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Abstract: Santa Maria in Vado is a monument in the rich artistic heritage of the city of Ferrara (north
of Italy). In this paper we want to investigate the state of conservation of tombstones, cloister and the
entrance to the basilica, in order to keep them in the best possible state for the future generations.
From the chemical characterization, the state of conservation was determined focusing on the
biodeteriogenic and non-biodeteriogenic factors, which determine a series of unwanted changes in
the physical, mechanical and above all aesthetic properties of the material, often closely connected
with the environment and conservation conditions. On the macroscopic observation, the state of
conservation of the tombstones appeared to be very deteriorated through aesthetic and structural
damage. In detail, the stereo microscope observation of samples collected from the tombstones
show the presence of efflorescence probably caused by the abundant of water that bring the salts
present inside the rock into solution. Relating the columns, µ-XRF analysis confirm the carbonate
composition of samples and presence of iron and sulfur. Finally, SEM observation highlighted the
presence of black crust on arch samples and the presence of pollen on the black crust and spheroidal
particles probably related to atmospheric pollution.
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The Framework Convention on the Value of Cultural Heritage for Society (art. 2a) [1]
stated that cultural heritage is “a group of resources inherited from the past which people
identify, independently of ownership, as a reflection and expression of their constantly
evolving values, beliefs, knowledge and traditions”. Taking into account these statements,
the historic center of Ferrara has been included in the list of world heritage sites by
UNESCO since 1995, as an example of city designed in the Renaissance, which preserves
its historic center still intact with its value and traditions [2].
The city of Ferrara (10 m a.s.l.) developed around a ford on the Po river in about the
7th cent. A.D., and is one of the few Italian cities whose original layout was not based
on the Roman tradition. The Este family ruled Ferrara from the second half of the 13th
cent. A.D., and under its control the city rose to a significant position within the Italian
states [3,4]. Therefore, it played a key role in the political life inside as well as outside the
peninsula. In the 15th and 16th centuries A.D., Ferrara became an intellectual and artistic
center which attracted the greatest minds of the Italian Renaissance [5].
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Today, Ferrara is famous for its historical center, which is extraordinarily well-preserved:
it is a city where overall harmony predominates due to an accurate urban project and together
with the artistic urban plans of the Este family [6,7]; it is a city that preserves and projects the
beauty of the Middle Ages and the Renaissance in the days of today, an intelligently modern
city with deep-rooted and lively cultural, artistic and environmental traditions.
Among all the ancient buildings of Ferrara, Guarini [8] identified the very ancient
origins of the church of Santa Maria in Vado in the main center of the city, which had this
name from a small pond on the shore where it was first built [9]. Tradition told that on
the place where the church now stands, a devoted Greek image placed on a capital was
venerated [10]. Over time, as the village grew from year to year, the need was felt to thank
the hypothetical benefactor by erecting a church in her honor.
On March 28, 1171 a miracle occurred. Blood came out of the host and sprinkled the
entire vault of the chapel confirming both the real presence of Christ in the consecrated
host and that the holy mass was the renewal of the divine sacrifice. This took place in a
particularly delicate moment in the life of the Church, in which there were many heretics
that denied the dogma of the transmutation [11]. The vault of the small apse of the church,
stained by the blood of the miracle, became a place of worship [12].
Nevertheless, during the years, the church went into decline, but fortunately, several
restoration interventions (1981–2000) for some parts of the basilica began [13] under the supervision of Superintendence of Archaeology, Fine Arts and Landscape for the metropolitan
city of Bologna.
The speed of some reactions involved in the degradation of monuments might be
increased by the presence of numerous compounds with the action of catalysts, such
as heavy metals and carbonaceous particles related to pollution, especially atmospheric
pollution [14–16]. The latter were probably the cause of the acceleration of the process
of formation and detachment of black crusts on the surface of the stones of the site analyzed [17,18].
The aim of this work was to characterize the parts of the main cloister of the basilica
that appeared more deteriorated respect to other part. For this reason, some columns,
the entrance arch and some tombstones contained therein were selected to verify the
state of conservation. This knowledge could be able to provide a series of suggestions
and indications for a better management over time, in order to ensure its usability for
future generations.
As a matter of fact, the conservation of cultural heritage for future generations depends
on the ability of a wide number of citizens to perceive, understand, and appreciate its
value [19]. It means that the survival of cultural heritage is related to the use people make
of it, from public enjoyment to “the construction of a peaceful and democratic society, and
in the processes of sustainable development and the promotion of cultural diversity” [1].
For this reason, in this work, great importance has been given to the study of the black
crusts on the stones of the main entrance portal to the cloister, because it is subject to traffic
pollution which could be a major cause of deterioration [20,21]. It should be remembered
that the city of Ferrara is one of the cities of the Emilia Romagna region which, especially
in recent years, has been subjected to exceeding the limit value allowed by the law for
the emission of atmospheric particulate matter of anthropogenic sources, especially in the
winter months, which may contain metal particles that could create severe damage to the
monuments [22–24].
Air pollution plays an important role in the deterioration of many materials used
in buildings and cultural monuments causing an inestimable damage. There is a lot of
study regarding the mechanisms of deterioration which can be caused by, for example, air
pollution or meteorological conditions [25] or by biological organism that could affect the
stone surface of the buildings [26]. However, some problem related to air pollution persists
especially in Northern and Southern Italy; in particular, particulate matter are considered
the main responsible for stone corrosion [24]. In addition, temperature, precipitation or
relative humidity could create serious damage, for example, corrosion on the surface
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n.3); (C) photo of a degraded base of a column; (D) photo of a column degraded, represented by red circle in the map.
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Table 1. List of the samples collected in the cloister of the church of Santa Maria in Vado in Ferrara city, describing the type
of sample, the provenance and the analysis carried out on each type of sample.
Sample Name

