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Policies and practices for the preservation of
community-based murals: the case of Riachos,
Portugal

Politicas e praticas para a preservacao de murais
comunitarios: o caso de Riachos, Portugal

Abstract

Community-based murals return numerous positive outcomes to the communities involved.
However, these works embody a significant sense of impermanence. They are intricately tied
to the ever-changing social context from which they emerge, and their placement in public
spaces exposes them to a multiplicity of risks. This article examines policies and practices
related to the preservation of community-based murals, deploying the Riachos murals as its
case study. This involved comprehensively examining the murals’ evolution and gathering data
from stakeholders to gain insights into the perceptions of the murals as cultural heritage and
the different stances on their perishable nature. This furthermore presents a critical discussion
on the key issues involved, with the emphasis placed on the unique character of community-
based murals, particularly their dependence on the dynamic social context of their originating
community, before calling for a departure from traditional approaches to conservation
decision-making.

Resumo

Os murais de base comunitaria trazem inimeros beneficios para as comunidades envolvidas.
No entanto, estas obras incorporam um significativo sentido de impermanéncia. Estdo
intrinsecamente ligadas ao contexto social em constante mudanga do qual emergem e a sua
localizagao em espagos publicos expde-nas a uma multiplicidade de riscos. Este artigo analisa
as politicas e praticas relacionadas com a preservagao de murais comunitarios, utilizando os
murais de Riachos como caso de estudo. Para tal, examinou-se a evolugdo dos murais e
recolheram-se dados junto dos envolvidos, a fim de obter informacdes sobre as perce¢des
relativamente aos murais enquanto patriménio cultural e as diferentes posi¢des sobre a sua
natureza perecivel. Apresenta, igualmente, uma discussdo critica sobre as principais questdes,
destacando-se o cardcter Gnico destes murais, em particular, a sua dependéncia do contexto
dindmico da comunidade de origem, sublinhando-se assim a necessidade de um afastamento
das abordagens tradicionais a tomada de decisdo de conservagao.

ARTICLE / ARTIGO

ANGELA FERRAZ
RICARDO TRIAES *
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P Policies and practices for the preservation of community-based murals: the case of Riachos, Portugal

Introduction

Community-based murals are commonly defined as public artworks collaboratively created by
a group of people to express their shared ideas, values, concerns, experiences, and traditions.
These murals often reflect the identity of the local community and can be created in the context
of a local festival, to commemorate historical events or to raise public awareness about social
issues [1-2]. Displayed in public spaces, such as parks, schools, community centers, and other
areas, community-based murals form the streetscape for the daily life ongoing in its locality [3].
Furthermore, because they are painted on the public fagades, these murals are available to any
bystanders and can be appreciated free of charge, unrestricted by physical barriers and
indifferent to distinctions between social classes [3]. Hence, these murals may be considered a
democratic art form: the art of, by, and for the people [4].

The literature establishes how communities that implement community mural projects
undergo processes of transformation involving a new redefinition of the urban space, not only
in terms of urban planning but also in terms of its symbolic and social aspects [5]. There are
many studies on the multiple benefits that community-based murals provide to both
individuals and the communities and cities where they are located. For example, according to
previous research, these murals play an important role in social cohesion and community
resilience [6-7]. Some authors recognize how murals encourage connections between people,
strengthen social relationships within the community, promote inclusion, and establish
processes of dialogue and local consensus [2, 8-9]. In addition to fostering community, these
collaborative art initiatives excel in enhancing a physical sense of belonging, promoting
personal well-being, and nurturing shared memories and collective identities [1, 10-13].
Community-based murals may also become transformative for their locations in support of
local development [14]. It has been acknowledged that murals help to promote neighborhood
innovation and growth, facilitate connections between neighbours, provide opportunities for
the rehabilitation of degraded areas, and stimulate community pride in common spaces [3, 10].

As a product of community engagement, these murals undergo constant processes of re-
definition, resulting from the way they are perceived within the broader spatial and social
environments they inhabit. The meanings, values and significance attached to a mural define
its longevity [15]. Another factor of impermanence stems from their public locations. Displayed
on external walls, and thus subject to extreme environmental conditions, these artworks
interlink with an ephemeral character. Previous studies point to the numerous challenges
arising in the conservation of murals often executed with non-durable materials and without
maintenance protocols [16-21].

As such, murals seem to have a well-established life cycle: they are produced for a reason,
maintained for a time, and then repainted, removed, or simply left to decay until they eventually
disappear. However, poor conservation can generate negative effects on the aesthetics of their
respective locations. Furthermore, when murals start decaying, they can quickly become
covered in graffiti or subject to vandalism, which may further detract from the visual appeal of
the area. This often becomes interpreted as a sign of neglect and correspondingly confused with
a low socioeconomic quality evaluation of these places [1]. As a result, community-based mural
projects should incorporate preservation strategies right from the get-go. Unfortunately, what
has been observed is that relatively little attention is paid to the maintenance and conservation
of these murals at the time of their creation [19, 22].

On the other hand, the creation of a long-term plan for the preservation of community-
based murals is fraught with great challenges and involves complex and not always easily
resolvable issues. Firstly, the local community has assigned to those mural paintings a set of
values and meanings. These murals, as collaborative group work, are both a social product and
a process, even though it remains challenging to ensure the engagement of community voices
in conservation plans [23]. Furthermore, there are legal issues to consider: who is accountable
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for the preservation of this public art? Many of these murals are located on both public and
private properties, which deepens the challenges for decision-making.

This article aims to contribute to the discussion on potential strategies and practices for the
preservation of community-based murals, using Riachos (Portugal) as a case study. These 72
ethnographic murals, produced since 2012 in the context of a traditional festival with a very
marked identity dimension, have become a vital component of the inhabited space. However,
several are already in poor shape due to the lack of a preservation strategy, and the community
has faced no consensual options for their future.

This case study serves to raise a series of issues: what challenges are posed to the
preservation of community-based murals? How can a small community ensure the
preservation of its murals and the visual quality of its urban space without significant financial
resources? How to define preservation priorities? Is it possible to hear and take into account
the voice of every stakeholder? Given the lack of comprehensive literature that explores all these
questions in a real-world context, this article aims to provide a critical discussion and a
reference framework for policymakers who wish to implement preservation policies in similar
small community contexts.

The Riachos’ murals: from 2012 to 2022

Riachos is a village in the municipality of Torres Novas, located in central Portugal. The
abundant fertility of the lands, which was productive for livestock breeding, and agricultural
production, transformed agriculture into the local economy’s mainstay [24-25]. As such, the
community has sustained a very close identity within this rural environment, maintaining
various uses, customs, traditions and rituals belonging to the agricultural matrix in which the
locals take great pride. The Cattle Blessing Festival, a religious and ethnographic event, held
once every four years in gratitude for the harvests and the health of the cattle, is the best
illustration of this feeling.

It was within this context, in 2012, that the first community-based murals were painted in
Riachos [26-28]. This was the result of a spontaneous initiative by a group of Santo Anténio
neighborhood residents who wanted an original decoration for their streets after having such
tremendous success with their sunflowers in vase decorations in the 2008 edition. Thus, the
residents of this neighborhood came up with the idea of painting evocative scenes of Riachos
traditions on the local walls, in collaboration with an association of local amateur artists and
craftsmen, from NAR —Ntcleo de Artes de Riachos (Riachos Arts Center) which was especially
appealing given that many of the NAR painters also lived in the area. This initiative mobilized
around 20 painters who produced about 40 murals focused on the Santo Ant6nio neighborhood.

The artists were free to choose their topics under the auspices of the “ethnography of the
place, uses and customs, memories of the past” [29]. They used old photographs of Riachos’
settings, personal experiences, images from the Internet, as well as books engravings, as
models, they thought were evocative of these “ancient times” [29]. As such, although most
murals represent ethnographic scenes, there are also local figures, religious symbols, legends,
and customs (Figure 1).

Most participants were only available to work on painting the murals during the evenings
after their regular jobs and on weekends. Furthermore, none of them had previous experience
in painting murals and very few had any previous technical or artistic training. The time it
required to complete the murals, over several weeks, their public exposure, and the blending of
personal skills with the criteria for each scene justified collaboration between painters even
though each claimed authorship, signing and occasionally dating their murals [29]. It was also
noted that several painters produced more than one mural.
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Figure 1. Series of murals in Santo Ant6nio neighborhood, Riachos.

Figure 2. Mural depicting the folk group “Os Camponeses”, painted by José Triguinho in 2016, Largo M. S. Serddio, Riachos.

In 2012, there were no concerns about the murals’ long-term viability beyond the Blessing
Festival. Before starting to paint, the only endeavor was to clean the walls and conceal minor
surface defects.

Four years later, in 2016, Riachos was again hosting the festival, and new murals were then
painted although with certain differences from the original context that had inspired the 2012
murals. Given the continued existence and positive reception of the previous murals among
both the community and its visitors, there was a strong eagerness to create new murals and
broaden the range of Riachos’ painted areas. Although only 12 painters were participating this
year, the area of intervention in the village was enlarged alongside a better approach to planning
and choosing the themes and places to be painted. As a result, 35 new murals were made in
central locations, in the most visible public spaces, along the routes leading to the main festival
venue, with a special emphasis on the main Riachos’ square. More elaborate murals emerged,
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both in terms of themes and styles. Several murals were also painted in honor of real people and
specific groups, including individual portraits and a large mural depicting the local folk dancing
group (Figure 2).

In some instances, the walls were initially painted white with acrylic paint to prepare them
for the final work. Preparatory sketches were then drawn onto this base layer or directly onto
the concrete surface. Similar to the process used in 2012, the murals were created using acrylic
paints applied with brushes, rollers, or sponges. In addition to the new murals, retouches and
some repaints were made to 26 already existing murals. These interventions were frequently
made by participants other than the original authors. In 2016, more emphasis was placed on
mural preservation. Within this scope, the painters took more care in preparing the walls and
protecting the final work with varnish [27-29].

In 2020, due to the Covidi9 pandemic, the Cattle Blessing Festival did not take place, hence
no murals were painted that year. The festival only took place again in 2022. However,
organizing the festival this year was a last-minute decision that did not gain community
support, since many wanted it to take place in 2023 to coincide with the centennial of the
Riachos’ parish. This was the reason why NAR did not engage in any new mural painting
campaign. As a result, only three new murals were painted in 2022, all of which were the result
of private initiatives, one by the author on the fagade of her own house and the other two by the
same author at the request of the respective residents.

Perceptions of heritage and the temporal dynamics of murals

The incorporation of these murals into the local cultural heritage is a requirement for their
inclusion within the scope of public interest and the implementation of preservation plans. The
Riachos’ murals are widely treasured by the community not just as a visual storehouse of
traditions, but also as a catalyst for local identity and an aggregator of the feeling of belonging
in public space [26-29]. Several elements have led to this point: their visual impact on the streets,
the captivating imagery of their contents, their strategic placement around the village, and the
wealth and variety of the figures depicted [29]. Furthermore, through the subjects depicted, the
murals reflect the community’s self-perception and the image it has built of itself. This
characteristic renders these murals highly recognizable, allowing them to be readily used for
self-representational purposes.

The process of producing the murals itself played a vital role in fostering a collective sense
of belonging. As the murals were created over several weeks, residents took the opportunity for
close observation. This scrutiny was not merely passive as they actively engaged with the
painters, making suggestions, comments, and requests. These collaborative interactions
cultivated the sense of collective authorship [27, 29].

The community’s pride in the murals and their recognition as cultural treasures stems from
the fact that Riachos has no other significant built heritage [26]. As such, the murals have played
animportant part in filling the gap in the local community’s heritage, bringing memories of the
rural past to the streets and serving as indisputable symbols of this identity that still resonates
strongly inside this location.

Regardless, a 2020 survey of local people reported that many residents would agree to the
removal of a mural under certain circumstances [26]. According to 46 % of respondents, a
mural’s poor state of conservation is a valid justification to remove it. This position is of
particular relevance given that a significant proportion of these murals present conservation
problems due to the prevailing environmental conditions [27] (Figure 3). However, of the 12
murals lost since 2012, only one was destroyed due to its poor state of conservation and, even
in this particular case, a new one was painted in its place, by another author, although
maintaining the same theme (Figure 4).
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Figure 4. Example of a disappeared mural, replaced by another in the same location: a) The original mural, painted in 2012 by Quinita and C. Lopes (was in very
poor condition because it had been painted over a lime-washed wall with a loss of cohesion in the underlying layers); b) mural painted in 2016 by Z. M. and C. Lopes
over the previous one, with the same theme.

In cases of murals deteriorating, the most common option has been to repaint or retouch
the affected murals. As mentioned above, this approach was applied to 26 murals in 2016 and
only one in 2022. Retouching and repainting, which are not necessarily done by the original
author, have altered the colors and added new features to the composition (Figure 5). These
interventions were, in most cases, carried out with the authorization of the authors, which
means that these murals now have multiple authorships (signatures) and dates (Figure 6).
Consent from the authors seems to be the key to this process. According to the authors
consulted, if future conservation and restoration interventions are carried out without the
artists’ involvement or approval, they retain the right to express their concerns about
prospective changes to their murals and the removal of their signatures [29]. While repainting has
become a widely practiced and generally accepted procedure, some painters expressed
reservations regarding its aesthetic results. José Triguinho stated: “I'm not sure if completely
repainted murals look good. They never look the same as the original. I was told that other people
could retouch my murals but I think it's worse. I think it's better if it just disappears!” [30].
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Figures. An example of the changes introduced in the murals composition over time: a) Original mural painted in 2012; b) Mural in 2016: new elements were added,
and the colors were “revived”.

On the other hand, the 2020 survey showed that 44 % of the respondents agreed with
destroying murals whenever the owners of the wall requested it [26]. This means that according
to almost half the Riachos’ population, the owner of the architectural structure hosting the
mural holds the authority to determine its fate. However, destroying the mural without any
formal communication or explanation to the authors does not seem to gain acceptance. For
example, in Ana Isabel Moreira’s mural “Fonte da Barreta’ [Barreta Fountain], which was
painted in 2012 (Figure 7) and was soon destroyed by the wall’s owner for reportedly “not liking
the painting”, the author expresses her outrage as follows:

The owner of the house authovized the painting on his wall, the director of NAR invited me and
Laccepted. I am the painter! I have the right to my work! [...] I never saw the owner, I don't know
him and he didn't deign to speak to me or watch while I was painting! It was disrespectful. He
destroyed the mural, without my knowledge and any explanation. NAR didn’tinform me either.
[31]

Figure 6. An example of a mural with multiple signatures and dates.
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Figure 7. Mural “Fonte da Barreta”, replaced by another in the same location: a) mural painted in 2012 by Ana Isabel Moreira; b) mural painted by a different artist,
over the previous one.

Another distinct situation was that of the mural entitled “A pastora” [The shepherdess],
painted on the side wall of a house in 2012 and destroyed shortly afterwards (Figure 8).
According to Pereira Jorge, the NAR president at that time, a few months after the painting was
made, problems with water infiltrations were detected. For that reason, the outer wall plaster
had to be completely removed for the application of a new coating and, consequently, the mural
was destroyed. In this case, the authors were previously informed and understood the
circumstances.

Figure 8. Mural "A Pastora" (on the left) destroyed during the building's repair works to address water infiltrations.
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Figure 9. Murals painted in 2012, dedicated to the bread-making cycle. This collection originally consisted of eight murals. Five of them were destroyed to make
way for a new residence.

Most murals are located on the walls of private buildings and are therefore subject to the
discretion of the owners. Five murals were destroyed because the walls on which they were
located were demolished for the construction of new houses (Figure 9). Such a situation seems
to gain acceptance in the community, which generally considers the property owner’s desire
should always prevail [26, 28]. This rationale implies that the discontent of the authors of
damaged murals derives from the failure of not being personally informed about the
destruction [27].

There seems to be a collective local community awareness about the perishable nature of
murals. Despite the application of a layer of varnish to the 2016 murals, to enhance their life
span, as previously mentioned, there is an implicit acknowledgment that murals will not
endure indefinitely. However, as regards the finitude of the murals, there are ambiguous
feelings among their authors. Dadinha, an author of several murals in Riachos, highlights that
even during their execution, she and other painters experienced apprehension about the
potential disappearance of their work, given the immense effort invested in their creation [30].
Valter Reis holds a contrasting viewpoint and appears to be resigned to the eventual
disappearance of his murals: “I know that murals have been varnished, which helps to preserve
the work I've done. However, I don't know how much longer it will last. Everything that stands
will eventually fall. It's not that it makes me uncomfortable. It’s part of the cycle of beginnings
and endings, and that's what life teaches us to accept.” [30].

Preserving the Riachos murals: exploring critical considerations

This case study provided valuable insights that enabled the engagement in reflections aimed at
establishing optimal practices and policies for the preservation of the Riachos murals. We
gained a better grasp of the problems and opportunities involved in their long-term
preservation after thoroughly investigating the social environment in which they were
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produced and to which they belong. The summarized outcomes of these critical reflections are
presented below.

Murals are responsive to the dynamic nature of their social context

Timothy Drescher referenced how all community murals are primarily social [17]. Therefore, all
preservation decisions must be considered within the dynamic social context in which they are
situated. A community is a living, constantly changing entity. Small communities, such as
Riachos, can undergo rapid modifications as a result of local events, changing dynamics among
members, political movements, economic developments, cultural influences, or even individual
choices. As aresult, the community’s fabric may be rewoven, relationships and power structures
may shift, and the group’s identity may be redefined.

Furthermore, the murals’ cultural significance is not inherent in the murals themselves;
rather, it is conferred upon them by all those who hold an interest in them, particularly the local
community from which they came [32]. Embedded within the community, the murals are
intricately intertwined with the ongoing social processes. Consequently, the community’s
perception of the murals and the values attributed to them are subject to influence by these
evolving circumstances, rendering them susceptible to change over time [15, 33]. Murals that
are popular today may no longer be so tomorrow.

Not all murals can be preserved

As mentioned above, the ephemeral nature of murals is generally accepted by the community as
does the idea of destroying the mural “whenever necessary”. As David Lowenthal stated, we
have to accept that destruction, in the context of cultural heritage, is not a practice necessarily
to be condemned but rather deeply rooted in human nature and society, constituting part of
economic and creative life [34]. In the case of Riachos, as stated, it is not the act of destruction
itself that is criticized but rather the absence of transparency and dialogue with the mural’s
authors. The artists express their frustration not because their murals were destroyed perse, but
because they were unaware of the damage and were excluded from the decision-making
process. The murals’ placement and ownership of the architectural structure they adorn are
critical aspects. Murals regularly clash with private interests, and it may not always be feasible
to reconcile all parties interests.

On the other hand, it became evident that for the local population, and particularly for the
authors themselves, destruction is viewed as a dynamic process. Existing murals are
sometimes eliminated to give place for the creation of new ones on the same site. The constant
process of creation and destruction inherent in the development of these community murals is
seen as an essential part of their unique nature. Consequently, rather than dismissing,
discouraging, or condemning it, it should be recognized and cherished.

Clear and unanimous leadership must be provided

Contrary to expectations, there was a marked shift from the tradition of regularly creating new
murals and conservation through the retouching and repainting of those decaying in the
meantime during the last Cattle Blessing Festival, in 2022. As was noted, only three new murals
were created last year with just one retouched. When asked, at a meeting in May 2023 at the
Agricultural Museum of Riachos, why they had not created new murals and attempted to solve
any conservation issues in the existing murals on the occasion of the Festival, the painters
unanimously replied: “because nobody called us”.

This demonstrates the potential consequences of a lack of leadership in the process, which
can swiftly jeopardize the entire dynamic of creation and preservation that was previously
established. Therefore, clear and unanimous leadership must be provided and acknowledged
by all those involved. Until 2022, this function belonged to NAR, which may keep it or pass it on
to the Agricultural Museum, a regional institution that plays an important role in bringing the
local community together [24, 35]. This institution, as a community museum, could assume the
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role of managing this heritage. It would be responsible for cataloguing the murals, conducting ongoing
monitoring of their conservation status, and leading the efforts to preserve the existing murals.

However, as previously stated, as there is a strong feeling of collective authorship over
decision-making regarding the future of the murals, this should be a responsibility shared
between the artists, owners, residents, and policy-makers. As such, the museum would need
to ensure that all the different voices involved are heard when making decisions.

It is not possible to establish universal criteria for decision-making

Given the multiplicity of factors involved and the dynamic nature of the contexts surrounding
murals, it is simply not possible to establish global criteria for conservation. Conserving
community murals involves complex processes and it is therefore impossible to establish
principles that can be universally applied to all cases [17]. Deciding which murals should be
preserved, which changes are or are not acceptable, and who can restore each mural are all
decisions that have to be taken continuously and for which even guidelines are difficult to
establish precisely because community murals represent one facet of ongoing social processes [17].

Today’s decisions are necessarily influenced by the dominant perspective of the present and,
as a result, are always open to debate in the future, with decision criteria evolving at any time.
This dynamic nature of the conservation decision-making process can be viewed as an intrinsic
dimension of this cultural heritage.

Furthermore, no preservation decision will ever be impartial or neutral [32, 34]. Recognizing
this fact is a key point for fostering transparency and critical engagement with community
murals. This encourages the community to acknowledge diverse perspectives, address ethical
issues, and engage in a broader discourse to ensure that the preservation policies reflect a
broader spectrum of voices.

In this context, thorough documentation is crucial. As part of a master’s degree project in
Museology at Nova University Lisbon (UNL), conducted in 2022, a proposal was developed for
the documentation of these murals [36]. This includes, among other aspects, recording each
author's and owner's perspectives on ownership and preservation. Understanding how each
one envisions the conservation criteria and the boundaries they establish for their alteration or
destruction is essential for informed decision-making.

Ensuring the long-term viability of mural preservation is imperative

Without regular monitoring of the conservation state and treatment, the murals will
continuously deteriorate. As such, the murals can become a burden rather than a source of
pride, degrading the aesthetic appearance of the streets and becoming heritas damnosa, as the
classical Romans described it [34]. However, preserving existing murals (in addition to creating
new ones) requires material resources that are scarce or even nonexistent in a small community
like Riachos.

Thus, obtaining funds from local entities becomes critical, with the municipality playing a
particularly important role. Given its responsibility for safeguarding and upholding significant
works even if not directly involved in their development, the municipality’s jurisdiction extends
to providing financial support, as well as material and technical help [17].

On the other hand, the long-term viability of any project aimed at preserving the Riachos
murals depends on two other crucial factors. The first is the ability to act outside of the Cattle
Blessing Festival which takes place once every four years. Mural conservation requires constant
monitoring of their ongoing state as well as continuing decision-making. This is only
conceivable if the Riachos’ community murals project is viewed as a continuous project.
Secondly, it is fundamental that partnerships are established with schools, museums, and other
cultural institutions to create a support network that guarantees the continuity and
preservation of the Riachos’ murals.

Engaging with the academic community is crucial for providing informed and enlightened
contributions. Between 2021 and 2023, a research project was developed within Techn&Art, a

CONSERVAR PATRIMONIO 53 (2026) https://doi.org/10.14568/cp33570

18


https://conservarpatrimonio.pt

P Policies and practices for the preservation of community-based murals: the case of Riachos, Portugal

research center at the Polytechnic Institute of Tomar (IPT), aimed at studying these murals,
documenting them, and reflecting on possible preservation approaches with the involved
community [37]. This project, titled "MurArte - Documentation of the Riachos Murals for
Sustainable Preservation," was carried out in collaboration with various local partners,
including the Agricultural Museum and NAR, which was essential for ensuring the broad
participation of all stakeholders [37].

Although this project has been completed, collaboration with IPT and other educational
institutions remains ongoing and highly desired. For example, a current master's research
project in museology at UNL is developing a protocol proposal for the regular monitoring of the
murals’ conditions. This document is expected to provide precise guidelines on who should
conduct this monitoring, how frequently it should be done, and the methods to be followed.
Additionally, a guide for the creation of new murals is being prepared. This manual will include
a set of guidelines for selecting and preparing supports, choosing painting materials, and
applying preventive measures to ensure their long-term preservation. A very close
collaboration with the Laboratory of Conservation and Restoration at IPT is also anticipated to
provide the necessary technical support.

Conclusions

The murals play a fundamental role in the community of Riachos, serving as both visual features
and identity markers. Considered cultural heritage, their permanence is contingent upon the
collective will of the community that creates, repaints, replaces, or destroys them. As such, this
case study sheds light on the need to move away from traditional preservation models and
embrace innovative approaches to safeguarding what can be understood as cultural heritage.

This study reports that the long-established practice of conservation, driven by a desire for
absolute permanence and the preservation of all material traces, cannot be applied in situations
like these. The impracticality of maintaining everything is obvious. This not only demands
resources beyond the community’s means but also contradicts the inherent dynamics. The
preservation of community-based murals, as observed, relies on the community’s capacity to
perpetuate the cycle of creation, modification, and removal, where new murals emerge, those
existing are maintained and/or altered while others are subject to elimination.

Community murals are a collaborative endeavor, so residents must keep the cycle going by
attracting new participants and fostering partnerships that can provide resources and support
for the project. Although decision-making emerges from within the community, the successful
preservation of these murals as cultural heritage depends on clear and well-established
leadership. Conservators can contribute to this process by offering their expertise and
knowledge. However, in this case, they should reach beyond the material aspects and consider
the broader context, recognizing the immaterial dimension of the murals, their uniqueness,
and their significance to the community. This means recognizing that conservators are not the
sole authorities but rather act as facilitators and collaborators in the preservation process.

The critical reflection enabled by this case study, however, has some limitations. The first is
that this is a relatively recent case (2012-2022), meaning that sufficient time has not yet passed
to allow for the consolidation of conclusions that only time and social dynamics can provide.

Secondly, it would be beneficial to place this case within a broader context by comparing it
with other similar instances of community murals or urban art, which are increasingly
emerging in various cities across Portugal. Such a comparative analysis could help identify
commonalities and differences in practices and attitudes. This approach would expand our
understanding of ethically sustainable policies and practices for preserving this type of
heritage.

Given these considerations, this study provides a starting point for a critical examination of
the methods and policies governing the preservation of a type of legacy with distinct
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characteristics. The cultural context of origin, the expectations generated within the
community that created and holds it, and its high level of ephemerality and associated

intangible values all contribute to its uniqueness. These are issues that contemporary

conservation and restoration practices must be prepared to address adeptly.
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Non-invasive pXRF technique for identifying
pigments in multilayered artistic paintings

pXRF: técnica nao invasiva para identificar
pigmentos em pinturas artisticas com
multicamadas

Abstract

Portable X-ray fluorescence (pXRF) is a powerful analytical tool; however, its application to the
analysis of complex pigment mixtures and multilayered artistic paintings - particularly ternary
and quaternary systems distributed across one or more layers - still presents significant
challenges. This study investigates the effectiveness of pXRF in detecting specific pigments,
such as azurite, cinnabar, and lead white, within complex mixtures and overlapping
stratigraphic layers, which are typical features of historical paintings and polychrome
sculptures. Cadmium yellow, a pigment commonly used in later periods as overpainting, was
also successfully identified, providing insights into the usefulness of pXRF for testing on
historical artworks, even when dealing with later additions or restorations. The insights gained
from these experimental replicas were subsequently applied to the analysis of two historical
paintings selected as case studies, in which the target pigments were found to be
heterogeneously distributed and mixed in varying proportions.

Resumo

A fluorescéncia de raios X portatil (pXRF) é uma ferramenta analitica poderosa; no entanto, a
sua aplicagio na andlise de misturas complexas de pigmentos e pinturas artisticas com varias
camadas — particularmente sistemas terndrios e quaternarios distribuidos por uma ou mais
camadas — ainda apresenta desafios significativos. Este estudo investiga a eficicia da pXRF na
detecdo de pigmentos especificos, como azurite, vermelhao e branco de chumbo, em misturas
complexas e camadas estratigrificas sobrepostas, comum em pinturas histdricas e esculturas
policromdticas. O amarelo de cddmio, um pigmento muito usado em periodos posteriores
como sobrepintura, também foi identificado, mostrando a utilidade do pXRF para analisar
obras de arte histéricas, mesmo quando se trata de adigbes ou restauros posteriores. As
informagdes obtidas com as réplicas experimentais foram posteriormente usadas para analisar
duas pinturas histéricas selecionadas como casos de estudo. Os pigmentos identificados estao
distribuidos de forma heterogénea e misturados em proporgoes variadas.
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Introduction

Art scientists play a crucial role in the multidisciplinary study of cultural heritage (CH),
developing modern techniques and innovative strategies to investigate historical and artistic
materials. Multidisciplinary research can yield valuable insights into artistic heritage by
combining expertise from heritage sciences. The investigative focus has shifted in recent years
towards non-invasive, in situ methods, so the need has arisen for portable instruments for in-
field assessments. One analytical technique widely cited in the literature is energy dispersive
X-ray fluorescence (XRF) spectrometry, which has been used for elemental characterisation
since the 1960s [1-8]. This is now widely and successfully used to provide non-destructive
elemental analysis of pigments on polychrome surfaces, easel paintings, historical
manuscripts, and even in archaeological and forensic applications [7, 9-16]. The use of portable
X-ray fluorescence (p-XRF) spectrometry for in situ multi-elemental analysis has grown
exponentially, but some limitations have been noted. These include its low sensitivity in
detecting light elements, the over-lapping or proximity of some X-ray lines, such as the SKa
line and PbMa lines [17-18], and the influence on the fluorescence signal of the elements of the
sample matrix. This last effect plays a crucial role in the detection of pigments using pXRF
because it can either enhance or attenuate the fluorescence signal of the heaviest element of a
pigment, depending on the surrounding materials and their composition [19].

The X-rays are attenuated because in the fluorescence process they are generated both in
the atoms on the surface of the sample and in those within the sample. When a beam of X -ray
photons passes through a material, some photons are attenuated in the interaction processes,
following the Beer-Lambert law. The intensity of both the incident X-ray beam and the
fluorescent radiation is reduced due to absorption in the sample; the degree of reduction
depends on the density, thickness, and mass attenuation coefficient of all the elements in the
matrix. This variability can make it challenging to identify these elements accurately, which is
particularly relevant to attempts to understand the materials and techniques used by artists in
the field of art conservation and restoration. Several recent studies have examined the factors
involved in the in situ pXRF analysis of pigments, particularly from complex layered samples.
Literature has focused on layer thickness, pigment dilution in the binder (critical Pigment
Volume Concentration or PVC), pigment particle size, layer homogeneity, and the matrix
effect, particularly on the complex stratigraphic structures of paintings and their influence on
the measurement of the fluorescence signal [8-9, 20-23].

Progress has been made, such as in the visualisation of the distribution of elements within
complex structures through macro XRF mapping, the variation of the angle of X-ray incidence
(angular scanning) [19, 21], and the evaluation of layer stratigraphic disposition and
measurement of its thickness through the Monte Carlo (MC) algorithm, and the use of X-ray
intensity ratios (such as Kat/Kp or Lat/LP) [2, 8, 24-28]. However, despite ongoing investigation,
the matrix effect of elements from different pigments within the pictorial medium remains a
challenging topic in the case of polychromatic multilayers and complex pigment mixtures such
as easel paintings. This topic is the focus of the present study.

The present work is one element of our multidisciplinary research, which aims to develop
advanced non-invasive techniques to extract the maximum possible information from artistic
paintings. In particular, an interesting line of research in our project focuses on studying
pigment mixtures in real paintings signed by renowned artists [2, 26, 29]. Our current research
delves deeper into this topic, mainly addressing questions related to the analysis of complex
multilayers and mixtures in unknown painting samples by pXRF spectrometry. Our main goal
is to establish the reliability of this technique for detecting the component elements of
pigments, even in binary, ternary, and quaternary mixtures of pigments. The pigments are
spread pure or mixed (2, 3 or 4 pigments) in single or multilayered pictorial structures. Given
the mixtures of pigments traditionally used, we selected cinnabar, azurite, and cadmium
yellow, in both pure and mixed forms [30]. The combination of these pigments in various ways
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reflects the techniques traditionally used to achieve a wide range of colours and effects in
artworks. Small amounts of cinnabar and azurite mixed in the flesh tones of living figures are
common in traditional paintings and sculptures, while azurite combined with red pigment and
lead white produces purple tones, and with cadmium yellow forms green. Lead white — widely
used as imprimatura or for light areas in many artistic paintings in the past — was also chosen to
study its influence in different mixtures. Finally, findings from the experimental replica
samples studied are applicated to two real paintings used as case study.

Materials and methods

Pigments and binder medium

The selected pigments — cinnabar, azurite, cadmium yellow, and lead white — were used in their
pure form and as mixtures, with refined linseed oil (Winsor & Newton) as the pigment binder
in all the model samples. The pigments azurite (Standard PB 30 (A), Cu,(CO,),(OH),, 10200 code
Kremer), lead white (LW, (PbCO,),-Pb(OH),, 46000 code Kremer) and cinnabar (C, HgS, 42000
code Kremer) were used for centuries in European easel painting, particularly during the
fifteenth and sixteenth centuries. Additionally, a more recent pigment developed in the
nineteenth century, cadmium yellow (CY, CdS, 21040 code Kremer), was included in this study.
The CdS pigment used in this study is consistent with historical CdS—CdZnS formulations
employed to lighten cadmium yellow tones. The Zn content remains below the detection limit
of our analytical methods. The reason for including an anachronistic pigment in this study lies
in its potential presence, possibly added during a repainting or retouching as part of a
restoration process. This pigment introduces a new element (Cd) with different spectral lines
compared to the previous pigments (Pb, Cu, Hg), providing insights into the usefulness of
pXRF for testing on historical artworks, even when dealing with later additions or restorations.

Model paint samples

Test panels were prepared in the laboratory on one canvas support; each panel replicates a
layered artistic painting. Twenty-four model samples were prepared, containing both pure
pigments (cinnabar, azurite, cadmium yellow and lead white) and mixtures of these, arranged
in one, two or three layers. The successive layers were applied with a brush. All pigments were
manually mixed in a porcelain glass for a few minutes, using a glass rod, with linseed oil as the
medium. The amount of linseed oil used simulated the standard proportions of pigment
mixtures, which must have an optimal consistency, not drip during application, and achieve a
homogeneous layer. The amount of oil absorbed by each pigment varies due to pigment grain
size, form, and chemical composition, but the optimal pigment/linseed oil (w/w) ratio required
to obtain an appropriate viscosity of paint for each pigment studied was 3:1 (1.5 g of pigment to
0.5 ml of linseed oil). This ratio was maintained in the mixtures. The structure was designed to
reproduce a paint layer thickness typical of real paintings, reaching approximately 100 um,
measured using a Mitutoyo 2046F thickness gauge (measurement range: 0.01-10 mm). Each
layer was applied and then allowed to dry under controlled laboratory conditions (22 °C, 50 %
RH) without direct exposure to light. After approximately 72 hours, when the layer had fully
dried to the touch, the subsequent layer was applied on top of the previous one. The study was
carried out using a portable XRF spectrometer. For each model sample, three measurement
points were considered, and the calc‘ulated signal fluorescence was averaged from the number
of counts per second of the three measurements taken with a precision of 1.43 %. The indicated
precision was evaluated as the percentage ratio between semi-dispersion error and averaged
value. One hundred and twenty-nine measurements were carried out in this way with pXRF,
including support measurements.
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Figure 1. Schematic structure of the model samples: a) in the first layer; b) second layer; c) third layer; d) the outline of its stratigraphic layout and e) the final state
of the model sample. Red — HgS, blue - Cus(COs).(OH),, yellow — CdS, grey — (PbCO;).-Pb(OH), and white — canvas. The size of each cell is 2.5 x 5 cm.
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Figure 1 schematises the stratigraphic arrangement of the pure and mixed pigments in the
first (Figure 1a), second (Figure 1b), and third layers (Figure 1c) of the model samples. Figure 1
shows how the first layer (L1) was prepared with pure pigments (cinnabar 1-44; azurite 1-4B;
cadmium yellow 1-4C and lead white 6C) and binary, ternary and quaternary mixtures of
pigments. Binary mixtures were prepared with combinations of two of cinnabar, azurite, and
cadmium yellow pigments in a 1:1 ratio (5A-C) and combinations of one of these pigments with
white lead at 1:1 and 3:1 ratio (1-6D). A ternary mixture sample of cinnabar, azurite, and
cadmium yellow in equal proportions was prepared (6A), and a quaternary mixture sample was
prepared, composed of the three previous pigments plus lead white, also in equal proportions
(6B). The second layer (L2) was prepared on top of the first. Pure pigments (2A-C, 3A-C and 5A-
C) and binary mixtures (4A-C) were spread on top of the first layer. The third layer (L3) was
prepared on top of the second layer with pure pigments (2A-C and 3A-C). In addition, the
stratigraphic structure of the model samples is shown, where the inner layer is L1, the middle
layer L2 and the outer layer L3 (Figure 1d). Finally, the photograph of the final state of the model
samples is shown (Figure 1e).

Case study: description of the paintings

To support our experimental testing with replica samples, two paintings were selected (case
study No. 1 and No. 2) for study. The artworks were attributed to the sixteenth century and
feature the use of lead white, vermilion or cinnabar, and azurite pigments in their layers. Both
paintings belong to a private collection and were studied by our research group. In each
artwork, specific color areas (red, blue, and flesh tones) were selected for analysis, which
contain some of the pigment mixtures discussed in the study (Figure 2).

Figure 2. The case study paintings: @) No. 1, painting on copper support; b) No. 2, painting on canvas: The Little Madonna of Foligno.
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Case study No. 1 comprises an oil painting on a copper support, on the back of which is the
inscription, Boceto di Pablo Veronese. The painting (Figure 2a) is oval shaped with two axes of
symmetry (major axis: 17.5 cm; minor axis: 13.5 cm). The theme of the painting is religious,
representing the Holy Family [2].

Case study No. 2 is an oil painting entitled The Little Madonna of Foligno, dated between 1507
and 1509. It depicts a scene almost identical to that of Raphael Sanzio's Madonna of Foligno
from the Italian High Renaissance (around 1511), which is displayed in the Vatican Pinacoteca
(Figure 2b). The Little Madonna of Foligno is smaller (66.5 x 93.5 cm) and includes additional
details, such as the almost complete head of a lion behind Sigismund of Conti's cape [29].

Handheld X-ray fluorescence (pXRF)

X-ray fluorescence spectroscopy analysis was performed using a handheld NITON XL3t
GOLDD+ (Thermo Fisher Scientific, Waltham, MA, USA) with a silver anode (50 kV, 200 A)
analyser (pXRF). The analyser was fitted with a camera and a suitably equipped Small Spot
analyser, with which analysis could be restricted to a small area of the camera angle (3 mm).
After waiting five minutes to allow the instrument’s electronics to stabilize, a system check was
performed to calibrate the detector and ensure it was operating according to the specifications.
Spectra were collected using the measuring mode “test all geo”. The analyser was equipped with
four excitation filters (main, high, low, and light) that optimise the analyser’s sensitivity for the
various elements. Measurements of 30 seconds for each filter were set, meaning each spot
analysis took approximately 120 seconds to complete. The geometrical setup was the same for
all the measurements. NITON Data Transfer (NDT) software 6.1 was used to control the
instrument and for management and transfer.

Results

The results of the pXRF measurements of the model pictorial samples, with the pigments used
in pure form, mixed, or layered, are shown below. This was followed by a discussion on the
influence on the fluorescence signal of the presence of other pigments in mixtures and/or in
multiple layers. The current section begins with the description of the XRF results for model
samples when the analysed pigment is pure and located in the outer, inner or middle layer. The
following section deals with the results obtained on the pigment mixtures, as either external or
internal layers. Finally, the results obtained in the study of laboratory samples were supported
using pXRF to identify these pigment mixtures in two real paintings.

For the present study, the number of counts per second (cps) of the spectral lines of the
heaviest element of each pigment — HgLa for cinnabar, CuKe for azurite, CdKe for cadmium
yellow and PbLa for lead white — was measured. Bar charts are used to plot the mean values of
various elements (Hg, Cu, Cd, Pb) from three random measurements. These measurements are
taken when the pigment analysed is located in the outermost, innermost, or middle layer of a
model sample with one, two, or three layers. The elements found in the canvas support
(majority Zn and traces of Ba, Pb, Fe, S and Ca) do not affect the results obtained.

Model samples of pure pigments

Representative pXRF spectra of pure pigments measured in a mono layer were selected for
display in Figure 3. The figure displays the characteristic spectral lines of the chemical elements
in each pigment and illustrate how each pigment can be differentiated.
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Figure 3. pXRF spectra of pure pigments: red - HgS, blue - Cu;(CO;5).(OH),, yellow - CdS, grey - (PbCO5).-Pb(OH)..

Pure pigment in the outermost layer
When the pure cinnabar, azurite or cadmium yellow was situated in the outermost layer, the

counts per second (cps) of the peak of the heaviest element in a mono layer (L1) was compared
with its signal when measured over two- (L2) or three-layered (L3) model samples.

Figure 4a shows a decrease in the X-ray fluorescence signal of the HgLa line of a pure
cinnabar when it is extended over a layer of azurite or cadmium yellow (30 % to 47 %,
respectively). It should be noted that when there was two layers of pigment under the cinnabar,
the X-ray fluorescence signal HgLa was unaffected. Note also that the order of the two
pigments under the cinnabar layer did not affect the HgLa signal.

If pure azurite was the outermost layer (Figure 4d), the bar chart showed a prominent CuKo
line, but this was reduced by about 50 % when the cinnabar was present in internal layers.
However, only a slight reduction in the CuKa line (around 15 %) was observed when cadmium
yellow is the underlying pigment.

The X-ray fluorescence intensity of the CdKa line from pure cadmium yellow in a mono
layer (Figure 4g) was significantly less than the CuKa and HgLe lines in the same disposition.
However, it should be noted that its signal increased by 40-50 % when the yellow pigment was
spread in the outer layer of a bilayer sample. This signal increased was only observed in bilayer

samples; it did not occur in trilayer samples.
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Figure 4. Counts per second (cps) of the peak of: a-c) HgLa; d-f) CuKe; g-i) CdKa, for each pure pigment when measured in the outermost, inner and middle layer.
Red - HgS, blue - Cus(CO;5).(OH)., yellow - CdS. The small colored segments at the top of each bar illustrate the pigment stratigraphy corresponding to the

successive layers, as documented in Figure 1.

Pure pigment in middle and inner layers

When cinnabar or azurite pigments were in the inner or middle layers of two- or three-layer
samples, a significant reduction was observed in the X-ray fluorescence signal of HgLa or
CuKe, compared to that in the single pigment. This observed reduction was independent of the
number of paint layers and the location of the pigment being measured (L1, L2 or L3) (Figure
4b-c, e-f). Notably, there was a significant reduction of the CuKa fluorescence signal (90 %)
when azurite was in the middle layer under an outer layer of cinnabar. The presence of an outer
layer of cinnabar significantly affected the copper signal of the blue pigment located in the
lower layer. The CdKa signal, though, was barely affected by the presence of cinnabar, although
a notable increase in its signal was observed in three-layer samples with azurite in the
outermost layer.

Model samples of mixed pigments

In order to study the influence of the pigment mixture on the fluorescence signal of the pictorial
matrix, fourteen model samples were prepared, including single- and two-layer samples
(Figure 1). Figure 5 shows selected pXRF spectra of samples of mixed pigments.
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Figure 5. pXRF spectra of model samples of binary, ternary and quaternary mixtures with equal proportions of pigments: ) binary mixture of azurite and
cinnabar; b) binary mixture of azurite and lead white; ¢) binary mixture of cadmium yellow and cinnabar; d) binary mixture of cadmium yellow and lead white; ¢)
binary mixture of azurite and cadmium yellow; f) binary mixture of cinnabar and lead white and g) red-ternary mixture (azurite, cinnabar and cadmium yellow)

and black-quaternary mixture (azurite, cinnabar, cadmium yellow and lead white).

Mix pigments in the external layer
This section focuses on 11 model samples containing pigment mixtures in the outermost layer.

In eight of them, the mixtures were spread in a single layer, and in the other three, the mixtures
were in the outer layer of two-layer samples (Figure 1). The single-layer samples contained
binary, ternary, and quaternary mixtures, with equal pigment proportions (1:1, 1:1:1, and 1:1:1:1
ratios), and binary mixtures of lead white and pigment with a 1:1 (LW:pigment) and a 3:1

(LW:pigment) ratio (Figure 1).
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Figure 6. Counts per second (cps) of the peak of: 1a) HgLa; 1b) CuKa; 2¢) CdKa; 2d) PbLa for each mixture. Red - HgS, blue - Cus(COs).(OH)., yellow - CdS,
grey - (PbCOs),-Pb(OH),.

The bar charts in Figure 6 show that all the pigments measured show a much lower
fluorescence signal than the pure pigment signal when they were part of a binary, ternary, or
quaternary mixture. The decrease was greater than 50 % in all tested mixtures. This occurs
particularly in the quaternary mixture, where the HgLa, CuKa, CdKa, and PbLa signals were
reduced by up to 95 %.

Figure 7 illustrates the impact of lead white (LW: pigment) on the X-ray fluorescence signals
of other pigments in binary mixtures. The presence of Pb in mixtures significantly reduced the
X-ray fluorescence signals of other pigments, the HgLa, CuKe, and CdKe signals at a 1:1 ratio
with Pb were up to 80 % lower than the signal of the pure pigment. The reduction of the
measured X-ray fluorescence signal of PbLe in the three binary mixtures was lower, however,
in particular for LW:CY (3:1) and for LW:A (3:1). When the proportion of azurite in the mixture
was increased (1:1 ratio), the PbLa signal was reduced by around 40 %. Mixtures with cinnabar
showed the most significant reduction in the X-ray fluorescence measurement of Pb, even
when lead white constituted 75 % of the mixture.

a Hg + Pb(CO,).Pb(OH), b Cu +Pb(CO5).Pb{OH); C Cd +Pb(CO,).Pb(OH),
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Figure 7. Counts per second (cps) of the peak of HgLa, CuKet, CdKot or PbLet for binary mixtures between different pigments and lead white in a single layer: )
binary mixture of cinnabar and lead white; b) binary mixture of azurite and lead white and ¢) binary mixture of cadmium yellow and lead white. Red - HgS, blue -
Cu;(COs).(OH), yellow - CdS, grey - (PbCO5).-Pb(OH)..
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Finally, this section studies how the mixture of pigments affects the X-ray fluorescence

signal when this mixture was in the outer layer of a two-layer sample (Figure 1d, 4A-C). The

results are shown in the bar charts of Figure 8a, cand, e.

When pure pigments were spread on the outer layer over a mixture, there was very little

reduction in the HgLa and CdKa fluorescence signal, but the azurite signal was reduced by

almost 45 %. However, the decrease in the signal was significant if the measured pigment was

on the outer layer but in a mixture; the HgLa signal, especially, was drastically attenuated — by

90 % — despite being in the outer layer.

measurement layer

a Hg in outermost layer Hg ininner layer
1500 1500
) 1000 g 1000
a a
© o
n
500 —— 500 -
I l
0 =i o -
11 L2 L2 L2 0 . o
measurement layer 1 L2 L2 L2
measurement layer
C Cu in outermost layer Cuininnerlayer
2000 2000
3 rE—n
1500 1500
L
H4 7]
o 1000 Q. 1000
(8] (&)
500 btz —— 500
l l .
0 3 - =
L1 L2 L2 L2 1 P 2 2
measurement layer
measurement layer
(= Cd in outermost layer Cd ininner layer
400 400 o -
R
0 0
> 200 = o 200
-
- -
0 0
L1 L 2 L2 1 L2 L2 2

measurement layer

Figure 8. Counts per second (cps) of the peak of: a-b) HgLa; c-d) CuKe; and e-f) CdKa in outermost and inner layers for pigment mixtures spread on two-layer
samples. Red - HgS, blue - Cus(CO5).(OH),, yellow - CdS. The small colored segments at the top of each bar illustrate the pigment stratigraphy and mixtures

corresponding to the successive layers, as documented in Figure 1.
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Mix pigments in the inner layer

The X-ray fluorescence signal of pure or mixed pigments located in the inner layer was shown
in the bar charts of Figure 8b, d and, f. When the pigment being measured was pure under a
mixture layer, the HgLa signal is reduced by 60 % and the CuKa signal by 30 %. In contrast, the
signal of pure cadmium yellow remains constant. However, when the pigment being measured
was mixed and located in the inner layer, the reduction in HgLa and CuKa signals was more
significant than when the pigment was is pure. The CdKa signal was only affected if the
pigment was mixed, and it was unaffected by whether it was in the inner or outer layer.

Stratigraphical information obtained by measuring the intensity of different

spectral lines by pXRF

The spectrum of pXRF measurements of the model pictorial samples showed different spectral
lines depending on whether the pigment is in an external or internal layer. As indicated in the
bibliography consulted “the energetic emission from the PbLa line (10.3 keV), being poorly
attenuated, is related to the presence of lead elements in the whole stratigraphy. On the other
hand, the detected emission from the PbMa line (2.38 keV) is related to surface layers only, since
photons emitted in underlying layers are strongly absorbed by upper layers” [31-32].

As shown in Figure 3 and Figure 5, the lead white was in an external layer in all the model
samples in our study. Therefore, in the corresponding spectrum, we observe the spectral lines

of PbLa and PbMer.

Figure 9 shows the same situation for cinnabar and cadmium yellow, respectively. If both

pigments were in external layers, the peaks corresponding to the spectral lines HgMa and CdLa
appear, and if they were in internal layers, they did not appear. This phenomenon was

independent of whether the pigments were pure or mixed.

30 o)
- CE—
= -
1000 E - g o =
» B [—
)
J -
@ 20 A
-
o [
800 T | 1
15 | |
2 "
5 10 | l
600 © l [
(7} AR ' \
8 5 / \\, 50 ‘\‘b.-'va.-/\ -~f.h,y"n\q,<""‘/~/\‘_.‘ ,/ LA [ "-'.Iw':‘- o "‘.
WV WA "'"""'"'\M\"‘.AVV J"‘»\W.J_ o "\"\-\,-r-w\/\.%
a0 0 n o ) N 0 o o)
o - N N ™ <r To]
(=]
x
200 3
Ly
¥ %
(8]
0 V\J VJL Am s
o (3p] (o] (o)] (o] n ve) CV:J g R (9) 8 OLQ) 8%
KeV

Figure 9. pXRF Spectra of model samples with cinnabar or cadmium yellow in the surface layer. red HgS, blue Cu;(CO;).(OH)., yellow CdS.
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Two case studies: results

Two artworks (case study No.1 and No.2) have been analysed previously by our research group
[2, 29], in situ, using pPXRF and XRD so they were used to reinforce the laboratory data and
support the pXRF findings. In each painting, specific colour areas were selected for analysis,
containing some of the pigment mixtures discussed in the present research (lead white and
cinnabar, and lead white and azurite). This approach ensures that the pXRF technique can
effectively identify key pigment elements, even when they are unevenly distributed and mixed
in varying concentrations, as is the case in real paintings.

The specific area chosen for Case Study No.1, which involves the painting Boceto di Pablo
Veronese, was the red colour (points 1, 2, 27, 28) and flesh tone (points 3, 4, 5, 12, 14, 16, 17, 19, 24)
(Figure 10a).

The identification of the chemical elements and the composition of the crystalline pigments
in these areas (cinnabar, cerussite and hydrocerussite) was carried out by our research group
[2] by using pXRF and XRD on measurements taken directly from the surface of the painting.
The combined data from XRD results, the cinnabar map, and the XRF peaks such as Hg and Pb
observed in the spectrum of Figure 11a, supported the findings of our study on laboratory
samples.

Figure 10. Areas chosen for: a) Case Study No. 1: painting on copper support and b) for Case Study No. 2: painting on canvas.
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Figure 11. pXRF spectra corresponding to the following areas: a) Case study No.1: Point 27; b) Case study No.2 point 11; ¢) Case study No.2 point 1.

Table 1. Elements identified via pXRF associated with the ground and pictorial layers of the painting on canvas (case study No. 2). (M) major, (m) minor and (tr)
trace elements.

Color No. Elements detected
Pb Cu Hg Fe Co
Blue 1 M M - M M
2 M M - M M
3 M M - M M
4 M M - M M
5 M M - M M
6 M M - M M
Red 7 M - M m -
8 M - M M -
9 M - M m -
10 M - M m -
11 M - M m -
12 M - M M -
13 M - M M -
Flesh tone 14 M - m tr -
15 M - M tr -
16 M - M tr -
17 M - tr tr -
18 M - tr tr -
19 M - tr M -
20 M - m tr -
21 M - tr tr -
22, M - m tr -
23 M - tr tr -
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The areas selected for Case Study No. 2 (The Little Madonna of Foligno) include the blue, red,
and flesh tones (Figure 10b). The results of the pXRF analysis are presented in Table 1, with
selected spectra shown in Figure 11b-c. Pb and Hg were identified in the red area (points 7-13),
attributed to vermilion or cinnabar (HgS); Pb and Cu in the blue area (points 1-6) attributed to
azurite and lead white pigments (Cu,(CO;),(OH), and (PbCO;),-Pb(OH),), and Pb and Hg, with
traces of Fe, in the flesh-coloured area (points 14-23) attributed to vermilion or cinnabar and
lead white. These findings were corroborated using XRD results previously published by our
research team [29], which identified cinnabar, cerussite, hydrocerussite, and azurite.

Additionally, as seen in Figure 11a-b, the peaks corresponding to the spectral lines HgMa
and PbMa are present. As described in Stratigraphical information obtained section, their
presence suggests that cinnabar and lead white pigments are located in the external layers.

Discussion

pXRF spectra from the samples analysed showed well-defined peaks without overlapping.
However, the results showed that the matrix effect does indeed play a crucial role in the
detection of pigments from complex multilayer samples using pXRF, because it can either
enhance or attenuate the signal of an element in a pigment, depending on the surrounding
materials and their composition. These effects occurred because both the analyte and the
matrix can absorb and fluoresce in the X-ray region, which in turn affected the magnitude of
the analyte signal.

The X-ray fluorescence signal decreased more when the analysed pigment was in the inner
layer (up to 90 % in some cases, such as CuKa), and the signal of the pigment in the outer layer
decreased because of the nature of the pigments in the lower layers (up to 50 %). The attenuation
of X-rays was justified since the X-rays produced in the fluorescence process are generated
both in the atoms on the surface of the sample and in those within the sample. When a beam of
X-ray photons passes through a material, some photons are attenuated in the interaction
processes, reflecting the Beer-Lambert law. The intensity of both the incident X-ray beam and
the fluorescent radiation is reduced due to absorption in the sample, which depends on the
density, thickness, and mass attenuation coefficient of all the elements in the matrix. For
samples of similar density and thickness, as in our experimental replica samples, the
attenuation will depend mainly on the attenuation coefficient of the different elements that
make up the sample, which in turn depends on the types of atoms present and the energy of the
interacting photons. If the top layer contains a pigment containing a heavy element, like Hg in
the case of cinnabar, this can absorb the X-rays emitted by a lighter element in another pigment
from a lower layer, like azurite, reducing the signal of this latter pigment.

A significant reduction was observed in the X-ray fluorescence signals for HgLa, CuKe,
CdKa, and PbLa in binary, ternary, and quaternary mixtures (more than 50 % in all mixtures,
reaching 95 % in the quaternary mixture). The X-ray fluorescence signals of each pigment in
quaternary mixtures become so weak that it was difficult to detect individual pigments. The Pb
signal in binary mixtures with azurite or cadmium yellow is barely modified (40 %), but with
cinnabar, the influence of Hg on the X-ray fluorescence measurement of Pb was clear (75 %).
The presence of lead white significantly affected the fluorescence signals of other pigments in
the mixture, with varying degrees of impact depending on the particular pigment and the ratio
used in the mixture (up to 80 %). If the pigments are not only mixed but are distributed in
multilayers, the decrease in the X-ray fluorescence signal is greater than if they were pure
pigments in multilayers.

On the other hand, the so-called enhancement effect caused by elements in the matrix is
also observed, leading to higher-than-expected results. It occurs when the radiation from
another element in the matrix causes a secondary excitation, one associated with an element
with a higher atomic number than that of the fluorescent element [33]. Thus, when Cd and Hg
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are measured together, that is, submitted to the same incident radiation, both elements are
excited by the primary radiation, and the Cd atoms are also subjected to the Hg fluorescent
radiation, which is sufficiently energetic to expel an inner electron of Cd atoms. This causes an
increase in intensity over and above that due to the primary excitation, and an additional Cd
emission is observed.

Finally, the results confirm that we can ascertain whether pigments with elements such as
Pb, Cd and Hg are found in a surface layer or in an internal layer by reference to the spectral
lines obtained in the XRF spectrum, independently of whether the pigments are pure or mixed.
X-ray fluorescence (pXRF) spectrometry can thus be regarded as a well-established bulk
analytical technique for assessing the total content of several chemical elements in many
different types of samples.

Despite the detected signal being influenced by the sample's composition and geometry as
described by the Beer-Lambert law, portable X-ray fluorescence remains a powerful tool for
detecting and identifying elements in the studied pigments, even in complex or layered
structures. The ability of pXRF to provide in situ, detailed elemental analysis without damaging
the sample makes it particularly valuable in fields like art restoration and conservation.

Conclusions

The present research explores the challenges of using portable X-ray fluorescence analysis
(pXRF) to detect, in situ, specific pigments like azurite, cinnabar, cadmium yellow, and lead
white in complex stratigraphic layers and mixtures, as is typically found in historical paintings
and polychrome sculptures. The research highlights how the intensity of the X-ray fluorescence
radiation from elements like HgLo for cinnabar, CuKe for azurite, CdKe for cadmium yellow
and PbLa for lead white can be affected in these complex stratigraphic structures. But pXRF
analysis can identify the pigments in situ in a non-invasive manner, determining whether
pigments with Pb, Hg or Cd are found in superficial layers or in internal layers. The findings
from the experimental replica samples studied were applicated in two real paintings used as
case study, where the pigments (cinnabar, lead white and azurite) are in-homogeneously
distributed and mixed in different concentrations. It can be concluded that in real paintings,
the matrix effect on the measurement of the fluorescence signal does not prevent the
identification of the key elements of these pigments by means of hand-held XRF
instrumentation for in situ measurements. Furthermore, in real paintings, it has been possible
to identify whether those containing Pb, Hg, and Cd are located at the surface level or in an
internal layer.
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Aplicacion de luz UV-C 222 nm como estrategia
para el control del biodeterioro en especimenes
preservados en liquido

Aplicacao de luz UV-C 222 nm como estratégia para
o controlo da biodeterioracao em espécimes
preservados em liquido

Application of UV-C 222 nm light as a strategy for
the control of biodeterioration in specimens
preserved in liquid

Resumen

Las colecciones bioldgicas son repositorios en los cuales se almacenan registros de biodiversidad. Los
procesos de biodeterioro a los que estin expuestos los especimenes representan pérdidas de informacién,
por lo tanto, es de crucial importancia evaluar tratamientos para mitigar el dafio. El presente estudio
evalué la aplicacién de luz UV-C 222 nm como estrategia para el control del biodeterioro microbiano en
ejemplares de una coleccidn zooldgica en Colombia. Se aislaron microorganismos presentes en la
superficie de especimenes y se identificaron mediante la amplificacién del gen 16S rDNA y tincién de
Gram. Para evaluar la actividad antimicrobiana se indujo el crecimiento de los microorganismos sobre
perlas de vidrio expuestas a diferentes tiempos de exposicién a luz UV-C 222 nm. Los resultados
mostraron una inhibicidn de hasta 99,68 % en especies de Bacillus. Estos hallazgos respaldan el uso de la
luz UV-C 222.nm como una alternativa para mitigar el biodeterioro en colecciones biolégicas preservadas
en liquido.

Resumo

As colegdes bioldgicas sio repositdrios para armazenar registos de biodiversidade. Os processos de
biodeteriora¢io a que os espécimes estao expostos representam uma perda de informagao; por isso, é
crucial avaliar tratamentos para mitigar estes danos. Este estudo avaliou a aplicagio de luz UV-C 222 nm
como estratégia para controlar a biodeteriora¢io microbiana em espécimes de uma colegio zooldgica na
Colémbia. Para tal, os microrganismos presentes na superficie dos espécimes foram isolados e
identificados por amplificacio do gene 16S rDNA e coloragio de Gram. Para avaliar a atividade
antimicrobiana, os microrganismos foram colocados em esferas de vidro expostas a diferentes tempos
de irradia¢do com luz UV-C 222 nm. Os resultados mostraram uma inibigao de até 99,68 % nas espécies
de Bacillus. Estes achados apoiam o uso de luz UV-C 222 nm como alternativa para mitigar a
biodeterioragao em colegdes preservadas em liquido.

