of
Catalonia, as well as the Library of Art History, which until then had been in the Ciutadella
Park.
The current collection holds more than 180,000 artworks, from the 11th century to the 1970s,
in addition to the almost 155,000 objects of the Numismatic Cabinet. The collection consists
mainly of paintings, sculptures, decorative arts objects, photography, and a large number of
works on paper. It should be noted that the most relevant collection is that of Romanesque
mural painting (Fig. 2).

Fig. 2. Romanesque mural paintings exhibition rooms. (Photo: Museu Nacional d’Art de Catalunya,
Barcelona 2020).
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In 2019, the museum approved its strategic and action plan1 for the upcoming years.
Outstanding among the priority lines, there is the development of a preventive conservation plan for the collection. Preventive conservation began to be clearly present in the
museum in the 1990s, with the creation of the Restauration and Preventive Conservation
Department2. However, with the recent incorporation of preventive conservation plan into
the strategic plan, the institution strengthens the tactical and global approach in the conservation of the collections. This approach is accompanied by a favourable environment in the
museum context at a national level, in which there is a growing awareness that prevention
must be a priority3.
The preventive conservation plan intends to be a management tool to ensure collection’s
preservation and to promote the rational use of resources. At the same time, it must be
compatible with the development of the rest of the museum’s functions. This tool has to
integrate all the processes derived from the care of the collections and be able to evaluate
their efficiency and effectiveness.
This challenge involves a deep knowledge of the collections, their environment, and their
use and management. It often happens that the documentation related to the objects
is large, but it is not always easy to manage it effectively to get the most out of it, either
because it is scattered or because of the format in which it is preserved.
For this reason, in the current context, a process of reviewing and optimizing the documentation linked to the collections becomes essential. But it is also a context of scarcity of
resources, which is why, despite the existence of sophisticated computer tools on the
market, priority has been given to improving the management of the database currently in
use at the museum, MuseumPlus (version 3.0), to respond to new needs.

Evolution of the documentation related to the conservation–restoration
processes in the museum
The development of documentation in the Museu Nacional is indisputably related to the
history of conservation–restoration in Catalonia, which at the beginning of the 20th century
was not a recognized and consolidated discipline at the institutional level.
It was Joaquim Folch i Torres, director of the Museu d’Art i Arqueologia, who made known
the existing problems in the field of restoration in Catalan museums, in an article published
in the Butlletí dels Museu d’Art de Barcelona in 1931. He explained that the administration
did not decide to restore due to its complexity, the lack of guarantees in the results of the
interventions and the absence of professionals specialized in museums (Folch i Torres
1931: 27). In the same publication, he states the need to create a ”restoration laboratory” in
the museums of Barcelona, being aware that in Europe, the first conservation–restoration
institutes were emerging, and conservation workshops were being created in museums.
Folch i Torres, in addition to expressing the need for intervention of artworks, also states the
obligation to act in their conservation. He writes: ”The altarpieces demand to be preserved,
1 Museu Nacional d’Art de Catalunya, Estratègia i Pla d’Acció 2019–2022/2029.
2 The MNAC was the first museum in Spain to have a specific department to include this function, with the
creation of the Restoration and Preventive Conservation Department in 1997.
3 The plan of the Department of Culture of the Generalitat de Catalunya for Catalan museums reflected in
the document Museus 2030. Plan of Museums of Catalonia, includes a specific point on the promotion of
preventive conservation.
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and the work of conservation that we have focused on now fully demands […] certain conditions in the premises where they are kept; […] one of the essential is heating, [which] has
recently been installed in the Museu de la Ciutadella”.
The Junta de Museus4 of Catalonia, decided during the Second Republic (1931–1939), to
send the official of Barcelona City Council, Manuel Grau, to train as a conservator with
Mauro Pellicioli, responsible for the restorations of the Pinacoteca di Brera and the Gallerie
dell’accademia di Venezia, and other official museums in the north of Italy5. At the end of
1931, a ”restoration laboratory” is created at the Museu d’Art de Catalunya, and the figure of
the ”conservator” is born in the organizational chart of a Catalan museum institution (Mestre
et al. 2018).
From the beginnings of the ”restoration laboratory” until 1936, when the Civil War broke
out, there is no related list of the actions that were to be carried out. However, we know that
there was a great amount of work in the conservation workshop, thanks to a newspaper
article by Joaquim Folch i Torres published in 19366. There are also two conservation
treatments signed by the conservator Manuel Grau, which can be found in the Butlletí dels
Museu d’Art de Barcelona. The first corresponds to ”The transport of mural paintings from
the Roman-Christian necropolis of Tarragona by the Conservation Service of the Junta
de Museus”, from 1933. The article consists of a preliminary study and an assessment
of the intervention criteria taking into account the context of the works located in situ.
He argues about which fragments of mural painting can be torn off and which can be
preserved in their place of origin. It consists of five pages and six black and white photographs of the paintings, of the conservators working, and of result details. The second
publication corresponds to ”The restoration of a painting by El Greco” and is from 1934.
It has an extension of eleven pages and 16 black and white photographs, and is a reflex
of the evolution of the figure of the conservator. It diagnoses the deterioration causes of
the canvas painting La Magdalena (Museu del Cau Ferrat), and details the whole conservation treatment, emphasizing the type of reintegration used: a very respectful and honest
retouching, delimited with a very subtle incision difficult to see at some distance (Mestre et
al. 2018). Both are cutting-edge publications for this era, as they show a firm conceptual basis
and powerful written and graphic documentation of the intervention processes. In addition,
they are signed by the conservator himself, responsible for the technical documentation, which
takes a stance and leaves his mark on what will be the clinical history of the work.
The efforts of these first years, with the creation of the ”restoration laboratory” and the
impulse to disseminate the results of the interventions, were stopped during the Spanish
Civil War (1936–39). It is a fateful period where the museum activity ceased, and the
most important artworks were moved from the Palau Nacional to the city of Olot, outside
Barcelona. The artworks were kept in Sant Esteve’s church, and the museum’s technical
staff occupied the premises of the Solà-Morales house. During this time, the conservation
team collaborated with the artworks move and the installation of the exhibition L’Art Catalan
4
5

6

An organization created in Barcelona in 1907 to unify the efforts of the Provincial Council, the City Council
and cultural entities and to bring together under its direction all the museums of Barcelona.
The training is done in Italy for several reasons. On the one hand, the Italians were the pioneers in the
extraction and transfer of mural painting, and in Catalonia it was necessary to safeguard this large heritage
that was in danger due to its export. On the other hand, since at that time there was no official study of the
discipline in our country.
Newspaper La Vanguardia, 27 of February of 1936.
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Fig. 3. Transfer of the Apse from sant Pere of the Seu d’Urgell (MNAC 15867), from the Museu
Nacional to Olot. (Photo: Museu Nacional d’Art de Catalunya, Barcelona 1936–1939).

du Xe au XVe siècle, held at the Jeu de Paume in Paris. From this period, we have not found
any documentation of the artworks involved. Probably due to the complicated context in
which these museum professionals found themselves, a type of rapid action was needed,
without any opportunity to fully reflect on interventions carried out. Fortunately, there are
photographs of high historical value that document the transfer of the works (Fig. 3) and an
exceptional image of the temporary conservation workshop in full operation (Fig. 4).

Fig. 4. Conservation workshop with Manuel Grau, Josep Altafaja and Domènec Xarriè, in the
Solà-Morales house (Olot). Author: Joan Vidal i Ventosa. (Photo: Museu Nacional d’Art de
Catalunya, Barcelona 1936).
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Fig. 5. Technical report used only to
leave evidence that the artwork has been
restored.

During the post-war, the ”restoration laboratory”, run by Manuel Grau, finds itself in a period
with a lack of resources. It seems that the trend in carrying out undocumented restorations
continues, giving rise to a documentary gap that will last for about two decades.
In 1948, Joan Ainaud de Lasarte, art historian and critic, is appointed director of the Museu
d’Art de Catalunya. Among countless initiatives, he promoted the projection of medieval
Catalan art and many restorations of the Romanesque and Gothic art collections. The
conservation treatment of the Gothic altarpiece Mare de Déu dels Consellers by Lluís
Dalmau (MNAC 15938) stands out, from which we preserve a dated black and white photograph, but no written document. From the rest of the conservation treatments, there are only
photographic reports. We might think that the museum’s management at that time prioritizes
the interventionist action and, therefore, during the following years, the documentation is
essentially visual. Consequently, the documentation loses its initial impulse, and we come
across a considerable historical parenthesis that translates into a setback and a loss of
information in the clinical history of the artworks.
In the 1970s, written documentation of the interventions is kept. On one side, there are
handwritten annotations on a small-format cardboard paper. It contains generic data of the
artwork (title, author and registration number) and two or three lines listing the conservation
treatment very schematically, with the sole intention of leaving evidence that the artwork
has been restored. Luckily, the date of the intervention is included, which, at least places an
action in time (Fig. 5).
On the other side, there is another type of report, provided by the public administration
(Ayuntamiento de Barcelona). It is a printed template, in Spanish, consisting of five sheets
of thick paper, with a non-standard format (26 x 21.1 cm) (Fig. 6). It is headed ”ART
MUSEUMS. RESTORATION WORKSHOP” and each sheet is dedicated to a process:
1. Fixation of the ground layer and / or of the paint layer; 2. Cleaning; 3. Varnish removal;
4. Varnishing; 5. Retouching. Curiously, regarding the identification of the artwork, there is
only space for the registration number. That is, it was not considered necessary to reflect
the authorship, the material and the technique, nor the chronology. The design is very
standard and each of the processes is divided into several sections. For example, the
case of the ”Fixation of the preparation and/or of the pictorial layer” is structured in seven
phases: conditions before treatment, methods used, adhesives, ironing, materials, observations and conclusions. In addition, each of the sections has, intentionally, a set of lines
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Fig. 6. Example of a few pages of the conservation treatment report provided by the public
administration.

that serve as a guide for writing. Thus, the conditions before treatment had to be described
in five lines while the space for the rest of the processes was limited to a single line. Of the
other processes, there are some aspects such as the hypothesis that the conservator had
to make about what type of varnish had been used previously and the approximate date
of application; a complicated conjecture given the gap in documentation that lasted a few
years and the lack of analysis. It is also surprising that the conservator had to report the
thickness of the varnish layer and the number of layers applied. Undoubtedly, it is a valuable
information for subsequent treatments and scientific analysis.
Possibly, the collective awareness of the importance of the documentation of the interventions in our country was consolidated with the exhibition Barcelona restaura, carried out in
1980. The aim of the exhibition was to show to the public the task done at the Conservation
Services of the municipal museums of Barcelona, accompanied by a catalogue of the
exhibition. The publication is designed in a simple way: description and origin of the
artwork exhibited, and conservation treatment carried out, with photographs at the end of
the volume. We are struck by two issues: the texts are signed either by conservators or by
curators, and in the prologue Joan Ainaud de Lasarte, the then director of the Museu d’Art
de Catalunya, recognizes the responsibility of specialists and expresses the importance
of preventive conservation, as Joaquim Folch i Torres did 50 years before. Ainaud de
Lasarte wrote: ”[…] if the works already restored are not preserved in a safe and favourable
environment, all the work of the conservators will be in vain and I would almost dare say that
it will be counterproductive, in a very involuntary way, if the restorative action, which always
involves a risk, no matter how small it is, must be reiterated in a totally undesirable way”
(Ainaud de Lasarte 1987).
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Fig. 7. Conservation treatment report created in 1987.

It was not until 1987 that a conservation report was standardized, promoted by the Centre
de Restauració i Conservació de la Generalitat de Catalunya, devised by two conservators
and a chemist 7. It was a leaflet, slightly longer than an A3, printed on thick paper, arranged
in a landscape format and structured in four general blocks (Fig. 7). On the main page, there
was a photograph accompanied by the basic data of the object, the conservator’s name,
the conservation treatment dates, the type of graphic documentation attached, and bibliography. Cardboards of different colours were attached to identify material and condition.
The other sheets corresponded to examination of the artwork8, conservation treatment,
and physico-chemical analysis. In fact, this report was set up according to an academic
restoration process as taught at the Escola Superior de Belles Arts de Sant Jordi. It is
not surprising that one of the conservators promoting this report, was a professor at the
College. However, it should be noted that there was a section reserved for recommendations of essential environmental conditions after treatment, and subsequent monitoring of

7
8

The initials X.P.B. correspond to the creators of the report: Josep Maria Xarriè, Eduard Porta and another
professional that is unknown.
At that time, the exam was accompanied by the term ”organoleptic”: There are words borrowed from other
disciplines such as the ”organoleptic” examination, which is not very successful and it still persists today in
some institutions.
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the artwork condition. There was also a bibliography section, a space associated with the
academic world, which confirms the constant research that the conservator has to do. This
report contributed to the schematic organization of the complexity of an action, systematized
concepts for each of the processes and represented a basis for the Catalan language of the
conservation of cultural assets (Pujol 1988).
The Restoration and Preventive Conservation Department decided to replace this report
in 1992, coinciding with the integration of the collections of the Museum of Modern Art, the
Cabinet of Drawings and Prints, and the Cabinet of Numismatics, as mentioned previously.
Three main reports came up for the most common types of artworks in the museum:
paintings, wood and stone (Fig. 8). The reports had a checklist format with the aim of
simplifying the written content without disregarding terms or concepts, unifying specific
terminology on materials and techniques avoiding inaccuracies. There was a clear attempt
to standardize the terminology of conservation processes. With these types of reports, the
”literature” of the actions disappears completely, nuances and a lot of information about the
work methodology are lost. In addition, there is no field where to reflect on the justification
or reason for the intervention. However, the section dedicated to some aspects of preventive
conservation is kept, with the title of ”Environmental conditions for preventive conservation”,
in which new aspects are introduced, such as protection, safety, handling/transport, and
installation.

Fig. 8. Example of a few pages of the conservation treatment report created in 1992.
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In a very short time, the museum conservators conceived other versions of the report
adapted to the rest of typologies of objects. They kept the checklist model because of its
effectiveness in data entry and the large number of objects. From 1996, there have been
eight types of reports: mural paintings, canvas paintings, panel paintings, wooden sculptures, artworks on paper, parchment, stone and terracotta, and metal and numismatics.
It is at this point preventive conservation begins to be clearly implemented in the museum.
It becomes a condition sine qua non and a requirement in the documentation, incorporating items such as climate and light levels, as well as what is required for temporary
exhibitions; environment, risk assessment related to handling and transport, artwork
installation, percentage of loss of paint layer, and finally details on maintenance.
In the 1990s, with the approval of Law 17/1990 of 2 November on Museums, and Decree
35/1992 of 10 February, which established the mandatory data that had to appear in the
record book and the General tab of Catalan museums, the Generalitat de Catalunya
decided to implement the ACD (Assisted Collections Documentation) system. With the
use of this computer program, the aim was to catalogue all the museum collections of
Catalonia9. For the first time, there was a clear will to standardize museum holdings. In
1994, with the installation of the ACD system in the Museu Nacional, the collection was
integrated into a computerized database for the first time, as it was happening in many
other institutions (Montserrat 1996). The interest in conservation treatment documentation
and preventive conservation caused a team of conservators from several museums to
work jointly to develop a conservation–restoration module for the program. It was possible
to standardize certain terminology in Catalan and to make a dictionary to define each
term (Serra 2003).
Later on, in October 2006, the museum began working with the Swiss software
MuseumPlus (Zetcom) for the collections management and documentation, chosen
and acquired by the Generalitat de Catalunya. The initiative is interesting in terms of
”global documentation”, as the intention was to have a common data management for all
Catalan museums. The Museum’s Collections Documentation Unit made an assessment
in 2016, in which they stated that it is a quick tool for exploiting and retrieving the information entered, is flexible, and with a good network operation. Besides, they affirmed
that it could automate the tasks of the technicians; it guarantees quality and provides a
systematization of the data. However, the authors considered that the database ”is under
an obsolete technological platform that should be improved, (...) and that has its limitations
in both programming and technical service” (Conte et al. 2016).

Characteristics of the current system
Data is structured on modules created to comply with international standards for the
management and documentation of museum collections10. The backbone of the software
is the Collection module, which becomes the core of information of each of the objects
in the collection. In this module, two fundamental tabs related to objects preservation are
also visible: Condition and Preventive Conservation. Each of these tabs has specific fields

9

The program was designed by the Museum Service of the Department of Culture of the Generalitat de
Catalunya.
10 The current database model follows the standards Spectrum, CIDOC, CDWA Lite, among others.
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to collect everything related to the condition of the object, the possibilities of use, the installation, and the usual environmental conditions.
These two tabs are common to the specific management module for conservation. This
module, called Conservation–Restoration, also has its own tabs, which can be modified
to suit different activities. This way, according to the activity developed, the fields of these
first tabs can be adjusted to respond to specific needs. In the case of the Loan activity, for
example, in addition to the object’s condition assessment, the conservator has four fields
to specify the requirements for packaging and transport, handling, installation, and
the environmental conditions required during the exhibition (Tapol et al. 2010). The
Registration Department collects these specific loan conditions to inform the borrowing
institution.
There are currently six activities in use in the Museum’s Conservation–Restoration module,
with the fields of these tabs adapted to them, and their corresponding resulting report: Study
and diagnosis of the object, Conservation treatment, Loan, Facilities report assessment,
Incident, and Preventive Conservation. The last three have been created recently to improve
preventive conservation management.
For data use and analysis, MuseumPlus offers the ability to create standard documents,
reports and listings for each management module. The visualizations generated by a search
can be edited in Word or Excel format so that we have the possibility to process afterward
the information extracted from the database.

Preventive conservation management at the museum in the current context
Conservation is one of the central functions of museums. To manage it effectively, it is
essential to identify what information is required. In order to determine information needs
related to preservation, first it is necessary to determine the processes derived from this
function. We can do this from a conceptual model, treating preservation as a system within
the museum. This conceptual model consists of multiple actions that have an increasingly
broad and complex scope, but can be grouped into the following main processes: prevent
deterioration, maintain physical condition, control ‘use’, conserve historic integrity, provide
trained people, contribute to museum activities, and manage subsystem activities (Keen
2002).
The conceptual model allows us to understand the information requirements to manage
the preservation of the collections. Many of these needs are already considered and
therefore covered by the current collection management systems. These are formulated
from standards where the main processes and the documentation related to them are also
identified. However, in the case of the museum, we have detected some shortcomings when
developing the preventive conservation plan. In the current context, information needs are
being outlined and made more specific. To design the plan, the museum has started
from the methodological model proposed by the Instituto del Patrimonio Cultural
de España (IPCE), a tool that takes, in part, some aspects of the ISO 31000 Risk
Management standard (Herráez et al. 2019). However, the large number of objects and the
complexity of the Museum’s internal organization have conditioned the final methodological
approach.
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The IPCE model is structured in four phases:
1

Documentation: aims to gather relevant information about objects and their context,
considering various aspects of the institution and the physical environment, as well as
relevant information about the objects, such as condition and significance.

2

Risk analysis: comprises the identification of existing threats, their origin and effects;
which objects are vulnerable and the level of protection against risk; the assessment of
the probability and magnitude of the risk to estimate the impact; and the proposal and
prioritization of actions to address the risks detected.

3

Design and implementation of procedures and protocols: describes the systematic
actions to eliminate or reduce the risks identified in the previous phase and the design
of procedures and protocols, followed by the implementation of these.

4

Verification and continuous review: when approaching the conservation plan as
a cycle that must be reviewed, the verification of its suitability, correct operation and
fulfilment of the proposals is contemplated.

From these four phases emerge, almost automatically, information needs that the
documentary system should be able to provide. These needs should not only be seen as
the result of the current context of situation analysis, but the objective is twofold:
1

Obtain an overview of the current condition of the collections and their environment,
which allows a reasoned improvement proposal.

2

Integrate tools into the management system to guarantee the medium and long-term
conservation strategy. That is to support the implementation of the conservation plan,
and the verification and continuous review of the proposals, once the proposed actions
have been implemented.

At this point, this approach translates into the following needs:

•

Threat detection: To make a risk identification we can use various tools, such as a
checklist for each deterioration agent and the inspection of envelopes (Brokerhof et
al. 2017). Information on incidents that have affected or endangered the objects in the
collections is also a key tool, namely an incident log, which will complement the other
detection actions.

•

Risk assessment and prioritisation: Once the risks have been identified, the next
step is to assess them. To do this, we must be able to estimate the probability and
impact of these on the collections. The incident log will help us estimate the probability.
To have an idea of the impact and therefore to be able to estimate the loss of value, we
need information about the vulnerability of the objects to the main agents of deterioration, as well as their relative value or significance. With the combination of vulnerability, value and level of exposure, we will get a first overview of the collection and the
riskiest areas (Brokerhof et al. 2016). Knowing the significance of the collections will
also help us to set priorities when proposing improvement actions.

•

Planning and scheduling tasks: The monitoring and control of the collections to
support the implementation of the preventive conservation plan.

•

Monitoring the effectiveness of the measures derived from the plan: Previously,
it was necessary to identify performance indicators, as well as elements that allow the
monitoring of the objects condition. We need indicators to assess whether the museum
is properly performing the function of conserving.
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Apart from the aspects related to the institution, resources, internal organization, building
and facilities, the main source of information comes from the collections management
system. This is the repository where the essential information about the objects is collected.
It is a common tool for all the museum departments, which gives us a comprehensive view
of the collection. Consequently, this is where we want to enter the key data we need for
conservation management, at least those that allow us to get an overview of the state of the
collection.

Key data of the objects
The space reserved for the condition of the object in the collections management system is
a selection list with four terms: good, fair, poor, and indeterminate. There is also a data entry
field to indicate whether the object can be exhibited or not, and to determine the urgency of
treatment. This information is linked to a date, so we can see the history of the state of the
object.
However, aspects such as vulnerability or significance do not currently have any specific
field. In order to enter this key data, it is necessary to reformulate disused fields in the tabs
Condition and Preventive Conservation, given the impossibility of having new fields. This
way, we will be able to include information on the vulnerability of the object for the main
agents of deterioration, as well as its significance. The use of selection list fields with an
associated dictionary of standard terms will allow data entry in a concise manner. Therefore,
for the field Significance, we are working on a list with different categories to classify
between outstanding works, core collection, general collection, and less relevant objects.
The field Vulnerability is intended to rapidly identify those objects highly vulnerable to one
or more agents of deterioration, due to their intrinsic characteristics or due to a conservation
treatment. For this reason, it contains the expression ‘especially vulnerable to’ plus the
selected agent.

The incident log
Incidents related to the objects began to be documented in 1997, when preventive conservation began to be consciously implemented within the institution. However, the format of
the data collected and the lack of methodology have made the information gathered over all
these years difficult to interpret and analyse. When starting the approach to the preventive
conservation plan, one of the first needs identified was to have a well-structured incident
log.
Monitoring and recording the incidents provide very valuable information for risk
management. The introduction of the incidents in MuseumPlus aims to have the information
in a format that allows a search and subsequent analysis, crossing data related to incidents
with other units of information extracted from the same management system.
We are interested in collecting all the incidents that have a direct impact on the artworks
or that have put them at risk, which have occurred in the framework of the daily operation
inside the museum, but also other locations (loans and deposits).
To introduce the incidents in the program, a new activity has been created inside the
Conservation–Restoration module. The general fields with basic data such as the file
number, the person responsible for the report or the status are maintained. The only
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exception is found in the field named Observations. In this case, this has been used to
introduce a reference to the location where the incident occurred. From the perspective of
preventive conservation, this information is fundamental, given that the analysis of incidents
is made focussing mainly on spaces. Given the impossibility of entering this information in
another way, we decided to use this field to cite the location of the incident. It is a descriptive
field, so it was important to enter data in a standardized manner to facilitate future searches.
It should be noted that the museum has more than seventy exhibition rooms, and the rest
of the premises where there may be objects are very fragmented due to the characteristics
of the building (Fig. 9), with twenty storage rooms – apart from the archives repositories –
and four conservation laboratories. In addition to all these spaces, other locations were also
added to the list of standard names such as the loading dock, the packing and unpacking
room, the photo set, the framing room, or the anoxia chamber. They all have a standard
term to be cited.
The program features offer the possibility of linking the incident with a specific exhibition
– very useful if the artwork is on loan or part of a temporary exhibition – but the most
interesting thing is that we can connect the incident to the affected objects. This way, the
incident will be linked to the history of each artwork forever. If no object is directly affected,
the incident will be recorded anyway. In this case, it will be identified by the location
where it occurred, thanks to the information entered in the Observations field we saw
above.

