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There are many causes of the presence of undesirable organic
materials on the surfaces of artistic artefacts. The firstexemplary bio-
removal of organic matter was performed in the early 2000s by the
UniMOL-UniMI research group on the fresco "Conversion of St.
Ephisius and Battle" by Spinello Aretino 14th century, in the
Monumental Cemetery, Pisa, Italy. The frescoes in the Camposanto
were damaged by a bombing in 1944 during which the wooden roof
caught fire. The paintings were therefore ripped off (strappo) after
the war by applying a protective cloth on the front with an animal
glue admixed with a formaldehyde-based biocide that, over time,
favored the polymerisation of the glue, which then became very
difficult to remove with traditional methods.The restorers decided to
contact the team of microbiologists who, among the naturally
occurring bacteria belonging to the genus Pseudomonas and capable
of utilising a wide variety of organic compounds that are also difficult
to degrade, selected the P. stutzeri A29 strain for its ability to
metabolize the unwanted organic matterpresent on the fresco quickly
and non-invasively. The microorganisms were applied to the canvas
and degraded the now cross-linked glue of animal origin that had
been placed on the paint layer during the peeling operations
(efficiency of 80-90%, within 10-12 hours). Residual glue was
removed with the use of appropriate enzymes (protease and
collagenase). At the end of the treatment, the bacteria applied to the
surface, although they were heterotrophic, i.e. only able to grow by
exploiting organic matter, and not sporigens, were nevertheless
removed by gentle washing with a buffer solution. Given the
excellent results, the same technique was adopted in the restoration
of all paintings. Other innovations were applied:

i) the choice of a rigid support for the recovered paint film
(Compolam) instead of fiberglass.

ii) the use of a thermo-regulated sheet placed between the wall and
the back of the frescoes to avoid dangerous surface condensation.
iii)  surveillance systems and monitoring conservation state of
frescoed surfaces by measuring color changes, with drones (2024).

No doubt, this was the most significant and exemplary bio-cleaning
intervention using microorganisms on such a large surface area of
approximately 1,500 m? activities completed in 2018 with the
relocation to the original walls and public inauguration.

The multidisciplinary nature of materials research on cultural
heritage and the complexity of the problems to be addressed makeit
difficult to draw up guidelines in this field. However, the continuous
advancement of science will allow us to focus resourceson the
development of products, methods and tools that are not harmful to
materials, human health or the environment. Furthermore, preventive

conservation will provide us with another tool for sustainable
conservation. The main objective of the research is to perform
photogrammetric surveys with a high degree of resolution of
the four internal wallsof the cloister, which house the fresco
cycle. However, given the nature of the project, aimed at the
study for restoration and conservation, it was necessary to give
the photogrammetric restitutions precise metric and
morphological feedback, obtained through the comparison and
calibration between the photo-plane and the data from TLS
(Terrestrial laser scanner) instrumentation, which had
previously been carried out (2014).This methodology requires
the storage of large amounts of information for both the TLS
survey, but above all, it is necessary to acquire a large amount
of photographic data for the tens of thousands of images taken.
At the same time, high-performance hardware equipment
capable of handling the tens of giga-bites acquired is required.
The shooting operations were carried out using both digital
cameras used from the ground and UAV (Unmanned Aerial
Vehicle) systems,commonly known as drones, equipped with an
on-board camera. This combination of techniques made it
possible to obtain a complete and accurate documentation of the
frescoes, while at the same time ensuring maximum precision in
the reconstruction of the geometries and dimensions of the
frescoed surfaces.

Acquisition Protocol and Instrumentation Used

Acquisitions were carried out following a protocol based on the
determination of pixel density per centimeter of surface area
represented. This protocol was developed considering the scale
at which orthophotos are rendered and the resolution required
for digital printing. The determination of the pixel density is
crucial to ensure that the images acquired can be used to
produce high- quality digital prints, respecting the resolution
requirementsdepending on the scale of restitution. The protocol
provides for the calibration of the acquisition parameters
according to the desired scale of representation, thus ensuring
maximum fidelity in the documentation of the frescoed
surfaces.

The following instruments were used for data acquisition:

1. UAYV system (Drone): DJI Mavic 3 Classic**
- Camera equipped with a 4/3 CMOS sensor
Hasselblad 20 Mpixel, f/2.8-1/11 camera
Ground Camera: SONY a7R V**

- 60 Mpixel CMOS sensor
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