Abstract

Biological collections are repositories for storing biodiversity records. The biodeterioration processes to
which specimens are exposed represent a loss of information; therefore, it is crucial to evaluate
treatments to mitigate this damage. This study assessed the application of 222 nm UV-Clight as a strategy
for controlling microbial biodeterioration in specimens from a zoological collection in Colombia. To this
end, microorganisms present on the surface of specimens were isolated and identified by 16S rDNA gene
amplification and Gram staining. To evaluate antimicrobial activity, microorganisms were placed on
glass beads exposed to different irradiation times with 222 nm UV-C light. The results showed an
inhibition of up t0 99.68 % in Bacillus species. These findings support the use of 222 nm UV-C light as an
alternative to mitigate biodeterioration in collections preserved in liquid.
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Introduccién

Las colecciones biolégicas cumplen un papel fundamental como registros de la biodiversidad a
nivel mundial. Tales colecciones estin almacenadas bajo condiciones que buscan asegurar su
integridad [1]. En Colombia, existen mds de un millén de ejemplares vertebrados depositados
en distintas instituciones, muchos de ellos preservados en soluciones liquidas como el etanol
[2]. La técnica de preservacidn con etanol es efectiva para conservar especimenes recolectados,
sin embargo, enfrenta una amenaza denominada biodeterioro.

El fenémeno del biodeterioro es causado por la actividad metabdlica de microorganismos
que, en condiciones favorables, causan alteraciones en las propiedades del espécimen, como el
color, estructura y caracteres externos [3]. El mecanismo de accidén de los microorganismos
consiste en la degradacién de los lipidos y proteinas que componen los tejidos de los
especimenes zooldgicos [4]. El biodeterioro es favorecido por multiples factores, entre ellos, la
contaminacién durante la manipulacién, la calidad del liquido conservante y la resistencia
inherente de ciertos microorganismos al etanol.

Frente a esta situacion, se han planteado diversas estrategias para mitigar el biodeterioro
microbiano, entre ellas se destacan el uso de agentes quimicos como biocidas tradicionales, la
incorporacién de aceites esenciales con propiedades antimicrobianas y métodos fisicos como
el choque térmico [5]. No obstante, estas alternativas suelen ser nocivas y no lograr erradicar
por completo los microorganismos, lo que resulta en la persistencia de trazas latentes,
aumentando asi el riesgo de una posterior colonizacién de los ejemplares tratados [6].

Por lo mencionado, el uso de la luz UV-C 222 nm es una alternativa novedosa para mitigar
el biodeterioro en colecciones. La luz UV-C 222 nm como método de desinfeccién ha sido
ampliamente estudiado mostrando resultados efectivos en la inhibicién de la actividad
bacteriana, sin inducir lesiones mutagénicas en el tejido tratado [7]. En contraste, longitudes
de onda convencionales como la de 254 nm han demostrado causar lesiones en la piel [8]. Sin
embargo, la evidencia sobre los efectos a largo plazo de la radiacién UV-C 222 nm en materiales
de conservacién orgdnica es limitada, lo cual podria representar una restriccién importante
para su aplicacién en especimenes preservados.

Por ende, este trabajo tuvo como objetivo principal evaluar la aplicacién de luz UV-C 222
nm como estrategia para el control del biodeterioro microbiano en ejemplares pertenecientes a
una coleccién zooldgica en Colombia. De manera complementaria, otro estudio relacionado [9]
abord¢ la aplicaciéon directa de esta radiacién sobre especimenes preservados en liquido,
mientras que el presente trabajo se centra en la evaluacién de su efecto antimicrobiano bajo
condiciones controladas. En conjunto, ambos enfoques contribuyen al desarrollo de nuevas
estrategias para la conservacién de colecciones biolégicas preservadas en liquido y a la
proteccidn de los registros de biodiversidad que representan.

Materiales y métodos

Revision, seleccién y diagndstico de especimenes

Inicialmente, se realiz6 una revisién de los 645 especimenes conservados en etanol que
conforman la coleccién. A partir de esta revision, se seleccionaron aquellos ejemplares que
presentaban posibles indicadores de crecimiento microbiano, segin criterios de observacién
visual entre los cuales destacaban cambios en el color y turbidez del liquido presevante, asi
como la presencia de crecimiento microbiano visible en la superficie de los especimenes (capas
lisas de colores claros). De los especimenes seleccionados, se tomaron muestras tres muestras
por individuo mediante la técnica de hisopado, con el fin de evaluar la presencia de
microorganismos sobre su superficie [10]. Posteriormente, las muestras obtenidas se
sembraron en Agar Nutritivo a 37 °C y Agar Sabouraud a 25 °C durante 7 dias, ya que estas
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condiciones favorecen el crecimiento de bacterias meséfilas y hongos ambientales,
respectivamente.

El Agar Sabouraud se incluyé con el fin de verificar la posible presencia de hongos, dado que este
medio favorece su crecimiento. Sin embargo, no se evidencié desarrollo fingico en las muestras,
observandose tinicamente crecimiento bacteriano. Es importante mencionar, que todas las siembras se
realizaron por triplicado para garantizar la reproducibilidad de los resultados. Una vez obtenido
crecimiento bacteriano, las colonias fueron purificadas mediante técnicas de dilucién seriada y siembra
por agotamiento, y se caracterizaron tanto macroscopica como microscOpicamente, esta dltima
mediante la tincién de Gram.Analisis molecular de microorganismos aislados de los ejemplares.

Tras el aislamiento de los microorganismos puros, estos fueron almacenados a una temperat|ura
de 3,5 °C para su posterior transporte al Laboratorio Instrumental de Alta Complejidad (LIAC) de la
Universidad de La Salle, entidad externa responsable del proceso de identificacién molecular.

Como paso inicial, se llevé a cabo la extraccién del ADN bacteriano utilizando un kit
comercia (QIAGEN), siguiendo los protocolos estindar del LIAC. Este proceso incluyé la lisis
celular para liberar el ADN y su posterior purificacién. Es importante menconar, que antes de
la amplificacién, la concentracién y calidad del ADN fueron verificadas mediante
espectrofotometria y observacion en gel de agarosa. Posteriormente, el ADN extraido se utiliz6
para la amplificacién del gen 16S rDNA mediante PCR, empleando los cebadores 27F(5'-
AGAGTTTGATCMTGGCTCAG-3") y 1492R(5'-TACGGYTACCTTGTTACGACTT-3"). Previo a la
amplificacién, la concentracién y calidad del ADN fueron verificadas mediante
espectrofotometria y observacion en gel de agarosa, con el fin de asegurar la integridad del
material genético y la pureza adecuada para la reaccién de PCR.

El producto amplificado fue purificado y secuenciado mediante la técnica de Sanger [11].
Finalmente, las secuencias fueron analizadas con el programa BLAST Nucleotide, que realiz6
comparaciones con la base de datos del NCBI para la identificacién de los microorganismos.
Las secuencias se encuentran depositadas en NCBI/GenBank bajo los siguientes niimeros de
acceso: PX556869, PX556870, PX556871, PX556872, PX556873, PX556874 y PX556875.

Aplicacién y evaluacién del efecto antimicrobiano delaluz UV-C 222 nm

Para aplicar y evaluar el efecto antimicrobiano de la luz UV-C 222 nm, se seleccionaron los
microorganismos aislados de los especimenes. Considerando que los microorganismos forman
biopeliculas sobre la superficie de los ejemplares bioldgicos, se adapt6 la metodologia de
Alharbi [12], para determinar la capacidad de la luz UV-C 222 nm para inhibir el crecimiento
microbiano en especimenes conservados en liquido.

Para tal fin se realizd cultivo en caldo CASO (caldo caseina—soya, un medio nutritivo no selectivo
de uso general) para cada microorganismo (10 ml de caldo con 3 colonias en cada tubo), el cual
permanecié en incubacién durante 24 horas a 37°C. Posteriormente, se dispusieron perlas de vidrio
estériles (4 mm) en tubos Eppendorf de 2 ml que contenian 1ml de caldo CASO, cada tubo Eppendorf
se inocul6 con 100 pl del cultivo y se llevd a incubacién durante 5 dias a 37 °C [13]. La exposicién a la
luz UV 222 nm se realiz6 disponiendo las perlas con crecimiento en la tapa de una caja de Petri, de
tal manera que la luz pueda impactar directamente sobre la superficie de la biopelicula (tres perlas
por cada tratamiento y tres perlas de control sin exposicién).

Es importante mencionar que las perlas se mantuvieron en la misma posiciéon al momento de la
irradiacién. Dado que esta posicién puede generar variaciones en la intensidad recibida, se
recomienda que futuros estudios incorporen sistemas de rotacion o agitacién durante la exposicién
alaluz UV-C. Esto permitiria asegurar una irradiacién mas homogénea en toda la superficie de las
perlas y evaluar con mayor precision la eficacia real del tratamiento.
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Tabla 1. Montaje de pruebas para la evaluacién del efecto antimicrobiano.

Camara de exposicién Perlas (montaje)

Se probaron diferentes tiempos de exposicién a la luz UV los cuales se manejaron desde 5 a 35
minutos, con un aumento cada 10 minutos (5, 15, 25 y 35 min) [14-15]. De igual manera, se evalué
una distancia de exposicién correspondiente a 8 cm bajo la ldmpara que emite radiacién
ultravioleta de 222 nm, con irradiancia de 24,87 mW/cm? en la superficie de exposicién para
comprobar el efecto sobre los microorganismos de prueba [16]. Los tratamientos previamente
descritos se aplicaron en una cimara de exposicién construida con madera y una apertura para la
lampara UV (Gerani Far-UV Light, UV-CAN) (Tabla 1).

Tras la exposicién a la luz UV 222 nm, las perlas se depositaron en un tubo Eppendorf con 2
ml de solucién salina al 0,85 % estéril, y se realizé desprendimiento de los microorganismos
sobre las perlas, utilizando vortex por tres minutos. De los tubos con los respectivos
tratamientos, se realizaron diluciones seriadas. Posteriormente, se sembraron 0,1 ml en agar
nutritivo por cada caja de Petri para el recuento de UFC/ml (Unidades formadoras de colonia
sobre mililitro). Se calculd el porcentaje de inhibicién con respecto al control sin exposicién a la
luz UV.

(Control-Tratamiento),,

Porcentaje de inhibicion = ———— 100
Control

Analisis estadistico

Considerando que los datos no siguieron una distribucién normal y los valores presentes en el
eje x fueron categdricos, se empled la prueba no paramétrica de Kruskal-Wallis (H) para evaluar
si el porcentaje de inhibicién varia con respecto a los tiempos de exposicién [17]. Tras identificar
diferencias significativas, se llevd a cabo la prueba post hoc de Dunn para determinar qué pares
de tiempos de exposicidn presentaban diferencias significativas.

Resultados

Revision, seleccién y diagnéstico de especimenes

Al inicio del estudio se examinaron 645 especimenes conservados en etanol. De este conjunto,
se seleccionaron 18 ejemplares pertenecientes a aves, anfibios y reptiles que presentaban
posibles sefales de biodeterioro, como superficies viscosas y estructuras filamentosas. Sin
embargo, tras llevar a cabo el proceso de muestreo, solo cuatro especimenes mostraron
crecimiento bacteriano, lo que permitié confirmar la presencia de biodeterioro en ellos. Estos
casos incluyeron un ejemplar de cada uno de los siguientes grupos: ave, reptil, anfibio y
mamifero como se puede evidenciar en la Tabla 2.
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Tabla 2. Diagndstico de biodeterioro en especimenes de la coleccién de zoologia “José Ricardo Cure Hakim” de la Universidad Militar Nueva Granada.

Grupo taxonémico identificado

Indicadores de biodeterioro

Registro

M-077 (Chiroptera: Mimon)

Presencia de capa blanca de consistencia
viscosa sobre la superficie del espécimen.
Turbidez amarillenta en el liquido
conservante (etanol).

Av-068 (Passeriformes: Catharus)

Presencia de capa café de consistencia
viscosa y adherente sobre el espécimen.
Turbidez amarilla en el liquido conservante
(etanol).

A-013 (Anura: Rhaebo)

Presencia de capa filamentosa de color verde
claro sobre la superficie del espécimen.

R-047 (Squamata: Gonatodes)

Presencia de capa blanca de consistencia
viscosa sobre la superficie del espécimen

Andilisis morfoldgico de los microorganismos aislados de los ejemplares

El anilisis morfoldgico de los microorganismos presentes en las muestras recolectadas en el
numeral anterior, teniendo en cuenta las caracteristicas macroscépicas de las colonias y la
tincién de Gram, permitié detectar un total de cuatro morfotipos bacterianos diferentes, todos
correspondientes a bacilos Gram positivos (Figura 1). Las colonias presentaron variaciones en
tamafio, color y borde entre los aislamientos, y en el caso del ejemplar A-013 se observaron
bacilos Gram positivos formadores de endosporas (Figura 1c). Es importante mencionar que
en ninguno de los cultivos en agar Sabouraud se observé crecimiento fingico. Este resultado
puede explicarse por varios factores, entre ellos el efecto antifiingico del etanol utilizado como
liquido de preservacién, que podria reducir la viabilidad de esporas fingicas asociadas a los

ejemplares, asi como un tamafio de muestra limitado [18].
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1000 m

Figura 1. Vista microscopica de las colonias bacterianas aisladas de los ejemplares. a) M-077 (Chiroptera: Mimon); b) Av-068 (Passeriformes: Catharus); ¢) A-013

(Anura: Rhaebo); d) R-047 (Squamata: Gonatodes).

Andilisis molecular de microorganismos aislados de los ejemplares

Las bacterias aisladas fueron secuenciadas utilizando amplificacién en el gen 16S rDNA. La
amplificacién permitié la identificacion de distintas especies bacterianas con altos niveles de
similitud, reflejados en los porcentajes de identidad obtenidos mediante el programa BLAST
Nucleotide (Tabla 3).

Tabla 3. Identificacién de especies bacterianas aisladas mediante secuenciamiento del gen 16S rDNA. Identificacion de ejemplares. El porcentaje de identidad

se refiere a que tan parecidas son dos secuencias de ADN, siendo 100 %=idénticas y o %= totalmente diferentes.

Ejemplar Especie identificada Porcentaje de identidad (%)

M-077 (Chiroptera: Mimon) Bacillus tequilensis 99,36
Bacillus subtilis subsp. Subtilis
Bacillus siamensis
Bacillus amyloliquefaciens
Bacillus subtilis

Av-068 (Passeriformes: Bacillus velezensis 99,77
Catharus) Bacillus subtilis

Bacillus tequilensis

Bacillus licheniformis

I
I
I
I
I
I
A-013 (Anura: Rhaebo) Bacillus safensis 99,58
I
I
I
I
I

R-047 (Squamata: Gonatodes) Bacillus subtilis 99,37
Bacillus tequilensis
Bacillus sonorensis
Bacillus rugosus

Bacillus velezensis

Esimportante mencionar que en los casos en que BLAST arrojé varias especies con el mismo
porcentaje de identidad, consideramos que todas esas posibles asignaciones taxonémicas
tenian la misma probabilidad, es decir, que cada especie era igualmente probable.

Aplicacion y evaluacion del efecto antimicrobiano de laluz UV-C 222 nm

Las bacterias extraidas y analizadas a partir de los ejemplares de la coleccién alcanzaron una
reduccién de 2 a 3 unidades logaritmicas en la concentracién de UFC/ml respecto al control
(concentracién inicial). A los 5 minutos de exposicién a luz UV-C 222 nm, la reduccién varia
entre 1y 2 unidades logaritmicas, mientras que, a los 15 minutos de exposicién a luz UV-C222
nm, la disminucién comienza a acercarse a las 3 unidades logaritmicas en las bacterias
evaluadas. Se evidencia que, en el control, donde no hay exposicién a la luz UV-C 222 nm, la
concentracién de bacterias es elevada (Figura 2). A partir de los 5 minutos de exposicién a la
luz UV-C 222 nm, se observa una disminucidn de la concentracién bacteriana. Este descenso
alcanza los valores mas bajos en los tiempos prolongados correspondientes a 25 y 35 minutos.
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Figura 2. Recuento en placa en funcién del tiempo de exposicién a luz UV-C 222 nm de bacterias aisladas de ejemplares. Identificacién de ejemplares de la
coleccién de zoologia “José Ricardo Cure Hakim” de la Universidad Militar Nueva Granada.
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Figura 3. Porcentaje de inhibicién de bacterias aisladas a partir de los ejemplares tras la exposicién a luz UV-C 222 nm en diferentes tiempos Identificacién de
ejemplares de la coleccién de zoologia “José Ricardo Cure Hakim” de la Universidad Militar Nueva Granada.
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En relacién con los porcentajes de inhibicién del crecimiento bacteriano obtenidos para
cada una de las bacterias aisladas por ejemplar, se observé que a partir de los 5 minutos de
exposicién a luz UV-C 222 nm, la mayoria de las cepas bacterianas alcanzaron niveles de
inhibicién cercanos al 90 %. A los 15 minutos de exposicion, los porcentajes de inhibicién
aumentaron considerablemente, acercindose al 99 % en la mayoria de los casos. Es importante
mencionar que este patrén no se evidencid para la bacteria aislada de un mamifero (M-077), ya
que esta inicia con inhibicién del 72 % a los 5 minutos y termina con inhibiciones cercanas al 96 %
alos 35 minutos de exposicién a luz UV-C 222 nm (Figura 3).

Para evaluar la existencia de diferencias significativas entre los distintos tiempos de
exposicién, se aplicé la prueba de Kruskal-Wallis (H), la cual evidencié diferencias
estadisticamente significativas entre los tratamientos (H = 11.09, p =0.012). Posteriormente, se
realiz6 un anilisis post hoc mediante la prueba de Dunn, identificindose diferencias
significativas Gnicamente entre los tratamientos de 5y 15 minutos de exposicién (p = 0.015). A
partir de los 15 minutos, no se detectaron diferencias significativas entre los grupos, lo que
sugiere que los niveles de inhibicidn se estabilizan y permanecen similares en tiempos de
exposicion mayores.

Discusiéon

Diagnéstico y caracterizacién de indicadores de biodeterioro

Unicamente 4 de los 18 especimenes con indicadores visuales de biodeterioro mostraron
crecimiento de microorganismos (bacterias) en el medio nutritivo, confirmando asi la
existencia de biodeterioro microbiano. Lo anterior puede explicarse por diversos factores. En
primer lugar, el crecimiento microbiano depende de condiciones ambientales especificas,
como humedad, temperatura y composicién del sustrato, las cuales deben ser favorables para
sudesarrollo. Por otra parte, los signos visibles de biodeterioro pueden tener origenes no biol4gicos,
como reacciones quimicas provocadas durante la conservacién de los especimenes [19].

En algunos de los especimenes que no presentaron crecimiento microbiano se observaron
capas viscosas de color rosado y amarillo, que podrian haberse originado por la descomposicién
de compuestos orgdnicos en el liquido conservante (etanol). Ademas, la presencia de capas
filamentosas sobre los especimenes puede deberse a la manipulacién y/o al propio animal en el
momento de la colecta. En el ambiente natural, los especimenes pueden portar residuos de
materia organica o material externo adherido a su superficie, lo que posteriormente puede dar
lugar a la formacién de estas capas en condiciones de almacenamiento. Por lo anterior, es
fundamental complementar los anilisis visuales con estudios microbiolégicos para lograr una
evaluacidn precisa del biodeterioro en colecciones biolédgicas.

En este contexto, no basta con constatar la presencia de microorganismos en el ambiente
de conservacién, sino que es necesario distinguir entre contaminacién ambiental y una
actividad de biodeterioro. Algunas especies de Bacillus pueden actuar como contaminantes
transitorios, sin desempefiar un papel activo en la degradacién de los tejidos preservados. Por
ello, la interpretacién de los aislamientos debe considerar el contexto ecolégico en el que se
detectan (por ejemplo, su recurrencia en zonas visiblemente dafiadas, su capacidad enzimdtica
y su compatibilidad con las condiciones fisico-quimicas del medio de conservacién), antes de
atribuirles un efecto directo sobre el biodeterioro [20]. Estas dos situaciones se diferencian
porque la contaminacién ambiental corresponde a microorganismos presentes de manera
transitoria sin causar dafio directo, mientras que la actividad de biodeterioro implica un
crecimiento activo del microorganismo sobre el material, utilizando sus componentes como
sustrato y produciendo degradacién observable.
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Andlisis molecular de microorganismos aislados delos ejemplares

Se identificé que los microorganismos aislados de los ejemplares pertenecen al género Bacillus.
Es importante resaltar que el marcador 16S rDNA tiene una resolucién limitada para
determinar especies dentro del grupo Bacillus, por lo tanto, no permite una identificacién
completa a nivel de especie. Debido a esta restriccién, en este estudio los aislamientos se
reportan de manera general como Bacillus sp. La asignacién taxondémica a nivel de especie
requeriria el uso de marcadores de mayor resolucién o aproximaciones de genémica completa
que se deben tener en cuenta en futuros estudios.

El género Bacillus ha sido registrado en diversos estudios relacionados con
microorganismos presentes en colecciones zooldgicas preservadas en liquido. Se ha reportado
la presencia de estas bacterias en plumasy piel de aves [3]. De manera similar, se ha evidenciado
la presencia de Bacillus en la piel de anfibios y reptiles conservados en colecciones zooldgicas
[21] lo que respalda los resultados obtenidos en el presente estudio. Ademads, se ha descrito que
este género contribuye al biodeterioro de especimenes debido a su actividad enzimatica.
Algunas especies como Bacillus amyloliquefaciens y Bacillus subtilis, presentan una alta
produccién de proteasas, enzimas capaces de descomponer proteinas estructurales como el
coligenoy la queratina, presentes en la piel de mamiferos, las plumas de aves y las escamas de
reptiles [22].

Dando continuidad a las investigaciones sobre microorganismos presentes en colecciones
bioldgicas, se han reportado hallazgos relevantes en otros contextos de conservacién. Se han
descrito especies como Bacillus cereus y Bacillus thuringiensis en una coleccién anatémica
preservada en liquido (formaldehido) [23]. Estos resultados difieren parcialmente de los
obtenidos en el presente estudio, donde no se detectaron dichas especies, posiblemente debido
adiferencias en los tipos de especimenes evaluados o en el tipo de liquido preservante utilizado
(etanol en este caso). No obstante, ambos trabajos coinciden en la presencia constante del
género Bacillus en entornos de conservacién, lo que refuerza su papel como un grupo
microbiano recurrente en estas condiciones.

Una investigacion realizada en el Museo de Auschwitz examind el aire presente en los
gabinetes donde se almacenan colecciones bioldgicas y evidencid que el 46 % de las muestras
contenian especies como Bacillus licheniformis y otras pertenecientes al mismo género [24].
Asimismo, los andlisis del polvo sedimentado en estos espacios confirmaron la presencia de
bacilos grampositivos formadores de endosporas, lo que concuerda con los resultados
obtenidos en el presente estudio, en el cual se identificé la especie Bacillus licheniformis en el
espécimen de ave analizado (Av-068). Lo anterior sugiere que las condiciones de
almacenamiento y los factores ambientales juegan un papel determinante en la proliferacién
de microorganismos asociados al biodeterioro en colecciones zooldgicas.

Aplicacién y evaluacién del efecto antimicrobiano delaluz UV-C 222 nm

Los hallazgos de este trabajo evidencian que la exposicién a la luz UV-C 222 nm genera una
reduccidn significativa en la concentracién de microorganismos, con un efecto pronunciado a
medida que aumenta el tiempo de exposicién. Se observa que se alcanza un umbral de eficacia
(Figura 3), donde prolongar la exposicién no produce un aumento significativo en la inhibicién,
por lo que se recomienda limitar el tiempo de tratamiento para minimizar posibles riesgos
asociados a exposiciones prolongadas [25].

No obstante, la bacteria aislada del espécimen de mamifero (M-077) presenté un
comportamiento distinto al no alcanzar un umbral de estabilizacién como lo observado en las
demads bacterias. Incluso después de 35 minutos de exposicion, solo logré una inhibicién del 96 %.
Esto sugiere que la bacteria aislada del mamifero requiere un tiempo de exposicién mas
prolongado para alcanzar niveles de inhibicién comparables y podria estar mostrando cierta
resistencia al tratamiento con luz UV-C 222 nm.

Laresistencia de la bacteria mencionada frente ala luz UV-C pudo deberse a varios factores.
Entre ellos se encuentra la produccién de endosporas en especies como Bacillus tequilensis y
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Bacillus siamenesis las cuales pueden resistir la luz UV-C debido a su estructura robusta, la cual
estd compuesta por un exosporio el cual proporciona una capa adicional de proteccién [26]. De
igual manera, se ha demostrado que diferentes especies de Bacillus en estado de endosporas al
ser expuestas a luz UV, forman un fotoproducto (SP), el cual puede ser reparado durante la
germinaci6n de la endospora por un sistema de reparacién especifico llamado SP-liasa, lo cual
aumenta la resistencia al dafio de la radiacién UV [27]. La bacteria aislada del ejemplar M-077
presenta una morfologia microscépica particular de bacilos cortos (Figura 12). En las tinciones
se evidenciaron estructuras compatibles con endosporas, lo que podria contribuir a explicar su
menor inhibicién frente a la radiacién UV-C, dada la reconocida resistencia de estas
estructuras. No obstante, esta interpretacién debe plantearse con cautela, ya que la tolerancia
ala radiacién UV en bacterias puede depender de multiples factores adicionales. Entre ellos se
incluyen procesos de fotoreactivacién y mecanismos de reparacién del ADN inducidos por la
luz, ampliamente descritos como rutas alternativas de supervivencia frente a la radiacién UV
en diversos grupos bacterianos.

Los bacilos son bacterias que normalmente tienen forma de bast6n, sin embargo, en su
estado de endospora pueden adoptar una apariencia mas corta debido a la condensacién de sus
estructuras internas. Esta forma compacta contribuye a la resistencia, ya que reduce la
superficie expuesta a condiciones adversas (luz UV), mejorando asi su capacidad para
soportarlas y generar la resistencia observada en numerales anteriores [27].

Los porcentajes altos de inhibicién a partir de los 15 minutos en la mayoria de las bacterias
tratadas sugiere que el tratamiento genera reduccién de la carga microbiana. En este sentido,
se ha reportado que el uso de dosis acumulativas de luz UV-C 222 nm, con irradiancias
ajustadas segin los tiempos de exposicién, logra una inhibicién del 90 % en Bacillus subtilis
cuando se utiliza una irradiancia de 4,0 mW/cm? [28]. Ademds, otros trabajos han demostrado
que alcanza un 99 % de inhibicién tras 20 minutos de exposicién a la luz UV-C 222 nm [25].
Estos resultados son coherentes con lo observado en el presente estudio, donde se registraron
porcentajes de inhibicién del 99 % a partir de los 15 minutos de exposicidn, lo que confirma la
capacidad de la luz UV-C 222 nm para reducir la carga microbiana de manera efectiva en
tiempos cortos.

Conclusién

El andlisis de los microorganismos presentes en los especimenes de la coleccién zooldgica
permiti6 identificar bacterias Gram positivas con morfologia de bacilos, pertenecientes al
género Bacillus.

La exposicién a la luz UV-C 222 nm evidenci6 un efecto bactericida significativo. En la
evaluacidn, se observd una reduccién de la concentracién bacteriana desde los primeros 5
minutos, con porcentajes de inhibicién cercanos al 90 %. A partir de los 15 minutos, la inhibicién
se estabilizé en valores alrededor del 99 %, sin incrementos adicionales relevantes, lo que
sugiere que tiempos de exposicién superiores no son necesarios y podrian implicar riesgos.

Estos resultados destacan el potencial de la luz UV-C 222 nm como herramienta alternativa
para la mitigacién del riesgo bioldgico en colecciones zooldgicas conservadas en liquido. No
obstante, se recomiendan futuros estudios orientados a evaluar el efecto de la radiacién UV-C
de 222 nm sobre hongos, tejidos de ejemplares y la recolonizacién microbiana a largo plazo.
Aunque se ha demostrado que esta longitud de onda es segura para la piel de los mamiferos,
persiste la incertidumbre sobre sus efectos prolongados en los tejidos bioldgicos y en los
materiales de los contenedores conservados con etanol.

Finalmente, este trabajo abre la posibilidad de desarrollar nuevos protocolos de
preservacién que incorporen la luz UV-C 222 nm como tratamiento complementario y/o
preventivo para el control microbiano, contribuyendo a la preservacién a largo plazo de las
colecciones zooldgicas y a la reduccién del riesgo de biodeterioro.
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Balancing artist’s intent and durability: conserving
a corroded outdoor painted iron sculpture

Equilibrando a inten¢ao do artista e a durabilidade:
conservac¢ao de uma escultura exterior de ferro
pintado corroida

Abstract

Conserving outdoor painted sculptures (OPSs) is challenging due to their constant exposure to
uncontrolled environments. This paper outlines the methodology employed to conserve the
Tree, a large-scale monochrome iron sculpture by George Lappas which has been situated in a
coastal environment for decades. The artwork had suffered extensive metal corrosion and paint
deterioration. Following an ethical evaluation of the artist's intentions versus the need for long-
term stability, it was deemed necessary to repaint the sculpture completely. A comprehensive
diagnostic approach was taken, including XRF, XRD, SEM-EDX, colourimetry and gloss
measurement, as well as investigative cleaning. The study addresses the challenges of removing
multiple paint layers and addressing various corrosion issues. The final conservation treatment
involved using epoxy resin to fill in losses and a durable polyurethane paint system. Combining
traditional and modern techniques restored the sculpture’s original aesthetic qualities, while
maximising its resistance to aggressive environmental conditions.

Resumo

A conservagdo de esculturas exteriores pintadas é um desafio devido a constante exposi¢do a
ambientes n3o controlados. Este artigo descreve a metodologia empregue para conservar uma
escultura monocromatica em ferro, Tree, de George Lappas, que se encontrava num ambiente
costeiro ha décadas. A obra apresentava corrosio metalica extensa e deteriora¢ao da pintura.
Apbés uma avaliagio ética das intengbes do artista relativamente 4 necessidade de uma
estabilidade duradoura, considerou-se necessirio repintar completamente a escultura.
Adotou-se um diagndstico abrangente, incluindo XRF, XRD, SEM-EDX, colorimetria e
medicao de brilho, bem como limpeza investigativa. O estudo aborda os desafios para remover
varias camadas de tinta e solucionar os problemas de corrosio. O tratamento de conservagio
envolveu o uso de resina epoxi para preencher as lacunas e sistema de tinta de poliuretano
durdvel. A combinagio de técnicas tradicionais e modernas restaurou as qualidades estéticas
originais da escultura, e maximizou a sua resisténcia a condi¢des ambientais agressivas.

MARIA GIANNOULAKI *
MARIA PETROU

University of West Attica, Dept. of
Conservation of Antiquities &
Works of Art, Ag. Spyridonos,
Aigaleo, 12 210, Greece

“mgiann@uniwa.gr

KEYWORDS

Outdoor sculpture
conservation

Painted metal

Repainting

Polyurethane paint system

Artist's intent

Minimal intervention

PALAVRAS-CHAVE

Conservagao de esculturas
ao ar livre

Metal pintado

Repintura

Corrosao

Sistema de tinta de
poliuretano

Intengdo do artista

Interven¢ao minima

CONSERVAR PATRIMONIO 53 (2026) 52-66 - https://doi.org/10.14568/cp4a3014 - ISSN 2182-9942

ARP - Associagdo Profissional de Conservadores-Restauradores de Portugal - hitps://conservarpatrimonio.pt

3 .


https://conservarpatrimonio.pt/
https://conservarpatrimonio.pt
mailto:barkani.abdelaziz@univ-bechar.dz
https://orcid.org/0009-0005-6187-5286
https://orcid.org/0000-0002-5434-4621

P Balancing artist’s intent and durability: conserving a corroded outdoor painted iron sculpture

Introduction

Although traditional outdoor sculptures in bronze and stone were created in collaboration with
foundries and quarries, the demand for large-scale outdoor sculptures from the 1970s onwards
led to the production of artworks requiring the skills, materials, and techniques used in
industrial production [1]. These artworks consist of a substrate, which is mainly made of carbon
steel, stainless steel, aluminium, resin, fibreglass, bronze, concrete and wood, as well as
surface coatings, which are mainly industrially manufactured layers (primer and pigmented or
non-pigmented coatings) applied by brushing, rolling or spraying [2].

The long-term preservation of painted outdoor sculptures presents a significant challenge
due to their continual exposure to uncontrolled and sometimes harsh environmental
conditions. These include UV radiation, rain, wind, pollutants, human interaction and
biological debris from plants and animals [1, 3-4]. These factors contribute to the degradation
of both the coating and the metal substrate. Although coatings are often selected for aesthetic
properties such as colour, gloss, and texture, they are inherently susceptible to outdoor
weathering. The durability of such coatings depends on various factors, including the
properties of the materials used (such as corrosion resistance, weathering resistance, chemical
and mechanical resistance, UV stability and adhesion), the application method, the coating's
thickness and the quality of the surface preparation [5-6]. Over time, degradation at the
coating-substrate interface can lead to discolouration, peeling and corrosion, ultimately
compromising the sculptures' visual integrity and structural stability [1, 5]. A common
approach to maintaining the appearance of outdoor sculptures is to regularly strip and repaint
them rather than trying to preserve the original materials [1]. A major challenge in conservation
is the absence of regular, proper maintenance and the prevalence of unprofessional
interventions, such as repainting by non-conservators using incompatible commercial
products without proper surface preparation. These practices often result in layered,
incompatible coatings that are prone to failure, accelerating corrosion and deterioration [3].

The conservation of modern art is further complicated by ethical considerations, including
the maintenance of the artist’s intent, symbolic meaning and original appearance, all of which
are directly related to the artwork's true nature [7]. When coatings deteriorate to the point
where these qualities can no longer be conveyed, full repainting may be necessary [8]. While
the complete removal of original materials conflicts with traditional conservation ethics, recent
studies — including projects by the Getty and Dutch museums — have confirmed the necessity
of repainting outdoor sculptures to preserve their intended visual characteristics [1, 7, 9]. The
American Institute for Conservation acknowledges that achieving the artist’s aesthetic vision
may necessitate the sacrifice of original materials, while preserving key elements of
manufacture and technique [10, p. 163].

Related research has suggested that a durable finish with the correct gloss and colour offers
significant benefits, given that protective coatings act as chemical and physical barriers. When
selecting a coating, it is important to consider factors such as material transparency,
reversibility, ease of application, environmental friendliness and the interaction between the
substrate and the coating, as well as weathering and outdoor exposure [11]. The paint system
should combine all these characteristics to ensure longevity and extend the time between
repainting [1]. A typical system for outdoor steel or aluminium sculptures includes a zinc-rich
primer for corrosion protection, followed by an intermediate primer for surface smoothing and
a topcoat. The zinc primer acts as a sacrificial layer, protecting the metal in the event of paint
failure and removal [12-13]. The topcoat is usually applied in one or two coats. Research on
polyurethane topcoats suggests that they strike a balance between aesthetic and performance
expectations in heritage conservation, particularly for painted outdoor sculptures [14]. A final
clear coat can provide additional protection for the paint system [1, 12].
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George Lappas and his monochrome Tree sculpture

George Lappas (1950-2016) was a Greek sculptor whose work incorporated geography and
cartography, frequently transforming landscapes into symbolic world maps. Born in Cairo, he
studied in Athens and the US before completing his sculpture studies in Paris. He lived and
worked in France, England and Greece, teaching at the Athens School of Fine Arts (ASFA) for
nearly three decades and introducing innovative pedagogical approaches.

Lappas' extensive travels to countries including China, Russia and Brazil had a profound
impact on his artistic practice. Research and personal communication with the sculptor
Aphrodite Liti suggest that the sculpture presented in this study is closely related to
Mappemonde, created in 1987 and presented at the Venice Biennale the following year [14]. The
Tree is a sculpture composed of iron alloy plates-matrixes arranged in the shape of a tree and
containing abstract global symbols. Like Mappemond, the Tree reflects Lappas’ interest in coded
forms, emerging from his thorough research into Mayan hieroglyphs and codes, as well as
narrative mapping. While this work is grounded in Lappas's personal experience, it also
resonates on a universal scale [15-16].

The artwork presented here is made from pressed iron plates that have been cut into square
and round shapes. These are then assembled into the sculpture and joined by autogenous
welding or metallurgical joints that match the alloy. Rectangular slats (1.2 x 1.4 cm) and metal
strips form the frames at the back of the artwork, joining the plates into a tree shape. All joints
are welded. Two vertical curved strips on each side support the structure, forming the tree
trunk and connecting it to the double base. The base consists of two curved parts joined by thick
hexagonal bolts. The sculpture is painted green to resemble a tree.

The plates were hand-worked with small cut-outs in the form of human figures, animals
and ancient hieroglyphics, created with a propane/acetylene torch to leave blank impressions.
The artist performed all processes, leaving a personal, lasting mark. The artwork combines
traditional craftsmanship with a modern touch thanks to its monochrome finish.

Context and exposition environment

The Tree is part of a private collection and its manufacture was commissioned to Lappas in the
beginning of the 1990’s. It is permanently exposed in the garden of a residence (Figure 1) with
close proximity to the sea in a coastal town in the Argolis region of the Peloponnese, Greece.
The exposition environment is characterized as non-urban and coastal with transposition and
deposition of salts (chlorides and sulphates). By evaluating climate and weather data graphs
from 1955 until 2025 [17], it can be determined that the local climate is humid, with wet autumns
and winters and mild summers, and is characterised by intense sunlight. The marine
environment, rich in air transferred corrosive salts, enhances electrochemical corrosion
through surface moisture condensation and temperature fluctuations [18]. The exposure in
direct sunlight during the day affects the paint layer.

The effects of the exposure environment were documented, including localised paint loss
and extended paint detachment, as well as uniform and localised iron corrosion, accompanied
by stress corrosion cracking.

The sculpture underwent occasional maintenance, including mild cleaning, minor repairs
and partial or full repainting, over time. These maintenance procedures were carried out by
non-conservators and no records exist.
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Figure 1. The Tree sculpture in its permanent position (photo: private collection).

Aim of project

The aim of this project is to document and implement a comprehensive conservation
intervention for George Lappas's painted metal sculpture, Tree, to address the degradation of
the coating and substrate caused by prolonged exposure to the outdoor environment and
inadequate maintenance. The primary goal is to restore the sculpture’s original aesthetic
qualities while preserving the artist’s intent and the authenticity of the materials used. The
study addresses the ethical and technical challenges involved in conserving modern art,
emphasising a balanced approach between minimal intervention, material preservation, and
visual integrity.
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The conservation project began in October 2020 and ended in June 2021, carried out during
the coronavirus pandemic in Greece.

Materials and methods

The conservation methodology involves a detailed examination of the sculpture’s materials,
techniques and decorative elements, as well as an evaluation of its current condition, with a
particular focus on corrosion types and stratigraphy. This examination is integrated with an
understanding of the environmental context to inform targeted interventions aimed at
stabilising and preserving the artwork for long-term outdoor display.
Key questions include the following:

e What materials were used to create the sculpture (type of iron alloy, paint layer)?

e What was the original colour of the sculpture?

e What s the condition of the metal surface beneath the paint (stable or active)?

e What s the best method for preparing the metal surface for conservation?

e What are the optimal characteristics of the restoration paint layer to ensure

durability and authenticity?

The integrated approach to achieving the project aim and developing a suitable conservation
plan for the Tree sculpture involved:

1. A detailed visual inspection to assess the technological features and condition,
revealing points and/or areas of interest on the metal and paint layers.

2. Sampling of paint, metal and corrosion products for analysis. Samples were taken
from characteristic areas of the main body of the sculpture, where all the paint
layers were preserved.

3. Application of analytical techniques:

- X-ray fluorescence (XRF) spectroscopy for alloy identification;

- X-raydiffraction (XRD) for characterization of corrosion products;

- Scanning electron microscopy (SEM) with energy dispersive X-ray
spectroscopy (EDX) for microstructural and compositional analysis;

- Colorimetry-gloss measurements for paint layer differentiation and
determination of original paint colour.

4. Investigative cleaning to study paint stratigraphy, assess the condition of the
metal, and identify suitable cleaning methods.

5. Development and implementation of an appropriate conservation strategy.

The initial inspection was conducted in two phases: before and after paint removal. Light,
magnifying lenses and a DSLR digital camera were used for photographic documentation.

Samples of paint layers, corrosion products and detached metal were taken using a scalpel.
These samples were analysed at the Department of Conservation of Antiquities and Works of
Art at the University of West Attica.

XRD and XRF analyses were performed on 10 mg powder samples using a BTX instrument
InXitu Inc. (XRD/XRF), which functions as both an XRD and an XRF instrument.

SEM-EDX analysis was conducted using a JEOL 6510LV SEM-EDX to provide images and
data on the metal and paint layers. Cross-sections of paint flakes embedded in epoxy resin were
examined using a FEI Quanta 250 FEG scanning electron microscope. SEM-EDX imaging was
performed atlow vacuum (100-120 Pa) and at an accelerating voltage of 10-20 kV with a working
distance of 10 mm. Paint cross-sections were imaged using a BSED detector.

An X-Rite SPé60 portable tristimulus colorimeter was used to measure colour on the top and
original artist's paint layer. For each sample, an average of three measurements taken from the
same area was recorded to obtain the L*, a*, and b* coordinates in the CIE LAB color space, in
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the specular components included acquisition mode (SPIN Specular-Included). Gloss was
measured in gloss units (GU) at 20 °, 60 ° and 75 ° using a Novo Gloss Lite meter.

To document the stratigraphy of the paint layers and determine the original colour of the
sculpture, investigative cleaning sections were made at selected points on the base and body.
This was achieved using a commercial ecological paint remover, 600 ECO Paint Remover gel,
combined with the application of a hot air gun and a scalpel, or a scalpel alone.

Results and discussion

Visual inspection
Investigative inspection revealed significant issues with the metal substrate and paint layers.
The following problems were highlighted after the paint was removed (Figure 2):

e electrochemical corrosion of iron occurred in areas where the paint layers
exhibited cracking, delamination and loss of adhesion to the metal substrate,
resulting in the formation of composite corrosion layers containing probably iron
oxides and hydroxides, characterised by an increase in volume (rust’);

e active corrosion of iron (weeping iron) and the formation of chloride corrosion
products (‘spalling’) in areas where the original paint layer has been lost and the
repainting process has not involved proper preparation of the metal substrate by
removing and/or stabilising corrosion products. Areas prone to electrochemical
and active corrosion are those that retain moisture, such as hollow base sections,
joints between metal plates and frame slats, the slats themselves and lateral
buttresses where they connect to the base;

e loss of parts due to crevice corrosion caused by active corrosion and mechanical
stress. Paint removal revealed missing decorative elements at the joints, as well as
holes in the frame slats, where moisture had entered and caused deep craters and
material loss.

Figure 2. Corrosion types: a-b) uniform corrosion with formation of black and brown/orange corrosion products and stress mechanical cracking; ¢-d) bulk
corrosion products in areas characterized by spalling and detachment of material.
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Figure 3. Paint layer degradation: a) discolouration and material heterogeneity; b) paint detachment; ¢) exfoliation, cracks and blistering; d) area with repainting.

Prolonged environmental exposure has significantly deteriorated the paint layer, impacting
the appearance of the artwork and the artist’s original intent. The following has been
documented (Figure 3):

e  severe discolouration, blisters, cracks and extensive flaking, particularly where

corrosion beneath had expanded;

e paint thickness is locally reduced due to uncontrolled substrate corrosion;

e  repaint layers show poor interlayer adhesion, leading to localised delamination;

e  material heterogeneity, weak adhesion and surface damage compromise the

artwork’s appearance and accelerate its degradation by allowing oxygen and
moisture to reach the metal, perpetuating a cycle of decay.

Investigative cleaning sections

Cleaning revealed that the sculpture had been repainted several times, often without full paint
removal or proper substrate preparation. Local retouching showed signs of wear and tear, and
in some cases, evidence of painting over corrosion. Removing the overpaints exposed four to
five paint layers with varying green hues, likely due to ageing or inconsistent colour matching.
The original artist-selected colour was found to be the initial layer over the metal surface
(Figure 4).
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Figure 4. Investigative cleaning section revealing 3 layers of green paint and a white primer.

Diagnostic analysis

XRD results

Observation and processing of the spectra documented the presence of iron oxide-hydroxides
(magnetite, goethite and lepidocrocite). The spectra present a lot of background 'noise’ and
regions of many small peaks due to the amorphous and semi-crystalline nature of the hydrated
iron products. Although characteristic peaks of magnetite and lepidocrocite (Figure 5a) and
goethite and magnetite (Figure 5b) can be identified.
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Figure 5. XRD results: a) characteristic peaks of magnetite (35,5 °) and lepidocrocite (~14 ° and 23 °); b) characteristic peaks of goethite (~21.5 ° and 36 °) and magnetite
(35,5°)-
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XRF results

XRF spectra identified Fe as the primary alloy element, with Mn and Ni as secondary elements,
indicating an alloy steel. Results are based on corrosion layer samples, providing initial
evidence of the alloy used in the metal plates.

SEM-EDX results

SEM results (Table 1) confirmed the use of a low carbon steel alloy with secondary trace
elements Si and Mn. The presence of Ca can be attributed to the primer layer used to protect
the metal substrate present in Layer 4 in Table 1. Cross-section analysis showed three organic
paint layers with green earth pigments. The original layer contains calcium-based green earth,
while the two repaint layers use silicon-based fillers, each with distinct hues. Two organic
layers of preparation were identified — a white primer (possibly Ti based according to the results
of Layer 4)) on the metal and a red layer above (possible containing a red iron oxide and barium
sulphate as a filler according to the results of Layer 3). The presence of Cl is documented in all
layers of samples examined, and the metal substrate. It is probably attributed to the proximity
of the sculpture to the sea environment.

Table 1. SEM-EDX results of sample 1 (metal substrate, two paint layers and two primers) and sample 2 (three paint layers). Chemical elements are qualitatively
categorised as maximum, minimum or (trace). Categories are based on normalised weight percentages calculated by the microscope's X-ray microanalysis

software. Where maxima are > 10 %, minima are < 10 % and traces are <1 %.

Samples Layer characterization Elemental analysis

1- metal substrate, two paint layers and two primers

200pm | =—
0002 16 Dec 2020

e y 1- Outer green paint layer 0,C, Si, Fe, (Ti, Cl, Al, P, Mg)
2 - Inner green paint layer 0, C, Fe, Si, (Ti, Cl, Al, Ca, P, Mg, K)
3 - Red primer 0,C, Fe, Si, Ba, (Cr, Zn, S, Cl, K, Ca, Ti, Al)
4 - Off-white / grey primer 0,C,Ti, Si, Fe, Ca, Mg, (A, Cl, Na, K)
5 - Metal substrate Fe, O, (Ca, Cl, Si, Mn)

2 - three paint layers

conservation procedure)

BEC 20kV 30Pa x330 50pm —
UNIWA-Department of Conservation 0008 16 Dec 2020

1- Firstlayer of green paint (possibly the artist's paint) 0, C, Ba (S, Fe, Ca, Zn, Cl, Si, P, Cr, Al, Mg, K)
2 - Second layer of green paint 0,C, Si, Mg, Ca, (Cl, Fe, Al, Ti, Na, K)
3 - Third layer of green paint (the top layer before 0,C, Ca, Si, (Cl, Mg, Al, Fe, Na, K, Ti)
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Colorimetry - gloss measurement results

Both instruments helped identify and systematize differences between repaint layers and the
original paint (Table 2). Colour measurements revealed hue variations from previous
restorations, aiding in the selection of the optimal shade. Gloss meter results were used solely
for documentation, as outdoor exposure had degraded the gloss, rendering it unusable for
analysis. Evaluating the results helped to select the colour with which to restore and complete
the sculpture's original aesthetic. The industrial painting system selected, uses RAL colour
chart, which made it impossible to use the exact artists selection shade found through
colorimetry. Nevertheless, the colour ultimately chosen was extremely close and it was RAL

6009, a deep green shade.

Table 2. Colorimetry and gloss measurements of the paint layers.

Paint layer Colorimetry Gloss measurement
Final layer preserved on the surface before 2020 conservation treatment, L*39.26 20°0.7
exposed to outdoor conditions for a long period of time a*-12.80 60°7.4
b* +4.54 75°27.0
Original artist's layer recovered from investigative cleaning, exposed to outdoor ~ L* 30.77 20°2.4
conditions for a long period of time before previous repainting treatment. a*-5.31 60°18.2
b* +2.82 75 °40.0
Selection of surface colour treatment RAL 6009 L2078 e
a*-8.55
b* +5.21

Conservation methodology

Visual inspection, diagnostic analysis and investigative cleaning were necessary to design an
effective conservation methodology. Full repainting was necessary, with initial efforts focused

on testing various paint removal methods to determine the most effective treatment.

Figure 6. Mechanical cleaning of paint layers: ) cleaning result of paint layers with commercial paint remover and a hot air gun; b) cleaning with an industrial air
blast system; ¢) view of a cleaned area with the sandblasting system, reavealing the blackening of the surface due to the process of metal cutting for creating the
symbols. The details of the cutting of the symbols are better observed.
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Cleaning tests were conducted using a combination of mechanical cleaning with hand tools,
such as a scalpel, and a Dremel rotary tool fitted with various brushes and abrasives. The
commercial ecological paint remover 600 ECO Paint Remover Gel was also tested. A hot air gun
was also used to gradually strip the paint layers down to the metal substrate (Figure 62).

Finally, an industrial air blast system using quartz sand (0.1-0.5 mm) was employed at a
controlled operating pressure (Figure 6b). The paint and corrosion layers were completely
removed, including from the underside of the base (Figure 6c).

An epoxy protection system suitable for the marine environment was used. This included a
primer (Hempel's zinc metal pigment 97170) that offers cathodic protection followed by a
second layer of primer (Hempel's speed dry ZP 500 17500) as a base/preparation coat for the
polyurethane paint. Both were applied by spray for optimal penetration (Figure 7a).

Sandblasting revealed three issues that required restoration (Figure 7b):

e openings in the back and slats allowed moisture to enter, causing internal
oxidation;

e removal of the corrosion layers left behind hollow recesses and irregularities;

e extensive oxidation resulted in large gaps and material loss.

Gap filling was used to address the material loss (Figure 7¢). Milliput Standard 490 (yellow-grey)
an epoxy putty was used for larger losses of material, and Milliput Standard Superfine (white)
for fine finishes. They were both applied to the primed metal surface. In category 1, the holes
were completely filled with epoxy resin. For category 2, small, localised additions were made to
smooth the surface without overfilling, adhering to minimal conservation principles. Category
(3) involved making major additions to cover gaps and restore the form only to the extent
necessary to maintain the sculpture's aesthetic integrity.
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Figure 7. Preparation of metal substrate: a) the Tree after the application of two layers of zinc-based primer; b) hollow recesses and irregularities; ¢) gap filling
process.
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Figure 8. Repainting with a polyurethane system: a) the Tree after the application of the polyurethane paint system; b) detail of the area of the base; ¢) detail of a
plate.

The colour paint was sourced from an industry survey of manufacturers producing paint
systems for heavy industrial applications. The company used was Technochrom and the
selection was made after consulting the chemical engineering department and providing
images of the sculpture and information on the exposure environment. Such communication
was essential since the decision was made to add an opacifier to reduce the satin gloss of the
paint and achieve better aesthetic results given that the sculpture is exposed to sunlight.
According to these, the selected polyurethane paint system was Technodur (RAL 6009), a two-
component, aliphatic, polyester-based, chemical reaction polyurethane paint, suitable for the
marine environment (Figure 8). The paint was applied in two layers using a soft-bristle brush
and roller; the second layer was applied after 48 hours. The paint dried within 24 hours and
reached full hardness and mechanical strength after seven days at 20 °C.

Conclusions

The survey methodology used for the case study of G. Lappas's monochrome Tree resulted in
the identification of technological aspects, such as construction materials and techniques and
the original colour layer, and highlighted issues related to conservation treatments in such
cases.
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The pressed iron plates are made from a steel alloy (probably low-carbon) containing Mn,
Ni and Si as secondary trace elements, combining XRF and SEM results. This is a widely used
steel alloy for construction applications, where manganese is added primarily to control sulfur,
enhancing workability and preventing hot shortness during hot working. It also contributes to
increased strength and toughness [19]. XRF identified manganese (Mn) and nickel (Ni) as trace
elements, and the sample was dust from iron corrosion products. SEM-EDX identified
manganese (Mn) and silicon (Si) as trace elements, and the sample was a detached piece of paint
where flakes of corroded metal were attached. The difference lies in the samples and
instruments used: a BTX instrument from InXitu Inc. (XRD/XRF), which focuses mainly on
XRD data, requires the combination of XRF results from the powder analysis of the corrosion
products and SEM-EDX of Layer 5 from the paint coating layers sample for the identification
of the metal substrate.

This technological information is important for future conservation needs regarding the
restoration of the lower plates, which have suffered severe material loss. It was decided not to
replace the lower plates with new material during this intervention, but considering the
corrosive exposure environment, this could be deemed necessary in the future.

Examining paint samples and investigating cleaning sections using colorimetry helped
identify the number of repainting interventions and select a suitable RAL paint colour that
corresponds to the closest RAL equivalent to the original colour and attempts to represent the
artist’s intent.

The XRD and SEM results revealed the impact of the coastal environment on the metal
substrate, identifying iron oxides, oxides-hydroxides and chloride corrosion products.

Evaluating the different stages of the intervention process revealed interesting findings and
provided valuable insights for similar applications.

The paint remover gel was rather effective at removing paint from metal. However, its
action was limited to the top layer of paint when overlapping layers were present, despite
mechanical scraping, necessitating multiple applications. Although successive paint layers
were stripped down to the metal surface using mechanical cleaning with hand tools, removal
was inconsistent, leaving degraded primer and poorly cleaned areas in hard-to-reach places
such as joints, corners and recesses. The propane/butane torch effectively removed paint,
exposing clean metal or the artist's primer in specific areas. However, cleaning hard-to-reach
areas and removing corrosion remained problematic. Sandblasting provided total removal of
paint and corrosion from all surfaces, ensuring uniform results. It also revealed details of
corrosion and manufacturing techniques that had previously been obscured, including marks
from metal cutting and the artist’s hand-drawn symbols.

Sandblasting provides access to, and achieves good cleaning results in areas that are
difficult to reach with power tools. Examples include joints, soldered connections and welds.
It also ensures uniform results thanks to the ability to set a constant pressure rate.

The selected epoxy putty (Milliput) is renowned for its durability, temperature resistance
and ease of use. It can be easily applied and formed with wooden moulding tools and sanded
with fine abrasive papers [20-21].

The new paint system, which matches closely to the original colour, successfully restores
the sculpture's communication with the viewer as intended by the artist. The durable finish is
expected to be highly resistant to the marine environment, water, impact, friction and sunlight,
as suggested by related research [14].

Finally, about the conservation process, it should be noted that the project schedule was
impacted by the Coronavirus, as special attendance permits were required. Such issues should
be considered, as the primer layer must be applied immediately after cleaning with air blasting.
Due to accessibility restrictions imposed by the lockdown during the Coronavirus pandemic,
the conservation work was not completed until June 2021. An assessment of the treatment
stages, as well as the requirements of the methods and materials used, revealed that the
conservation work took approximately 41 days (Figure 9).
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P Balancing artist’s intent and durability: conserving a corroded outdoor painted iron sculpture
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Figure 9. Schematic presentation of the actual time required for the conservation of the sculpture.

Conservation of modern and contemporary art has evolved into an independent field with
its own strategies, theories and ethics. This challenges traditional concepts such as retouching,
reconstruction and reversibility [22-24]. Some artworks, such as George Lappas's Tree, blur the
line between modernity and tradition, thereby complicating conservation decisions. Ethical
dilemmas have arisen, such as how much infill is required and whether corroded metal plates
should be replaced. The chosen approach aimed to preserve the sculpture's originality,
including Lappas's handmade metalwork, while restoring its intended aesthetic. Only gaps that
were particularly distracting were filled, as replacing the oxidised metal would have
compromised the sculpture's authenticity.

The sculpture was stripped and repainted to remove the tarnishing caused by the
handcrafting process, and the technological aspect of metalworking was emphasised through
sandblasting. Regular maintenance is essential for future conservation to counter
environmental degradation. Depending on weather conditions, the new paint system should
last 10-20 years, with periodic inspections preventing the need for major interventions.

This project shows that effective conservation strategies for modern sculptures need a
thorough approach that balances an understanding of the artist's materials, techniques and
intentions with an awareness of the sculpture's condition and its exposure environment, while
respecting artistic integrity and aesthetic values.
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Digital modelling as a tool for multidisciplinary
study — the case of a rare sixteenth-century metallic

globe

Modelacao digital como ferramenta para estudo
multidisciplinar — o caso de um raro globo metalico
quinhentista

Abstract

While digital modelling of heritage objects has become standard practice, its multidisciplinary
potential warrants greater emphasis. Using the case study of a rare Renaissance metallic
celestial globe in Portugal, this article highlights the wide-ranging benefits of digitization
across three key areas: historical research, conservation support, and public outreach. It
underscores the importance of involving historians, digitization specialists, curators, and
conservation professionals from the outset — both in prioritizing objects for modelling and in
defining the criteria for digitization. The article advocates for a broad and inclusive
perspective, encouraging awareness of the diverse disciplines that can benefit from digital
models, whether in immediate applications or future research.

Resumo

A modelagao digital de objetos patrimoniais tornou-se uma pratica amplamente difundida,
mas o seu potencial multidisciplinar continua a exigir mais investigag3o. A partir do estudo de
caso de um raro e valioso globo celeste renascentista em metal, existente em Portugal, este
artigo evidencia as multiplas vantagens da digitaliza¢ao enquanto ferramenta de investigacao
histérica, apoio a conservagao e promogao da divulgagao piablica. Destaca-se a importincia de
envolver, desde as fases iniciais do processo, historiadores, especialistas em digitalizag3o,
musedlogos e conservadores — tanto na defini¢do das prioridades de modelagao, como na
formulagao dos critérios de digitalizacdo. Defende-se, assim, uma abordagem abrangente e
inclusiva, que promova a consciencializagdo para a diversidade de disciplinas que podem
beneficiar dos modelos digitais, seja em contextos de aplicagdo imediata ou em investigagdes
futuras.
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Introduction

The study and conservation of scientific instruments have gained growing attention in recent
years, with research being undertaken in various fields to explore the material culture of such
instruments [e.g., 1-2]. However, further methodological development is needed to ensure the
preservation of this heritage, which is characterized by a unique set of material and functional
specificities [3-4]. Scientific instruments embody the practices of science and education,
evident in their materials, construction, and functionality — and, perhaps most revealingly, in
the marks of use and wear they accumulate over time.

The dual nature of scientific instruments — encompassing both material technology and
intangible elements like gestures and modes of scientific use — demands interdisciplinary
methodologies. To ensure comprehensive preservation, these approaches must integrate
historical research, material analysis, and conservation practices. While notable progress has
been made [e.g., 5-6], further research is needed to establish a truly holistic approach. Recent
efforts have focused on developing integrated documentation methods for scientific
instruments [7] and refining examination techniques that consider their specific material and
functional characteristics, such as mechanical components and surface coatings [8].
Comparable methodologies have been applied to related heritage objects, including industrial
engines [9] and kinetic art [10]. Additional research has focused on wear characterization [11]
and innovative conservation techniques [12].

Many of these instruments are difficult or impossible to handle due to size, fragility, or
significance, limiting physical analysis. Additionally, instruments with exceptionally large or
minuscule dimensions present challenges in obtaining a comprehensive visual and global
assessment. To overcome these limitations, the application of advanced study tools such as 3D
scanning and modelling offers a promising solution. These technologies are already widely
used in cultural heritage for dissemination and communication [13]. More recently, they have
been employed for historical study and conservation monitoring in fields such as, for example,
paintings, sculptures, and archaeology [e.g.,14-16]. Despite their potential, their application to
the study and conservation of scientific heritage remains underexplored.

Although 3D scanning and modelling are not new techniques, this study proposes a distinct
and integrated approach that utilizes accessible equipment and software, both user-friendly
and relatively low-cost. One key advantage of these tools is their ability to capture extensive
information before and during conservation and restoration processes, enabling detailed
object analysis without causing harm. This accessibility makes them especially valuable for
documenting and studying fragile, remote, or otherwise difficult-to-access objects.