Fig. 9. View of the Sala de la Cúpula of the museum with the sculptures covered with plastic during
a water leak incident. (Photo: Ruth Bagan 2019.)
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Fig. 10. Incident tag with descriptive fields for incident data entry (Conservation–
restoration module).

Fig. 11. Tag with selection lists created for incident data entry (Conservation–
restoration module).

To enter the information related to the incident we have the first two tabs. The first tab name
is Incident, and there are four description fields (Fig. 10):
• Description of the facts
• Impact/Scope
• Cause/Origin
• Proposed action/Deadline
The second tab is called Other Information. Unlike the first, where the fields are descriptive,
most fields on this tab are of the multiple selection type, with an associated dictionary. This
means that we need to choose the contents of a pre-set drop-down list (Fig. 11).
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This fact greatly facilitates the subsequent exploitation of the data. Therefore, the information collected in this tab is crucial. In fact, some of the information gathered here has
already been described in the free text fields on the first tab, but now it will allow us to do
accurate searches and a statistical analysis based on the incident log we will generate.
The main field in this tab is Risk Indicator, where more than one indicator can be selected
from a list at a time. This one aims to establish a correspondence between the incident and
the main risk factors. The present indicators have been chosen from facts evidenced in the
museum in recent years, and allow the causes to be linked to the main agents of deterioration. The terms that make up the dictionary in this field are:

•
•
•
•
•
•
•
•
•
•
•
•
•
•

Vandalism and antisocial acts
Biodeterioration
Unknown cause
Intrinsic causes
Inadequate environmental conditions
Inadequate documentation/dissociation
Catastrophic event
Lack of internal protocols or ignorance
Handling and movements
Maintenance of building and facilities
Museography/Exhibition or storage system
Monitoring/Insufficient maintenance of the object
Use of the object or the exhibition space
Security

Those indicators for which it has been considered necessary to provide more detailed
information, are developed in other fields of this same tab. This is the case of Inadequate
Environmental Conditions, Biodeterioration and Maintenance of building and facilities.
A second element that we considered essential to collect is the reference to actions
necessary to resolve the incident: Conservation/stabilization, Maintenance, Museography,
Art handling, Registration, Restoration and Security. This gives us an idea of the impact on
the daily operation of the museum.
Other key fields in this tab are Severity of damage, which is an indicator of the magnitude
of the risk (slight damage, severe damage, cumulative damage, total loss, no apparent
damage); and Incident status (follow-up, resolution pending, or resolved).
The rest of the fields are descriptive and have been used to give details about the resolution
of the incident and to record additional related documentation (if there are images, reports
from other departments, Emails, etc.).
Once the incident has been logged, a Word report is generated and will be signed by a
conservator, and archived together with the additional information in the museum archive
(Fig. 12).
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Fig. 12. Standard incident report generated in Word format.

The exploitation of the data from the Incident activity
Having the incident log allows us to make subsequent exploitation of the data on two levels.
The first level provides us with a specific analysis of the incidents. We will be able to obtain
information on the most common types of incidents, probable causes, frequency (sporadic
or repetitive events), location (what are the weak points of the building or if the artworks
in transit are affected recurrently), and what is the relationship between variables, among
others. This analysis can be done by extracting the information from previously selected
fields, in Excel format. The spreadsheet is where we will do the data analysis. However, the
analysis requires a prior treatment of the data obtained: the revision is used to detect empty
fields, homogenize data format, and eliminate those that are not useful or that may distort
the result. Early tests have shown us that we need to make some modifications to the introduction of information into MuseumPlus, such as assigning correlative file numbers and not
grouping incidents that occurred in the same location under a single number.
The most interesting thing about having the incident log within the collection management
system, is that we can cross-check incident data with other existing fields from the
Conservation–Restoration module, or even from other ones such as the Collection module.
This brings us to the second level of exploitation. This way, in the near future we will be able
to cross-reference data collected from incidents with key fields such as significance and
vulnerability, to broaden our analysis of the collections.
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Conclusions
The management of the documentation related to the conservation processes in the Museu
Nacional has been, at all times, a clear testimony of the historical context, and faithfully
reflects the evolution of the discipline of conservation–restoration. We have gone from an
open collection of information, in which the responsible technician was free to describe
the treatments, to a progressive standardization of the information fields. This results in an
increasingly standardized documentation methodology, with the aim of ensuring that the
data previously identified as essential are reflected in the clinical history of the artworks.
The documentation of conservation treatments, increasingly detailed and precise, has also
incorporated elements of context, many of them directly linked to the prevention of future
deterioration, such as the recommended environmental conditions and the guidelines for
monitoring the condition of the object.
The standardization of documentary processes reached the first moment of maturity with
the integration of computerized collections management systems. However, despite being
designed to facilitate the overall management of collections, they are still too focused on the
individual object. The current documentation needs, derived from preventive conservation,
are diverse and complex, compared to those of the museum’s first conservators. Some,
such as creating an incident log, have been covered by optimizing the resources offered by
the current database. But others have a difficult fit into the collections management system.
Thus, task planning or protocols and procedures gathering is beyond the scope of such
systems.
The incorporation of the concepts of significance and vulnerability in the near future will
support the development of the preventive conservation plan. The exploitation of the data
provided by the collections management system can therefore cover the first objective of
analysis. However, the need for tailor-made tools to respond to the needs arising from the
implementation of the plan and for an optimal improvement in the management of conservation in the museum is evident. The success of the preventive conservation plan depends
largely on good and effective documentation.
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Abstract
Decision-making in conservation–restoration is complex. The interdisciplinary nature
of conservation – derived from both natural sciences and humanistic disciplines – often
becomes a challenge for the field. In this paper decision-making was studied as a casestudy, focusing on interactions between professional actors managing the Skokloster Castle
collection of paintings, a historic house museum in Sweden, over a period of 50 years.
Decision-making was interrogated from written sources using a qualitative methodology
informed by and consistent with the work of Michel Foucault. First, discourse content was
categorized decade vise, by experimental application of a decision-making map for conservation–restoration process, reflecting conservation knowledge. Second, the evolution of
consulting conservation decisions was analyzed in relation to quantified collection condition
survey data. Conservation examples were used as a touchstone to discuss breakpoint
values1 affecting tangible and intangible characteristics of paintings on canvas, managing
change, and transfer of significance into the future. The review shows the multi-variate value
complexity in consulting conservation decisions. The cultural heritage field need to acknowledge the intrinsic inter-disciplinary nature of conservation. For future stewardship and a
sustainable conservation of paintings on canvas in historic house settings, it is imperative
that conservation decisions rely on quantified condition survey data on damage functions
affecting object significance.
Keywords: Conservation–restoration, stewardship, decision-making, paintings on canvas,
historic house museum, communication, remedial conservation

Introduction
This paper, based on an unpublished Master’s Thesis, is a critical and historical exploration
into decision-making in the conservation–restoration process – focusing on managing
change and professional views of unacceptable change. Managing a cultural heritage entity,
such as a historic house museum with mixed collections, is a multi-disciplinary demanding
1 Breakpoint value, i.e., a point of discontinuity, change, or cessation, condition, etc., at which discussions
can no longer continue because people cannot agree or with materials damage (change) has occurred.
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task. A sustainable preservation of complex material structures such as paintings on canvas
require responsible resource management during time of office and an insight into being
part of a continuum. In time agents of change may cause unacceptable change through
damage functions affecting tangible and intangible values of paintings. The fact that damage
is observer- and context-dependent, and not all measurable change is relevant to a particular user, indicating that selection of the relevant stakeholder group in the definition of the
value function is crucial (Ashley-Smith 1995). The subjectivity present is also challenged by
time in the transfer of meanings, i.e., re-definitions of heritage values, scientific knowledge,
and the roles and authority structures of professionals responsible for decision-making.
An important basis for the analysis of subjectivity considering change defined as patina is
provided by the same framework, described by Paul Philippot as a `critical´ concept – not a
physical or chemical but the “normal” effect that time has on material. “Normality” does not
negate patina; it merely reveals that the concept does not concern material but rises from
the critical domain and always implies an aesthetic judgement – for Philippot conservation
was a critical act (Philippot 2004: 392).

Objective
The objective to interrogate decision-making was to gain understanding in how conservation
knowledge, and damage caused by damage functions was historically reflected upon in
consulting multi-disciplinary professionals managing collections in a historic house museum
setting. For the professionals involved (architect, conservator, art historian, engineer,
historian, technician etc.), a shared language and understanding of general conservation
ethics is imperative. In reviewing European conservation practice and ethics Stefan Belishki
and Susan Corr point out state representatives must follow principles. Difficulties may arise
if principles derived from ethics in the conservation field are not followed or understood,
matters of use and economics becoming more important. Also, comparison with other
cases of intervention must be possible and argued in each specific case, and well balanced
according to agreed international doctrinal texts and value systems (Belishki and Corr 2019,
15–28). Jonathan Ashley-Smith discussed the ethics rationale of `doing nothing´ being
related to missing hierarchical structures for ethical guidance in decision-making, hence
motivating development of bespoke ethics, also describing the phenomena of aimless indifference and ethical drift (Ashley-Smith 2018). Critics have claimed contemporary decisionmaking to be functional or value-led compared to the classical truth of usefulness and value
(Muňos Viňas 2005: 177–179).
In a model for the symbiotic relationship between conservation and value, Joel Taylor and
May Cassar sees heritage as constantly adapting to its environment, surviving in the form
that it does due to its `best fit´ with the qualities that are valued at that period of decisionmaking. In the beginning of a cycle various agents of change affect valued elements of
heritage – their use and representation. These changes in turn are perceived in various
ways affecting conservation decision relating representation and intervention as a
symbiotic relationship between conservation and value. What is perceived as a damage
not just affects conservation decisions, they also affect object value, always providing an
important context, which in turn influence not only what we have access to but the way
in which we have access (Taylor and Cassar 2008: 4). It is with paintings on canvas the
challenges in understanding the multicomponent weave of values reflected in object significance that conservation ethics and practice can be brought into light. Focusing on commu-
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nicated breakpoint values directing, deferring, or deterring decisions the cause
was foresight – learning from the past for future sustainable stewardship managing the
collection of paintings.

Method
The past fifty years have been a time of theory and practice development for the conservation discipline. Conservation knowledge deriving from natural sciences and humanities
create an interdisciplinary field where challenging encounters may be experienced
integrating knowledge due to perceived differences in ontology and epistemology of the
sciences involved. Meeting strategic outcomes may become a challenge in practice. The
rationale for using a qualitative method, informed by and consistent with the work of Michel
Foucault was to interrogate decision-making from his framework as a history of ‘focal
points of experience’ which he studied along three axes: the axis of knowledge, the rules
that govern discursive practices that determine what is true or false; the axis of power, or
the rationalities by which one governs the conduct of others; and the axis of ethics, or the
practices through which an individual constitutes itself as a subject (Arribas-Allyon and
Walkerdine 2017: 111). Discourse for Foucault approximates the concept of ‘discipline’ in
two ways: it specifies the kind of institutional partitioning of knowledge we find in medicine,
science, biology, etc. referring to techniques and practices through which objects, concepts,
and strategies are formed. In ‘The Order of Discourse’, Foucault asserts the hypothesis:
“I am supposing that in every society the production of discourse is at once controlled,
selected, organized, and redistributed according to a certain number of procedures,
whose role is to avert its powers and its dangers, to cope with chance event, to evade its
ponderous, awesome materiality” (Foucault, 1972: 216).
The Foucauldian discourse analysis (hereafter named FDA) is applicable to any context
or setting as long as it contains a historic sensitivity towards the objects and problems
investigated – especially suitable for expert discourse and interaction (Arribas-Allyon and
Walkerdine 2017: 114). For Foucault discourse provides a set of explanations of the local
and heterogeneous subject positions within discourse and power. That subjects occupy
‘positions’ within discourse means we can only write, speak or think about a social object
or practice in specific ways within a given historical period thereby positioning FDA within
the philosophical tradition of hermeneutics being at the same time critical. In his main work
Truth and Method, the German philosopher Hans-Georg Gadamer (1900–2002) asserts:
“It is true that the historical “worlds” that succeed one another in the course of history are
different from one another and from the world of today; but in whatever tradition we consider
it, it is always a human – i.e., verbally constituted – world that presents itself to us. As
verbally constituted, every such world is of itself always open to every possible insight and
hence to every expansion of its own world picture and is accordingly available to others”
(Gadamer 1989: 444). Scholarly language is the means of communication in consulting and
sharing conservation decisions. Joel Taylor asserts influential preservation doctrines to be
as much a product of the context and practical situations as they are products of different
philosophies and cultures reflected in the discourse related to cultural heritage – involving a
good deal of abstraction (Taylor 2015).
What then is the knowledge framework of conservation? How to interrogate disciplinary
knowledge in an interdisciplinary field with diverse scientific epistemologies regulated by
normative texts on ethics, guidelines, and standards? To perform an FDA in a knowledge
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framework, a novel experimental design was set by applying a conservation–restoration
process concept map2 to visualize areas of knowledge necessary for making informed
conservation–restoration decisions (E.C.C.O. 2011). Hereby decision-making was analyzed
historically within the present knowledge framework for a conservation discipline. The
method being a heuristic and subjective interpretation from paintings conservator point of
view, the credibility, transparency, and dependability of the case-study research design
relies on the deductive analysis using the concept map as stated by Jeremy Hutchings: “…
the conservation–restoration process…reflects professional practice and…the map can be
interpreted as a decision-making narrative” (Hutchings 2011 5–19).
In relation to the Skokloster collection, the FDA selection of “corpus of statements” –
knowledge content, expressed explicitly or implicitly, was coded from written material:
e.g., collection condition surveys, conservation reports, scientific articles, board meeting
protocols, committee reviews and exhibition publications (Arribas-Allyon and Walkerdine
2017: 118). Quantified collection survey data from 1967, 1999/2000, and 2011 was examined
as background data for the evaluation of the preservation state of the painting collection.
As for comparison, condition survey data collected 1993 for the National Portrait Gallery
collection at Gripsholm Castle, was reviewed as an example of policy, intervention, and
state of preservation.
The results are discussed thematically using the concepts of the E.C.C.O. concept conservation restoration process map, in which the concepts and their links symbolize `negotiated
relationships´. The map as a whole emphasizes the specialist nature of professional conservation–restoration – experimentally used in the case-study as a taxonomy of a knowledge
framework. The chapter headings in this article indicate the concepts, (text in italics in the
text) present in the conservation–restoration process, forming the `prisms´ – equal of the
kaleidoscopic views present in time describing the analytical procession of conservation–
restoration process.

Prologue – becoming a public museum
Skokloster, the largest castle ever built in Sweden, was to be a perpetual monument of
time, over Count Carl Gustav Wrangel (1613–1676). His device “Non Est mortale quod
opto” – “What I desire is not mortal” from Ovid’s metamorphoses symbolizing his strive
for the eternal and divine. Skokloster Castle had become a museum already in the 18th
century awakening experiences of the sublime, the noble and the splendid, standing
by the Lake Mälaren for future generations. The Swedish Art historian, Olof Granberg
(1858–1933) published a guidebook in 1903 – today the only `study´ considering the
significance and `change´ of the Collection of paintings, comprising 1, 000 artworks: 600
portraits, the remaining representing a wide range of motifs. (Granberg 1910). Over the
centuries the collection would grow through purchase, inheritance, gifts, and war booty
representing Northern European painting from the 15th to the mid-20th century when historical development would eventually steer the private property of Skokloster Castle towards
becoming a public museum. Built between the years 1654–1676, housing an international
collection of 50, 000 objects, both the building and the collections needed restorative
actions. When the Swedish state in 1967 acquired the castle an expert board with museal,
archival, and librarianship expertise would be assigned. Plans had been made ahead by
2

Concept map, a graphical approach to organize and represent different areas of knowledge.
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conservator Gunnar Schiller, Nationalmuseum, and director of the experimental training
of conservators, Björn Hallström at the Royal Institute of Art (Böttiger 1980:42). Hallström,
consulted by the last proprietor in 1966, concluded in his report the technical condition
of the collection as generally poor, and continuously deteriorating. As a result, in 1967,
Director General of Nationalmuseum, Carl Nordenfalk would initiate a collaboration between
Nationalmuseum (hereafter named NM) and Royal Institute of Art with its Institute of
Technology of Artistic Materials (hereafter named ITAM). Hallström, assigned as consultant
would administrate commissioned conservation of paintings with the two institutions
(Hallström, B. 1967, 1–2).

Turning the kaleidoscope 1967–1972 – material and technique, causes of
alteration, context, current environment, alternatives for treatment, and
desired result
In September 1967 ITAM declared their program approach to be a new, experimental
activity, aiming at developing methods of documentation of paintings, technical analysis, as
well as conservation methods (Hallström, B. 1973, 1–5). NM, in turn, represented a long line
of European tradition and experience in fine art conservation practice, following the international conventions of the ICOM (International Council of Museums and the IIC (International
Institute of Conservation of Historic and Artistic Works) considering technical documentation
and methods for conservation (Wennberg 1972, 1–2; Schiller 1972, 1–2). Conservation work
began in September 1967 as selected paintings were taken to the studios in Stockholm.
During fall 1968, 677 paintings were condition surveyed by conservation students and
conservators. The condition categorized in three categories (I – III), considering damage
and urgency of treatment would show that, ca. 30 % (219) needed remedial conservation
(category I), of which 10 % called for urgent measures to prevent loss. Almost 40 % (267)
needed preventive or remedial conservation in near future (category II). The two categories
(I and II) representing 70 % (486) of the surveyed artworks needed remedial conservation
within five years. Nearly 30 % (194) were assessed to need aesthetic or restoration work
(Hallström, B. 1968, 1–2).
Architect Ove Hidemark, assigned on acquisition by the National Board of Public Building,
declared the objectives of the building restoration in 1972 as: …”1) to help a building, which
in certain parts is in a rather poor shape, towards a new lease of life on its own terms. 2) To
take care of the building as a whole and endeavor to preserve its identity, both as a physical
structure and as living history. Here are included all features, from the 17th century and
right up until our own day. 3) To interfere as little as possible, avoiding both additions and
touching up, and erring on the side of omission rather than excessive action. 4) Where interference is unavoidable, to seek solutions which, as far as possible, resemble those which
might have been adopted by the 17th century builders” (Hidemark 1972, 3–25).
The building restoration program following the Venice Charter of 1964 would come to
influence decision-making in paintings conservation, as in the case of “The Wild Boar”,
by an unknown master. This larger than life size painting, depicting a wild boar, shot
by General-Governor of Pommern, Count Carl Gustav Wrangel, in November 1664 in
the woods of Eldenau, near Greifswald, Germany, was considered a hunting trophy on
commission. The inscription, fragmentarily preserved today, is known only as notes taken
down by visitors in 1709, 1734, and 1761, retelling the boars’ humble testimony, the glory of
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having been hit by a well fired shot by the Gothic Mars (Count Wrangel). In 1967 assessed
to be in a ruinous condition it was conserved. Having lost its original context due to its poor
state of preservation, the work had been stored away in a privy since mid-19th century.
Meyerson, curator of arms and armours, writes in his article `Two Hunting Trophies – A Wild
Boar and a Wolf – at Skokloster´:
“It has now been taken care of, the flaking paint has been fixed, but the losses have
not been replaced; where the canvas is naked, it has been toned to diminish the
contrasting effect to the parts undamaged. This is the correct conservation principle,
giving the object the option of life, preserving its identity, bearing the traces of ordeals
and adventures. A principle especially important for paintings preserved in their original
environment” (Meyerson 1970: 34).
Meyerson expressed his view regarding the desired result and level of intervention. Object
authenticity is explained through history and context, the picture viewed upon as a historic

Fig. 1. A wooden hygrometer in the Instrument chamber, Skokloster Castle, humidity reading 22 for
23 September 2020. (Photo: Ann-Cathrin Rothlind.)
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document, accepting loss, wear, and tear (Malmborg and Hallström 1967: 1). The conservation order informs that the ruinous condition had been decisive for choosing minimum
level intervention to be performed by ITAM as student work to lower the costs. Condition
surveys of 2000 and 2011 would find the glue lined painting infested by mold, with flaking
and cupping of picture layer, the thick varnish layer severely crazed, and blinded, motif
difficult to read expelled to a room without public access.
An indoor climate incidence would be the onset of polemics between the two institutions
on conservation methods. A letter to the board reports on one painting showing fierce
canvas deformations when put on display after conservation in November 1969. The indoor
climate in the unheated castle, with low temperatures (T) and relative humidity (RH) levels
above 90 % RH, had caused swelling of the painting structure. Glue lining as a method
would be criticized by the ITAM for causing conservation damage. A special board meeting
would recognize the need of further testing on adhesives used. The question of current
environment adjusting T and RH in rooms where objects were stored was discussed by NM,
as deformations had disappeared after moving the paintings to a room with a T of + 15 °C
(Hedqvist 1972b: 1–2).
The Skokloster conference in August 1972 called the partnering institutions, ITAM and NM,
members of the board, the National Heritage Board, and the National Board of Buildings
to discuss the conflict regarding conservation. The administrator stated his commission
was: “…to strive for a sound conservation technique, study of old paintings and the material
degradation taking place”. A task differing, according to the administrator, “…from that of
Nationalmuseum, as a management organ, shall present series of paintings representing
public capital value”, hereby expressing the differing institutional goals of conservation
(Hedqvist 1972a: 30).
Board representatives would state: “…all objects in the collections were valued equal. On
acquisition, the castle with its object collection were one, not to be changed” (Hedqvist
1972a: 7). The board’s view of the two different lines represented were described as: “…
the first line of approach would view the paintings as works of art, aiming at restoring them
aesthetically, often requiring heavy restoration of the object. The other line of approach,
would consider a cultural historical or historical principle, only doing what is necessary
to set back the forthgoing decay, hereby accepting wear and tear” (Hedqvist 1972a: 17).
Board trustee and NM Senior Curator and keeper of the Royal Castles’ Collections, was
cited having stated the goal of conservation to be: “Taking back the paintings to how they
preferably looked when finished on the easel”, and regards the indoor climate, “... if the
paintings cannot withstand the climate of the castle, the climate at Skokloster had to be
changed “(Hedqvist 1972a: 17–18). The view presented was experience based. NM had
managed to stabilize the indoor climate of the National Portrait Gallery at Gripsholm Castle
already in the late 1920’s. Paintings (some 340 of 1, 926 paintings), had suffered from low
T resulting in high RH and mold growth. Head Engineer Fritz Jacobsson, thermo-electric
specialist with the Royal Waterfall Board, found after five years of tests and study, a way to
stabilize the indoor climate of Gripsholm Castle. Electric heaters would be installed inside
existing tile stoves, the latter installed in the castle in the 1770’s, as well as inside fireplaces.
No negative effects would arise to the building construction, interior fixtures, or the collections (Almqvist 1927; Selling 1937). Jacobsson’s solution, still in use today, originally
designed to utilize excess waterpower electricity produced for churches on Sundays, would
through conservation heating create a stable indoor climate. Keeping temperatures during
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winter at the lowest at 6–7 degrees °C, previously observed condensation of water or even
frost on objects could be avoided (Hahr 1924). The 1993 collection condition survey of
509 paintings on canvas, mainly 17th and 18th century artworks displayed at Gripsholm
at the latest, since 1866, 21 (4 %) needed remedial conservation in the near future, 25
(ca 5 %) needed minor remedial conservation or restoration, and 11 (0,2 %) of the paintings
had minor preventive conservation needs (Dahlén 1993).
The board acclaimed having commissioned conservation to fit the physical environment,
emphasizing the uniqueness of Skokloster Castle. Consequently, deterioration was a value
to preserve, the collections being almost untouched. ITAM asserted deterioration had
ceased, or process to be slow. Even if the condition of the paintings were `horrendous´,
many of them ruined by humidity and very fragile, the main objective would be to study the
deterioration, preserving all, even dust, for study using new technical methods available
(Hedqvist 1972a: 30; Makes and Hallström 1972: 29).
As members of the ICOM and the IIC, NM would not accept the idea of bespoke ethics of
locally adjusted conservation principles. There were no differing standards for presentation
for NM nor the likewise unique Royal Castles – all collections were well-kept (Hedqvist
1972a: 44). Easel paintings were not to be reduced to mere material structures or parts
of interior fixtures. They ought to be respected as objects with an individual function and
significance, “…the leading museums find it important to promote restoration techniques
aiming a presentation of the artistic heir as far as possible for the viewer to have a similar
optic-aesthetic experience as the timely viewers once had” (Hedqvist, 1972a: 20).