Sample Type

Sample Provenance

Analysis Carried Out

Sample a
Sample b
Sample c
Sample d

Black crust
Black crust
Black crust
Black crust

Stereomicroscope, SEM observation
Stereomicroscope, SEM observation
Stereomicroscope, SEM observation
Stereomicroscope, SEM observation

Sample n. 1

Fragment degraded

Sample n. 2

Fragment degraded

Sample n. 3

Fragment degraded

Sample n.
Sample n.
Sample n.
Sample n.

Yellowish patina
Yellowish patina
Yellowish patina
Yellowish patina

Arch (Figure 1(Aa))
Arch (Figure 1(Ab))
Arch (Figure 1(Ac))
Arch (Figure 1(Ad))
Tombstone (Figure 1B, green
rectangle)
Tombstone (Figure 1B, blue rectangle)
Tombstone (Figure 1B, yellow
rectangle)
Column
Column
Column
Column

13
15
19
22

Stereomicroscope
Stereomicroscope
Stereomicroscope
Stereomicroscope, µ-XRF analysis
Stereomicroscope, µ-XRF analysis
Stereomicroscope, µ-XRF analysis
Stereomicroscope, µ-XRF analysis

An optical stereomicroscope (90× total magnification) was used for microscopic
observations on the samples. The stereomicroscope used was an Optika SZM-2 (Opto-Lab,
Modena, Italy) equipped with MOTICAM 2500 5.0 M pixel webcam. The software Motic
Images Plus 2.0 ML software was used for reflected light observation on all the samples to
define grain size and texture, dimensional and morphological aspect of the clasts and state
of conservation [28,29].
The samples related to the columns were analyzed using a µ-XRF spectrometer at
the Department of Physics and Earth Sciences, Ferrara University. The instrument was a
portable ARTAX TM 200 from Bruker AXS Microanalysis GmbH. The instrument consisted
of an X-ray tube equipped with a Mo target placed at 6◦ and a Be window. The measurements were performed at 50 kV and 700 µA for 120 s through a collimator with a diameter
of 0.65 mm. An SSD Peltier-cooled detector (10 mm2 active area and resolution of <155 eV
at 10 kcps) was used for the detection of the secondary fluorescent X-rays [30–32].
The surface of the samples collected on the arch that decorates the entrance portal to the cloister was analyzed by a Scanning Electron Microscope (SEM) Zeiss model
EVO® 40 Basic Instrument (Carl Zeiss AG, Oberkochen, Germany) for morphological and
chemical characterization [33–36]. SEM instrument worked with a magnification range
between 7–1,000,000× and with a working voltage of 20 kV, corresponding to a detection
limit = 1 µm particle size [37,38]. SEM images were obtained using the SmartSEM software (Zeiss). A piece not metalized of each sample was firmed on a SEM stub utilizing
double-sided conductive adhesive tape.
Not being able to use EDS source of the instrument for the chemical characterization
because during the analysis it had problem, the analysis of the columns was carried out
with µ-XRF spectrometer.
3. Results and Discussion
Each sample was first subjected to a careful macroscopic analysis to discriminate
colors and shapes.
3.1. Macroscopic Characterization
The state of conservation of all 40 tombstones, walled in the internal walls of the cloister, appeared to be very deteriorated through aesthetic and structural damage (Figure 1B).
All the tombstones were placed at 15 cm from the ground, but this height was too low
to guarantee a good state of conservation. In fact, all the tombstones were affected by
the capillary moisture rising from the floor: the picture in Figure 1B shows the plaster
swollen (grey) in correspondence with the moisture bubbles (white). As a consequence,
the tombstones were also affected by this humidity: in the points where the humidity was
observed, they were darker in color than the original. In addition, the sampling area was
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subject to atmospheric particulate matter pollution, that could be the responsible for the
blackening processes occurring on the surfaces of the stone, and their quantification in the
crusts could provide information on the contribution of atmospheric pollution sources to
the degradation products formation [39,40]. Other important phenomena observed on the
samples collected were the presence of colonies of biodeteriogenic agents (as for example
musk or green and black film) [41–43] with the consequent formation of more or less thick
black crusts [44,45].
The white columns surrounding the cloister (Figure 1C,D) were glossy in the half
facing inside of the colonnade and opaque in the half facing outwards (Figure 1D). These
patinas could have been caused by oxalate films [46] or by a particular protective varnish
that has been preserved on the inside, while on the outside it has been washed out,
thus giving the column the opacity characteristic. Some columns have been restored in