The Schissler Globe as a case study
The Schissler Globe, a rare sixteenth-century metallic celestial globe, exemplifies a complex
and historically significant scientific instrument that remains difficult to access. Its scientific
and historical value makes it an ideal case study for exploring how 3D scanning and modelling
can aid historical research, conservation, and public engagement. The Globe was produced in
1575 in one of the most renowned workshops for mathematical instruments in Augsburg,
Germany. The craftsman Christoph Schissler the Elder (c. 1531-1608) created numerous and
various instruments, such as compasses, geometric squares, and astronomical compendia [17].
Many of these were intended for nobles interested in the mathematical arts. The time of the
Globe’s arrival in Portugal remains unclear, but by the late monarchy, it embellished King D.
Carlos’s private library at the Palacio das Necessidades. In 1956, it was selected for permanent
display at the Palacio Nacional de Sintra, where it remains. Its significance was first noted by
Anténio Esticio dos Reis [18-19] and later Gessner showed how it was linked to Caspar Vopel’s
1536 globe [20].

A celestial globe is a spherical model of the sky that depicts the visible star constellations as
seen from the centre of the Earth. Traditionally, such globes were used to simulate the apparent
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motion of fixed stars and the Sun, both above and below the horizon, when suitably mounted
in a stand. Globes can represent and explain the variation of the length of day and night at
different terrestrial latitudes and across different seasons of the year. Using their various
scales, one can determine sunrise and sunset times, the azimuth of a star’s rising, and many
more things.

With 42 cm in diameter the Schissler Globe is among the larger metallic globes surviving
from the sixteenth century [21]. Its surface is composed of twelve copper gores, riveted or
screwed onto a skeleton made of circular metal bands. The hollow structure is traversed by an
iron axis forming its centre. Tilted with respect to this axis, at approximately 23.5 degrees, at
opposite points of the Globe, two axes extend outward and suspend the Globe within a meridian
ring. The entire surface of the Globe, along with the meridian ring, is engraved and gilded [22].
The engravings feature the classical constellations, canonical since antiquity, with
corresponding labels as well as a couple of constellations introduced in the sixteenth century.
Several bright individual stars are given with their names, such as Vega, Arcturus, and Spica,
along with the principal celestial circles used in astronomy, such as the celestial equator and
the ecliptic, the tropic and arctic circles. Several components that were originally part of the
structure are now missing: the hour circle and its index, which allowed the rotation of the Globe
to be tracked, and the horizontal ring with its stand, on which the Globe was originally placed.

Towards the creation of a multidisciplinary analytical tool

Preliminary tests for the digitalization of the Globe
The core of our approach consisted in the digitisation of the Globe using near-range
photogrammetry and multiview automation. Various setups were tested to ensure a complete,
high-quality, well-framed photographic coverage of the sphere. Due to the Globe’s fragility,
value, and permanent display at the Palicio Nacional de Sintra, initial testing was conducted
with two dummy globes. The first test, carried out in diffuse indoor lighting, showed that fixing
the camera on a tripod and rotating the globe produced better results than moving the camera.
A need for higher-resolution imaging was also identified. However, two additional challenges
had to be overcome in the case of the Schissler Globe: the absence of its original stand and
surface deformation that restricted rotation within the meridian ring. To overcome these, a
custom support had to be designed to stabilize and safely rotate the Globe during photography.
In a second phase, we used a dummy globe of the same diameter in situ at the Paldcio
Nacional de Sintra and tested a support frame built from available materials in coordination
with conservation staff. The setup — two stacked tables, wooden bars, and screws (Figure 1) —
was designed to ensure stability and safe imaging. Foam panels surrounding the table helped
to diffuse light, minimize reflections and optimize the visibility of engraved lines as dark lines
on a light background. The Globe remained secure throughout and all components were fully
reusable, with minimal, reversible modification. The final imaging was conducted employing
three LED panels in a sunlight-free room, ensuring both image quality and the Globe’s
preservation (Figure 1b).
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Figure 1. Support for the Globe: a) design sketch; b) Schissler Globe inserted in the support.

Image acquisition

Preliminary tests had shown that three fixed camera positions — aligned with the equator,
Arctic, and Antarctic circles — provided full surface coverage with sufficient image overlap. At
each position, the Globe was rotated 15 ° around its North-South axis between shots, producing
25 images (the last overlapping the first). Because part of the surface was obscured by the
meridian ring the conservator decided to remove it and a fourth image set was taken (Figure 2).
For this last set, the Globe rested on a torus-shaped cushion with its axis in horizontal position.
For the first three sets, the Globe rotated around its own iron axis; for the fourth, the cushion
was rotated. This approach ensured the Globe’s surface remained unstressed throughout.

We used a 50 Mpixel Canon EOS 5DSR camera controlled through an application on laptop
computer via a USB cable. Aperture, exposure, and object distance were kept constant while
changing the camera position for each image set. It was crucial that these parameters remained
unchanged for all photographs also within each set. The object distance was about 47 cm (to the
nearest point on the Globe) in all sets. Remote control triggered the shutter to avoid vibrations,
thereby ensuring maximum image sharpness.
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Figure 2. Virtual configuration of the photographic sets around the Globe. The vertical series of picture planes corresponds to the fourth set, covering the area
previously hidden behind the meridian ring.

Photogrammetric: processing

Image masking and alignment

The 145 photographs taken under slightly varying lighting conditions were processed by the
software Agisoft Metashape (v1.6.1) [23] to create a 3D model. Initial processing was disrupted
by surrounding elements like table legs despite using white foam panels to neutralize the
background.

As aworkaround, masks were applied to exclude all elements beyond the Globe. The camera
setup with four fixed positions required only four different masks as it allowed the reuse of one
single mask per position. Each one was manually created in Adobe Photoshop [24], saved as an
alpha channel in one reference image, and imported into Metashape for batch application across
the corresponding set. After masking, the photographs were aligned in Metashape, which
automatically calculated their relative orientations. With extraneous elements masked,
Metashape used only Globe’s features to determine camera positions and orientations. This
created the virtual setup shown in Figure 2, simulating a stationary Globe with a moving
camera.

Point cloud and mesh

Based on successful photo alignment a dense point cloud could be generated by intersecting 3D
rays from matching points across images (Figure 3). The surface details are very clear, and the
Globe’s geometry is accurately reconstructed without relying on colour. The point cloud is
complete and the surface irregularities match those of the original. A lighter band in the point
cloud model appears in the area lying behind the meridian ring. The colour variation there is
due to different lighting affecting the fourth image set. Despite this variation, a mesh was then
created and textured with high-resolution images, producing a detailed 3D model of the Globe.
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Figure 3. Dense point cloud obtained from the photogrammetric coverage.

Defining a coordinate system

Since the point cloud and mesh lack inherent scale, the model was scaled in Agisoft Metashape
[23]. Radiography and tomography studies [22] showed that the Globe’s inner skeleton has an
internal iron axis between the ecliptic poles. These ecliptic poles therefore offer the most stable
reference points. The known 420 mm diameter between the poles was used to scale the model.
A 3D coordinate system was then defined using three reference points: the ecliptic North Pole
(ECNP), South Pole (ECSP), and the vernal point (ARIES). Each reference point was identified
in atleast three images, and their average 3D positions were used to define coordinates (in mm):
ECNP = (o0, 0, 210), ECSP = (0, 0, —210), and ARIES = (210, 0, 0), the origin representing the
Globe’s estimated centre. The X-axis passes through ARIES, the Z-axis aligns with the ecliptic
poles, and the XY-plane defines the ideal ecliptic plane (Figure 4).
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Deformations imaging

That the Globe cannot freely rotate within its meridian ring is due to deformation which
occurred at some point after its manufacture. It is more likely due to a deformation of the
spherical shape rather than of the meridian ring whose cross section makes it very solid. Our
analysis therefore focused on the geometry of the Globe’s surface. Any deviation from an ideal
spherical form was treated as deformation. To assess this, CloudCompare [25] (v2.13 alpha) was
used as the primary tool. First, a 420 mm reference sphere was created in CloudCompare using
the Primitive Factory tool and centred on the origin of the previously defined coordinate system.
The dense point cloud with the same centre was then imported. The Cloud-to-Primitive tool in
CloudCompare calculated the distances between all the points and the ideal sphere — thus
quantifying surface deformations. Analysing the histogram of the distances we were able to
readjust the diameter of the sphere so that the most populated bin became the one with zero
distance (less than 1 pm). The adjusted diameter was calculated as 421.107 mm. This way we
created a sphere that privileges the undeformed Globe points. We deliberately disregarded the
deformations when making this diameter adjustment, therefore not applying a least squares
best fit method. We introduced a colour scale to the results to facilitate interpretation: red and
orange indicate negative deviations (inward deformations), white represents neutral areas (no
deviation or small deviation), and green to blue signify positive deviations (outward bulging of
the surface). This process yielded two digital reproductions of the Schissler Globe: a high-
resolution textured 3D model capturing surface details and inscriptions, and a deformation
model showing deviations from a ca. 420 mm ideal sphere. Both are complete, highly detailed,
and geometrically precise — even fine chisel marks are visible. With the exception of the
meridian ring, the scaled textured 3D model can serve as a true digital twin, offering valuable
support for research and outreach as will be shown in the sections below.

The tool in action

Thanks to these digital models, the Globe can be analysed from multiple disciplinary
perspectives, employing either the textured model or the deformations model, as appropriate.
The examples discussed here range over three distinct disciplinary fields: historical research,
conservation, and public dissemination.
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Reading Schissler’s practices through star positions

Celestial globes are mathematical instruments that, among other functions, provide an
overview of stellar constellations and yield star positions. An inscription on the Globe refers
explicitly to the adjustment of the engraved positions in accordance with the precession of the
equinoxes: “The stars of this globe were numbered and distributed according to the motion of
the eighth sphere and adjusted to our times and year of 1575”. The maker reveals, however,
neither the source of the stellar coordinates nor the method by which the precession correction
has been obtained. An earlier study based on only four stars near the ecliptic [21], showed a
match between the Globe’s longitudes and the Copernican precession value. The high-
resolution 3D model now allows measurement of many more stars, enabling a more
sophisticated study comprising three aspects: comparison with various star catalogues
available to the maker, estimating the precession value applied, and possible systematic errors
due to Schissler’s craft procedure to position the stars.

The task involves identifying stars on the Globe and measuring their XYZ coordinates from
the 3D model, which are then converted into angular ecliptic coordinates. This transformation
enables direct comparison with historical star catalogues and provides a basis for estimating
the amount of precession calculated and applied by Schissler for the year 1575. In order to
produce a meaningful estimation, it is essential to consider several factors affecting accuracy:
the precision of the historical catalogue data, the accuracy of Schissler’s engraving, and the
positional fidelity of our measurements derived from the digital model. For this preliminary
study, fifteen labelled stars of first or second magnitudes, and distributed across the Globe
were selected (Figure 5). From the textured 3D model Cartesian XYZ coordinates were obtained
through a triangulation via least squares adjustment between measurements on all
photographs on which the star was well visible, performed by Metashape software [23].

A MATLAB routine [26] converted the Cartesian coordinates into ecliptic latitude (f) and
longitude (1) by using the following Equations 1-2:

B =sin"t—2— )
VX2+Y2+22
A= tan‘lg (2)
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Figure 5. Schissler Globe: a) selected stars used to estimate the precession correction used by Schissler, along with the zero points of the zodiac signs marked on
the 3D model; b) measurement of the star Spica Virginis on a single photograph, providing input for the least squares triangulation (based on all measurements
on photographs on which the star was well visible) to estimate its spatial position within the 3D model.
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Each star measured on the Schissler Globe was compared with historical catalogues
Schissler may have accessed. This study, being still in a preliminary phase, focuses on two:
Ptolemy’s catalogue (Toomer’s 1984 edition based on Greek manuscripts [27]) and Copernicus’
De Revolutionibus (1543) [28] (Table 1). While the Globe’s inscription states that its stars were
adjusted to 1575, both the source of coordinates and method of adjustment are to be
determined.

Table 1. The set of fifteen selected stars for which ecliptic latitude (8) and longitude (1) were measured, listed in order of decreasing latitude. Stars are identified
by the labels found on the Globe. The subscript P or C references Ptolemaic resp. Copernican values; the index i runs through the stars used. Weighted deviations
—cf. Equation 4— AY of over ¥ ° are marked in bold.

Engraved star name Latitude 8 LongitudeX  Shift{ Weighted 4} Shift {c Weighted 4}
[°] w/r Ptolemy 1984 [°] w/r to Copernicus 1543
ALDERAMIN o Cep 68.54 6.54 19.88 0.41 26.54 0.35
VOEGA o Lyr 62.08 278.49 21.16 -0.07 27.82 -0.15
DVBHE a UMa 48.84 127.75 20.08 0.61 23.75 2.47
RASSALGETHI o Her 37.55 248.79 21.12 -0.09 27.79 -0.23
RASSALANGVE o Oph 36.00 255.95 21.21 -0.17 27.78 -0.22
ARCTURUS o Boo 32.52 197.96 20.96 0.04 27.63 -0.10
ALKAYR o Agl 29.29 294.80 21.07 -0.06 27.64 -0.11
MARKAB o Peg 19.39 347.48 20.81 0.18 27.48 0.03
SPICA o Vir -2.58 197.57 21.17 -0.16 27.57 -0.06
ALDEBRAN aTau -5.45 63.46 20.79 0.21 27.46 0.05
ALGOMEYSA oa CMi -16.37 110.29 21.12 -0.11 27.79 -0.27
ALPHARD o Hya -20.44 141.04 21.04 -0.03 27.71 -0.19
RIGEL B Ori -31.82 70.71 20.98 0.03 28.21 -0.60
ALHABOR a CMa -39.26 99.05 21.38 -0.29 28.05 -0.42
CANOPUS o Car -74.92. 100.05 22.88 -0.49 29.55 -0.53
21.01% 27.51%

Weighted average shift

Variance 0.074 0.059**

*The average longitude shift A is calculated by weighing the values by the cosine of latitude (cos B) of the star.
**Variance for the Copernican longitudes without the outlier “DUBHE”.

Table 1 presents one method to estimate the average longitude shift (1) as an approximation
of the correction presumably applied by the Globe’s maker. 1 is obtained from the difference
between the measured longitude (A) of each selected star on the Globe and its catalogued
longitude (Ac.), expressed as { =1 — Ac... To obtain a meaningful average (Equation 3), these
differences are weighted according to the star’s latitude:

Tidicos B
7\ - L L
Xicos B; @)

This is justified, since manufacturing errors in longitude near the poles translate into
proportionally larger angular deviations [29]. Similarly, to get an estimate of the overall
closeness of a given catalogue with the engraved star positions, we evaluate the variance of the
applied shift. Here all (unweighted) differences A between the measured longitudes (A) and the
shift-updated positions (Acc + A) are analysed. Since the error is expected to increase with
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latitude, weights based on the cosine of the latitude (cos ) are introduced (Equation 4) to
account for this effect:

A = (& =R cos B; @

The weighted variance is then the sum of the squares of these differences A}’ divided by the
number of stars minus 1. When comparing the weighted deviations 4} of individual stars,
anomalies are readily identified. The variance is lower with respect to Copernicus’ catalogue,
which suggests that this is a likely source for the Globe’s star positions. Nevertheless, the star
Dubhe stands out as an outlier relative to Copernicus’ data, while its deviation from Ptolemy’s
values resembles that of the other stars. As we cannot exclude manufacturing lapses or
occasional interventions by Schissler, isolated outliers were not included in such statistical
analysis. Moreover, examining the full set of stars reveals that those with deviations exceeding
1 ° are all located north of 48 ° or south of 31 ° ecliptic latitude. This pattern points to a possible
systematic error in longitude that grows with increasing distance from the ecliptic. Such
systematic discrepancies could plausibly originate from the mechanical process used to mark
the stars on the Globe.

Finally, regarding the underlying precession theory, the average difference in longitude
between the values in different catalogues and the Globe’s positions — explicitly adjusted for
1575 — must be examined. More research is needed in that respect because various different
hypotheses about Schissler’s procedure still need to be tested. For now, the consistent fit of star
Dubhe’s longitude as given in Ptolemy (1984 edition, based on Greek manuscripts) in contrast
with its deviation of near 2 ° 30 ' when compared with Copernicus or even with Ptolemy’s
sixteenth-century print editions can serve as a marker. So, while Ptolemy’s catalogue could
serve as the basis for star positions, the longitude shift applied to it remains to be explained.
Ptolemy’s precession of 1 ° per century does not fit the numbers. Alfonsine precession theory
(e.g. using a star catalogue with the Alfonsine epoch of 1 June 1252) would amount to a longitude
shift of 20 °19 ": nearly 1° less than what we measured. This difference of ca. 1 ° for many globes
after 1550 has been noted by Dekker [30]. Indeed, based on the chosen stars of the Schissler
Globe, the Copernican precession theory provides a better fit. Specifically, the average
longitude shift of approximately 27 ° 30 ' relative to Copernicus’ catalogue is very close to
Copernican precession theory, which stipulates a shift of 27 ° 49 '. This finding corroborates the
preliminary conclusion reached by Gessner [21]. One observes, however, that the deviations of
Schissler’s star positions from Copernicus’ values are scattered by about ¥ ° (standard deviation
derived from the variance). The near-exact correspondence reported in Gessner [21], based on
only four stars, was coincidental while the present result, based on more stars, better
represents the realities of globe manufacture. A clear path for future research emerges.
Including a larger set of stars and incorporating additional historical star catalogues may
uncover further characteristic outliers, show systematic ‘error’ patterns, potentially linked
either to Schissler’s mechanical method for marking star positions on the Globe or to the
particular source catalogue he employed.

How did Schissler build the Globe? Construction and material analysis

The analysis of the Globe allows furthering our understanding of Schissler’s craftsmanship and
of his manufacturing process. The detailed 3D model offers comprehensive access to the
surface features enabling both thorough documentation and study of the construction — and
this without direct physical access to the Globe itself. As mentioned above, the Globe is
composed of twelve gilt copper gores fixed by rivets on top of a metallic frame. The centre
points of the stars were punched, and inscriptions, constellation figures, stars, and celestial
circles were engraved and chiselled into the surface. Subsequently the spherical copper plates
were fire-gilded using mercury gold alloy technique [22].
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Figure 6. Detail of the engraved and chiselled inscriptions on the Globe, revealing aspects of the manufacturing process, especially the sequence of inscriptions.
Shown is a portion of the sign of Scorpio, the scale of the ecliptic and some stars of the constellation Libra.

By combining 3D modelling with high-resolution photography, a detailed analysis of the
decorative process becomes possible. It reveals the sequential order in which the elements were
inscribed. For example, as shown in Figure 6, intersecting lines indicate that the ecliptic was
traced first, followed by vertical line markings in its scale, the constellation figures, the
numbering, and finally the stars themselves. Before the stars were fully depicted, the centre of
the larger ones was initially marked with a punch. Additionally, visible corrections and
refinements were identified: for instance, in Figure 6, the large star south of the ecliptic shows
overlapping lines suggesting that one line was retouched after the others. This analysis offers
valuable insight into the artisan’s working technique, enabling comparisons with methods of
other craftsmen and offering a deeper understanding of the visual language and craftsmanship
behind the Globe. Such observations are rendered particularly easy through digital modelling
—rather difficult to attain extensively without permanent access to the Globe.

The digital modelling also enables studying deformations linked to the Globe’s construction
technique. For example, Figure 7 highlights deformation in the North Pole area where the ends
of the gores are attached to the top of the pole by rivets. Around each rivet, inward deformations
(revealed by red colour) occur ranging from approximately —0.5 to 1.0 mm, corresponding to
the mechanical stresses induced by fixing the metal plates in place. Similar deformations can
be seen alongside other fixations of the gores. Additionally, the plate areas adjacent to the top
fixations exhibit distortions relative to the ideal sphere, resulting from the tension required to
bend and hold the gores at the poles. Recognizing these manufacturing-related deformations
is crucial, as the accumulated tension from fixation pressure may lead to progressive structural
alterations over time.
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Figure 7. Deformation mapping of the ecliptic North Pole region. Red circles highlight the areas with rivets where the plates are fixed to the structure. Adjacent
plate areas show deformation due to the tension required to bend and secure them at the poles.

How does it look like today? Conservation analysis

One of the most valuable applications of digital modelling lies in preventive conservation,
offering a quantitative basis for monitoring the Globe’s physical state over time. By establishing
a detailed 3D reference model at a specific moment, subsequent scans can be systematically
compared to detect subtle changes such as wear, cracking, or surface corrosion. This capability
transforms conservation from a reactive to a proactive practice, enabling the identification of
early-stage deterioration. Importantly, the detection of deformations related to original
manufacturing stresses — such as localized tension in certain areas — provides critical
information for adjusting environmental and display conditions to mitigate further
mechanical strain. Such targeted interventions can reduce the risk of exacerbating damage,
including the formation of cracks or permanent distortions.

Figure 8 presents a good example of this potential by mapping deformations around the
Globe’s ecliptic South pole. A notable inward deformation of approximately —2 mm is to be
observed in an extensive region. It is not attributable to manufacturing processes. Further
investigation revealed that this deformation resulted from prolonged static loading, as the
Globe had been resting on a support directly beneath this pole for an extended period. Although
the copper plates have a considerable thickness (estimated between 1.5 and 2.0 mm), the
cumulative weight of the Globe (around 7 kg) caused material fatigue and deformation under
sustained pressure. This case study underscores how digital modelling can uncover otherwise
hidden conservation risks and inform necessary modifications to display and handling
protocols to better preserve such artifacts.
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Figure 8. The Globe displayed on a torus shaped base cushion, with its entire weight resting near the southern ecliptic pole (a). The deformation model shows
inward deformations caused by prolonged exhibition in this position (b).

The Schissler Globe for all

A key application of the Globe’s digital twin is to provide free and universal access to this
important heritage object through the internet. This channel can be used for enhancing its
dissemination and public engagement. To achieve this, the 3D textured model has been
integrated into an interactive web application (http://bit.ly/3ZLBI0oS) developed on the ArcGIS
Online platform [31] (Figure 9). The application opens with an introductory page summarizing
the Globe’s general and historical context. Users can then navigate to a 3D viewer that allows
full exploration of the Globe — rotating, zooming, and panning in any direction.

Schissler

Slides
/ “\ Estrutura interna
g\

Globo - superficie
BOOTES

URSA MAIOR

LIRSA MAIOR (o
GLOBO DE SCHISSLER

Explore o globo de Schissler usando o rato (ferramentas
no topo a esquerda) ou as vistas pré-definidas (topo a
direita).

Powered by Esri

Figure 9. Screenshot of the web application based on ArcGIS Online. Exploring page of the developed application. On the right side, the structure of the guided
tour. On the left side the navigation commands. On the bottom right, app commands: magnifying (an additional zoom by means of a virtual magnifying glass),
slicing (to see the interior structure), return to the info page and layer selection.
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The platform is designed to provide an engaging guided tour, highlighting the celestial
Globe’s interior structure, gilded surface, and key constellations. Additionally, users can
interactively click on any location on the Globe’s surface to access pop-up windows containing
detailed information about the principal constellation or feature in that area. To maintain web
performance and responsiveness, a reduced-resolution 3D model is employed within the
viewer. However, each pop-up includes a direct link to an original high-resolution photograph
of the corresponding region, opening in a separate window. This feature is a simple way to
allow detailed examination of the Globe’s surface at a resolution exceeding that of the 3D model
itself. The original photographs, intended primarily for an expert audience such as
conservators and researchers, offer approximately 30 % higher resolution than the sub-
millimetre accuracy of the 3D model. In the central areas — those nearest the camera during
image capture — the pixel size corresponds to roughly 0.06 mm on the actual object. This dual-
level access balances usability for general audiences with the detailed analytical needs of
specialists, ensuring the Globe’s visual and structural intricacies are accessible to a broad
spectrum of users.

Conclusions

This study demonstrates the transformative impact of digital modelling on the research,
preservation, and public engagement of historical scientific instruments, as exemplified by the
case of Christoph Schissler’s sixteenth-century celestial Globe. The creation of a high-
resolution 3D digital twin yielded three major outcomes: it enables detailed historical analysis
of star positions and manufacturing techniques; it supports conservation by detecting surface
deformations; and it enhances accessibility through an interactive web platform designed for
both experts and the general public. Handling and imaging a fragile, reflective metallic object
poses a challenge. The project’s success relied on close coordination with conservation
professionals thorough the preparation of the photographic environment, and maintaining
fixed camera positions under controlled lighting to avoid visual artifacts. These measures
ensured the object's safety while enabling high-quality data capture. Multiview
photogrammetry software was instrumental not only in reconstructing the 3D model but also
in defining a precise internal coordinate system. With external control points unavailable due
to display constraints, spatial referencing was achieved using three distinct features on the
Globe. This allowed for accurate scaling and orientation, culminating in both a textured model
and a deformation map that visualizes deviations from an ideal sphere — essential tools for
future research and preservation.

Importantly, the study lays the groundwork for future work in multiple directions. The
historical analysis will benefit from expanding star position measurements to include a broader
selection of stars, allowing for comparisons with various historical catalogues such as those of
Ptolemy, the Alfonsine Tables, and the Prutenic Tables. This would deepen the understanding
of the Globe’s astronomical content and its alignment with contemporary knowledge.
Additional studies comparing similar globes from the same period could also reveal systematic
production patterns. With heritage preservation in mind, periodic re-digitization will be a
means to monitor structural changes over time and support preventive conservation. Finally,
in view of outreach applications, digitally reconstructing lost components — such as the stand,
hour circle, and other typical components — would enable a more complete and functional
virtual representation. Ultimately, this project illustrates how digital modelling can unlock new
interdisciplinary insights, minimize physical intervention, and ensure lasting, sustainable
access to cultural heritage. The Schissler Globe serves as a compelling case of how 3D
digitization can broadly benefit scientific heritage objects by fostering interdisciplinary
research and promoting sustainable, accessible preservation.
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O bolo de Llanes: primeiras aproximacoes sobre os
seus jazigos e o uso no douramento dos retabulos
espanhois

Bol de Llanes: Preliminary approaches to its
deposits and use in the gilding of Spanish
altarpieces

Resumen

El bol de Llanes constituye uno de los materiales que aparece de manera recurrente en la
documentacién contractual espafola relativa al dorado de retablos. Era considerada una arcilla
especialmente fina y suave, cuyas propiedades contribuian a obtener resultados éptimos en la
técnica del dorado al agua brufiido. Diversos tratados artisticos antiguos hacen alusion tanto a
su caracteristico color rojo oscuro como a los procedimientos empleados para su purificacién y
preparacién. El presente estudio aporta una recopilacién de numerosos retablos en los que se
habria empleado este tipo especifico de bol. Paralelamente, la investigacién desarrollada — que
ha combinado trabajo documental con trabajo de campo - ha permitido localizar antiguos
yacimientos de tierra roja ubicados en el territorio del Concejo de Llanes. Asimismo, se ha
procedido a la toma de muestras en dichos emplazamientos, asi como a la elaboracién
experimental de pellas de bol.

Resumo

O bolo de Llanes é um dos materiais que aparece recorrentemente em contratos espanhdis
relacionados com o douramento de retibulos. Era considerado um material especialmente
fino, que proporcionava excelentes resultados no processo de douramento a igua com
brunidura. Diversos tratados artisticos histdricos fazem referéncia a sua cor vermelho-escura,
bem como ao seu processo de purifica¢io. O presente estudo oferece uma compilagio de um
naimero significativo de retibulos nos quais se acredita que este material tenha sido utilizado.
Além disso, a pesquisa realizada, juntamente com o trabalho de campo desenvolvido, permitiu
localizar antigos depésitos de barro vermelho na drea do municipio de Llanes, bem como
recolher amostras e produzir experimentalmente pastilhas de bolus.

Abstract

Bol de Llanes (Llanes bole) is one of the materials that appears recurrently in Spanish contracts
related to the gilding of altarpieces. It was considered as an especially fine and smooth clay
whose properties contributed to achieving optimal results in the process of burnished water
gilding. Several historical artistic treatises refer both to its characteristic dark red color, and to
the procedures used for its purification and preparation process. This study presents a
compilation of a numerous altarpieces in which this specific material is believed to have been
used. Furthermore, the research carried out — combining archival work with fieldwork — has
made it possible to locate ancient deposits of red earth in the territory of the Llanes
municipality. Samples have been collected from these sites, and experimental preparation of
bole pellets has also been carried out.
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Introduccién

Algunos materiales artisticos han experimentado cierto reconocimiento a su calidad a lo largo
de la historia, avalado a través de un sobrenombre que hace referencia a sulugar de extraccidn,
transformacion o comercializacion.

Entre los materiales de procedencia espafola y con referencia a las tierras, pueden citarse,
por ejemplo, la de Esquivias, utilizada en la preparacién de los lienzos para la pintura sobre
lienzo al dleo en nuestro pais [1] y, sobre todo, el bol de Llanes, empleado en el proceso del
dorado al agua brufiido. La estratificacién que, en general, presenta un dorado al agua brufiido
es la siguiente: cola, yeso mate, bol, oro y estofado esgrafiado realizado mediante la técnica del
temple al huevo (Figura 1).

El trabajo que aqui se presenta constituyen los primeros resultados de una investigacién
que se estd llevando a cabo sobre este bol que presenta denominacién de origen y que seria,
junto al de Armenia, los mas reclamados en los reinos espafioles para llevar a cabo el proceso de
dorado de retablos junto a, por ejemplo y, en menor medida, los ocres o boles de Cérdoba,
Tortosa, Flandes, Calamocha, Baldecristo o Arnedillo [2]. De ello informan los contratos para
la ejecucidn de retablos, las ordenanzas de doradores y los tratados artisticos.

Respecto a la denominacién “bol de Armenia”, esta terminologia se referiria no solo a la
tierra procedente de la zona, al este de Turquia, sino de manera general a aquellos boles que
también destacaran por su excelencia para el propésito del dorado [3]. Por ejemplo, el tratado
de Watin [4], indica que, si bien anteriormente ese bol era llevado a Francia procedente de la
zona, después, en su época, todo el que se gastaba ya era francés, aunque ain era denominado
como bol oriental o bol de Armenia (“Bol oriental” o “Bol d“Arménie”) [4].

Sin embargo, el bol de Llanes, localidad situada en Asturias, al norte de la peninsula ibérica,
procederia de esta zonay su demanda se habria circunscrito inicamente a los reinos espaifioles.

La linea de investigacién que nutre este articulo se ha focalizado en la localizacién
geografica las explotaciones de arcilla del drea de Llanes, lo que ha permitido obtener muestras
para elaborarlo de acuerdo a la informacidn recabada en antiguos tratados. Igualmente, el
estudio de antigua documentacién y contratos ha posibilitado la identificacién de numerosos

retablos en los que se ha empleado este material, asi como establecer unas primeras
impresiones sobre el drea geografica donde habria sido utilizado.

Figura 1. Estratificacién habitual de un dorado al agua brufiido y estofado. En este caso, se ha prescindido de la capa de yeso grueso que solia preceder ala de mate
(photo: Marta Fernandez).
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Los boles: qué son

El término “bol” se emplea para designar un material arcilloso utilizado especificamente en el
ambito del dorado, que permite configurar un lecho suave para aplicar encima los sutiles panes
de oro.
Elbol es una mezcla de minerales arcillosos y no arcillosos. ELIGME define las arcillas de la
siguiente manera:
El término arcilla se aplica en general a materias naturales de aspecto terroso, constituidas
fundamentalmente por silicatos aluminicos hidratados, pertenecientes a los grupos de la
caolinita (illita, esmectita y vermiculita), a veces con la aparicion de minerales del grupo de la
clorita y de impurezas de cuarzo, carbonatos y éxidos diversos, que cristalizan en particulas
muy pequenas, por la fraccion arcillosa. Se caracterizan por presentar un comportamiento
plastico, en mayor o menor grado, cuando se mezclan con el agua. [5]

Esta tltima cualidad es la que hace del bol un material idéneo para el dorado al agua, ya que
el oro es adherido, normaly sencillamente, mediante la aplicacién previa de esta. Elagua queda
entre las particulas de los minerales arcillosos que constituyen el bol y se ird secando de manera
paulatina, permitiendo llevar a cabo el brufiido del oro antes de que seque, aplicando presién
con la piedra de dgata. Los minerales arcillosos del bol tienen mayor capacidad de adsorber
agua, debido al pequefio tamafno y morfologia de las particulas que forman parte de su
composicién [6], que permiten también configurar un material extremadamente suave,
plastico e id6neo para esta labor del dorado al agua bruiido.

La composicién de los boles puede ser compleja, ya que se conocen mas de 50 minerales
arcillosos. Ellimite superior del tamafio de particula estd en las 4 micrasy, por ello, son dificiles
de caracterizar [7]. En investigaciones recientes los boles se han estudiado utilizando las
siguientes técnicas de analisis: microcopia déptica (MO), microscopia electrénica de barrido
(SEM), microscopia electrénica de transmisién (TEM), difraccién de rayos X (DRX),
espectroscopia infrarroja por transformada de Fourier (FTIR), y espectroscopia Raman, entre
otras, y se ha determinado que las tierras rojas y amarillentas que los constituyen son,
basicamente, minerales arcillosos de la familia de los filosilicatos como son caolinita,
montmorillonita e illita, asociados a minerales no arcillosos como feldespatos, carbonatos y
6xidos de hierro (hematita o goethita), responsables del color rojo o amarillo que presentan [8-10].

En la actualidad, el bol se expende en el comercio en forma de pasta ya molida y purificada
que puede presentar muy diversas coloraciones, desde las mas habituales, como el amarillo,
rojo y negro, como a otros mds inusuales, de color verde o azul. El tradicional se vendia en
forma de pastilla o pella, es decir, de barro seco (Figura 2). Eugenio Herranz en su tratado El
arte de dorar tallas y madera en general [11] narraba cémo podia ser adquirido entonces en nuestro
pais.

Respecto al bol de Llanes, desconocemos el aspecto que podria mostrar hace cientos de
afios, aunque debia presentar un color rojo intenso. Asi lo define Francisco Pacheco:“La calidad
del Bol de Llanos es casi negro, duro de moler i mui fuerte, i requiere la templa mas flaca.” [12].

Coincide esta descripcién con la de Manuel Sdenz y Garcia [13]; de sus palabras se deduce
que la explotacién de sus yacimientos atin estaria activa hacia esa época en la zona de Llanes:
“Bol.- Esta es una tierra mineral que se cria en Llanes (Asturias). Tiene un color rojo obscuro;
también lo hay de otras localidades mds claro, pero es preferible 4 todos el de Llanes.” [13],

Este color seria muy valorado para el bol y otros tratados, como el manual de J. Stalker, J. y
G. Parker, G, A [14], también lo asignan al mejor bol de Armenia.

Este bol de Llanes, mis oscuro, se utiliza en el oro brufiido, seguramente también por su
especial suavidad. Sin embargo, algunos documentos hacen referencia en ocasiones otros
materiales de base para el oro mate, es decir, para el oro que no va brufiido. Se trata de un bol
mais claro u ocre, seguramente también mas econémico.
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Figura 2. Cajas de bol de 1 kg, tal y como las describe Eugenio Herranz en su tratado [11]: a-b) bol rojo; c-d) bol amarillo. Se elaboraba en el taller de Vicente Llorens
Alfonso. El bol aparece en forma de pellas, envuelto el conjunto en un papel de seda, con la imagen de la Dama de Elche en relieve.

Elaboraciony aplicacion del bol de acuerdo a los tratados artisticos

Para poder ser utilizado en el proceso del dorado al agua brufido, el bol era sometido a un
proceso de afinamiento mediante su desleimiento en agua, criba y molienda, después de que
llegara al taller en forma de masa sélida, como se ha indicado.

Tradicionalmente, las tierras han sido purificadas mediante el sistema de sedimentacién,
denominado también levigacién por parte de algunos autores: el material era desleido en agua,
de modo que la parte mis pesada, como la silice o particulas mis grandes, se quedan en el
fondo, mientras que las arcillas quedarian por encima de estas y sobre éstas, podria también
situarse la materia orgdnica. También se preparaban mediante un sistema en seco, que suponia
dejar secar el barro, y después su molienda y criba. En el siglo XIX esta mayor o menor finura
del material también podia ser conseguida mediante la aplicacién de una corriente de aire, de
modo que el material mas fino era aquel que se depositaba mas lejos [15].

Desconocemos cémo llegaria el bol a los talleres de los doradores siglos atras, pero no estaria
excesivamente purificado si tenemos en cuenta las indicaciones de los tratadistas, que
insistiran en la finura de la molienda [12].

Manuel Sdenz [13] es especialmente explicito e indica que se echaba el material en agua y
después se colaba, antes de ser molido muy finamente:

De esta tierra [el bol] la primer operacion es escoger la flor y tirar la parte terrosa; se echa en
agua hasta desleirlo, y se cuela por un cedazo fino, dejandolo aposar, y luego se va moliendo en
la losa muy finamente en pequerias cantidades, hasta el punto que, restregando un poco entre
las yemas de los dedos, no se note el mas pequenio granillo al tacto. [13]
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Para este autor, en cualquier caso, lo mejor era comprarlo ya preparado en pastillas, en las
“tiendas de colores”, ya que lo tnico que habia que hacer era “echarlo en agua clara muy limpia”
[13]. Y a mediados del siglo XX, Eugenio Herranz [11] indicaba algo muy similar, y refiere que el
bol solo habia de ser ablandado en agua antes de su mezcla con la templa (aguacola) para su
aplicacién sobre el yeso.

Algunos antiguos tratadistas hacen referencia a la recomendacién de la mezcla del bol con
cuatro materiales que modificaban algunas de sus caracteristicas, como son su suavidad y
color; éstos son lapiz plomo, sanguina, aceite (o sebo) y jabdén. El primero de ellos es,
sencillamente, grafito, y Pacheco explica que algunos lo echaban para favorecer la suavidad del
material y, con ello, el brufiido del oro [12].

Francisco Vicente Orellana [16], que reine en un mismo volumen el de Genaro Cantelli [17]
y la traduccién del libro de Boutet, Traité [18], también refiere esta adicién, pero ademds
describe un interesante y mas complejo proceso de molienda, purificacién y adecuacién del bol
antes de ser empleado. En la receta para “hacer la sisa de Oro, y Plata, para dorar de otro modo”
indica que el bol era desleido en agua y después molido con grafito, sebo (sgrasa animal?) y agua
dejabon, quizas en este Gltimo caso como tensoactivo y para facilitar la molienda y unién entre
las fases magra y grasa de la mezcla [16].

Otra interesante referencia es la del tratado fordneo de Watin [4], que se refiere a la adicién
de aceite de oliva, mina de plomo y sanguina al bol. De la esta tltima dird que era denominada
“crayén rouge” (lapiz rojo) e indica su procedencia de Capadocia (Turquia) o bien de Inglaterra.
Enalgunas investigaciones realizadas sobre el bol se han detectado gruesas particulas de hematita
que podrian corresponder a la adicién de sanguina para intensificar el color del bol [19].

Otra mezcla que incluiria algin ingrediente més esla de Bernardo Monton [20] que describe
su “sissa para oro brufiido” en la que participan: bol, piedra hematites, azarcén (minio),
antimonio, sombra, acibar (iloe) y cola. Por otra parte, Robert Dossie [21] se refiere a la adicién
de negro de plomo (seguramente grafito), aceite de oliva y cera de abejas y en otra receta se
refiere al aporte de sebo.

Y el tratado de Sdenz [13] también prescribia la mezcla del bol con “lapiz plomo” moliendo
ambas materias en himedo, y referia que “los franceses” afiadian “aceite 6 sebo de cabrito”.
Seglin este autor, estos tltimos ingredientes proporcionaban suavidad.

Enla elaboracién del bol, podrian haber ido cambiando otros aspectos alo largo de los afios,
que afectarian a su composicién. Asi, Eugenio Herranz [11] parece indicar que su color no
derivaria de la tierra natural utilizada. Segin este autor, habria sido elaborado con una arcilla
grisicea, a la que se podian afiadir otros componentes que modificarian su color: “Su
composicién no es muy complicada; es a base de greda, que es una tierra muy suave, pegajosa
yagrisada, [...] o principal de esto es molerlo muy bien, [...] para quitar toda la arenilla que tiene
y que nos arafa el oro; luego, mezclar los tonos que se quiera para dar color.” [11].

Respecto a la aplicacién del bol como base para el dorado, podemos recordar que se
mezclaba habitualmente con cola animal, aunque algunos autores refieren también la clara de
huevo [22-23]. Habitualmente, es necesario aplicar un nimero comprendido entre tres-cinco
capas [11, 16, 24]. Es frecuente en los textos la recomendacién de incrementar la proporcién de
bol en la cola en las capas subsiguientes.

Metodologia

La metodologia de trabajo aplicada en esta investigacion ha consistido en la realizaciéon de una
revisién bibliogrifica en archivos en los que ha podido hallarse documentacién relativa al
empleo de bol de Llanes para ejecutar la policromia de retablos en la geografia espafiola, a fin
de entender la importancia que tuvo este material en el dmbito del dorado, al menos en
territorio espafiol. Debe indicarse, no obstante, que los archivos consultados corresponden al
area correspondiente al norte y centro de la peninsula ibérica, por lo que ain queda
documentacién pendiente por ser examinada segiin avance la investigacién.
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Ha sido necesaria, igualmente, la localizacién del drea geografica de Llanes y comprender
su evolucién a lo largo de la historia, asi como estudiar su geologia y yacimientos, tanto a través
de la bibliografia, como mediante de su conocimiento in situ, a fin de localizar yacimientos de
tierra roja.

Se ha llevado a cabo un trabajo de campo que ha permitido la toma de muestras para la
elaboracién de las pellas de bol de acuerdo a las instrucciones referidas en los antiguos tratados.

Asi, todas las muestras fueron secadas, cribadas, decantadas, filtradas y molidas para a
continuacién modelar las pellas de bol. Para ello, se han puesto en practica, por tanto, las
siguientes fases (Figura 3):

1. Secado dela muestra a temperatura ambiente (Figura 3a);

2. Tamizado basico del material seco: para el tamizado de la muestra se utiliz6 un colador
de 1 mm de poro, aproximadamente, con la finalidad de separar el material de mayor
tamario y los restos de materia vegetal presente (Figura 3b);

3. Purificacién por decantacién de la muestra tamizada: en un recipiente de vidrio se
colocaron 200 g de la muestra tamizada, se agregaron 500 ml de agua, se agité la
mezcla y dejé reposar. Pasados 20 minutos, se elimind el liquido sobrenadante, donde
quedaron suspendidos algunos restos de materia orgénica, y qued6 disuelta cualquier
sal soluble. Este procedimiento se repitié hasta comprobar que el sobrenadante estaba
libre de impurezas sélidas suspendidas (Figura 3c);

4. Tamizado mediante media, aproximadamente con un tamafio de poro de tamiz
ndmero 100 (150 pm) (Figura 3d);

5. Molienda con mortero de dgata y agua corriente (Figura 3e);

6. Unavez secala muestra, se tomaron 100 g de la misma, se humedecieron con un poco
de agua limpia y, de manera manual, se elaboré la pella de bol, sellando cada una de

las cinco muestras con una letra correspondiente a su lugar de extraccién (Figura 3f).

Figura 3. Fases de purificacion de la arcilla de Vidiago hasta convertirla en pella de bol: a) secado a temperatura ambiente; b) criba gruesa; ¢) purificacién en agua;
d) tamizado mediante media fina; e) molienda con mortero de dgata; f) elaboracién manual de la pella.
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Preferencia por el bol de Llanes y demanda en los documentos espaiioles

Que en nuestro pais existia preferencia por el bol de Llanes es un hecho constatable no sélo en
las referencias que ya han sido mostradas y correspondientes a los tratados de Francisco
Pacheco y Manuel Sdenz y Garcia. Igualmente, se refieren a este bol las Ordenanzas de doradores
de Madrid de 1614 25, fol. 2-9] donde se indica que “[...] el bol con que se aparexa la dicha obra
que es el dltimo material sobre que se a de asentar el oro aya de ser de Llanes y mina de Asturias
que es lo mas perfecto y donde mejor asienta el oro y mas [...] y a falta, de la de Seuilla y no de
otra parte [...].” (Figura 4).

Sin duda esta exigencia en la ordenanza depard que el empleo de este material apareciera
en multiples contratos concertados para ejecutar la policromia de retablos de entre los siglos
XVI-XVIIL. Serd a finales de esa dltima centuria cuando ya habrd una menor demanda de
retablos dorados y, por tanto, de este bol.

La Tabla 1 muestra una recopilacién de retablos en los que se ha corroborado el uso de bol
de Llanes, de acuerdo a los contratos para su realizacién, en ella aparece su respectiva
localizacién, datacién, tipo de bol, la documentacién donde ha sido encontrado el contrato para
su ejecucién y el nombre del artifice dorador. Los retablos estin ubicados en distintas
provincias espafiolas, lo cual muestra su demanda nacional. La informacién se ofrece
ordenada, desde retablos mas antiguos del siglo XVI, hasta otros de finales del siglo XVIII y ha
sido recopilada a través de la revisién bibliogrifica realizada y la consulta de documentos
originales hallados en archivos histéricos. Esta muestra se ird ampliando segin progrese este
estudio en el futuro.
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Figura 4. Ordenanzas de Doradores de Madrid de 1614 25, fol. 2-9].
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Tabla 1. Recopilacién de retablos en los que se ha corroborado el uso de bol de Llanes, con su respectiva localizacién, datacién, tipo de bol, la documentacién donde

ha sido encontrado.

Retablo Localizacién Dataci6én Tipo de bol Documentacién
Artifice

1. Retablo mayor de la iglesia de San Eutropio, dedicadoa  El Espinar (Segovia) 1574 Bol de Llanes [26, fols. 24-29]

San Eutropio Dorador: Alonso Sdnchez Coello

2. Retablo mayor de la iglesia de Santa Marfa de la Lumbier 1593 [27, fols. 300-302v]

Asuncion, dedicado a la Virgen de la Asuncién (Navarra) Dorador y Estofador: Simén Pérez de Cisneros

3. Retablo mayor de la Iglesia de Santa Maria, dedicadoa  Villa de Alaejos (Valladolid) 1604 [28, fol. 76v]

la Asuncién de Maria Dorador y estofador: Francisco Martinez

4. Retablo del Convento de Santo Domingo El Real de Madrid 1613 [29, fols. 133-138]

Madrid, dedicado a Santo Domingo Guzman. Dorador: Juan Mufioz

Desaparecido

5. Retablo de la capilla de San Antonio de Padua. 1657 [30, fols. 781-782]

parroquia Santa Cruz de Madrid, dedicado a San Antonio Dorador: Martin de Velazco

de Padua. Desaparecido

6. Retablo mayor de la iglesia parroquial Nuestra Sefiora  Villa de Tardajos (Burgos) 1699 [31, fol. 100v]

de la Asuncién de la Villa de Tardajos, dedicado a la Virgen Dorador: Lucas de la Concha

de la Asuncién

7. Retablo mayor. Iglesia del Convento de la Purisima Pamplona (Navarra) 1709 Bolde Llanesy Contrato de la obra de dorar y pintar el retablo mayor [32]

Concepcién de las Madres Agustinas Recoletas, dedicado de Arnedillo Dorador y estofador: Francisco Aguirre

a Ntra. Sra. de la Concepcién

8. Retablo mayor de la iglesia de San Cornelio y San Mazuelo de Mufié (Burgos) 1709 Bol de Llanes [33, fol. 74r]

Cipriano de Mazuelo de Mufid, dedicado a San Cornelio y Dorador: Lucas de la Concha

San Cipriano

9. Retablo mayor de la iglesia parroquial de Nuestra Urdiain (Navarra) 1718 Archivo General de Navarra. Protocolos Notariales,

Sefiora de la Asuncién, dedicado a la Ntra. Sra. dela Notaria de Alsasua, Martin Albizu, legajo 49 n.° 33 [34]

Asuncién Dorador y estofador: Joseph de Ordocia

10. Retablo mayor de la iglesia de San Andrés, dedicadoa  Elciego 1729 35, fols. 93-144]

San Andrés (Alava) Doradores y estofadores: José de la Fuente y Santa Maria y
Joseph de San Juan

11. Retablo mayor de la iglesia de Santa Maria de Los Villa de Los Arcos (Navarra) 1736 [36, fol. 63]

Arcos, dedicado a la Virgen Maria Dorador y estofador: Joseph Antonio Bravo

12. Retablo colateral de la iglesia de Santa Maria de Los

Arcos, dedicado a la Purisima Concepcidn

13. Retablo colateral de la iglesia de Santa Maria de Los

Arcos, dedicado a San Juan Bautista

14. Retablo mayor de la iglesia de Santa Eufemia, Autillo de Campos (Palencia)  1740-1741 Archivo de la Catedral de Palencia. Provisor. Expediente de

dedicado ala Transfiguracién de Jesucristo dorado. Retablo Mayor Autillo de Campos, 1740-41 [37]
Dorador: Francisco Rodriguez

15. Retablo mayor de la iglesia parroquial Santiago de Calahorra (La Rioja) 1740-1742 Archivo Diocesano de Calahorra. Pleitos Civiles 1742-1745

Calahorra, dedicado a Santiago el Mayor sig. 22/754-9 fol. 82 r-v. [38]
Dorador: Joseph de la Fuente y Santa Maria

16. Retablo mayor de la iglesia parroquial de San Juan Hernani (San Sebastiin) 1742 [39, fol. 5v]

Bautista, dedicado a San Juan Bautista Dorador: Agustin de Conde

17. Retablo mayor de la iglesia parroquial de San Adridny  Autol 1745 Archivo Histérico Provincial de La Rioja Sig. P/134/3, fols.

Santa Natalia, dedicado a San Adrian (La Rioja) 11r-12v, 20 de marzo de 1745, escritura del dorado del
retablo mayor.

18. Retablo colateral de la iglesia parroquial de San Adridn 1746 Doradores: Felipe Reoyo y Andrés Carazo [40]

y Santa Natalia, dedicado a Santiago

19. Retablo colateral de la iglesia parroquial de San Adrian
y Santa Natalia, dedicado a la Inmaculada Concepcién

20. Retablo colateral de la iglesia parroquial de San Adridn
y Santa Natalia dedicado al Santo Cristo
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Retablo Localizacién Datacién Tipo de bol Documentacién
Artifice
21. Retablo mayor de la iglesia parroquial de la Villaveta (Burgos) 1753 [41, fol. 47]
Inmaculada Concepcién, dedicado a la Inmaculada Dorador: Juan Barrio Soto
Concepcién
22. Retablo mayor de la iglesia de San Julidn y Santa Arifiéz 1760 Bolde Llanes  [42 fols. 424, 424v]
Basilisa, dedicado a San Julidn y Santa Basilia (Alava) y ocre Dorador Luis Gémez
23. Retablo mayor de la iglesia del colegio San Francisco ~ Olite 1765 Bolde Llanes  [43]
de Olite, dedicado a San Antonio de Padua (Navarra) Dorador: Andrés de la Vega
24. Retablo mayor de la Basilica de San Gregorio Ostiense, Sorlada (Navarra) 1765-1769 Ocre de Pastor Abaigar, Victor. Fabrica de San Gregorio Ostiense
dedicado a San Gregorio Ostiense Calamochay  [44]
Bolde Llanes ~ Dorador: Santiago Zuazo
25. Retablo mayor de la iglesia parroquial de San Martin, ~Musitu 1770 Bolde Llanes  [45, fol. 44 v]
dedicado a San Martin (Alava) y ocre Dorador: Francisco de Acedo
26. Iglesia de la Santa Cruz. Desaparecido Inguanzo 1781 Bolde Llanes  [46 Fols. 1051, 1061]
Cabrales (Asturias) Doradores: Santiago Diez Espinosa y Bentura de Espinosa
27. Retablo mayor del convento de la Victoria, dedicadoa  Burgos 1785 Bol de Llanes [47, fol. 276]
la Virgen de la Victoria. Desaparecido yocre de Dorador: Romualdo Pérez Camino
Calamocha
28. Retablo mayor y colaterales de la iglesia parroquial de ~ Cubillejo del Sitio 1789 Bolde Llanes  [48]
San Ildefonso. Retablo mayor dedicado a San Ildefonso (Guadalajara) Dorador: Pedro Dominguez Herndndez
29. Retablo de la ermita de San Pedruco, también Ajo (Cantabria) 1792 [49, fol. 149-152]

conocido como Santuario de San Pedro de Sopoyo,
dedicado a San Pedro

Dorador: Juan Antonio de Liinz
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Figura 5. Mapa de localizacién de los retablos de la Tabla 1, dorados con bol de Llanes y localizacién de la zona de extraccién de las muestras de arcillas.
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En el mapa de localizacién de los retablos (Figura 5) referidos en la Tabla 1, puede apreciarse
que los mismos se encuentran ubicados en la mitad norte de la peninsula ibérica y, en la
mayoria de los casos, proximos a la zona de extraccién de las arcillas.

Llanes: antiguos yacimientos de tierra roja y su comercializacion

Primeramente, conviene acotar geograficamente el drea de Llanes, en la actualidad y con cierta
perspectiva histérica. El Principado de Asturias ha estado y estd organizado en ocho
tradicionales divisiones comarcales o comarcas, integradas por municipios que presentan
caracteristicas geograficas, histéricas y socioeconémicas comunes y que reciben la
denominacién tradicional de concejos. Existen 78 concejos en Asturias. Los concejos se
organizan en parroquias, que, a su vez, pueden agrupar varias poblaciones.

La Comarca del Oriente de Asturias corresponde a la zona situada al este del Principado.
Dicho 4rea estd conformado por trece municipios o concejos: Llanes, Cangas de Onis, Onis,
Caravia, Ribadesella, Ribadedeva, Pefiamellera Alta, Pefiamellera Baja, Cabrales, Amieva,
Ponga, Pilofa y Parres.

El Concejo de Llanes comprende a su vez 28 parroquias y 104 pueblos (Figura 6). Una de las
parroquias presenta denominacién homénima (Llanes) donde se sitiia también la actual Villa
de Llanes. Las zonas de extraccién donde estin ubicadas las antiguas explotaciones de arcillas
donde fueron tomadas las muestras con las que se han elaborado las pellas de bol en esta
investigacién pertenecen al Concejo de Llanes (Vega de la Duefia, El Bolao, Vidiago, El
Recuencu), excepto la muestra procedente del pueblo de Labra, poblacién situada en el Concejo
de Cangas de Onis, también dentro de la Comarca del Oriente de Asturias, que limita con la
vecina parroquia de Nueva, del Concejo de Llanes.

Existe extensa bibliografia y vestigios que corroboran que el hombre hizo uso de las tierras
rojas en las cuevas del Oriente de Asturias, seguramente extraidas de zonas préximas a las
mismas. Entre estas cuevas pueden citarse: El Pindal, Llonin, La Covaciella y Tito Bustillo, las
cuales presentan pinturas rupestres realizadas con tierras rojas [50]. Puede mencionarse
también el idolo de “Pefia T@”, ubicado en la poblacién de Puertas de Vidiago, localidad situada
a 8 km de la Villa de Llanes y perteneciente al Concejo de Llanes, que también fue pintado con
este material [51]. A muy pocos metros del mismo, se encuentra la explotacién de la antigua
mina de hierro de Vidiago, donde aflora un material arcilloso de color rojo intenso que pudo
haber sido empleado para la realizacién de esas pinturas [51].

También se han hallado gran cantidad de piezas cerdmicas en 53 cuevas de la zona, en
yacimientos correspondientes a una dilatada cronologia que abarca desde el Neolitico hasta la
época moderna [52]. Por otra parte, los campesinos del concejo de Llanes emplearon las arcillas
para conformar tejas y ladrillos hasta mediados del siglo XX y el Catastro del Marqués de la
Ensenada, del siglo XVIII, censa en Llanes seis parroquias relacionadas con la explotacién de
arcilla para este fin [53].

Por tanto, se puede decir que la presencia de estas manifestaciones artisticas y utilitarias
realizadas con arcilla en la zona de Llanes corroboran que el material abundaba en esa zona y
era de sencillo acceso.
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Figura 6. Mapa con la ubicacién de los lugares donde fueron recolectadas las muestras de arcillas: a) del Prinipado de Asturias; b) concejo de Llanes y sus parroquias.

Rutas de comercializacién de las tierras rojas desde el oriente de Asturias

Ya en el siglo XV Llanes fue un importante enclave econémico que celebraba un mercado
publico semanal en la villa todos los jueves del afio y dos ferias anuales que tenian lugar el dia
de San Juan, enjunio, y el de San Miguel, en septiembre, de los cuales se tiene referencia desde
1441 [54]. Muchos productos eran vendidos después en las ferias castellanas y otros lugares del
reino [55].

En el siglo XV, los productos eran llevados desde Asturias por arrieros a través del Camino
Real del Oriente y por las sendas que bordeaban los Picos de Europa. Con el uso de carretas y
mulas de carga, transportaban mercancias desde y hacia la Meseta [56]. Ademds, entre los siglos
X-XVIII la actividad pesquera del puerto de Llanes fue muy importante. A través de dicho
puerto se producia el intercambio de mercancias con Andalucia, Francia, Inglaterra, Flandes e
Irlanda [54-55]. La ruta jacobea que conducia a Santiago también estuvo vinculada a su
actividad econdmica.

Otro ejemplo de este importante comercio fue el de los monjes Benedictinos del Monasterio
San Pedro de Villanueva en Cangas de Onis, propietarios de la almagrera de Labra, explotada
para comercializar el almagre, o tierra roja natural [57].

El hecho de que la arcilla o almagre fuera transportado hacia la Meseta por el Camino Real
dio origen a que ese camino fuera denominado Camin del Almagre [56]. En el siglo XVII esta ruta
tomd el nombre de Senda del Arcediano, en honor a don Pedro Diaz de Oseja (1583-1655). Este
personaje, reconociendo la importancia que tenia esa via de comunicacién para la
comercializacién de productos entre el Oriente de Asturias y la Meseta (Figura 7), destind
importantes sumas de dinero de su propia fortuna al acondicionamiento de la misma, con la
finalidad de mejorar el trinsito de los comerciantes que la utilizaban [58].
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Figura 7. Mapa de localizacién de las poblaciones por las cuales discurria la ruta que unia Asturias con la Meseta.

Actualmente, se conservan tramos de la senda, aunque gran parte se ha perdido. La noticia
mis antigua de dicho comercio tiene relacién con Sajambre y se refiere a 1615 y dird al respecto:

La arcilla se transportaba a lomos de rocines desde la localidad asturiana hasta Soto de
Sajambre, lugar en la que existié una cierta organizacién e infraestructura, donde se pesaba el
cargamento que llegaba de Asturias. [...] Su destino fue Segovia, [...] pero también las tierras
palentinas, Burgos y Avila, llegando con sus carros hasta Hoyocasero, en los confines de la
provincia y en las estribaciones de la Sierra de Gredos [56].

Geologia del Oriente de Asturias en torno al almagre

La Comarca del Oriente de Asturias se encuentra dentro de la configuracién geoldgica
denominada Zona Cantdbrica y los materiales que constituyen su subsuelo comprenden una
extensa serie estratigrafica: Paleozoica (541-252 millones de afios), Mesozoica (252-66 millones
de afios) y, en menor proporcidn, Cenozoica (65 millones de afios) [59].

Elpaisaje tan variado que presenta Asturias estd definido por el tipo de rocas que conforman
su subsuelo, el cual estd constituido en su mayor parte por rocas sedimentarias, con alguna
presencia de rocas metamérficas y una pequefia representacién de rocas igneas.

La configuracién geolégica del territorio que ocupaban las “Tierras Primorias” (entre el rio
Sella, el rio Deva, los Picos de Europa y la costa Cantabrica) se describe en las Hojas 32 y 31
correspondientes a los mapas geoldgicos del IGME de Llanes y Ribadesella [60-61].
Geolbgicamente, pertenece al denominado Manto de Ponga, y los materiales que afloran en ese
sector reciben el nombre de Unidad Ponga-Cuera. En esa Unidad discurren de este a oeste,
paralelas al litoral y muy cercanas a la costa, las Sierra Plana de la Borbolla y la Sierra del Cuera,
donde destacan litolégicamente las calizas de montafia, pertenecientes a la edad del
carbonifero medio-inferior, asi como acumulaciones de arcillas pertenecientes al periodo
Cretacico de la era Mesozoica.
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Histéricamente, en los depdsitos de “rasa”, es decir, aquellos que se han producido a partir
dela erosién de las montafias cercanas a la costa, es donde se ha concentrado el mayor niimero
de explotaciones de arcillas. Las rasas constituyen superficies planas cuya altura, en el caso de
Llanes, va de los 145 a los 155 metros y se sitGan entre el borde de los acantilados y las
estribaciones montafiosas de la Sierra del Cuera.