Fig. 2. The relationship between value, conservation, and representation, which
can be cyclic or linear. (Redrawn from Taylor and Cassar 2008.)
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NM conservators’ critics were forwarded with a request for clear instructions for desired
results. Having received comments regards paintings having become “too fine” after conservation–restoration it was stated: “… it to be a mission impossible to show all layers of
history in an easel painting dividing it into different fields…all forms of temporary measures
would tear and finally be destructive for the objects. No conservation measures ought to
be done before loss of original material is at hand. The choice of technique and material
must be proven traceable, stable, and sustainable. Clinginess and experiments on original,
invaluable objects of art was not acceptable, with all chemical and physical damage
caused” (Hedqvist 1972a: 44). Here, discourse contained conflicting views considering the
idea of applying building restoration principles in paintings conservation pointing out only
unacceptable change would justify remedial conservation.
Damage, caused by high RH (current environment), in 18 officers’ portraits (1623), displayed
in the 1st floor galleries connected to the open inner courtyard stairwells, were diagnosed
with `Skokloster-disease´. A phenomenon described as moisture-transport of `proteinous
materials´ through the painting substrate to the picture surface. Irrespective of damage
acknowledged being related to the indoor climate (technical possibilities, constraints on
actions, ethical rules, risk due to actions, causes of alteration) the adverse conditions
would be described as: “Practical experiments have shown this – by museum standards –
extreme indoor climate to have been beneficial for the collections, and there are no plans
for the installation of central heating. The actual museum environment, however, calls for
special attention to the choice of methods and materials of conservation” (Meyerson et al.
1972: 239–299; Makes and Hallström 1972: 3–44; Hallström and Göransson 1974: 3–19).
The statement, a `pseudoscientific ultimatum´, prescribed a solution by issuing caution
in choosing conservation methods compatible with the extreme climate for paintings
on canvas. The architectural premises would define the preservation conditions for the
collections.

Turning of the kaleidoscope 1978–1990 – risk due to actions, technical
possibilities, technology, current environment
The 1978 merge of The Royal Armoury, Skokloster Castle, and the Hallwyl Museum recommended a shared conservation resource for the three collections. The stately restorative
conservation campaign of 1967–1978 for Skokloster Castle were finished the same year –
originally planned to comprise 500 paintings, had given remedy to 128 paintings.
In a letter regarding conservation work at Skokloster Castle to the State Cultural Council it
is stated that causes of alteration and: “…conservation work done by other institutions have
due to the humid climate of the castle during autumn, winter and spring caused damage to
the objects, and therefore the care of the (paintings) collections makes special demands”
(Skeri et al. 1980). Conservator Dr. Frantisek Makes, assigned 1976, also a microbiologist,
developed a unique method named enzymatic consolidation, for removal of e.g., excess
animal glue in lined paintings using enzymes derived from Antarctic krill (Euphausia
superba) in a protein hydrolysis processes. Working now with three collections, and the new
experimental method considered laborious, slow, and expensive, conservation of Skokloster
paintings would decline before research, prioritizing collection highlights and exhibitions
(stakeholder demands). Studies published discussed the new method, artist’s materials and
technique aiming at respecting artist’s intention (Makes 1979).
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The 1980 exhibition `Vård och Konservering´ (eng. Care and Conservation) at Skokloster
Castle would inform the public in retrospective of conservation work done since the state
acquisition. Expressed in the curatorial introduction are the bespoke views of:
“Care – managing and preventive measures considering storage, surface cleaning,
inhibitive treatment against insect or rust, transport protection…,
Conservation – treatment, which by active intervention in the object’s structure give
these the possibility to live forth in its once given setting. The methods vary, but the
approach is the same. We have not strived for giving the objects back their original
appearance, but value as highly the wear, and that what has changed during the
centuries.
Restoration – …where the object, in case possible or even desirable is returned to its
original appearance. One wishes to reconstruct a bit not visible for the eye. In restoration the pedagogic aspect is added to the objective of the work which is not present
in care and conservation. The pedagogic focus may vary over time” (Rangström et al.
1980).
Reflecting the views of the architects’, curators’, and conservators’ desired results and level
of intervention were defined as a negation valuing the wear and tear (presentation, interpretation). Returning to an original appearance is a state theoretically impossible to assess,
nor achieve by any means. Even cleaning is irreversible. Still, the goal of conservation has
always been to achieve a state better than before (Lipp 2019). The definition of restoration
expressed in ethical rules, a puristic view, finding restoration neither possible nor desirable,
and only justified if considered pedagogic. The visitor would learn the method of conservation of paintings to be the only guarantee for future preservation (risk due to actions) at
the same time acknowledging current environment – the `special´ climate (Rangström et
al. 1980). The discourse reflects the cyclic relationship between values, conservation and
representation presented by Taylor and Cassar where the valued views of change and
damage come to affect presentation and conservation decisions (Taylor and Cassar 2008).

Turning of the kaleidoscope 1991–2001 – research, current environment,
preventive conservation, measurements
During the 1990’s research on mold inhibition and examination and analysis of paintings
would continue. Preventive conservation research on indoor climate effects to the collections through measurements on a dummy was published. The purposive sampling for the
paintings collection would face problems when extrapolating findings according to scientific
method (Holmberg and Kylsberg 1999: 1–63; Holmberg 2001: 57–99). The 1999 condition
survey, initiated by a digitization project, would have reliability and validity issues, as the
assessments of the paintings were performed by conservation students, completed by
the curator of paintings. Condition surveying requires expert knowledge, unless fulfilled,
interpretation of the results is compromised. Consequently, technical condition of paintings
cannot be assessed by non-conservators (E.C.C.O. 2011).
Three categories in the survey of 575 paintings would indicate assessed need for conservation. Marked by numbers 0–3, category 3 indicated urgent need of conservation.
According to the survey 2,3 % (11) paintings were considered to be in urgent need of
conservation (category 3), 4, 2 % (20) works were categorized as less urgent (category 2),
respectively 20 % (96) works needed minor treatment (category 1), and 362 (62 %) paintings
were categorized as null (category 0), no treatment necessary.
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In 2000, using the same condition survey form 243 paintings were assessed by a trained,
consultant paintings conservator. Accordingly, 21 % (51) paintings were in urgent need of
conservation (category 3), 22 % (54) classed as category 2, 19 % (47) falling in category 1,
and finally 34,5 % (84) paintings scored 0, no treatment necessary (Florman 2000). In the
concluding curatorial remarks regarding the portraits it is said, “…it is once again imperative
to note that the choice of conservation methods have to be examined thoroughly for the
special milieu where Skokloster objects are to be stored” (Skeri 2000).

Turning of the kaleidoscope 2002–2016 – current environment, measurements, research, and risk due to actions
A newspaper article would reflect on cultural heritage treasures decaying due to mold at
Skokloster Castle. The explanation given by the management would be failing treatments
in the 1960’s. The `special´ climate was recognized being detrimental (current risk), but
remedial conservation was considered a bigger threat (risk due to actions). Therefore, to
avoid using `wrong´ conservation methods, a new policy for painting conservation was
adopted, that of `doing nothing´. Only those in a critical condition were planned to be
conserved by external consultant conservators, since the museum no longer had a painting
conservator (Boldemann and Olevik 2003).
A decade of climate studies aiming to prevent mold growth would begin in 2006, initiated
within the program Spara och Bevara, funded by the Swedish Energy Agency’s research
program for energy efficiency in cultural heritage buildings. Within the program a paper
would report: “…The results show that the selected object [sic] overall were in good
condition, as they were selected to represent the whole collection this would indicate a
major part of the collection has been relatively well preserved and that the strategy of
“doing nothing” has been favorable” (Holmberg et al. 2011).
The 2011 condition survey of the painting collection conducted by the present author
would find 1 % (4) of 745 paintings inaccessible due to severe loss, 66 % (478) needed
urgent or substantial remedial conservation, 30 % (220) having minor conservation–restoration needs, and 3 % (20) needed preventive conservation. Comparing the result with the
condition survey conducted in 1967, the assessed preservation state on collection level was
found to be status quo, regarding assessed needs for conservation.

Discussion
The method of study, performing FDA using the E.C.C.O. concept map as a knowledge
framework enabled an analysis of interaction between the multi-disciplinary professionals, as well as their interactions with the objects of study. The encoded concepts in the
discourses allowed a study of areas of conservation knowledge used as well as detecting
missing links – knowledge areas unaddressed hindering interdisciplinary decision-making.
In a historic perspective, conservators were not involved in selection of conservation–restoration actions, presentation being mostly considered by curators, architects, and stakeholders. During the first decade conflicting views reflecting differing institutional traditions
and disciplinary knowledge backgrounds were expressed. In general, views on managing
change differed – rate of change and breakpoint values for unacceptable change was
of interest for material research, evidence of wrong methods used or seeing decay as a
value. Technology, material and technique, ethical norms, and risk due to action would fall
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into the authority domain for conservators’ discourse considering goals of conservation.
Regardless of NM’s institutional experience solving risk of high RH and mold to collections housed in historic buildings, current environment remained the architect’s authority,
reflecting Foucauldian “technologies of power”, setting not only the standard for the `special´
climate, but also forming the future explanatory discourse establishing the prevailing view
of conservation methods as damage functions. Risk due to actions – the polemics’ theme
between the institutions, would lead to drift of ethics, communication breakdown, finally
ending in stasis – the constraint to actions being the unresolved preventive conservation
problem of the wrong RH and T. The current environment was not to be questioned since
proven beneficial labeled `special´. To solve problems supposed to depend on conservation
methods conservator’s efforts turned towards research in search of new knowledge.
The new millennia in management would not have an in-house paintings conservator.
For the collection of paintings, the management policy of “doing nothing” was claimed a
success. The belief in the former promoted conservation method, being isolated to one
actor and thereby inaccessible to the professional field, had developed a view of external
remedial conservation as detrimental. The unresolved conflict between preventive and
remedial conservation, the historic structure and the artifacts caused stasis.
Back in 1967, the assigned stakeholders and conservators were faced with paintings
that, beautifully expressed by Stefan Michalski, had met: “…the agents of Time on Earth,
concerned with subtle agents, those against which we plead ignorance or lack of influence;
those that we picturesquely blame on Time: light, humidity, warmth, and pollution…and the
agents in turn will have access only if some custodian permits it” (Michalski 1990).
The paintings at Skokloster Castle have endured 128, 845 diurnal cycles in the unheated
castle. Since state acquisition ca. 20,000 cycles have occurred with open access to
those subtle agents. Three condition surveys have been conducted during half a century.
Condition surveys, when conducted systematically, contain primary documentation of the
condition of each object forming a quantified data base for decision-making (UNESCO
1972; CCI 1993; SIS/TK 479 2012). Consistency and reliability studies have recognized the
effect of training in increasing reliability of assessment e.g., surveyors without conservation
experience tend to look at superficial things (Taylor and Stevenson 1999). Comparing the
results of the condition surveys conducted 1967, 1999/2000 and 2011 show the overall
condition of the painting collection, since acquisition, has not improved. In rough numbers
close to 70 % of the collection need remedial conservation. For reference, the 1993
condition survey of the National Portrait Gallery collection at Gripsholm Castle, would show
significantly differing numbers considering state of preservation. Less than 10 % of the 509
paintings needed remedial conservation (Dahlén 1993).
For Sarah Staniforth “the role of conservation is to manage change, …preventive conservation measures slow down the rate of deterioration, but a point is reached at which so
much change has occurred that the significance of an artifact is lost” (Staniforth 2000).
Conservators faced with endangered collections may ask as Lily Koltun: “…is the conservation policy in a historic house museum to live after maximum acceptable level of threat
to be balanced with minimum acceptable use” (Koltun 1990)? Such a policy would demand
grounded knowledge and calculations of the magnitude of risk and rate of change in time
but: “… conservators do not set standards for the preservation of objects; it is the physical
properties of the …work of art which determine how it will endure” (Michalski 1994). In his
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recent article on decision-making Stefan Michalski completes the circle by interconnecting
the aesthetic value in asking: “Is it really facts and reasoning that leads some of us to value
original material over original intent in a painting, or deeply buried beliefs?” (Michalski 2018).

Conclusion
Overlooking the five decades of management of the Skokloster Collection of paintings it is
clear that on acquisition the museum professionals representing multidisciplinary knowledge
backgrounds started with an urge to conserve, restore, and preserve. Soon interdisciplinary
conflicting views developed regarding the major conflict residing in the realms of environmental damage functions on site. Interestingly this conflict preceded the critical international
discussion of traditional conservation methods – lining paintings on canvas and the adverse
effects on the integrity and significance of the works of art. In a timely continuum the interdisciplinary decision problem became an institutional power conflict resulting in ceasing
activity, a problem for the preservation state of the collection of paintings.
The challenge of the interdisciplinary decision resides in the ontological and epistemological roots of conservation science. To retain significance and value we need to adopt
stewardship ethics, the careful and responsible management providing the highest levels of
care for the structures and the objects transferred to our care.
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Reconciliation amongst veneration, renovation and architecture
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Abstract
After 1975 earthquakes in the past (Than Tun 1996) and the most recent 2016 earthquake,
surviving monuments such as temples and stupas have been traditionally maintained and
repaired over centuries as a merit-making practice with a view to achieving Nibbanna,
the ultimate goal of Theravada Buddhism. Since 1995, over 1000 monuments had been
reconstructed on ancient mounds and exposed structures. This papers critically looks at
the conservations conducted through the ages in general and at the same time, interprets
the conditions that call for intervention in terms of rectification or retainment. In addition,
it highlights the heritage management challenges in balancing between merit-making
practices such as hti-hoisting atop stupas and safe-guarding of cultural monuments and
cultural heritage in Bagan.
Keywords: Conservation, Theravada Buddhism, monuments, completeness, complete
form, heritage, etc.

Customary protection and maintenance since the Bagan period
With the peak of Bagan Civilization in 11th to 13th century, Theravada Buddhism became a
mechanism of political control with the king as a main donor to the construction of stupas,
temples and monastery as one of the practices of donations. Moreover, the continuous
donation of money to support the religious societies, especially monks contributed to the
maintenance of Buddhist structures. (UNESCO WHC 2019) These are reasons why nearly
four thousand prolonged monuments are standing today (Fig. 1).

Architectural compositions
Different types of typologies can be found in Bagan, including stupa, temple, monastery,
image house and ordination hall (Figs. 2.1 to 2.5). In general, stupa is of solid structure
whereas temple has the space inside for worshipping. Temple can be generally classified
into three main types such as solid core with corridor, central shrine and central shrine with
corridor. The temple is composed of two main parts: the base and the upper stupa. The
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Fig. 1a+b. Customary protection and maintenance since
Bagan period. Map of Myanmar and Bagan Region showing
Property Area and Buffer Area.
(Sources:
(a) https://www.vietnamparadisetravel.com/travel-guide/bagan
(accessed on 31/3/2020)
(b) Department of Archaeology and National Museum. Bagan
Branch.)

(a)

(b)

latter may fall into various categories: the top with stupa, shikara or square tower and the
Mahabodi type. According to Nyut (1999), the numerous types of arches and vaults can be
found in Bagan including radiating arch, corbelled arch, lean-to vault, cross vault, tunnel
vault, flat arch and multi-layer vault. The arch supports the weight of the upper structure and
transfer the load to the ground. The different types of vaults have different ability to carry the
upper structure load. Full-barrel vault can withstand the load stronger than the ½ barrel vault
when the earthquake hit (Fig. 2).
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Fig. 2.1 Stupa (So-Min-Gyi)
Source. Department of Archaeology and National Museum (Drawn by Technical Support Team)

Fig. 2.2
(a) Temple with Solid Core

(b) Temple with Central Shrine

(c) Temple with Central Shrine
and Corridor

Fig. 2.3 Monastery
Fig. 2.4 Image House

Fig. 2.5 Monastery with Ordination Hall
Fig. 2. Types of Bagan monuments. (Source: 2(ii-v) Pichard, P (1992). Inventory of Monuments at Pagan.
Vol 1: Colorcraft, Hongkong. pp 34–40.)
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Fig. 3. Elevation of Hti-Lo-Min-Lo temple.
(Source: http://www.geocompmyanmar.com/hti-lo-min-lo-temple/).

Interrelation between architectural composition of temples and type of damage
As a matter of fact, weakness in the original architectural style inflict damage on the
monuments. The weakness can be found mainly on the different types of arches, pediments
and the top of the monuments. It is evident that the deterioration pattern of That-Byin Nyu
temple depends on its typology, because the upper floor which is of the central shrine type
was more damaged in the 2016 earthquake than the ground floor which is of the central
core type. This is because the solid core structure can withstand ground shaking stronger
than the central shrine type monuments (Pichard, 1976; pp. 9). According to Pichard (1976),
the upper weight is primarily carried by the outside wall if the temple was built with the
half barrel vault inside. As a result, the other reason for the ruin of the first-floor level in
That-Byin-Nyu temple was the type of vault and arch. The ground floor level has the full
barrel vault in the corridors while the upper storey use the ½ barrel vault in the passage
way. Not only in the structure of the temples but also the architectural ornaments such as
the foreparts and pediments. These elements are attached to the main building by using
mortar and thus causes deadhesion between them and main temple (Tokyo National
Research Institute for Cultural Properties, 2016; 14). In addition, as in the case in Hti-LoMin-Lo temple, nearly 60 percent of its sikhara part collapsed in 1975. This may be because
of the relative proportion of the temple. The small part which is beyond the ratio of “a”
(approximately 90 feet in height) and “b” (around 45 feet in height) was completely removed
by the earthquake (Htay, 2017; 12). Therefore, it is evident that the architectural condition
can be one of the causes of damage to the monuments when the earthquake hit (Fig. 3).

The beginning of metal hti hoisting
One of the earliest stupas, Sanchi, is mainly composed of three elements: namely base,
dome and crown or harmika (Phuoc, 2012, pp. 149–160). At the top of the stupa, there is
a series of ring or tiers of an umbrella which is known as the chattravali (Tun, 1976; pp.
37–47). The culture of adding umbrellas as a symbol of religion and royalty had begun
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around 8th century B.C in Egypt and transformed into the yasti-chattra to shelter the relics
of holy persons (Fernando, 1974, pp. 75–80). An umbrella was used to shelter not only the
relic but also the sacred foot print stone in Ceylon (ibid). At the beginning, only one chattra
or layer of umbrella was used and later installed on a shaft which was fixed over the dome
or harmika. The layers or tiers of the umbrellas are varied from one up to 9 and can be
found in both odd and even numbers.
In ancient Pyu, Myanmar, where prototypes of temples and stupa can be found, that have
already been recorded as World Heritage in 2014. According to the repository cover which
was excavated from Khin Ba Kone, the architectural compositions of the stupa carved on
the cover is similar to the Sanchi stupa with square base, dome, harmika and a five tier
umbrella as the finial (Tun, 1996; 45) (Fig. 4). Not only this stupa on the cover but also the
silver relic gasket which were cast as miniature stupa can be the representation for the
style of stupa at that period (ibid). When looking at the stupa on the cover, five layers of
hti or umbrella which were installed on a shaft and the material could be layers of stone or
silver. Moreover, the miniature stupa is also ended by layers of foils on top (ibid). In Bagan
where most of the structures were built by brick, some stupa which were not completely
collapsed at their top, have brick ringed conical spires which is different from the stupa type
in Pyu period. When looking at the mural painting and decorative ornaments in temples,
the uppermost structures are somewhat different from each other but the depiction of metal
umbrellas or hti has not been found. This may be because of the changes of material usage
and different installation method or construction techniques. It is difficult to install brick

Fig. 4. Repository cover from Khin Ba Kone (Srikesetra).
(Source: https://www.metmuseum.org/art/collection/search/77497
(accessed 29 April 2021).)

NKF X XII CONGRESS OCTOBER 21–22, 2021

148

authors: yamin htay & Thar apHy Aung

Fig. 5. Modern Stupas with metal
umbrellas. (Source: Buddhist
Library, Dhamma Books, The
Ancestral Stupas of Shwedagon.)
.

conical spires as a layer attached to a shaft and brickwork is more durable and last longer
than separate tiers of stone. Hlaing (1995) stated that the inscriptions described “the installation of hti on pagoda” not hoisting hti (Hlaing, 1995; 123). Therefore, according to the
above data, it is evident that the metal hti was not included in the original architectural style
(Fig. 5).
The stupa is composed of nine elements including plinth, terraces, circular bolts (Kyi-wun),
bell, inverted bowl, spire, lotus petal, banana bud and hti or metal umbrella in the later
period after Bagan dynasty (Tun, 1996; 41–46). The complete example is the Shwezigon
pagoda in Bagan (Fig. 6). It is still controversial when the culture of metal hti hoisting had

Fig. 6. Nine Components of a
Stupa (shown in the Shwezigon
Stupa).
(Source: Department of Higher
Education, Ministry of Education,
Rangoon, 1989.)
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begun. According to Shade (2016), this probably became popular between the later Pinya
period and Early Innwa period (Shade, 2016).

Did hti hoisting affect the monuments?
After the 2016 earthquake, most of the fragmented monuments, especially in temples and
stupas which were restored after the 1975 earthquake, collapsed again (Fig. 3). Although
archaeologists criticized, the pagoda trustees and military government carried out the restoration works by the contribution of the donors (Husdon, 2008; pp. 553–571). Introducing new
materials such as cement and different size and quality of bricks to the old monuments lead
to the absence of adhesion between the opposite materials and caused further damage
to the structure (ibid). A good example can be seen at the Sulamani temple which of the
sikhara or square tower type. According to DoA (2004), nearly half of the sikhara towers
was in ruin around 1904 (Fig. 7) and were rebuilt around 1995 and collapsed in 2016. A hti
was hoisted in 1998. In order to hoist the hti on topthe sikhara that was rebuilt by the new
construction methods, fell and lead to further damage to the architectural elements along
the terraces and through the original stair, and ended by breaking the roof of the vestibule of
the upper level (Fig. 8).

Fig. 7. Sulamani Temple in 1904. (Source: Photo Records of Pagodas and Temples in Bagan from
1901 to 1920, 2014; 61.)
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Fig. 8. Deterioration of Sulamani temple after the 2016 earthquake.
(Source: http://www.bbc.com/news/world-asia-37183943).

