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Editorial

Deterioration and degradation linked to living organisms, and more particularly to
microorganisms, are one of the major sources of alteration of stone monuments. To combat
biodeterioration and biodegradation of stone monuments, it is necessary to diagnose them, i.e.,
to evaluate them qualitatively and quantitatively, set up a restoration strategy that respects the
heritage value of the site or object, and then monitor the restored monument over time. Thus,
this fight mobilises the extremely varied skills of experts, researchers and conservators by
mobilising both innovation and tradition. It is essential that these different communities meet,
exchange, and then collaborate to integrate their skills for heritage preservation. The European
Conference on Biodeterioration of Stone Monuments (ECBSM) is an opportunity to gather
researchers, restorers, industrial experts, and teachers who are working on the biodeterioration
of stone monuments in the context of cultural heritage preservation.

This special issue of the journal “International Biodeterioration & Biodegradation” consists of
18 selected papers presented at the 4% European Conference on Biodeterioration of Stone
Monuments (ECBSM2020), which was held virtually from 5" to 6" November, 2020 due to the
COVID-19 pandemic. Since its inception in 2014 at the University of Cergy-Pontoise in France,
the ECBSM has been held every two years, with the 2020 edition co-organised by the
University of Rome Tor Vergata, the University of Milan and the University of Cergy Paris.
The conference program was organised into three sessions: Ecology of microorganisms
colonizing stone monuments, Alteration mechanisms and materials, Prevention and treatment.
The special issue covers the following topics: Biodeterioration and biodegradation of materials
of stone monument, Agents and mechanisms of stone monuments biodeterioration in outdoor
and confined environments, Assessment and monitoring of stone damage on monuments,
Ecology of biofilms on stone monuments, Biodeterioration and climate change, Application of
innovative and non-invasive technologies on the study and the conservation of stone
monuments, Environmentally friendly antimicrobial treatments.
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The study presented by Zhang et al. (2021) is a great example of how modern molecular biology
technologies can give extensive information about lithic microbial ecology in an open-air stone
monument. Using a next-generation sequencing approach, the authors described the seasonal
variations and the dominant phyla associated with biodeterioration phenomena. The structure
of bacterial and algal communities appeared to be closely correlated with climate parameters.
This type of approach also makes it possible to study the ecology of biofilms growing on
sandstone in temple caves (Duan et al., 2021), the ecology of subaerial biofilms growing on
tombstones, and to determine the origin of the sessile microorganisms (Gambino et al., 2021),
to study the diversity of pioneer microorganisms colonizing ceramic roof tiles during outdoor
exposure (Romani et al., 2021), and to compare normal and biodeteriorated wall paintings
during a microbe outbreak (He et al.,2021). Pasteur's microbiology still has its place in isolating
and characterising the major microorganisms of such outbreaks (He et al., 2021), or to describe
the seasonal diversity of algae and/or cyanobacteria colonizing monuments (Keshari et al.,
2021; Mondal et al., 2022). Scanning electron microscopy (SEM), by allowing the observation
of microorganism-stone interactions, provides valuable information on the bioreceptivity of the
material, the availability of water on a microscopic scale, and the influence of these parameters
on biofilm development (Duan et al., 2021). Confocal laser scanning microscopy (CLSM) gives
information about the thickness, cellular volume, and exopolysaccharides of biofilms on
different materials in environments with varying relative humidity (Del Mondo et al., 2021).
Combining SEM, CLSM, culture-based, and high-throughput sequencing approaches allows to
characterise taxonomically and functionally the microorganisms involved in biofilm formation
while analysing the properties of biofilms formed under different conditions (Romani et al.,
2021). High-throughput sequencing and bioinformatic analyses can also give access to the
prediction of ecological functions of microbial communities (Wu et al., 2021). For example,
chemoheterotrophy, phototrophy and aerobic ammonia oxidation have been shown to ensure
the joint survival of biodeteriogens on the sandstone cliff of the Beishiku Buddhist temple (Fasi
Wu 2021).

Monitoring microbial growth on stones and evaluating the effectiveness of antimicrobial
treatments applied to stone surfaces can be done with simple, non-invasive techniques. For
example, the colorimetric analysis makes it possible to monitor the kinetics of biological
colonisation over several years on a stone monument (Bartoli et al., 2021). The joint use of
ATP-metry (measurement of ATP concentration by bioluminescence) and UV fluorescence
imaging of chlorophyll a is an effective non-invasive approach to assessing the effectiveness of
a treatment and monitoring its evolution over time (Spada et al., 2021a).

For several years, restorers have been looking for more environmentally friendly and less toxic
biocidal treatments to deal with biodeteriorations. One of the most environmentally friendly
solutions is certainly bio-cleaning, such as the use of micro-organisms to clean graffiti (Bosch-
Roig et al., 2021). In the study published by Spada et al. (2021b) mixtures of essential oils
containing carvacrol, eugenol, cinnamaldehyde and thymol, have demonstrated their efficiency
at low concentration for the treatment of a marble statue. The use of biocides, whether artificial
or natural, is not only based on a choice of active ingredients but also on a choice of
concentrations, duration and method of application (Spada et al., 2021a; Ranaldi et al., 2022).
Ranaldi and his colleagues have developed an innovative application protocol based on the
encapsulation of essential oils in an alginate hydrogel. This allows the use of a low
concentration that reduces volatility problems and allows the treatment of vertical surfaces
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covered with phototrophic biofilms (Ranaldi et al., 2022). Other biocides like titanium dioxide
or sodium dichloroisocyanurate have been efficiently encapsulated in alginate gels, which
proved their high potential for the treatment of phototrophic biofilms (Gabriele et al., 2021).
Diaz-Alonso and collaborators described a cold diffusion system of essential oils for using in
indoor environments (Diaz-Alonso et al., 2021).

Air pollution is known to have an impact on the microbial colonisation of stone surfaces in
urban areas, but what about light pollution? To answer this question, Sanmartin and colleagues
tested the effect of UV-A and UV-B radiation and red LED light on the biofilm growth and
diversity of different phototrophic biofilms (Sanmartin et al., 2021). This study showed
proliferation-inducing effects of certain light cocktails that vary according to the type and ratio
of phototrophs in the sessile biomass.

The effects of climate change on the biodeterioration and biodegradation of stone monuments
are increasingly being studied. Different papers in this special issue are devoted to or refer to
this issue (Fuentes and Prieto 2021; Mondal et al., 2022; Zhang et al., 2021).
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