Martinez Alvarez describe la localizacién de las arcillas rojas caracteristicas de esta zona de
la siguiente manera:

En la regién de Llanes destaca con toda claridad el contraste morfolégico entre las elevaciones
de la Sierra del Cuera y el litoral, con sus caracteristicas zonas planas, conocidas con la doble
denominacion de “rasas” y “sierras planas”. [...] entre las rasas costeras de Cué al nortey de La
Borbolla al sur, se encuentran arcillas de color rojizo pardusco en general. En ciertas zonas
tienen un color rojo mas intenso encontrandose entonces pequerios nddulos y concreciones, a
veces de notable desarrollo, de oligistoy limonita. La estratificacion de los depésitos arcillosos es
muy variada. El contacto con la caliza es neto y por tanto bien perceptible y diferenciable” [62]

Es importante destacar el notable desarrollo del paisaje kirstico, es decir, aquel constituido
por rocas calcdreas que han sido sometidas a procesos de disolucién por efecto de aguas 4cidas,
formando oquedades donde se han acumulado sedimentos arcillosos de tonalidad rojiza, estos
depdsitos son conocidos como “bolsadas”. Estas formaciones son particularmente frecuentes
en la ladera sur de la Sierra del Cuera, en el término municipal de Pefiamellera Alta, concejo
limitrofe con el de Llanes.

Yacimientos de arcillas en el area objeto de estudio y recoleccion de muestras

Con la finalidad de recolectar muestras del material arcilloso, se realiz6 un trabajo de campo
que consistid en visitar antiguas explotaciones de arcilla ubicadas en el drea de estudio, es decir
el territorio que ocupa el Concejo de Llanes esas fueron: Vega de la Duefia, El Bolao, Vidiago y
El Recuencu, asi como la del pueblo limitrofe de Labra. El criterio para seleccionar los lugares
de recoleccién se basé en la informacién obtenida en la bibliografia acerca de la geologia de la
Unidad Ponga-Cuera, lo que facilit6 la ubicacién de las explotaciones.

En publicacién del IGME [s5] se identifican 201 explotaciones de arcillas en Asturias, de las
cuales, 67 en algiin momento fueron explotadas y hoy en dia se encuentran abandonadas y con
distinto grado de restauracién. Cuatro de esas antiguas explotaciones se encuentran en el
Concejo de Llanes, a saber: Vega de la Duefia, Llano de Los Carriles, Allende el Rio y Los Llanos.
Todas pertenecen a la franja creticica y cuando estuvieron activas, las arcillas extraidas fueron
utilizadas por los tejeros en la elaboracién de tejas y ladrillos. Todas las explotaciones fueron
visitadas, pero sélo se tuvo acceso a la explotacién Vega de la Duefia, situada en el Valle de
Ardisana, junto a la carretera LLN-15. Alli se tomé la muestra N° 1, el dia 13 de abril de 2024. El
material recolectado corresponde a una arcilla de tonalidad amarillenta, obtenida en unaladera
que se utilizaba como fuente de extraccién (Figura 8a-b). Actualmente, la explotacién ha sido
restaurada y sus terrenos se destinan a actividades de ganaderia ovina. El resto de las
explotaciones: Llano de Los Carriles, Allende el Rio y Los Llanos han sido restauradas y no
quedan vestigios de los trabajos de extraccién.

En otra publicacién del Instituto Geoldgico de Espafia (IGE) [63] y en la investigacién llevada
a cabo por J. M. Trespando [64] se hace referencia a la existencia de la antigua almagrera de
Labra, ubicada en la eria de Nobal o Noval, en el pueblo de Labra, o Llabra en asturiano,
limitrofe con la parroquia de Nueva del Concejo de Llanes. El acceso se hizo por la carretera AS-
340 y no se encontraron vestigios visibles de la antigua explotacién, ya que el terreno ha sido
objeto de restauracién y actualmente estd constituido por un prado cubierto de vegetacién
herbacea de propiedad privada; sin embargo, se pudo extraer una muestra de almagre de color
rojo intenso, realizando una excavacién manual a una profundidad aproximada de 30 cm en
una delasladeras del terreno (Figura 9a-b). La muestra N° 2 fue recolectada el 1 de abril de 2024.
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La publicacién anterior [63] también se refiere a la antigua mina El Recuencu, localizada en
la falda sur de la Sierra del Cuera en Pefiamellera Alta a 2,5 km de la localidad de Ruenes,
conocida como la “capital del Cuera”. El acceso al lugar se efectud en coche por la carretera AS-
345, continuando posteriormente andando, por la ladera sur de la Sierra del Cuera, hasta una
altitud aproximada de 400 metros sobre el nivel del mar. La Sierra del Cuera se caracteriza por
la presencia de “bolsadas” de arcillas rojizas, como se ha indicado; estos yacimientos fueron
explotados por Minas del Cuera S.A. y su actividad, aunque con notables interrupciones, llegd
hasta 1970. Alli se tomd la muestra N° 3 el dia 24 de octubre de 2024, consistente en una arcilla
de color rojo intenso (Figura 9c-d). A pocos metros de esta mina se encuentran las de La Edreda
y Cerezu, que presentan las mismas caracteristicas geoldgicas [65].

En otro trabajo de investigacion del IGE [63] se alude a la existencia de la antigua mina de
hierro de Vidiago en la Sierra Plana de La Borbolla, donde también aflora material arcilloso. La
muestra N° 4 fue recolectada el 26 de octubre de 2024 en los vestigios de la antigua mina de
Vidiago, también en el Concejo de Llanes, con acceso por la carretera N-634. En la actualidad,
la zona ha sido objeto de restauracién mediante la plantacién de un bosque de eucaliptos; no
obstante, en la fecha de la visita, los drboles habian sido recientemente talados, lo que permiti6
la observacién directa del talud de la antigua explotacién minera donde quedaron expuestas
vetas de un material arcilloso (Figura 9e-f). Este presenta una notable plasticidad, caracteristica
que sugiere un alto contenido en finos y una posible utilidad en aplicaciones cerdmicas o
constructivas, lo cual serd objeto de andlisis en etapas posteriores del estudio. Esta mina esta
muy cercana al monumento Idolo de Pefia Tt [51].

En publicacién de la empresa Selva Asturiana [66] se hace referencia a la antigua Mina de
hierro El Bolao, también conocida como “Pozu la Mina”, a la cual se accedi6 por la carretera
LLN-6. En el texto se indica que en el afio 1952 se solicit6 permiso ante el Distrito Minero de
Oviedo para reanudar la explotacién de la antigua mina de hierro a cielo abierto en el paraje de
Bolaoy pueblo de Soberrdn. Posteriormente, la mina fue abandonada e inundada. Tras realizar
la visita, se pudo constatar que existe una veta de arcilla rojiza en dicha zona, coincidente con
la entrada de la cueva de Las Herrerias (Figura 9g-h). Es importante sefialar que la cueva de las
Herrerias contiene manifestaciones de arte rupestre, lo que sugiere la posibilidad de que los
pigmentos utilizados en las pinturas pudieran haber sido elaborados a partir de arcillas extraidas
en las inmediaciones de la cueva. La toma de muestra se realizé el dia 18 de abril de 2025.

Figura 8. Arcillas amarillentas.Antigua explotacién de arcilla de Vega de La Duefia (Ardisana) en la que se aprecia la tonalidad amarillenta del material recolectado:
a) detalle del lugar de extraccidn; b) el proceso de recoleccién de muestras.
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Figura 9. Arcillas rojas, detalle del lugar de extraccid y el proceso de recoleccién de muestras: a-b) antigua almagrera de Labra; c-d) antigua mina de Recuencu; e-f)
yacimiento de Vidiago (Llanes); g-h) yacimiento de El Bolao.

Resultados obtenidos: obtencién de las pellas de bol

Tras llevar a cabo el tratamiento de purificacién y molienda de las muestras tomadas
directamente del terreno, se llev a cabo la elaboracién de pellas de bol siguiendo las recetas que
figuraban en los antiguos tratados (Figura 10). Como se indicé en el apartado “Metodologia”, el
tratamiento de las muestras ha supuesto su secado, cribado, decantacion, filtracién y molienda,
asi como su manipulacién para configurar las pellas. Estas se han dejado secar a temperatura
ambiente antes de documentar su aspecto fotograficamente.

Las pellas de bol presentan los colores caracteristicos de las tierras empleadas en la labor del
dorado (Figura 10), no obstante, de acuerdo a lo que indican los antiguos tratados, el bol de
Llanes presentaria un color pardo oscuro, con lo que seguramente solo se empleaban para
elaborarlo las tierras mas oscuras. Por ello, la muestra extraida de Ardisana (Figura 10a) deberia
ser descartada.

En contrapartida, se observa que los boles de Labra, Recuencu y Vidiago (Figura 10b-d)
presentan un caracteristico tono rojo oscuro, seguramente muy similar al que pudieron
presentar los boles de Llanes antiguos. Especialmente suave al tacto ha resultado el bol
correspondiente a la zona de Vidiago (Figura 10d).
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Figura 10. Pellas de bole realizadas manualmente: a) Vega de la Duefia (Ardisana); b) Labra; ¢) Recuencu; d) Vidiago; e) Bolao.
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Conclusiones

Este estudio ha servido para identificar un gran ntumero de retablos en los que, de acuerdo a la
documentacién obtenida, se habria empleado este bol de Llanes para llevar a cabo el dorado de
los mismos. El drea de empleo es muy amplia, lo que confirma la importancia de este material
en el proceso del dorado al agua bruiiido. Posiblemente, en la difusién de tu empleo
contribuyera la prescripcién de su empleo en las Ordenanzas de doradores de Madrid de 1614, asi
como en uno de los tratados mas importantes en lengua espafiola, como es el tratado de
Francisco Pacheco.

Por otra parte, la revisién histérica también ha servido para poner de manifiesto que existié
toda una ruta de comercializacién del almagre que recorria la peninsula ibérica y que distribuyd
el material hacia la zona de la Meseta.

La realizacién del estudio documental, asi como la labor de campo desarrollada, han
permitido hallar distintos yacimientos de arcillas en Asturias y, en concreto en el drea del
Concejo de Llanes. La documentacién bibliografica recopilada ha servido para poner de
manifiesto que el drea del Concejo de Llanes constituye en realidad una zona geografica en la
que abundan las tierras de color rojizo.

Esta localizacién ha posibilitado la toma de muestras sobre el terreno, a fin de preparar
pellas de bol. Se ha constatado que tres de las muestras tomadas, en Labra, Recuencu y Vidiago,
podrian corresponder a las caracteristicas que presenta el bol de Llanes antiguo, descrito por
los antiguos tratadistas y que destacaba por su tonalidad oscura, gran suavidad y plasticidad.

Como linea de investigacién para un futuro préximo, se plantea determinar la composicién
exacta de estos boles y compararla con la que puedan presentar los boles de Llanes antiguos.
Ademais, se ampliard la revision de otros archivos de modo que puedan identificarse mas
retablos donde se haya empleado este material que, por el momento se sitda con mayor
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abundancia en la zona nororiental de la peninsula ibérica. Por otra parte, se plantea también la
utilizacién de estos boles en los procesos de dorado y constatar su eficacia e idoneidad para esta
labor.
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Diversidad y patogenicidad potencial de hongos
microscopicos en el Parque Museo Arqueologico de Tunja
dela Universidad Pedagogica y Tecnologica de Colombia

Diversidade e potencial patogenicidade de fungos
microscopicos no Parque Museu Arqueologico de Tunja
da Universidade Pedagdgica e Tecnologica da Colombia

Diversity and potential pathogenicity of microscopic
fungi in the Archaeological Museum Park of Tunja at the
Pedagogical and Technological University of Colombia

Resumen

Este estudio evalud la diversidad de hongos microscépicos en dos espacios del Parque Museo
Arqueoldgico de Tunja (Universidad Pedagdgica y Tecnoldgica de Colombia), con el objetivo de
analizar su posible impacto sanitario y su capacidad de biodeterioro sobre materiales
patrimoniales. Se recolectaron 50 muestras de aire, superficies, restos bioantropoldgicos y
ceramica, cultivadas en agar Sabouraud con cloranfenicol (0,05 g/L) e incubadas a 25 °C.
Mediante andlisis macroscdpicos y microscédpicos se identificaron 20 géneros de hongos y
levaduras, predominando Penicillium (26,9 %), Cladosporium (15.6 %), Fusarium (14,4 %) y Mucor
(5,4 %). Estos géneros han sido reportados en la literatura por su asociacién tanto en procesos
infecciosos como con la degradacién de materiales. Los resultados evidencian un riesgo
potencial dual, sanitario y de conservacién, que sustenta la necesidad de implementar
estrategias de monitoreo y control ambiental orientadas a la proteccién de la salud y del
patrimonio cultural.

Resumo

Este estudo avaliou a diversidade de fungos microscdpicos em dois espagos do Parque Museu
Arqueoldgico de Tunja (Universidad Pedagédgica y Tecnoldgica de Colombia), com o objetivo de
analisar o seu possivel impacto sanitdrio e a sua capacidade de biodeterioragio sobre materiais
patrimoniais. Foram recolhidas 50 amostras de ar, superficies, restos bioantropoldgicos e
ceramica, cultivadas em agar Sabouraud com cloranfenicol (0,05 g/L) e incubadas a 25 °C. Por
meio de anélises macro e microscépicas, foram identificados 20 géneros de fungos e leveduras,
com predominancia de Penicillium (26,9%), Cladosporium (15,6%), Fusarium (14,4%) € Mucor (5,4%).
Estes géneros tém sido referidos na literatura pela sua associagio tanto a processos infeciosos
como a degradac¢io de materiais. Os resultados evidenciam um risco potencial duplo, sanitario
e de conservagdo, que sustenta a necessidade de implementar estratégias de monitorizagao e
controlo ambiental orientadas para a prote¢ao da satde e do patriménio cultural.

Abstract

This study assessed the diversity of microscopic fungi in two areas of the Archaeological
Museum Park of Tunja, (Universidad Pedagdgica y Tecnoldgica de Colombia), aiming to anlyze
their potential impact on human health and their capacity to cause biodeterioration of heritage
materials. A total of 50 samples were collected from air, surfaces, bioanthropological remains,
and ceramic objects. These samples were cultured on Sabouraud agar with chloramphenicol
(0,05 g/L) and incubated at a temperature of 25 °C. Macroscopic and microscopic analyses
identified 20 genera of fungi and yeasts, with Penicillium (26,9 %), Cladosporium (15,6 %),
Fusarium (14,4 %), and Mucor (5,4 %) being the most prevalent. These genera have been reported
in the literature for their association with both infectious processes and material degradation.
The findings indicate a dual potential risk, sanitary and conservation-related, highlighting the
need to implement monitoring and environmental control strategies to protect both public
health and culture heritage.
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Diversidad y patogenicidad potencial de hongos microscdpicos en el Parque Museo Arqueoldgico de Tunja

Introduccién

La sede central de la Universidad Pedagdgica y Tecnoldgica de Colombia se ubica sobre un
significativo y excepcional sitio arqueolégico conocido como el Cercado Grande de los
Santuarios. Este yacimiento fue un lugar de importancia politica y ritual, habitado entre el afio
200 AEC y el 1532 EC [1-2]. Los restos arqueoldgicos excavados desde finales del siglo pasado se
cuentan por miles y se han depositado en los laboratorios y bodegas adscritos al Parque Museo
Arqueoldgico de Tunja. Dos de las colecciones arqueolégicas mds relevantes, por su
singularidad y cantidad, corresponden a los restos seos humanos y las vasijas de cerdmica con
potencial museografico. La primera se compone de aproximadamente 400 individuos y la
segunda de varias decenas de piezas.

Los hongos, organismos ampliamente distribuidos, son capaces de prosperar en una
variedad de climas y suelos, incluso en entornos extremos. Su presencia se ve influenciada por
factores como la contaminacién, las condiciones de humedad, la temperatura y la actividad
humana. Estos factores pueden favorecer la propagacién de esporas fingicas en espacios
interiores, lo que, en casos significativos, puede resultar en el deterioro de los objetos
arqueoldgicos y en problemas de salud [3-6].

Los hongos son considerados como uno de los principales agentes de deterioro de los objetos
arqueoldgicos [7-9]. Tienen capacidad de alterar de forma considerable materiales organicos e
inorganicos. El término "biodeterioro” se utiliza comdnmente para describir la descomposicién
de materiales culturales, histéricos y antropolédgicos causada por agentes bioldgicos [10-11]. Sin
embargo, los impactos negativos del biodeterioro han sido subestimados debido a la falta de
investigaciones sobre los mecanismos involucrados [12]. En este sentido, los hongos y los
insectos representan las principales amenazas para los museos y las colecciones de valor
histdrico [13].

La presencia de hongos en espacios museograficos e instituciones de interés patrimonial
constituye un problema relevante tanto para la conservacién de las colecciones como para la
salud de los trabajadores y visitantes debido a su capacidad de colonizar materiales organicos e
inorganicosy de dispersar esporas potencialmente alergénicas o patdgenas. En investigaciones
relacionadas con el tema, la micobiota contaminante se ha estudiado mayoritariamente desde
el punto de vista cuantitativo y cualitativo [7, 14].

La exposicién de los trabajadores durante la jornada laboral a gran cantidad de esporas
fungicas puede causarles reacciones alérgicas, asma, queratitis, micosis oportunistas y otras
enfermedades ocupacionales mediadas por diversos factores de virulencia propios de cada
género fungico [15-16]. En el estudio realizado por Zielinska-Jankiewicz et al. [17], 12 especies
fueron consideradas potencialmente patégenas para los humanos: 8 de ellas presentaban
propiedades alérgicas y 11 presentaban propiedades téxicas; estos hallazgos han sido
confirmados y ampliados por revisiones mds recientes que destacan su impacto en la
conservacion patrimonial como en la salud humana [14, 18].

Las micotoxinas, incluso en bajas concentraciones, provocan trastornos gastrointestinales,
dafios en el sistema hematopoyético y genital junto a sintomas inespecificos (astenia y niuseas)
similares a los relacionados con el sindrome del edificio enfermo [20].

Un estudio realizado por Wiszniewska en 2009, concluyé que el 30 % de los empleados del
museo estaban sensibilizados a al menos uno de los alérgenos fingicos probados y que la
prevalencia de sintomas alérgicos entre los sujetos era relativamente alta y frecuentemente
relacionada con enfermedades especificas [15].

En Colombia, los trabajos sobre microbiota en museos y colecciones patrimoniales se
concentran en contextos especificos [11], lo que evidencia la necesidad de ampliar la
investigacion en otros espacios museograficos. La presente investigacion tiene como objetivo
determinar la presencia de hongos microscépicos en aire, superficies, restos bioantropoldgicos
y objetos de cerdmica, pertenecientes al Parque Museo Arqueoldgico de Tunja de la Universidad
Pedagdgicay Tecnoldgica de Colombia, a través de su aislamiento e identificacién.
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Materiales y métodos

La investigacién se realizé en el Parque Museo Arqueoldgico de Tunja, perteneciente a la
Universidad Pedagdgica y Tecnoldgica de Colombia. Este estudio observacional descriptivo de
corte transversal evalud la diversidad y dominancia de hongos mediante el anilisis de 50
unidades de muestreo recolectadas en dos recintos del museo. El primer espacio fue el
Laboratorio de Osteologia, donde se conservan restos dseos humanos de época prehispanica, y
el segundo, el Area de Reserva, que alberga vasijas de ceramica. Las muestras se obtuvieron de
diversas superficies, incluyendo el piso, las paredes, el aire, restos bioantropolégicos y los
objetos de cerdmica.

Para la obtencién de muestras de la superficie de las paredes y el piso se delimitaron dreasy
se colocaron marcos de cuadrados de cartén cartulina de 5 x 5 cm, lo que generd una superficie
de 25 cm? en cada drea seleccionada. Las muestras se tomaron utilizando hisopos estériles
humedecidos con solucién de cloruro de sodio al 0,85 %. Posteriormente, estas muestras se
sembraron en agar Sabouraud con cloranfenicol (0,05 g/L). Las muestras en los dos espacios se
colectaron segiin la técnica del cuadrado, modificada por los investigadores [21].

Para el muestreo del aire, se utilizé el método pasivo o gravimétrico de sedimentacién de
cajas de Petri, el cual permite llevar los microorganismos presentes en el aire a la superficie del
medio s6lido para su cultivo [22]. En el Laboratorio de Osteologia, se realizaron seis muestreos
en diferentes dreas (dos en la parte superior, dos en la parte media y dos en la parte inferior)
que carecian de corrientes de aire. En el Area de Reserva, se realizaron cuatro muestreos (uno
en la parte superior, dos en la parte media y uno en la parte inferior), también sin corrientes de
aire. Este método consistié en dejar destapada una caja de Petri con agar Sabouraud con
cloranfenicol (0,05 g/L) durante 30 minutos en las dreas seleccionadas [23].

Las cajas se llevaron a incubar a temperatura de 25 °C durante dos semanas. Una vez
finalizado el periodo de incubacién, se procedi6 al conteo de unidades formadoras de colonia
(UFC/m?®) de hongos por metro ctbico de aire. Este conteo se realizé de acuerdo con la férmula
propuesta por Omeliansky: N=5a x 10*(bt)* [24].

En cuanto a las muestras de vasijas de cerdmica y restos bioantropoldgicos, se seleccionaron
segin el criterio de inclusién basado en la presencia de signos de visibles de biodeterioro, tales
como manchas, eflorescencias, micelio superficial, cambios de coloracién y desprendimiento
de material [7, 10]. La toma de muestras se realiz6 mediante un raspado aséptico de las areas
con indicadores de crecimiento en diferentes puntos de las piezas. Estas muestras también se
sembraron en agar Sabouraud con cloranfenicol (0,05 g/L).

Las muestras sembradas se incubaron a temperatura de 25 °C durante dos semanas. Tras
este periodo de incubacidn, se llevaron a cabo evaluaciones macroscdpicas y microscopicas de
las colonias de hongos, teniendo en cuenta caracteristicas como pigmentacién, presencia de
hifas aéreas, plegamientos, textura y tamafno del cultivo a nivel macroscépico. Para la
descripcién morfolégica microscopica, con el fin de determinar el género del morfotipo
aislado, se realizé un examen de las muestras empleando hidréxido de potasio (KOH al 10 %)y
azul de lactofenol. Para las levaduras, se realizé la prueba de tubo germinal con el fin de
determinar la presencia o no de Candida sp. Ademds, de manera complementaria se usé la
coloracién de Gram para la observacion general de levaduras, sin fines taxonémicos [25]. Estas
evaluaciones microscépicas se realizaron utilizando un microscopio dptico con objetivos de 10x
y 40x. La identificacién de los géneros fingicos se realiz6 mediante claves morfolégicas de
identificacién descritas por Hoog et al [26]. Posteriormente se procesaron los datos y se
calcularon los indices de diversidad (Shannon) y de dominancia (Simpson) para los diferentes
tipos de muestra y para cada recinto del museo [18, 27]. La Tabla 1 presenta las muestras
tomadas de acuerdo con el lugar del museo, la zona de muestra y la cantidad tomada.

La clasificacién del potencial patogénico y de biodeterioro se realizé con base en la evidencia
reportada en la literatura especializada.
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Tabla 1. Descripcién de los sitios de muestreo.

Sitio Zona del muestreo Nimero de muestras
Laboratorio de Osteologia Aire 6

Pared 6

Objetos 12

Craneos 6

Piso 2
Area de reserva Aire 4

Pared 5

Objetos 5

Piso 4

Andlisis estadistico

El procesamiento y andlisis de los datos se realiz6 con el software R, utilizando la libreria
“vegan” para los calculos de diversidad [28-29]. Se realizé estadistica descriptiva a partir de la
cual se presentan graficas de frecuencia de aparicion de los diferentes géneros fingicos con
respecto a cada recinto, tipo y numero de muestras.

Declaracién sobre aspectos éticos
Este estudio se clasifica como un estudio de riesgo minimo y se condujo siguiendo las normas
éticas aplicables a trabajos de investigacion.

Resultados y discusion

Los museos albergan materiales organicos susceptibles al crecimiento de hongos debido a
factores ambientales, acumulacién de polvo y limitaciones en ventilacién, almacenamiento y
control climatico [7, 14]. En el Parque Museo Arqueoldgico de Tunja, de la Universidad
Pedagégica y Tecnoldgica de Colombia, se estudi6 la diversidad de hongos microscépicos en
dos recintos especificos (Laboratorio de Osteologia y Area de Reserva) y en distintas zonas (aire,
objetos, superficies generales y piso). Estos espacios carecen de ventilacién adecuada y
contienen piezas bioantropoldgicas cubiertas de tierra y polvo, factores que favorecen la
proliferacién de hongos, especialmente los filamentosos, que deterioran los materiales y
representan riesgos para la salud.

Este trabajo permitid detectar la presencia de hongos en todos los ambientes muestreados,
en distinta frecuencia y cantidad de colonias. Se aislaron e identificaron 20 géneros de hongos
filamentosos y levaduras: 11 en el aire, 13 en las superficies, 9 en los restos bioantropolégicos y
12 en los objetos de cerdmica. Los géneros predominantes fueron Penicillium, Cladosporium,
Fusarium y Botrytis.

En las muestras de aire se identificaron los géneros de Acremonium, Alternaria, Bipolaris,
Botrytis, Cladosporium, Chrysosporium, Fusarium, Paecilomyces, Penicillium, Trichoderma,
Trichothecium.

En superficies se identificaron los géneros de Aspergillus, Alternaria, Bipolaris, Botrytis,
Cladosporium, Fusarium, Glioclaudium, Mucor, Paecilomyces, Penicillium, Rhizopus, Trichothecium y
Verticilium.

En restos bioantropoldgicos se identificaron los géneros de Alternaria, Aspergillus, Botrytis,
Cladosporium, Epicoccum, Fusarium, Penicillium, Trichothecium y Verticilium.

En los objetos de cerdmica se encontraron los géneros de Acremonium, Aspergillus, Botrytis,
Candida, Cladosporium, Chrysosporium, Geotrichum, Fusarium, Mucor, Penicillium, Rhodotorula,
Trichoderma.

Los géneros Penicillium, Cladosporium, Fusarium y Botrytis, se identificaron tanto en aire,
superficies, restos bioantropoldgicos y en vasijas de ceramica.
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Resultados segiin recintos

Con el propésito de conocer cémo las condiciones de ventilacién deficiente, acumulacién de
polvo, tipo de material almacenado, humedad y temperatura influyen en la diversidad y
distribucién de los hongos en cada tipo de ambiente en el museo [21], se calcularon los indices
de Shannon y Simpson [18, 27] segtn el tipo de muestra y para cada recinto.

Los valores del indice de Shannon para ambos recintos, Laboratorio de Osteologia y Area de
Reserva son similares: 2,3 y 2,2 respectivamente. Estos resultados indican que ambos tienen
una diversidad de géneros fingicos relativamente alta y similar. La pequefia diferencia sugiere
que en el Laboratorio de Osteologia puede haber una mayor diversidad de géneros o una
distribucién mas uniforme de ellos.

Elindice de Simpson es de 0,86 y 0,82 para los recintos 1y 2 respectivamente. Esto muestra
que el Laboratorio de Osteologia (recinto 1) tiene una menor dominancia de un solo género, es
decir, una mayor equidad en la distribucién de géneros. En el Area de Reserva (recinto 2)
algunos géneros pueden ser mas dominantes, lo que se traduce en una ligera menor diversidad
efectiva. En general, los dos recintos presentan comunidades de hongos diversas y distribuidas
de manera equitativa, sin que un género en particular sea altamente dominante.

Los indices de Shannon y Simpson [30] permitieron evaluar la diversidad y equidad de
géneros fungicos en cada drea. El Laboratorio de Osteologia (recinto 1), presentd un indice de
Shannon de 2,3 y un indice de Simpson de 0,86, mientras que en el Area de Reserva (recinto 2),
los indices fueron de 2,2y 0,82. Estos resultados reflejan una diversidad fiingica elevada y una
distribucién de géneros ligeramente mas equitativa en el Laboratorio de Osteologia, lo cual
sugiere condiciones ambientales favorables para el desarrollo de una comunidad de hongos
diversa, aunque con ciertos géneros dominantes en el recinto 2.

Se cuantificaron hongos filamentosos en una concentracién fiingica que oscilé entre 1115 y
1345 UFC/m? de aire, para el recinto 1y de 385 a 463 UFC/m® de aire, para el recinto 2. Por lo cual,
las concentraciones fingicas detectadas oscilaron entre 385 y 1345 UFC/m? de aire. El mayor
nimero de hongos filamentosos se registré en el Laboratorio de Osteologia. Las
concentraciones fingicas también difieren, con valores altos en el recinto 1 (1115-1345 UFC/m?)
en comparacién con el recinto 2 (385-463 UFC/m?), segiin la escala de Omeliansky [24], lo cual
indica niveles de contaminacién significativamente mayores en el Laboratorio de Osteologia
[31]. Las mayores concentraciones fingicas observadas en este recinto podrian asociarse con
una mayor carga de material orgdnico, acumulacién de polvo, mayor manipulacion de piezasy
menor ventilacién, factores reconocidos como determinantes de la contaminacién fiingica en
museos [31].

En el aire de los recintos del Parque Museo las concentraciones fingicas estuvieron entre
385 y 1345 UFC/m?® de aire, superadas por 2,6x10* UFC/m?, reportadas por Guiamet et al. [21],
quizas se deba a la manera de almacenamiento y a los materiales arqueoldgicos almacenados
[31] (Figura 1).
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Figura 1. Distribucién porcentual en cada recinto del museo y segtn el género de hongo.

Resultados segiin las zonas de muestreos (aire, objetos, superficies)

Indice de Shannon: el aire presenta la menor diversidad de hongos (Shannon 2,08) en
comparacién con los objetos (2,38) y las superficies (2,2), posiblemente debido a condiciones
menos estables o con menor disponibilidad de nutrientes, favoreciendo la predominancia de
ciertos géneros. En contraste, los objetos muestran la mayor diversidad y una distribucién
equitativa, probablemente debido a la variedad de materiales que ofrecen hébitats diferentes.
Las superficies tienen una diversidad moderada, con condiciones favorables, aunque menos
variadas que en los objetos [32-33].

Elindice de Simpson es menor en el aire (0,84), lo que sugiere la dominancia de uno o pocos
géneros y refleja menor equidad o estabilidad en esa zona. En cambio, los objetos (0,87) y las
superficies (0,86) muestran una distribucién de géneros mds equitativa, sin un género
dominante, indicando condiciones mds favorables para una diversidad equilibrada en estas
areas.

En cuanto a las distintas zonas de muestreo, se encontraron diferencias en la diversidad
fingica. Los objetos presentaron la mayor diversidad y equidad de géneros, con un indice de
Shannon de 2,38 y un indice de Simpson de 0,87, probablemente debido a la variedad de
materiales que proporcionan habitats favorables. Las superficies generales tienen una
diversidad y equidad intermedias (indice de Shannon de 2,2 y Simpson de 0,86), indicando
condiciones menos variadas en comparacién con los objetos, pero que ain permiten el
desarrollo de una comunidad fungica equilibrada. El aire, con un indice de Shannon de 2,08 y
de Simpson de 0,84, muestra una menor diversidad y una equidad mds baja, sugiriendo
condiciones inestables que favorecen la predominancia de pocos géneros. Finalmente, el piso
presentd los valores mas bajos (indice de Shannon de 1,88 y de Simpson de 0,8), indicando una
fuerte dominancia de ciertos géneros en esta superficie, posiblemente debido a factores como
la humedad y el tipo de material.

La Figura 2, muestra la distribucién segiin frecuencia de los diferentes géneros de hongos
que se encontraron a partir de muestras tomadas, en aire, superficies (pared y piso), y objetos
de las colecciones del museo.
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Figura 2. Distribucién segiin frecuencia de cada género de hongo en cada sitio de muestreo.

Resultados segiin frecuencia, proporcién y potencial patolégico y/o de biodeterioro

Durante el estudio, se identificaron 20 géneros de hongos filamentosos y levaduras, siendo los
mas frecuentes Penicillium, con un 26,9 % de las muestras, le sigue Cladosporium con un 15,6 %,
Fusarium con un 14,4 %, Mucor con un 5,4 %, y Aspergillus con un 4,8 %. Entre los que Penicillium,
Cladosporium y Aspergillus, han sido reportados en ambientes y material arqueoldgico por varios
estudios a nivel mundial [19, 21, 24, 31, 34].

La Figura 3, presenta el andlisis integrado de frecuencia y potencial patogénico. Se evidencia
que los géneros mas prevalentes no corresponden exclusivamente a aquellos de mayor riesgo
clinico, sino que existe una distribucién heterogénea entre microorganismos de bajo, medio y
alto potencial patogénico. Este hallazgo sugiere que el riesgo sanitario en el museo no depende
tnicamente de la abundancia, sino también de la composicién especifica de la comunidad
fangica, lo cual es consistente con reportes previos en ambientes interiores con carga biologica
diversa. Gran parte de los hongos filamentosos y levaduras encontrados en el presente estudio,
también fueron encontrados en estudios realizados en museos [21, 24, 34].

En la presente investigaciéon se identificaron las levaduras Candida, Rhodotorula y
Geotrichum; similar al estudio de, Lopez-Aranday Colaboradores, donde reportaron los géneros
Candida y Rhodotorula, junto a hongos filamentosos, en momias, con visible deterioro [23].

La Figura 4, presenta la visualizacién conjunta de la frecuencia y el potencial de
biodeterioro. Una proporcién importante de los géneros identificados tiene capacidad para
degradar tanto materiales orgdnicos como inorgdnicos. Estos géneros, comunes en museos a
nivel global, estan asociados tanto al deterioro de materiales, dseos y ceramicos, como a efectos
adversos sobre la salud humana, incluyendo reacciones alérgicas y enfermedades respiratorias
especialmente en personas inmunocomprometidas [35]. Penicillium, fue el género
predominante en este estudio, representando un 29,6 % de los casos. Este género, frecuente en
ambientes interiores [27, 31], posee enzimas que descomponen materiales inorganicos,
permitiéndole obtener nutrientes de objetos bioantropolégicos, como lo observado
especialmente en el Laboratorio de Osteologia.
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Figura 3. Distribucién de los géneros fingicos identificados segtin su frecuencia y proporcién relativa, en relacién con su potencial patogénico para humanos. El
tamafio de las burbujas representa la frecuencia absoluta, mientras que la posicién en el eje horizontal indica el porcentaje de ocurrencia. El color corresponde al
nivel de riesgo patogénico clasificado en bajo, medio y alto, con base en reportes de la literatura cientifica.
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Figura4. Distribucién de los géneros fingicos segin su frecuencia y proporcién relativa, en funcién de su potencial de biodeterioro sobre materiales patrimoniales.
El tamafio de las burbujas representa la frecuencia absoluta de cada género, mientras que el eje horizontal indica su porcentaje de ocurrencia. Los colores
corresponden a categorias de impacto sobre materiales organicos, inorgdnicos o ambos, de acuerdo con su capacidad reportada en la literatura.
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Las esporas del género Penicillium son reconocidas como contaminantes relevantes del
patrimonio cultural, tal como se observo en el Museo objeto de este estudio. Su proliferacién se
ve favorecida no solo por factores ambientales, sino por su capacidad de reducir fosfato
inorgdnico, un componente de la hidroxiapatita presente en los huesos. Esto convierte a los
restos 6seos en una fuente casi inagotable de minerales para este género. Algunas especies de
Penicillium son patdgenas y pueden causar alergias, asma y alveolitis alérgica, e incluso se
encuentran asociadas a infecciones invasoras en pacientes inmunocomprometidos [19, 34].

La presencia de Aspergillus y Cladosporium, refuerza la necesidad de implementar medidas
de control en los espacios analizados para minimizar los riesgos de exposicién prolongada,
especialmente en personas vulnerables como nifios, adultos mayores y aquellos con
enfermedades crénicas. Los hongos del género Aspergillus, pueden causar infecciones
pulmonares, sinusitis y, en algunos casos, estin relacionados con enfermedades como
bronconeumonia alérgica, aspergilosis, queratitis y sinusitis alérgica [34-35].

Por su parte, Cladosporium es uno de los géneros mas comunes en ambientes interiores en
suspension en el aire, considerado un hongo dominante universal [21, 24, 31]. Estd asociado con
asma y esporosis, y algunas de sus especies son oportunistas, capaces de provocar procesos
micéticos pulmonares, infecciones cutineas, cromoblastomicosis y lesiones neurotrépicas [19, 34].

Fusarium, es un hongo oportunista encontrado principalmente en desechos y suelo,
desempefia un papel importante en la degradacién de detritos vegetales y como patdgeno de
plantas. Sin embargo, también puede causar infecciones en humanos y animales [35]. Mucor,
un hongo saprofito que se alimenta de materia orginica en descomposicién causa
mucormicosis, se identific6 en un 5,4 % de los casos, mientras que en el estudio de Rodriguez-
Garcia fue raramente encontrado, por lo cual se considerd de poca importancia ecoldgica para
el biodeterioro material [31, 35].

Geotrichum 'y Acremonium, pueden causar infecciones en personas inmunosuprimidas o
inmunocomprometidas.  Geotrichum, hongo levaduriforme oportunista en pacientes
inmunosuprimidos puede causar infecciones pulmonares, intestinales, cutineas y fungemias [36-37].

Los géneros Botritys, Trichothecium, Chrysosporium, Gliocladium, Trichoderma y Verticillium, no
se consideran, en condiciones normales, patégenos para el ser humano, ya que su relevancia
principal se asocia a ambientes naturales, suelos y material vegetal en descomposicién. No
obstante, su presencia resulta ecoldégicamente significativa, pues participan activamente en los
procesos de degradacién orgdnica y equilibrio microbiano. En este contexto, también se
destaca la identificacién de géneros menos frecuentes como Alternaria, Paecilomyces, Epicoccum
¥ Bipolaris, los cuales cumplen un papel relevante en la dinimica ecolégica del Parque Museo
Arqueoldgico de Tunja [36-37].

En contraste, algunos hongos y levaduras identificados presentan un mayor interés clinico.
Las especies del género Candida, son reconocidas por su capacidad de causar infecciones
oportunistas, como la candidiasis en diferentes sitios del cuerpo humano, especialmente en
individuos inmunocomprometidos. De igual forma, Rhizopus puede ocasionar mucormicosis
tanto localizada como diseminada, siendo la sinusitis y la neumonia las manifestaciones mais
frecuentes, generalmente asociadas a enfermedades subyacentes y favorecidas por la
inhalacién de esporas o la implantacién traumatica. Finalmente, las levaduras del género
Rhodotorula han sido descritas como patdgenos oportunistas capaces de producir infecciones
graves, incluyendo fungemias, meningitis, endocarditis, peritonitis y endoftalmitis
principalmente en pacientes inmunosuprimidos [36-37].

Los géneros Penicillium, Alternaria, Cladosporium, y Rhizopus, aislados en el presente estudio,
también fueron reportados en investigaciones previas, como la de Lopez-Aranda, en el museo
Tumbas Reales de Sipan [23].

Paecilomyces, aunque menos comun, es un hongo filamentoso sapréfito que suele aparecer
como contaminante en laboratorios y puede causar infeccién en humanos, siendo identificado
también en este estudio [38].

Los hallazgos subrayan la importancia de implementar un protocolo de control de calidad
del aire y un monitoreo continuo de factores como humedad y temperatura en el Parque Museo
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Arqueoldgico de Tunja. Estas medidas son esenciales para limitar la proliferacién de hongos y
garantizar la conservacién adecuada de las colecciones. Se recomienda capacitar al personal en
la identificacién de situaciones de riesgo y en practicas de higiene y ventilacién.
Adicionalmente, estudios mdas amplios sobre la diversidad microbiana en otros espacios
similares permitiran desarrollar estrategias de preservacién que protejan tanto las colecciones
como la salud de visitantes y trabajadores.

Conclusiones

Destacan la presencia y variedad significativa de géneros fingicos en las distintas dreas de
muestreo.

El uso de los indices de Shannon y Simpson permiti6 cuantificar tanto la diversidad como
la equidad en la distribucién de géneros, revelando que las zonas con mayores valores de
diversidad y equidad (como los objetos) ofrecen un ambiente mdis favorable para una
comunidad fangica diversa, mientras que el aire y el piso presentan menor diversidad y mayor
predominancia de ciertos géneros.

Estos resultados sugieren que los materiales y las condiciones ambientales particulares de
cada zona, como los niveles de humedad, ventilacién, y tipo de superficies, influyen en la
composicién de la comunidad fungica.

Los géneros Penicillium, Cladosporium y Fusarium fueron predominantes y coinciden con
estudios similares en museos alrededor del mundo, evidenciando una problemdtica comin en
estos espacios de preservacion. Estos hongos representan riesgos tanto para la integridad de
los materiales, como los restos bioantropolédgicos y objetos de cerdmica, como para la salud de
los visitantes y personal del museo, especialmente en personas con sistemas inmunolégicos
comprometidos, dado que algunos de estos géneros estin asociados con patologias
respiratoriasy reacciones alérgicas.

Se subraya la importancia de implementar medidas preventivas en el museo, tales como el
control de calidad del aire, la mejora en la ventilacién y la reduccién de factores como la
humedad y el polvo en los recintos. Ademds, se recomienda capacitar al personal para
identificar y mitigar posibles focos de contaminacidn y realizar estudios periédicos de control
microbioldgico que contribuyan a la preservacion de las colecciones y la salud de los usuarios.
La continuidad de este tipo de investigaciones permitird optimizar las estrategias de
conservacién en espacios patrimoniales y generar ambientes mas seguros y sostenibles.
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The Coptic textiles of the Paul and Alexandra
Canellopoulos Museum: an analytical approach

Os téxteis coptas do Museu Paul e Alexandra
Canellopoulos: uma abordagem analitica

Abstract

Paul and Alexandra Canellopoulos private collection was donated to the Greek State in 1972 and
soon after (1976), the homonymous Museum was inaugurated. The collection includes more
than 6,500 antiquities and works of art from different historical periods and cultures, including
a remarkable number of Coptic archaeological textiles. These textiles survive today due to the
Coptic custom of burying them with the dead and to the aridity of the Egyptian graves. The dry
environmental parameters which all these items have been buried or stored gave us the
opportunity to study them until nowadays. The Canellopoulos Museum houses 19 textile
fragments, which date from the sth/6th to the 12th century. The four fragments were chosen to
adetailed analytical investigation. The selected textiles were subjected to a combination of non-
invasive and slightly invasive analytical techniques to determine the type of the fibers, the
inorganic components associated with them, and the dyes used for coloring them.

Resumo

A colec¢do particular de Paul e Alexandra Canellopoulos foi doada ao Estado grego em 1972 e,
pouco depois (1976), foi inaugurado o museu com o mesmo nome. A cole¢ao inclui mais de 6500
antiguidades e obras de arte de diferentes periodos histdricos e culturas, incluindo um nimero
notavel de téxteis arqueoldgicos coptas. Estes téxteis sobrevivem até hoje devido ao costume
copta de os enterrar com os mortos e 3 aridez das sepulturas egipcias. Os parimetros
ambientais secos em que todos estes itens foram enterrados ou armazenados deram-nos a
oportunidade de os estudar até aos dias de hoje. O Museu Canellopoulos abriga 19 fragmentos
téxteis, que datam do século V/VI ao século XII. Os quatro fragmentos foram escolhidos para
uma investigacao analitica detalhada. Os téxteis selecionados foram submetidos a uma
combinagido de técnicas analiticas n3o invasivas e pouco invasivas para determinar o tipo de
fibras, os componentes inorginicos e os corantes a eles associados.
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Introduction

Coptic textiles represent a significant aspect of ancient Egyptian heritage, particularly during
the transition from the Late Roman period to Christianity, which is marked by a distinctive
evolution in textile production techniques and artistic expression. Emerging around the fourth
century CE, the pertinent textiles are characterized by their elaborate designs and advanced
weaving technologies. Coptic textiles were primarily used to create tunics which were
commonly worn by men, women, and children [1].

These textiles were not only functional, they were often adorned with complex decorative motifs
thatreflected both the cultural and religious transformations occurring in Egypt during this period.
The decorative motifs frequently included symbolic representations of animals, plants, and human
figures, which were influenced by earlier Egyptian traditions but adapted and transformed to align
with the early Christian beliefs [2]. Such textile artifacts found in archaeological sites are incredibly
vulnerable due to their nature, making them scarce in the archaeological record, particularly in
regions like Greece with a Mediterranean climate [3; 4, pp. 18-24].

The Pavlos and Alexandra Canellopoulou Museum (P & A Museum) houses 19 textile
fragments, which date from the fifth/sixth to the twelfth century and belong to the
aforementioned category of late antiquity period i.e. Coptic textiles [5-6] (Table 1). It shall be
noted that the term “Coptic” derives from the word “gbt” or “qibt”, which is the Arabic
equivalent of the Greek word for “Egyptian”. After the Arab conquest of Egypt in the seventh
century, the Arabs used this term to distinguish the indigenous Egyptian population from other
groups living in the country, such as Greeks and Romans. Consequently, Coptic textiles — and
Coptic art in general — were not made exclusively for Christian Egyptians, but were used by all
inhabitants of the region, regardless of their religion [7].

The significance of Coptic textiles extends far beyond their aesthetic appeal; they serve as
vital historical materials that provide insights into the social and religious practices of the time
they were manufactured and circulated throughout the Mediterranean. The burial customs of
the Copts often involved dressing the deceased in multiple layers of clothing, including tunics
and other textiles, which were placed in graves as part of the inhumation rites, contrasting with
the mummification practices of earlier periods [8]. This practice emphasizes the importance of
Coptic textiles in both daily life and ritual contexts, as they were integral to the identity and
beliefs of the Coptic community.

In addition to their technical and artistic quality, Coptic textiles have gathered attention
from scholars and collectors, particularly during the late nineteenth and early twentieth
centuries when archaeological discoveries in Egypt led to an influx of these artifacts into
international collections [9]. This strong interest in collecting these artifacts led to their
dispersal across numerous public and private museums, often in fragmentary condition and
without proper documentation regarding their provenance or excavation context. Besides, the
nineteenth and twentieth century illicit trafficking of such artifacts had an immerse impact on
their dissemination around the globe, and by the 1970s, it was estimated that over 150,000
Coptic textiles were scattered among various museums [10].

Today, Coptic textiles continue to be a subject of scholarly interest, with ongoing research
focused on their iconography, dye composition, and the socio-cultural contexts in which they
were produced and used. The study of Coptic textiles has evolved significantly due to the
enhanced potentialities of the modern scientific techniques. Various techniques have been
employed to identify features like weaving methods, fibers and dyes determination,
degradation stage in archaeological textiles [11-15]. Recent advancements in the applied
methods enable high-quality results without damaging the artifacts, often using extremely
small samples obtained from already damaged areas or employing a non-invasive approach
following ethical conservation principles [16].
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Table 1. The 19 Coptic textiles of the P&A Museum, with their respective inventory number, dimensions and date (CE) [6].

Inventory Textile Date Dimensions Inventory Textile Date Dimensions
number (century)  Height x Width (m) number (century) Height x Width (m)
D2547 sth/6th 0.195 x 0.185 D2549 7th/oth 0.052 x 0.130
D2552 0.265 x 0.235 7th/8th 0.095 x 0.065
D2551 7th 0.240 x 0.200 D2s560 " 0.10 x 0.130
D2546 7th/8th 0.248 x 0.093 D2554 0.085 x 0.145
D2550 7th/8th 0.250 x 0.100 D2559 7th/oth 0.105 x 0.093
D2548 7th/8th 0.090 x 0.274 D2s55 0.130 X 0.065
D2553 7th/9th Overall: D2558 7th/1oth (?).  0.103 x 0.080

0.180 x 0.150

Image:

0.145 x 0.125
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Inventory Textile Date Dimensions Inventory Textile Date Dimensions
number (century)  Height x Width (m) | Pumber (century) Height x Width (m)
D2561 7th/oth 0.300 x 0.065- | D2s4s 11th/12th 1.030 x 0.215

0120 (at the
widest point).

D2556 7th/10th 0.060 x 0.065
D2557 oth/11th 0.110 x 0.220
D2590 1oth/izth  0.105 x 0.160

Such analyses not only enhance our understanding of the technical aspects of Coptic textile
production but also contribute to the broader narrative of cultural ex-change and continuity in
the Mediterranean region. As such, they remain a vital area of study for understanding the
interplay between art, religion, and daily life in ancient Egypt, offering a window into the
complexities of Coptic identity and heritage.

The main aim of this paper is to apply an array of analytical techniques such as Optical
Microscopy (OM), handheld X-ray Fluorescence Spectroscopy (hh-XRF) and Ultra High
Performance Liquid Chromatography (UHPLC) in order to identify the nature of the fibres
used, to understand the inorganic components that are associated to the fibres and the dyestuff
used on selected fragments of Coptic textiles from the collection of the Paul and Alexandra
Canellopoulos Museum.

Materials and methods

The Coptic textiles

The Coptic textiles collection of the Paul and Alexandra Cannelopoulos Museum con-sists of 19
fragments with several iconographic motives (Table 1). From this collection we have chosen the
four most interesting -in terms of iconography- fragments (samples D2550, D2554, D2557 and
D2560,) that employ fibers with a variety of colours. In addition, from three out of the four
textiles, namely D2550, D2554 and D2557 minute fiber samples were collected from lose areas
without further damaging the fragment to investigate them using OM (Figure 1, bottom right).
In total six fibers were removed from the three textile fragments exhibiting a variety in colours
(Table 2).
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Figure 1. Example of the minute fiber samples extracted from textile D2554: top right red fibers (D2554-4), and bottom right blue fibers (D2554-5).

Sample D2550 probably comes from a tunic and was part of its vertical decorative bands
("marks"). This piece bears a depiction of a hunting scene and dates at the seventh-eighth
century CE. Sample D2554 is a rectangular section of fabric. On a dark blue background, three
naked figures (Cupids?) march to the right with a dancing step holding unspecified objects
(shields?); this piece dates at seventh-eight century CE. Sample D2557 probably comes from the
sleeve of a tunic and dates at the ninth-tenth century CE. At a pale yellow background, two
parallel rectangular oblong spaces with depiction (one reverse of the other) felines with a raised
tail and birds grow in deep red. Finally, sample D2560 is a circular "point" from a tunic with
stylized floral decoration. Externally has a circular green frame which grows towards inside in
red depth colorful stylized floral decoration; the sample dates at the seventh-eigth century CE.

Analytical techniques

Optical microscopy (OM)

The OM was performed at the Laboratory of Physicochemical Analyses of the Department of
Environment at the Ionian University. The optical observation was carried out using the Leica
DM 2500M optical microscope at various magnifications.

Handheld X-ray fluorescence (hh-XRF) spectroscopy

Further to the microscopic study, hh-XRF spectroscopy was employed to study the components
of the textiles, since this spectroscopic technique allows for the non-invasive detection of
elements with Z > 12 (Mg). The analysis was performed in situ in the Cannelopoulos Museum
using the Tracer 5 g, Bruker, spectrometer which is equipped with a Rh anode X-ray source (50
kV, 4 W, 1 um graphene side window), a 20 mm? SDD detector and a 3 mm collimator. For each
point of analysis two spectra were collected: the first spectrum was collected by operating the
spectrometer at a setup of 15 kV and 30 pA (voltage and current respectively), and the second by
a 50 kV and 30 nA setup with an additional employment of a Ti-Al filter. The collected spectra
were subsequently evaluated and processed using the Artax software (Bruker). In particular,
the total counts of each characteristic X-ray peak were calculated, allowing thus for the direct
comparison across different spots of analysis because the spectra were collected under identical
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operating conditions [17-18]. This allows us to assess relative differences in elements’ presence
(i.e., whethera given element is more or less abundant in one sample/spot of analysis compared
to another), even if absolute concentrations are not calculated.

Ultra high performance liquid chromatography and photo diode array detection system (UHPLC-DAD)
Finally, the identification of the dyes was performed using a UHPLC-DAD with Waters
equipment [19] at the Textile Research Lab of the Koninklijk Instituut voor het Kunstpatri-
monium-Institut Royal du Patrimoine artistique (KIK-IRPA, Brussels, Belgium).

The samples were extracted following established dye-extraction protocols [20-22].
Depending on the sample, acidic methanol extraction was applied alone or in combination with
dimethylformamide (DMF), ethyl acetate (EtAc), EDTA, or formic acid. Extracts were dried
under vacuum and re-dissolved in methanol/water (1:1, v/v), of which 20 uL was injected for
analysis.

Chromatography was carried out on a temperature-controlled reversed-phase C18 column
following two protocols:

Protocol 1: Lichrosorb RP-18 (4.0 x 125 mm, 5 um) with solvents (A) water, (B) methanol, (C)
5% phosphoric acid in water; gradient 60A/30B/10C to 10A/80B/10C over 26 min at 1.2 mL/min.

Protocol 2: Grace Vydac DE C18 (3.2 x 250 mm, 5 um) with solvents (A) acetonitrile, (B) water,
(C) 0.1 % trifluoroacetic acid; gradient from 10A/70B/20C to 60A/40B/oC over 40 min, then 10
min isocratic at 0.4 mL/min.

Detection was performed with a Waters photodiode array detector (DAD) over the 200-600
nm range, and dye identification was based on comparison with the KIK/IRPA reference
spectral database [19].

More details about the analytical protocol are described elsewhere [23].

Results

oM

The OM observation revealed the morphological characteristics of the fibers used for the
construction of the textiles (Table 2). All fibers were made of wool and display the
corresponding characteristic small scales on their surface (Figure 2). Regarding sample D2554,
numerous dust and dirt deposits were observed on the surface of the red fiber (sample D2554-
4), while several areas of damage attributable to poor preservation were observed on the blue
fiber (sample D2554-5).

Figure 2. Characteristic photos of the samples: @) D2550-1 20x magnification; b) D2550-2 20x magnification; ¢) D2550-3 40x magnification.
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Table 2. Fiber colour, the morphological characteristics and the fiber natures of the samples under analysis as determined through the use of OM.

Sample Fiber colour Morphological characteristics Fiber nature
D2550-1 Red Small scales on the fiber’s surface Wool
D2550-2 Yellow

D2550-3 Black

D2554-4 Red

D2554-5 Dark blue

D2557-6 Light yellow/white

hh-XRF analysis

The analytical results from the hh-XRF measurements on the Coptic textiles (Figure 3) offer
interesting insights regarding their elemental fingerprint. In particular, as discussed in detail
in the Materials & Methods section, we followed a semi-quantitative approach that allowed for
an objective comparison between the intensities (total counts) of the characteristic X-ray peaks
of the elements detected on every single sample/ spot of analysis; the corresponding results are
summarized in Table 3.

Figure 3. Selected Coptic textiles and indication of the areas analyzed by hh-XRF: a) D25550; b) D2557; ¢) D2560; d) D2554.
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Table 3. Summary of hh-XRF analysis results, the elemental peak intensities have been expressed in counts (total counts).

D2550

Al Si P S cl K Ca Ti Mn Fe Cu Zn Pb Sr
Red 126 303 469 22875 4324 3247 14034 584 262 8023 149 148 692
Deep blue 124 363 464 22318 4134 3057 9612 607 470 8390 75 273 624
Gray 127 422 395 20346 4316 3124 14402 721 293 10977 80 373 594
Red-orange 119 494 223 19059 4134 3296 13832 698 351 11833 107 271 583
Yellowish 144 613 940 22088 4335 3278 15166 800 507 12443 98 243 521
Black 88 323 136 17379 4263 4008 13805 781 556 11865 152 177 930
Beige 109 320 145 22015 4300 3629 12743 1401 455 19178 102 122 659
Whitish 86 468 328 6513 4272 4047 19931 689 402 10159 66 177 458
D2554
Support 17 157 1185 9021 11001 2889 12826
Deep blue 487 2441 533 26149 9635 5179 46024 2852 1233 32117 295 212 1458 975
Off-white 1098 7998 914 2465 7551 8790 56186 5562 1429 64003 242 207 1413
Green 660 3053 1295 20635 8252 8593 37537 3266 1334 49593 606 268 337 2283
Yellow 908 6107 1039 18728 7487 8083 58031 5820 1704 64912 470 267 347 2061
Light blue 438 2318 1038 29067 22302 11771 52992 2097 1287 27894 149 191 253 1310
Orange 704 3048 1382 24051 38182 19913 49473 2477 1664 38542, 446 305 236 4267
Purple 661 2954 1153 22074 24054 15142 34551 1988 1523 34570 509 277 3467
Red 340 1686 656 18778 11760 5952 38709 2084 881 19866 152 108 796
D2557
Support 102 125 1270 9218 10197 2457 845 10888
Off-white 319 1411 322 32371 8874 1999 33120 1418 810 14312 95 190 618
Red 517 1699 1098 29856 8970 2464 38546 1340 801 13839 141 172 875
Beige 581 3167 593 5431 49097 3449 23780 2486 704 24121 110 178 550
D2560
Support 98 153 1264 8875 12076 2707 12187
Off-white 232 699 347 35772 7261 14101 1780 1376 935 16532 168 178
Green 332 1364 1735 31609 6873 14059 3987 1677 570 20283 140 247 659
Black 203 498 662 39504 7235 15617 2916 1182 1158 13405 137 167
Red 337 864 1348 38010 7082 16454 3734 1340 1041 16777 134 289 505
Off-yellow 443 1258 2068 36131 6892 13965 4799 1654 1116 23087 132 211 419
Beige 324 810 1508 33579 7060 14332 5236 954 1301 14927 186 349 456
Light blue 258 1087 563 38282 7578 16482 3328 1912 992 19688 101 271 517
Light brown 253 887 553 39075 7161 19676 3774 2963 1415 45946 186 308 556

According to the data, it is obvious that the textile D2554 stands out due to the fact thatitis
the only to contain areas with detectable amounts of lead (Pb) as well as due to the notably
enhanced elemental peaks of strontium (Sr) and silicon (Si) which were spotted in all the
corresponding spectra/ points of analysis (Figure 4). The presence of silicon clearly pertains to
contaminants like dust, dirt and soil contamination [24-25] while strontium might be relevant
to soil contamination too; in fact, Sr-containing compounds like celestine (SrSO,) are
commonly associated with calcium sulfate and carbonate minerals [26-27]. Additionally, it is
well known that traces of Sr are contaminated in wool fibers during wool growth, since this
element is gradually incorporated in the body parts (including hair/wool) via the food
consumption chain [28]. Therefore, the notably enhanced presence of Sr in case of the textile
D2554 obviously suggests that this very fragment comes from a different — in comparison to the
other fragments - origin.
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On the other hand, it appears that certain other elements such as sulphur (S), potassium (K)
and phosphorous (P) show very characteristic elevated values in all colours of the fibers for
sample number D2560 compared to the other samples (D2550, D2554, D2557) (Figure 5). These
and other chemical elements are minute components of wool and it has been demonstrated that
their contents of can show significant variations among wool samples from different origins
[29]. Additionally, elements like the aforementioned can also be presumably associated with
the burial environment of this particular fragment, therefore the elevated intensities of the
corresponding spectral peaks in case of fragment D2560 may hint to a potentially distinct
provenance too (7). Moreover, it shall be noted that phosphorous enrichment takes place in soils
that lay in proximity to decomposing corpses, a phenomenon which is very much affected by
the environmental conditions [30]; therefore, elevated phosphorous might also be considered
as a potential provenance fingerprinting clue. potassium (K) could indicate the use of an
alkalizer in the form of plant/wood ash acting as a dyeing auxiliary [31].
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Figure 4. Total counts of the K-alpha elemental transition peaks of Sr versus Si in the analysed spots of the studied textiles; XRF data (Table 1).
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Figure 5. The peak intensity (total counts) of phosphorus (P), sulphur (S) and potassium (K) for the red, yellow and blue fibers of samples D2550, D2554 and D2560
respec-tively. We notice that D2560 has elevated values of these elements in all colours.
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As for sample D2554, it has been already highlighted that it stands out due to the intense
presence of Sr (see above). What is more, this particular sample shows elevated values of
elements such as silicon (Si), aluminum (Al), calcium (Ca), titanium (Ti), manganese (Mn) and
iron (Fe) compared to the rest of the samples (Table 3 and Figure 6). These elements are higher
in D2554 regardless of the colour of the analysed fiber. In combination with the dirt particles
that were observed on the fibers of this very garment under OM, it is assumed that these may
correspond to argillaceous soil contamination. A typical composition of argillaceous soils has
SiO,: 40-60 % (from quartz and clay minerals), Al,Os: 10-25 % (from kaolinite, illite, smectite,
etc.), Fe,0;: 5-15 % (iron oxides/hydroxides, e.g. hematite, goethite), CaO: 1-5 % (carbonates,
calcite, or gypsum if present) and TiO,: ~0.5-2 % (mainly from rutile/ilmenite in clays) among
others.