It has already been mentioned that the metal hti hoisting was not included in the original
architectural style and it is evident that the ringed conical spire or chattravali was the
umbrella of the stupa. Thus, the structure of the top of the monuments were not designed
for the metal hti hoisting. In order to install the metal hti on top, the monuments which
had already been destroyed by natural disasters had new materials added to the original
structure. Consequently, the original materials were broken into pieces when the ground
was shaking while the new techniques of introducing reinforced concrete and cements and
thus the sikhara may have fallen as a block causing further deterioration to other structures
(Tokyo National Research Institute for Cultural Properties, 2016) (Fig. 9). Although solid
evidence has been still at large whether Bagan monuments had had umbrella or chattravali,
it is for certain that continuous restorations can deform or damage the original appearance
of the finial of the temple and lead to further deterioration.

Fig. 9. Reconstructed with cement and new bricks. (Source: Tokyo National
Research Institute for Cultural Properties, 2016; 13.)
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Reasons of restoration and reconstruction
Modern thought regarding the existence of the complete form of a monument can be based
on the conjectural drawings with inspiration from wall paintings and decorated ornaments,
thus reconstruction of damaged monuments was done in accordance with the idea of the
complete form, an unfounded concept. Merit-making and the Buddhist religious thinking play
the most important parts in this regard. The desire of the initial donors was to live longer
through their good deeds and thus they offered slaves to maintain their pagodas (Hudson,
2008, 555). In addition, restoration work in Bagan has also been done by Buddhists through
periods. According to Stadner (2005), the whitewashing on That-Byin-Nyu temple walls
and renovation of the images was done by the Burmese King in 18th century (Stadtner,
2005; 147). In the present time, around 2000 people, both local and from abroad, contributed funding for the restoration of the Bagan monuments in 1996. Other reason why local
devotees would like to rebuild completely is to create a place to worship again.

Interpretation of hti (Umbrella) in Myanmar
Hti, or umbrella, can only be used as royal regalia and ordinary people were not allowed sun
protection in the autocratic period. Umbrella has been widely used in public since colonial
period (Hlaing, 1995; 15–19). According to inscription of the foundation of the capital by
Kyansittha, it can be said that the hti and the kingship has been interrelated with each other
(Hlaing, 1995; 20–24).
The following may stand as major factors in reconstructing the upper portion of Bagan
monuments including Hti hoisting.

Criteria for selecting the monuments for Hti-hoisting
Although most of the monuments in Bagan were Buddhist religious structures, donors
favour some monuments especially due to the names of the monuments and their original
donors. The titles of some Bagan monuments were given in modern times and some were
given according to the inscriptions found near them. In addition, the monuments which
were donated by the famous Kings had some differences from those by the ordinary people
especially size and the ornamentation and floral designs. Kraak (2015) stated that the
Damanyangyi temple which has a notorious historical background was not very interesting
to have hti hoisted, while the Alodawpyi temple donated by King Kyansitthar who was one
of the most powerful Kings in Bagan Dynasty, had a hti hoisted on top and all of the upper
portion was gold guilded (Kraak, 2015; 7). These works have been done in 1996 but it was
ignored before military government. In addition, this is the only monument with air-conditioning inside. The meaning of the name Alodawpyi is wish-fulfilling pagoda (ibid). Therefore,
the criteria of selecting the monument to be renovated depends on the name and narrative
of the temple.
Noteworthy is that not all monuments were interesting to have hti hoisted on top. The preference mainly depends on the name of the stupa or temple and the donor. According to
DoA (2020) data, (266), in total, monuments were found being hti-hoisted. After the 1975
earthquake, deterioration can be found at the sikhara or square tower of the temples as
in the case of Hti-Lo-Min-Lo, Sulamani and Gaw-Da-Palin. For example, Hti-Lo-Min-Lo
temple has a good name that can be interpreted as the coincidence of both Hti’s and
Min’s or the King’s wants/wishes, which may be interpreted as a karmic bondage between

NKF X XII CONGRESS OCTOBER 21–22, 2021

152

authors: yamin htay & Thar apHy Aung

the kingship and the throne. There was a ceremony for hoisting of hti on Hti-Lo-Min-Lo
temple in February 2019, with metal umbrellas not only on the main square tower but
also on the corner stupa in four cardinal points donated by the Senior General Min Aung
Hlaing. Although almost all of the Bagan edifices were devoted to Buddhism, the criteria
for choosing of the temple is mainly depended on the name that can fulfill their individual
needs.

Benefits of hti donation
According to U Htin Myo (1998) who was the Director of the Department of Promotion and
Propagation of Sasana, there are 8 beneficial results of donating hti or umbrella to the
pagodas and monks:
1

Never be exposed to extreme weather or temperature

2

Be able to enjoy cleanliness

3

Never be exposed to danger of any kind

4

Never be exposed to diseases

5

Gain respect from both human and celestial beings

6

Be endowed with perfect skin and complexion

7

Have a peaceful mind

8

Always be saved by decorated hti’s from heat or rain throughout the Samsara (the
whirlpool of rebirth) (Myo, 1998; 25–42).

Benefits of pagoda repair
In addition, here are three benefits of pagoda repair:
1

Longevity without diseases

2

Rebirth in celestial abode throughout 91 kappa (aeon)

3

Rebirth in the form of Cakkavatti (Emperor) endowed with seven gems for thirteen times

It is clear that the Burmese perception of gaining of merits by donating hti and repairing the
Buddhist religious structure is beneficial for their next lives. Therefore, it is still challenging to
reconcile between the merit-making and authenticity (Myo, 1998; 25–42).

Conflict between the perception of merit-making and authenticity
Generally, design of additional parts using modern materials and techniques exploited in
previous restoration work and partially or fully rebuilt monuments have been criticized in
the past. These monuments are authentic in terms of the use, function and spirit of Bagan,
connected to Buddhist merit making, and the fully rebuilt monuments contribute to the
authenticity of the general form of ancient Bagan at a landscape scale. (UNESCO WHC,
2019).
It is clear that hoisting hti can cause further damage to the monuments when earthquake
hit again in Bagan which is prone to earthquake geographically. Although the Buddhist’s
perception of merit-making has some positive effects on the ancient monuments, the advantages cannot be outweighed by its negative impact especially hoisting hti. However, it is
difficult for the Buddhists to restrict their intention to donate umbrella on the top of the Bagan
monuments. It is believed in Buddhism that the different kind of donation can produce good
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returns and bring prosperity and alternatively people who destroyed or prohibited other
peoples donation would suffer in hell. Therefore, the perception of gaining merit by hoisting
hti on the monuments are still challenging to conservators. Local devotees would like to see
the monuments in the complete form and create a place to worship again and thus they did
not oppose to non-international conservation methods (Wolf, 2000).

Reconstruction and completely rebuilt
Two restoration forms can be found in Bagan defined by Hudson (2008) including major
reconstruction and completely rebuilt (Hudson, 2008, 553). Major reconstruction can be
defined as the repair of the monuments which can be identified by their typologies and
complete rebuilt can be determined as the reconstruction of monuments with less than half
remaining and excavated mound (ibid) According to Hudson (2008), 688 buildings were
recorded as major reconstruction and 1299 monuments were characterized as complete
rebuilt after 1975 earthquake.

The completeness narrative
According to interview with U Aung Kyaing, who was Deputy Director at the Department of
Archaeology and National Museum, in 5th November 2019 on Second Bagan International
Cooperation Committee and Fourth Technical Forum, the culture of major reconstruction
and complete rebuilt had begun around 1996 when the military government promoted
tourism. Along with older words, the word called ‘Completeness’ (
in Burmese term) which is now used widely in Myanmar has become popular at the same
time. The word
is a Pali word called anga which means the “part, lime, constituent
part, component or even quality and attribute” (Myanmar–English Dictionary, 1993).

History of restoration between 1975 and 2016 earthquakes
According to the political conditions after 1988, Bagan temples had been restored or reconstructed by unskilled labourers and contributors who did not have proper knowledge of
conservation standards (Kraak, 2015).
Not only adding new materials to the monuments but also gilding the upper parts of temples
and whitewashing both exterior and interior of the temples are still problems for the Bagan
temples as in the Ananda temple (Husdon, 2008; pp. 553–571).

Review on the state of conservation measures after the 2016 earthquake
shocked in Bagan
Maintenance and conservation of cultural heritage is inevitably important from a historical, archaeological, cultural, economic, socio-political and particularly architectural and
aesthetic point of view. The prolonged standing monuments which we can see today that
might have been maintained and preserved by indigenous people with customary protection
and ardent faith. Nowadays, the architectural and cultural heritage is recognized as a fragile
and irreplaceable resource that should be preserved and transmitted to future generations
(UNESCO 1972).
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Factors affecting the monuments at Bagan
Monuments are threatened by various factors including development, lack of regular
maintenance, environmental factors and ignorance of local community, lack of comprehensive legislation on maintenance or conservation of monuments, lack of knowledge in
safeguarding of cultural property and so forth. According to the World Heritage Centre
declaration, there are 14 primary threats affecting the Outstanding Universal Value of World
Heritage properties. They are building and development, transportation infrastructure,
utilities or service infrastructure, pollution, biological resource use/ modification, physical
resource extraction, local conditions affecting physical fabric, social/ cultural uses of
heritage, other human activities, climate change and severe weather events, sudden ecological or geological events, invasive/ alien species or hyper abundant species, management
and institutional factors and other factors (WHC 2017g).
In case of the Bagan cultural heritage site, the majority of standing monuments are in good
condition, some are in fair condition and others are in poor because of their old age and
the wide range of deteriorating factors such as human threat, environmental factors and
severe weather events have had an impact on the monuments. The main reason why nearly
one thousand life-span of monuments are standing today is due to the location of Bagan
in the dry zone of upper Myanmar and the small amount of rainfall that is received. Most of
the construction materials are organic and are vulnerable to rainwater and water infiltration
which can weaken the strength of monuments. The composition of mortars and plaster were
made of organic materials added with animal glue or horse hair to be strong bonding and
adhesive. There is a famous saying that the composition or ingredient of traditional organic
mortars made in the Bagan period was 7 parts of laurel tree bark, 9 parts of buffalo leather
glue, 2 parts of molasses, a great amount of bael or begiri fruit pulp, 1 part of cotton and 1
part of oil, then these parts were thoroughly mixed and compressed.
Several small ground motions have occurred since ancient time because of the movement
of tectonic plates and change in climate. Monuments can withstand small motions thanks
to flexible structural components and soft binding materials which may adapt to movement.
The main causes of damage on monuments are earthquakes and in consequence infiltrating rainwater water passing through cracks or fissures, weakening the structural strength
causing deformation, distortion and even collapse. Moreover, monuments are vulnerable
to the growth of vegetation or rooted plants. Once a plant roots it can even penetrate the
wall, giving rise to formation of big cracks or dislocate fragile components of the structure
which allows water invasion and further enhance material migration. Other factors disturbing
the structural integrity of monuments are insufficient human resource like conservators
or engineers with lack of proper technological know-how in conservation measures. One
of the major impacts on monuments is also due to vandalism or looting as in the recent
cases during the pandemic; relic chambers of nearly 30 monuments were looted by
treasure hunters. Such cases already occurred during the 1988 uprising; law and order
had collapsed and in consequence, treasure hunting and looting spread widely as an illegal
occupation. Bagan is a victim of treasure hunting that contributed to one of the management
issues, alarming the responsible authorities to promote security linked with a monitoring
strategy in collaboration with local community, pagoda trustees and stakeholders and
non-governmental organizations.
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Past conservation history
Stadtner and Freeman (2005) mentioned that Bagan has been described as a field of merit
that has provided Buddhists for a millennium with the opportunity to perform the meritorious
deed of constructing a religious building in order to be guaranteed an improved state in
the next stage of the process of rebirth that is among the core of Buddhist beliefs. Several
monuments were maintained and repaired by traditional methods over prolonged period
that is correlated with merit making. Bagan often fell victim to earthquakes as it stands on
Sagaing fault, which constitutes one of the major threats affecting the monument. They have
been recorded in Upper Myanmar, along the Sagaing fault line which in part affects Bagan,
in the years 1174, 1211, 1286, 1298, 1372, 1380, 1485, 1644, 1768, 1744–5, 1777, 1838,
1948, 1956, 1965, 1967, 1975 (Than Tun 1996a) and 2016 CE.
Conservation and repair works have been continuous over a prolonged period at Bagan.
Occations of repair and restoration have been recorded in the years 1212, 1223, 1260,
1299, 1317, 1356, 1361, 1373, 1386, 1401, 1429, 1432, 1434, 1442, 1448, 1449, 1454, 1462,
1469, 1470, 1480, 1485, 1495, 1503, 1513, 1515, 1517, 1527, 1544, 1569, 1571, 1572, 1575,
1584, 1588, 1593, 1603, 1606, 1611, 1613, 1619, 1623, 1624, 1625, 1626, 1639, 1640, 1669,
1677, 1733, 1735, 1759, 1769, 1771, 1778, 1784, 1790, 1791, 1794, 1817, 1820, 1825, 1839,
1847, 1867, 1891, 1906, 1928, 1929, 1965, 1975 (Than Tun 1996b), and between 1996
and 2012, and following the 2016 CE earthquake. (UNESCO WHC 2019) Historical and
epigraphic evidences such as ink and stone inscriptions and palm-leaf manuscripts provide
the maintenance activity as an important practice of merit-making. For instance, it includes:
repairs to the Nagayon Temple by a monk are noted in an inked inscription of 1509 CE
(LIB no. 1045), building of a pagoda and monastery by the Governor of Bagan in 1402 CE
(LIB no. 848), a monk and his disciples dedicated a canopy over the Buddha image at the
Nagayon in 1648 CE (LIB no. 1104), repairs of the Dhamma-yazika (IMP 947) took place in
1671 CE (LIB no. 1107), placing of a new hti on the Shwe-zigon and rededication of lands
by King Hsinbyushin, in 1768 CE (LIB no. 1128), and the copying of Anawrahta’s inscription
on Tantkyi Hill and the rededication of offerings dedicated before (LIB no. 1102). (UNESCO
WHC 2019.)
Natural decay, environmental factors including earthquakes, flooding, excessive rain and
growth of rooted plants on the monuments, has caused considerable damage at times.
The past modern restoration history can be classified into 3 major phases: the post 1975
earthquake rehabilitation phase, the rebuilding and reconstruction program between 1996
and 2012, and the following 2016 earthquake rehabilitation phase. Due to 1975 earthquake, the extent of damages varied from loss of masonry or elements to structural disintegration. Some monuments were almost intact, many were partially collapsed and a few
were completely dilapidated. Emergency measures and temporary protection from further
damage were carried out in earthquake response and the following restoration program
was conducted with the help of technical assistance from UNESCO and UNESCO-UNDP
projects. A huge donation scheme was introduced at Bagan between 1996 and 2012 and
contributed to the reconstruction of monuments damaged by 1975 earthquake. This action
included two distinct processes. Firstly, the restoration of missing or collapsed parts,
especially the spires and finial and pediment, sometimes it meant rebuilding the partially
collapsed or partly ruined temples and stupas. Secondly, the reconstruction of new structures on unexcavated mounds or exposed remnant base. That restoration program was
controversial in term of technique and material used. In Myanmar, although restoration

NKF X XII CONGRESS OCTOBER 21–22, 2021

156

authors: yamin htay & Thar apHy Aung

refers to the process of removing damaged parts or repairing the existing components
into original appearance without replacing the new materials, new construction materials
including various size of bricks, cement and R.C beams were constructed on monuments
with less than half of the original structure remaining without knowing the authenticity of the
monuments. The following 2016 earthquake rehabilitation campaign has been conducted
on various degrees of damaged monuments in collaboration with local and international
experts and organizations.

Current conservation measures being undertaken on Bagan monuments
The Department of Archaeology and the National Museum (DANM) is the mandated institution to safeguard and manage the cultural heritage and site while carrying out the restoration as well as rehabilitation of built heritage in Myanmar. Conservation projects in Bagan
have been initiated since after the heavy damage caused by the 1975 and more recent 2016
earthquakes. Conservation activities undertaken at the conservation section of the DANM
largely focuses on routine monitoring, minor repairs, basic maintenance including fencing
around the structure or installation of iron grills at entrances to prevent the entry of animals
and birds, the eradication of rooted trees on the monuments, strengthening of monuments
and emergency interventions in compliance with monitoring outcome. Concerning minor
repair, it can be identified as concealing small cracks with lime mortar, edging on the
surface of flaking plaster and pointing between two bricks to make a strong bonding.
Approximately 500 monuments were decorated with mural paintings on walls or vaults
inside the monuments in addition to plaster, stucco mouldings in the exterior and glazing
plaques in order to prevent water infiltration. Conservation of monuments at Bagan can be
classified into two categories: chemical conservation and structural conservation. Chemical
conservation includes fixing detached preparatory layers mainly by injecting grouts, consolidating powdery plasters employing consolidates, and providing temporary supports by
adhering bandages or facing sections of painting or stuccoes in a precarious condition.
(UNESCO WHC 2019) On the other hand, structural conservation includes consolidation of
dislodged masonry, grouting and sealing the cracks, strengthening of RCC beam at ground
levels and upper stories, confinement with steel, RCC belting or carbon fibers at cornices,
terraces, dome, square tower or sikhara, propping buttresses of steel or wood at inclined
or deformed parts, replacement of stone orbrick work and removal of additional parts that
are incompatible with original fabric, and topping lime concrete slab on terraces for water
proofing.
Learning from past experiences like the 1975 and the recent 2016 earthquakes, inappropriate interventions using cement or rigid materials have been rectified recently in order
to prevent the huge destructive damage by upcoming severe earthquake. After the 2016
earthquake, a conservation guideline was developed with the help of local and international
experts from UNESCO in close collaboration with the Department of Archaeology and the
National Museum. This includes recommendations on various levels of intervention while
mainly pointing out “minimal intervention and maximum protection”, from minor repair to
major reconstruction wherever appropriate, as well as the selection of suitable materials
and building techniques ensuring non-intrusion on original fabric. Gold gilding or re-gilding
the structure, and putting umbrellas surmounting the spires and reconstruction of missing
parts in damaged monuments, especially in bell-shaped dome or sikhara and finial, contributed to the “overall integrity of the monument”. Such evidence is part of the ritual practice
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of local community enhancing the living character of monuments, which poses a long term
challenge for monument conservation at Bagan.
Conservation guideline classified monuments into two types: active and inactive. The former
stands for monuments having the continuity of traditional beliefs and religious practice by
local society whereas the latter are those not having the continuity of traditional beliefs and
religious practice by local society. Depending on types of monuments, it clearly highlights
the conservation practices on whether damaged rebuilt parts of inactive monuments
should be removed carefully, ensuring that the remaining historic fabrics are retained
and conserved, not allowing restoration for any removal parts so it can be concluded as
minimum intervention. Meanwhile, for deliberately rebuilt parts of active monuments, restoration or replacement is allowed using similar materials of historic quality, of a chemical and
physical composition and workmanship that has no negative impact on cultural significance.
Conservators have to conduct restoration and rehabilitation of monuments in line with the
monument type and grading, degree of damage and priority according to the conservation
guideline, in collaboration with technical experts when necessary.

Assessment of monuments and monitoring
Assessment of monuments and monitoring plays a pivotal role in further comprehension
of conservation of monuments and artifacts which will contribute to develop an efficient
conservation management plan. The aim of condition assessment and monitoring is to
detect the damage or other factors affecting the monuments in order to assist decision
making about the level of intervention (emergency, urgent, necessary or neglect) to protect
appropriately in good time. In the western conservation world, advanced techniques and
tools have improved in recent years and are widely used in documentation and monitoring
cultural heritage such as cathedrals, castles and very high statues. These monuments
are extremely difficult to assess by manual observations and measurement. Especially
monitoring and damage assessment with visual inspection based on high quality aerial
photos by remote control, Unmanned Aerial Systems (UAS), and conventional 3D modeling
techniques with a photogrammetry application , and laser scanning are used. The
techniques are basically the same for detection of cracks, degree of deformation and extent
of damaged parts, as well as recording the damage dimension and previous interventions.
In the case of the Bagan cultural heritage site, monuments are the most dominant attributes and a huge number of these are in need of monitoring. Once monitoring is the routine
activity, it is necessary to identify the frequency of monitoring depending on the significance
and value of the monuments. With the help of UNESCO, they have been categorized in
line with their age, historical, archaeological, architectural and aesthetical value: Grade
I- outstanding monument, Grade II- exceptional, Grade III- important, Grade IV and Grade
V monuments respectively prioritized for monitoring. Regarding damage assessment of
monuments, several damaged monuments were set up with crack monitors for monitoring
the extent of cracking, and infrared tools for detection of moisture and thermal expansion to
assist further conservation measures. The basic monitoring method widely used in Bagan
is visual based investigation by know-how engineers or architects without any support
of tools or techniques but using a monitoring card linked with File Maker Pro developed
by the Lerici Foundation funded by the Italian Government. With the assistance of this
database, indicators can be produced to prioritize the monuments that might need conservation treatment. Apart from the DANM staffs monitoring, there are 14 monuments that are

NKF X XII CONGRESS OCTOBER 21–22, 2021

158

authors: yamin htay & Thar apHy Aung

under the supervision of the Temple Trustees who are also responsible for monitoring their
monuments and reporting to the DANM on impacts or threats the monument is facing.

Recommendation and research proposal
This section presents the conservation projects conducted by international organizations
and a review on current conservation measures. International interest has increased and
bilateral or multilateral cooperation projects, especially on research and conservation of
cultural heritage have accelerated in Bagan from the 2016 earthquake onwards. The Indian
government has supported the comprehensive restoration of the Ananda Temple while the
Chinese government is working on That-byin-nyu Temple. There are ongoing pilot projects
dealing with the conservation of monument and its artifacts conducted by UNESCO, the
Getty Conservation Institute, the Archaeological Survey of India (ASI) and the Japanese
National Research Institute for Cultural Property (Tokyo), the Korean Cultural Heritage
Foundation, the Italian Development Cooperation Agency and the German Federal Foreign
Office in close collaboration with the Department of Archaeology and the National Museum
of Bagan. Thanks to pilot projects conducted by international organizations or foreign
government agencies, the capacity building of local staffs and artisans has improved by
a strong component of training or technical support provided by those organizations. For
instance, the Ananda Temple restoration work is a 9-year pilot project in which local workers
and masons were employed in collaboration with conservators from the DANM and India,
promoting the capacity building of local staff who are currently used in current conservation
measures of monuments as skilful labourers. Moreover, on-job training of documentation
and damage assessment of monument were given by UNESCO, and as a result the DANM
staff gained basic knowledge of photogrammetry, surveying, processing of laser scanning
and drone photography, 2D and 3D drawing, modelling and data processing linked with GIS
platform.
A growing number of projects on monument conservation by local and international organization, the government authority initiated setting up the frame work to address conservation
issues. As a result, the Technical Expert Team (TET) under the direction of the Ministry
of Religious Affairs and Culture was established with interdisciplinary experts including
structural engineers, architects, geologists, archaeologist who regularly convenes to help
monitor and provide technical support or recommendations for rehabilitation and restoration work of brick monuments by DANM or international institutions. Experts from TET
are not acquainted with stone monument conservation because there are only two standing
stone monuments in Bagan, so they cannot give technical advice or recommendation on
restoration of stone monuments by an international standard. This points out the lack of
chemical engineers or chemists working on stone which is one of the issues that need to be
addressed.
The condition of conservation practices being undertaken by the DANM has improved,
while others still need developing with a research point of view. Once cement has been
extensively used in previous restoration work but it has been rectified since 2012. The main
challenge is lack of research and analysis on recent intervention such as strengthening
work of R.C beam insertion which is an irreversible technique and not compatible with
conservation guidelines and charters. If we omit RC beams, which replacing material
and technique is most suitable? Another challenge in restoration of active monuments is
the connection or cohesion between the old component and new one that is highlighted
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when earthquake occurs. Although on-job training in conservation and documentation
of monument is given by various international institutions, the expertise of staff is not
developed as expected because of insufficient equipment or tools for documentation
and damage assessment, as well as practice on specific monuments. Besides lack of
equipment, there is also lack of a well-equipped laboratory in Bagan for material analysis
and further research.
All in all, extensive research is in high demand to realize the structural character and
reaction analysis of the monuments through comprehensive damage assessment mainly
conducted by DANM staff with the help of experts from Technical Experts Team. Although
faulty conservation measures has occurred, the archaeologists, architects and heritage
experts cannot effectively perform preventive measures and remedial actions against these
improper conservations or renovations because of the military government. Maintaining
cultural values is at stake when it comes to struggling for a compromise among systematic
conservation, veneration backed by traditional belief and renovation at times emerging from
an act of power play. Public awareness, policy-making and political conditions play pivotal
parts in driving towards systematic and sustainable conservation practices in Bagan while
ensuring a safe continuity of Buddhist accepted norms regarding monuments.
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Abstract
Around 30 years ago, a consolidation treatment method for distemper paint decorations using sturgeon glue was developed by the Directorate for Cultural Heritage and the
Norwegian Institute for Cultural Heritage Research. The method has been in use since then
and remains favourable. Based on an evaluation of previous consolidation treatments, the
Sturgeon-Glue Project was initiated in 2014 to find out how the sturgeon-glue consolidation
treatment would affect distemper paint structures.
Different analytical techniques, such as enzyme-linked immunosorbent assay (ELISA) and
immuno-fluorescence microscopy (IFM), have been undertaken to provide some answers.
We have detected unspecific collagen in the paint structures, although we have been unable
to find the specific animal collagen used as the binding medium. Ovalbumin from egg has
been detected as an additive but only in a medieval paint structure.
By reviewing past and present consolidation treatments and performing multiple analytical
techniques, we have found that problematic areas might be related to thick paint structures, strong binders in the original paint and pigments that variously ”quenched” the
binder and the glue. The sturgeon glue is unevenly dispersed in the structure and is not
evident between the wooden support and the paint layer. Future analytical techniques are
suggested to completely understand the challenges of consolidating distemper paint.
Keywords: Distemper paint, matt paint, consolidation, analysis, sturgeon glue, ELISA.