the basement, adding a grey concrete base to bring it closer to the color of the column
(Figure 1C) rich in black crust.
In this first analysis of the state of conservation of the cloister with the tombstones
and the columns, the arch that decorates the entrance portal to the cloister was also
included. The arch was built with a yellow sandstone block cladding (Figure 1A). Inside
these sandstone blocks, there were rounded clasts larger than a grain of sand. The state
of conservation of the sandstone arch was not good and was diversified. It was in fact
possible to divide it into two vertical parts: the one closest to the wall of the facade of the
church (left side) showed a fairly good state of conservation characterized by black crusts
and a slight erosion (Figure 1(Ab)) with respect to the right side of the same which was
more damaged. On the right side, there was deep exfoliation of the sedimentation planes
(Figure 1(Ac)); black crusts were also included especially in those areas protected from the
washing away (Figure 1(Aa,d)) in which dirty water and also pollutants could stagnate and
facilitate their formation (as described in [47]). This different deterioration was probably
due to the presence of the cornice (Figure 1A on the top), located on the wall of the facade
of the church, which protects the left side of the arch and which, for this reason, was less
exposed to the action of water than the right side. The structure of the black crusts was
very compact and with a thickness of a few mm.
3.2. Microscopic Characterization
The stereo microscope observation of samples collected from all the tombstones
analyzed show white efflorescence (Figure 2a) probably caused by the abundant presence
of water that brings the salts present inside the rock into solution, as better described in
Ergün Hatır [48] and Martínez-Martínez [49].
The investigations carried out on the glossy patina of the columns, on the other hand,
did not reveal the evident presence of particular substances used as protective agents. The
analyzed samples show the presence of black crusts, already observed macroscopically also
on the base of the column itself, recognizable by the particles of atmospheric particulate
matter of dark color with abundant saline efflorescence (Figure 2b), as in [50]. The microbial
biofilms favor the adherence of airborne particles (dust, pollen, spores, carbonaceous
particles from combustion of oil and coal), giving rise to hard crusts and patinas.
On the base of the column, a small portion of a particular yellow patina was collected
which, observed by stereomicroscope, gave interesting results: the small fragments of
crust appeared externally (Figure 2c) characterized by rounded dark-colored particles
with a dark black/green border, while internally (Figure 2d) covered with a layer of green
algae. Probably it represented a type of algae which found a habitat conducive to their
development. It could be assumed that it belonged to Gloeocapsa algae [51,52], together
with other epileptic chlorophytes, such as Trentepohlia, which appeared in yellowish color.
The presence of these algal biofilms had an important role in the disfigurement of columns
producing variously colored patinas.
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such as surface detachment, superficial losses, or penetration and increased porosity, and
chemical alterations [53,54], also using the substrate as a source of nourishment, enhancing soil formation and water retention The sandstone was therefore not in good condition.
In some of the deteriorate samples, it was also observed sulphation process growing up
in several stages: the black crust tended to thicken over time (Figure 2f,g) (varying from
3001
1000 μm to 3000 μm) to harden more and more and to became less porous, as observed in
most of the cultural heritage built [55,56]. In this way, the difference in mechanical and
thermal behavior between the black crust and the underlying stone increased.

Figure 2. Stereomicroscope images: a) white efflorescence in tombstones; b) detail patina observed in the columns; c)

Figure 2. Stereomicroscope images: (a) white efflorescence in tombstones; (b) detail patina observed in the columns;
external rind/yellowish patina detail; d) internal rind/yellowish patina detail; e) sandstone detail with black crust, fungal
(c) external
rind/yellowish
patina
detail;
(d) g)
internal
rind/yellowish
hyphae and
cobwebs; f) black
crust
surface;
black crust
thickness. patina detail; e) sandstone detail with black crust,
fungal hyphae and cobwebs; (f) black crust surface; (g) black crust thickness.