Additionally, calcium, which is detected in every textile and in every colour, can also act as a
dyeing auxiliary. Usually, its elevated presence may indicate the use of a calcium source to alkalise
the dyeing vat through the use of burnt shells which is a commonly accepted procedure [19].

The assessment of potential use of dyeing auxiliars like mordants is a rather difficult task
and it is true that a more thorough analytical investigation (that must include detailed
elemental analysis, like e.g. EDS) is needed in order to reach into conclusive results.
Nevertheless, the herein presented XRF data turned out to be a sound background for a well-
aimed first approach on this issue. First of all, the absence of tin (Sn) excludes the possibility of
the use of mordants like stannous chloride. Similarly, despite the detection of minute copper
in most of the XRF spectra (Table 3), it is rather difficult to state whether a copper-containing
mordant was indeed used or not. In fact, copper is often detected in archaeological textiles and
its presence can pertain to the employment of a pertinent mordant (CuSO,), or to
contamination due to the use of bronze vessels [32] for dying or proximity to Cu-containing
objects in the burial environment [25]. In our case, only the XRF spectra collected from
specimen D2554 show notably enhanced Cu elemental peaks, therefore it seems possible thata
Cu-bearing mordant might had been used in this instance (Table 3 and Figure 7).
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Figure 6. The relative intensities of characteristic XRF peaks of aluminum (Al), silicon (Si), calcium (Ca), titanium (Ti), manganese (Mn) and iron (Fe) for the red,
yellow and blue fibers of samples D2550, D2554 and D2560.
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On the contrary, the assessment of whether an alum type materials was used as mordant in
the studied textile fragments is challenging due to the spectrometer rather low sensitivity to
aluminium (Al). In fact, due to the employment of the graphene side window in the used
spectrometer Al is indeed detected and corresponding peaks are spotted in all the spectra
collected from Coptic textiles (Figure 8a). However, it has been demonstrated that the presence
of Al can be considerably underestimated by the employed instrumentation [33], hence it is
particularly difficult to ascertain the presence of alum-type mordants in the framework of the
current study. Nevertheless, upon plotting the intensities of the elemental peaks of Al versus K
(Figure 8b) it appears that the studied textile fragments show obvious and substantially
deviating elemental composition trends. In particular, the spectra collected from areas of
different colour of the fragment D2550 show practically identical and notably low intensities of
Al and K elemental peaks, a fact that might allow for the exclusion of the use of alum in this
instance. Contrarily, the spectra from fragments D2554, D2557 and D2560 show varying yet
enhanced intensities of Aland K in comparison to those of the previously mentioned fragment,
therefore employment of alum is possible. Additionally, it shall be noted that iron (Fe) may also
pertain to a mordant, yet on the basis of the currently available analytical data it is not possible
to exclude the possibility that its presence in the textiles under investigation pertains
exclusively to soil contamination [34]. Besides, this assumption is corroborated by the fact that
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elevated iron was detected on the fragments’ supports too, i.e. on the fabrics on which the
fragments have been stitched in the framework of their conservation/preparation for
exhibition (Figure 8a).

UHPLC-DAD analysis

Regarding the dyestuff sources used for the analyzed fibers the collected data revealed the
employment of rather typical — for both the type of artifacts and the era — dyes [35]. The
corresponding analytical results are be summarized in Table 4.

Some of the dyes that were identified include madder and weld -which are among the most
common mordant dyes in Coptic textiles- indigo, and sappanwood. The dyeing of textiles with
mordant dyes has been a well-known technique for centuries. Indeed, Pliny the Elder describes
the mordant dyeing process followed by Egyptians; therefore, it is obvious that this method was
established in Egypt well before the first century AD. This technique was used in Roman and
pre-Roman Europe but disappeared during the Middle Ages, only to reappear in the first half
of the eighteenth century (1742) through the descriptions of Jesuit missionaries from India and
the East. During the same century, textiles in Spain were dyed using mordant dyes, a technique
introduced by the Arabs, who in turn had adopted it from the Romans and Greeks [35].

Perhaps the most widely used red dye in history is madder. Madder (Rubia tinctorum L.) is
derived from the roots of the plant, which is native to various regions around the world, from
Europe, the Mediterranean, and the Near East to China and Japan. References to its use date
back to antiquity. Herodotus mentions its application by an Egyptian woman around 450 BCE,
while Pliny the Elder also discusses it in his work Natural History [36]. Madder has been found
in numerous excavated and archaeological textiles from Egypt, as well as in Persia, Arabia, and
Mesopotamia. The main coloring compounds in madder that were identified in the
Canellopoulos Museum textiles include alizarin, purpurin, pseudopurpurin, and
xanthopurpurin [37].

Weld (Reseda luteola L.) is obtained from the leaves and stems of the plant, which thrives in
various parts of Central Europe and has also been cultivated in India. Its history is among the
oldest known; documented as far back as the Neolithic period [38-39], weld was valued both for
producing a brilliant yellow color and for creating stable green shades in combination with
other dyes. Even before the discovery of America (1492), weld was the most widely used yellow
dye in Western Europe. However, after around 1500, another plant-based dye, fustic, which
produces indigo-derived colors, gained prominence. For a time, both dyes were used equally to
produce yellow shades. The main chromophoric compounds in weld that were identified in the
Canellopoulos Museum Coptic textile samples from the museum are the flavonoid compounds
luteolin and apigenin [35].

Table 4. UHPLC-DAD analyses. Detected dye composition and related dye sources.

Sample Date Colour Extraction Dye composition A (nm) Dye sources
D2sso-1  78-8%c.AD Red HCl 4munjistin, 51 alizarin, 31 purpurin, 255 Madder
1munjistin’, 13 nordamnacanthal
Dzsso—z ................ Yellow HCl 7urolithin C, 73 luteolin, 3apigenin, 1chrysoeriol, 255 Weld, madder, sappanwood
16 alizarin
94 luteolin, 5 apigenin, 1 chrysoeriol 350
D2sso-3 Black HCl Peaks at 8.6 - 9.5 — 10.6 It (max 595-600 nm) 255 Synthetic dyestuft: acid black1
DMSO - 255
D2254-4 7h-ghc. AD Orange HCl +munjistin, 62 alizarin, 38 purpurin 255 Madder
D2ssas Dark blue HCl 64isatin, 32 indigotin, 4indirubin 255 Indigoid dye stuff
22 isatin, 76 indigotin, 2indirubin 288
100 indigotin 600
DMSO 100 indigotin 255
100 indigotin 288
100 indigotin 600
D2557-6 78-8% . AD White HCI - 255 Nodyes detected
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Furthermore, indigo and woad both have a rich historical significance as natural dyes.
Indigo, a very common dye derived primarily from Indigofera tinctoria L. plants, has been
exploited as a dye since antiquity. Archaeological evidence suggests that indigo was in use as
early as the mid of third millennium BCE in Egypt as it was identified in mummies [40]. Woad,
obtained by Isatis tinctoria L. plants, has also a long history as a dye stuff, particularly in Europe.
The earliest prove of the application of woad on textiles dates back approximately 3500 years and
it was discovered in Hallstatt, Austria [41]. The long history of both dyes highlights their
importance in the production of early and later textiles and the dyeing techniques employed have
been thoroughly documented in historical texts and trough experimental archaeology [42].

D2550-1ved sample

In ared fiber from sample D2550, the detection of the antraquinone dye molecules like alizarin,
purpurin, and minor compounds like munjistin and nordamnacanthal points to the use of the
roots of cultivated or dyer’s madder (Rubia tinctorum L.) for red dyeing of this sample [40]. This
plant belongs to the Rubiaceae family and is native to Europe, the Mediterranean, and parts of
Asia. It has been cultivated for centuries for its ability to produce a range of red hues, from bright
orange-red to deep crimson, depending on the dyeing technique and mordants used [35].

The chromatographic results for the anthraquinone dyes must be interpreted with caution,
since several Rubia species can yield overlapping profiles. Previous work has shown that Rubia
peregrina L.is generally characterised by low alizarin content (0-21 %) and relatively high
rubiadin levels, whereas R. tinctorum L. typically presents more balanced proportions of alizarin
and purpurin and lacks rubiadin (Wouters et al. 2008). Our samples with statistically lower
alizarin values and relatively higher purpurin may therefore be consistent with the use of R.
peregrina L., although alternative explanations such as dyeing technology (e.g., top-dyeing over
indigo) or degradation processes cannot be excluded. Conversely, samples in which alizarin
and purpurin are present in approximately equal amounts are more compatible with R.
tinctorum L..

Dz2s550-2 yellow sample
The main dye compound detected in the yellow fiber from D2550 sample is the flavone luteolin.
It is found together with apigenin and chrysoeriol, which is characteristic to dyeing with the
yellow dye plant weld (Reseda luteola L.) [43-45]. In addition, alizarin is also present, indicating
a mixture with madder. Furthermore, evidence is found for a second red dye source based on
the detection of urolithin C. This is a marker compound for dyeing with soluble redwood [46].
Given the historical context of the textile, this concerns sappanwood, the heartwood from
tropical trees such as Caesalpinia sappan L. from the Orient. As this dye source is known to be
less lightfast, the original colour of this currently yellow yarn must have been more red [47].
For the luteolin-based yellows, it is likewise difficult to assign the source to a single plant,
since luteolin is present in a wide range of dye plants (e.g., Reseda luteola L., Genista spp.,
Anthemis spp.). Nevertheless, comparison with reference profiles and the known dye repertoire
of the region suggests that weld (Reseda luteola L.) is the most plausible source, although other
flavonoid-containing plants cannot be ruled out.

D2550-3 black sample

The black colour of the black fiber from textile D2550 (Figure 9) was obtained by dyeing with a
dyestuff from synthetic origin. The spectral data of the detected peaks is very similar to the one
of acid black 1, also known as amidoblack (Colour Index number 20470), a diazo dye first
developed by M. Hoffmann in 1891 [48]. A second analysis was done on a DMSO solvent extract
of the black sample which confirmed the absence of any indigoid dye compound in the sample.
This might be an indication of a modern conservation treatment on the textile using a modern
synthetic fiber.
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Figure 9. Textile D550 and the detail where the sample D2550-3 was taken.

D2554-4 orange sample

For the orange fiber coming from the textile D2554 the detection of alizarin, purpurin, and
munjistin refers to the use of the roots of cultivated or dyer’s madder (Rubia tinctorum L.) in this
very sample. As mentioned above, dyer’s madder can produce a range of red hues, from bright
orange-red to deep crimson, depending on the process [47].

D2554-5 dark blue sample

The analysis of a dark blue fiber from textile D2554 reveals the presence of indigotin, indirubin
and isatin indicating thus employment of an indigoid dye source. Based on this result, a second
analysis on a DMSO solvent extract of the same yarn was performed to obtain an improved
extraction of (either or not brominated) indigoid dye compounds. This analysis confirmed the
presence of indigotin but did not reveal any brominated compounds. Hence, it can be
concluded that the dark blue was obtained by dyeing with either indigo (Indigofera or
Polygonum species) or woad (Isatis tinctoria L.) [47]. As the same dye compounds are found
after chromatographic analyses of textiles dyed with both types of plants, distinction between
the two is not possible.
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D2557-6 white sample
Finally, for a white fiber from sample D2557 as expected, no evidence for dyeing of the white
sample was found.

Conclusions

The use of different scientific techniques, such as OM, hh-XRF and, UHPLC, has proven to be
incredibly valuable in studying ancient textiles and in particular Coptic textiles. These
complementary analytical methods play a significant role in helping researchers understand
the materials, production techniques, and the history behind these fabrics.

In this study, OM was used to confirm that wool, as the raw material most commonly used
in Coptic weaving tradition, was also used in the Coptic textiles from the Paul and Alexandra
Canellopoulos Museum.

XRF analysis provided further insight by revealing the presence of different elements in the
textiles in a non-invasive manner. Of particular interest is the detection of Sr: this element that
can be used as a provenance indicator, and in the current study the corresponding data clearly
show that one of the studied fragments deviates substantial in regards to Sr content. Elements
such as iron, copper, calcium, potassium and aluminum, offer evidence about the dyeing
methods used in antiquity and the environmental conditions that affected the textiles over
time. Some of these elements, like aluminum and potassium, likely pertain to mordants,
namely the substances that were used to fix dyes to the fabric and enhance color durability. In
particular, a single fragment (D2554) shows notably enhanced Cu content which can be related
either to particular burial conditions (i.e. proximity to bronze item), or to the use of a Cu-
containing mordant. Nevertheless, since other elements like silicon, calcium, titanium and
manganese pertain to contamination from the soil where the textiles were buried for hundreds
of years, a further and more elaborate analysis is required in order to reach to conclusive results
as for the employed mordants.

Ultra High-Performance Liquid Chromatography (UHPLC) was particularly useful for
identifying the dyes in selected samples. This method helped confirm the use of well-known
historical dyes commonly found in Coptic textiles. In particular, madder (Rubia tinctorum L.)
was used to create red shades, indigo (Indigofera species) provided blue tones, and weld (Reseda
luteola L.) was likely responsible for yellow hues. These findings align with traditional dyeing
practices in Egypt and the surrounding Medi-terranean region during late antiquity and the
early Islamic period. Additionally, the detection of modern synthetic dyes highlights the
existence of previous conservation interventions.

By combining these different techniques, it was possible to gain a deeper understanding of
how these textiles were made, dyed, and preserved over the centuries. The ability to analyze
ancient fabrics without affecting the state of preservation and integrity of the artifacts is crucial
for both archaeological research and textile conservation.

In the context of conservation, the analytical characterization of the Coptic fragments has
direct implications for their care and management within the museum environment. The
identification of specific fiber types and dye materials enables conservators to anticipate
deterioration mechanisms and to design appropriate preventive measures regarding light,
humidity, and pollutant control. Furthermore, the recognition of original manufacturing
techniques and later alterations offers valuable guidance for future conservation treatments
and display decisions. Thus, the study not only enriches the historical understanding of these
textiles but also provides a scientific foundation for their sustainable preservation.
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Blooming in polyurethane-coated fabrics: a
literature review of a conservation challenge in
collections

Blooming em tecidos revestidos com poliuretano:
uma revisao da literatura sobre um desafio de
conserva¢ao em colecoes

Abstract

This article presents a critical literature review on blooming in thermoplastic polyurethane
(TPU)-coated fabrics. Blooming, typically described as whitish surface deposits, is a common
deterioration phenomenon in TPUs in fashion and design collections. Drawing on polymer
science, industrial sources, and heritage conservation studies, the review examines how
blooming has been defined, investigated, and addressed in conservation practice. The
literature identifies two recurrent mechanisms to explain blooming: additive migration as a
physical process and hydrolysis as a chemical process. The latter, which is more commonly
reported in heritage TPU artefacts, often results in the formation of adipic acid. Studies
focusing on conservation remain extremely limited, with only a few case studies addressing
cleaning and storage. The review highlights variability in terminology, proposed causes, and
reported practices across the published literature. By synthesizing current knowledge and
identifying key gaps, this article supports the development of interdisciplinary conservation
strategies.

Resumo
Este artigo apresenta uma revisdo critica da literatura sobre o blooming em tecidos revestidos
com poliuretano termoplastico (TPU). O blooming, tipicamente descrito como depésitos
esbranquigados a superficie, constitui um fenémeno de deterioragio comum em TPUs de
cole¢des de moda e design. Com base em estudos da ciéncia dos polimeros, fontes industriais e
investigacao em conservagdo, analisa-se como o blooming tem sido definido, investigado e
abordado na pratica da conservago. A literatura identifica dois mecanismos recorrentes para
o0 blooming: a migragio de aditivos como processo fisico, e a hidrélise como processo quimico,
frequentemente associada a formagdo de acido adipico. Estudos centrados em conservagio
permanecem limitados, existindo poucos casos focados na limpeza e no acondicionamento. A
revisdo evidencia variabilidade na terminologia, nas causas e nas praticas de conservagio
descritas na literatura. Ao sintetizar o conhecimento atual e identificar as principais lacunas,
esta revisdo contribui para o desenvolvimento de estratégias interdisciplinares de conservagao.
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Introduction

Since the mid-twentieth century, synthetic polymers have played a central role in material
culture, industry, fashion, design, and art [1-2]. Among them, polyurethanes stand out for their
versatility, resulting from an adaptable chemistry based on diisocyanates, polyols, and chain
extenders, which enables a wide range of mechanical and aesthetic properties and applications,
from coatings and foams to elastomers and adhesives [3-5].

Thermoplastic polyurethanes (TPU) gained commercial relevance particularly from the
1960s onwards, since they offered a unique combination of functional performance and
aesthetic versatility. TPUs offer elasticity, abrasion resistance, and durability, and can be
manufactured as lightweight, waterproof, and breathable materials, enabling competition
with traditional substrates such as leather [6-8]. In addition, TPU manufacturing allows for a
wide range of surface finishes ranging from transparent to opaque, smooth to textured, highly
glossy to matte, including metallic finishes. This combination of functional properties,
aesthetic variability, and material accessibility supported their widespread application in
fashion and design [5, 9-12].

The production of TPU-coated fabrics is inherently complex, involving multiple
manufacturing and coating application processes, resulting in final products with varying layer
thicknesses, morphologies, and surface aesthetics. In addition, these materials are composite
systems, typically consisting of a fabric or leather substrate combined with one or more coating
layers, in which the outermost layer (and in some cases additional ones) is composed of TPU.
Fabric substrates may be woven, nonwoven, or knitted, and are mostly composed of cotton or
polyester fibers. The coating layer(s) may have either compact or microporous morphologies,
the latter including foam or coagulated structures. In the presence of more than one coating
layer, intermediate layers can be added, for example, to enhance adhesion or provide a
cushioning effect [13-14]. The various combinations of material composition and
manufacturing processes of the entire coated fabric stratigraphy, particularly of the outermost
TPU layer, may influence the long-term stability of the material [13-14].

Within the cultural heritage context, long-term deterioration issues, which were not
initially apparent or even anticipated during production, become increasingly visible as the
material ages. Numerous factors such as chemical formulation, aging time, environmental
conditions, and even previous wear/use, might contribute to degradation, revealing their
highly challenging nature.

One of the most common degradation phenomena in TPU-coated fabrics is blooming [6,
15], which appears as whitish deposits on the coating’s surface (Figure 1), particularly in those
formulated with aromatic diisocyanates and polyester polyols [16].

Figure 1. Details of blooming deposits on polyurethane-coated fabrics illustrating different visual manifestations of blooming: a) powder-like deposits; b) dense
and dispersed deposits; ¢) haze-like deposits.
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This damage can dramatically change the visual identity of the affected object,
compromising the designer's intent and its exhibition value [17]. Although increasingly present
in museum collections, TPU-coated fabrics have received limited scholarly attention, with only
a small number of isolated conservation studies published over the past two decades [6, 16-23].
Therefore, blooming remains poorly understood, particularly in terms of its chemical
variability, underlying causes and mechanisms, and the impact of conservation strategies
intended to mitigate or reverse its effects, leaving conservators with limited reference tools.

This dispersed and limited knowledge on blooming in TPU highlighted the need for a more
systematic and interdisciplinary investigation into the phenomenon. In response, the InBloom
project (2025-2026) [24] aimed to tackle this knowledge gap. Given the growing number of
affected objects reported in the literature and the limited consolidated information on this
phenomenon, a comprehensive review of blooming in TPU-coated fabrics is presented.

Therefore, this work aims to synthesize interdisciplinary definitions of blooming in TPU
and to examine the mechanisms proposed for its development, with particular attention to the
role of coating formulations and additives from an industrial perspective. It brings together
documented heritage case studies of TPU-coated fabrics exhibiting blooming, and critically
compares the analytical approaches used to characterize both the coatings and the surface
deposits. Given the limited number of studies available, selected case studies involving TPU
elastomers are also considered, as their material similarity provides complementary insights.
Finally, this research discusses reported preventive and active conservation strategies, with
particular emphasis on cleaning approaches, and highlights key gaps in knowledge regarding
their long-term effectiveness.

Methodology

This review is based on a structured critical analysis of the literature addressing blooming in
TPU-coated fabrics, particularly on fashion and design case studies, and textile industry and
polymer science literature. This study has been designed to compile existing knowledge,
identify points of convergence, divergence, and limitations, as well as reveal how blooming has
been defined, interpreted, and addressed across different disciplinary contexts, in order to
support conservation decision-making.

Literature search strategy and study limitations

The literature search was conducted using physical library resources and online databases,
including Web of Science, B-on, Google Scholar and Google Patents. The search was conducted
in English using combinations of keywords related to the material, damage phenomena, and
application context, including: thermoplastic polyurethane, TPU-coated fabric, polyurethane
coating, blooming, adipic acid, efflorescence, surface deposit, whitish deposit, white crystals,
hydrolysis, migration, fashion, design, and museum collections. Reference lists of relevant
publications were also considered to identify additional sources not found through database
searches.

Given the interdisciplinary nature of the topic and the limited number of peer-reviewed
studies focused on fashion and design, additional sources, including conference proceedings,
theses, technical reports, project documentation, and personal communications, were
considered when presenting relevant data. These choices reflect the limitations of the study.
Even so, the methodology used enables a critical synthesis of current knowledge and highlights
significant research gaps
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Results and discussion

Defining blooming in TPU across disciplines

This section does not seek to establish a single or normative definition of blooming, but rather
to map how the term has been used and interpreted across different disciplinary, temporal, and
material contexts.

The term blooming has been used in different ways across polymer science, industrial
engineering, and heritage conservation, even in the context of TPU materials. Despite this
variation, the fields still share overlapping views and complementary insights into the same
phenomenon.

In engineering and polymer science, blooming is generally described as a migration
phenomenon. Seah and Dasari (2025) [25] describe it as “the chemical migration phenomenon
in which additives, pigments, and/or plasticizers in the polymer migrate to the surface as a
result of phase separation (limited solubility) in the host polymer”. The process is expressed in
terms of kinetics driven by temperature and concentration gradients, and for additives, such
as plasticizers, it involves their diffusion onto the material surface, followed by evaporation.
Similarly, IUPAC (2004) [26] defines blooming as the “process in which one component of a
polymer mixture, usually not a polymer, undergoes phase separation and migration to an
external surface of the mixture”. Wypych [27] further frames it as a solid-gas interface
phenomenon resulting from the migration of stabilizers or plasticizers, which can, in severe
cases, produce droplets due to incompatibility between the additive and the polymeric matrix.

In the coating and textile industries, blooming is considered an undesirable visual defect
that compromises the appearance of TPU surfaces, often described as “surface haze” or “surface
fogging” [28-29]. Patent literature [28-29] highlights this as a recurrent challenge,
acknowledging the efforts to mitigate blooming appearance. Similar to the previous
disciplines, it is identified as a consequence of the migration of low-molecular-weight species,
such as cyclic polyester oligomers [30]. Technical data sheets for water-based TPU coating
systems warn that incomplete water evaporation may cause “hazing/blooming”,
recommending the use of a retarder thinner to mitigate its appearance [31]. Fung [13] describes
blooming as an unacceptable surface “discoloration effect”, caused by additive migration,
namely, ammonium stearate. Thus, industry defines blooming mainly by the mechanism that
causes it, rather than through detailed morphological descriptions, framing it as a production
or formulation issue.

On the other hand, in the heritage conservation field, definitions have historically
emphasized the visual appearance of blooming, while also describing possible causes for its
appearance in some cases. The POPART project (2012) [21] describes bloom as a “whitish deposit
with crystalline aspect”. Other early descriptions refer to “white crystals”, “white degradation
product” [32], “powdery deposit on the surface of objects (...) usually caused by the migration
of additives” [33] or a “white or grey matte film covering surfaces”, linked to the “migration of
antioxidants to surfaces”, particularly in synthetic rubbers [2]. Some of these definitions
overlap with that of “chalking”, defined as “white powder on surfaces”, resulting from
“separation of pigment or filler from polymer” [2], making the terminology ambiguous. Franga
de Sa [20] also described blooming on TPU-coated garments as “white powder at the surface
(chalking)”, reflecting this overlapping in terminology.

In a more recent study, Krieg et al. [34] emphasized the potential for misdiagnosing
blooming as mold, highlighting the importance of accurate identification. The authors also
categorize previous descriptions of blooming into two distinct forms: crystalline and
amorphous. The crystalline form is visible to the naked eye as a shiny efflorescence, usually
white, caused by migrated additives or degradation products. In contrast, the amorphous form
is not visibly crystalline, having a matte, waxy, and powdery whitish-grey appearance.

Within the context of the Glossy Surfaces project, blooming was described in relation to
coated fabrics as the occurrence of “whitish surface deposits that can evolve to a more
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crystalline appearance over time” [6]. Multiple analytical studies have identified adipic acid in
surface deposits, describing it as blooming, and have interpreted its presence as related to the
chemical aging of polyester-based TPUs [6, 15, 17, 20, 35-36]. Its presence is related to the
hydrolytic and thermal degradation of the polyester polyol in humid environments [37-38].
Polyester polyols are typically synthesized from adipic acid and diols such as ethylene glycol or
1,4-butanediol. The hydrolysis of the ester linkage causes the ester to revert to the precursor
acid and alcohol raw compounds. Once formed, adipic acid further catalyzes hydrolysis by
lowering the local pH (~2.7 in aqueous extracts), creating an autocatalytic process [4, 10, 17].

Although similar interpretations do not appear in polymer science or industry literature, to
the best of the authors’ knowledge, they were first articulated in a conservation context by van
Oosten et al. [39]. Through artificial aging, it was demonstrated that polyester polyurethane
foams hydrolyze into their basic components, decomposing them into adipic acid (and, under
more extreme conditions, polyol fragments). Although adipic acid was widely identified in
polyester-based polyurethane foams [20, 39-40], it does not appear as blooming on the surface
because it remains trapped within the foam’s porous structure. This contrast highlights the
particular challenge of polyester-based TPU coatings, in which these deposits readily form on
the surface.

The broad use of the term blooming in TPUs across disciplines, and sometimes overlapping
with other terms, reflects two complementary but context-dependent explanatory models. In
polymer science, engineering, and industry, blooming is typically described as the migration
or phase separation of pre-existing low-molecular-weight compounds, an issue more related
to relatively newly produced materials, which can be mitigated through formulation
adjustments. On the other hand, in heritage conservation and degradation studies, blooming
is mostly associated with the appearance of whitish deposits at the surface, and particularly in
polyester-based TPU, related to its chemical aging and hydrolytic cleavage. These mechanisms
may co-exist or occur sequentially, hindering diagnosis. The interdisciplinary comparison
highlights how similar visual symptoms described as blooming have been interpreted through
different explanatory frameworks, depending on disciplinary context and the material
condition of the objects under study.

Industrial context: the influence of TPU formulation on blooming appearance

Nowadays, it is recognized that TPU chemistry, full coating formulation, and processing
significantly prefigure the aging patterns observed in collections today [2]. Chemically, TPUs
are synthesized from aromatic or aliphatic diisocyanates and mainly with polyester- or
polyether-based polyols, extended with short-chain glycols or diamines. These raw materials,
along with a broad range of additives, are blended into homogeneous coating pastes or resins
that are uniformly applied to fabric or leather substrates [13, 41]. Coupling agents and adhesion
promoters improve cohesion within the coating and at the polymer-textile interface, while
plasticizers, stabilizers, pigments, and fillers fine-tune processability and appearance [13, 27,
42].

The selection of monomers, as well as additives added to the formulation, determines the
mechanical properties and influences the long-term stability of the polymer [4, 11]. For
instance, aromatic diisocyanates, such as toluene diisocyanate (TDI) and methylene diphenyl
diisocyanate (MDI), offer superior strength and cost efficiency than aliphatic diisocyanates, but
tend to yellow under light exposure. Multilayer constructions, combining aromatic
intermediate layers with aliphatic top coatings (usually hexamethylene diisocyanate, HDI, or
isophorone diisocyanate, IPDI) were introduced to enhance light stability at lower cost [4-5, 11].
Similarly, the polyol backbone determines hydrolytic resistance, as polyester-based TPUs are
more prone to hydrolysis under humid conditions than polyether polyols, leading to the
structural weakening of the polymer [5, 13]. Additives can also cause instability, as poorly
matched low-molecular-weight components can migrate over time, leading to phase
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separation and surface alterations such as tackiness, sweating, haziness, or whitish
efflorescence [9, 25, 27, 42-43].

In the assessed literature, the occurrence of blooming is not linked to the manufacturing
methods used to produce TPU-coated fabrics, nor to the fabric or leather substrates or the
existence of intermediate layers. Instead, and depending on the research field, blooming is
consistently associated with one of two mechanisms: the migration of additives (physical
process), in the case of textile and coating industries; or with hydrolysis-derived degradation
products appearing on the materials’ surface (chemical process), mainly in heritage
conservation. In any case, both associated causes indicate that their origin lies in the raw
materials and chemical composition of the TPU coating formulation.

Although TPUs are inherently flexible due to their segmented block structure, external
plasticizers might be added, especially in fashion and design contexts, to modify processability
and appearance [44-45]. For instance, Tomds Ferreira et al. [45] identified, for the first time,
di(2-ethylhexyl) phthalate (DEHP) in three case studies composed of aromatic polyester-based
TPU-coated fabrics. In these cases, DEHP was suggested to be present either as a contaminant,
plasticizer in the TPU coating, or as a plasticizer from an intermediate layer, possibly a
plasticized poly(vinyl chloride) (p-PVC). Polymer science handbooks have already discussed
that plasticizers' permanence within the polymer matrix depends on their molecular weight,
polarity, and compatibility with the host matrix [27, 44]. In addition, experimental studies
show that diffusion and evaporation of plasticizers are influenced by temperature, plasticizer
chemistry, the gas flow rate above the surface, and the volume of gas surrounding the material
[43]. Even stabilizer or catalyst residues can contribute to polymer degradation in the long term
[18].

Industry itself acknowledges the occurrence of blooming in TPU coatings used in coated
fabrics, highlighting both the relevance and urgency of this issue. Technical reports and
manufacturers’ data sheets mention the possible appearance of whitish deposits or surface
haze shortly after TPU production or during storage. In an industry site visit, Silva [46] shared
a technical data sheet from TUBICOAT MP (CHT) — not publicly available — stating: “(...) es
posible que se produzca un ‘velo gris’ en tiempos de almacenamiento prolongados sobre la
superficie recubierta”, meaning that a “grey haze” may develop on the coated surface after
prolonged storage periods. The textile industry monitors this issue through fogging or
emission tests [47], which measure volatile and condensable compounds in polymeric materials
responsible for surface haze. Standards such as ISO 6452:2021, and equivalent ASTM or DIN
procedures, are routinely used to assess the stability of coated fabrics, particularly in the
automotive sector, underscoring industry-wide awareness of blooming-related phenomena
[47].

Recent patents further frame blooming specifically in polyester-based TPUs, describing it
as “surface haze” or “surface fogging” [28, 30] arising from the migration of low-molecular-
weight species (notably cyclic polyester oligomers, by-products of polyol synthesis) [30] and
propose compositional routes to suppress it. A series of patents by Farkas et al. describes TPUs
in which the hydroxyl-terminated polyester intermediate is a poly(trimethylene adipate) glycol
derived from 1,3-propylene glycol (or, optionally, from a bio-based 1,3-propylene glycol) and
adipic acid [28]. In the examples described, these polyols, combined with a diisocyanate such
as MDI, and a glycol chain-extender like 1,4-butanediol, remain largely blooming-free after
four years of aging [29]. In contrast, comparable TPUs based on poly(tetramethylene adipate)
glycol, derived from 1,4-butanediol adipate and produced under identical processing
conditions, exhibited moderate to heavy blooming, which could be partially removed by simple
rubbing of the surface [29]. Reduced levels of blooming can be achieved without the inclusion
of monofunctional long-chain alcohols previously used to suppress blooming, relying solely on
the specific polyester intermediate, standard chain-extender, and diisocyanate combination
[28]. The European (EU) patent counterpart [48] also mentions the same low-bloom TPU
architecture for the EU market. Overall, in these patents, the reduction of surface haze or
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blooming is achieved through compositional control by limiting the presence of migratable
species.

Other recent patents, such as WO 2017/040505 A1 [30], address blooming in TPUs by
identifying cyclic polyester oligomers, formed as by-products during polyester polyol
synthesis, as the primary migratable species responsible for surface haze or visible bloom. The
invention proposes the enzymatic treatment of polyester polyols with lipases or cutinases at
moderate temperatures to selectively cleave these cyclic oligomers, thereby reducing their
content in the final TPU material. Formulations prepared from polyester polyols with reduced
cyclic oligomer levels exhibit a significantly diminished tendency to bloom [30].

Within this corpus of EU and U.S. patents, blooming is thus consistently attributed to the
migration of pre-existing low-molecular-weight species. Overall, industrial patents emphasize
compositional control and polyol design (polymer architecture, molecular weight, and cyclic
oligomer content) as the main strategies for reducing the appearance of blooming. In contrast,
heritage conservation-science studies, further addressed below, tend to associate blooming in
TPU with the formation of acidic hydrolysis products, appearing as white efflorescence on the
surface of aged TPU-coated fabrics, indicating that hydrolytic chain cleavage may act as an
additional degradation pathway for blooming development.

Cultural heritage context: case studies on blooming in TPU-coated fabrics and rubbers
Within cultural heritage, most references published prior to 2020 generally mention blooming
as a degradation phenomenon characterized by whitish deposits occurring in rubbers and
plastics [2, 21, 33], with only three studies addressing it specifically in TPU-coated fabrics in
fashion. Lavédrine et al. [21, 49] described a striking case from La Valise des Nouveaux Réalistes
(1973) by Arman and other artists, in which a polyester-based TPU-coated fabric exhibited a
thick white blooming. Pyrolysis-gas chromatography/mass spectrometry (Py-GC/MS) and
Fourier transform infrared (FTIR) analysis of the deposits identified cyclopentanone and MDI
derivatives, confirming blooming as degradation products of polyester-based TPU chains.

In 2014 and 2017, Franca de S4 and co-authors [20, 32] studied two historical garments by
the designer André Courréges from MUDE (Museu do Design, Portugal), both composed of
aromatic and polyester-based polyols and presenting white powders/crystals on the surface.
Although not explicitly described as blooming, the authors' descriptions align with the
definitions outlined in the first section of this article [20, 32]. Moreover, infrared analysis
identified these deposits as adipic acid, interpreted as a deterioration product from the
polyester-based coating, and described as easily removable [20, 32]. In the 2017 study [20],
outdoor aging experiments using model samples further confirmed this behavior: optical
microscopy under reflected cross-polarized light revealed the formation of a whitish,
removable layer only after three months of aging, which intensified after six months. These
results resembled the degradation pattern observed in historical TPU-coated garments,
particularly the formation of white surface powders. Despite these contributions, literature
was limited to isolated cases and offered no broader understanding of blooming prevalence,
formulation dependence, or behavior across collections.

This gap was addressed within the Glossy Surfaces project (2020-2023), the first large-scale
investigation of TPU-coated items across multiple museum collections. Within the project, 66
TPU-coated artefacts from more than seven collections worldwide, covering the period from
the 1960s to 2010s, were assessed through a multi-analytical approach. The artefacts included
aliphatic polyester-based, aliphatic polyether-based, and aromatic polyester-based TPUs. The
latter composition represented nearly 80 % of all TPU artefacts, dating from 1960s to 2010s,
with many affected by blooming [16]. Moreover, adipic acid was detected in circa 90 % of the
white deposits identified as blooming [17], regardless of the damage degree, and more present
in aromatic polyester-based TPU [50-55]. Additional adipate-related compounds have been
detected in a few cases as well [6, 16, 18].
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Examples of case studies documented within the Glossy Surfaces project include three
garments by Maria Gambina from the MUDE collection - a pair of black pants [6, 17], a black
skirt (1998) [35], and an orange and pink jacket (1998/99) [6] — identified as aromatic polyester-
based TPU-coated fabrics. Attenuated Total Reflection Fourier Transform Infrared (ATR-FTIR)
was used to identify the deposits, confirming the presence of adipic acid [6, 17, 35]. In the
spectra of the TPU coating, a decrease in the intensity of the C=0 band at c. 1727 cm?, along
with spectral changes in the C—O-C region (c. 1200-1100 cm?), were detected, showing
alterations consistent with ester bond cleavage. Moreover, the shift of the C=0 band from 1727
to 1695 cm™, and the appearance of a shoulder at c. 1665 cm™, further indicated the formation of
acidic species, supporting the hypothesis that blooming in polyester-based TPUs results from
hydrolysis of the soft segment [16].

Other examples include a garment from MoMu (ModeMuseum, Belgium), an André
Courréges orange jacket (1970) [6], and three items from The Met (Metropolitan Museum of Art)
Costume Institute’s collection, Diana Dew’s Electric Dress (ca. 1967), a Golo Footwear
Corporation boot (ca. 1970), and Rae Spencer-Cullen’s Hommage to Magritte (ca. 1978) [36].
Another highly degraded red and black jacket, acquired as a research case study, was likewise
characterized and an aromatic polyester-based TPU coating with adipic acid as blooming was
identified [17].

Rodriguez Salinas and Ferrazza [8] conducted a comparative study of three pairs of shoes
from the Kunstmuseum Den Haag (ca. 1970) by Charles Jourdan, Gueci, and Valentina [8]. All
items featured polyester-based TPU coatings (mainly on leather substrates), showing blooming
that transformed their original glossy “wet-look” finish into a matte, whitish surface. ATR-FTIR
confirmed adipic acid as the crystalline efflorescence in the Charles Jourdan pair, a result
highlighted by the authors, given the potential for misidentification as fatty acid spews from
leather. This identification allowed possible treatment recommendations, such as caution
when using polar solvents (e.g. ethanol or methanol) to remove the deposits, emphasizing the
need to balance solubility with coating stability. The blooming of the other shoes was not
identified.

Tomads Ferreira et al. [45] recently analyzed two additional case studies from the MUDE
collection: a designer dress from 1999/2000 and a pair of designer trousers from 1998, both
composed of aromatic polyester-based TPU. In line with previous studies, the blooming
observed on the trousers was identified as adipic acid. By contrast, the blooming from the dress
was tentatively identified as an adipate-based compound and, thus, associated with a possible
migration process.

Regarding design collections, Bechthold [18] examined Joe Colombo’s Tube Chair (1969) from
Die Neue Sammlung, composed of an aromatic and aliphatic polyester-based TPU, with a
higher aromatic content on the outer layers. At the time, the coating did not exhibit blooming
but was severely degraded by extensive cracking, flaking, and peeling. To investigate suitable
conservation strategies, polyester-based TPU model samples were artificially aged under
several conditions. Although not explicitly described as blooming, these model samples
developed crystalline surface efflorescence whose morphology and chemical identification
closely resemble phenomena later reported as blooming in TPU materials, as demonstrated by
the artificial aging experiments. Exposure to hydrochloric acid vapors (6 mol/L) resulted in the
formation of a crystal-like efflorescence after seven days. After 18 days, these structures
branched into leaf-like crystals (200-500 pum in length), and by day 32, larger sheet-like crystals
(200-800 um in diameter) were observed by scanning electron microscopy (SEM). This
efflorescence was identified as adipic acid by X-ray diffraction (XRD). Alkali exposure in 28 %
ammonia solution led, after 13 days, to highly branched cauliflower-like structures (c. 30 um in
length), while after 27 days, to star-shaped structures composed of thin rods (500 um maximum
diameter and 20 pm rod thickness). XRD analysis identified these structures as ammonium
adipate [18]. Further work in 2006 reported the consolidation of the Die Neue Sammlung Tube
Chairwith an aqueous anionic polyurethane dispersion (Bayer Isovin V), a treatment conducted
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in 2002 [56]. While blooming was not documented in either the 2002 or 2006 studies, in 2023,
Bechthold reported that blooming had specially appeared on non-consolidated areas since at
least 2018, although no further analysis was conducted [57].

Even though this review focused primarily on blooming on TPU-coated fabrics, this
discussion also considered examples from other polyurethane forms, such as rubbers. Owing
to their shared chemical composition, case studies on polyurethane elastomers provide
valuable comparative data. For instance, the Cosmos (1967) knee-length boots by Pierre Cardin
(Victoria and Albert Museum) exhibited a thick white waxy layer on their polyester-based TPU
heel tips [58]. FTIR identified dibutyl adipate and adipic acid as the blooming constituents [58].
Spring and Flexer [59] reported a similar damage in two additional footwear case studies: the
soles of George Best’s Adidas Milano boots (1976), and the soles of Pelé’s Yasuda boots (1969).
The first case displayed heavy white crystalline deposits identified as calcium sulphate
dihydrate, while the second presented a hard, powdery white efflorescence identified as suberic
acid, a compound used as a plasticizer or an alternative to adipic acid in the synthesis of
polyester polyols. Similarly, Llamas-Pacheco [60] studied Gaizka Mendieta’s Kelme Milenia
boots (ca. 1999), a pair of soccer boots whose Phylon/TPU soles exhibited extensive whitish
crystalline blooming, suggested by the author as being adipic acid or an adipate, although not
confirmed through analyses.

Beyond the identification of blooming in design and fashion items, its presence in
utilitarian objects has also been documented. Krieg et al. reported blooming in several
historical industrial objects, namely in one polyester-based TPU pressure handle from a 1970s
mining hammer, identifying the crystalline efflorescence as adipic acid [34].

Together, these diverse case studies, from fashion, design, footwear, and industrial objects,
point to the widespread occurrence of blooming in TPU materials. Table 1 compiles
documented cases of blooming identified in TPU-coated fabrics and rubber-based TPU objects
within the cultural heritage context. It summarizes the type, name and provenance of each
object, approximate production date, chemical nature of the TPU formulation and identified
blooming compounds, analytical techniques used for their identification, and bibliographic
sources. In total, 21 case studies were identified, of which 16 concern TPU-coated fabrics and 5
involve TPU-rubber-containing objects.

Across these studies, several consistent patterns emerge. Blooming is consistently
associated with polyester-based TPUs, particularly those synthesized with aromatic
diisocyanates (MDI or TDI), aligning with polymer-science literature describing the hydrolytic
susceptibility of polyester soft segments [11]. Adipic acid is by far the most frequently identified
white efflorescence in both coated fabrics [6, 17, 20, 35-36] and elastomeric items [34, 58]. In
some studies, complementary or derivative species such as ammonium adipate, dibutyl
adipate, or other dicarboxylic acids (e.g., suberic acid in specific footwear soles) were also
reported [6, 18, 58-59]. Infrared spectroscopy, mainly ATR-FTIR, is the primary analytical
technique for identifying both TPU coatings and blooming compounds [6, 17, 35-36, 45],
complemented by Py-GC/MS for formulation identification (namely additives and degradation
products) [6, 34, 36], XRD for crystallographic characterization [18], and SEM for morphology
assessment [8, 18].

These findings highlight both the tendency of blooming manifestations across heritage TPU
materials and the need for further systematic research. Although existing studies mainly
identify adipic acid as white deposits, the literature remains limited to isolated case studies,
lacks standardized methodologies for blooming identification (including high-resolution
photographic and microscopic documentation), provides an incomplete characterization of
TPU formulations, and rarely examines factors such as environmental and handling conditions
throughout the TPU's lifespan that may influence blooming development.
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Table 1. Summary of reported blooming identifications in TPU-coated fabrics and rubber objects according to the accessed literature.

TPUclass Object (date), author, institution =~ TPU formulation Blooming References
Chemical composition ~ Analytical Chemical composition Analytical
techniques™ techniques®
Coated Flea market gloves (mock-up Polyester-based TPU ATR-FTIR Adipic acid (acid XRD [18]
fabrics samples) hydrolysis) and
ammonium adipate
(alkaline hydrolysis)
La Valise des Nouveaux Réalistes Polyester-based TPU FTIR Cyclopentanone and MDI  Py-GC/MS, [49]
(1973) by Arman and other artists derivatives FTIR
Brown Dress (c.1970), André Aromatic (MDI) u-FTIR Adipic acid u-FTIR [20]
Courréges, MUDE polyester-based TPU
Blue Dress (c.1965), André
Courreges, MUDE
Blue Coat (c.1971), André Aromatic polyester- [20, 32
Courréges, MUDE based TPU
Electric Dress (ca. 1967), Diana Dew, Aromatic (TDI) ER-FTIR, u- ER-FTIR, p-  [36]
CI polyester-based TPU FTIR, Py- ATR-FTIR
Boot (ca. 1970), Golo Footwear Aromatic (MDI) GC/MS
Corporation, CI polyester-based TPU
Hommage to Magritte (ca. 1978), Rae
Spencer-Cullen, CI
Skirt (1998), Maria Gambina, Aromatic polyester- ATR-FTIR ATR-FTIR [35]
MUDE based TPU
Orange Jacket (1970), André u-ATR-FTIR u-ATR-FTIR [6]
Courreges, MoMu
Pants (1998), Maria Gambina, ATR-FTIR ATR-FTIR [6, 17]
MUDE
Jacket (1998/99), Maria Gambina, [6]
MUDE ....................................................
Flea market degraded red and [17]
blackjacket (purchased casestudy)
Shoes, Charles Jourdan (ca.1970),  Polyester-based TPU [8]
Kunstmuseum Den Haag coating
Shoes, Valentina, (ca.1970), Aromatic polyester- Only visually identified -
Kunstmuseum Den Haag based TPU coating
Shoes, Gucci, (ca.1970), Only visually identified -
Kunstmuseum Den Haag
Rubbers Cosmos boots, Pierre Cardin (1967), Polyester-based TPU FTIR Dibutyl adipate and adipic ~ FTIR [58]
V&A Museum (heel tips) acid
Mining hammer handle (1970s), Polyester-based TPU ATR-FTIR Adipic acid ATR-FTIR [34]
Deutsches Bergbau (handle)
Museum Bochum
George Best football boots, Adidas  Polyester-based TPU FTIR Calcium sulphate FTIR [59]
Milano (1976), private collector (sole) dihydrate
Pelé football boots, likely Yasuda ~ Aromatic (MDI) polyester- Suberic acid
(1969), private collector based TPU (sole)
Gaizka Mendieta’s Milenia boots, ~ Polyester-based TPU - Adipic acid or an adipate - [60]
Kelme (ca.1999) (sole) (identification not (suggested, not
confirmed) confirmed)

*14=micro; ER-FTIR = External reflection-Fourier transform infrared.

Active and preventive conservation for TPU-coated fabrics with blooming: strategies and key
findings

The conservation of TPU-coated fabrics presents significant challenges due to their
multilayered construction and chemical instability. Although increasingly present in museum
collections, these materials remain under-studied with regard to active conservation and
preventive strategies, leaving conservators with limited reference tools [6, 12]. Furthermore,
while blooming is one of the most recurrent forms of deterioration in TPU-coated fabrics, there
are currently no preventive conservation guidelines specifically tailored to prevent this
phenomenon or to slow its progression once present. Existing recommendations are limited in
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number and address TPU-coated fabrics more broadly, focusing on the chemical instability of
the coating. This section therefore outlines general preventive conservation guidelines for
TPU-coated fabrics, followed by the limited active approaches described for objects exhibiting
blooming.

Recommendations compiled from recent publications, including Reddy-Best and Ordofiez
[7] and the Glossy Surfaces project [61], emphasize isolating TPU-coated fabrics to prevent
contamination of nearby materials and reduce the risk of cross-reactions caused by volatile
degradation products. Storage should minimize dust accumulation, mechanical stress and
limit folds, while ensuring stable environmental conditions (14-18 °C; 40-50 % RH with minimal
fluctuations) and good air circulation to dissipate volatile compounds [7, 61]. Light levels during
display should remain below 50 lux, with dark storage preferred. Handling must be minimal
and performed with nitrile gloves to prevent surface damage or material loss, especially when
blooming is present. Regular monitoring every three to six months is strongly advised to detect
early signs of deterioration [61]. It should be noted, however, that these recommendations [7,
61] are primarily based on practice-based knowledge rather than systematic, peer-reviewed
studies specifically focused on TPU materials. As such, they should be interpreted as
preliminary guidelines, highlighting the need for further material-specific and systematically
validated research addressing these topics.

Support and storage materials also play a critical role in preservation outcomes [6, 23, 61].
Hanging should only be considered when the object’s condition allows, as tension may
exacerbate damage; otherwise, horizontal storage is recommended [6]. Furthermore, the
contact between items and storage materials should be minimized. Carita's master's thesis [35]
suggests capsule-style covers in silicone-coated polyester film to prevent such contact.
Additionally, providing internal support to avoid deformation is advised [61]. Recent
preliminary assessments conducted within the Glossy Surfaces, based on the visual evaluation
of various collections from museums and storage archives, suggest that, among the storage
materials tested, polyethylene foil, Tyvek, tissue paper, glass containers (when in direct contact
with the coating), polyester film (such as Melinex and Mylar), or anoxic enclosures specifically
with ATCO or Ageless absorbers were the least suitable. Pre-washed cotton and silicone-coated
polyester film may be used, but with caution. So far, based on [61], the most stable storage
conditions seem to be silicone-coated paper and anoxic enclosures with RP System Type-K
absorbers or argon gas.

Active conservation interventions for TPU-coated fabrics remain limited and often present
significant risks. Reddy-Best and Ordofiez [7] recommend avoiding dry cleaning, as it can
cause peeling, blistering, tackiness, and material loss. Similarly, wet cleaning should only be
performed when strictly necessary, as this can result in crumbling, discoloration, and
disintegration. Minimizing movement and flexing to prevent delamination is also
recommended.

Specific research on cleaning strategies for TPU-coated items exhibiting blooming is
limited, and the few known attempts by museum professionals to remove blooming have
generally yielded only temporary results. Recently, under the Glossy Surfaces [16-17, 35] and
InBloom [22-23] projects, this topic has been further researched, namely the impact of several
cleaning methods and storage conditions on blooming reoccurrence.

Initial cleaning attempts were undertaken by Franga de S et al. [17], who studied blooming
removal from two aromatic polyester-based TPU-coated items. For this experiment, a designer
pouch and a non-museum historical jacket (bought at a flea-market) were used. Dry and wet
cleaning strategies were comparatively evaluated using digital microscopy, colorimetry, and
infrared spectroscopy [17]. Initial tests of dry cleaning tools revealed low efficiency and
unacceptable material loss, leading to their exclusion. Subsequent wet cleaning trials were
designed based on the solubility of adipic acid, using water, ethanol, and water/ethanol
mixtures applied through confined and non-confined systems. Among non-confined methods,
distilled water proved the safest and most effective, whereas ethanol caused coating loss.

CONSERVAR PATRIMONIO 53 (2026) https://doi.org/10.14568/cp44660

141


https://conservarpatrimonio.pt

™ " I. Soares, J. Tomds Ferreira, M. Passos, S. Franga de Sa

Confined systems showed better performance, with agar-agar gel (4 % in water) demonstrating
the most effective and least damaging results. Other hydrogels were less effective, and ethanol
addition did not improve outcomes. Although promising, these results remain limited by the
use of flat TPU-coated fabric samples, the lack of long-term assessment of water exposure, and
the exclusive focus on adipic acid-based blooming [17].

The long-term impact of the most promising cleaning options, the agar-agar gel and sponge
with water, was further assessed by Tomds Ferreira et al. [22-23], along with the impact of
several storage conditions and wrapping materials, including open-air, anoxic enclosures, raw
cotton fabric and silicone-coated polyester film. Blooming reoccurrence on cleaned samples
was assessed after six months and again after two years of natural aging. After six months [22],
the increase in blooming was almost insignificant, which did not allow for definitive
conclusions. After two years [23], however, blooming increase was markedly more pronounced
in non-cleaned samples than in cleaned ones. Among the latter, agar-agar gel showed the best
results, enabling a more homogenous removal of adipic acid, in agreement with earlier
observations by Franca de S etal. [17]. Regarding the storage options, although further studies
are required to clarify the role of wrapping materials in blooming development, preliminary
results suggest that wrapping in cotton fabric may promote further degradation [23].

Overall, recent research has provided essential insights into safer and more effective
strategies for the removal of blooming from TPU-coated fabrics. Nevertheless, the limited
number of case studies highlights the need for broader investigations that incorporate a wider
range of TPU-coated objects and chemical natures of blooming, to better assess active and
preventive conservation strategies.

Conclusion

TPU-coated items have proven to be highly vulnerable materials in museum collections, and
their inherent instability poses persistent conservation challenges. Literature demonstrates
that blooming is a widespread damage in design and fashion objects containing TPU-coated
fabrics. Its visible manifestations, including loss of gloss, color alteration, and surface
whitening, frequently compromise the objects’ display value and the designer’s intended
aesthetic.

The investigation into blooming definitions highlighted two distinct but complementary
explanatory models. In polymer science and industry, the phenomenon is generally described
as a migration involving phase separation and exudation of pre-existing low-molecular-weight
components, such as additives. From the industrial literature, it was determined that the
occurrence of blooming is strongly influenced by the TPU's initial formulation. Conservation
science, dealing with aged and degraded TPU objects, links blooming to the appearance of
white surface deposits. In addition, most conservation studies further relate these deposits to
the TPU chemical aging, specifically the hydrolytic cleavage of polyester polyol soft segments.
This reaction results in acidic by-products, often adipic acid, that appear at the TPU surface.
However, some studies lack a detailed characterization of the TPU formulation, often only
identifying the diisocyanate and polyol families. As a result, it is difficult to establish a
correlation between specific TPU formulations and the occurrence of blooming. Thus, these
views of blooming do not seem to arise from different field perspectives but from distinct
temporal and material contexts in which the phenomenon is observed. Consequently, the same
term is applied to describe the visual appearance of the damage or the underlying mechanism.
Notwithstanding, both processes — additive migration and hydrolytic degradation — may occur
simultaneously or sequentially, and both can result in whitish deposits at the TPU surface.
However, no single explanation fully captures the complexity of this phenomenon. This raises
the question of whether precise terminology should be adopted.
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Across the reviewed case-studies on TPU materials exhibiting blooming, the phenomenon
is mainly associated with TPUs formulated with polyester-based polyols and aromatic
diisocyanates. Adipic acid is predominantly identified as the main white efflorescence on both
coated fabrics and elastomeric objects, occasionally accompanied by related adipate salts,
esters, or other dicarboxylic acids. ATR-FTIR remains the primary technique for identifying
both TPUs and blooming compounds, frequently supported by Py-GC/MS, XRD, and SEM for
compositional and morphological analysis. Despite its strong visual disruption, blooming is
rarely documented through images, limiting systematic comparison and restricting the
assessment of potential developmental stages (from amorphous to crystalline). To facilitate its
identification, it is crucial to have studies categorizing blooming’s morphology (powdery vs.
waxy), form (granular, spherical, spiked), and scale. Although existing studies show
consistency in blooming chemical composition, they are limited in number, lack standardized
methodologies, and rarely correlate environmental conditions (during storage, exhibition, and
loans) or the items' use history with blooming development, highlighting the need for broader
and more systematic investigations.

Regarding conservation strategies for TPU-coated fabrics, research has established critical
initial guidelines. Preventive measures reported in the literature mention stable environmental
conditions (14-18 °C; 40-50 % RH) and good air circulation, with regular monitoring. Although
blooming is a frequently observed damage, specific preventive measures to tackle it are lacking,
and current approaches largely rely on active measures to remove surface deposits and slow
down its reoccurrence. Research findings revealed that dry-cleaning methods are generally
ineffective or potentially damaging due to the intrinsic fragility of TPU coatings, with limited
studies assessing these risks. Wet confined cleaning using agar-agar gels has demonstrated
promising results with the safe removal of adipic acid deposits. Long-term studies revealed
continuous blooming growth on non-cleaned samples, and minimal reappearance in agar-agar
gel cleaned ones after two years of natural aging. Storage conditions also proved to be critical,
with raw cotton appearing to promote blooming reoccurrence and abrasion.

Despite these developments, major questions remain regarding the applicability of such
cleaning systems to materials presenting different surface textures and dimensions, as well as
their effectiveness in removing blooming compounds other than adipic acid. Further research
on storage materials is needed to determine their influence on the reoccurrence of all types of
blooming compounds after cleaning treatments, and to identify the most effective in the long
term. Moreover, the literature does not currently address the perspectives of designers or
object owners on how blooming possibly impacts the interpretation, display, and public
experience of TPU-coated objects, nor on ethical considerations regarding its removal.

The InBloom project will continue addressing these gaps through systematic research,
contributing to evidence-based guidelines for the preservation of TPU-coated fabrics
exhibiting blooming. Ultimately, this work aims to translate scientific findings into practical
guidelines and decision-making tools that will support conservators in preserving these highly
vulnerable materials across museum collections.
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La representacion geométricay grafica de bienes
escultoricos: una propuesta de fichas normalizadas
mediante la revision de criterios y normas UNE e
ISO

Representacao geométrica e grafica de bens
escultoricos: uma proposta de fichas normalizadas
a partir da revisao de critérios e normas UNE e ISO

Geometric and graphic representation of
sculptural heritage: standardised record sheets
based on UNE and ISO criteria and standards

Resumen

La documentacién del patrimonio tridimensional mantiene una notable distancia entre las
posibilidades actuales de la digitalizacién 3D como registro geométrico y su implementacién
efectiva en la conservacidén-restauracion. Persisten formas tradicionales de documentacidn,
insuficientes para garantizar control espacial, comparabilidad y revisién técnica, pese a la
accesibilidad de la fotogrametria digital, el escaneado 3D y sus productos derivados. Frente a esta
carencia, el articulo propone un sistema de fichas normalizadas para integrar ortofotografias,
cartografias, micrografias y estratigrafias dentro de una misma estructura documental. La
propuesta revisa y adapta criterios UNE e ISO relativos a formato, identificacién, disposicién de
vistasy escala, tomando la escultura como principal campo de aplicacién por constituir uno de los
casos de mayor exigencia documental. El objetivo es traducir los productos derivados de la
digitalizacién 3D en documentacién técnica legible, verificable y transferible dentro de la
memoria de intervencion.

Resumo

A documentagio do patriménio tridimensional continua a revelar uma distancia significativa
entre as possibilidades atuais da digitalizagdo 3D enquanto registo geométrico e a sua
implementac3o efetiva na conservagio-restauro. Persistem formas tradicionais de documentagio,
insuficientes para garantir controlo espacial, comparabilidade e revis3o técnica, apesar da crescente
acessibilidade da fotogrametria digital, da digitaliza¢io 3D e dos seus produtos derivados. Perante
esta caréncia, o artigo propde um sistema de fichas normalizadas para integrar ortofotografias,
cartografias, micrografias e estratigrafias numa mesma estrutura documental. A proposta revé e
adapta critérios UNE e ISO relativos ao formato, a identificagdo, a disposi¢ao das vistas e a escala,
tomando a escultura como principal campo de aplicagio por constituir um dos casos de maior
exigéncia documental. O objetivo é traduzir os produtos da digitaliza¢io 3D em documentagio
técnica legivel, verificivel e transferivel na memdria de intervencao.

Abstract

Documentation of three-dimensional heritage still reveals a significant gap between the current
possibilities of 3D digitisation as geometric recording and its effective implementation in
conservation-restoration. Traditional documentation methods persist, despite being insufficient
to ensure spatial control, comparability and technical review, even with the growing accessibility
of digital photogrammetry, 3D scanning and derived outputs. In response, this article proposes a
system of standardised record sheets for integrating orthophotographs, cartographies,
micrographs and stratigraphies within a single documentary structure. The proposal reviews and
adapts UNE and ISO criteria relating to format, identification, view arrangement and scale,
taking sculpture as its main field of application because it represents one of the most demanding
documentary cases. The aim is to translate the outputs of 3D digitisation into readable, verifiable
and transferable technical documentation within the intervention report.
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Introduccién

En el contexto de las intervenciones de conservacién-restauracién, la fotografia y las
cartografias derivadas no son un mero apéndice ilustrativo al final de la memoria de
intervencion, sino herramientas fundamentales para conocer y diagnosticar correctamente el
bien y guiar su tratamiento. Esta exigencia cuenta con respaldo doctrinal y normativo en
documentos internacionales que vinculan la conservacién-restauracién con la produccién de
una documentacién precisa, revisable y accesible, tanto en forma escrita como grifica y
fotografica [1-4]. Lejos de reducirse a un registro secundario de imagenes, medidas o mapas de
dafios, el material generado constituye un acto de justificacién del conocimiento; un testimonio
técnico indispensable para que, en el futuro, las condiciones de la intervencién puedan ser
comprendidas, revisadas y discutidas.