Introduction
In many Norwegian churches and private houses, one can see interior decorations made
of distemper paint. This decorative paint dates back from the medieval period to the early
19th century. The oldest preserved distemper decorations are found in Torpo, Heddal and
Nore stave churches, among others (Solberg 1997; Weisser-Svendsen 2007). The paint has
animal glue as its main ingredient and is water soluble, both in making it and after drying. The
additional ingredients and recipes vary due to the preferences of the painter, geographical
variations and the availability of products. The decorations have a matte finish and are
vulnerable to moisture and changes in indoor climate. Therefore, the choice of the consolidation medium is dependent on the right properties to contribute to a successful result.
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A comprehensive registration of distemper paint in Norwegian churches was undertaken in
1984 by the Directorate for Cultural Heritage (DCH) (Brænne and Havrevold 1984), followed
by an updated overview in 2011 by the Norwegian Institute for Cultural Heritage Research
(NIKU) (Olstad and Kaun 2011). One of the most important findings in 1984 was the expressed
need for treatment of loose paint. This revealed the lack of knowledge and experience in how
to undertake an ideal treatment for distemper paint decorations in churches.
The main research question after the registration in 1984 was to find a consolidation material
for matte distemper paint that would not alter the paint structure or the surface appearance.
Other key factors were avoiding water stains between treated and untreated areas, as well as
finding a consolidation material that would not pose a health risk, would be practical to use in
situ and could be applied in unheated buildings (Solberg and Olstad 1994). These questions
were raised in addition to the standard ethical requirements for conservation treatments.
After testing, sturgeon glue has become the preferred and the most frequently used material
for treating loose distemper paint1 since the 1990s, as shown in a considerable number of
reports. During treatment, other questions arose, as follows: How does the treatment affect
the paint structure? Where is the consolidation material located within the paint structure?
Can excess consolidation material be removed successfully?
In the late 1990s, the Conservation of Medieval Paintings on Timber through European
Co-operation (COMPOTEC) Project thoroughly investigated the properties of sturgeon glue
(Solstad 2002). In 2014, the Sturgeon-Glue Project was initiated by the DHC and NIKU
after a thorough condition assessment of previously treated distemper paint decorations
discovered undesirable conditions in some areas.2
Due to the many factors to consider when choosing a consolidation treatment, the
Sturgeon-Glue Project set out to define some of the parameters that would be important
for the successful consolidation treatment of distemper paint in stave churches. This has
proven to be a difficult task, given the vast number of relevant parameters, for example,
temperature and relative humidity (during conservation and in normal use), heated/unheated
churches, painting technique, binding medium, pigments used, additives, past treatments
(often unknown), changes in consolidation methods from 1990 to the present, and wear and
tear due to rubbing and the increased number of visitors.
As part of the project called The Sustainable Management of heritage Buildings in a
Long-term perspective (SyMBoL Project)3 commenced in 2018, an array of analyses has
been undertaken to broaden the knowledge about distemper paint decorations in Norwegian
stave churches. The research results have not been published yet.
1

Isinglass and sturgeon glue both refer to the glue made from the bladder of the sturgeon fish. In this paper,
we use the term sturgeon glue. The definition of consolidation follows the Standard NS-EN 15898
(2011: 11): Stabilisation, improvement of internal cohesion or mechanical stability, usually by adding
material. In this article, the focus is on the properties of the actual added material.
2 Tone Marie Olstad, researcher and paintings conservator at NIKU, was the key person initiating this project.
Olstad was project leader in the period 2014–2018. Anne Apalnes Ørnhøi has been the project leader since
2018.
3 SyMBoL is a project that aims to develop a better understanding of climate-induced risks for stave churches
and ultimately, to improve environmental risk management. Here, the project has also incorporated
research on the stave churches’ distemper paint. The partners in the project are the Norwegian University
of Science and Technology (NTNU-MTP), the Norwegian Institute for Cultural Heritage Research (NIKU),
Jerzy Haber Institute of Catalysis and Surface Chemistry, Polish Academy of Sciences (PAS) and the Getty
Conservation Institute (GCI). Website: https://www.ntnu.edu/symbol
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Due to these challenges, in this paper, we aim to provide an overview of past and current
treatment methods and hopefully answer this question that was already raised in the 1990s:
How does the sturgeon-glue treatment affect the paint structure? We do so by means of the
following objectives:
1

Present the distemper painting technique and provide an overview of the treatment
history of distemper paint in Norway.

2

Present the results of our analysis on the binding media and the presence of sturgeon
glue in treated paint structures.

3

Discuss the results in the light of the distemper painting technique and treatment
history.

Background
The distemper painting technique
Distemper paint was probably applied warm, and the paint dried fast, leaving little time for
adjusting or using a wet-in-wet technique (Fig. 1). The painter or painters often started to
paint by applying a light base layer on the wooden support. There are traces of sketching
the motif on the ground, which indicates that the painter either knew the chosen motif well
or that the decorations were copied. The application of the local colour was followed by
applying the contours (Fig.1). The painting technique followed a certain logic propulsion; for
example, the painter worked from top to bottom to hide spills, and when painting the details,
the same colours in the same area were painted while the batch was fresh (Olstad 2016:
74). The painter had to work fast, layer by layer. Because of the needed fresh mixture of
distemper paint, the painter could possibly have mixed smaller batches of paint at a time.
Here, a variety of paint medium strength concentrations might have occurred, which could
be the reason why the same colours in different areas differed in glue concentrations. One
can see some flaking of paint related to specific colours (Fig. 2). Therefore, it might have
been caused or amplified, either partly or, by the inherent characteristics of the paint itself.
A too strong concentration of glue could cause flaking and cupping of the paint, as indicated
in Hopperstad and Nore stave churches (Solberg 2004: 4; Berg 2011: 8).
Overview of the national consolidation treatment history of distemper paint
The materials used for consolidating loose paint are often not thoroughly described in older
reports, for example, for the consolidation of loose paint in Gol stave church, done in 1948,
where the used material was described as ”a mixture of glues” (Johansen 2013, personal
communication). One of the earliest pieces of data on the consolidation materials used in
distemper paint referred to the 1939 treatment (with chondriniii and gluten) of the medieval
canopy of Torpo stave church (Stein and Matheson 2007: 3). We know that rabbit skin glue,
casein, wax and linseed oil have been used, without achieving a good consolidation with no
change in the paint structure and aesthetics (Olstad and Solberg 1998: 122). Residues on
the surfaces indicate the use of gelatine in the 1940s and the 1950s (Stein and Matheson
2007: 3; Wedvik 2008: 19; Berg 2011: 9). In the 1960s and the 1970s, synthetic materials,
such as soluble nylons, were tested and used for the consolidation of distemper paint
decorations (Brænne 1982; Plahter 1997). From the late 1980’s, sturgeon glue has been the
preferred material (Olstad and Solberg 2001: 40).
In a series of tests undertaken in 1992 at the DCH, an array of consolidation materials was
regarded as interesting due to the unaltered paint surface and the avoidance of aesthetical
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Fig. 1. Details of distemper paint in Uvdal church. (Photo: Kjersti M. Ellewsen, DCH, 2020.)
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Fig. 2. Monitored area in Nore stave church where flaking paint has
recurred multiple times after being consolidated. (Photo: Nina Kjølsen
Jernæs, NIKU, 2020.)

changes caused by the drying of the glue. Paraloid B-72, Klucel EF and L, Plextol B 500
and sturgeon glue were tested (Olstad 1992: 6; Solberg and Olstad 1994: 123). In all
the tests, each material dried as a matte surface; the Klucels darkened the surface the
most, followed by Plextol and Paraloid B-72. Additionally, sturgeon glue was thoroughly
investigated during the COMPOTEC Project, whose results also favoured sturgeon glue
as a consolidation material suited for the conservation of distemper paint decorations
(Solstad 2002). Methyl cellulose has also been proven to fulfil the demands of a suitable
consolidation material, being re-treatable in the future and not changing the aesthetics.
However, methyl cellulose has not been in use for a long time in Norwegian distemper paint
decorations.
The application method developed around 30 years ago for sturgeon glue consolidation
involved brushing sturgeon glue (at approximately 40°C) on the surface through the
Japanese paper type Bip Tengiuo 11 g/m2 (Fig. 3). Excess glue is absorbed through
the Japanese paper. The Japanese paper is then removed slowly by peeling it off before
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the glue starts to dry. Excess glue can be removed multiple times to achieve a gluefree surface. Raking light is used for checking the presence of excess glue on the
surface.
Earlier analytical techniques on distemper paint and sturgeon glue
Prior to the presented results in this article, a limited number of scientific examinations have
been performed to determine any chemical evidence on the materials used in Norwegian
distemper paint decorations. Thus far, analyses of the binding media have shown the use
of animal-based collagen and additives in the form of egg, casein and oil (Olstad and
Solberg 1998). No additives have been found in only one sample out of ten (Olstad and
Solberg 2001). Soppa et al. (2014) conducted analytical research on the adhesion and the
penetration of sturgeon glue and gelatines. The tests were performed on dummies with oil
paint, not distemper. The test showed that sturgeon glue penetrated less into the structure
at 28°C compared with 40°C (Soppa et al. 2014: 7). However, the lower concentration of
sturgeon glue at 3 % was too weak to be measured for bonding strength, but a 5 % concentration was measurable (Soppa et al. 2014: 7).

Analytical techniques, 2014–2019
The analyses under the Sturgeon-Glue Project within the period 2014–2019 were carried
out in the Department of Conservation and Restoration at Stuttgart Academy of Art and
Design and in the Centre for Art Technological Studies and Conservation (CATS) in

Fig. 3. Consolidation of distemper paint in Ringebu stave church. (Photo: Anne Apalnes Ørnhøi,
NIKU, 2010.)
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Copenhagen. The NIKU contacted both institutions concerning our need for a method of
detecting previously used protein-based consolidation materials in paint layers. Fourier
transform infrared spectroscopy mapping in attenuated total reflectance (FTIR-ATR),
spot-testing for proteins and oil, and scanning electron microscopy/energy dispersive
spectroscopy (SEM/EDS) analysis were undertaken by the CATS in Denmark. The analyses
undertaken in Stuttgart Academy concerning the enzyme-linked immunosorbent assay
(ELISA) and immuno-fluorescence microscopy (IFM) proved to be efficient attempts.
Fourier transform infrared spectroscopy mapping in attenuated total reflectance
(FTIR-ATR)
The samples were analysed with a Bruker Tensor 27® spectrometer coupled to a
Hyperion® 3000 microscope equipped with a focal plan array (FPA) detector. ATR measurements were performed using a Ge crystal with a refractive index of 4.01, which has an anvil
design with an 80-µm tip. The lowest contact pressure level available (0.8 N) was used for
all measurements. With the FPA detector, measurements were obtained in the 3600–900cm-1 range, with a 4-cm-1 resolution and 64 scans (CATS 2015).
Spot-testing for protein and oil
In spot-testing, the presence of protein was detected by pyrolysing a small part of the
sample material in a capillary tube, which was achieved by creating a colour reaction
between the pyrolysate and the indicator p-dimethylaminobenzaldehyde. Drying oil was
detected by an alkaline saponification test, performed by adding a drop of a 1: 1 mixture of
hydrogen peroxide (30 %) and ammonia water (25 %) to a sample particle. If the binder is
saponified, a spread of foam is formed, which is stable for at least 15 minutes (CATS 2015).
Enzyme-linked immunosorbent assay (ELISA) and immuno-fluorescence
microscopy (IFM)
ELISA is one of the most widely used immunological techniques in biotechnology for
the identification of proteins, among others. It is based on the specific reaction of target
molecules and antibodies. The latter binds specifically to the antigens and forms an antigenantibody complex. The application of the indirect ELISA method leads to the amplification
of the detection indicator that reflects an increase in the assay’s sensitivity. The unlabelled
primary antibody binds to the antigen, and the enzyme-conjugated secondary antibody
binds to the primary antibody. Thus, the primary antibody acts as an antigen (target
molecule) for the secondary antibody (Krekel and Schultz 2017a: 2).
By labelling the secondary antibodies with an enzyme that creates a coloured reaction
product (detection indicator), this antigen-antibody complex can be visualised and
measured. A positive response for a target molecule (e.g., a specific protein) is visualised by
a change of colour (e.g., from colourless to green) and measured by its optical density (the
amount of light absorbed) using a spectrophotometer.
Each sample was extracted in an aqueous buffer solution and tested for collagen
(unspecific), fish collagen (unspecific), sturgeon collagen (specific), ovalbumin, casein
and gums (unspecific) to detect different possible proteinaceous binding medias.
This ELISA protocol cannot be used for quantitative measures. Additionally, each antibody
has a variable response to its antigen, which also results in a variation in colorimetric
response relative to concentration. This ELISA protocol was designed to definitively
confirm the presence of those proteins and/or gums that were part of the assay screening.
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Ultimately, this means that the intensity of the colorimetric response does not indicate a
direct correlation to antigen concentration (Krekel and Schultz 2017a: 1–3).
To locate the sturgeon glue within the stratigraphy, cross-sections were prepared, and
IFM was applied to the samples. With IFM, detection is achieved by using a fluorescence microscope and secondary antibodies that are conjugated to a fluorochrome. Upon
excitation with light at a given wavelength, the fluorophore emits light at a wavelength
that is proportional to the energy released after excitation. The fluorochrome used in this
study was excited with blue light (490–495 nm) and emitted a green signal (520–530 nm).
Thus, following antibody treatment, the sample is imaged using a microscope that can emit
and detect light at specific wavelengths. When IFM is used for artwork samples, its main
drawbacks are swelling of layers, washing out of materials, autofluorescence of materials
and accessibility of the proteins/gums on the cross-section surface. Therefore, IFM should
only be used in combination with ELISA analysis (Krekel and Schultz 2017a: 3–4). In part
three of Krekel and Schultz’s (2019) analysis, the cross-sections were, in addition to the
IFM, stained with Sypro™ Ruby, a fluorescent stain for proteins in general. Sypro™ Ruby
can distinguish neither between the proteins and their origin nor between original and later
additions. However, the methodology can detect and place proteins in a cross-section
(Krekel and Schultz 2019: 2).
Scanning electron microscopy/energy dispersive spectroscopy (SEM/EDS)
SEM/EDS is a well-known method of elemental analysis of paint samples. In SEM/EDS, a
sample is bombarded with an electron beam. From a spectrum of the X-rays, the elemental
composition of a sample can be observed. By EDS, all elements with a higher atomic number
than that of boron can be detected. The equipment allows low ”maps” of the distribution of the
individual elements in a specific area of the sample. Two types of images can be recorded in
SEM; secondary electron images provide information about the shape of the surface, while
backscatter images provide information about the elements in the sample (CATS 2015).

Results of the analysis of binding media and consolidation materials, 2014–2019
As part of the first analysis undertaken in the Sturgeon-Glue Project, spot-testing, FTIR-ATR
and SEM/EDS were executed by the CATS to find binders and adhesives (Appendix 1). In
total, 27 samples from six stave churches were analysed.4 Spot-testing by the CATS showed
the presence of proteins, with drying oil as an additive in five out of eight tested samples
from five stave churches. Several cross-sections were made, and SEM/EDS analysis
was performed (CATS 2015). FTIR-ATR did not produce any results in terms of mapping
the detection of proteins or drying oils due to extremely low concentrations (CATS 2015).
Additional analysis was conducted for the detection of pigments and hence, outside the
scope of the requested analysis.
For the second part of the Sturgeon-Glue Project, ELISA and IFM analyses were implemented. In total, 16 samples were analysed with ELISA and 12 samples with IFM. The
samples were taken from five stave churches,5 and all samples had been treated with
sturgeon glue (2–3 % solution) between 1992 and 2009. Additionally, parts of the interior
of Heddal stave church might have been treated with gelatine in the 1950s. Samples were

4
5

Eidsborg, Flesberg, Heddal, Nore, Ringebu and Uvdal stave churches
Eidsborg, Heddal, Nore, Ringebu and Uvdal stave churches.
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taken in challenging consolidation areas, within a range of the pigments used and different
layer structures. The analysis was undertaken in three stages due to the uncertainty of
finding the correct technique that could detect such small amounts of adhesives. In stage
one, six samples were analysed with ELISA, while IFM was applied to one sample. In
stage two, six additional samples were analysed with ELISA, while IFM was applied to four
samples. In stage three, eight samples were analysed with ELISA, while IFM was applied to
seven samples.
Identification of a collagen without the detection of fish collagen or sturgeon collagen
means that other types of unspecific collagen are used in the distemper paint or as consolidation materials (Appendix 2). An unspecific collagen might be animal collagen. Unspecific
collagen was detected in all samples but with a weak signal in sample #R1 from Ringebu
stave church and in sample #E7 from Eidsborg stave church (Krekel and Schultz 2019:
5–6). The protein staining with Sypro™ Ruby showed the presence of proteinaceous binding
media in all analysed samples (Table 1 and Figs. 3–9). This corresponds to the results of
the ELISA analysis.
Regarding additives in the binding medium, ELISA detected the presence of ovalbumin in
samples taken from the decor in Heddal stave church (Fig. 4). Ovalbumin is a protein found
in egg. No casein or gums was found in any of the samples analysed with ELISA (Krekel
and Schultz 2017a: 2; Krekel and Schultz 2019: 2).
Concerning the detection of consolidation materials, all samples contained collagen, fish
collagen (specific) and sturgeon glue. All three collagen types were analysed to identify the
precise collagen type, where a detection of both fish and sturgeon collagen supports the
presence of sturgeon, while a detection of fish collagen without the detection of sturgeon
collagen only indicates the general presence of fish collagen (All sturgeon collagen is
collagen, but not all collagen is sturgeon collagen) (Krekel and Schultz 2017b: 2). Sturgeon
collagen was unambiguously identified and located in the samples from Heddal stave
church (samples #H3–4); however, they showed differences in penetration, where the
sturgeon glue in sample #H4 had penetrated farther than in sample #H3. Nonetheless,
in both cases, the consolidation medium did not appear to reach the wooden support. In
samples #U2 and #N6, the results were unclear. Sample #U2 only showed a very weak
fluorescence on the edge of the uppermost layer, and in sample #N6, the finding could not
be interpreted due to the autofluorescence of the wood.
All samples analysed with IFM revealed the presence of sturgeon glue used in recent conservation treatments. Some indicated that the detected sturgeon glue was linked to specific
pigments, such as black (sample #E5; Krekel and Schultz 2017a). In sample #H3, it seemed
that the black paint layer suppressed the fluorescence. In artworks in general, the IFM results
are not as clear as they normally are in other types of samples. This is due to the antibodies’
difficulties in binding to a two-dimensional surface as a cross-section. Additionally, there
might be disturbing and/or destructive swelling of layers, washing out of materials and
quenching of pigments (Schultz, personal communication 18 November 2019).