3.3. μ-XRF Analysis on the Yellowish Patina Samples Collected on the Columns

From the sandstone images, it was possible to observe the presence of a dense and
The samples collected on the deteriorated part of the columns of the cloister were
intricate layer of biofilm and/or fungal hyphae in the interior of the sandstone (Figure 2e).
analyzed by μ-XRF in order to better characterize the chemical composition of the samples
Their presence, from a conservative point of view, could create a lot of problems: these
heterotrophic organisms (destroyers or consumers) could cause both mechanical damage,
such as surface detachment, superficial losses, or penetration and increased porosity, and
chemical alterations [53,54], also using the substrate as a source of nourishment, enhancing
soil formation and water retention The sandstone was therefore not in good condition. In
some of the deteriorate samples, it was also observed sulphation process growing up in
several stages: the black crust tended to thicken over time (Figure 2f,g) (varying from 1000
µm to 3000 µm) to harden more and more and to became less porous, as observed in most
of the cultural heritage built [55,56]. In this way, the difference in mechanical and thermal
behavior between the black crust and the underlying stone increased.
3.3. µ-XRF Analysis on the Yellowish Patina Samples Collected on the Columns
The samples collected on the deteriorated part of the columns of the cloister were
analyzed by µ-XRF in order to better characterize the chemical composition of the samples [57]. For each samples we analyzed different area and in the Figure 3 we report the
spectra representative of each samples.
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representative of each samples.
Three spectra over four are very similar to each other (Figure 3a,c,d). All the spectra
show a high peak of Ca, related to the carbonate composition of the natural stone used to
build the cloister. The second major peak is Fe, the presence of this element can be due to
its natural occurrence in carbonate rocks and to the presence of Fe hydroxide [58–60].
The presence of S can be related to the presence of gypsum in the black crust. The 3002
sulphate efflorescence could be due by sulphation of atmospheric dust particles containing gypsum in dust [61].
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3.4. SEM Observations on the Black Crust Samples Collected into the Arch
SEM analyses of the yellow sandstone collected on the arch that decorates the entrance
portal to the cloister allowed to identify the presence of hyphae that appear twisted on
themselves (especially in Figure 4d), incorporating sandstone and/or other particles (as
shown in Figure 4f), creating a dense layer between the clasts [62,63]. All the four samples
collected on the arch (as shown in Figure 1I) observed by SEM show the same observations.

Heritage 2021, 4
Heritage 2021, 4 FOR PEER REVIEW

3003
8

4. SEM
imaging
of hyphae
sandstonesanalyzed:
analyzed: a)−c)
of of
hypae
d)−f)
appearing
FigureFigure
4. SEM
imaging
of hyphae
in in
thethe
sandstones
(a−c)accumulation
accumulation
hypae
(dhyphae
−f) hyphae
appearing
twisted on themselves; g)−l) hyphae incorporating sandstone and/or other particles.
twisted on themselves; (g−l) hyphae incorporating sandstone and/or other particles.

Theblack
black crusts
samples
appeared
composed
by particles
with difThe
crusts of
ofthe
thesandstone
sandstone
samples
appeared
composed
by particles
with
ferent
size,
rounded
and
mostly
globular
in
shape
as
can
also
be
seen
from
the
images
in in
different size, rounded and mostly globular in shape as can also be seen from the images
Figure5.5.The
Thematrix
matrix of
of these
these black
Figure
black crusts
crustsappeared
appearedchalky.
chalky.
The aging and the degradation of the materials could be amplified by the atmosThe aging and the degradation of the materials could be amplified by the atmospheric
pheric pollutants that are represented in Figure 5 by spherical particles [64].
pollutants that are represented in Figure 5 by spherical particles [64].
In addition, it was possible to recognize some pollen grains probably coming from
native plant species [65]. In particular, a pollen grain with the typical shape of the Chenopodiaceae (Figure 6a), pollen grain typical of arid areas (Figure 6b,c) that could be trapped inside
the crust during the summer periods (exploded pollen) [66]. In detail, Figure 6a, c shown
pollen grains with spherical or oval shape with smooth and crushed surface. Rounded
pollen grains were also observed in Figure 6b but probably belonging to different family
of pollen. Figure 6e shows spore with surface ornamentation with irregular verrucous
tubercles. Also the pollen in Figure 6f shows pollen with irregular shape and surface with
fractures too.
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In addition, it was possible to recognize some pollen grains probably coming from
native plant species [65]. In particular, a pollen grain with the typical shape of the Chenopodiaceae (Figure 6a), pollen grain typical of arid areas (Figure 6b, c) that could be trapped
inside the crust during the summer periods (exploded pollen) [66]. In detail, Figure 6a, c
shown pollen grains with spherical or oval shape with smooth and crushed surface.
Rounded pollen grains were also observed in Figure 6b but probably belonging to different family of pollen. Figure 6e shows spore with surface ornamentation with irregular
verrucous tubercles. Also the pollen in Figure 6f shows pollen with irregular shape and
surface with fractures too.
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