Histéricamente, la metodologia de documentacién empleada ha tenido como base
fundamental la fotografia y, sobre ella, manual o digitalmente, se han realizado los distintos
tipos de cartografias, constituyendo un sistema ttil y ficil de emplear, que merece reconocerse
al haber permitido construir una base importante del conocimiento técnico actual. Durante
mucho tiempo, esta prictica documental ha asumido las limitaciones tridimensionales de este
medio como una frontera insalvable; se ha aceptado que una secuencia de vistas generales,
algunos detalles y una escala grafica — a menudo testimonial — bastaban para dotar de rigor
al registro.

Sin embargo, cuando este sistema se basa exclusivamente en fotografias convencionales no
rectificadas o en cartografias elaboradas sobre imagenes en perspectiva, presenta limitaciones
importantes para documentar la naturaleza tridimensional de la escultura. El problema no
reside en la representacién bidimensional como tal — imprescindible para la consulta,
impresioény archivo técnico, sino en la ausencia de una base geométrica controlada que permita
localizar, medir, comparary revisar con fiabilidad fen6menos distribuidos sobre una superficie
volumétrica compleja [2].

Esta exigencia metodoldgica encuentra respuesta en la expansién de procedimientos de
registro tridimensional — como la fotogrametria digital, el escaneado 3D o las metodologias de
modelado informacional, los cuales han transformado el horizonte de la documentacién
técnica patrimonial al permitir disponer de bases geométricas fiables sobre las que situar
observaciones, contrastar hipdtesis y convertir el registro grifico en un verdadero espacio de
evidencia. En el contexto actual, el control métrico y espacial define el nuevo estindar de la
validez documental.

Esta necesidad se acentia ante la proliferacién de productos derivados del registro
geométrico. Sin una estructura comin de identificacién, codificacién, escala, versién y
relacion interna, el expediente patrimonial corre el riesgo de convertirse en una suma de
materiales heterogéneos, dificiles de consultar y de auditar por terceros. Esta falta de
uniformidad debilita el valor cientifico de la documentacién: el problema radica en una
presentacién fragmentada que compromete la trazabilidad y lectura inequivoca. En el dmbito
del patrimonio, donde la documentacién técnica debe fundamentar decisiones, conservar la
memoria operativa y permitir su contraste posterior, la normalizacion constituye una garantia
directa de la calidad del proceso.

Bajo este argumento, el articulo propone un sistema de fichas normalizadas, fundamentado
en la revisién de criterios UNE e ISO, para integrar ortofotografias y documentacién
geométrica en la memoria técnica de intervencién. La propuesta se aplica al estudio de bienes
muebles y encuentra en la escultura su principal campo de aplicacién; por cuanto se trata de
una tipologia cuya complejidad formal exige un registro especialmente riguroso en la
articulacién de forma, superficie, orientacién y escala. Con ello, el trabajo busca transformar
los productos derivados de la tecnologia 3D en documentacidn técnica directamente operativa;
asumiendo que documentar una escultura consiste en construir una base de evidencia capaz de
describir, medir, localizar fenémenos sobre su superficie, sosteniendo de forma razonada,
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verificable y duradera cada decisién adoptada durante la intervencién de conservacién-
restauracion.

La documentacion geométrica del patrimonio tridimensional: estado de la
cuestion y cambio de paradigma

La reformulacién de la documentacién grafica cuenta con un recorrido consolidado en el
ambito patrimonial. Hitos internacionales como GraDoc, impulsado por ICCROM [5], o los
principios formulados por la Fundacién Getty [6] contribuyeron a definir y asentar una cultura
documental articulada en torno al registro, el control de la informacién y la utilidad técnica de
los documentos. Aunque estos referentes nacen ligados a la arquitectura y la pintura mural, su
alcance desplaz6 la documentacién desde un rol meramente auxiliar o ilustrativo hacia una
dimensién estructural en la prictica patrimonial.

Sin embargo, este progreso se manifiesta de forma desigual en los distintos tipos de bienes
muebles. Concretamente en la escultura, la documentacién convive atin con registros anclados
en convenciones visuales tradicionales (Figura 1). La practica habitual perpetia un modelo de
representacion que fuerza la realidad volumétrica del objeto hacia la légica del plano,
ignorando que la escultura desborda la bidimensionalidad: su comprensién depende del giro,
de la continuidad del volumen y de la interaccién entre superficie, materia y orientacién. Ante
obras concebidas para una visién miltiple, como el Rapto de Proserpina de Bernini (1622), este
reduccionismo técnico resulta deficiente, ya que ninguna vista logra agotar la complejidad
espacial de la pieza. Un sintoma evidente de esta limitacién metodoldgica es el uso de escalas
graficas en fotografias en perspectiva de la obra completa; aunque su presencia transmite una
apariencia de rigor, la correspondencia escalar se quiebra segtn la profundidad y el relieve de
una imagen no rectificada, confundiendo un indicio de precisién con una capacidad de medida
real.

Frente a este escenario, la digitalizacién 3D pierde su caricter excepcional. Trabajos
recientes han mostrado la utilidad de la fotogrametria para generar plantillas técnicas aplicadas
a la conservacién preventiva de objetos culturales [7], asi como el potencial de la metodologia
HBIM para documentar bienes de elevada complejidad formal como los retablos [8]. La
bibliografia especializada demuestra que la fotogrametria y el escaneado 3D constituyen hoy
recursos consolidados, respaldados por protocolos de organismos de referencia. Contamos con
guias institucionales para la documentacién geométrica del patrimonio y su digitalizacién 3D
que van desde las propuestas del IAPH en Espaha [9] hasta los Guiding Principles de
Getty/RecorDIM, las directrices de Historic England [10-11] o las iniciativas de la UNESCO
Chair on Digital Cultural Heritage de la Cyprus University of Technology [12].

A pesar de este despliegue tecnoldgico, el desfase actual es fundamentalmente de orden
metodolégico. La discusién internacional y las normativas existentes se centran
prioritariamente en la captura, la calidad del dato, el entregable y Ia gestién de la informacién
(precision y preservacion del registro tridimensional); sin embargo, sigue siendo inusual la
definicidn de estructuras documentales que permitan incorporar esos resultados a la memoria
técnica de intervencién de forma homogénea, legible y revisable. La carencia principal reside
en la ausencia de modelos operativos capaces de traducir los modelos 3D y las ortofotografias
en documentos técnicos integrados organicamente en el discurso de la conservacién-
restauracién, impidiendo que el registro geométrico se convierta en una base de evidencia
duradera sobre la superficie del bien.
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Figura 1. Evolucién documental de las representaciones del Apollo Belvedere entre los siglos XVI y XXI: a) Amico Aspertini, Aspertini sketch-book, c. 1532-1535,
pluma y tinta marrdn, aguada gris y/o marrdn sobre vitela, British Museum, reg. 1898,1123.3.15; b) Anénimo, Apollo Belvedere, publicado por Antoine Lafréry en el
Speculum Romanae Magnificentiae, 1552, grabado, British Museum, reg. 1947,0319.26.151; ¢) Hendrik Goltzius, Apollo Belvedere, 1592, publicado en 1617, grabado,
British Museum, reg. 1854,0513.106 (photos a-c: The Trustees of the British Museum, shared under a Creative Commons Attribution-NonCommercial-ShareAlike
4.0 International licence); d) Federico Zuccaro, Taddeo in the Belvedere Court in the Vatican Drawing the Laocodn, c. 1595, dibujo a pluma y tinta marrdn, aguada
marrén, piedra negra y toques de sanguina, The J. Paul Getty Museum, Los Angeles, inv. 99.GA.6.17 (photo: The ]. Paul Getty Museum, Open Content); ) Autor
desconocido, Apollo Belvedere, fotografia, Victoria and Albert Museum, London, museum no. 0201423 (photo: Victoria and Albert Museum, London); f) SMK —
National Gallery of Denmark, Apollo Belvedere, modelo 3D de un vaciado en yeso de la Royal Cast Collection, ref. KAS353, publicado en Sketchfab, 2016 (photo:
SMK - National Gallery of Denmark, CCo Public Domain).

Propuesta de fichas normalizadas de documentacion geométrica para la
memoria técnica: revision de criterios UNE e ISO aplicables

Para que el disefio de las fichas responda a un lenguaje técnico compartido — mads alld de
criterios estéticos o preferencias personales, este trabajo plantea una reinterpretacién critica
de un conjunto de estindares UNE e ISO. Aunque no existe una norma especifica para la
documentacién grafica escultdrica o para la ortofotografia patrimonial, estas directrices
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internacionales regulan con precisién los componentes fundamentales de los sistemas de
representacién técnica. Lejos de trasladarse de forma mecanica desde el 4mbito industrial,
estas normas se toman como referencias metodolégicas para resolver problemas concretos de
formato, identificacién, disposicién de vistas y escala, adaptindolas a la naturaleza material,
técnica e histérica de los bienes culturales.

En primer lugar, las normas UNE-EN ISO 5457 [13-14] y UNE-EN ISO 7200 [15] ofrecen un
marco til para el bloque de control documental. La primera permite fijar un formato constante
de hoja, delimitando un campo grafico principal y una zona de control documental estable que
favorece una misma légica de consulta con independencia del contenido especifico de cada
lamina. Esta organizacidn resulta especialmente pertinente para un sistema modular de fichas.
Por su parte, la norma UNE-EN ISO 7200 define el cajetin como el nicleo de identidad y
trazabilidad del documento. Su aplicacién facilita la sistematizacién de datos criticos — obra,
proyecto, autoria, fecha, nimero de hoja y estado de revisién, asegurando un vinculo
inequivoco entre la ficha y la memoria técnica de intervencidn.

Un segundo grupo de criterios afecta a la representacién geométrica de los bienes
tridimensionales. En este punto, la norma UNE-EN ISO 5456-2 [16] (Figura 2) proporciona la
referencia para adoptar una disposicién estable de vistas ortograficas, reduciendo
drésticamente las ambigiiedades al documentar objetos volumétricos. La constancia en el
ordeny orientacién de las vistas —alzados, plantasy perfiles mediante el método de proyeccién
del primer diedro — facilita la lectura de la pieza, optimiza la comparacién entre diferentes
fases del estudio y evita tener que deducir, en cada ficha, el criterio de representacién
adoptado.

El tercer aspecto fundamental es el control métrico, para el cualla norma UNE-EN ISO 5455
[17] ofrece una base clara. En esta propuesta, dicha referencia exige la incorporacién obligatoria
de una escala graficay su correspondiente unidad de medida, superando la simple designacién
numérica. De este modo, la ficha conserva su validez documental en distintos soportes —
pantalla, impresién o exportacidn, al ofrecer una referencia métrica explicita que permite
comprobar la relacién entre imagen, escala y unidad de medida. La escala funciona asi, como
una condicién explicita de verificabilidad, siempre vinculada a la resolucién, al formato de
saliday a la precisién del registro geométrico de partida.

Superficie de dibujo

Figura 2. Aplicacién del método de proyeccién ortogréifica en primer diedro — sistema europeo — a una escultura exenta: a) esquema espacial de proyeccién y
abatimiento de los planos; b) vistas ortogréficas resultantes; ¢) simbolo grafico del primer diedro. Modelo 3D, vistas y composicién grafica: elaboracién propia,
segtin los criterios de la UNE-EN ISO 5456-2:2000.
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Tomadas en conjunto, estas referencias permiten construir una arquitectura documental
capaz de integrar recursos como ortofotografias, cartografias, micrografias o secciones
estratigraficas en una serie homogénea, coherente y con un nivel superior de claridad,
consistencia e inteligibilidad técnica. Bajo el marco normativo analizado, todas las fichas
comparten una matriz estructural comin que unifica el formato de hoja, el campo graficoy el
bloque de control documental. Para responder a las distintas fases del diagnéstico y
tratamiento, esta matriz comin se despliega en un sistema modular compuesto por cuatro
tipologias de fichas especializadas e interconectadas, disehadas para cubrir las distintas fases
de la intervencién de conservacién-restauracién de una escultura:

e  TFicha1:Vistas generales ortofotograficas de registro geométrico (Luz visible / Luz
UV): Destinada a fijar el formato de salida, la escala de referencia general y las
vistas ortograficas principales de la escultura (alzados, plantas y perfiles). Actia
como el contenedor de la informacidn primaria del bien bajo diferentes bandas
del espectro electromagnético (luz blanca y fluorescencia de luz ultravioleta);

e  TFicha 2: Vistas generales de los trazados cartograficos: Un lienzo técnico que
utiliza las ortofotografias previas como base geométrica fiel para superponer la
informacién técnico-material, los mapas de dafios, el seguimiento y control de
los tratamientos de intervencién aplicados en la escultura;

e TFicha 3: Mapeo de muestreo y documentacién microgrifica: Disefiada para la
localizacién espacial precisa y el registro a macroescala de zonas criticas, detalles
de la policromia o patologias puntuales capturadas mediante microscopia,
manteniendo la indexacién con la ficha general;

e TFicha 4: Mapeo de muestreo y documentacién estratigrifica: Orientada
especificamente a la referenciacién geométrica interna y al anilisis de las
muestras extraidas para estudios policromos o materiales, vinculando las
ventanas de cata y las lecturas de los estratos directamente sobre la matriz
geométrica de la obra.

A estos pardmetros comunes transversales se incorporan campos especificos variables
segin la funcidn técnica de cada modelo: desde orientacién de vistas y leyendas cartograficas,
hasta reticulas de localizacién, identificacién de muestras, especificaciones de equipo de
registro, aumentos o referencias cruzadas con otros documentos del sistema. Esta
organizacion permite mantener una identidad visual y documental coherente, adaptando cada
ficha a su misién diagndstica sin romper la unidad de la memoria técnica.

Los modelos propuestos han sido implementados y ensayados en el contexto docente y
practico de los laboratorios de la Universidad de Sevilla, especificamente en la asignatura de
Intervencion en Escultura del Grado en Conservacién y Restauracion de Bienes Culturales. Esta
procedencia aporta un marco institucional de aplicacién y evidencia el caricter operativo del
sistema, concebido para responder a situaciones reales de andlisis, documentacién y
diagnéstico sobre obra escultdrica.

Para instrumentalizar la matriz comdn y los cuatro modelos descritos, las fichas se han
desarrollado como plantillas modulares en un entorno de edicién vectorial, concretamente
mediante Adobe Illustrator (Figura 3). Esta eleccién responde a la disponibilidad de la licencia
de este software en el contexto de trabajo y a la capacidad del programa para insertar
ortofotografias, cartografias y documentacién analitica sin alterar la estructura geométrica ni
el marco normativo del documento. El trabajo vectorial permite mantener una base estable y
escalable, organizar la informacién mediante capas temdticas, actualizar contenidos de forma
dindmicay evitar que la edicién sucesiva degrade la legibilidad del conjunto. Al mismo tiempo,
el sistema optimiza el manejo de imdgenes técnicas de alta resolucién sin incrementar el peso
del archivo mediante el uso de archivos vinculados, garantizando la fluidez en la edicién de las
laminas. No obstante, el sistema no depende de este programa especifico: lalégica de plantilla,
cajetin, capas, escala y archivos vinculados puede trasladarse a otros entornos vectoriales o de
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edicién técnica, incluidas alternativas de cédigo abierto, siempre que garanticen trazabilidad,
control de versiones, referencias externas y mantenimiento de la escala gréfica.

ai* @ 143,21 % (RGS

“* [} Generar vectores # Dibujar (lipiz) &3 **

roco |[Pano:
wear:

G ONARD:

[RESPONSABLE DF LA FICHA
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Figura 3. Plantilla base del sistema de fichas normalizadas, desarrollada en entorno de edicién vectorial, con campo gréfico principal y bloque de control
documental para la identificacién, trazabilidad, escala y revision del documento. Disefio de ficha y composicién gréfica: elaboracién propia.

Criterios de aplicacion y validacion operativa del sistema

Para evaluar la viabilidad operativa del sistema y comprobar su capacidad de registro, las
plantillas normalizadas han sido validadas experimentalmente en el contexto docente y
practico de los laboratorios de la Universidad de Sevilla, enlazando la formacién académica con
el trabajo real sobre patrimonio escultérico. Con el objetivo de demostrar el caracter operativo
de la propuesta, el presente trabajo expone su aplicacién integral en una escultura exenta
policromada de bulto redondo, seleccionada por reunir multiplicidad de vistas, continuidad
volumétrica, zonas de dificil acceso visual, policromia estratificada y necesidad de
correlacionar observaciones generales de superficie con registros microgrificos y
estratigraficos puntuales. Dicha obra, denominada como “Mancebo” pertenece a la
Hermandad de la O de Sevilla y estd atribuida al escultor Pedro Duque Cornejo cuya cronologia
se enmarca en torno a inicios del siglo XVIII.

En este caso, se evalu la capacidad del sistema para integrar vistas ortofotogrificas,
cartografias de alteraciones, registros micrograficos y documentacién estratigrifica dentro de
una misma légica de identificacién, escala, codificacién y trazabilidad. La aplicacién sobre la
pieza confirmd la claridad de las vistas, la correspondencia entre los puntos de observacién y su
localizacién real sobre la obra, la legibilidad de las leyendas y la viabilidad de revisar la
informacién de forma auténoma, sin depender del contexto inmediato de produccién del
documento.

A partir de esta fase experimental, el método se consolida como una arquitectura
documental flexible: mientras el sistema establece criterios constantes de orientacién, escala,
identificacién y relacién interna, permite adaptar los campos especificos segin las exigencias
diagnésticas de cada etapa de trabajo. De este modo, la propuesta se articula en cuatro modelos
de fichas especializados que se detallan a continuacién:

CONSERVAR PATRIMONIO 53 (2026) https://doi.org/10.14568/cp47173 153


https://conservarpatrimonio.pt

o3
t'

].-S., Sanabria-Fernindez, B. Prado-Campos

Ficha 1: Vistas generales ortofotograficas de registro geométrico (luz visible / luz UV)

Esta ficha (Figura 4) constituye la pieza matriz del sistema, concebida como el contenedor
técnico que fija la base geométrica tridimensional del bien mis alld de una funcién meramente
ilustrativa. Su valor radica en consolidar una superficie de referencia métrica y espacialmente
controlada que permite realizar mediciones directas y comparaciones formales con una
fiabilidad inaccesible para la fotografia de perspectiva convencional.

La principal ventaja operativa de este modelo es su versatilidad para integrar de forma
sincrénica diferentes bandas del espectro electromagnético. Al superponer el registro en luz
visible con la fluorescencia de luz ultravioleta sobre la misma matriz geométrica exacta, el
conservador-restaurador dispone de una herramienta de examen comparativo inmediato. Esto
facilita la lectura técnica de la obra, permitiendo correlacionar anomalias de la superficie,
repintes superficiales o transformaciones materiales sin perder en ningin momento la
referencia métrica del conjunto.

a b

N

prr—

Forma =] i o=

Figura 4. Ficha normalizada de vistas generales ortofotograficas de registro geométrico aplicada a una escultura exenta: a) documentacién en luz visible, y b) en
fluorescencia ultravioleta. La ficha integra vistas ortograficas derivadas del modelo 3D, escala gréfica, unidad de medida y cajetin de control documental. Modelo
3D, ortofotografias, disefio de ficha y composicién grafica: elaboracién propia.

Ficha 2: Vistas generales de los trazados cartograficos

Sobre la base métrica de la ficha anterior, este documento se dedica a la traduccién técnica de
la superficie. En esta propuesta (Figura 5), el delineamiento vectorial se convierte en la
herramienta clave para transformar la observacién cualitativa del conservador-restaurador en
un registro cuantitativo y localizable. Al cartografiar alteraciones especificas sobre las ortofotos
rectificadas, se supera definitivamente la imprecisién y distorsién inherentes al dibujo
tradicional a mano alzada o sobre fotografia convencional.

La ventaja metodoldgica de este modelo no radica solo en la nitidez geométrica del trazado,
sino en su capacidad para articular diagnésticos complejos mediante la superposicién de capas
tematicas.

Elsistema permite aislar o cruzar de forma interoperable diferentes niveles de informacién
— como técnica de ejecucién, mapas de dafios, intervenciones anteriores — sin alterar en
ningin momento el documento ortofotogrifico de base. De este modo, la cartografia deja de
ser una ilustracién estitica de fin de obra y se consolida como un soporte analitico dinimico,
fundamental para la toma de decisiones y el seguimiento evolutivo del estado de conservacién
del bien.
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Figuras. Ficha normalizada de vistas generales para trazados cartograficos aplicada a un caso de estudio. A partir de la base ortofotogréfica del modelo 3D, la ficha
muestra el delineamiento vectorial de las principales vistas ortografica — perfil derecho, alzado, perfil izquierdo, alzado posterior y planta, con escala grafica,
unidad de medida y cajetin de control documental. Modelo 3D, ortofotografias de base, trazados vectoriales, disefio de ficha y composicién gréfica: elaboracién
propia.

Ficha 3: Mapeo de muestreo y documentacién micrografica

Esta ficha (Figura 6) resuelve uno de los problemas mds persistentes del laboratorio de
restauracion: la descontextualizacién del detalle. Mediante un sistema de reticula de referencia
sobre la vista general, cada microfotografia queda vinculada a una ubicacién precisa dentro de
la geometria de la escultura. La plantilla organiza la informacién técnica estructurando datos
esenciales como el equipo utilizado, los aumentos y localizacién del registro junto a la
descripcién del drea y las caracteristicas de los estratos identificados (aspecto general, tono,
acabado, morfologia, superficie, textura y alteraciones observables). De este modo, la imagen
se convierte en un dato técnico anclado fisicamente a la escultura, el cual concluye con un
campo destinado a la correlacién entre la zona analizada y su correspondiente muestra
estratigrafica.

CONSERVAR PATRIMONIO 53 (2026) https://doi.org/10.14568/cp47173 155


https://conservarpatrimonio.pt

].-S., Sanabria-Fernindez, B. Prado-Campos

)
t'

UBICACIGN ESPACIAL DE LAS MUESTRAS: REGISTRO / UBICACION: NOMBRE DE REGISTRO / RETICULA + DESCRIPCION DE ZONA
EQUIPO / AUMENTOS:
A B C D E F G H | I K

. DESCRIPCION DEL REGISTRO:

“se [estrat rfici > ) en fzona / reficulal. Aspecto generat fono

2 [). acabado Jyap Textura y
morfologia: superficie . con

3 visibles: estrias, poros, inclusiones, fibras, microrefieve, efc.]. Alteraciones observables: | |,
con patron

4 g 2 2 g y rasgos Iﬂdeum bordes,
depdsitos efc.]. Refacion entre capas

5 (si es visible): [separacién entre estratos / lagunas / limite de capa | eshato superior
discontinuo, efc.). Elementos o agjenos: | de

6 materialfparticulas/fibras, etc.].”

7 CORRELACION CON MUESTRA ESTRATIGRAFICA:

8 “Muestra estratigrafica de referencia: [M-0XX]. Capals) visible(s) en este registro: [Capa n -
nombre] (frasgo visual que fa identifica: tono/particulas/velo/limite]). Posible capa
adicional (si apfica): [Capa m - nombre] ([rasgo]). Incerfidumbre/nola (s aplica): **[zona

9 transicional / varias capas posibles / no se distingue fimite]."

10

"

REGISTRO / UBICACION: NOMBRE DE REGISTRO / RETICULA + DESCRIPCION DE ZONA

12
EQUIPO / AUMENTOS:

13
DESCRIPCION DEL REGISTRO:

4
“Se documenta [esfrato/superficie observadal en [zona / reficula]. Aspecto general: tono

15 (). acabado y apariencia G Textura y

superficie . con [estructuras

” visibles: estrias, poros, inclusiones, fibras, microrelieve, efc.]. Alteraciones observables: [ ],
con patrén

in reli y rasgos [apertura. bordes,

1”7 ° - :
depasios . efc.]. Relacion entre capas
(s os visile]: [soparacion entre esiratos / logunas / limite de capa / estato superior

18 discontinuo, efc.]. Elementos o ajenos: de
material/particulas/libras, efc.].”

9

2 CORRELACION CON MUESTRA ESTRATIGRAFICA:

“Muestra estratigréfica de referencia: [M-0XX). Capals) visible(s) en este registro: [Capan -

21 nombre] (lrasgo visual que la identifica: fono/particulas/velofiimite]). Posible capa
adicional (si aplica): [Capa m - nombre] ([rasgo]). Incerfidumbre/nofa (si aplica): **(zona

2 transicional / varias capas posibles / no se distingue fimite]."

o
“M-0XX — Capals): Cin] {] por (rasgo]) / Cm] [] por [rasgo]). Nota: []."
PROYECTO: Restauracion de “Mancebo 1" DATOS REERIDOS A ASPRETES ThCISBR:
: ESC 202 TfTULO: Mapeo de muestreo y documentacion micrografica ESCALA: ver grdfica
REFERENCIA DEL PROYECTO: £SC_2025 MAN] TPOLOGIA: Escultura de bulto SR P
. v MATERIALES Y TECNICAS: Madera policromada LUGAR: Facultad de Bellas Artes de Sevilla e
RESPONSABLE DEL PROYECTO: Beatriz Prado-Campos RO B IV
STADO DE CONSERVACION: ficients .
DATOS REFERIDOS A SU IDENTIFICACION: 5 RERONSE Paicitnte PETICIONARIO: Fimo delresponsoble de o ficha: | | o s e, <
Hermandad de la O -
DENOMINACION: Angel mancebo
AUTORIA: Atribuido a Pedro Duque Cormejo EQUIPO TECNICO: RESPONSABLE DE LA FICHA: Lama— NOHOJA: 4/5
N® INVENTARIADO: XXXXXX - XXXXXX 3 Juan Salvador Sanabria Femdndez
DELINEAMIENTO: Juan Salvador Sanabria Femdndez :
UBICACION/PROCEDENCIA: Iglesia de Nuestra de la O, C. Caslila, 30, 41010, (Sevilla) umAnc,kArlAs Joan Sahader Sanabia Femande. |
DIMENSIONES: 1,10 x 0,50 x 0,47 (Al X An X Fon) RIOFOTOS: Juan Salvador Sanabria Femdandez ESTADO DEL : inal | | #von savodor sanotria Femancez FECHA: 08/11/2025
M/’\LROFOTOGR/\HI\\ Juan Salvador Sanabria Femandez

Modelo de Ficha reafizado por Juan-Salvador Sanabria-Femdandez ©

Figura 6. Ficha normalizada de mapeo de muestreo y documentacién micrografica aplicada a una escultura exenta. La limina integra la localizacién espacial del
registro mediante reticula, las imagenes de detalle de la superficie y los campos descriptivos destinados a documentar ubicacién, equipo, aumentos, caracteristicas
observablesy correlacidn con posibles muestras estratigraficas. Modelo 3D, ortofotografia, registros de detalle, disefio de ficha y composicién grafica: elaboracién
propia.

Ficha 4: Mapeo de muestreo y documentacion estratigrafica

Esta ficha (Figura 7) completa el dossier técnico al integrar la informacién sobre la secuencia de
capas pictéricas. Siguiendo la misma légica de trazabilidad que la ficha anterior, esta ficha se
centra en la secuencia material de la policromia. Al correlacionar la ubicacién de la muestra con
la imagen de la seccién estratigrafica y la lectura de sus capas, se facilita que el conservador-
restaurador comprenda la obra en toda su complejidad volumétrica. Es el documento donde la
forma, el acabado y la materia se encuentran finalmente bajo un mismo estindar documental.
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Figura 7. Ficha normalizada de mapeo de muestreo y documentacién estratigrafica aplicada a una escultura exenta. La ldmina integra la localizacién espacial de
las muestras mediante reticula, el registro microscépico de las secciones estratigraficas y los campos descriptivos destinados a documentar ubicacidn, equipo,
aumentos, secuencia material observada y correlacién con el registro microgrifico. Modelo 3D, ortofotografia, registros estratigraficos, disefio de ficha y
composicién gréfica: elaboracién propia.

Conclusiones

El sistema de fichas normalizadas propuesto permite abordar una de las principales
dificultades dela documentacién aplicada a bienes tridimensionales: la integracidn de registros
geométricos, graficos y analiticos en una estructura comin de lectura y control. Las fichas no
sustituyen al modelo 3D interactivo, sino que lo complementan al convertir determinados
productos derivados del registro tridimensional en documentos 2D de uso mds sencillo y
accesible para un grupo mas amplio de personal, evitando la posible imposibilidad de empleo
de los materiales 3D por falta de recursos o equipos muy especializados. Frente a la tendencia a
priorizar el mero impacto visual o la espectacularidad de la digitalizacién 3D, este trabajo
fundamenta la necesidad de incorporar dichos productos a la memoria técnica de intervencién
mediante documentos normalizados, trazables y comprensibles para los distintos agentes
implicados en el proceso de conservacion-restauracién. Documentar, en este contexto,
significa fijar conocimiento, establecer qué es visible y verificar qué constituye una evidencia;
solo de este modo la ortofotografia deja de operar tinicamente como una imagen corregida para
convertirse en una verdadera base de trabajo sobre la que localizar, relacionar y revisar
informacién técnica de forma inequivoca
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Tabla 1. Relacién de fichas normalizadas propuestas para la documentacién geométrica y técnica de bienes escultdricos, especificando el contenido principal de

cada modelo, su finalidad dentro de la memoria de intervencién y los criterios UNE/ISO empleados como referencia metodolégica.

Ficha Contenido principal Finalidad documental

Criterios UNE/ISO principalmente
implicados

1. Vistas generales ortofotogréificas  Vistas ortogrificas generales Establecer la base geométrica

de registro geométrico derivadas del modelo 3D, escala comun del expediente y fijar

gréfica, identificacion de vistas, orientacién, mediciény

datos de control documental comparabilidad espacial

UNE-EN ISO 5457 (formato de hoja),
UNE-EN ISO 7200 (cajetin e
identificacién), UNE-EN ISO 5456-2
(disposicién de vistas), UNE-EN ISO
5455 (escala)

2. Vistas generales de trazados Delineamiento vectorial de Traducir la observacién superficial a

cartograficos alteraciones, lagunas, desgastes, cartografia técnica localizable,

depdsitos, leyenda gréfica, revisable y comparable

codificacién temdatica

UNE-EN ISO 5457, UNE-EN ISO 7200,
UNE-EN ISO 5456-2, UNE-EN ISO 5455

3. Mapeo de muestreo y Reticula de localizacién, Contextualizar el detalle

documentacién micrografica micrografias, aumentos, equipo, microscépico y vincularlo a una

descripcién técnica del registro, ubicacién precisa sobre la obra

correlacién con muestra

UNE-EN ISO 5457, UNE-EN ISO 7200,
UNE-EN ISO 5455; criterio interno de

codificacién y referencias cruzadas

4. Mapeo de muestreo y Reticula de localizacién, imagende  Relacionar la muestra con su

documentacién estratigrafica seccién estratigrafica, lectura de secuencia material y con su posicién

capas, correlacién con micrografiay  exactaenlaobra

muestra

UNE-ENISO 5457, UNE-EN ISO 7200,
UNE-EN ISO 5455; criterio interno de
codificacion, jerarquia y trazabilidad

analitica

La revisién e interpretacién critica de los criterios UNE e ISO (Tabla 1) proporciona una base
operativa eficiente para sistematizar aspectos esenciales del documento, tales como el formato,
la identificacidn, la disposicidn de vistas, la escala y la relacién entre fichas. Esta aproximacién
se define como una adaptacién metodoldgica rigurosa que reduce ambigiiedades y refuerza la
coherencia interna del expediente patrimonial, superando la traslacién literal o mecdnica del
dibujo técnico industrial. Al ofrecer un lenguaje visual y documental compartido, se evita el
riesgo de que el expediente se convierta en una suma de materiales heterogéneos y
fragmentados que comprometan la trazabilidad o dificulten la auditoria por parte de terceros.

La organizacién del sistema en estos cuatro modelos de ficha — vistas ortofotogréficas,
cartografias, documentacién microgrifica y documentacién estratigrifica — permite
mantener una continuidad estricta entre la lectura general de la obra y sus niveles especificos
de analisis. Esta correspondencia resulta especialmente relevante en escultura, donde la forma,
la superficie, la orientacién y la materialidad no pueden entenderse de manera aislada. No
obstante, aunque la propuesta se ha validado y ejemplificado a través de un caso de estudio
escultérico debido a su alta complejidad volumétrica, la arquitectura de las plantillas y la I6gica
del bloque de control son plenamente transferibles y extrapolables a otras tipologias del
patrimonio cultural — como relieves, retablos, pintura mural o elementos arquitecténicos —
que compartan la necesidad de un registro geométrico riguroso. La implementacién practica
de la propuesta demuestra que el uso de entornos vectoriales y archivos vinculados trasciende
el orden estético; constituye una solucién operativa que optimiza el manejo de imagenes de alta
resolucién sin incrementar el peso de los archivos, garantizando la fluidez, la interoperabilidad
digital, la impresién a escala y la actualizacidn constante del expediente por parte de equipos
multidisciplinares en el contexto de laboratorios y entornos reales de trabajo como el de la
Universidad de Sevilla.

Por otra parte, la utilidad del método radica en su capacidad para proporcionar una
arquitectura flexible y adaptable que agilice, en lugar de burocratizar, el proceso documental.
No obstante, la eficacia del sistema permanece estrictamente supeditada a la calidad de los
registros geométricos de partida y a la coherencia en la aplicacién de sus criterios internos. La
precisién final de las fichas estard siempre condicionada por variables criticas como la
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resolucién de las ortofotografias, la fiabilidad métrica del modelo 3D, el control estricto de la
escala o la propia accesibilidad fisica de la superficie documentada. Como se ha evidenciado en
el desarrollo del trabajo, la presencia de zonas ocultas, superficies con geometrias de extrema
complejidad o dreas con informacién visual deficiente requeririn siempre soluciones
especificas y registros complementarios.

Por todo ello, se concluye que la normalizacién propuesta no busca automatizar el registro
ni sustituir el diagndstico del especialista; al contrario, su valor fundamental reside en
respaldar y dotar de rigor el criterio técnico del conservador-restaurador, ofreciendo una
estructura comun desde la cual hacer explicitas las condiciones, los alcances y las limitaciones
reales del documento generado. En el 4mbito del patrimonio cultural, donde la documentacién
debe sostener de forma razonada, verificable y duradera cada decisién adoptada durante la
intervencién de conservacién-restauracion, la normalizacién se alza como una garantia directa
de calidad cientifica. Alli donde la documentacién es débil, la memoria técnica se vuelve fragil;
si el registro es impreciso o confunde un indicio de precisién con una capacidad de medida real,
se debilita irremediablemente la capacidad de conocer, comparar y, en dltimo término,
conservar los bienes con plena responsabilidad. Como desarrollo futuro, esta arquitectura
documental podria ampliarse mediante criterios de nomenclatura, versionado, intercambio y
gestién de la informacién inspirados en una adaptacién critica de la serie ISO 19650 a los flujos
de documentacién del patrimonio tridimensional [18].
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Resumen

La regulaci6n de la profesién de conservador-restaurador en Espafia y Portugal presenta trayectorias
divergentes que responden a necesidades comunes en el contexto europeo actual. Mientras Espafia
mantiene la ausencia de regulacién profesional especifica tras cuatro décadas de legislacién
patrimonial sin reforma, Portugal ha establecido recientemente una regulacién integral y pionera
mediante el Decreto-Lei n.° 90/2024 (2024), vigente desde el 23 de noviembre de 2024. Este anilisis
comparativo histdrico-legislativo evidencia una paradoja fundamental: Portugal regula la profesién
mientras Espafia regula exclusivamente la formacién, demostrando que la armonizacién efectiva
requiere necesariamente la integracion sistémica de formacién, regulacién profesional y legislacién
patrimonial. Mediante el anilisis documental de las normativas nacionales, marcos europeos
comparativos y las directrices y estindares E.C.C.O./ENCOoRE, se identifica que el modelo regulatorio
portugués de 2024 es significativamente mas transferible a Espafia que los modelos italiano o francés
debido a su mayor compatibilidad con los sistemas descentralizados.

Resumo

A regulamenta¢do da profissdo de conservador-restaurador em Espanha e Portugal apresenta
trajetdrias divergentes que respondem a necessidades comuns no contexto europeu atual. Enquantoa
Espanha mantém a auséncia de regulamentacio profissional especifica ap6s quatro décadas de
legislagdo patrimonial sem reformas, Portugal estabeleceu recentemente uma regulamentagio
integral e pioneira através do Decreto-Lei n.° 90/2024 (2024), em vigor desde 23 de novembro de 2024.
Esta andlise comparativa histérico-legislativa evidencia um paradoxo fundamental: Portugal regula a
profiss3o, enquanto a Espanha regula exclusivamente a formag¢ao, demonstrando que a harmonizag¢do
efetiva requer necessariamente a integra¢do sistémica da formagio, da regulamentagio profissional e
da legislagdo patrimonial. Através da andlise documental das normativas nacionais, dos quadros
europeus comparativos e das diretrizes e normas E.C.C.O./ENCORE, identifica-se que o modelo
regulamentar portugués de 2024 é significativamente mais transponivel para Espanha do que os
modelos italiano ou francés, devido a sua maior compatibilidade com os sistemas descentralizados.

Abstract

The professional regulation of conservation-restorers in Spain and Portugal presents divergent
trajectories addressing shared needs within the contemporary European context. Whilst Spain
maintains the absence of specific professional regulation after four decades of heritage legislation
without reform, Portugal has recently established pioneering comprehensive regulation through
Decreto-Lei n.° 90/2024 (2024), effective from 23 November 2024. This comparative historical-
legislative analysis evidences a fundamental paradox: Portugal regulates the profession whilst Spain
regulates exclusively training, demonstrating that effective harmonisation necessarily requires
systemic integration of education, professional regulation, and heritage legislation. Through
documentary analysis of national regulations, comparative European frameworks, and
E.C.C.O./ENCOoRE directives and standards, the Portuguese 2024 regulatory model is identified as
significantly more transferable to Spain than Italian or French models due to greater compatibility
with decentralised systems.
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Introduccién

La profesién de conservador-restaurador de bienes culturales experimenta actualmente, en el
contexto ibérico un momento de inflexién critica caracterizado por el desarrollo de
legislaciones divergentes que responden simultineamente a necesidades comunes. Espafia,
tras 40 anos de vigencia de la Ley 16/1985 del Patrimonio Histérico [1] sin una reforma sustancial
que aborde la regulacién profesional especifica, mantiene un escenario persistente de
indefinicién legal que tiene como consecuencia el intrusismo desde otras categorias
profesionales (arquitectos, arquedlogos), especialmente en el 4mbito del patrimonio inmueble
[2]. Esta realidad contrasta de manera drastica con la accidn legislativa portuguesa reciente: el
Decreto-Lei n.° 90/2024 [3], promulgado el 22 de noviembre de 2024 y vigente desde el 23 de
noviembre de 2024, define explicitamente las titulaciones habilitantes para el ejercicio
profesional en el Articulo 18, 2. Ademds, tanto para la elaboracién de los informes previos (Art
5, 2 del DL 90/2024), como para la direccién de obra (Art 22, del DL 90/2024), exige cinco afios
de experiencia profesional post-titulacién verificable. Este nuevo Decreto Lei protege de
manera legal el titulo profesional de "conservador-restaurador” (Art 18, 2 del DL 90/2024) y
regula la intervencién en bienes culturales inmuebles en comparacién con otros marcos de
regulacién referentes, como el italiano (Art. 29, comma 6 del Codice dei beni culturali) [4].

En Espaiia, las titulaciones en Conservacién-restauracién (CR) se imparten tanto por las
universidades, que ofrecen estudios de Grado en CR, como por las Escuelas Superiores de
Conservacién y Restauracién de Bienes Culturales (ESCRBC). Pero no serd hasta la aprobacién
dela Ley 1/2024, de 7 de junio [5], que podamos hablar de una equiparacién académica efectiva
entre las Ensefanzas Artisticas Superiores y el sistema universitario. Sin embargo, esta ley
aborda exclusivamente cuestiones relativas a la formacién académica, perpetuando la ausencia
histérica de regulacién profesional que caracteriza a Espafia desde hace cuatro décadas. En el
panorama actual coexiste con una regulacion profesional portuguesa mis rigurosa y completa,
obstaculizando la movilidad profesional efectiva entre ambos paises ibéricos y evidenciando
claramente que la armonizacién legislativa efectiva requiere algo mdis que simples
equivalencias curriculares o académicas.

Marco tedrico y contexto normativo

Concepto de profesionalizacién y regulacién en disciplinas del patrimonio cultural

La literatura especializada sobre profesionalizacién [6] establece una distincién tedrica
fundamental entre los tres componentes que caracterizan a una profesién consolidada: el
conocimiento especializado verificable (acceso controlado mediante formacién certificada), la
autonomia técnica (discrecionalidad en decisiones profesionales), y el control jurisdiccional
(mecanismos institucionalizados de regulacién de acceso y conducta profesional). El socidlogo
Freidson, en su obra sobre profesionalismo, denomina "profesionalizacién incompleta” a
aquellas situaciones donde existen dos de los componentes sin la presencia de un tercero [6].
Esta categoria descriptiva caracteriza histdricamente a Espaiia: los profesionales en CR poseen
un conocimiento especializado reconocido mediante titulaciones académicas, poseen
autonomia técnica para tomar decisiones sobre intervenciones en patrimonio, pero carecen del
control jurisdiccional necesario, es decir, no existe barrera legal de acceso a la profesién ni un
mecanismo disciplinario para sancionar el ejercicio inadecuado.

En el contexto especifico del patrimonio cultural europeo del mediterrdneo occidental, la
tendencia dominante desde los afios 1990 ha sido hacia la integracién sistémica de las tres
dimensiones regulatorias, que funcionan de manera complementaria: la legislacién
patrimonial (que define qué intervenciones requieren cualificacién especifica), la formacién
académica (que establece contenidos, duracién y certificacién), y la regulacién profesional (que
controla el acceso y ejercicio). Italia [4], Francia [7] y Portugal [3] ejemplifican de maneras
distintas esta integracién sistémica de las tres dimensiones. Espafia, por el contrario, mantiene
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una desarticulacién evidente: su legislacién patrimonial no exige titulacién especifica para la
regulacién de las intervenciones en bienes protegidos. Y, si bien la formacién académica ha sido
progresivamente equiparada mediante reformas recientes [5], regulacién de las intervenciones
en CR permanece como una cuestion legislativa pendiente tras cuatro décadas.

Marcos regulatorios del contexto mediterraneo occidental: Italia, Francia, Malta, Espafia y
Portugal

Para comprender adecuadamente el contexto europeo en el cual se insertan las regulaciones
espafiola y portuguesa, resulta esencial examinar algunos de los modelos consolidados, como
elitalianoy el francés. Italia establecié su régimen regulatorio mediante el Decreto Legislativo
42/2004 [4], que define al conservador-restaurador mediante la institucién del albo professionale
(registro profesional obligatorio). Este marco requiere de los profesionales la posesién de una
laurea (licenciatura italiana de tres-cuatro afios) seguida de una laurea magistrale (master de dos
afios). El sistema italiano asigna competencias exclusivas a los conservadores-restauradores
para las intervenciones en bienes culturales catalogados. Francia, por su parte, desarroll6 un
sistema selectivo menos centralizado, regulado en el Code du Patrimoine de 2004 y actualizado
en 2016 [7]. El modelo francés funciona mediante un sistema dual: centros estatales como el
Institut National du Patrimoine (INP) proporcionan formacién de excelencia con sélo 30-40
plazas, mientras que las universidades francesas ofrecen programas de master en CR. Frente a
esta dualidad formativa, la regulacién francesa se implementa mediante una acreditacién
ministerial denominada label restaurateur du patrimoine. Francia ha consolidado un modelo
basado en un nimero de plazas reducido y pruebas de acceso exigentes, limitando el acceso a
la profesién con una ratio de alumnos baja desde el inicio, pero regulando Gnicamente la
actividad laboral en relacién a los museos ptblicos.

Un tercer caso, de menor escala demografica pero regulatoriamente significativo, es Malta,
que ha articulado la figura del warranted conservator -restorer dentro del Cultural Heritage Act (Cap.
445) [8], donde se define al conservador-restaurador como un profesional cualificado que debe
estar en posesion de una orden expedida por el Bord tal-Warrant tar-Restawraturi y se establece
que las intervenciones de CR sobre patrimonio mueble sélo pueden ser ejecutadas por
profesionales habilitados.

Portugal, hasta muy recientemente, se encontraba en una situacién mas parecida ala actual
de Espafia. El Decreto-Lei n.° 140/2009 [9] dictado para desarrollar la Lei n.° 107/2001, de 8 de
setembro (Lei de Bases do Patriménio Cultural), establecia un régimen juridico para
intervenciones en bienes culturales, pero sin definir explicitamente qué titulaciones
habilitaban para el ejercicio profesional, permitiendo interpretaciones laxas. Esta indefinicién
regulatoria portuguesa durd 15 afios (2009-2024), un periodo significativamente mds breve que
la indefinicién espafiola de 40 afos, pero comparable en su caricter fundamental.

El cambio regulatorio portugués de 2024, mediante el Decreto-Lei n.° 90/2024 [3], que entrd
envigor el 23 de noviembre de 2024, representa un salto legislativo extraordinario. Este nuevo
marco establece cuatro vias formativas especificas para acceder a la profesién de conservador-
restaurador: licenciatura mas master en conservagio e restauro (conforme a la Declaracién de
Bolonia); licenciatura pre-Bolonia en conservagdo e restauro; grado en conservagio e restauro (para
ingreso hasta 1997); y la homologacién de formaciones superiores extranjeras reconocidas por
Decreto-Lei 66/2018 [10]. Se requiere ademdas de una experiencia profesional verificable de
cinco afios post-titulacion en el drea de especialidad respectiva para la efectiva habilitacién de
la profesién como especialista. Esta reforma, protege de manera legal el titulo profesional "en
CR", permitiendo que solo los profesionales que cumplan los requisitos ejerzan. Regula las
intervenciones en bienes inmuebles clasificados (articulo 15-a), determinando que requieren de
conservadores-restauradores cualificados. Incluye una disposicién transitoria de tres afios
para reconocer profesionales con un minimo de diez afios de experiencia demostrables en caso
de no poseer la titulacién reglamentaria. Alinea explicitamente el nivel formativo con EQF
7/MECES 3, equivalente a master europeo, basado en los 180 ECTS de licenciatura mas los 120
ECTS de master (cinco afios totales).
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En relacién con los estindares establecidos por la Confederacién Europea de
Organizaciones de Conservadores-Restauradores (E.C.C.O., fundada en 1991) y la Red Europea
de Formacién en Conservacién-Restauracién (ENCoRE, establecida en 1997), estos organismos
establecen directrices que van mds alld de las equivalencias formales. Las directrices
profesionales de E.C.C.O. (2002-2003) exigen un minimo de nivel de master (nivel MEC 7),
formacién universitaria validada por gobiernos, competencias documentadas en diagnéstico,
conservacion preventiva y restauracién, y adhesion a un cédigo ético basado en la integridad
fisica, histérica y estética del patrimonio. Los estindares de formacién de E.C.C.O./ ENCoRE
(2014) [11] requieren un equilibrio necesario entre la teoria y la carga practica con obra original
bajo tutoria de profesionales conservadores, la evaluacion de destreza manual en pruebas de
acceso, y la participacién en proyectos tutorizados completos.

Comparativamente, Italia cumple plenamente tanto con las directrices [12] (mdster
obligatorio) como con los estindares [13] E.C.C.O. (aproximadamente 1.500 horas de practica
certificada, estipulando que la formacién debe basarse en “actividades técnico-didicticas de
conservacidny restauracion realizadas en el laboratorio y in situ sobre bienes culturales muebles
y superficies decoradas de bienes arquitecténicos”, segtn el Articulo 1.1 del Decreto 26 maggio
2009, n. 87 [14]). Francia asimismo cumple con ambos conjuntos de estindares, aunque con
cierta variabilidad en la carga practica (INP: aprox. 1.200 horas entre el stage de 12 semanas del
3er afio y el stage de 22 semanas del 4° afio [15]; universidades: variable [16]). El modelo
portugués funciona en un escenario parcial: cumple con las directrices de nivel de formacién
conforme a la Declaracién de Bolonia, pero no especifica completamente la carga prictica en el
nuevo Decreto-Lei 90/2024 [3], variando esta entre instituciones. Espafia, por su parte,
incumple ambos conjuntos de estindares: permite el acceso a la titulacién en CR con un nivel
MECES 6, sin requerir master obligatorio para los contratos pablicos, e incumple los estindares
E.C.C.O. [13] con una carga de horas practicas variable dependiendo de la institucién [16], siendo
en algunas universidades, las pricticas externas materia optativa a cursar.

Evolucion legislativa y marcos regulatorios

Evolucion legislativa en Espaiia (1985-2024)
La trayectoria legislativa espafiola en materia de CR muestra un patrén de reconocimiento
progresivo de formacién sin una traduccién efectiva en la regulacién profesional del ejercicio.
En 1985, la Ley 16/1985 del Patrimonio Histdrico Espaifiol [1] establecié un marco general de
proteccién patrimonial a nivel nacional, pero no definié la profesién del conservador-
restaurador. El articulo 39 de esta ley exige que intervenciones en patrimonio histérico sean
realizadas con "criterios cientificos y técnicos”, pero sin especificar ninguna titulacién o
cualificacién requerida. Esta redaccién permitié que arquitectos, historiadores del arte y
arquedlogos realizaran intervenciones de CR sin formacién especifica. La ley ha permanecido
vigente durante 39 afios sin una reforma sustancial en cuanto a aspectos de regulacién de las
intervenciones en CR.

En 1990, la promulgacién de la Ley Organica 1/1990 de Ordenacién General del Sistema
Educativo (LOGSE) [17] represent el primer reconocimiento oficial de formacién especifica en CR.

Mediante el Real Decreto 1387/1991 [18] se crearon las Escuelas Superiores de Conservacioén
y Restauracion de Bienes Culturales (ESCRBC), que otorgaban titulaciones con equivalencia a
diplomatura (tres afios de formacién). Esta innovacién generd una dualidad formativa que
persiste hasta la actualidad: formacién en ESCRBC versus formacién universitaria en
facultades de Bellas Artes con especializacién en CR. Sin embargo, ambas vias coexistian sin
colegio profesional ni definicién legal de competencias exclusivas derivadas de la formacién.

En 2010, mediante el Real Decreto 635/2010 [19], se implement6 la adaptacién espafiola ala
Declaracién de Bolonia. Esto generd el Grado en CR (240 ECTS, cuatro afios), derogando de
facto la licenciatura en Bellas Artes con especializacién. Las disposiciones de Bolonia
requirieron un minimo de 105 ECTS en formacién basica y 53 ECTS en formacién especializada.
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Ambas vias formativas (ESCRBC y Universidad) emitirian a partir de entonces titulos
formalmente equivalentes a grado, permitiendo el acceso a una formacién superior. A pesar de
estos esfuerzos de equiparacién con estindares europeos, el Real Decreto 635/2010 [19] no
definié las competencias profesionales especificas, lo cual podria haber servido para una mayor
regulacién posterior. Sibien, no era objeto de esta Ley la regulacién de las intervenciones en CR.

En 2024, la promulgacién de la Ley 1/2024 de Regulacién de Enseflanzas Artisticas
Superiores [5] completé la equiparacién académica. La ley integr6 completamente la formacién
en ESCRBC dentro de la Clasificacién Nacional de Cualificaciones (MECES) como grado
equivalente al grado universitario, permitiendo el acceso efectivo a formacién de master y
doctorado, reforzando la autonomia curricular y funcién investigadora. Sin embargo, como
ocurrié con legislaciones anteriores, esta reforma abordé exclusivamente cuestiones de
formacién académica y no incluyé regulacién de las intervenciones en CR. La legislacién
patrimonial de base, la Ley 16/1985 [1], ha permanecido sin una reforma sustancial durante todo
este tiempo.

En sintesis, Espafia ha acumulado 40 afios de formacién progresivamente reconocida
académicamente sin lograr una traduccién efectiva en cuanto a la regulacién del ejercicio
profesional. La Ley 1/2024 [5], aunque importante, constituye una condicién académica
necesaria pero insuficiente para la convergencia europea en la profesién. Los conservadores-
restauradores espafoles poseen formacién reconocida, pero sin barreras legales de accesoa la
profesién, permitiendo que profesionales con formacién afin (arquitectos, historiadores,
arquedlogos) realicen intervenciones de restauracién sin una cualificacién especifica, creando
riesgos para el patrimonio y obstaculizando el ejercicio de la profesién.

Evolucion legislativa en Portugal (2009-2024)

Portugal experimentd un periodo anterior de indefinicién regulatoria méis breve que Espafia,
seguido de un cambio legislativo extraordinario en 2024. El Decreto-Lei n.° 140/2009 [9],
dictado para desarrollar la Lei n.° 107/2001, de 8 de setembro (Lei de Bases do Patriménio Cultural),
establecié un régimen juridico para intervenciones en bienes muebles y muebles integrados,
exigiendo que tales intervenciones fueran realizadas por "técnicos con cualificacién legalmente
reconocida” (Art.1). Sin embargo, el decreto no definid especificamente cudles eran esos perfiles
de cualificacién. Esta redaccién vaga permitié interpretaciones laxas. Este periodo de
indefinicién portugués durd 15 afios (2009-2024), lo que lo hace significativamente mas breve
que la experiencia espafiola, pero a la vez comparable en su caricter fundamental de ausencia
de regulacién clara.

El cambio legislativo de 2024 mediante el Decreto-Lei n.° 90/2024 [3], vigente desde el 23 de
noviembre de 2024, representa una transformacién regulatoria integral sin precedentes en
Europa. Este decreto modifica comprehensivamente el Decreto-Lein.®140/2009 [9] e introduce
cambios revolucionarios en multiples dimensiones simultineamente.

En primer lugar, define explicitamente las vias formativas que habilitan para el ejercicio de
la profesién (articulo 18, 2). Estas vias comprenden: licenciatura mas master post-Bolonia en
CR; licenciatura pre-Bolonia en CR; bacharelato en CR (para ingreso antes de 1997); y las
cualificaciones extranjeras reconocidas conforme al Decreto-Lei 66/2018 [10]. Esta
enumeracién exhaustiva cierra la posibilidad de interpretaciones alternativas.

En segundo lugar, establece un requisito verificable de experiencia profesional (articulos 18
y 22). para la redaccién de informes previos y la direccién de las intervenciones. Ademds,
requiere que la experiencia previa corresponda al ambito/ tipologia de bien a intervenir. Este
requisito es verificable documentalmente mediante curriculum vitae, referencias laborales
verificables, cartera de proyectos completados, etc.

En tercer lugar, introduce proteccién legal del titulo profesional. Solo los profesionales que
cumplan los requisitos pueden ostentar y ejercer el titulo de "conservador-restaurador”. Se
establece asimismo un sistema explicito de penalizaciones (articulo 2.8).

En cuarto lugar, garantiza supervision técnica con interdisciplinariedad (articulos 22 y 15-
a). Reconoce que otros profesionales (arquedlogos, historiadores del arte, arquitectos) pueden
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colaborar en intervenciones, pero bajo "supervisioén y coordinacién directa” del conservador-
restaurador cualificado, quien retiene la autoridad técnica sobre las decisiones de restauracién.

Enquinto lugar, extiende la regulacién a los bienes inmuebles (articulo 15-a). En sexto lugar,
implementa procedimientos administrativos agiles. Los plazos de autorizacién administrativa
se establecen en 20 dias (prorrogables una sola vez por igual periodo) y, estin completamente
informatizados mediante plataformas electrénicas.

En séptimo lugar, incluye una disposiciéon transitoria para la funcién de coordinacién
(articulo 4). Durante tres afios, se reconocerd a profesionales con un minimo de diez afios de
experiencia demostrables en el sector, incluso sin la titulacién formalmente requerida,
proporcionando una via de regularizacién para profesionales consolidados sin titulos formales.

Finalmente, se alinea explicitamente el nivel formativo con los estindares europeos: EQF 7
/ MECES 3, basado en 180 ECTS de licenciatura més 120 ECTS de master (cinco afios totales
equivalentes a master europeo).

Portugal ha logrado, tras 15 anos de indefinicién, un salto legislativo extraordinario que
integra de manera simultinea formacién, regulacién profesional y proteccién patrimonial.
Esta reforma de 2024 sitiia a Portugal como una referencia legislativa extrapolable al escenario
espafiol.

Comparacion estructural integrada Espafia-Portugal 2024

La comparacién estructural entre los marcos regulatorios espafiol y portugués de 2024 revela
contrastes significativos que ilustran el proceso de divergencia legislativa que marca el contexto
ibérico contemporineo. En materia de duracién de formacién minima requerida, Espafa
establece una formacién minima de cuatro afios (grado 240 ECTS, [5]), mientras que Portugal
requiere de cinco afios (licenciatura mas mdster, [3]). En cuanto al requisito de master para
ejercicio profesional, Espafia no lo obliga para acceso general, permitiendo que egresados de
grado de cuatro afios ejerzan profesionalmente sin méster adicional; Portugal por su parte
requiere implicitamente de un mdster (300 ECTS totales, [3]) como requisito para la via de
acceso profesional post - Bolonia como condicién para la elaboracién de informes previos,
intervencién y coordinacién en patrimonio clasificado.

Respecto a los requisitos de experiencia profesional, Espafia no especifica unos requisitos
de experiencia post-titulacién [5], mientras que Portugal requiere explicitamente de cinco afios
de experiencia post-titulacién verificable en una especialidad para la elaboracién de informes
previos relativos a obras o intervenciones (art. 18, apartado 1) y a efectos de direccién y
coordinacién de obras (art. 22, 1) [3]. En relacién con la proteccién del titulo profesional, Espafa
no ofrece proteccién legal del titulo [5], permitiendo que cualquiera con formacién afin utilice
la denominacién "restaurador”’; Portugal por su parte protege legalmente el titulo desde
noviembre 2024 [3], sancionando por tanto el intrusismo.

En cuanto a la definicién de competencias exclusivas, Espafia no define legalmente qué
puede hacer exclusivamente un conservador-restaurador [5]; mientras que Portugal define sus
competencias en materia de “estudios, proyectos, obras o intervenciones en bienes culturales
clasificados o en vias de clasificacién” en los articulos 18, 22y 15-a [3]. Respecto a la autorizacién
administrativa para las intervenciones, Espafia muestra una gran variabilidad segiin cada
comunidad auténoma, puesto que carece de un marco nacional [1]; Portugal establece un
procedimiento uniforme nacional de 20 dias [3].

En relacién con la cobertura patrimonial, en ambos casos atafie al patrimonio clasificado.
Respecto a la supervisién de otros profesionales, Espafia no regula cdmo los otros profesionales
participan en las intervenciones [5]; Portugal exige la supervisién explicita del conservador-
restaurador sobre profesionales afines como arquedlogos, historiadores y arquitectos [3].

Respecto a las sanciones por intrusismo, Espafia no especifica sanciones [5]; mientras que
Portugal establece una escala que va desde los 500 a los 25.000¢€ [3].

Esta comparacién estructural revela que mientras Espafia avanz6 académicamente [5],
Portugal simultdneamente avanzé académica y profesionalmente [3], creando una divergencia
donde ambos paises requieren de alineacién. Paraddjicamente, si bien Espafia aparece
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legislativamente mas "equiparada académicamente”, Portugal estd "profesionalmente mas
regulada”, situacién que genera a efectos practicos obstaculos para la movilidad de estudiantes
y profesionales.

Andlisis de transferibilidad del modelo portugués de 2024 a Espafia

Ala pregunta central de si el modelo regulatorio portugués de 2024 resulta mas transferible a
Espafa que los modelos italiano o francés consolidados, la respuesta es en general positiva [3]
y, estd sustentada en cuatro razones fundamentales que trascienden las consideraciones
puramente técnicas para profundizar en cuestiones de compatibilidad politica, administrativa
y de contexto compartido.

La primera razoén reside en la similitud de trayectoria legislativa y experiencia institucional.
Espana ha experimentado 40 afos de indefinicién regulatoria (1985-2024, [1]), mientras que
Portugal experiment$ 15 afios de indefinicién (2009-2024 [3, 8]). Italia implementé su
regulacién desde 2004 (20 afios de antigiiedad institucional [4]), al igual que Francia, también
desde 2004 (20 afios [7]). Portugal comparte con Espafa la experiencia reciente de una lucha
por el reconocimiento profesional, donde las asociaciones profesionales llevaron a cabo
acciones por la defensa del patrimonio y la profesién durante décadas antes de lograr cambios
legislativos efectivos. La Asociacién de Restauradores Portugueses (ARP) persiguié la
implementacién de reformas durante aproximadamente 30 afos antes de conseguir la
aprobacién del Decreto-Lei 90/2024 (2024). La Asociacién de Conservadores-Restauradores de
Espafia (ACRE) ha seguido una trayectoria similar de promocién de la defensa del patrimonio
a largo plazo [2]. La similitud en la trayectoria entre ambos paises en cuanto a indefinicién y
posterior asociacionismo podria facilitar la transferencia de marcos regulatorios.