Discussion
Following the substantial condition assessments in Norwegian churches that highlighted
the need for consolidation of distemper paint wall decorations, we needed to understand
how consolidation materials, especially sturgeon glue (the consolidation medium found to
be most preferable), affected the paint structure. To answer the question of how sturgeon
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Fig. 4. Decorations in the chancel in Heddal stave church, where the medieval decorations lie underneath the 17th-century decorations. (Photo: Kjersti M. Ellewsen (DCH 2020.)

glue would affect the paint structure, ELISA and IFM analyses produced the most detailed
results, indicating both the origin of the binding medium and the presence and location
of the consolidation medium. The samples taken from consolidated areas showed the
presence of sturgeon glue.
The identification of collagens other than fish or sturgeon relates to animal collagen.
However, here, we do not know if this is from the binding media or gelatine from a previous
conservation treatment, for example. Animal collagen was present in all 16 samples
analysed by the ELISA method. When the ELISA analysis was performed (2017–2019),
no antibody for calf collagen was available. The use of calf hides as a binding media for
distemper paint is known through old written sources (Olstad 2016: 85) and would be
essential to investigate in future analysis. Using IFM on artworks is still at the starting
point, with the need for further research. Spot-testing for both sturgeon and calf has been
proposed to find out where the original binding media would be present in the paint structure
compared with the consolidation materials. So far, there are only possibilities for using one
fluorescent marker at a time in each cross-section.
In problematic areas in need of re-treatment within 5–10 years, it has been suggested that
sturgeon glue might not be present in the paint structure; when removing excess glue, a
huge quantity of the applied glue is extracted. The findings reject the assumption that the
absence of a consolidation material is the reason for loose paint in already consolidated
areas. However, some of the IFM analysis detected a limitation of sturgeon glue in the
absorbance of the paint, and the sturgeon glue had not reached the area between the wood
and the ground layer. The Sypro™ Ruby protein staining detected protein in all samples.
However, Sypro™ Ruby can distinguish neither between the proteins and their origin nor
between original and later additions (e.g., sturgeon glue applied as a consolidation material).
Thus, the protein staining produced too unspecific results for further understanding of the
content in the paint structures.
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IFM analysis offered the possibility to see the location of sturgeon glue within the paint
structure, although it did not generate as clear results as hoped for. Ideally, we want the
consolidation material to be present in the whole paint structure and down to the wooden
support, enabling attachment of the loose and flaking paint. When the presence of sturgeon
glue is especially linked to black pigments, this enhances the understanding about different
pigments that need varying amounts of the binding medium – we can therefore expect a
difference in impact when adding more consolidation materials to the structure. However,
we do not know yet how this affects the structure.
In Uvdal stave church, where the paint layers are thin and with fewer structures, the consolidation treatment applied in the early 1990s remains in good condition, yet thicker paint
layers and problematic areas do not produce positive results after re-treatment. Monitoring
distemper paint over the decades shows recurring flaking paint in the same areas, mainly in
those areas with several paint layers. It is still uncertain why this occurs. Hence, the analysis
showed differences in the presence of sturgeon glue within the paint structure. A reason for
this might be the painting technique or the used pigments that quench the binder and the
glue in various ways.
The penetration of the consolidation material might also be influenced by the temperature
of the glue, as indicated by the tests performed by Soppa et al. (2014: 5–7). Often, the
temperature of both the consolidation material and the surface can be an issue; when
working in unheated churches, certain parameters are difficult to control and measure.
The consolidation material might be around 40°C in the container, but the temperature
when applied on the (cold) surface is unknown. The tests by Soppa et al. (2014) used three
different dummies, none of them on distemper paint. Regarding the uncertainties due to
consolidation treatments, a dummy test could be a method that would provide a better
understanding of the mentioned challenges.
Multiple applications might need a rigid system for application according to differences in
concentration and monitoring of the temperature in the structure and on the surface in order
to penetrate through the whole structure. This procedure remains to be performed.
Based on the undertaken analytical techniques, we cannot state anything regarding a
possible interference of older consolidation glues when treating the distemper paint with
sturgeon glue.
Methyl cellulose is a product that so far has yielded desirable results in consolidating flaking
distemper paint in Norway. It is expedient to know more about how this material disperses in
the paint structure. However, in the period when the analyses were undertaken (2017–2019),
no antibody of methyl cellulose was available. The presence and the dispersion of methyl
cellulose in consolidated distemper paint would be interesting to investigate further.
Regarding the detection of additives, analyses were conducted to detect the presence of
egg protein, drying oil and casein. Regarding the detection of egg protein in relation to the
Sturgeon-Glue Project, ovalbumin would most likely be found in the distemper paint from
the Middle Ages (MA), as this was only found in Heddal stave church, the only church where
samples that included MA distemper paint were taken. Additionally, no ovalbumin was found
in other samples, which were taken from the 1600s distemper paints only. In contrast, the
addition of egg protein had previously been proven in distemper paint decorations from the
1600s and the 1700s (Olstad and Solberg 1998). This indicates that even if egg protein is
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not detected in five of the six stave churches analysed in the period 2017–2019, egg as an
additive may be present in distemper decorations in other churches.
As mentioned earlier, the analyses undertaken by the CATS in 2015 showed the presence of
drying oil as an additive in five out of eight tested samples from five stave churches. These
findings correspond to the results of Olstad and Solberg’s (1998) study, where four out of
eight samples tested positive for oil. The analysed samples included distemper paint from
the MA, the 1600s, the 1700s and retouching. Most of the samples that tested positive for
drying oil were taken from those areas with distemper paint from the 1600s and the 1700s.
The drying oil might have been used as an additive in the original distemper paint, as part of
an earlier treatment or from the retouching medium.
Casein was not detected in any of the samples. There has been a theory that casein was
used as an additive for distemper paint and could complicate a consolidation treatment.
Based on the samples from the five stave churches, this is clearly not the case, and the
theory is weakened. However, casein additives can still be detected in other distemper
decorations, such as in the analysis conducted by Olstad and Solberg (1998).

Conclusion
Since the 1990s, research projects like COMPOTEC and the ”Sturgeon-Glue project”
have been carried out to examine the properties of distemper paint and the challenges of
consolidation. Nonetheless, many unanswered questions cause uncertainties in undertaking conservation work. Since the 1970s, distemper paint has been treated with a variety
of materials and methods, where sturgeon glue has proven to produce the best results
regarding re-treatability and no or little visual change. For decades, there have been
ambiguities in how sturgeon glue affects the distemper paint structure. When challenging
areas in distemper decorations in Norwegian stave churches recur and need reconsolidation
of loose and flaking paint, we need to know what occurs within the paint structure. Analytical
techniques, including FTIR-ATR, SEM/EDS, ELISA, IFM and Sypro™ Ruby protein staining,
have recently given us some answers. First, these have provided us with additional information on what techniques can produce results in terms of detecting small quantities of
different collagens; ELISA and IFM have detected the presence and the location of sturgeon
glue within the structure of distemper paint samples despite challenges in obtaining good
enough results from IFM on artwork.
Challenges regarding treatment of distemper paint might be deduced from the differences
in painting techniques and thickness of the paint layers, as variations of locations and
uneven dispersions of sturgeon glue within the paint structure after conservation treatment
have shown us. Different pigments that quench the binder and the glue in various ways can
constitute one reason. Surface and glue temperatures both affect the penetration of the
consolidation material, and this might have affected the differences in penetration, as IFM
and protein spot-testing have shown. Future research should focus on finding the types
of animal collagen used as binding media to increase knowledge of the binding media,
improve the IFM for artworks for enhanced readability, detect and locate methyl cellulose
in distemper paint samples and make dummies on consolidated distemper paint for further
tests in order to increase the understanding of the impact of temperature. Only by improving
the analytical techniques will we be able to understand the distemper paint and the
challenges related to consolidation of flaking paint.
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Appendix 1: Results of analyses executed by CATS in 2015
Stave church
Heddal

Ringebu
Flesberg
Eidsborg

Nore

Uvdal
The sample
is strongly
attacked by
black fungus,
(Aspergillus
niger)

Sample

Date

Paint
layers

Top colour

Binding media/ consolidation material
Protein/oil

Heddal 1

Middle Ages (MA), 1600

2

Red

Heddal 2

MA, 1600

2

Brown

Heddal 3

MA

1

Black

Heddal 4

MA, 1600

2

Brown

Heddal 5

MA

1

Red

Heddal 6

MA, 1600

2

Blue/grey

Protein/oil
Protein/ negative for oil

Heddal 7

MA, 1600, retouch

3

Black

Heddal 8

MA, 1600, retouch

3

Red

Ringebu 1

1921

Several

Black on red

Protein/oil

Ringebu 2

1921

Several

Red

Animal glue
Protein/oil

Flesberg 1

1735

Several

White

Flesberg 2

1735

Several

White

Eidsborg 1

1604

1

Yellow

Eidsborg 3

1604

1

Black

Eidsborg 5

1649

1

Red

Nore 1

1655

1

Grey/green

Nore 2

1655

1

Black

Nore 3

1680

1

Yellow/red

Nore 4

1680

1

Black on blue

Nore 5

1709

1

White on red

Nore 6

1709

1

Black

Nore 7

1714

1

Yellow

Nore 8

1714

1

Black on blue

Uvdal 1

1655

1

Red

Uvdal 2

1655

1

Red on black

Uvdal 3

1655

1

Grey

Uvdal 4

1680

1

Reddish-brown on
yellow
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Appendix 2: ELISA, IFM and Sypro™ Ruby results of the analyses in 2017 and 2019

Collagen

Fish
collagen

Sturgeon
collagen

Egg

Protein staining*

Sturgeon collagen

Sypro™ Ruby

Sample#

Year
of
analysis

IFM results*

Description

H2

White and brown paint
layer + wood
Middle Ages, 1600s

2017

x

x

x

x

-

-

n/a

n/a

H3

Black and thin, white paint
layer + wood
Middle Ages

2017

x

x

x

x

-

-

(x)

n/a

H4

Brown paint layer + wood
Middle Ages, 1600s?

2017

x

x

x

x

-

-

X

n/a

H5

Red and thin white paint
layers + wood
Middle Ages

2019

x

x

(x)

(x)

-

n/a

(x)

x

N5

Red, grey and thin white
paint layers + wood
1709 decor

2019

x

x

x

-

-

n/a

X

X

N6

Black paint layer + wood
1709 decor

2017

x

x

x

-

-

-

-

n/a

N7

White, brown and yellow
paint layer + wood
1714 decor

2017

x

x

x

-

-

-

n/a

n/a

N8

White, blue and black
paint layer + wood
1714 decor

2017

x

x

x

-

-

-

n/a

n/a

Casein

Resins
(AGPs)
**

Nore

Heddal

Stavechurch

ELISA*

* -: no detection, (x): positive but weak signal; ambiguous, x: positive detection, n/a: not applied
**Arabinogalactan proteins

(Appendix 2 continues on next page...)
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(Appendix 2 continues from previous page:)

Collagen

Fish
collagen

Sturgeon
collagen

Egg

IFM results*

Protein staining*

Sturgeon collagen

Sypro™ Ruby

Sample#

Ringebu

Eidsborg

Stavechurch

ELISA*

Year
of
analysis

Description

E1

Yellow and thin grey/white
paint layers + wood
1604 decor

2019

x

x

x

-

-

n/a

-

X

E3

Black and white paint
layers + wood
1604 decor

2019

x

x

x

-

-

-

n/a

n/a

E5

Red, black and white paint
layers + wood
1649 decor

2017

x

x

x

-

-

n/a

(x)

n/a

E7

Red, black and white paint
layers; no wood
1649 decor

2019

(x)

x

x

-

-

n/a

-

x

R1

Red paint layer with
ground from 1921; red,
black, white ground and
white paint layers from
1700s + traces of wood

2019

(x)

x

x

-

-

n/a

X

X

R3

Red, black, grey and white
ground from 1921; red
paint layer with ground
from 1700 tallet; no wood

2019

x

x

x

-

-

n/a

x

x

Casein

Resins
(AGPs)
**

* -: no detection, (x): positive but weak signal; ambiguous, x: positive detection, n/a: not applied
**Arabinogalactan proteins

(Appendix 2 continues on next page...)
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(Appendix 2 continues from previous page:)

Collagen

Fish
collagen

Sturgeon
collagen

Egg

IFM results*

Protein staining*

Sturgeon collagen

Sypro™ Ruby

Sample#

Uvdal

Stavechurch

ELISA*

Year
of
analysis

Description

U2

Red, black, and white
paint layers + wood
1655 decor

2017

x

x

x

-

-

-

(x)

n/a

U5

Black and white paint
layers
1680 decor

2019

x

x

x

-

-

n/a

-

X

Casein

Resins
(AGPs)
**

* -: no detection, (x): positive but weak signal; ambiguous, x: positive detection, n/a: not applied
**Arabinogalactan proteins
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The “magic” of magnetism?
The real impact of using magnets in conservation
– ensuring the safety of the art piece and the conservator
Zuzanna Szozda
Conservator, Sn Studio, Brondby Strand, Denmark

Abstract
This paper illustrates the current state of field research and raises awareness for conservators, private collectors and professionals working in museums and art studios, that all
pigments, paints, gilding materials, mediums, supports and all other substances are magnetically active and any use of magnets should be always preceded by a proper analysis.
Magnetic properties of artist’s items are not included in producers’ data sheets, therefore
adequate examination and qualification should be conducted and widely distributed in the
literature on the subject. This would allow researching further the behaviour of selected
pigments, paints and any other relevant element as such and used or distributed on a given
surface under the influence of strong magnetic fields.
The methodology of quantifying the mechanical force acting on a typical paint in tube
caused by a magnet and the method for pigments’ qualitative magnetic assessment by
the use of the same magnet are presented in this paper. The study analysed mechanical
forces arising from the presence of a strong magnet on acrylic paint Prussian blue 566 in
an aluminium tube. The analysis also indicates that the analytical formula typically used for
magnetic force calculations is incorrect for magnetic materials characteristic for art pieces.
Keywords: Pigments, paints, stretching canvas, permanent magnets, relative permeability,
mechanical force, magnetic force, magnetic qualification.

Introduction
Magnetism is a wonderful and for many mysterious phenomenon and strong permanent
magnets are commonly present and used in conservation (Bonnot-Diconne and Coulon
1998; Braun 2001; Stoner 2008 Adsit 2011; Jordan 2011; Etre et al. 2014; Lanceley and
Thompson 2015; Monjeau 2015; Kreutner 2016; Chandler 2018; Spicer 2019;). However,
a real lack of knowledge about the behaviour of pigments, mediums, paints and other
elements exposed to magnets, leaves a long list of unanswered questions (Dunphy 2015).
It is fair to say that the understanding of the implications of use of magnets in conservation is still in its early stages (Spicer 2019). The whole discipline including analytical
methods, conservation approach, material choices and working conditions is changing.
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Implementation of the proper usage of magnetic forces in the world of preservation of
art pieces is a great and unique opportunity to develop new solutions for treatments and
exposition. However, the correct state of knowledge requires research before the given
procedure may be considered safe. Unquestionably all materials are susceptible to the
magnetic influence (Simon 2013) but that does not mean that changes will be quantitatively
noticeable, by for example drawing raw materials near any random magnet (Szozda 2019).
The hypothesis that the magnet will have impact on the substance in question is correct but
the method of such analysis completely wrong.
In an experiment (Szozda 2019), a strong neodymium (Nd) axially magnetized ring magnet
with short poles D100mm/d60mm x 4mm, grade N42 impacts pigments: iron oxide red
natural 48,600 and cobalt blue 45,750. Particles of Fe2O3 and CoAl2O4 in related pigments
are seemingly only slightly attracted by the magnet poles, which might suggest that both
pigments possess similar or even the same magnetic properties. However this is not true,
as the iron oxide red natural is an antiferromagnetic (Simon 2013) substance based on
α-Fe2O3 which shows weak ferromagnetic properties at room temperature (Chen et al. 2012;
Wikipedia 2020 (b)) with a clear hysteresis loop (Figs. 3 and 4) while cobalt blue (Fig. 4) is
in fact a paramagnetic substance (hysteresis loop see Szozda 2020). In conclusion, such
research does not provide enough data to predict the quantity of the substance attracted by
the magnet as far as the involved masses are concerned.
Therefore, further research of currently lacking physical information is required: qualification
of materials used in art as ferromagnetic, ferrimagnetic, paramagnetic and diamagnetic
materials (Simon 2013), mass magnetization curves and hysteresis loops (Moses et al.
2019), magnetic relative permeabilities (Hilzinger and Werner 2013), susceptibilities (Szozda
2020) and so on. Such an updated product data sheets would enable precise modelling
and calculation (FEMM) of the magnetic forces exerted upon any part of the paint layer.
Finally, museums and conservation studios should fully cognize all aspects of the behaviour
of pigments and paints exposed to the influence of permanent magnets, or rather the very
strong magnetic fields they generate.

Conservators’ studio with the new content
Based on literature review, it is safe to state that it will be highly advantageous to enrich
conservation workshops with permanent magnets of appropriate energy density (AIC Group
Wiki 2011–2012). It is only true however, if they are used in a conscious and respectful
way supported by reliable examination. What currently is missing is a scientific view of
occurrence of magnetism in pigments, mixture of pigments, mediums and commercially
manufactured paints. This is important because as mentioned such substances are subject
to the mechanical influence from magnets and their behaviour must be identified. To
calculate such force the active magnetic field H and the magnetic properties of the material
in question are needed. However, the magnetic permeability µr is a measure of materials’
ability to concentrate magnetic flux B or magnetization M (eq. 1 and 2, respectively). Since
even seemingly weakly magnetic pigments can show reactions to the influence of magnetic
fields (Fig. 1) it is only natural that paints do as well (Fig. 2). In the experiment (Szozda
2020), a commercially prepared oil paint Rembrandt “Oxide black 735” in aluminium tube
was adhered against gravity to the rod magnet attesting the mechanical effect but without
the indication of the force of attraction. In the next experiment the mass 51.9 g weighed by
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Fig. 1. Magnetic flux density B=0.59 T (eq. 1) measured by Gaussmeter at a distance of 0.6 mm
below axially magnetized rod magnet D 20 mm x L 25 mm, grade N42 and creating the mechanical
interaction between the magnet and the tube (with wall thickness of 0.26 mm and the spacer of
0.4 mm total) with the acrylic paint: Van Gogh, Royal Talens, “Prussian blue Phth. 566”. (Source:
Szozda 2019.)

scale of acrylic Prussian blue paint 566 in Al tube was checked by dynamometer as 0.5 N
and further evidence is shown also Fig. 9.
Because the acceleration due to Earth’s gravity is 9.81 m/s2, the mass 0.051 kg gives the
proof of the dynamometer accuracy of such test to be better than 3 %. The value of F =
0.9 N on the dynamometer (Fig. 1) indicates this mechanical force (attraction) for Al tube
with acrylic paint Prussian blue Phth. 566 placed 1.2 mm (thickness of Gaussmeter probe)
below the surface of the magnet. However, it does not allow the analytical calculation of the
mechanical permeability of the acrylic Prussian blue Phth. 566 paint, which is presented
later in the text. Prussian blue at room temperature is a paramagnetic substance (Kumar
2005; Wikipedia (c)) and it has the ability to be attracted by a magnet, however it is worth
noting that the paint may consist of many pigments. This confirms the great importance of
the subject matter in the conservation of works of art. The analysis of the experiment as in
Fig. 1 justifies further investigation (Szozda 2019). For example, a mixture of pigments in
a Petri dish placed above the cylindrical magnet system, in this case iron oxide red natural
48,600 and raw umber in linseed oil 1:1:2 dried in the presence of magnetic field (Fig. 2).
Paint was created and not bought as it was crucial to know the precise magnetic properties
all of the ingredients used in the experiment and typically there is no information on
magnetic properties for commercial products. This mixture (Fig. 2 – left) was then allowed to
set and dry in the presence of a strong magnetic field (Fig. 2 – middle). The next test shows
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that the particles of iron oxide black 48,400 have dried (Fig. 2 right) with clearly visible
and characteristic circular shapes or even with a very distinctive movement of particles
resembling the silhouette of the system (Szozda 2020).
The experiment to track pigments and paint displacement under the influence of the
permanent magnet was conducted on stretched linen canvas (Fig. 2 right). Magnetic field
gradients above gaps (Cu and air) as can be seen, cause the movement of particles and
formed visible repetitive circular outlines with different diameters. This corresponds to the
distribution of magnetic field lines, which also has an adverse effect on works of art, due to
evident discolouration. Undoubtedly, all pigments can be influenced in a different way by
the strong magnetic field which gives a solid proof that the use of magnets in the presence
of magnetically active particles leads to sudden reactions and hence may present unforeseeable risks for the art objects. Thus the impact is clearly not only quantitative but also
qualitative.
It is noticeable, that magnetic permeability values of pigments or paints are not present in
product data sheets, although basic magnetic features are recognized in literature as such
(Berrie 2007). It is a fact that all works of art in room temperature contain ferromagnetic,
ferrimagnetic, paramagnetic, diamagnetic substances showing magnetic reactions, for
example:

•

pigments: Egyptian blue, azurit, smalt, Prussian blue, cobalt blue, cerulean blue,
malachite, verdigris, green earth, copper resinate, cobalt green, emerald green,
chrome green, ochre, raw sienna, mars yellow, aureolin, English red, iron oxide red,
bole, haematyd, red iron ochre, burnt Sienna, burnt umber, artificial iron oxide, etc.
(Rudniewski 1999; Berrie 2007)

•

gilding materials: gold, bismuth, sham gold, bronze powder, etc. (Feller 1986; Ashock
1993; West Fitzhugh E. 1997; Eastaugh et al. 2004; Berrie 2007; Kellner 2009) and

•

mediums diluted with water before they set: tempera, watercolour, etc. (Turner 1988;
Doerner 1989; Taft et al. 2000).

Fig. 2. The upper side of oil paint (iron oxide red natural 48,600 and raw umber in linseed oil 1:1:2)
in a Petri dish showing significant surface pattern (left) and stretched linen canvas (right) with
another paint 70 mm x 70 mm (mixture of pigment iron oxide black 48,400 with titanium white mixed
in linseed oil 1:1:2) on the linen canvas (Szozda 2020) after two weeks of setting and drying in the
presence of magnetic field H = 380 kA/m generated by a magnet (middle), in assembly 50 mm
diameter, respectively. (Source: Szozda 2020.)
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Notwithstanding, the current state of knowledge about the subject does not allow one to
assess the influence of substances in the state of powder mixtures or paints on art pieces
under the impact of magnets. That is because their magnetic relative permeabilities (eq. 1)
or susceptibilities (eq. 2) are unknown. Furthermore, graphite often found in drawings and
underdrawings beneath paint layers (Berrie 2007) and copper serving in many cases as a
painting support (Komanecky 1999) should not be excluded when considering this subject
due to their diamagnetic properties. Some force will be generated for any material, whether
it is deemed ”magnetic” or not. From a layperson’ viewpoint, a material can be classified as
”magnetic” if it exhibits forces strong enough to be visible or felt by a hand holding a magnet
(ferromagnetic, ferrimagnetic), and ”non-magnetic” (paramagnetic, diamagnetic) if no force
can be detected. However, as is proved in this paper even seemingly ”non-magnetic”
materials can exhibit significant magnetic force like paramagnetic paint in (Fig. 1) – even
though the human touch would be oblivious to it.
In all of the above cases the use of permanent magnets can lead to sudden reactions and
thus have unforeseeable consequences. It is obvious that such materials can be found in
many works of art among national collections in each country (Skovmøller and Sargent
2013). In conclusion, next steps of the research should consider primarily pigments’ and
mediums’ composites chosen accordingly to the relevance and presence in the heritage
of a given country. Clearly there is an awareness of the influence of magnets on ferromagnetic, ferrimagnetic (Ginzel 1999) or paramagnetic particles that are attracted with a
different amount of force. However repelled diamagnetic compounds such as copper or
graphite, should not be missing in the future work as well (Dorfman 1965). Some types of
graphite, such as “pyrolytic carbon”, can exhibit stronger diamagnetic properties than others
(Esquinazi, 2016). Without any doubt rare earth magnets are boldly used in conservation
studios (Spicer 2010; Tedone 2017), schools of conservation (Sterp Moga and SánchezOrtiz 2019) and museum institutions (Taira 2011). Exposing paramagnetic pigments (Fig. 1)
and diamagnetic substances (Fig. 4) to a strong stationary field may cause changes in paint
layers (Fig. 2). This contribution hopefully will be a part of future research on the topic and
raise awareness for professionals that many materials react in magnetic fields.

Soft magnetic materials
All the time we are under the influence of a magnetic field, whose source is the Earth’s core,
which is magnetizing all substances and products surrounding the globe. Another source of
omnipresent magnetism is electricity. Primarily three metals: Fe, Ni and Co and their alloys
in various forms are spontaneously magnetized in internal and separated areas, called
domains. Because this initial magnetic orientation in each domain differs from other neighbouring domains, their contributions cancel out and the net magnetic field is zero. During
the magnetization process by an external magnetic field H (Fig. 3), domains are oriented to
the specific level of flux density B (eq. 1). However after the H is switched off the domains
spontaneously demagnetize to the initial status from earth magnetic field, and again the
magnetic field is not spreading outside. Such substances are softly magnetized and demagnetized, because easy domains’ movement allows them to respond to the external magnetic
field.
At a certain level of magnetic field H for ferromagnetic materials µr values are usually
(Moses et al. 2019) significantly greater than 1 (µr >> 1), for ferrimagnetic usually 1 < µr < 2
(Fig. 4) and for paramagnetic only slightly greater than µr > 1 (Simon 2013). The effects on
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diamagnets (µr <1) cannot be neglected but they are outside of the scope of this analysis
and are not considered in this paper. For all materials ”magnetic” or not, the dependency
between magnetic induction/flux density B in tesla and magnetic field H, can be described
(Moses et al. 2019) by:
B = µr µ0 H, Vs/m2

(eq. 1)

where: B – magnetic induction (flux density), Vs/m2, µ0 = 12.6·10-7 Vs/Am – magnetic
permeability in vacuum, µr – magnetic relative permeability (unitless) and H – magnetic field
strength, A/m; in the air almost µr = 1.
However, for weakly magnetic materials (low permeability, with µr < 10) such as pigments,
mass magnetization M is measured in very small samples by vibration magnetometer,
usually with accuracy better than 5 % (Szozda 2019; Magnetic Properties of Pigments 2019)
and the magnetic relationship in eq. 1 can also be expressed in the following form:
M = χ · H,

emu/g

(eq. 2)

where: M is the mass magnetization (emu/g; 1 emu/cm3 = 1000 A/m dependent on d), d is
the specific density of measured substance, g/cm3, H is the magnetic field strength, A/m and
χ = µr – 1 (unitless) is the magnetic relative susceptibility.
Thus, the relation between the eq. 1 and 2 are interlinked in the formula:
µr = χ + 1		

(eq. 3)

Finally the curves illustrating M = f(H) after the increase and decrease of H, form the
so-called hysteresis loop, but only for ferromagnetic or ferrimagnetic (Fig. 3) pigments (even
for raw umber with very low µr ≤ 1.02. Paramagnetic materials can only be magnetized
linearly by alignment of atomic moments under the influence of H and therefore µr = const.
(Fig. 4) and such a pigments do not possess hysteresis loops (Spicer 2019; Szozda 2020).

Fig. 3. Hysteresis loops M = f(H) indicating remanence Mr (Br in Fig. 5) with primary mass magnetization curves M (inside) for ferrimagnetic (Coey, 2010; Wikipedia (a)) pigment iron oxide black 48,400
and for much weaker ferromagnetic (Coey, 2010) pigment iron oxide red natural 48,600. (Source:
Szozda 2019.)
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Fig. 4. Relative magnetic permeabilities µr = f(H) for ferromagnetic pigment iron oxide red natural
48,600 with the value description for paramagnetic pigment cobalt blue 45,750. (Source: Szozda.)

The primary mass magnetization curves M = f(H) within magnetic pigments can differ significantly by saturation values, such as 51.5 and 1.1 emu/g at H = 100 kA/m, respectively
(Fig. 3) but far less in maximal permeabilities µrmax (at H = 25 kA/m we obtain 6.21 and 2.12,
respectively). This is because, magnetic susceptibility χ (eq. 2) is determined by the ratio
M/H and the µrmax value is calculated according to (eq. 3). For paramagnetic cobalt
blue 45,750 pigment the value of magnetic relative susceptibility is constant (Fig. 4) and
µr = χ + 1 = 1.002 at any H (as evident from Fig. 4).
However, the permeability µr in ferromagnetic and in ferrimagnetic pigments always depicts
a non-linearity in relation to H. This makes further calculation complicated, as the mechanical force impacted by magnets on pigments is doubly dependent on components µr and
H (eq. 6). However, this formula can be used only in the case of strongly magnetized body,
with surface area S placed at a relatively small distance (Fiorillo 2004), and therefore means
that weakly magnetic materials (the value in Fig. 4 of µr = 1.06 at H = 100 kA/m) cannot be
considered as such. As proved herein, magnets affect art substances and paint objects
because they store magnetic energy, similarly to magnetically hard materials.

Hard magnetic materials
As a supplement to the following paragraph, it should be noted, there are also some
materials which cannot easily be magnetized or demagnetized. When brought into the
magnetic field H >> 0 they are able to keep a high degree of magnetization (known as
remanence, in case of induction Br – Fig. 5), even after the external field is removed.
Bringing B to zero requires a presence of a demagnetizing field H in the opposite direction
(H < 0), to the point of an induction coercivity (– BHC). If the material keeps the Br permanently, i.e. remains magnetized by storing magnetic energy (the product (B·H) in Fig. 5) and
therefore they are called ”permanent magnets” (Feller 1986).
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Fig. 5. Functional features of a neodymium NdFeB permanent magnet grade N 42 with demagnetization from remanence Br = 1.36 T to zero by applying induction coercivity (– BHC) with the
corresponding maximal energy (BH)max = 325 kJ/m3 stored by the magnet. (Source: Hilzinger and
Werner 2013.)

Having (eq. 1) in mind, at (Ha, Ba) the magnet’s magnetic relative permeability µr = 1.1 and at
(340 kA/m, 0.88 T) it increases to µr = 2.1. This means, permanent magnets do not possess
neither constant nor high relative permeability level. However, they are storing energies that
reach 500 kJ/m3 and with theoretical value almost 1 MJ/m3 (Fig. 6). The maximal energy
(BH)max is situated (Fig. 5) always at coordinates (–Ha, Ba), where a square can be inscribed
in the triangle Br – (– BHC) – (0,0). Magnet as in Fig. 5 stores energy (BH)max = 320kJ/m3 and
this value represents an intermediate grade quality (Hilzinger and Werner 2013).
The data in Fig. 6 shows a clear trend of continually increasing magnetic energy in commercially available magnets. Therefore, the fact that more powerful magnets will be used in the
future has important implications in the light of the discussion presented in this paper. The
mechanical forces acting on art materials will increase proportionally to the strength of the
employed magnets.

Mechanical force acting along the magnetization axis
The mechanical force F between two magnetized surfaces can be calculated by means of
eq. 4, which is widely quoted in the literature of electromagnetic devices (Hilzinger 2013).
However, this is valid only for cases in which the effect of flux fringing is negligible and the
volume of the air gap is much smaller than that of magnetized material (Fiorillo 2004):
F = A · S · B2 / (2 · µ0), N

(eq. 4)

where: A is the empirical unitless coefficient dependent on magnetic system geometry, S is
the surface acted by a magnet system, m2, B is flux density as in eq. 1.
Eq. 4 in use proves quite difficult in the case of powders and liquid mediums because flux
density B is an external magnetic feature (Fig. 8) but relative magnetic permeability µr
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Fig. 6. Magnetic energy stored in permanent magnets (based on Hilzinger
and Werner 2013 and literature): steel, AlNiCo alloys, hard ferrites,
samarium (Sm) and neodymium (Nd) rare earth magnets indicating technically realized and theoretical maximal (BH)max values. (Source: Hilzinger
and Werner 2013.)

(eq. 1) is also a function of the applied H (Fig. 4). The intermediate formula (Szozda 2020)
including the product (H · µr) confirms this observation as the mechanical force F depends
on magnetic energy stored by a magnet (Fig. 6) and the product (B · H) is contained in the
eq. 5:
F = A · S · (B · H) · µr / 2, N		 (eq. 5)
Eliminating B again by superposition based on (eq. 1), recommends mechanical force
calculation by the (eq. 6), where only two strongly related product factors (µr · H) squared
are unknown:
F = A · S · µ0 · (µr)2 · (H)2 / 2, N (eq. 6)
It should be noted at this point that data presented in Fig. 1 does not allow one to calculate
the relative magnetic permeability in the vicinity of the magnet for acrylic paint Prussian blue
566 in Al tube. Flux density measured in an air (eq. 1) by Gaussmeter 0.6 mm below magnet
is 0.59 T, as seen from Fig. 1 and confirmed by remanence value Br = 1.36 T from Fig. 5
and eq. 7. Because the force F = 1.2 N for the paint in Al tube is measured at the distance
of 0.4 mm (0.26 mm tube’s wall and the spacer), the magnetic field strength calculated
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by eq. 7 is 480 kA/m at that point. However it does not allow one to calculate by eq. 6 the
reliable value of µr for acrylic Prussian blue paint and contradicts the calculations made by
FEMM.
Finally, eq. 4–6 cannot be used for calculating forces for weakly magnetic materials
because the flux is not highly concentrated in the sample. For extremely weakly magnetic
material, for which µr tends to 1, the mechanical force does not tend to zero (Fig. 6),
because the very strong magnetic field penetrates the sample. Because of this, even by
assuming a perfectly non-magnetic material (with µr = 1) the calculations by means of any of
the eq. 4–6 will return a large and incorrect value of force, especially when compared with
the actual experiments (Fig. 1, Fig. 9).
In the experiment with the same tube affixed to the table (Fig. 1), as stated the maximum
mechanical force F = 1.2 N was measured. Unfortunately, eq. 4–6 cannot be used to backcalculate the relative magnetic permeability. This is because eq. 4 was derived with certain
assumptions which are no longer valid for the experimental conditions with weakly magnetic
samples.
The magnetic field strength distribution itself around a magnet can be calculated accurately
with analysis as shown in Fig. 7. However, a presence of magnetic material in the proximity
of such magnet will disturb the field to some extent. The sample itself will be magnetized and an additional “demagnetising field” effect will act on the sample (Fiorillo 2004).
All these effects are difficult to take into account, and for more complex shapes it is not
possible to find a general analytical solution, even if material properties are known precisely
(Zurek 2020). For this reason, in engineering applications numerical methods (such as
finite element modelling) are employed in order to calculate accurate magnetic field distribution and forces in extremely complicated geometries. Such tools can be an invaluable
help in performing accurate analyses. However, material data (such as relative magnetic
permeabilities µr) are always required, hence the need for continuing research in this area.
This and more detailed knowledge will allow to build the models to track pigments and
paints displacement (Fig. 2) and will help to protect paintings and graphite drawings from
problems with long term stability of works of art. However, these aspects are outside of the
scope of this paper.

Fig. 7. Cylindrical magnet and the formula to calculate the magnetic field strength at any axial
distance from axially magnetized magnet (for example: L = 25 mm and 2R = 20 mm with Br = 1.36 T).
(Source: Fiorillo 2004.)
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Safe handling of magnets
The human body may suffer from mechanical injuries and also other health hazards caused
by strong magnets. Because current engineering and specialized equipment provide sufficient protection against negative effects such as uncontrolled and sudden motion during
nearing magnets to soft magnetic materials or a magnet to a magnet, the safety regulations
discussed below are related not only to art pieces but also to the safety of conservation
staff and in fact all people in museums. The second aspect is crucial, because humans
are unable to sense magnetism – magnetic field. Therefore for safety reasons, it should be
stated that:

•		people, who have any medical electronic devices or implants (e.g. pacemakers) should
refrain from working with magnets or being exposed to them,

•

the danger zone exists for 8-hours shifts at the presence of a stationary magnetic
field at the level of 80 kA/m, which can be detected in the distance below 25 mm from
NdFeB grade N42 magnets (Pluta et al. 2008),

•

the safe dose of magnetic field radiation for the whole human body (coefficient Q = 512)
and the limbs (Q = 2560) is limited to the time t by the formula (Soinski et al. 2007):
D = H2 t ≤ Q (kA)2 · h/m2

(eq. 8)

where: D is the magnetic dose in (kA)2·h/m2, H is magnetic field strength in kA/m and t is
time in hours.
Eq. 8 proves the recommendation of avoiding holding strong magnets (so-called “rare
earth” or “neodymium”) in hands for more than 5 minutes. There are some more detailed
safety rules to be followed when handling magnets, like to use non-ferrous holders, special
gloves and shunts or shields to prevent excessive propagation of magnetic field etc. (Spicer
2019; Szozda 2020). The mechanical damage alone caused by two magnets attracting
each other would be disastrous not only to human hands, but obviously to any art piece.
Introducing these safe-working procedures to conservation studios is essential and will be
very beneficial.

The impact of magnets in conservation
The magnetic field deserves the “magic” name because it surrounds everything and exists
everywhere (Zurek 2020). As stated by eq. 6 the magnetic force F depends, among other
factors, also on the active surface S. As a consequence, any attracted substance with a
certain magnetic permeability should be removed from the magnet by sliding to a side rather
than by pulling upwards because this requires less force. The sliding to the pulling force
ratio is around 1 : 3 and only initial sliding is difficult which is obviously related to the active
surface. However, as mentioned above, the impact of magnets on pigments, mediums and
paints can be determined by properly designed system with clearly present poles, most
preferably equipped by the Fe shunt (Fig. 8. – left side).
The magnetic field H surrounds the magnet all the way around, as indicated in Fig. 9 (left).
As a consequence, even individual paramagnetic particle is attracted and can be found on
the magnet’s edges because the H lines’ concentration is largest there. Apart from the Fe
washer, the solution includes a long holder (Fig. 9), in which only a part (if ferromagnetic)
of the magnetic field will remain. All elements of the system (magnet-washer-holder) should
form one piece. It allows the holder to be safely kept in hands (eq. 8) for permanent use.
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Fig. 8. Magnetic system and a pigment: magnetic field lines around circular rod N42 axially magnetized magnet with an iron washer (left), ferromagnetic pigment iron oxide black 48,400 attracted
directly to the surface of the magnet and thus very difficult to remove (right). (Source: Zurek 2020.)

The magnetic field concentrator, i.e. magnetically soft iron washer on the top of the
magnet will aid removal of the pigments (Fig. 9 (right)). The magnetic field H concentrates
in the washer with µr >> 1 and the plastic wrap separates the pigments from the magnet
(Fig. 9).

The experiment with a rod magnet
As the conclusion to previous paragraph, the rod magnet should be covered with a plastic
foil (Fig. 9) of a proper thickness, after experiment it can be pushed to the bottom and
shifted to side for easy pigments removal (Fig. 9).
The thesis of this part of the work states that the weighted mass of magnetic and para
magnetic pigments attracted by the magnetic system as in Fig. 9 correlate to relative
magnetic permeabilities and will allow to qualitatively separate substances under
consideration.

Fig. 9. Photographs of pigments’ volumes equivalent to mass in relation to a specific density
attracted (Fig. 8) by the rod magnetic system): ferrimagnetic (Wikipedia (a)) magnetite very fine
48,800 (left), ferromagnetic (Wikipedia (b)) iron oxide red synthetic 48,210 (middle), paramagnetic
(Szozda 2020) cobalt blue 45,750 (right). (Photo: Szozda 2020.)
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Table 1. Magnetic properties and material data (average from 10 tests) for magnetite very fine
48,800, iron oxide red synthetic 48,210, and cobalt blue 45,750 pigments (Fig. 9) following attraction
by the magnetic systems (Fig. 8) and relative magnetic permeabilities µr at H = 100 kA/m (Szozda
2020).

When certain amount of pigments is exposed to a rod magnet, different loads are instantly
attracted not only axially, but also circumferentially. Impacted masses depend on the
substance’s relative permeabilities µr, according to the existing density (Table 1). Weighed
by the use of an accurate scale ± 0.1g pigments’ masses are undoubtedly correlated with
the magnetic feature under consideration obtained by the vibration magnetometer with the
accuracy of ± 3 % (Magnetic Properties of Pigments 2019) at H = 100 kA/m (Szozda 2020).
In connection to the presented results the new method of pigments qualification, substances
can be considered as a proper solution for practical use in work of art conservation. The
importance of the method stems from the fact that in conservation studios pigments and
mediums used are mixed in different ratios, as dictated by current needs and such data will
never be covered by manufacturers data sheets.

Conclusions and future works with challenges
For decades magnets have been used in conservation and preservation of art pieces.
During treatment they provide temporary pressure and for exhibiting objects a convenient
method of framing and presenting the artwork. The undeniable advantages such as reversibility, simplicity or affordability are the main aspects mentioned in the literature, while
questions and potential unforeseeable risks for the object and serious health implications for
conservators are omitted.
Since pigments and paints used in the processes of creation and conservation of works
of art react to magnetic fields, it is reasonable to classify them by a qualitative measure.
The fact that pigments and mediums exposed to strong magnets show magnetic behaviour
raises new problems, such as: assessment of individual particles’ reaction with visible
changes, art object treatment, conservation and exhibiting and the validity of long-term
stability of work of art when in the vicinity of a strong magnet.
So far, there are no analytical formulas to calculate the mechanical forces of strong magnets
on pigments and paints, and computational methods require knowledge of magnetic
properties (Fig. 4). However, due to the fact that the qualitative thesis, assuming the
weighted masses of pigments under consideration as correlated with their relative magnetic
permeabilities is proved, such a premise is facilitating further research on the test valid for
a wider group of art materials. The answers to the questions we are looking for are fully
justified by a wide range of literature data dedicated to the topic and found in many sectors
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of conservation disciplines. Despite the small forces of mechanical interaction of the magnet
on substances used in the conservation of work of art, displacements of magnetic elements
of paints and pigments were demonstrated. In a closer analysis, one cannot rely only on the
qualification according to the names of the magnetic ordering, but on thorough research to
cover each of the necessary substances.
In the light of the above, the tasks and current research works among others concern:
magnetic data evaluation of pigments and paints commonly used in conservation and
found in artworks, examination and observation of different mixtures and mediums under
magnetic fields, new methods development for quantitative examination of pigments and art
paints in tubes, in-depth analyses of magnetic reactions of commercially prepared paints
most commonly used in artists’ studios, the behaviour of paint films on stretched canvases
leading to the methodology for safe conservation treatments excluding nails or buckles and
including proper use of magnets’ mechanical force to magnetic substrate with safe framing
and exhibiting. The real challenge is to set up a committee and work on a regulation how
magnets are recommended to be used in the conservation of works of art and how the
current status should be changed. Undoubtedly strong magnets are extremely useful in
conservation studios, however the scientific approach to the matter requires better, even
perhaps fundamentally new knowledge, proper understanding, and more experience.
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Appendix: Commercial products and others
[CP 1]. Neodymium iron boron magnets. Available at: https://bit.ly/3alFh4x
(= http://www.arnoldmagnetics.com/products/neodymium-iron-boron-magnets.)
[CP 2]. Kremer-Pigmente, Safety Data Sheet No. 48,600 Pigment Iron Oxide Red Natural. Available
at: https://www.kremer-pigmente.com/en/pigments/iron-oxide-pigments/1621/iron-oxide-rednatural?number=48600 (accessed 7 January 2019).
[CP 3]. Kremer-Pigmente, 45,750 Pigment Cobalt Blue. Available at:
http://www.kremerpolska.com/katalog/pigmenty_blekitne.htm (accessed 7 January 2019).).
[CP 4]. Finite Element Method Magnetics. Available at: https://www.femm.info/wiki/HomePage
(accessed 7 January 2019).
[CP 5]. Oil Paint. Rembrandt, Royal Talens, “Oxide black 735”, 40 ml. Available at:
https://www.royaltalens.com/en/catalog/rembrandt-oil-colour/oil-colour-tube-15-ml-oxyde-black-735/
(accessed 11 October 2020).
[CP 6]. Radwag Balances and Scales. Available at: www.radag.com, WCC C/2 Manual, 2018.
(accessed 7 January 2019).
[CP 7]. Acrylic Colour, Van Gogh, Royal Talens, “Prussian blue Phth. 566”, Pigments PBk11/PR101,
40 ml. Available at: https://www.royaltalens.com/en/catalog/van-gogh-acrylic-colour/van-goghacrylic-colour-tube-40-ml-prussian-blue-phthalo-566-a29621d2/ (accessed 11 October 2020).
[CP 8]. Dynamometer Manual Axis FB 500 (accuracy ± 1%). Available at: www.axis.pl (accessed
11 October 2020).
[CP 9]. Gaussmeter Manual LakeShore Model 460 3-Channel (accuracy ± 0.1% of reading).
Available at: www.lakeshore.com (accessed 11 October 2020).
[CP 10]. Raw Umber (Anonymous, IKONA+ART). Available at: www.ikona.art.pl (accessed
11 October 2020).
[CP 11]. Kremer-Pigmente, Safety Data Sheet No. 48,400 Pigment Iron Oxide Black. Available at:
https://www.kremer-pigmente.com/en/pigments/iron-oxide-pigments/1613/iron-oxide-black-318-hightinnting (accessed 7 January 2019).
[CP 12].Renesans, Dry Powder: Pigment Titanium White PW6, Renesans. Available at:
https://renesanspolska.pl/en/discover-en/pigments (accessed 7 January 2019).
[CP 13]. Rare Earth Permanent Magnets VACODYM VACOMAX. 2015. Vacuumschmelze GmbH,
Catalogue PD002. Available at: www.vacuumschmelze.de (accessed 11 October 2020).
[CP 14]. IBS Magnet. Available at: www.ibs.de (accessed 7 January 2019).
[CP 15]. Kremer-Pigmente, Safety Data Sheet No. 48,800 Pigment Magnetite Very Fine.
Available at: https://bit.ly/3lbGCB8 (= https://www.kremer-pigmente.com/en/pigments-oxidepigments/1629/magnetite-very fine?number=48800) (accessed 7 January 2019).
[CP 16]. Kremer-Pigmente, Safety Data Sheet No. 48,210 Pigment Iron Oxide Red Synthetic.
Available at: https://bit.ly/3B63pnj (= http://www.kremerpolska.com/katalog/pigmenty_zelazowe_
synt.htm) (accessed 7 January 2019).
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Multi documentation methods of an anthropoid
wooden coffin from the 26th dynasty-Egypt
Abdelmoniem M. Abdelmoniem
Conservation Department, Faculty of Archaeology, Fayoum University, Fayoum, Egypt

Naglaa Mahmoud
Conservation Department, Faculty of Archaeology, Fayoum University, Fayoum, Egypt

Wael Sabry
Polymer department, National Research Centre, Dokki, Giza, Egypt

Mokhtar Mohammad
Egyptology Department, Faculty of Archaeology, Fayoum University, Fayoum, Egypt

Abstract
This paper aims to document an anthropoid wooden coffin covered with a layer of black
resin and colored materials using different methods to provide necessary information for
suitable conservation works. The studied coffin dates back to the late period (26th dynasty,
664 until 525 BC) in ancient Egypt. It is 218 cm long, 67.7 cm wide, and 51.7 cm high. It
consists of the body and the lid formed by a hollowed-out tree trunk as one piece. There
are numerous longitudinal cracks, some of which penetrated the wood and caused warping.
In addition, there is a missing part in the foot area of the lid. The outer surface of the coffin
is covered with a white preparation layer and decorated with painted layers (green, blue,
yellow, red, and black), while the inner surface is covered with a black resin layer decorated
with a depiction of Nut, the goddess of the sky. The painted layers suffer from many deterioration aspects, including powdering, flaking, cracking, and missing parts. Moreover, they are
covered with a thick layer of dust resulting from bad storage inside the storerooms of the
Saqqara archaeological area.
Photographic documentation, technical photography (TP), 2D illustrations, and 3D modules
were made to document the coffin. Photographic documentation was used to document the
current state of the coffin and document the aspects of damage, and the images were used
in 2D and 3D documentation. The j-sesh program was used for documenting hieroglyphic
texts to know the name of the deceased person on the coffin. Technical images were
acquired using a modified digital camera for documentation and initial color check. Adobe
Illustrator was used to highlight the decoration of the black resin layer on the cover of the
coffin from inside. Furthermore, the Agisoft PhotoScan program was used for photogrammetric documentation to make a 3D model of the images.
Keywords: Wooden coffin, black resin, photogrammetric documentation, technical
photography.
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Fig. 1. The coffin covered with a thick layer of dust. (Photo: Abdelmoniem M.
Abdelmoniem.)