La segunda razén estriba en la compatibilidad con sistemas de descentralizacién
administrativa. El modelo portugués, aunque mis centralizado que Espafia, resulta adaptable
a su estructura descentralizada mediante un protocolo marco nacional que establezca los
criterios uniformes que cada comunidad auténoma implementaria dentro de sus competencias
transferidas, como regula el Art. 150 de la CE [20]. El modelo italiano, por el contrario,
requeriria de una negociacién mucho mdas compleja con mdltiples niveles administrativos
actuando simultdneamente [4]. El modelo francés, por su parte, requiere de centralizacién
administrativa que contradice la estructura descentralizada espafola [7] dividida en 17
comunidades con competencias transferidas en materia de patrimonio.

La tercera razon se sustenta en la modernidad legislativa y la capacidad de aprendizaje en
tiempo real. El Decreto-Lei 90/2024 portugués entrd en vigor en noviembre 2024 [3], hace
relativamente poco tiempo, mientras que la Ley 1/2024 espaifiola se aprobé en junio 2024 [5].
Por otro lado, Italia y Francia aprobaron sus marcos en 2004 [4, 7], hace 20 afios. La juventud
del modelo portugués proporciona nuevas oportunidades para que Espafia observe la
implementacién portuguesa en tiempo real durante los préximos afios, identificando asi
soluciones a los diversos desafios practicos antes de implementar unas reformas comparables
[3]. Los modelos italiano y francés, tras 20 afos de operacién, ofrecen una experiencia
consolidada, pero con resultados menos adaptativos a contextos nuevos [4, 7]. Portugal ofrece
un modelo contemporaneo con lecciones de implementacidn en construccién [3].

La cuarta razén reside en la regulacién en la intervencién de bienes inmuebles siguiendo el
modelo italiano (Art. 29, comma 6 del Codice dei beni culturali e del paesaggio), aunque sin
especificar el ambito de competencia a los elementos decorativos inseparables de los bienes
inmuebles (Artigo 15.°-A). Dado que Espafia posee un patrimonio inmueble cultural
extraordinariamente extenso la adopcién del modelo portugués que regula las intervenciones
de CR en bienes inmuebles (articulo 15-a [3]) permitiria a Espafia abordar de manera integral la
regulacion profesional en ese ambito, que actualmente estd bajo la supervisién de arquitectos
conforme a la legislacién de edificacién [21].
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Discusion implicaciones y recomendaciones para politica

La paradoja ibérica 2024 y sus implicaciones para profesion

El andlisis comparativo revela una paradoja fundamental que define el momento regulatorio
ibérico actual. Mientras que la Ley 1/2024 espafiola [5] ha resuelto definitivamente la cuestion
de equiparacién académica permitiendo que los titulos de Escuela Superior de Conservacién-
Restauracién sean formalmente equivalentes a los grados universitarios, posibilitando el
acceso de sus egresados a la formacién de master y doctorado, esta reforma ha ocurrido
simultdneamente a una indefinicién profesional que no solo persiste sino que se ha visto
complicada por la introduccién de la regulacién portuguesa que ahora crea incompatibilidad
donde antes existia compatibilidad de facto al no requerir cinco afios de formacién para el
ejercicio de la profesién.

Paraddjicamente, los profesionales espafioles, a pesar de poseer formacién
académicamente mejor equiparada que hace afios, encuentran actualmente una mayor
dificultad de movilidad que previamente, precisamente porque la formacién portuguesa ahora
regulada ha establecido requisitos mds exigentes (master obligatorio, experiencia verificable,
proteccién de titulo, 3) que transforman la formacién espafiola de cuatro afios en una
formacién insuficiente [5]. Esta desarticulacién crea una situacién donde Espafia regulé el "qué
se ensefia" mediante Ley 1/2024 [5], mientras que Portugal regulé el "quién puede ejercer”
mediante Decreto-Lei 90/2024 [3].

Implicaciones para politica educativa y regulatoria espafiola

A partir del andlisis comparativo, emergen implicaciones claras para la politica educativa y
regulatoria espafiola que trascienden meramente las reformas cosméticas o incrementales.
Espafa requiere de manera urgente la implementacién de tres reformas simultineas e
integradas que funcionen de manera complementaria.

La primera reforma necesaria es la adopcién de una regulacién profesional especifica
mediante una legislacién dedicada. La Ley 1/2024 [5], aunque importante para la equiparacién
académica, resulta insuficiente. Se requiere de un proyecto de ley especifico de regulacién de
la profesién (previo test de proporcionalidad) de conservador-restaurador, que podria ser
estructurado como Real Decreto, conforme a sus competencias administrativas, que establezca
explicitamente las titulaciones habilitantes, defina las competencias exclusivas derivadas de la
formacién, establezca los requisitos de experiencia profesional verificable (comparable a los
cinco afios portugueses [3]), proteja el titulo profesional de "conservador-restaurador’ de
manera legal, establezca sanciones por el ejercicio no cualificado, y cree procedimientos
administrativos efectivos para la autorizacién de intervenciones en patrimonio protegido. Este
marco deberia explicitamente reconocer competencias exclusivas del conservador-restaurador
en intervenciones de conservacién, diferenciindolas de intervenciones de arquitectura o
arqueologia.

La segunda reforma necesaria es la articulacién clara entre niveles de grado y master para
acceso profesional. Conforme a directrices E.C.C.O. que especifican nivel méister (EQF 7 [13])
como minimo, Espafa debe establecer requisito de master con 60 0 120 ECTS adicionales como
base para el acceso profesional, conforme a regulacién profesional que se implemente. Esto
requeriria elevar los actuales 240 ECTS de grado a un minimo de 300-360 ECTS (grado 240
ECTS + méster 60-120 ECTS [5]) para ser competitivo con los estindares europeos. Esta reforma
podria implementarse mediante el disefio de mdsteres en conservacién-restauracién
especializados que egresados de grado de conservacién-restauracién deban completar para
adquirir una especialidad reglada, similarmente a como operan los sistemas italiano [4] y
portugués [3]. Ademds, se recomienda el establecimiento de un protocolo nacional de pricticas
que establezca unos estindares minimos para formacién prictica con obra original con un
minimo de horas certificadas.

La tercera reforma necesaria es la inclusién de una disposicién transitoria que regularice a
los profesionales con una experiencia significativa sin titulacién formal y, que reconozca la
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experiencia de aquellos profesionales con una amplia trayectoria laboral, que poseen una
titulacién pero que no tienen un master. Conforme al modelo portugués (Decreto-Lei 90/2024
articulo 4), Espafa deberia establecer un periodo de transicién (cinco-siete afios) durante el
cual profesionales con una experiencia verificable de méis de diez afios que carezcan de una
titulacién formal o de un master podrian ser reconocidos como conservadores-restauradores
cualificados, regularizando la situacién de decenas de profesionales consolidados sin titulos
formales y sin master en CR que han trabajado de manera efectiva en campo.

Conclusiones

Este andlisis comparativo de marcos legislativos Espafia-Portugal 2024 en conservacién-
restauracién ha identificado una paradoja fundamental que define el contexto regulatorio
ibérico contempordneo: simultineamente a la aprobacién de la Ley 1/2024 espafiola [5] que
equipara académicamente formaciones en CR, Portugal aprobé el Decreto-Lei 90/2024 [3] que
introduce regulacién profesional integral, evidenciando una desarticulacién critica entre la
reforma formativa en Espafa y la regulacién profesional que Portugal ha avanzado de manera
paralela.

Del anilisis emergen tres hallazgos principales de gran relevancia para el campo de la
conservacidén-restauracion en contexto europeo. El primer hallazgo identifica una divergencia
legislativa ibérica con consecuencias inversas a lo que podrian esperarse. Mientras que Espafa
legislativamente avanzd en equiparacién académica [5] sin regulacién profesional, Portugal
avanz6 simultineamente en equiparacién académica y regulacién profesional integral [3]. La
paradoja resultante es que profesionales espafoles, a pesar de poseer formacién
académicamente mejor equiparada que hace afios, encuentran dificultad de movilidad
aumentada en el territorio portugués porque la formacién portuguesa ahora regulada ha
establecido requisitos mas rigurosos que la formacién espafola de cuatro afos de grado no
satisface.

El segundo hallazgo establece que el modelo regulatorio portugués de 2024 [3] es
significativamente mdas innovador y transferible al contexto espafiol que los modelos
consolidados italiano [4] o francés [7]. Esta transferibilidad superior resulta de cinco factores:
similitud de trayectoria legislativa (ambos paises experimentaron indefinicién regulatoria por
periodos prolongados antes de reformas); compatibilidad con descentralizacién administrativa
(Portugal establece marcos que pueden adaptarse a 17 comunidades auténomas espafiolas
mejor que sistemas mds complejos); modernidad legislativa (el Decreto-Lei 90/2024 de
noviembre 2024 permite un aprendizaje en tiempo real frente a los marcos de hace 20 afios);
innovacién sin precedentes en regulacién de bienes inmuebles y; agilidad administrativa
(procedimientos de 20 dias frente a dos-tres meses en Italia).

El tercer hallazgo pone de manifiesto que en Espafia, si bien la reforma de formacién ha
sido abarcada mediante la Ley 1/2024, las reformas para la regulacién profesional y la
legislacion patrimonial, estin a atin pendientes. Espafia ha avanzado en una tercera parte
(formacidn), Italiay Francia completaron las tres desde 2004 [4, 7] y, Portugal en 2024 complet
las tres vertientes en una reforma integral [3]. La ausencia de dos de las tres reformas explica
por qué los avances académicos espafioles no se han traducido en mejora de movilidad o
proteccién patrimonial.
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Linternauta y la normalizacion de la catalogacion
técnica de placas de linterna magica en Portugal

Linternauta e a normalizacao da catalogacao
técnica das placas de lanterna magica em Portugal

Linternauta and the standardisation of the
technical cataloguing of magic lantern slides in
Portugal

Resumen

Este articulo analiza la actualizacién de la plataforma digital Linternauta mediante la
catalogacidn técnica de 427 placas de linterna magica conservadas en tres instituciones ptblicas
portuguesas. El estudio aborda la inestabilidad terminolégica existente en la descripcién de sus
técnicas de produccién y propone un modelo operativo de normalizacién basado en cuatro
categorias: pictérica, impresa, fotogrifica y mixta. La clasificacién se fundamenta en
observacién macroscépica, fuentes histdricas y estudios materiales recientes. Los resultados
muestran un predominio significativo de configuraciones técnicas hibridas, coherente con
investigaciones previas sobre colecciones portuguesas. La normalizacién terminolégica facilita
la comparacién interinstitucional, favorece el acceso digital estructurado y contribuye
indirectamente a estrategias de conservacién preventiva mediante la reduccién potencial de la
manipulacién directa de materiales fragiles. El caso portugués evidencia el potencial
metodoldgico de la catalogacidn técnica para la documentacién patrimonial y las humanidades
digitales.

Resumo
Este artigo analisa a atualizagio da plataforma digital Linternauta através da catalogacao
técnica de 427 placas de lanterna migica preservadas em trés institui¢des publicas portuguesas.
O estudo aborda a instabilidade terminoldgica existente na descri¢do das técnicas de produgio
destas pegas e propde um modelo operativo de normaliza¢io baseado em quatro categorias:
pictérica, impressa, fotogrifica e mista. A classificacio fundamenta-se na observagio
macroscopica, em fontes histdricas e em estudos materiais recentes. Os resultados revelam um
predominio significativo de configuragdes técnicas hibridas no conjunto analisado, em
consondncia com investigacOes anteriores sobre cole¢Ges portuguesas. A normalizagio
terminoldgica facilita a comparagio interinstitucional, favorece o acesso digital estruturado e
contribui indiretamente para estratégias de conservagao preventiva ao reduzir potencialmente
a manipulagio direta de materiais frageis. O caso portugués evidencia o potencial
metodoldgico da catalogagio técnica para a documentagdo patrimonial e as humanidades
digitais.
Abstract

This article analyses the update of the Linternauta digital platform through the technical
cataloguing of 427 magic lantern slides preserved in three Portuguese public institutions. The
study addresses the terminological instability surrounding the description of production
techniques and proposes an operational classification model based on four categories:
pictorial, printed, photographic and mixed. The classification combines macroscopic
observation, historical sources and recent material studies. Results reveal a significant
predominance of hybrid technical configurations within the analysed corpus, consistent with
previous research on Portuguese collections. The proposed terminology facilitates
interinstitutional comparison, supports structured digital access and indirectly contributes to
preventive conservation strategies by potentially reducing the handling of fragile materials.
The Portuguese case highlights the methodological value of technical cataloguing for heritage
documentation and digital humanities.

FRANCISCO JAVIER
FRUTOS ESTEBAN *

CARMEN LOPEZ SAN
SEGUNDO

Universidad de Salamanca, Facultad
de Ciencias Sociales, Campus
Miguel de Unamuno, 37007
Salamanca, Espafia

“frutos@usal.es

PALABRAS-CLAVE
Linterna magica
Catalogacién técnica
Normalizacién terminoldgica
Patrimonio audiovisual
Documentacién patrimonial
Humanidades digitales

PALAVRAS-CHAVE
Lanterna magica
Catalogacao técnica
Normalizagdo terminoldgica
Patriménio audiovisual
Documentagio patrimonial
Humanidades digitais

KEYWORDS

Magic lantern

Technical cataloguing
Terminology standardisation
Audiovisual heritage
Heritage documentation
Digital humanities

CONSERVAR PATRIMONIO 53 (2026) 171-182 - https://doi.org/10.14568/cp42974 - ISSN 2182-9942

ARP - Associagdo Profissional de Conservadores-Restauradores de Portugal - hitps://conservarpatrimonio.pt


https://conservarpatrimonio.pt/
https://conservarpatrimonio.pt
https://orcid.org/0000-0002-4014-8793
https://orcid.org/0000-0003-0006-7769

o
Wy

F.J. Frutos Esteban, C. Lopez San Segundo

Introduccion: tras la estela de la linterna magica

La documentacién técnica de las placas de linterna magica constituye actualmente un desafio
metodolégico para la gestién y el estudio del patrimonio, derivado de la inestabilidad
terminolégica empleada histéricamente para describir sus procesos de produccién. La
coexistencia histérica de denominaciones técnicas y comerciales, junto con la diversidad de
practicas catalograficas entre instituciones patrimoniales, dificulta la comparacién
interinstitucional, la interoperabilidad de datos y la aplicacién coherente de estrategias de
conservacion preventiva. En este contexto, la normalizacién de la catalogacién técnica emerge
como una herramienta relevante para articular investigacién histdrica, gestién patrimonial y
acceso digital.

La linterna mégica constituye, al mismo tiempo, un objeto fundamental para la arqueologia
de los medios y para la historia de la imagen proyectada. Desde el siglo XVIII y a lo largo del
XIX, este dispositivo articulé practicas de entretenimiento, divulgacién cientifica e instruccién
publica que anticiparon formas posteriores de cultura audiovisual. Estudios clasicos y recientes
han contribuido a interpretar las placas de linterna magica como dispositivos visuales inscritos
en sistemas culturales de circulacién de imagenes, cuya persistencia y adaptacién cuestionan
lecturas evolutivas lineales centradas exclusivamente en el surgimiento del cinematégrafo [1-
16].

Durante las dltimas décadas, el interés académico por las placas de linterna mégica ha
experimentado un notable crecimiento, impulsado tanto por estudios de historia cultural y
visual como por investigaciones centradas en la materialidad de los dispositivos pticos y sus
practicas de exhibicién. En el ambito europeo, proyectos colaborativos como A Million Pictures
[17] han contribuido decisivamente a reconsiderar las placas de linterna mdagica como
artefactos patrimoniales complejos, promoviendo enfoques interdisciplinarios que integran
historia cultural, estudios materiales y documentacién digital. La plataforma Linternauta se
inscribe en esta linea de investigacién, constituyendo un desarrollo aplicado en el contexto
portugués que prolonga metodologias iniciadas en A Million Pictures y actualmente ampliadas
en el proyecto MAGICA [18]. Sin embargo, a pesar de este desarrollo historiogrifico, la
documentacién técnica de estos objetos continda presentando dificultades derivadas de la
diversidad de terminologias empleadas en catilogos histdricos, inventarios museograficos y
bases de datos contemporineas. Esta situacién genera problemas de comparabilidad entre
colecciones y limita el potencial analitico de los repositorios digitales dedicados a este
patrimonio.

En el contexto portugués, las colecciones de placas de proyeccién conservadas en
instituciones publicas constituyen un conjunto patrimonial relevante, aunque histéricamente
poco estudiado de forma sistematica. Diversas instituciones -archivos audiovisuales, museos
cientificos y colecciones universitarias- custodian fondos que reflejan la amplia circulacién
internacional de imagenes proyectadas durante los siglos XIX y comienzos del XX. No
obstante, estas colecciones han sido descritas tradicionalmente mediante criterios
heterogéneos, condicionados por la historia institucional de cada entidad y por la coexistencia
de enfoques archivisticos, museolédgicos y audiovisuales.

Los estudios materiales recientes realizados sobre estas colecciones han permitido avanzar
significativamente en el conocimiento de los procedimientos técnicos y de los materiales
empleados en la produccién de las placas, evidenciando la frecuente combinacién de procesos
pictéricos, impresos y fotograficos [16]. Estos trabajos ponen de manifiesto la complejidad
técnica inherente a estos objetos y, al mismo tiempo, explican las dificultades para aplicar
categorias descriptivas uniformes dentro de los sistemas de catalogacién patrimonial. La
necesidad de marcos terminolégicos compartidos ha sido ampliamente reconocida en el
ambito de la conservacién del patrimonio cultural, donde la estandarizacién conceptual
constituye una condicién necesaria para la documentacién comparable y la gestién coordinada
de colecciones [19]. En este sentido, la problemdtica observada en la catalogacién de placas de
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linterna magica puede situarse dentro de debates mds amplios sobre la normalizacién
descriptiva del patrimonio material.

En continuidad con iniciativas internacionales dedicadas al estudio y documentacién de las
placas de linterna magica, el proyecto MAGICA [18] ha impulsado recientemente el analisis
interdisciplinar de estos materiales en el contexto portugués, integrando perspectivas
procedentes de la conservacidn, la historia cultural y la arqueologia de los medios. Concebida
como un entorno de documentacidn, anlisis y acceso abierto dedicado a las placas de linterna
magica conservadas en colecciones portuguesas, la actualizacién de Linternauta incorpora un
corpus de 427 placas procedentes de tres instituciones publicas portuguesas: la Cinemateca
Portuguesa—Museo del Cine, el Museo Nacional de Historia Natural y Ciencia y el Museo de
Ciencia de la Universidad de Coimbra, y propone un sistema de catalogacién técnica orientado
a facilitar la comparacién interinstitucional y el acceso estructurado al patrimonio.

El principal problema abordado por el estudio es la inestabilidad terminoldgica en la
descripcién de las técnicas de registro, resultado de la coexistencia histérica de
denominaciones técnicas y comerciales, la diversidad de procesos productivos y la
heterogeneidad de pricticas descriptivas entre instituciones. Frente a esta situacién, el articulo
propone un modelo operativo de normalizacién terminolégica orientado a establecer un nivel
comun de clasificacién técnica compatible con distintos grados de informacién disponible.

El objetivo no consiste en sustituir la complejidad material de las placas por categorias
simplificadas, sino en desarrollar una herramienta metodolégica que permita gestionar dicha
complejidad dentro de entornos documentales digitales. La propuesta se concibe como un
modelo provisional y ampliable, susceptible de ser refinado a medida que nuevas
investigaciones materiales y documentales aporten informacién adicional.

El articulo se sitda en la interseccién entre arqueologia de los medios, documentacién
patrimonial y conservacién preventiva, mostrando cémo la catalogacién técnica puede
contribuir simultdneamente al conocimiento histdrico, la gestién de colecciones y el acceso
publico al patrimonio audiovisual.

Corpus y metodologia de catalogacidén técnica

El presente estudio aborda la catalogacion técnica de placas de linterna magica desde una
perspectiva metodoldgica orientada a resolver la inestabilidad terminoldgica existente en su
descripcién documental. Esta inestabilidad deriva de la coexistencia histérica de
denominaciones técnicas y comerciales, la diversidad de procesos productivos y la
heterogeneidad de criterios catalogrificos adoptados por distintas instituciones
patrimoniales. Esta dificultad no es exclusiva del contexto portugués, sino que ya habia sido
sefialada en propuestas tempranas de clasificacién documental de placas de linterna magica,
donde se advertia la coexistencia de criterios técnicos, comerciales y funcionales en los sistemas
de catalogacién (Barnes, 1990). En consecuencia, el trabajo no se plantea tinicamente como un
ejercicio de inventario, sino como el desarrollo de un modelo operativo de normalizacién capaz
de facilitar la comparacién interinstitucional y la interoperabilidad de datos.

El corpus analizado estd integrado por 427 placas de linterna magica procedentes de tres
instituciones publicas portuguesas: la Cinemateca Portuguesa—Museo del Cine (CPMC), el
Museo Nacional de Historia Natural y Ciencia (MUHNAC) y el Museo de Ciencia de la
Universidad de Coimbra (MCUC). La seleccién responde a criterios operativos definidos por la
accesibilidad institucional, la disponibilidad para su digitalizacién y estudio, asi como la
diversidad tipolégica y cronolégica de los fondos conservados.

El corpus no constituye un inventario exhaustivo del conjunto de placas conservadas en
Portugal, actualmente distribuidas en diversas instituciones, sino una muestra comparativa
representativa sin pretensién de exhaustividad nacional desde el punto de vista tipoldgico e
institucional. La inclusién de colecciones con perfiles distintos — archivo audiovisual, museo
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cientifico y coleccidn universitaria — permitié contrastar practicas descriptivas diferenciadasy
evaluar la aplicabilidad del modelo de normalizacién en contextos documentales diversos.

La incorporacién de las placas al entorno digital Linternauta implicé la revisién y
armonizacién de registros procedentes de inventarios previos, lo que permitié identificar
divergencias terminoldgicas y vacios descriptivos que confirmaron la necesidad de proponer
un marco comun de clasificacién técnica.

La identificacién técnica de las placas se llevéd a cabo mediante un procedimiento
comparativo basado en la combinacién de observacién directa, analisis documental y contraste
con investigaciones materiales previas. Este enfoque respondid a la naturaleza heterogénea del
corpus, caracterizado por la ausencia frecuente de documentacién original asociada a los
procesos de produccién y por la variabilidad terminolégica presente en los registros histéricos.

En una primera fase, se realizé la observacién macroscépica de las imigenes digitalizadas
y de la informacién disponible en los inventarios institucionales, atendiendo a indicadores
formales y materiales tales como la presencia de contornos impresos, intervenciones pictdricas
manuales, caracteristicas cromadticas, transparencias fotograficas o superposicién de
procedimientos técnicos. Este andlisis permitid hipdtesis iniciales de clasificacién.

En una segunda fase, dichas observaciones fueron contrastadas con manuales técnicos y
catilogos comerciales histéricos empleados en la produccién y distribucién de placas de
linterna magica durante los siglos XIX y comienzos del XX. Estas fuentes permitieron
contextualizar las denominaciones técnicas utilizadas en la época y comprender la coexistencia
de terminologias comerciales y descriptivas que todavia persisten en los registros
patrimoniales.

El procedimiento metodoldgico se desarrollé en didlogo con las lineas de investigacién
impulsadas por el proyecto MAGICA [18], que ha promovido el estudio interdisciplinar de las
placas de linterna magica desde perspectivas materiales, performativas y patrimoniales. Las
investigaciones realizadas en este marco han contribuido a integrar el andlisis técnico de los
objetos con su contexto histérico de uso y circulacién, favoreciendo la adopcién de enfoques
metodoldgicos que combinan documentacién histérica, estudio material y herramientas
digitales de anilisis.

Finalmente, el proceso de identificacidn se apoyd en los resultados de estudios materiales
recientes desarrollados sobre las colecciones portuguesas, especialmente la investigacién
doctoral de Santos [16], que documenta la frecuente combinacién de procedimientos
pictdricos, impresos y fotogrificos en un mismo objeto. La integracién de estos estudios
permitié interpretar la hibridacién técnica observada en el corpus y fundamentar las decisiones
clasificatorias adoptadas.

Este procedimiento combind, por tanto, evidencia visual, documentacién histérica y
conocimiento material especializado, permitiendo proponer una clasificacién técnica
coherente sin asumir atribuciones que excedieran el grado de informacién disponible.

Dado quelaidentificacién técnica de las placas se basa principalmente en observacién visual
y documentacién histérica disponible, el estudio incorporé un sistema explicito de niveles de
atribucién destinado a reflejar el grado de certeza asociado a cada clasificacién. Este
procedimiento permitié evitar atribuciones categéricas cuando la evidencia resultaba
insuficiente y hacer explicitas las limitaciones inherentes al analisis.

Se establecieron tres niveles de certeza:

e Identificacién confirmada, cuando existia evidencia directa que permitia
sostener la atribucién técnica, como marcas de productor, documentacién
asociada o coincidencias verificables con estudios materiales previos.

e Identificacién probable, cuando la observacién formal y la comparacién con
fuentes histéricas mostraban coherencia suficiente con un procedimiento
técnico determinado, aunque sin documentacién directa que lo confirmara
plenamente.

CONSERVAR PATRIMONIO 53 (2026) https://doi.org/10.14568/cpaz974

174


https://conservarpatrimonio.pt

o
P

Linternauta y la normalizacién de la catalogacidn técnica de placas de linterna magica en Portugal

e Identificacién hipotética, en aquellos casos en los que la clasificacién se apoyaba
principalmente en analogias formales o contextuales, manteniéndose abierta a
futuras revisiones.

La adopcién de este sistema permitié mantener la transparencia interpretativa del proceso
catalografico y responde a la naturaleza compleja de las placas de linterna mégica, cuya
produccién combinaba frecuentemente distintos procedimientos técnicos y cuya
documentacién histérica es, en muchos casos, fragmentaria. En este sentido, la clasificacién
propuesta no pretende establecer determinaciones definitivas, sino ofrecer un marco operativo
transparente y revisable.

Entre las principales limitaciones del estudio debe sefialarse la ausencia de andlisis
materiales directos sobre la totalidad del corpus, asi como la desigual conservacién de
documentacién histérica asociada a las colecciones. No obstante, la integracién de
investigaciones materiales recientes y el contraste sistemdtico con fuentes histdricas
permitieron reducir el margen de incertidumbre y fundamentar las decisiones catalograficas
adoptadas.

La normalizacién propuesta no persigue sustituir la especificidad técnica de las placas por
categorias genéricas, sino proponer un nivel comdn de clasificacién operativa que permita la
comparacién interinstitucional en contextos donde la informacién técnica disponible resulta
desigual o incompleta. La necesidad de este modelo surge de la heterogeneidad terminolégica
detectada en los registros documentales, caracterizados por el uso indistinto de
denominaciones técnicas, comerciales y descriptivas para procedimientos equivalentes.

El andlisis de los inventarios institucionales permitié identificar practicas descriptivas
divergentes, entre ellas la utilizacién simultinea de términos histéricos y contemporaneos, la
ausencia de diferenciacién entre impresion y coloracién manual, y la aplicacién de categorias
amplias sin referencia explicita a los procesos materiales implicados. Esta situacién dificultaba
la interoperabilidad entre bases de datos y limitaba la comparacién sistemditica entre
colecciones. Esta problematica ha sido igualmente sefialada en proyectos internacionales de
documentacién de placas de linterna mégica, como Lucerna — The Magic Lantern Web Resource
[20], cuyo modelo de agregacion evidencié la dificultad de integrar registros procedentes de
instituciones con criterios descriptivos heterogéneos. El sistema propuesto en Linternauta se
sitia precisamente en esta fase previa, orientada a facilitar la convergencia terminoldgica antes
dela agregacién de datos.

Con el fin de gestionar esta heterogeneidad, se adopté un modelo estructurado en cuatro
macro-categorias técnicas — pictdrica, impresa, fotografica y mixta — concebidas como
categorias de primer nivel. Estas categorias responden a diferencias materiales generales entre
procedimientos de produccién y permiten agrupar objetos con comportamientos de
conservacién comparables sin impedir futuras especificaciones técnicas mas detalladas. La
categoria mixta adquiere especial relevancia dentro del corpus analizado, al integrar placas que
combinan distintos procedimientos -contornos impresos coloreados manualmente,
intervenciones pictéricas sobre soportes fotograficos u otras superposiciones técnicas- cuya
coexistencia ha sido ampliamente documentada en estudios materiales recientes [16]. En este
sentido, la predominancia de esta categoria no responde Gnicamente a una decisién
clasificatoria, sino a la naturaleza hibrida caracteristica de estos objetos.

La estandarizacién terminolégica propuesta permite reducir operativamente la
heterogeneidad descriptiva a cuatro categorias funcionales, concebidas como herramienta
operativa provisional y ampliable para la comparacién interinstitucional. Su finalidad consiste
en facilitar la organizacién documental y la comparacién entre colecciones manteniendo
explicito el grado de certeza disponible, permitiendo que futuras investigaciones materiales o
documentales puedan refinar o desagregar las categorias empleadas sin alterar la estructura
general del sistema. Desde la perspectiva de la conservacién preventiva, esta normalizacién
permite identificar conjuntos materiales con riesgos similares asociados a la combinacién de
soportes vitreos, capas pictéricas y componentes orgdnicos, contribuyendo a orientar
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estrategias de manipulacién, almacenamiento y estudio dentro de las instituciones
patrimoniales. Este enfoque adopta principios alineados con recomendaciones internacionales
sobre terminologia en conservacién patrimonial, que proponen sistemas descriptivos capaces
de mantener distintos niveles de especificidad sin comprometer la interoperabilidad
documental [19].

Resultados del anilisis técnico comparativo

La aplicacién del modelo de normalizacién técnica al corpus de 427 placas permitié proponer
una primera caracterizacién comparativa entre las tres colecciones analizadas. Los resultados
muestran un claro predominio de la categoria mixta, que constituye la forma técnica
mayoritaria en el conjunto estudiado. La ausencia de categorias pictdricas puras en la
clasificacién final no implica la inexistencia de intervencién manual, sino que refleja la
frecuente coexistencia de procedimientos pictdricos con técnicas impresas o fotograficas
dentro de un mismo objeto.

Enla coleccién dela CPMC, aproximadamente el 97 % de las placas fueron clasificadas como
técnicas mixtas, mientras que una proporcién minoritaria corresponde a técnicas impresas. En
las colecciones del MUHNAC y del MCUC, la totalidad de los ejemplares analizados se integran
dentro de la categoria mixta.

Esta distribucién no debe interpretarse dnicamente como resultado de una decisién
clasificatoria, sino como reflejo de la naturaleza material hibrida documentada en
investigaciones recientes sobre estas mismas colecciones. Los estudios materiales
desarrollados por Santos [16] ponen de relieve la frecuente combinacién de procedimientos
pictdricos, impresos y fotogrificos en un mismo objeto, caracteristica que explica la
predominancia observada en el presente analisis.

La adopcién de una clasificacién comin permitid, por primera vez, comparar de forma
sistemdtica colecciones con tradiciones descriptivas distintas, revelando patrones técnicos
compartidos pese a las diferencias institucionales y funcionales de los fondos conservados. Las
diferencias observadas entre colecciones podrian relacionarse con modelos de uso
diferenciados, aunque esta interpretacién debe considerarse provisional y dependiente de
futuras evidencias documentales. La distribucién cuantitativa resultante de la aplicacién del
modelo puede observarse en la Tabla 1, donde se sintetiza la presencia relativa de cada categoria
técnica en las colecciones analizadas: como puede observarse, la predominancia de técnicas
mixtas se mantiene constante en las tres instituciones analizadas.

El andlisis comparativo del corpus permitié observar relaciones significativas entre los
procedimientos técnicos identificados y la evolucién histérica de los modelos de produccién de
placas de linterna magica durante el siglo XIX y comienzos del XX. Aunque la normalizacién
aplicada opera a un nivel clasificatorio general, la distribucién resultante resulta coherente con
la coexistencia progresiva entre practicas artesanales y soluciones industriales hibridas.

Tabla 1. Distribucién técnica del corpus por coleccién [16].

S Técnica (%)
Institucién Numero de placas -
Mixta Impressa
CPMC 339 97 3
MUHNAC 30 100 o
MCUC 58 100 o
Total corpus 427 =98 =2
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Las placas asociadas a cronologias mis tempranas presentan con mayor frecuencia
intervenciones pictéricas manuales o combinaciones artesanales de impresién y coloracién. En
fases posteriores se observa una creciente incorporacién de procedimientos seriados
vinculados a la reproduccién impresa y a la fotografia. No obstante, estos procesos rara vez
aparecen de forma aislada, sino integrados en soluciones técnicas mixtas destinadas a
optimizar la legibilidad de la imagen proyectada. Un ejemplo de intervencién pictérica manual
observable dentro de este tipo de configuraciones técnicas puede apreciarse en la Figura 1, que
ilustra la presencia de procedimientos pictéricos integrados en placas clasificadas finalmente
como técnicas mixtas.

La Figura 2 ilustra otro tipo de combinacién entre impresién seriada y coloracién manual
recurrente, donde la coexistencia de procedimientos técnicos explica la légica hibrida
predominante en las colecciones estudiadas.

La recurrencia de configuraciones técnicas similares en distintas instituciones puede
apreciarse en la Figura 3, correspondiente a un ejemplar del MUHNAC que permite identificar
el patrén hibrido identificado en el conjunto del corpus.

Figura 1. Placa de linterna magica perteneciente a la coleccién de la Cinemateca Portuguesa—Museo del Cine (inv. CPMC-PC0445/004). Aunque la presencia de
coloracién manual evidencia procedimientos pictéricos, la pieza se clasifica dentro de la categoria técnica mixta debido a la coexistencia de distintos procesos de
produccién, ilustrando la complejidad material que fundamenta el modelo de normalizacién propuesto.

Figura 2. Placa de linterna mégica procedente de la coleccién de la Cinemateca Portuguesa—Museo del Cine (La Belle aux cheveux d’or, Lapierre, ca. 1890, Francia,
inv. CPMC-PC0018/002) con contornos impresos y coloracién manual posterior. Aunque el disefio lineal deriva de un proceso de impresién seriada, la intervencién
pictérica y la combinacién de procedimientos técnicos motivan su clasificacién dentro de la categoria mixta, ejemplificando la transicién hacia modelos
productivos hibridos caracteristica del corpus analizado.
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Figura 3. Placa de linterna magica perteneciente a la coleccién del Museo Nacional de Historia Natural y Ciencia (inv. MUHNAC-UL000068) que combina
elementos impresos y pictéricos en un mismo soporte. La coexistencia de procedimientos técnicos observada en este ejemplar ratifica la recurrencia
interinstitucional de configuraciones mixtas identificadas mediante la catalogacién comparativa aplicada en Linternauta.

Las tres figuras anteriores coinciden con lo sefialado por estudios materiales recientes, que
describen las placas como objetos técnicamente estratificados, resultado de sucesivas fases de
produccién e intervencién [16]. La superposicién de técnicas puede interpretarse como una
respuesta a las exigencias dpticas de la proyeccién luminosa, donde la intensidad cromatica, el
contraste y la visibilidad a distancia condicionaban las decisiones técnicas de los productores.

Desde esta perspectiva, la predominancia de soluciones hibridas o mixtas sugiere la
coexistencia de légicas artesanales e industriales mas que una sustitucién lineal entre modelos
productivos. La clasificacién comparativa permite asi identificar tendencias generales sin
establecer atribuciones cronoldgicas estrictas, reconociendo la variabilidad inherente a los
contextos de produccién y circulacién internacional de estas imagenes.

La clasificacién técnica aplicada permiti6 identificar la coexistencia, dentro de una misma
coleccién institucional, de objetos con comportamientos materiales diferenciados derivados de
la superposicién de procesos productivos. La categoria mixta agrupa placas caracterizadas por
la combinacién de soportes vitreos, capas pictéricas, tintas impresas y, en algunos casos,
emulsiones fotogrificas, lo que implica vulnerabilidades especificas frente a factores
ambientales y a la manipulacién directa.

Desde la perspectiva de la conservacién preventiva, la identificacién de estas
configuraciones técnicas facilita la agrupaciéon de objetos con riesgos comparables,
permitiendo orientar decisiones relativas a almacenamiento, manipulacién y estudio. Las
placas con intervenciones pictdricas presentan, por ejemplo, susceptibilidad a pérdidas de
material cromatico y abrasion superficial, mientras que aquellas que incorporan componentes
fotograficos pueden mostrar procesos de degradacién asociados a emulsiones sensibles a la
humedadyalaluz.

Los estudios materiales desarrollados en el marco del proyecto MAGICA [18] y en
investigaciones recientes sobre las colecciones portuguesas [16] subrayan la importancia de
comprender la estratificacion técnica de estos objetos para proponer medidas de conservacién
adecuadas. En este sentido, la normalizacién terminolégica adoptada en Linternauta
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contribuye a traducir el conocimiento material especializado a un nivel documental operativo,
facilitando su aplicacién dentro de los sistemas de gestién de colecciones.

Asimismo, la disponibilidad de registros técnicos normalizados dentro de un entorno
digital de hibridacién favorece el anilisis preliminar remoto, reduciendo la necesidad de
manipulacién directa de piezas fragiles. Este acceso estructurado puede considerarse, por
tanto, un apoyo indirecto a las estrategias de conservacion preventiva, al permitir consultas
comparativas sin exposicion fisica reiterada de los objetos.

La incorporacién del vocabulario técnico normalizado en la plataforma Linternauta
permiti6é estructurar el acceso al corpus mediante criterios homogéneos de busqueda y
comparacién. La organizacién de los registros segin técnica, cronologia, procedencia
institucional y categorias temdticas facilita la exploracién transversal de las colecciones,
superando las limitaciones derivadas de inventarios previamente independientes y
terminolégicamente dispares.

Mas alld de su funcién como repositorio digital, la plataforma actia como un entorno de
anilisis documental que permite visualizar relaciones entre objetos pertenecientes a
instituciones distintas, identificando patrones técnicos y narrativos que resultaban dificiles de
detectar mediante consultas aisladas. Este acceso estructurado favorece aproximaciones
comparativas que amplian las posibilidades de investigacién histérica y material sobre las
placas de linterna mdgica. De esta manera, la incorporacién del vocabulario técnico
normalizado en Linternauta facilit6 relaciones comparativas entre colecciones previamente
descritas mediante criterios heterogéneos, poniendo de relieve patrones técnicos compartidos
y facilitando su analisis conjunto dentro del entorno digital de Linternauta.

Discusion: implicaciones documentales y patrimoniales

Los resultados obtenidos trascienden la mera organizacién documental del corpus y permiten
considerar el entorno digital como un espacio de mediacién patrimonial que favorece nuevas
formas de anlisis comparativo y estudio remoto de materiales fragiles, situando la propuesta
de normalizacién técnica dentro de un debate mdas amplio sobre la documentacién del
patrimonio audiovisual y cientifico. Mixime cuando la heterogeneidad terminolédgica
identificada en las colecciones portuguesas no constituye un caso aislado, sino una
problemitica recurrente en la catalogacién de objetos hibridos cuya produccién histérica
combina dimensiones artesanales, industriales y performativas.

En el dmbito de las placas de linterna mégica, la coexistencia de denominaciones técnicas,
comerciales y descriptivas responde tanto a la evolucién de los procesos productivos como a la
diversidad de contextos institucionales en los que estos objetos han sido conservados. Archivos
audiovisuales, museos cientificos y colecciones universitarias han desarrollado histéricamente
sistemas de descripcién orientados a necesidades distintas, generando vocabularios
parcialmente incompatibles entre si.

La normalizacién propuesta en este estudio no pretende resolver esta diversidad mediante
una simplificacién reductora, sino introducir un nivel intermedio de clasificacién capaz de
traducir terminologias heterogéneas a un marco documental comin. En este sentido, el
modelo se aproxima a estrategias adoptadas en otros ambitos de la documentacién
patrimonial, donde la interoperabilidad se alcanza mediante estructuras jerirquicas que
permiten coexistir distintos niveles de especificidad descriptiva. Iniciativas digitales como
Lucerna — The Magic Lantern Web Resource [20] han demostrado el potencial de los repositorios
agregados para ampliar el acceso a colecciones dispersas, aunque también han puesto de
manifiesto la necesidad de marcos descriptivos compatibles. La experiencia desarrollada en
Linternauta aborda esta cuestién mediante la normalizacién técnica previa de los registros,
facilitando futuras integraciones en entornos documentales internacionales. Este
planteamiento se alinea con metodologias desarrolladas en proyectos internacionales
dedicados al estudio y documentacién de placas de linterna magica, particularmente A Million
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DPictures [17], que puso de relieve la necesidad de integrar andlisis material, contexto histérico de
uso y acceso digital dentro de estrategias patrimoniales compartidas. Desde esta perspectiva,
la catalogacién técnica se entiende como un proceso de mediacién entre conocimiento
especializado y gestiéon documental, en el que la precisién terminolégica debe equilibrarse con
la necesidad de generar sistemas comparables y operativos dentro de entornos digitales
compartidos.

La predominancia de técnicas clasificadas como mixtas en el corpus analizado invita a
reconsiderar la naturaleza material de las placas de linterna mdgica mas allad de categorias
técnicas estrictamente excluyentes. Lejos de constituir excepciones, las soluciones hibridas
parecen representar una condicién estructural de estos objetos, resultado de la superposicién
de procedimientos destinados a optimizar la eficacia visual de la proyeccién luminosa.

Los estudios materiales recientes han demostrado que la produccién de placas implicaba
con frecuencia la combinacién de impresién industrial, intervencién pictérica manual y,
posteriormente, incorporacién de procesos fotogrificos, configurando objetos técnicamente
estratificados [16]. Esta complejidad material explica la dificultad de aplicar clasificaciones
basadas en técnicas purasy refuerza la pertinencia de modelos descriptivos capaces de integrar
distintos niveles de informacién técnica.

Las investigaciones desarrolladas en el marco del proyecto MAGICA [18] han contribuido
igualmente a situar estas pricticas dentro de un contexto performativo mas amplio, en el que
la eficacia visual, sonora y narrativa de la proyeccién condicionaba las decisiones técnicas
adoptadas por productores y exhibidores. Desde esta perspectiva, la hibridacién no debe
entenderse Gnicamente como una cuestién material, sino como el resultado de la adaptacién
de los objetos a condiciones especificas de uso propias del caricter abierto y adaptable del
medio linterna magica [12].

La normalizacién terminoldgica propuesta permite, por tanto, traducir esta complejidad
material a un nivel documental operativo sin eliminarla, ofreciendo una herramienta capaz de
reflejar la naturaleza compuesta de las placas al tiempo que facilita su comparacién dentro de
sistemas de catalogacién patrimonial. De este modo, la categoria mixta deja de ser una
simplificacién descriptiva para convertirse en un indicador analitico de la l6gica técnica
predominante en el corpus portugués.

La experiencia desarrollada a través de Linternauta pone de manifiesto el papel creciente de
las plataformas digitales como herramientas de mediacién entre investigacién académica,
gestién patrimonial y acceso publico al conocimiento. En el caso de las placas de linterna
magica, cuya consulta directa implica riesgos derivados de la fragilidad del soporte vitreo y de
la sensibilidad de sus capas materiales, la disponibilidad de registros técnicos estructurados
adquiere una relevancia particular.

La normalizacién terminolégica aplicada permite trasladar informacién material compleja
a entornos documentales accesibles, favoreciendo el anilisis comparativo sin necesidad de
manipulacién fisica reiterada de los objetos. Este tipo de acceso contribuye indirectamente a la
conservacion preventiva al reducir la exposicién a factores de riesgo asociados al manejo, al
transporte y a la iluminacion prolongada durante procesos de estudio.

Al mismo tiempo, la integracién de herramientas digitales dentro de proyectos
patrimoniales amplia las posibilidades de investigacién interdisciplinar, permitiendo
relacionar datos técnicos, contextos histéricos y usos culturales en un mismo entorno de
consulta. Desde la perspectiva de las humanidades digitales, la catalogacién técnica deja de ser
Gnicamente un proceso descriptivo para convertirse en una infraestructura de conocimiento
capaz de generar nuevas preguntas de investigacion.

En este sentido, el caso portugués muestra cémo la articulaciéon entre investigacién
material, normalizacién documental y acceso digital puede contribuir a redefinir el papel de la
catalogacién dentro delos estudios patrimoniales contemporaneos. Lejos de constituir una fase
preliminar del trabajo cientifico, la documentacién técnica puede entenderse como un espacio
de produccién de conocimiento que conecta conservacién, historia cultural y anélisis digital.
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Conclusiones: horizontes traslicidos para un legado vivo

El presente estudio ha permitido desarrollar y aplicar un modelo operativo de normalizacién
terminoldgica orientado a la catalogacién técnica de placas de linterna magica en contextos
patrimoniales caracterizados por la heterogeneidad descriptiva. La actualizacién de la
plataforma Linternauta no se limita a la incorporacién de nuevos registros digitales, sino que
plantea una propuesta metodoldgica destinada a facilitar la comparacién interinstitucional y la
interoperabilidad documental entre colecciones con trayectorias catalograficas diversas.
Linternauta contribuye a mejorar potencialmente las condiciones de acceso y estudio del
patrimonio, favoreciendo indirectamente estrategias de conservacién preventiva mediante la
reduccién potencial de la manipulacién directa.

La aplicacién del modelo a un corpus de 427 placas procedentes de tres instituciones
publicas portuguesas ha puesto de manifiesto la utilidad de establecer niveles de clasificacién
compatibles con distintos grados de informacién disponible. La adopcién de categorias
técnicas operativas permitié gestionar la diversidad terminoldgica sin sustituir la complejidad
material de los objetos, manteniendo explicitas las limitaciones derivadas de la evidencia
documental y observacional.

Uno de los resultados mas relevantes del estudio es la identificacién del predominio de
soluciones técnicas hibridas dentro del corpus analizado. Esta caracteristica, coherente con
investigaciones materiales recientes sobre las colecciones portuguesas [16], refuerza la
necesidad de enfoques descriptivos capaces de integrar la estratificacién técnica propia de las
placas de linterna magica y cuestiona la aplicacidn de clasificaciones basadas en técnicas puras.

Desde una perspectiva historiogrifica, los resultados sugieren la coexistencia de modelos
productivos artesanales e industriales a lo largo del siglo XIX, asi como sugieren dindmicas de
circulacién internacional de repertorios visuales y soluciones técnicas adaptadas a las
condiciones especificas de la proyeccién luminosa. La catalogacién comparativa permite
identificar patrones técnicos y visuales que trascienden el marco institucional especifico de
cada coleccién, sugiriendo dindmicas de produccién y circulacién mas amplias dentro de la
cultura visual europea del siglo XIX. Esta perspectiva resulta coherente con estudios recientes
sobre la difusidn transnacional de imagenes proyectadas y la movilidad de repertorios visuales
asociados a la linterna magica [11].

En el dmbito de la conservacién, la normalizacién técnica sugiere su potencial como
herramienta de gestién preventiva al facilitar la identificacién de conjuntos materiales con
riesgos comparables y favorecer el andlisis remoto de objetos frigiles. De esta manera, la
documentacién técnica se configura como un elemento activo dentro de las estrategias de
conservacién patrimonial, mas alld de su funcién tradicional como registro descriptivo.
Asimismo, la integracién del vocabulario normalizado en un entorno digital abierto amplia las
posibilidades de investigacién y mediacién cultural, situando la catalogacién como una
infraestructura de conocimiento que conecta arqueologia de los medios, gestién de colecciones
y humanidades digitales. Finalmente, el modelo propuesto debe entenderse como una
herramienta provisional y ampliable. Futuras investigaciones materiales y documentales
permitirdn refinar las atribuciones técnicas y enriquecer los niveles descriptivos, consolidando
progresivamente estindares compartidos para la documentacién de placas de linterna méagica
en contextos patrimoniales internacionales.
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Uso de quelantes em hidrogel para remocao de
manchas em uma pintura em téxtil com técnica
mista de estampa com ferrugem e aquarela

Use of chelating agents in hydrogel for stain
removal on a textile painting with a mixed
technique of rust print and watercolor

Resumo

A pintura em téxtil apresenta caracteristicas que a distingue da pintura em tela e que também
define uma metodologia diferenciada de Conservagao e Restauro. Neste artigo, discutimos a
remocao de manchas de ferrugem em uma pintura em téxtil de algodao realizada com estampa
com ferrugem e aquarela. A ferrugem usada para a realizagio da obra migrou sobre o tecido
gerando manchas que se associaram a adesivo e a manchas de fungos, descaracterizando a obra
e dificultando sua leitura. A remocgdo das manchas de ferrugem foi realizada com agentes
quelantes, citrato e oxalato em pH controlado, aplicados em gel de goma xantana para controlar
a migrag3o do solvente no tecido. Os dois quelantes apresentaram eficiéncia na limpeza e
possibilitaram o controle do processo de modo a atender os critérios de intervenc¢ao de uma
pintura em téxtil.

Abstract

Textile painting has characteristics that distinguish it from painting on canvas, and these
differences also require a distinct conservation methodology. In this article, we discuss the
removal of rust stains from a cotton textile painting created using rust printing and watercolor.
The rust used in the artwork migrated across the fabric, generating stains that combined with
adhesive and mold residues, altering the appearance of the work and making it more difficult
to interpret. The rust stains were removed using chelating agents — citrate and oxalate - at
controlled pH levels, applied in a xanthan gum gel to limit solvent migration within the fabric.
Both chelating agents proved effective in cleaning and enabled a controlled treatment that
meets conservation criteria for textile paintings.
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Introdugao

A pintura em tela é uma técnica artistica que consiste em se pintar sobre um tecido que é
esticado para formar um suporte rigido. Além desta pintura, hi também a pintura em tecido.
A distingdo entre essas duas técnicas foi historicamente um desafio devido as semelhangas
entre si, como as fibras do suporte e as técnicas pictdricas utilizadas, como dleo, acrilica,
témpera a ovo etc. Thompson, Smith e Lennard [1] apresentaram uma defini¢gdo que permite
distinguir os dois tipos de pintura:

Os téxteis utilizados (em pintura em téxtil) sdo geralmente téxteis ndo tensionados, projetados
para serem flexiveis e espera-se que caiam e se movam, ao contrario das pinturas sobre tela onde
a maioria é esticada durante a confecgdo e exibi¢do para produzir um suporte rigido para a tinta.
A tinta pode ser aplicada somente em parte da superficie de um tecido pintado e isto tem
implicagdes em sua aparéncia, fungio, degradagio e também conservagdo, assim as areas
pintadas e as néo pintadas compreendem duas superficies distintamente diferentes. (Tradugao
dos autores)

Acerca das pinturas em téxtil, elas s3o divididas em dois grupos: (1) téxteis com a superficie
completamente pintada, e (2) téxteis com a superficie parcialmente pintada [1]. Além da
classificagdo, nas pinturas em téxteis nio é trivial separar os elementos do objeto como
acontece na pintura em cavalete, ou seja, suporte, chassi etc. Nesta tltima, os tratamentos
propostos trabalham a partir da divisdo do suporte, camada pictérica, verniz e afins. Na
pintura em tecido esta separa¢io nio é rigida, seus elementos materiais compdem, ao todo, a
obra em si. O préprio suporte téxtil faz parte da composi¢ao.

Diferentemente de outras tipologias de objetos, como pintura de cavalete e esculturas
policromadas, os tecidos geralmente apresentam tanto suporte quanto elementos estéticos
amalgamados, uma vez que a base téxtil abriga, em si mesma, os padrdes de tecelagem, cores e
apliques, configurando-se em uma estrutura que ndo serve apenas de suporte, mas que
literalmente contém os elementos responsaveis pela “visualidade” da pega. [2]

Entre as técnicas disponiveis para a pintura em téxtil, hd uma que consiste em se usar
objetos enferrujados para estampar suas formas nos tecidos. Um exemplo é a Stampa a Ruggine
della Romagna, técnica encontrada na regido da Romanha na Itdlia [3]. Consiste em uma
tradicional pritica de estamparia manual produzida na regido, sobretudo pela Stamperia
Marchi, da Familia Marchi. Acredita-se que a técnica tenha se iniciado por volta do século XVIII,
em que durante trajetos feitos com o gado pelo territério da Romanha os camponeses cobriam
os seus animais, para protegé-los do frio, com tecidos estampados com motivos iconograficos
de Santo Anténio Abade, protetor do mundo agricola e dos animais. Os moldes de padrdes da
estampa s3o talhados em madeira, como na xilogravura, e a tinta é obtida a partir da ferrugem
de partes metdlicas enferrujadas.

Neste artigo, serd apresentada a remog¢ao de manchas de uma pintura em téxtil obtida por
técnica mista de estampa com ferrugem e aquarela da artista brasileira Tania Cagador. A obra,
sem nome, e pertencente a propria autora, compde uma série de mais de 25 pegas realizadas
nos anos de 2008 e 2009. E uma obra plana, bidimensional com dimensdes de 46 cm de altura
por 45 cm de largura (Figura 1). O tecido da pintura é composto por fibra de algoddo e possui
trama fechada em padrio tafetd, com 30 fios no sentido da trama e da urdidura e tor¢ao da fibra
em Z. A coloragdo original do algod3do cru é mantida em praticamente toda a obra, cerca de
56 % do suporte; no centro, ha a impressio de dois circulos concéntricos, sendo o primeiro de
28,5 cm e o segundo de 14,5 cm de didmetro, formados pela pigmentagio da ferrugem
estampada, originirias do formato de uma pega de engrenagem. Para reforcar o formato
circular, a artista usou lapis aquarela vermelho e amarelo para complementar a forma e gerar
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uma disting¢do visual entre a ferrugem e a aquarela. Ao todo a composigdo apresenta o tema do
“Ouroboros”, ou seja, da serpente engolindo a prépria cauda. Por fim, ela se classifica como
téxtil com a superficie parcialmente pintada, o que demanda do Conservador-restaurador
ateng3o tanto as dreas da pintura no téxtil quanto as dreas n3o pintadas na mesma obra.

Ao longo do tempo, surgiram manchas na obra que passaram a gerar interferéncias visuais
significativas, comprometendo a apreciagdo estética, a leitura do tema e inviabilizando a sua
exposi¢ao.

O processo de criagio desenvolvido pela artista Tania Cagador para a obteng¢do da estampa
com ferrugem consistiu nas seguintes etapas:

e  Uma superficie plana é coberta com jornal molhado com dgua, vinagre e sal;

e Um tecido de algodio é selecionado, umedecido com 4dgua e esticado sobre o
jornal;

e Uma peca de engrenagem de ferro-velho foi escolhida, com o objetivo de
ressignificar objetos descartados de forma artistica. Ela é umedecida com
dgua, vinagre, sal e colocada sobre o tecido. Sobre o conjunto s3o colocados
pesos;

e Esse sistema é deixado em repouso por 1 semana, sendo que a engrenagem é
umedecida nesse tempo com a mesma mistura de dgua, vinagre e sal;

e Apdsuma semana o tecido é lavado em dgua corrente e com sabio de coco;

e Otecido é seco ao ar e a figura impressa é analisada podendo receber retoques;

e Uma forma de retoque consiste em se usar o produto comercial Semorin Tira
Ferrugem (solugdo aquosa de dcido oxdlico, pH 1), com swab de algodio ou
pincel fino. O uso do Semorin demanda por outro processo de lavagem e
secagem;

e Outra forma de retoque aplicado consiste no uso de lapis aquarela.

Figura1. Obra, sem nome, da artista brasileira Tania Cagador feita com técnica mista de estampa com ferrugem e aquarela.
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Figura 2. Mapa de danos da obra.

O estado de conservagio da obra é resultado do processo de exposi¢io ao qual esta foi
submetida e das diferentes condi¢des de acondicionamento. Acerca das exposi¢des, ela passou
por uma sequéncia de eventos que se estenderam do ano de 2009 a 2021. Por ser uma obra téxtil,
sua flexibilidade é fundamental para sua identidade, porém para sua exposi¢io ela foi fixada
em papel parand, um papel rigido de alta gramatura feito com fibras de pinus, com um adesivo
acrilico, provavelmente aplicado na forma liquida. Condigdes inadequadas de umidade
provocaram a migragdo da ferrugem para varias partes da obra, incluindo aquelas nas quais
havia adesivo usado na fixa¢do da obra no papel parand. A umidade também proporcionou um
ambiente propicio para o desenvolvimento de fungos, que estavam inativos antes que o
processo de conservagao e restauro tivesse inicio, mas que também geraram manchas. Dessa
forma, a temporada de exposi¢des e as mds condigdes expograficas e de acondicionamento,
levaram a obra a apresentar as seguintes irregularidades: sujidades generalizadas como
particulados e pelo animal; resquicios de adesivo usado para fixagao nas exposi¢des; resquicio
do papel usado para a fixa¢io da obra em chassis; manchas causadas pela intera¢io do adesivo
com a oxidag¢do da ferrugem da estampa; manchas de ferrugem que migraram pelo tecido;
manchas causadas por fungos agregadas com as manchas de ferrugem; vincos e marcas de
dobras de acondicionamento. Na Figura 2, temos uma imagem do mapa de danos da obra
indicando as irregularidades discutidas.

As agBes de conservagio e restauro demandaram, ent3o, uma agao de remogio planejada e
adequada a intervengdo em téxteis que permitisse que a mesma pudesse novamente ser
apreciada e exposta assim como que respeite a materialidade e imaterialidade da obra. Para
estes materiais, uma limpeza mal coordenada pode retirar detalhes com grande potencial
informativo, uma vez que a limpeza de téxteis é um processo irreversivel [4]. Uma abordagem
considerada inadequada seria a remogdo total de todas as manchas de ferrugem. Estas
manchas surgiram ao longo da vida expositiva da obra, decorrentes da prépria técnica de
composi¢do, a estampa com ferrugem. Logo, uma retirada completa desses elementos seria
uma interferéncia sobrecarregada e desnecessiria sobre um processo natural de comunicagio
e interagdo da técnica de estampa com o algoddo. A prépria artista, em didlogo com a

MANCHAS CAUSADAS POR FUNGOS.

MANCHAS DE FERRUGEM QUE MIGRARAM
PELO TECIDO.
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restauradora, afirmou que o fato de ndo usar materiais usuais com um comportamento que ja
foi observado ao longo da histéria da arte, como tinta a 6leo ou a acrilica, fez com que ela
estivesse preparada para as surpresas e para a organicidade que a técnica vai ofertar ao préprio
trabalho. E de seu interesse dialogar com esses materiais e suas propostas. Assim, elementos
que poderiam ser lidos como deterioragdo ou interferéncia estética, como o arraste da
ferrugem, ndo aincomodam, pois ela entende como elemento de criagio da prépria obra. Desse
modo, sua participago foi decisiva ao auxiliar na decisio do momento no qual a legibilidade
da obra se tornou adequada durante o restauro, ou seja, na qual sua mensagem inicial estava
em harmonia com a a¢g3o do tempo na obra.

O desafio do processo foi ent3o encontrar a medida adequada para a limpeza da obra. De
acordo com Eastop:

A limpeza pode ser muito eficaz para revelar téxteis desfigurados por sujidades e vincos; pode
melhorar a preservagio a longo prazo dos téxteis, removendo sujidades que resultam em danos
mecdnicos ou quimicos; (...) O ethos da intervengio minima parece substituir a reversibilidade
como critério chave na conservagio. Esta mudanga veflete-se na crescente importincia da
conservagdo preventiva. [4]

A proposta de limpeza foi pautada, entao, sob a tica da interven¢ao minima, visando uma
redu¢do das manchas até garantir uma legibilidade da obra que permitisse sua apreciagao.

Como as manchas presentes na obra, que dificultavam sua leitura e o tema do Ouroboros,
possuiam fra¢des da ferrugem que migraram com umidade, propds-se que fossem removidas
com agentes quelantes que teriam intera¢do com o ferro presente neste material na forma de
compostos como goetita (¢-FeOOH) e lepidocrocita (y-FeOOH), principais componentes da
ferrugem [5]. Como a ferrugem penetra no tecido, a limpeza quimica dmida consegue ser
eficiente na sua remogao [5].

Entre quelantes empregados para este tipo de limpeza, encontram-se o EDTA, 4cido citrico
e acido oxdlico [6]. Miao [5] utilizou o EDTA dissédico combinado com 4cido ascérbico para a
remocio de manchas de ferrugem de téxteis de algoddo. O dcido ascérbico possuia uma agio
redutora das espécies de Fe para facilitar a coordenagdo pelo EDTA. O acido citrico diluido,
entre outros reagentes, encontra-se entre os reagentes indicados para remoc¢ao de manchas de
Fe(II) [7]. Haldane [8] utilizou o citrato de triamonio para a limpeza de tapetes no Victoria and
Albert Museum. Smets [9] usou uma solugdo inicial de 4cido citrico com 4cido bérico
neutralizada com NaOH até pH 8,5.

E importante frisar que alguns quelantes como o EDTA, 4cido citrico e dcido oxalico sio
espécies 4cidas. Esta acidez ja foi considerada antigamente como vantajosa por acelerar a
dissolu¢ao dos produtos de corrosdo do ferro em manchas. Entretanto, ela é prejudicial as
fibras dos tecidos causando reagdes como a hidrdlise dcida em algod3o [6]. Por outro lado, a
maior eficiéncia destes quelantes para reagir com metais como o Fe, em uma reacio de
coordenagio, ocorre quando se encontram totalmente desprotonados, ou seja, sem nenhuma
espécie H*, em um meio nio acido. O controle do pH do meio permite esta desprotonagio.
Como exemplo, no caso do 4cido citrico, que é um Acido triprético, com 3 H*, H;(CsH;0,), o
aumento do pH do meio com a adi¢do de uma base leva a reagio sequencial com cada H*
disponivel (Equagao 1-3). Ao final, temos o sal citrato totalmente desprotonado, CsHsO,*
(Equacao 3). Esta espécie é a mais eficiente para reagir com os ions Fe.

H;(CsHs07) + OH™ - H.(CsH;O0;) + H.,O (1)
H,(C¢H;sO,) + OH™ - H(CHs0,)* + H,O (2)

H(C¢HsO,)* + OH" - CH;O;* + H,O (3)

CONSERVAR PATRIMONIO 53 (2026) https://doi.org/10.14568/cp42708 187


https://conservarpatrimonio.pt

3
"

A.V.A. Monteiro, J. C. D’A. de F. Junior, A. C. A. Cordeiro

CurTiPot

1,00
0,80

N~

0,40 /

0,20 / \

0,00 - - . T ' T ' r r r

00 10 20 30 40 50 60 70 80 90 100 110 120 13,0 140
pH

Figura 3. Curva de distribui¢do de espécies (grafico de «) do acido citrico em fun¢3o do pH. As quatro curvas correspondem, da esquerda para a direita, as
concentragdes do acido citrico totalmente protonado e as espécies geradas na Equacdo 1-3.
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Figura 4. Curva de distribui¢o de espécies (grafico de o) do dcido oxdlico em fungio do pH. As trés curvas correspondem, da esquerda para a direita, as
concentragdes do dcido oxalico totalmente protonado e as espécies geradas na Equagio 4-5.

A distribui¢do das espécies protonadas e desprotonada em relagio ao pH ficam mais
facilmente visualizaveis em um diagrama de distribui¢io de espécies (ou grafico de o, sendo o
a composig¢do da espécie na solugio). Para o dcido citrico, este diagrama [10] se encontra na
Figura 3. As quatro curvas correspondem, da esquerda para a direita, as concentragdes do acido
citrico totalmente protonado e as espécies geradas nas Equagao 1-3.

Pelo diagrama da Figura 3, observa-se que ha predominincia da espécie citrato, totalmente
desprotonada, a partir de cerca do valor 8,5 de pH. Este valor de pH além de ser o de melhor
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eficiéncia para a a¢do do quelante é, também, um valor seguro para as fibras de algodio ao
evitar processos de hidrélise, tanto dcidas quanto basicas [6].

O 4cido oxdilico, H,(C,0,), por sua vez, é uma espécie icida diprética, com 2 H*. A sua
espécie é totalmente desprotonada por neutralizagdo, espécie oxalato, em uma sequéncia de
duas reagdes (Equagao 4-5). Ela pode ser encontrada a partir do pH 7 como se pode ver no
diagrama [10] da Figura 4.

H,(C.0,) + OH" - H(C,0) + H.O (4)
H(C.,0) +OH - C,0,> +H,0 (5)

Decidimos usar estes dois quelantes, citrato e oxalato, em faixas de pH de 7,5-8,0 e de 5,5-
6,0 respectivamente de modo que tivessem eficiéncia para a remogio e, 20 mesmo tempo, nio
agredissem as fibras do tecido. Estas faixas de pH possuem valores adequados para o
tratamento, uma vez que a celulose presente no algodao pode sofrer hidrdlise dcida em meios
de baixo pH e hidrélise basica em meios de alto pH [7], ou seja, manter o algodio entre valores
de pH entre 5 e 8 sio adequados para evitar as hidrélises [6]. Inicialmente foi usado o citrato e,
para manchas com maior dificuldade para remogio, usou-se o oxalato.

O fato destes quelantes estarem em solugdo aquosa gera o risco de eles migrarem pelo
tecido. Na obra em restauro, téxtil de algodio com a superficie parcialmente pintada com
aquarela, esta migragao pode espalhar as manchas para dreas sem composicao. Para auxiliar
no controle desta migragdo, uma das estratégias foi aplicar as solu¢des dos quelantes dispersas
em um gel. Os géis s3o sistemas coloidais formados por um dispersante e um disperso, no qual
o dispersante é geralmente um polimero sélido que consegue reter o disperso, um liquido,
entre suas ligagGes covalentes. Quando o disperso é um liquido orgénico, o gel é denominado
organogele, se esteliquido é gua, a denominagao é hidrogel [11]. Os géis possuem viscosidades
variadas, podendo ser altas o suficiente para restringirem a dissolu¢io a drea na qual foram
aplicados [12]. Outra vantagem é que esses sistemas s3o opticamente transparentes o que
permite que sua acio de limpeza seja monitorada visualmente durante a aplicagdo. [12]. Além
dos préprios géis, foram utilizados papéis mata-borrdo no verso da obra para maior auxilio no
controle da migrac¢io do solvente.

Como as solugdes dos quelantes sdo aquosas, usou-se a goma xantana como agente
gelificante para obter um hidrogel. A goma xantana é um polissacarideo de ficil acesso,
preparo e de baixa toxicidade. Ela é um aditivo utilizado na inddstria farmacéutica e
alimenticia, como agente espessante, emulsificante e um estabilizante. Estas caracteristicas a
tornam uma opgao sustentivel como gel na restauragio de obras de arte, o que justifica seu uso
amplo na limpeza de diversos materiais artisticos [13-14].

Metodologia

Equipamentos e reagentes

As medidas de pH foram realizadas em um pHmetro de bancada AZ 86505 Multi-parameter. O
equipamento foi calibrado em trés valores de pH, 4, 7 e 10, utilizando tampdes de pH da marca
Akso. Os géis e solugdes foram homogeneizados com um mini mixer portatil Kehome. O citrato
de sédio diidratado, hidréxido de sédio micro pérolas, acetato de isoamila, isopropanol e etanol
utilizados foram todos de qualidade PA da marca Synth. O 4cido oxdlico utilizado foi da solugio
da marca Semorin Tira Ferrugem do fabricante Semorin. A goma xantana utilizada foi da
marca Exodo Cientifica.
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Obtencio do hidrogel, solu¢des de quelantes e géis

O hidrogel de goma xantana a 5 % foi obtido pela mistura de 0,5 g de goma xantana com 9,5 mL
de dgua destilada. Em seguida, com um misturador portatil a bateria, agitou-se a mistura até
a consisténcia de um gel homogéneo.

A solu¢io aquosa a 10 % de citrato de sédio foi obtida pela dissolugdo de 1g do soluto em 9,0
mL de dgua destilada. O volume de 1,5 mL desta solu¢ao foi adicionado a 1,5 g do hidrogel de
goma xantana. Este sistema serd referenciado ao longo do texto como Gel Citrato. O sistema
final apresentou um pH de aproximadamente 7,5-8,0 medido pelo pHmetro.

A solu¢io de oxalato de sédio foi obtida a partir de solugio comercial de 4dcido oxilico:
Semorin Tira Ferrugem [15]. O pH da solugio comercial é 1 e ela contém acido oxalico na
concentragdo de 1a 3 %. Este valor de pH é eficaz para a dissolugdo das manchas de ferro mas
danoso a fibra de algodio sendo desaconselhado para limpeza de bens culturais [6]. Para um
uso seguro, aumentou-se o seu valor de pH para 5 pela adi¢2o lenta de micropérolas de NaOH
a 50 mL de solu¢do sob agitagio magnética. O pH foi monitorado por pHmetro de bancada.
Apds esta etapa, 5 mL da solugdo foi adicionado a 5 g do hidrogel de goma xantana. Este sistema
serd referenciado ao longo do texto como gel oxalato. O sistema final apresentou um pH de
aproximadamente 5,5-6,0.

Limpeza

O processo de limpeza dividiu-se em: higienizagdo; remoc¢ao de residuos de papel; remogdo de
adesivo e limpeza quimica. A higienizag¢do foi realizada utilizando trinchas macias para a
retirada de particulados soltos. N3o foi realizada limpeza por sucgio controlada, pois muitos
dos particulados estavam aderidos aos resquicios do adesivo e precisavam ser retirados
pontualmente com outras ferramentas como bisturis e espatulas dentirias. Particulados
aderidos ao adesivo como pelos de animais e alguns grios de sujeira foram removidos usando
uma pinga.

Os resquicios de papel panama foram removidos com o auxilio de um bisturi com ldmina
pouco afiada para evitar danos as fibras do suporte. O adesivo utilizado anteriormente para a
fixagdo do papel panama se encontrava na obra com uma grande espessura em sua superficie.
Além de se encontrar sobre o tecido, ele também se encontrava impregnado no tecido,
formando manchas com residuos de ferrugem que migraram ao longo do tempo. A remogio do
adesivo superficial considerou inicialmente a escolha de um solvente que fosse capaz de inché-
lo sem dissolugdo. Esta caracteristica é importante pois a dissolu¢ao pode levar a dispersdo do
adesivo nas fibras impregnando-as. Por sua vez, o inchamento é preferencial pois deixa o
adesivo macio o suficiente para uma limpeza mecinica [7]. A seguinte sequéncia de solventes
foi testada por ordem crescente de polaridade em relagdo aos parimetros de solubilidade &y e
8y de Hansen: aguarrds, acetato de isoamila, dlcool isopropilico, etanol e 4gua (Tabela 1).

Tabela 1. Valores de parimetros de solubilidade de Hansen para os solventes testados na remogao do adesivo presente na obra.

Parametro de Solubilidade de Hansen Solvente

Aguarras Acetato de Isoamila Isopropanol Etanol Agua
8d 15,5 15,8 15,8 15,8 15,5
3 3,3 5,2 6,1 8,8 16,0
Su 4,0 13,3 16,4 19,4 42,3

O solvente escolhido para a remogao foi o acetato de isoamila que foi capaz de inchar o
adesivo sem solubiliza-lo. Ele foi aplicado com swab diretamente sobre o adesivo sem o uso de
gel. Posicionou-se um papel mata-borrao sob o tecido, nas dreas de limpeza, de modo a auxiliar
na conten¢ao da migragio do sistema solvente.

Os géis com solugdes quelantes foram utilizados nas regides com: manchas de ferrugem
apenas; manchas de ferrugem com residuos de adesivo impregnado e manchas de ferrugem
com manchas ocasionadas por fungos. Os géis foram aplicados em areas de cerca de 5 x 5 cm
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para maior controle do processo. Como realizado na remogio do adesivo, posicionou-se um
papel mata-borrao sob o tecido para conter a migragao do sistema solvente.

Nas dreas de manchas de ferrugem, aplicou-se o gel citrato que ficou em repouso por 5 a 25
minutos de acordo com a intensidade da mancha.

Nas areas de manchas de ferrugem com residuos de adesivo impregnado, aplicou-se o gel
citrato que ficou em repouso por 5 a 25 minutos de acordo com a intensidade da mancha. O
excesso de gel era retirado com um swab seco e aplicou-se acetato de isoamila para auxiliar na
remogio do adesivo impregnado. O processo foi realizado dentro de uma capela de exaustdo
para que a ventilagio externa auxiliasse na evaporagio do acetato de isoamila. O material
inchado era removido por raspagem mecanica com espatula dentdria.

Nas dreas com manchas de ferrugem com manchas ocasionadas por fungos, o gel oxalato
ficou em repouso por 20 minutos para manchas de colora¢io média e 25 minutos para manchas
escuras.

Em todas as limpezas com géis, seus excessos eram retirados com um swab seco e seus
residuos eram rinsados com um swab com dgua deionizada sendo que, apenas nas dreas com
residuo de adesivo, fez-se uma rinsagem com alcool isopropilico anteriormente a rinsagem
com 4dgua. Por fim, as regides das limpezas eram secas com ar frio de um secador de cabelo.

Resultados e discussao

Os processos de higienizagao e eliminag¢do dos residuos de papel (Figura 5) ocorreram conforme
o previsto. A remogio do papel, porém, tornou virias manchas mais evidentes, principalmente
nas laterais da obra.

O adesivo superficial foi inchado com o acetato de isoamila o que permitiu a sua remog¢ao
mecanicamente com a espatula dentdria (Figura 6). Ao ser raspado ele assumia o formato de
pequenos aglomerados que se destacavam facilmente da superficie.

Figura 5. Resquicio de papel sendo tirado com bisturi.
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Figura 6. Aglomerado de adesivo removido apds inchamento com acetato de isoamila.

Nas areas de manchas de ferrugem e ferrugem com adesivo impregnado, aplicou-se o gel
citrato nas condigdes descritas na metodologia. Além de dificultar a migragdo do solvente, o gel
permitia também uma aplicacio localizada nas manchas evitando-se atingir dreas de pintura
de ferrugem e aquarela (Figura 7).

Figura 7. Hidrogel aplicado sobre dreas de manchas da obra.
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Figura 8. Swab com coloragio marrom - amarela de residuos das manchas retidas no hidrogel.

Aspectos importantes surgiram durante a limpeza e que definiram o tempo de aplica¢io. O
primeiro estd associado ao préprio aspecto visual do gel aplicado que permitia visualizar a
intensidade da limpeza. Como os géis sio transparentes, tornou-se ficil observar que os swabs
tinham sua colora¢do alterada para uma cor marrom a medida que o gel removia as manchas
(Figura 8), tornando-se cada vez mais claros quando nio eram mais capazes de remové-las. E
importante frisar que a cor original das manchas é semelhante a cor dos produtos formados
entre o citrato e as espécies de ferro, entre outros ions, removidos [16]. Desse modo, a auséncia
de cor é um método que permite aferir a eficiéncia da limpeza e a ac¢io do quelante.

O segundo aspecto foi em relagdo ao tempo de repouso do hidrogel que deveria ser o
necessario para a remocao efetiva da mancha sem migra¢ao no tecido. Mesmo com o uso de gel
e papel mata-borrio, hd uma lenta migragio da 4gua usada como solvente imperceptivel a olho
desarmado. Em 4reas préximas a 4dreas aquareladas, sensiveis & 4gua, o tempo de repouso se
limitava a cinco minutos no maximo, mesmo que a observag¢ao visual do swab indicasse que o
gel seria capaz de remover mais a mancha de ferrugem. Nestas situagGes, o gel passava por todo
o procedimento de aplicagio, rinsagem e secagem, descritos na metodologia, até que a
remogado desejada fosse alcancada. Em outras dreas, nas quais uma pequena migra¢ao nio
colocasse em risco as representagdes na obra, um tempo maior era permitido. Este tempo,
porém, dependia da intensidade da mancha e, mesmo assim, nio ultrapassou 25 minutos,
tempo maximo observado para que a migra¢ao do solvente, imperceptivel a olho desarmado,
fosse a minima possivel.

O terceiro aspecto foi em relagdo a reaplica¢do do gel e acetato de isoamila até se obter uma
unidade estética. Como as manchas possuiam diferentes intensidades, suas remogdes foram
inicialmente desiguais. Isto demandou que se priorizasse as manchas mais escuras
inicialmente até se observar a tonalidade que se poderia alcangar com elas. Quando algumas
manchas limpas destoavam das demais, novas aplicagdes eram feitas até que uma tonalidade
semelhante fosse alcangada de modo a se alcangar uma homogeneidade na obra sem criar
pontos de destaque que dificultassem a sua leitura. E importante citar novamente aqui o que
foi discutido na introdugdo sobre ser inadequado uma remogao total das manchas que fazem
parte da histéria da obra.

Emrelagdo as dreas com apenas manchas de ferrugem, observou-se uma boa agdo e controle
do gel citrato. No caso das manchas de ferrugem com manchas de fungo, estas se mostravam
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resistentes a a¢do deste gel, ndo havendo significativa alterac¢io de sua cor. Desse modo,
decidiu-se reduzir o pH para aumentar a solubilidade das manchas. O valor minimo aceitivel
era o da dgua destilada, entre 5,5-6,5, devido a presenga de H,CO; resultante do equilibrio com
CO, atmosférico [17]. De acordo com a Figura 3, nesta faixa de pH o citrato nio se encontra
totalmente dissociado, havendo a presenca de espécies protonadas, o que diminuiria sua
eficiéncia como quelante. Desse modo, como ji discutido na introdug¢io, optamos por outro
quelante, o oxalato. Este possui, em concentragio majoritiria, a sua espécie totalmente
desprotonada nesta faixa de pH sendo, por isso, um quelante mais eficiente. Isto se observou
na limpeza sendo que o swab da limpeza apresentou novamente colora¢io marrom - amarela,
atribuida agora a formagdo do complexo de ferro com oxalato e as manchas tinham sua
intensidade reduzida.

A medida que a limpeza era executada, a leitura da obra se tornava mais adequada. O seu
tema central da figura no estilo de “ouroboros”, se tornava cada vez mais visivel. No inicio do
restauro, como discutido na introdugio, as manchas impediam de se observar o “ouroboros”.
Esta figura se tornou cada vez mais visivel durante o procedimento. No momento em que a
obra apresentou uma estética que permitiu sua apreciag¢ao, julgou-se que a limpeza havia
alcang¢ado seu objetivo. Outro critério que define a extensio da remogao da mancha é baseado
no risco que esta causa ao suporte. No caso da obra em estudo, as manchas de ferrugem sio em
si uma parte importante de sua construgdo, entdo uma remogao total nio seria também
adequada. Sachdeva resume estas consideragoes:

As vezes, uma mancha é identificada como parte da historia do objeto e, nesses casos, a limpeza
localizada é realizada apenas para remover matéria orgdnica presente na mancha, que, de outra
forma, aceleraria o processo de deterioragio do téxtil. A coloragdo resultante da mancha costuma
ser preservada e deixada como parte da narrativa do tecido e de seu encontro com a mancha. Caso
a mancha seja um fendmeno indesejado ou acidental, que comprometa a aparéncia e a historia do
objeto, ela sera removida ou disfar¢ada apenas na medida em que isso ndo prejudique a resisténcia
e a cordo tecido. [18] (Tradugdo dos autores)

Apés toda limpeza, a obra foi umidificada pela névoa de um umidificador ultrassénico. Em
seguida, uma placa Foam foi coberta por entretela e a obra foi disposta sobre ela e presa com
alfinetes entomoldgicos, para que pudesse secar lentamente de forma planificada e retirar
todos os vincos.

Por fim, mesmo que a aplicagio do gel oxalato tenha sido realizada em pH levemente 4cido,
a obra foi desacidificada com Bookkeeper de modo que o pH da obra fosse levemente alcalino
e, com isso, evitasse deterioragio posterior por hidrélise dcida. Entre os métodos de
desacidificagio disponiveis, o Bookkeeper foi escolhido por ter sido avaliado anteriormente
como um dos que causam menos alteragdes em aquarelas, uma parte fundamental da obra [19]
e também poucas altera¢des em fibras téxteis de origem vegetal [20]. Sua aplicagdo na forma
de spray também auxilia em causar menos danos ao permitir se aplicar uma pequena
quantidade do material desacidificante [21].

O Bookkeeper foi borrifado sobre um papel neutro (pH 7) filifold até que o pH desta
superficie alcangasse uma faixa de valor entre 8 e 10. A obra foi colocada sobre esse papel e seu
pH foi monitorado ao longo de 1 semana até que este alcangasse um valor préximo a 8.

A Figura 9 apresenta a obra antes e apds a conservagio e restauro.
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Figura 9. Obra: a) antes e b) apds a conservagao e restauro.

Conclusoes

Tratar objetos de arte contemporinea é um desafio devido aos distintos didlogos que essas
obras tém entre o material na qual se constituem, a inten¢ao do artista e sua concepgao de arte,
e as distintas rela¢des que essa criagdo terd com seu publico.

O processo de restauro da obra em estudo exigiu um olhar atento e pouco mecanizado para
todos os aspectos fisicos e ontoldgicos da obra, que envolveram desde critérios de conservagao
de téxteis como objetos artisticos, o estudo da técnica artistica da estampa em ferrugem e o
conhecimento quimico das propriedades de solventes, quelantes e géis.

O hidrogel com agente quelante correspondeu as expectativas e intengdes de retirada de
manchas e particulados que ameagavam a integridade fisica do material, e ainda permitiu
manter resquicios da histéria expositiva da obra e de sua relagido com o tempo. Ele também foi
coerente com o comportamento da fibra diante da umidade, mitigando qualquer tipo de dano
que poderia ter-se apresentado ao longo do processo.

A proposta de tratamento aplicada foi capaz de proteger a obra de seus danos passados e de
minimizar as possiveis deterioragdes que o processo de limpeza poderia oferecer ao algodio.
Ela também possibilitou a reformulagio da leitura estética da obra sem ofender os parimetros
de comunicagio entre obra e tempo que foram estabelecidos por Tinia Cagador, sua autora.
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Entre fun¢ao, comunicagao e conservagao: reflexoes
em torno da conservacao de objetos de design
cientifico contemporaneo - o caso de Fertility Object de
Susana Soares

Between function, communication and conservation:
reflections on the conservation of contemporary
scientific design objects — the case of Fertility Object by
Susana Soares

Resumo

A conservagio de objetos de design contemporaneo que combinam fung3o cientifica, interagdo
e fragilidade material, exige abordagens metodolégicas que ultrapassam os tratamentos
convencionais centrados exclusivamente na materialidade. Este artigo propbe uma
metodologia de conservagio para objetos de design cientifico contemporineo, utilizando
Fertility Object de Susana Soares como caso de estudo. A metodologia integra caracterizag¢io
material, avaliagdo de estratégias de conservagio, reconhecimento dos valores tangiveis e
intangiveis e didlogo interdisciplinar entre conservadores, a designer e a institui¢do
museoldgica. Através deste processo, o estudo aborda a tomada de decis3o relativa a limpeza,
a preservagdo de marcas de uso e as estratégias expositivas, equilibrando integridade material,
autenticidade funcional e clareza comunicativa. Mais do que apresentar uma solugio aplicada
a um dnico objeto, o artigo demonstra um quadro metodoldgico transferivel, assente em
valores e colaboragio, capaz de apoiar decisbes de conservagio e curadoria de objetos
contemporaneos complexos situados na interse¢ao entre design, ciéncia e museologia.

Abstract

The conservation of contemporary design objects that combine scientific function, interaction
and material fragility requires methodological approaches that go beyond conventional
material-based treatments. This article proposes a conservation methodology for
contemporary scientific design objects, using Fertility Object by Susana Soares as a case study.
The methodology integrates material characterization, experimental testing of conservation
strategies, assessment of tangible and intangible values, and interdisciplinary dialogue
between conservators, the designer and the museum institution. Through this process, the
study addresses decision-making related to cleaning, preservation of use-related traces, and
exhibition strategies, balancing material integrity, functional authenticity and communicative
clarity. Rather than presenting a single-object solution, the article demonstrates a transferable,
value-based and collaborative framework that can support conservation and curatorial
decisions for complex contemporary design objects situated at the intersection of design,
science and museology.
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Introdugao

A conservagio de objetos de design enfrenta desafios que transcendem a sua dimensio
tangivel. Estes objetos sio frequentemente concebidos como dispositivos comunicacionais,
tecnoldgicos ou interativos, cuja preservagdo implica considerar nao apenas os materiais
constituintes, mas também a funcio, a experiéncia do utilizador e os valores que lhes sio
atribuidos. Neste sentido, o campo da conservagio de design partilha afinidades com a
conservagio de arte contemporinea, sobretudo com obras de caricter interativo ou
performativo.

Enquanto drea ainda em consolidagdo, a conservagio de objetos de design depara-se com
problematicas especificas, resultantes da diversidade de materiais utilizados, da dimensio
funcional dos objetos e da escassa reflexdo sobre praticas de exposi¢ao e documentagao.

O presente artigo parte da anilise de Fertility Object, concebido pela designer Susana Soares
no dmbito do projeto BEE’s (2007-2009) e atualmente integrado na cole¢io do Museu do Design
(MUDE). Este projeto utilizou a capacidade olfativa das abelhas para detetar odores especificos
e propor novas formas de interagao entre humanos e sistemas biolégicos [1].

A peca Fertility Object (Figura 1) constitui um ponto de partida para uma reflex3o alargada
sobre o papel do conservador na media¢io entre conservagio, comunicagao e fungdo. A pega,
em vidro borossilicato transparente, é composta por duas cimaras ocas interligadas — uma
menor, destinada ao diagnéstico, e outra maior, onde se mantém abelhas treinadas para
reconhecer odores associados as diferentes fases do ciclo de fertilidade feminino. De forma
esférica e delicada, o objeto conjuga ciéncia e design, traduzindo uma visdo em que a fung¢do e
o significado simbdlico sio inseparaveis da materialidade.

Durante a sua incorporagido no MUDE, foram identificadas preocupagdes de conservagio
relacionadas com a fragilidade do vidro, a presenca de escorréncias e depésitos (Figura 2 e
Figura 3), a falta de documenta¢do e a auséncia de diretrizes para o manuseamento,
acondicionamento, limpeza e exposi¢io. Tais desafios, ainda pouco abordados na literatura,
exigem uma abordagem integrada que considere tanto os aspetos tangiveis como os intangiveis
dos objetos, posicionando o conservador como mediador entre os diferentes intervenientes —
omuseu, a designer e o ptblico, entre outros.

Embora a degradacio do vidro seja amplamente estudada, persistem lacunas quanto a
estratégias de conservagdo apliciveis a objetos de design com fungdo interativa e estrutura
complexa, nomeadamente formatos que limitam a limpeza de superficies internas e a
necessidade de desenvolver estratégias que permitam mitigar possiveis impactos decorrentes
dainteragao humana.

Figura 1. Pega Fertility Object de Susana Soares: a) em utilizagio (2011, foto: Susana Soares) [1]; b) no estidio de fotografia do Departamento de Conservagio e
Restauro da Faculdade de Ciéncias e Tecnologia da Universidade NOVA (DCR, NOVA FCT).
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Manchas incolores (escorréncias)
| Depésitos brancos
A Abrasao(riscos)

Figura 2. Mapeamento de patologias encontradas no objeto.

Figura 3. Fertility Object: a-b) imagens de estereomicroscépio dos depésitos acastanhados que se encontram no interior da camara menor; ¢) depdsitos brancos e
manchas de escorréncias encontradas no interior da cimara principal.
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Este artigo tem como objetivo apresentar uma metodologia de conservagdo aplicada a
objetos de design cientifico contemporaneo, utilizando Fertility Object de Susana Soares como
um caso de estudo exemplar. Através da anilise integrada da materialidade, da fungao, da
comunicagio e dos valores associados ao objeto, propde-se um modelo de tomada de decis3o
que articula o estudo técnico, documentagio e didlogo interdisciplinar. Embora ancorada num
caso especifico, a abordagem apresentada visa ser transferivel para a conservagao de outros
objetos hibridos, em que o design, a ciéncia e a interac¢io desafiam os limites das praticas
convencionais de conservagio.

Contexto e enquadramento do caso de estudo

Susana Soares e o projeto BEE’S

Nascida em Lisboa, Portugal, em 1977, Susana Soares é uma designer cujo trabalho transcende
as fronteiras entre o design e a ciéncia. A sua pratica visa explorar as implica¢des do redesenho
tecnoldgico da natureza para o campo do design. O seu trabalho foi exposto em institui¢des
como o Museum of Modern Art (MoMA) em Nova lorque e o National Museum of Modern Art
(MOMAK), em Kyoto. Atualmente, foca-se na exploragio de como sistemas vivos redesenhados
podem informar novas abordagens no design [2]. Além do projeto BEE's, Soares desenvolveu
outros projetos inovadores, como URPFLANZE (2013) e INSECTS AU GRATIN (2011), que
exemplificam o seu compromisso em explorar as interse¢des entre design, ciéncia e natureza [2].

A pega BEE’S integra uma colego composta por quatro pe¢as fundadoras de um projeto
pioneiro iniciado em 2007 e com fim em 2009. Projetado por Susana Soares, o projeto
intitulado BEE’S visa explorar o potencial dos sistemas biolégicos naturais, otimizando a
pesquisa tecnoldgica da época em sistemas e objetos compreensiveis e utilitirios para o
publico, promovendo mudangas nos paradigmas de intera¢do entre humanos e animais. A
investigacdo inicial foi realizada pela Inscentinel (empresa britinica com sede na Estacio
Experimental de Rothamsted, em Hertfordshire, especializados no desenvolvimento de
tecnologias de olfato de insetos), em colaborag¢do com a Escola de Higiene e Medicina Tropical
de Londres, focando a capacidade olfativa das abelhas, que utilizam esse sentido para
comunicar e detetar doengas [1, 3]. Os investigadores utilizaram o principio do reflexo de
Pavlov, fazendo com que as abelhas fossem treinadas para reconhecer odores, sendo
recompensadas com uma solugdo de dgua e aglcar. As abelhas, uma vez treinadas, eram
monitorizadas numa caixa, onde um odor especifico era apresentado, levando-as a exibir o
reflexo de colocar a lingua para fora ao reconhecé-lo [4]. O projeto contou com a colaboragio de
varias entidades, incluindo a Fundagdo Calouste Gulbenkian e o Royal College of Art, com o
Professor Anthony Dunne e Ms. Fiona Raby. A empresa Crisform (atualmente CENCAL), com
a Designer Sénia Durdes e o mestre de vidro Mateus (mestre vidreiro na empresa vidreira
atualmente extinta, CRISFORM, na Marinha Grande), foi fundamental na produgao das pegas,
assim como a empresa Vilabo, responsavel pelo vidro borossilicato. Cada objeto deste projeto
foi criado para potenciar a incrivel capacidade olfativa das abelhas, que, sendo cerca de dez
milhGes de vezes mais sensiveis que os humanos, conseguem detetar uma vasta gama de
substincias quimicas e biomarcadores de satde.

Para o projeto, Susana Soares escolheu o vidro, pela sua flexibilidade e transparéncia,
permitindo a observagao do comportamento dos insetos durante a avaliagao do sopro. Segundo
Soares, "tudo depende de observar como as abelhas se comportam” para obter os resultados
desejados [5]. As pegas da colegdo s3o feitas de dois tipos de vidro: silicatado sodo-célcico e
borossilicato. Cada peca possui duas cimaras: uma menor para o diagndstico e uma maior onde
as abelhas treinadas sio mantidas. Os utilizadores sopram na cimara menor, e as abelhas
dirigem-se a ela ao identificarem o odor para o qual foram treinadas. Apds desempenharem o
seu papel na dete¢do e diagndstico, retornam a colmeia, desempenhando seu papel na dete¢ao
e diagndstico [4].
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Objeto Fertility Object

A pecaem anilise, intitulada Fertility Object é esférica com duas entradas e saidas de ar, feita em
vidro borossilicato transparente e incolor (segundo informagdo constante no site do projeto) e
foi concebida com o propésito de facilitar a monitorizagdo do ciclo de fertilidade das mulheres,
através do olfato, das abelhas e do sopro da mulher, conforme explicado na sec¢io dedicada ao
projeto BEE’S. O design da cimara menor ndo sé é funcional, mas também conceptual,
representando os trés diferentes estigios do ciclo menstrual. A bolha maior corresponde a
ovulagdo, a segunda bolha a fase pré-ovulatdria e a terceira a fase pds-ovulatéria. Numa
entrevista, Susana Soares explicou que as abelhas voam em dire¢io a bolha correspondente a
fase em que a mulher se encontra, e quanto mais préxima da bolha maior estiver, maior a
probabilidade de a mulher estar na fase de ovulagdo [1, 4]. Fertility Object exemplifica o design
centrado no utilizador ao oferecer uma forma natural e nio invasiva de monitorizar a
fertilidade feminina, mas também um design centrado no conforto das abelhas, integrando
ciéncia, natureza e interagdo para criar uma solugio inovadora e significativa.

Os desafios de Fertility Object para a conservagao

Os desafios associados a Fertility Object estendem-se desde a sua fung¢io até a sua exposi¢ao. O
MUDE adquiriu a pe¢a para representar uma vertente do design portugués ainda pouco
presente na cole¢io e, de modo mais amplo, no panorama internacional: o design cientifico.
No momento da aquisi¢ao, observaram-se depdsitos e escorréncias brancos, alaranjados e
manchas, possivelmente resultantes de tentativas de limpeza do sopro ou da interagdo com as
abelhas (Figura 3). Estas altera¢des n3o foram produzidas j4 no museu, mas o histérico de uso
e a proveniéncia da peca permaneciam desconhecidos até a data. Embora, a partida, a equipa
do MUDE considerasse necessaria a remogao das manchas para assegurar uma leitura estética
mais coerente, n3o existia documentagio que esclarecesse a posi¢io da designer relativamente
auma eventual interveng3o.

Outro desafio prendeu-se com o caracter funcional da pega, concebida para ser utilizada e
soprada. Essa dimensio performativa levantou questdes quanto a necessidade de limpeza
recorrente e a inexisténcia de protocolos que garantissem a seguranga do utilizador e a
estabilidade material do vidro. A conjugacio de funcio, fragilidade e auséncia de
documentagdo técnica colocou o conservador perante decisbes complexas, que exigiram
ponderar nio s6 a integridade fisica, mas também a coeréncia conceptual do objeto.

Neste contexto, a avaliagio dos valores associados a Fertility Object — estéticos, funcionais,
cientificos e museolégicos — tornou-se essencial para fundamentar futuras decisdes de
conservagio e exposi¢do. Tal como referido por Appelbaum [6], a defini¢do do “estado ideal” de
conservac¢io deve equilibrar integridade material e significado, estabelecendo a base para
intervengdes que respeitem tanto a autenticidade fisica como a inten¢do de uso. No caso
presente, essa avaliagdo devera resultar de um didlogo colaborativo entre a designer, o museu
e a equipa de conservagio, de modo a garantir que a pega mantém a sua integridade e continua
a expressar a relagdo entre design, biotecnologia e interagdo humana.

O vidro e os agentes de deterioracao agua e humidade relativa incorreta

Areten¢do de humidade resultante do sopro para o interior da pega é o fator critico que justifica
a intervengdo, uma vez que a presenca de dgua, aliada a um ambiente confinado, tem o
potencial de desencadear mecanismos de degradagio quimica. Embora a estrutura do vidro
seja uma rede de didxido de silicio, a presenca de ides alcalinos e espagos vazios na rede vitrea
permite a difusdo da dgua e a ocorréncia de rea¢des com o ambiente [7-10].

O principal mecanismo de alteracio inicial é a lixiviagdo: uma troca iénica onde ides
alcalinos (como o sédio, Na*) s3o extraidos da superficie da rede e substituidos por ides de
hidrogénio da dgua [10-15]. Este processo, dependente da humidade relativa, pode evoluir para
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fenémenos de crizzling, se o pH do meio for alterado [16-19]. Se a acumulag¢io de ides alcalinos
lixiviados se concentrar e elevar o pH para valores superiores a 9, 0 mecanismo altera-se para
uma dissolu¢io da rede de silica, destruindo a estrutura do vidro [7, 9, 20-21].

No caso do vidro de borossilicato, estes possuem um sistema Na,O-B,0;-Si0,. Este sistema
tem varias zonas composicionais onde ocorrem separagdes de fases, que foram exploradas por
marcas produtoras conhecidas, tais como a Duran e a Pyrex [22, p. 112]. A utiliza¢ao deste tipo
de vidros estd relacionada com a elevada estabilidade quimica destas formulagdes,
especialmente resistente a dcidos, por exemplo. Outra caracteristica conhecida destes vidros é
a sua elevada resisténcia a alteragGes bruscas e significativas de temperatura, que se deve ao
seu baixo coeficiente de dilatagio [22, p. 113]. A presenca de B,O;aumenta a coesio da rede
vitrea através da formagio dos tetraedros de [BO],, assim como a ocorréncia de separagio de
fases aquando da fusio do vidro [22, p. 548]. Apesar de, teoricamente poderem sofrer
degradagdo quimica tal como acima descrito, os vidros de borossilicato sio conhecidos pela sua
resisténcia quimica, reforgando assim, neste caso de estudo, a importincia das forgas fisicas
como principal agente de degradagio a ter em consideragio.

No entanto, apesar do que é descrito anteriormente, para o caso do objeto em estudo, a
condensagdo interna gerada pela respiragdo pode iniciar a lixiviagao e aumentar o pH, podendo
vir a favorecer a dissolu¢io da rede vitrea. Embora o vidro borossilicato apresente elevada
estabilidade quimica, a literatura sobre a sua conservagao é escassa [22, pp. 109, 135, 559; 23, pp.
93-104; 24-25] e a limpeza de pegas com geometrias complexas permanece um desafio pratico,
tema explorado na sec¢do seguinte.

Metodologia

A metodologia adotada baseou-se numa abordagem interdisciplinar, articulando praticas e
principios da conservagio e restauro, ciéncia dos materiais, design e curadoria museoldgica.
Esta integra¢do permitiu abordar a pega Fertility Object na sua dupla dimensio tangivel e
intangivel, conciliando o estudo da sua estabilidade fisica em vidro borossilicato com a
compreensio da sua fung¢do original e do seu valor para as diferentes partes interessadas. O
trabalho estruturou-se em cinco etapas principais: (1) levantamento bibliogrifico; (2)
documentagio e anilise visual do objeto; (3) caracteriza¢ao material; (4) avaliagdo de estratégias
de limpeza; e (5) didlogo interdisciplinar e defini¢do curatorial.

Levantamento bibliografico

Foirealizado um levantamento sistematico da literatura técnica e cientifica sobre a composi¢ao
e degradacgio do vidro, com especial enfoque no vidro borossilicato, bem como sobre métodos
de limpeza aplicaveis a vidros e estratégias curatoriais de comunicagio de objetos hibridos
entre design e ciéncia. Esta revisdo permitiu estabelecer um estado da arte que fundamentou a
andlise da peca, a defini¢io dos ensaios experimentais e a discussio critica dos resultados,
evidenciando a escassez de referéncias especificas para objetos de geometria complexa e funcao
interativa.

Documentagio e analise do objeto
Realizou-se a recolha e sistematizagdo de informacao histdrica, técnica e conceptual sobre a peca
Fertility Object e o projeto BEE’S. Foram conduzidas entrevistas semiestruturadas a designer
Susana Soares, permitindo esclarecer a intengdo da autora, o contexto de criagdo e a sua posi¢ao
quanto a limpeza, exposi¢do ¢ fungdo da peca, em colaboragdo com a instituigdo proprietaria
(MUDE). Foram também conduzidas conversas telefonicas com a fabrica vidreira Vilabo para
se obterem informacgdes sobre o processo de producdo das pegas e o tipo de vidro utilizado.
Procedeu-se igualmente a documentagio fotografica e descritiva do estado de conservagao.

Este levantamento constituiu a base para a defini¢ao das a¢des subsequentes.
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Caracterizagio material

A caracteriza¢do da peca incluiu a determinagio da composi¢io do vidro e a anilise dos
depésitos superficiais. A composicdo foi avaliada por espectroscopia de fluorescéncia de raios
X por dispersio de energia (u-EDXRF), comparando-se os resultados com amostras de vidro
borossilicato da marca DURAN. Os depdsitos brancos foram analisados por microscopia dtica,
espectroscopia de infravermelho (FTIR) e espectroscopia Raman [26]. O equipamento utilizado
e as condigdes analiticas podem ser consultadas na publica¢io de Damas [26].

Avaliagao de estratégias de limpeza

Os métodos de limpeza foram testados em objetos de formato semelhante, de modo a avaliar
diferentes técnicas de acesso e eficicia. A andlise considerou seis parimetros — eficicia na
remogio de sujidade, tempo de secagem, facilidade de uso, adaptagio a geometria, duragio e
residuos deixados — avaliados numa escala de o (nada eficaz desempenho) a 5 (muito eficaz).
Foram ensaiados arames revestidos com Melinex, Parafilm e algodio, palhinhas comerciais,
imanes com Parafilm e papel e limpa-cachimbos. Os agentes liquidos de limpeza selecionados
para teste seguiram uma sequéncia de solventes por ordem crescente de polaridade e
toxicidade — dgua destilada e, quando necessdrio, solu¢ao 50:50 de dgua e etanol.

Dialogo interdisciplinar e defini¢ao curatorial

A tomada de decisdo foi conduzida num processo colaborativo entre a designer, a equipa de
conservagio e a equipa do MUDE, integrando diferentes perspetivas sobre a integridade fisica,
funcional e comunicacional do objeto.

Complementarmente, analisaram-se exposi¢des anteriores dos protétipos da cole¢io BEE’s
(Science Gallery Dublin, MoMA) e referéncias bibliograficas sobre estratégias curatoriais em
design e ciéncia, que sustentaram o desenvolvimento de uma proposta de exposi¢do adaptada
ao contexto museoldgico portugués.

A metodologia combinou assim investigacao cientifica, experimentagao técnica e reflexdo
ética, resultando num processo que assegura simultaneamente a integridade fisica, a
autenticidade funcional e a legibilidade conceptual do Fertility Object, evidenciando o potencial
da colaboragio interdisciplinar na conservagdo do design contemporineo.

Estratégias de limpeza de objetos em vidro com formas complexas

A literatura sobre a limpeza de vidro é vasta para vidros arqueoldgicos, como os silicatados
potdssico-calcicos, mas revela uma lacuna significativa no estudo de objetos em vidro de
borossilicato, sobretudo com geometrias complexas e de acesso limitado ao interior [27].

Koob [27] destaca que a sujidade superficial, resultante de manuseio, gordura e poluigio,
compromete nio sé a estética, mas também acelera a deterioragdo. Para a sua remogao,
recomendam-se métodos simples, como pincéis suaves, panos macios ou lavagem cuidadosa
com agua. A utilizagdo de dgua destilada ou desionizada evita a introdugio de minerais que
possam danificar a superficie. A temperatura deve ser controlada, evitando detergentes que
deixem residuos prejudiciais. A secagem deve ser lenta e sem calor, preservando a integridade
do material [28].

As diretrizes do CCl indicam a avalia¢io prévia do estado de conservagdo antes de qualquer
intervengdo. Na auséncia de sinais de degradagdo, como crizzling, recomenda-se uma lavagem
suave com agua morna e até 5 % de etanol como agente umectante [28].

Para fundamentar um protocolo especifico para Fertility Object, foram identificados apenas
dois estudos relevantes, evidenciando a escassez de referéncias para objetos de formas ocas e
complexas. O primeiro, descrito por Margot Murray, aborda o tratamento da pega Branch de
Richard Meitner no Projeto de Conservagio de Vidro Dan Klein, dos Museus Nacionais da
Escécia. A obra, composta por um cilice amarelo suspenso no interior de uma garrafa, exigiu
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técnicas criativas: pingas de aqudrio adaptadas com silicone, manipula¢io inspirada em
cirurgia laparoscépica e marionetas, e aplicagio de adesivo com seringa modificada,
preservando a integridade da garrafa sem recorrer ao corte da base [29].

O segundo estudo, de Rothenhiusler, Cilurzo e Keller, no Museu Nacional Suigo, focou a
limpeza e a secagem de garrafas histéricas. Apds a lavagem com panos de microfibra e dgua
desionizada, a remoc¢io de residuos internos foi realizada com imanes, um método que se
revelou eficaz para eliminar sujidade e sais cristalizados [30, p. 288].

Estes casos demonstram a importincia da adapta¢io técnica e da inovagio na conservagio
de vidros de formas complexas, reforcando a necessidade de investigagio e desenvolvimento
continuo de métodos seguros para a preservagao do patriménio contemporineo.

Estratégias curatoriais para objetos interdisciplinares: comunicag¢ao de
pecas que combinam design e ciéncia

A musealizagdo da intersecdo entre design, ciéncia e saide tem vindo a consolidar-se em
exposicdes recentes de relevo internacional. Entre estas, destacam-se Design + Satide (MuVIM,
Valéncia, 2022), que explorou como o design impulsiona o bem-estar e a evolu¢io médica [31];
Human+: The Future of Our Species (Science Gallery Dublin/CCCB), que recorreu a dispositivos
interativos para discutir a biotecnologia e o melhoramento humano [32-33]; e as exposi¢oes Can
Graphic Design Save Your Life? (Wellcome Collection, 7 Setembro 2017 a 14 Janeiro 2018) e The
Future Starts Here (V&A, Londres, 12 Maio 2018 a 4 Novembro 2018), que utilizaram ambientes
imersivos para demonstrar o impacto do design na sadde publica [34-35].

Estas mostras evidenciam que a eficicia da comunicagio destes objetos reside no equilibrio
entre a sua apreciagio estética e a descodifica¢io da sua narrativa funcional. Contudo, quando
objetos interdisciplinares s3o integrados em cole¢bes museoldgicas, surge frequentemente um
hiato entre a sua forma e a complexidade do seu propésito cientifico original. Se a estratégia
curatorial privilegiar exclusivamente a plasticidade do objeto, corre-se o risco de "silenciar" a
sua dimens3o performativa, tornando-o num artefacto mudo perante o pablico.

Esta problematica é visivel no histérico expositivo do projeto BEE’S. Embora virios
protdtipos tenham sido apresentados em INFECTIOUS: Stay Away (Science Gallery Dublin,
2009) acompanhados por um video explicativo [37-38], e em Design and the Elastic Mind (MoMA,
Nova Iorque, 24 Fevereiro a 12 Maio 2008), onde a pega foi exposta num pulpito baixo
desprovido de recursos visuais complementares [39], em ambos os casos a escassez de
informag3o contextual limitou a compreens3o do valor diagnédstico dos objetos.

Para mitigar este risco em futuras curadorias, a proposta ideal deve transcender a
contemplagio passiva. E fundamental combinar uma sinalética cientifica clara com elementos
visuais — como infografias do fluxo biolégico ou registos da performance original — e,
idealmente, experiéncias imersivas ou titicas que permitam ao visitante apreender a fung¢do
inovadora e a interatividade inerente a pega, preservando assim a sua integridade conceptual
enquanto objeto de design cientifico.

Resposta aos desafios de Fertility Object

Os principais desafios apresentados por Fertility Object que este estudo procurou responder
concentram-se na definicdo de estratégias de limpeza das manchas presentes no vidro e no
desenvolvimento de propostas de exposi¢io, que requereram um reconhecimento dos valores
associados a este objeto, por diferentes agentes em torno do objeto.
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Valores e tomada de decisio

Qualquer decisio de interveng¢do ou exposi¢ao requer compreender os valores associados ao
objeto. A metodologia apresentada em [36] destaca a necessidade de considerar o valor
atribuido pela autora, pela comunidade, pelo museu e pela ciéncia. Para Susana Soares,
criadora da pega, e segundo o seu testemunho, o valor deverd residir na inovagio do design
aplicado a investigacdo cientifica: uma sintese de design e biotecnologia que explora a
interse¢do entre tecnologia e corpo humano, devendo essa dimensio ser comunicada ao
publico [36]. O objeto, entre muitas vertentes, pode vir a estimular reflexdes sobre praticas
sustentaveis e o papel da biotecnologia na satude e fertilidade, funcionando como catalisador
de debates éticos e ambientais. Para o MUDE, e com base no testemunho de Inés Correia
(responsavel pela drea da conservagio), a relevincia estd na singularidade e no potencial de
atrair e envolver visitantes, reforcando a missio educativa e diversificando a cole¢gio a0 mostrar
que o design ultrapassa o valor estético. Para a ciéncia, a pega representa um marco em
diagnédsticos n3o invasivos, utilizando abelhas para detetar altera¢des quimicas no halito
humano.

Segundo Appelbaum [6, pp. xix-xxi], o processo de tomada de decisdo segue oito etapas,
das quais este estudo se concentra na determinagio do “estado ideal”, base para a meta de
tratamento — limpeza, acondicionamento e proposta de exposigdo. De acordo com a autora, o
“estado ideal” corresponde ao passado mais significativo para os atuais proprietarios [6, pp.
173-236]. No caso de Fertility Object, é necessario equilibrar integridade fisica, autenticidade
funcional e clareza interpretativa. A decisio final deve resultar de didlogo colaborativo entre
designer, museu e conservadores, garantindo que a pega preserve sua integridade e continue a
provocar debate sobre inovagao, biotecnologia e ética [6].

Os desafios colocados por Fertility Object ndo se situam em oposi¢ao aos da conservagio de
arte contempordnea interativa, mas antes aprofundam algumas das suas problemdticas
centrais. A presen¢a de uma fun¢io diagndstica, associada a uso corporal e a vestigios
funcionais, exige uma leitura alargada dos modelos de tomada de decisio existentes,
particularmente no que respeita a defini¢io do “estado ideal” e 2 gestio de valores concorrentes.
Estas questdes tornam-se particularmente evidentes no contexto expositivo, onde a
necessidade de comunicar a fungio e o significado do objeto entra em tensao com os requisitos
de preservagio material, orientando diretamente as opgdes curatoriais e de conservagio
discutidas na sec¢io seguinte.

Exposicao

Um dos principais desafios colocados pelo MUDE consistiu em desenvolver uma estrutura
l6gica de exposig¢do do Fertility Object, considerando a sua complexidade. Para tal, foi necessario
atender simultaneamente a preservagdo da pega e 3 manutengdo da sua fungio primordial de
diagnéstico.

Recolheu-se informacio qualitativa através de entrevistas a designer Susana Soares e da
colaboracao com a conservadora do MUDE, Inés Correia. Este didlogo forneceu dados
fundamentais sobre a inteng¢3o original da designer, os requisitos funcionais da peca e os
cuidados preventivos exigidos em ambientes museolégicos. Adicionalmente, analisaram-se
imagens e registos de exposi¢des anteriores dos protétipos do Fertility Object, permitindo uma
avaliagdo critica dessas experiéncias e a defini¢gdo de melhores praticas de comunicagio com o
publico.

A anilise das condigdes fisicas da pega revelou que as forcas mecinicas constituem a
principal ameaga a integridade do vidro, agravadas pela humidade associada a sua utilizagao.
Assim, a proposta de exposi¢do teve como eixo central o equilibrio entre a mitigagdo desses
riscos e a necessidade de interagio do ptiblico para assegurar a correta comunica¢ao da pega,
preservando tanto o valor funcional como a durabilidade do objeto.
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Figura 4. Diferentes propostas expositivas concebidas para Fertility Object: a) expositiva que se assemelha a um consultério médico (espago performativo); b)
representa o conceito do objeto por fases e médulos (estrutura modular); ¢) vitrine de fundo escuro a altura dos olhos do espectador, com o objeto exposto e com
texto explicativo sobre o mesmo (proposta simplificada).

Na definigao da proposta expositiva foram consideradas trés perspetivas: a da institui¢ao
proprietaria (MUDE), a da designer Susana Soares e a da conservagio. Susana Soares sublinhou
que a peca foi concebida como pega de diagndstico, a ser manuseada por humanos e abelhas,
nunca com inten¢io de musealizagdo. Considerou que a sua exposi¢do em museu compromete
a fungio inicial, transformando-a em objeto estitico: “Esta pega no é para colocar flores, nao
é decorativa. (...) perde muito da fungio e da interag3o para que foi desenhada”. Ainda assim,
reconheceu o potencial de despertar curiosidade e promover novas leituras sobre o design. O
MUDE, por seu lado, enfatizou a importincia de comunicar o conceito e a fungio da pega em
conformidade com a inten¢ao da criadora.

As restrigdes impostas pela conservagio descartaram qualquer interagio direta,
conduzindo ao desenvolvimento de trés propostas (Figura 4). A primeira propunha um espago
performativo que remetesse a um consultério médico, integrando videos, objetos auxiliares e
apega emyvitrine. A segunda organizava-se em médulos que refletiam as fases do Fertility Object
(recolha, treino, diagnostico), complementados com textos e videos. A terceira, adaptada aos
recursos do museu, previa a exposi¢io da peca numa vitrine suspensa com fundo escuro,
iluminacdo inferior e fixagdo com um adesivo acrilico de elevada estabilidade (Paraloid B72),
acompanhada de objetos auxiliares, videos e textos informativos.

Este processo colaborativo permitiu criar solugdes que, embora nao resolvessem todas as
tensdes entre uso, conservagao e exposi¢ao, procuraram um equilibrio entre valor funcional,
preservacio e acessibilidade ao publico, evidenciando a relevincia de uma abordagem
interdisciplinar a curadoria. Esta sintese evidencia como a interven¢ido em Fertility Object
envolveu andlise cientifica, avaliagdo de valores culturais e decisbes colaborativas. A
abordagem integrou a investigacao quimica, critérios de conservagao e didlogo entre a designer
e 0 museu para garantir que a pega preserve simultaneamente a sua integridade fisica, a
autenticidade funcional e o seu papel como catalisador de debate sobre inovagao, biotecnologia
e ética.

Limpeza e acondicionamento de Fertility Object

Com base nas metodologias de limpeza testadas, concluiu-se que o limpa-cachimbos mostrou
boa adaptagio, mas deixou residuos; os arames revestidos apresentaram eficiéncia varidvel
entre base e laterais; a palhinha revestida destacou-se de forma positiva na base, mas foi menos
eficaz nas zonas curvas; e os imanes revestidos, revelaram-se altamente eficazes e nio
abrasivos, embora exigissem substitui¢io frequente do papel. Na Figura 5 apresentam-se os
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resultados das diferentes estratégias de limpeza onde se avaliou cada método numa escala de o
(pior desempenho) a 5 (desempenho muito bom). Para o interior, utilizou-se pinga revestida
em Parafilm para remog3o controlada.

A proposta final combinou imanes para a cimara maior e materiais mais maledveis para a
cdmara menor (Figura 6). A limpeza iniciou-se com dgua destilada e evoluiu para solu¢io 50:50
de dgua e etanol quando necessdrio.

—e—Limpa cachimbos  —e—Arame - maleavel —e—Arame +maleavel -e—Palhinha =—e=Iman

Tempo de secagem
5
5
4

Eficacia da limpeza Residuos deixados

Adaptabilidade a superficie

Duragao da limpeza curva

Facilidade utilizacao

Figuras. Grafico radar para avaliagdo das diferentes estratégias de limpeza.

Figura 6. Intervencao de limpeza realizada a Fertility Object: a-c) a limpeza foi realizada com recurso a imanes magnéticos revestidos a papel; foi utilizada uma
solugdo de 50:50 de dgua e etanol para auxiliar na remog¢do das manchas identificadas para limpeza.
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Como nem a designer nem o museu puderam esclarecer a origem dos depésitos brancos,
procedeu-se a sua caracterizagdo quimica para evitar a remocao de vestigios significativos. A
microscopia tica em campo escuro e sob luz UV revelou particulas vermelhas e azuis (Figura
7), sugerindo residuos de produtos de limpeza. Por FTIR foram identificadas bandas
caracteristicas de carbonatos e sulfatos, nomeadamente carbonato e de sulfato de calcio [26,
37-39]. Uma banda entre 3500-3200 cm™ indicou grupos hidroxilo, associados a sais
hidratados, confirmando o caracter higroscépico dos depdsitos, que aumentam assim o risco
de degradagdo do vidro [38]. A espectroscopia Raman identificou a fase andtase do di6xido de
titinio, com propriedades fotocataliticas amplamente exploradas em produtos de limpeza [26,
40-42]. Estes resultados, aliados a presenca de particulas coloridas, sugerem residuos de
detergentes domésticos, possivelmente aplicados apds o uso do objeto para remover vestigios
de abelhas ou de condensagio. A decisio final foi a remogio dos depésitos.

Durante a intervengdo, observaram-se depdsitos escuros castanho-alaranjados na cimara
menor. A andlise estereomicroscépica e a entrevista com a designer indicaram que poderdo
corresponder a dejetos de abelhas, resultantes do uso original da peca. Em colaborag¢io com o
MUDE decidiu-se preservi-los, pois nao comprometiam a leitura do objeto, possuiam valor
histérico e nio se previa que viessem a interferir com a estabilidade do vidro a longo prazo.

A necessidade de um novo método de acondicionamento (Figura 8) levou ao uso de uma
caixa transparente de polietileno de alta densidade (36 x 42 x 35 cm), de qualidade alimentar,
com fecho lateral e pegas, equipada com espumas de polietileno numeradas e revestidas com
folha de espuma de polietileno, seguindo as diretrizes do Corning Museum of Glass [43].
Algumas espumas foram escavadas para encaixe seguro, mantendo uma margem de protegio.
A placa central foi seccionada para facilitar a remogao e a caixa recebeu identificagio para
reserva e transporte.
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Figura 7. Particulas brancas identificadas no interior da camara principal do objeto: a) pormenor; b-c) imagens de estereomicroscdpio de uma das particulas
removida do interior do objeto; d) andlise de FTIR permitiu identificar a presenga de carbonatos e sulfatos; e) andlise de espectrometria Raman permitiu identificar

a presenca de diéxido de titanio ou anatase.
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Figura 8. Caixa de acondicionamento preparada para o objeto, com interior adaptado a forma do mesmo.

Conclusoes

O presente estudo abordou a conservac¢io da peca em vidro Fertility Object, cujo objetivo
principal consiste em diagnosticar a fase do ciclo de fertilidade através da interagio com abelhas.
Este objeto apresenta desafios complexos ao nivel da sua fung¢do, conservagio e exposicao.

Para responder a estes desafios, foi fundamental um didlogo constante entre as partes
interessadas, incluindo a designer, a institui¢io museoldgica e os conservadores. Este debate
permitiu o desenvolvimento de estratégias eficazes, equilibrando a preservag¢io da integridade
do objeto com a comunicagio correta da sua funcionalidade e do seu valor cultural e cientifico.

A avaliagdo das diferentes estratégias de limpeza evidenciou a importincia de adaptar os
métodos de intervengdo as especificidades da pega. No caso em estudo, os imanes revelaram-
se o material mais adequado para a limpeza do interior, permitindo um acesso seguro, embora
exigissem a substitui¢do frequente do papel de limpeza, o que representou um desafio adicional.

As propostas de exposigdo foram desenvolvidas em colaboragdo entre os autores, a designer
e a instituigdo proprietdria. A discussdo destas solugbes demonstrou a necessidade de inovagao
na apresenta¢ao da pega, explorando recursos interativos, mas sempre garantindo a prote¢iao
e a integridade fisica do objeto.

Para além do caso especifico de Fertility Object, a metodologia desenvolvida neste estudo
apresenta potencial de aplicagdo a outros objetos contemporineos que combinam design,
ciéncia, func¢io e interagdo. A sua utiliza¢ao em diferentes contextos museolégicos pode apoiar
processos de decisao mais informados e transparentes, particularmente em situa¢des em que
amusealizagio transforma ou suspende a fungio original do objeto. Ao integrar caracterizag¢ao
material, avaliagio de valores, experimentagio técnica e didlogo interdisciplinar, esta
abordagem contribui para praticas de conservagio mais reflexivas e consistentes, reforgando o
papel do conservador como mediador entre preservagio material, significado e comunicag3o.

Um dos principais desafios enfrentados ao longo da investigacdo foi a escassez de
bibliografia sobre pegas contemporaneas com caracteristicas semelhantes a Fertility Object. Esta
lacuna demonstra que o campo carece de estudos e referéncias que abordem a complexidade
inerente a conservagio de obras ou objetos com fungdes especificas e interagdo humana. A
auséncia de informacdo exigiu uma abordagem mais experimental, sobretudo no que diz
respeito a limpeza de pegas com estruturas complexas.

Em trabalhos futuros, é essencial expandir a investigagdo para incluir mais estudos de caso
como Fertility Object, que apresentam fungdes especificas e dependem da intera¢gio humana. A
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falta de referéncias existentes sublinha a necessidade urgente de explorar e documentar este
tipo de objetos, criando diretrizes e metodologias que considerem as suas particularidades e
contribuam para uma base de conhecimento mais sélida e aplicavel & conservac¢io da arte e
design contemporaneos.
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