Fig. 2 a. Transliteration of the Hieroglyphic Fig. 2 b. 2D documentation of the
decoration inside the lid of the coffin.
texts inside the lid of the coffin.
(Photo: Abdelmoniem M. Abdelmoniem.)
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Fig. 3. 3D documentation of the coffin. (Photo: Abdelmoniem M. Abdelmoniem.)
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Contact details
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Treatment of a sculpture by Eva Hesse using
nano- and organogels
Josephine Bobeck
Independent conservator based in Stockholm and Berlin

Abstract
Nanogels are versatile tools that enable complex conservation treatments. They are
highly retentive carriers that create a confined cleaning action, in which a controlled
cleaning process can take place. This research explores the use of gels for water-sensitive
modern materials, in particular the application of novel nano- and organogels from
Nanorestore®. In focus is the development of a suitable gel cleaning system for the
conser-vation of an artwork by Eva Hesse at Hamburger Bahnhof – Museum für
Gegenwart – Berlin.
The sculpture Enclosed (from: 7 Objects/69), also described as Untitled (aus:
7 Objekten/69) in Sammlung Marzona, is a multiple made in natural rubber latex.
Preliminary research yielded a coating in cellulose ni-trate, which was interpreted as a
previous restoration measure. Due to an increase of porosity and similarity in solubility
behavior, the two materials were found difficult to separate. Degradation processes have
caused the surface to both soften and harden, whereby external fibers and paper residues
have been embedded into the surface structure. Two systems based on sticky organogels
from Nanorestore® were developed to lift the bound fibers and paper residues. Ethyl
acetate and ethanol were uploaded to the retentive gels, which were then dabbed onto the
surface. Successful results were reached without affecting the underlying substrate.
Ethical considerations with regard to the transitioning concept of authenticity and the idea
of patina on mod-ern materials were explored. Through the comparison with another
multiple, the behavior and characteristics of aged natural rubber latex could be observed.
Communication with the previous artists’ assistant suggested that Eva Hesse did not want
to mitigate any natural aging of the material. The idea of preserving change and process in
ephemeral material was further problematized.
This research was carried out by Josephine Bobeck as part of the master’s thesis
Nanogels for Plastics & Rubbers – the Cleaning of a Sculpture by Eva Hesse, which
was submitted to HTW Berlin in 2019. The project was carried out in collaboration with
Hamburger Bahnhof – Museum für Gegenwart – Berlin.
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New approach to the conservation of aluminium
artefacts in heritage collections
Evaluating surface appearance modifications
Michaela Florescu
Conservator of metals, Moderna Museet, Stockholm, Sweden

Abstract
Aluminium alloys are found in heritage collections typically associated with contemporary
art, design, and technical and industrial heritage objects. So far, conservation has mainly
focused on dealing with corrosion mechanisms for these artefacts.
The surface finishes achieved during the fabrication of aluminium objects play a significant role in the public perception of the artefact, as they often express specific artistic or
aesthetic concepts. As many surface finishes derive from complex technical processes, they
also form part of the historical record for aluminium engineering and technology. It appears
that the conservation of the original surface finish for such objects is therefore a prominent
concern.
The research presented here, carried out with support from the Centre national des arts
plastiques (Paris), develops methods to assess surface finish and surface appearance
modifications, suitable for both lab and field-based projects, based on examples of modern
sculpture, design furniture, aircraft and vehicles.
The physio-chemical properties, optical characteristics, and alteration factors of the original
surface finishes on an aluminium micro-car prototype, were studied and replicated on
aluminium sample material. A range of chemical and mechanical surface treatments were
applied to the samples, and the pre and post treatment surface aspects were visually
assessed at the macroscopic and microscopic scale. The samples were further analysed
using rugosimetry and scatterometry, to correlate the visual perception of the surface finish
with measured changes in surface microtopography before and after treatment.
The results of both the visual and analytical assessments indicate that treatment effects
vary depending on the initial surface finish (rough or polished), with implications for surface
colour and reflectivity.
The methodology designed in this project aims to enable conservators and curators to
more readily incorporate the preservation of surface finishes into conservation strategies for
aluminium objects and art works.
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Fig. 1. Cross-section of an aluminium surface. (Source: AluMatter.)

Fig. 2. Assessment of surface
appearance with graphic scale
method. (Photo: Michaela
Florescu / INP.)

Fig. 3. Assessment of surface appearance with
hand-held laser beam method. (Photo: Michaela
Florescu / CNAP.)
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Conservation treatment of medieval objects in situ
or in studio – comparison of two case studies
Karen Mengshoel
Conservator of paintings, the Norwegian Institute for Cultural Heritage Research (NIKU),
Norway

Abstract
The poster will discuss the conservation treatments of two medieval painted objects, one
treated in its usual placement in the church, and one in NIKU’s studio in Oslo. I will compare
the objects, their condition and the treatment chosen in the two projects and discuss the
implications of treating them either in situ or in the studio. I will also discuss the decisions
behind this choice, be it assessment of condition, the structural complexity of the object,
economical or practical limitations or other factors, such as harmful climatic variations.
The cases will be chosen from the NIKU conservation department’s recent projects
involving conservation treatment of medieval painted objects. The work will be based on the
conservation treatment reports and interviews with the project leaders.
This is a relevant issue for most conservators working with large scale objects
as it is a recurring discussion whether
to transport objects to the conservation
studio for treatment or organize field work
in the object’s home location. The aim is
to better understand the reasons for the
decisions we make and their implications
both for ourselves and the objects we treat.
Hopefully conservators both in Norway and
in the other Nordic countries can share
experiences and improve our decision
basis when designing and organizing
conservation treatment projects.

Fig. 1. Studio conservation facilitates the use
of stereomicroscopes, working lights and other
aids, and is more comfortable for the conservator. (Photo: NIKU.)
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Heritage Research (since 2012). She received her MA degree at the University of Oslo after
an internship at the Musée d’Art et d’Historie in Geneva (2006–2007) and has since worked
at the Norsk folkemuseum (2007), The Munch/Stenersen Museum (2008–2009), and at the
University of Oslo (The Munch Aula project, 2009–2011).
Contact details
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Fig. 2. Conservation work in situ can be physically more demanding for the conservators, but saves
the object the risk of transport. Several analytical instruments are now also portable, and analysis
can be executed without moving the object. (Photo: NIKU.)

Fig. 3. Some precision work is simply
not feasible in situ, such as consolidating severely flaking paint on a
vertical surface. (Photo: NIKU.)
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Wall-painting conservation–restoration
Two decades of development in Slovenia
Ajda Mladenović, Anita Kavčič Klančar and Martina Lesar Kikelj
Conservator and conservation–restoration consultants, the Institute for the Protection of
Cultural Heritage (IPCHS), Conservation Centre, Restoration Centre, Ljubljana, Slovenia

Abstract
The paper presents the key points in the professional development of wall-painting restoration in the past 20 years in Slovenia, where significant shifts took place at several levels.
Several extensive, well-funded restoration projects under the management of the IPCHS
Restoration Centre, the main national professional organization, which spanned several
years and dealt with multiple issues, enabled the implementation of newer conservationrestoration working methodologies, research approaches, technological development,
contemporary ways of documentation and a closer professional collaboration with domestic
and international experts. Presentations, scientific symposia and professional workshops
by Slovenian and foreign experts, organized by the Institute and the Slovene Society for
Conservation–Restoration help the conservators-restorers to acquire additional knowledge
from the expert fields. Lately, there has been an increasing focus on the actualization of
conservation issues, such as the relationship between the art historian and the conservatorrestorer and their decision making, and the issues of aesthetic presentation.
One of the main methodological changes in the work process was the gradual replacement
of organic substances with compatible inorganic materials, which represent a better
choice compared to the methods based on organic polymer products. The restoration
of the baroque ceiling painting by Giulio Quaglio in the Cathedral of St. Nicholas in
Ljubljana (project duration 2002–2006) had a crucial role in this development. After many
years of preparations and preliminary research, the project brought new analytical and
research approaches that significantly contributed to a different solution to the problem
of wall paintings. As a novelty in the methodological field, the method of cleaning with
ammonium carbonate, already well-established in Italy, was introduced here for the first
time. The holistic and multidisciplinary approach opened up the relatively closed Slovenian
environment, otherwise accustomed to well-established and traditional work practices.
The intertwining of research work, restoration interventions and modern documentation,
openness to international cooperation, popularization and high professional ethics thus
became the model, from which further development-oriented projects on wall paintings
emerged.
One such project was the restoration of wall paintings from the 19th century in the chapels
of the Church of the Annunciation in Ljubljana (project duration 2006–2012). During the
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Fig. 1. Workshop on the consolidation with nanolime; presentation of CaLoSil products in 2013.
(Photo: IPCHS.)

project, new methodological solutions for the consolidation of wall paintings were introduced. In 2007, an international workshop on the consolidation with nanoparticles of calcium
hydroxide (nanolime) and ammonium carbonate was held (run by Luigi Dei and Sabino
Givannoni, Opificio Delle Pietre Dure, Florence [short OPD]). The nanolime treatment in
combination with the methods of consolidation with ammonium caseinate and
ammonium carbonate proved to be an
excellent solution and was accepted as the
standard procedures for our wall-painting
restoration (Fig. 1). Due to the issues of
outdoor murals and their rapid degradation,
the range of consolidation options had to
be expanded. The workshop on the use
of barium hydroxide for the preservation
of wall paintings on exteriors in 2018 (by
Claudia Ragazzoni, Trieste) introduced the
Ferroni-Dini method, which had already
been used in Slovenian practice, but not
sufficiently established (Fig. 2), and in 2019
another workshop was held for training in
Fig. 2. Workshop on the use of barium
hydroxide for the consolidation of wall paintings
on exteriors in 2018. (Photo: IPCHS.)
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Fig. 3. Use of gels in cleaning of a baroque ceiling painting in the Gruber Palace in Ljubljana, 2019.
(Photo: IPCHS.)

the methods of using ammonium oxalate and ammonium phosphate for consolidating wall
paintings and carbonate stone materials (by Mauro Matteini and Alberto Felici, OPD).
In the field of cleaning wall paintings, we searched for a more controlled monitoring of
procedures and, with the wish to abandon solvents, adopted more modern methods. The
principles of cleaning with water-based systems of emulsions and gels have been introduced to our practice in recent years. We followed the development in the field by organizing and participating in courses on this topic. In 2018 we conducted a workshop on
cleaning with gels (by Richard Wolbers, USA) and introduced the newly gained knowledge
into the restoration practice in the projects on baroque ceiling paintings in Codelli’s House
(in 2018) and Martin Kremser-Schmidt in the Gruber Palace (started in 2018) in Ljubljana
(Fig. 3).
Among the complex technological challenges, we highlight the renovation of the ceiling
paintings in the Knight’s Hall of the Brežice Castle, the largest profane Baroque-style
painted surface in Central Europe (project duration 2011–2012). On the high-quality painting
most of damage was caused by the wooden ceiling structure through the centuries. The
analytical approach included laser terrestrial scanning, which allowed the restorers to
accurately inspect the roof and ceiling structures, systematically diagnose the causes of
damage to the paintings, and plan interventions. A new solution for consolidating ceiling
paintings from the top was implemented for the first time in Slovenia. Another technologically demanding project was also the assembly of over 9000 fragments of ancient wall
paintings from the 3rd century from the rich Turkish Cat archeological site in Celje, for
which a computer-aided system called Pedius for assembling fragments was developed in
cooperation with the leading Slovenian scientific research institute. Among the latest high-
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profile projects currently ongoing at the IPCHS is the restoration of antique ceiling paintings
from the 1st century from Celje (started in 2018), which are one of the most important
archaeological discoveries in Slovenia.
In the last 20 years, the attention of professional work has been focused on methodological,
material and technical issues, while the artistic and symbolic aspect of works of art has
been partially neglected. To change this, we organized two international conferences on
retouching and reintegration of wall paintings (in 2016 and 2017), dealing with the issues
of the final aesthetic presentation. By establishing a consultation Working Group for Wall
Paintings, we enabled the exchange of views and opinions between conservators, art historians and conservators-restorers, looking for common ground, and a balance between the
values of the monument and its most appropriate appearance.
The period was a prolific one and the professional advancement was made possible by
the desire for growth, favorable financial opportunities and moral support by our professional society and the main institution. In the future, we still have a lot of work to do – the
tasks such as establishing a system of regular monitoring, finding adequate solutions for the
protection of irresistibly disappearing paintings on the exteriors and continuing the research
of the history of the conservation-restoration profession in Slovenia still await us.
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A technical analytical study and conservation
treatment of three Chinese lacquered Buddhist
sculptures
Susanne Stenbäcken
Conservator, Röhsska Museum of Design and Craft, Gothenburg, Sweden

Abstract
Three lacquered and gilded Chinese Buddhist sculptures from the East Asian Collection
were acquired in 1914 by Röhsska Museum from a temple in Beijing. Prior to the redesign of
our East Asian exhibition rooms, a technical analytical study of the materials and structure
of the sculptures was carried out, in collaboration with the Swedish National Heritage Board.
Analytical results were obtained and performed with X-ray photography, FTIR, polarization
microscopy and SEM-EDX, in situ and with samples. With this study we had the possibility

Fig. 1. X-ray full-screen sculpture shows three circular hollowing in the base as well as hollowing in
the upper body, through the neck and up the head and glass beads or metal beads placed behind
the painted pupils. (146 cm x 65 cm x 60 cm). (Left, X-ray image: Magnus Mårtensson, RAÄ.
Right, photo: Kathrin Hinrichs Degerblad, RAÄ.)
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to plan how to handle, preserve, and thus present the sculptures in the best possible way.
The results were also made available to the public, through a digital presentation in the
exhibition room.
The sculptures were X-ray-photographed on site at the museum. Beside unveiling the structural internal composition and fabric on the top of the wood surface, three older Chinese
coins were found in one of the sculptures. We, also, discovered invisible metal or glass
beads behind the painted pupils. Using X-ray analysis, we could establish that the coins are
older than the date attributed to the sculptures.

Fig. 2. X-ray of coins found inside one of the Buddha sculptures. (Photo: X-ray image by Magnus
Mårtensson, RAÄ.)

Cross-sections of the surface layer were analyzed using polarization microscopes,
SEM-EDX and FTIR. Results from FTIR indicate resin from the Urushi tree when compared
to reference material from the British Museum database. The SEM analysis of the underlying paint layers shows Hg, indicating Cinnabar pigment which is a commonly used pigment
in Chinese arts and crafts. The metal layer on top of the surface, through polarization microscope visual analyses showed Au, most likely from gold leaf that traditionally have been
pulverized and applied to the damp varnish.
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Fig. 3. Cross section of surface layer through polarization microscope. Top of surface (1) powdered
gold leaf in moist Urushi varnish, second layer (2) Urushi mixed with pigment grains of Cinnabar,
third and four (3)(4) layer Urushi. 5. Ground layer. (Photo: Kathrin Hinrichs Degerblad, RAÄ.)
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The effects of wax on today’s choice of layer
reconstructions on canvas paintings
Maja Sučević Miklin
Conservator–restorer, the Croatian Conservation Institute and at the Department of
Conservation and Restoration of Works of Art, Zagreb, Croatia

Marija Reberski
Conservator–restorer, the Croatian Conservation–Restoration Association, Zagreb, Croatia

Abstract
This poster will deal with the effects of previous interventions on today’s choice of
re-constructions, focusing on the problems due to excessive usage of wax on canvas
paintings that was very popular and used in past restoration practice. The “wax issue” will
be presented through the restoration of two oil paintings on canvas with different usage of
wax in previous and current restoration treatments.
The popularity of wax (usually mixed with resin) as a paintings conservation adhesive for
both consolidation and lining increased throughout the nineteenth and twentieth centuries.
Wax-resin impregnation treatments, however, have become particularly controversial
because not only that the wax permanently visually changes the appearance of the colours
and canvas, but also the presence of hydrophobic components, that go through all the
layers, can hamper future treatments.
The first example is the painting of St Mathew the Evangelist that in UV and IR light revealed
that the painting was consolidated and lined with a very thick coating of beeswax and
resin, also seen on the sides after the decorative frame was removed. The backside of the
canvas was darkened and covered with fine dust, the characteristic that wax has as a sticky
substance.
The attachment of a canvas painting onto a new canvas was usually carried out to provide
additional support to a weak or damaged original canvas. In this case, the lining and consolidation carried out using wax has affected every layer and the huge amount of mixture made
the painting very rigid.
Test cleaning revealed the true appearance and the state of the original layers – the resin in
the coating turned yellow and the coating was applied on the dirty surface. The retouched
parts were adjusted to the current state of the painting and were done in tratteggio manner
that looked very expressive.
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After the removal of the retouches, it was noticed that the beeswax-resin coating was
thickly applied in the original canvas losses and that in fact served both as the support
and preparatory layer, see Fig. 1. The excess of the wax-resin coating on the front and the
dirt in the surface texture were partially removed by combining hydrocarbon and aromatic
solvents. The thick layer of coating was also removed mechanically with a scalpel.
The painting was then put on a heating vacuum table and pressed with rollers to get the
excess of the wax-resin out after the front of the painting was cleaned again with hydrocarbon solvents, see Fig. 2. The new canvas inlays were made, placed in the losses, and
fixed with a heated spatula that melted the wax-resin residue that was still inside the original
canvas.
Because the amount of wax in layers was still excessive, the filling had to be done with wax
for better adhesion. The new wax-based filling was made of synthetic wax, resin, chalk,
and pigments – yellow, green, and red for different parts of the painting that was used as a
base colour to make the retouching easier. Since some parts of the dirt in the texture of the
painting were still present the mimetic inpainting was chosen to integrate the retouch much
better with the state of the layers. To achieve the mimetic retouch, the surface of the filling
had to be the same as the surrounding surface, so the silicone moulding of the original
surface was done and used to texture the surface of the new filling by heating the
surface of the mould with heated spatula. The inpainting was done with resin-based
colours.
In the second painting, Portrait of a woman, the UV and IR photography and cleaning
tests revealed that the wax was used as a preparatory layer in some parts of the damaged
painting and as an adhesive that fixed the painting on the cardboard, see Fig. 3. This kind of
procedure – fixing the canvas on the cardboard, provides additional support to the original
canvas but changes the properties and role of the canvas. The painting was not detached
from the cardboard due to fear of further damaging or weakening the original. The wax
fillings were mechanically removed and the canvas was cleaned with hydrocarbon solvents
so the filling was done with an acrylic-based filler and the inpainting with aquarelle.
In both paintings, the wax was used as an adhesive for the lining which was not removed.
The wax-resin mixture on the painting of St Mathew the Evangelist was partly removed
because the complete extraction from the original is practically impossible to achieve when
the wax melts and all the layers absorb it. But when the wax is not melted, like the one that
was used in the reconstruction of the preparatory layer in the Portrait of a woman, it is more
easily removed.
The main concerns behind the development of new lining adhesives throughout the 1970s
and 1980s were to improve the reversibility and stability of the materials employed. Today
the traditional beeswax-resin mixture is avoided. Synthetic wax or paraffin is used as
a component in varnishes or fillings, and in adhesive Beva 371 that is used for lining. For
canvas consolidation adhesives like Aquazol and Plexisol P550-40 could be used.
If the wax is still present in large amounts, as on the painting of St Mathew the Evangelist, it
directs the choice of materials that will be used in the reconstruction of the preparatory and
paint layer. So, the wax as a component in the new filling has to be used to achieve better
adhesion, and accordingly, the retouch must be done with a paint whose binder adheres to
the wax.
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Fig. 1. Beeswaxresin as support
and preparatory
layer. (Photo: Maja
Sucevic Miklin.)

Fig. 2. Cleaning
painting surface
after heating
wax-resin paste.
(Photo: Maja
Sucevic Miklin.)

Fig. 3. Wax as a
preparatory layer
on damaged parts.
(Photo: Maja
Sucevic Miklin.)
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Abstract
The photographic archive of the Coptic Museum in Cairo is in a state of severe deterioration
that affects its sustainability due to poor preservation. The album is stored in an unsuitable
storage cabinet that is difficult to control in temperature and humidity. It is also present
in a sun-exposed area near the windows, exposing its contents to extreme dryness. The
damage to the cover is manifested in the separation of the fabric used in packaging at the
outer corners. As well as a deterioration in the heel area and separation in the identification
card located on the top surface of the casing, and signs of human abuse of the album in
the form of staining, oil and wax stains, and soil above the top surface of the cover and cut
in the card and water spots. As for the gelatin images, many images show the condition
of silver mirroring, and drying of the external edges, which expose them to fragility and
breakage in addition to the presence of colour spots resulting from the use of ink in the
numbering of images, fingerprints resulting from the use of adhesive in the installation of
images on the paper carrier in addition to the staining resulting from Bad handling and
taking photo album. Album documented and damage recorded. The mechanical cleaning
of the album and photos was done to remove the dust. Chemical cleaning of the album
and photos was done to remove wax stains and adherent glands. Herbs were treated.
Vulnerable places were strengthened. The missing parts have been completed. The album
has been re-bound. A special portfolio has been created to preserve and sustain the album.
Keywords: Archive, gelatin photographs, Coptic Museum.
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Abstract
Museum objects often contain chemical and biological factors hazardous to health e.g.
heavy metals, polycyclic aromatic hydrocarbons (PAH), polychlorinated biphenyls (PCB) and
mould. One of the hazardous materials is asbestos, a group of fibrous silicate minerals, the
use of which has been banned in many countries. Exposure to asbestos fibers increases the
risk for diverse lung diseases and cancer.
Asbestos has been used for different purposes since prehistoric times, but its heyday was
from the 1940s to 1970s. It has many great qualities which have made it a desirable material
for laboratory equipment, household products, fireproof textiles, furnaces, construction
materials, and hundreds of other uses.
Objects containing asbestos are common in museum collections, but identification of
the material is often challenging because of varying applications, appearance and color.
Distinguishing asbestos fibres from certain materials can be impossible even for an
experienced researcher with a respectable light microscope. Asbestos can also be hidden
inside the object. Friable asbestos is more hazardous than non-friable, and it has been
used in e.g. artificial snow, textiles, hairdryers, and even cigarettes. Friable asbestos is also
known to be used globally in gas mask filter cartridges.
In 2014 the UK Health and Safety Executive (HSE) investigated 34 old British and German
gas masks. The results showed that the filter cartridges of 29 of these gas masks contained
asbestos with six of them containing crocidolite, blue asbestos, considered the most
hazardous for health.
In Finland, 12 Soviet GP-5 gas mask filter cartridges from the 1980s were tested by the
Finnish Institute of Occupational Health in 2017. Chrysotile asbestos was found in the particulate filter layer of all the filters.
Studies have shown that workers who were exposed to asbestos in factories producing gas
masks during the Second World War later suffered from e.g. lung cancer more often than
other members of the population. There is a lack of reliable information about the potential
exposure of museum professionals, collectors, hobbyists, and other people who are
handling or even wearing old gas masks at present.
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In spring 2020, the Helsinki University Museum and the Finnish Institute of Occupational
Health launched a small-scale research project to analyse five gas mask filter cartridges.
As gas mask cartridges manufactured in Finland had not been analysed for asbestos
previously, two Finnish civilian gas masks from the early 1930s and two civil defence gas
masks from 1939 were chosen for analysis. A horse gas mask cartridge from the 1930s
or 1940s was also analysed. The objects are from the collections of the Helsinki University
Museum and the analyses were executed by the Finnish Institute of Occupational Health.
As the material samples from the two filter cartridges of the civil defence gas masks proved
to contain chrysotile asbestos, dust samples collected on the masks and their cases were
also analysed. Asbestos fibers were found from both samples indicating leakage. The
equine mask’s filter cartridge contained asbestos, but no indication of leakage was detected,
possibly because the cartridge differs structurally from that of the civil defence gas masks.
An air sample was collected through the filter cartridge of one of the civil defence masks to
simulate breathing of a person wearing the mask. The results proved that asbestos fibres
can pass through the active charcoal filter and enter the lungs of the mask wearer.
As the Finnish Institute of Occupational Health later received two Soviet GP-7 gas masks
from a federation of municipalities, asbestos analyses continued in March 2021. The masks’
filter cartridges were tightly sealed with a plug, and a dust sample taken from the surface of
a gas mask was clean of any asbestos. One of the filter cartridges was pried open and the
particulate filter layer was analysed. Chrysotile asbestos fibres were present.
A gas mask is a common object type in museum collections in Finland as well as in other
countries and gas masks are also often displayed in museum exhibitions. It is likely that the
potential asbestos hazard is insufficiently known among museum professionals.
Fortunately, gas masks are rarely worn in museums, but leaking asbestos and contaminated packaging materials may pose a health hazard to conservators and other museum
professionals, making prevention of exposure crucial. Risks can be reduced by safe working
methods, personal protective equipment and planning the preservation and exhibition of
asbestos-containing objects carefully. Gas masks should be stored in a tightly sealed
and undamaged plastic bag, for example in a re-sealable freezer bag, or in an airtight
container.
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