Eur. Phys. J.Plus  (2022) 137:1257 THE EUROPEAN
https://doi.org/10.1140/epjp/s13360-022-03473-1 PHYSICAL JOURNAL PLUS

Regular Article

Check for
updates

Forms and factors of deterioration of urban art murals under humid temperate
climate; influence of environment and material properties

Teresa Rivas(®, Enrique M. Alonso-Villar?(, José S. Pozo-Antonio

CINTECX, GESSMin Group, Depto. De Enxefaria dos Recursos Naturais e Medio Ambiente, Escola de Enxefaria de Minas e Enerxia, Universidade de
Vigo, 36310 Vigo, Spain

Received: 3 May 2022 / Accepted: 7 November 2022
© The Author(s) 2022

Abstract This study describes the different alteration forms in 25 street art murals created between 2007 and 2018 on different
substrates and located in different cities in NW Spain. The deterioration forms described affect the entire layer of the paintings as
well as the substrates, with the most common being loss of colour (fading), loss of the pictorial layer -with or without loss of part of
the substrate and biodeterioration. Physical, chemical, mineralogical and micromorphological analyses of samples from 10 murals
revealed that (1) the deterioration mechanisms are related to environmental conditions and also to the inherent properties of the
painting materials and to paint-substrate interaction, (2) the deterioration is closely associated with inherent aspects of urban art
and (3) the loss of the pictorial record sometimes occurs in a very short period of time. The study findings highlight the need for
preventive conservation measures in artworks (generally commissioned) that are intended to last.

1 Introduction

Today, art created in the public space constitutes, like the ancient cultural heritage, a very important part of the cultural legacy
of communities. Ensuring its safeguarding through direct or indirect conservation interventions is essential to transmit to future
generations all the artistic, cultural and sociological wealth of this type of artistic expression. However, contrary to what happens
with ancient cultural heritage, knowledge about the deterioration factors that affect the stability of materials when they form part of
or define urban art, especially pictorial art, is very limited, which negatively influences in its conservation and future transmission.

The different artworks included within the term urban art are created with a great variety of materials (wood, metal, paint etc.).
The behaviour of these materials against the most common deterioration agents (water, gases, saline solutions and live organisms)
are widely known in the case of ancient architectural and archaeological heritage, and the main forms of deterioration and alteration
mechanisms affecting pictorial and stone cultural heritage are nowadays described [1-4]. Thus, thanks to the available knowledge
on the deterioration processes, agents and forms, it is now possible to approach the conservation of restoration of ancient heritage
monuments with the necessary scientific rigour.

However, knowledge about the deterioration processes that affect these materials when they form part or define urban art is very
limited. Therefore, comparatively to ancient architectural heritage, scientific works focused on the diagnosis and conservation of
real urban art materials are really scarce: only several studies about urban art on metal [5—7] and about pictorial urban art [8—12]
are available.

One of the several reasons explaining this gap in knowledge could be the lack of consensus regarding the definition of urban art
from artistic, social and, specially, legal points of view [13—15]. The lack of such a definition does not help in attempts to raise social
and political awareness about urban art, which could lead to some commitment regarding conservation [16]; it also contributes
to the lack of interest in the conservation of this type of art [13] which, from a practical point of view, greatly complicates the
documentation and analysis of the artwork. The ephemeral nature of urban art also partly explains the lack of knowledge about the
changes that occur in the materials involved: the conservation of the urban artworks is not of interest (or it is out of consideration)
since their deterioration under the changing urban environment forms an intrinsic part of artwork itself [17-19].

Another possible reason for lack of knowledge on the deterioration of urban art materials is the complexity of the particular envi-
ronment where urban artwork is created. The large variety of types of substrates (metal, wood, stone, concrete...), the incorporation
of highly specific deterioration agents (derived from the specific climatology and the variety of anthropogenic activities defining the
space), the techniques used to create the artworks—enormously conditioned by the context (environment)—and the constant modi-
fication of the urban space and its use by citizens together constitute new variables that define specific deterioration processes, which
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contribute to the ephemeral nature of this type of art [18]. In addition, ethical questions, derived from the involvement of multiple
agents (artists, commissioning agents, local authorities, inhabitants of the urban space) must also be taken into account in defining
conservation criteria [20]. With this level of complexity, it is impossible (and not recommended) to extrapolate the conservation
protocols currently applied to ancient cultural heritage monuments to the specific case of urban art. Thus, restorer-conservators face
problems regarding direct conservation measures, resolution of which has been deemed urgent [17].

Contemporary muralism is a type of artwork that has become popular in public spaces in recent years [18]. This type of artwork
consists of murals, generally painted on the surfaces of fixed urban buildings and/or party walls, and commissioned by local
authorities or other public entities, sometimes within the framework of festivals of urban art. The artistic creations within public
spaces thus includes a wide range of artworks defined by, at one extreme, illegality and free expression [15] and at the other, by the
more conventional exhibition circuit (contemporary muralism).

Although the conservation of painted artwork classified as independent is difficult for the reasons given above, in the case
of contemporary muralism commissioned by local authorities, there appears to be some interest (at least by the commissioning
authorities) in preserving of the artwork in the long term. In these cases, knowledge about the materials used in these urban artworks
and how these materials interact with the different substrates under the particular environment is essential for determining measures
that will slow down the deterioration of the artwork. Thus, in addition to scientific studies on the diagnose of real pictorial urban
artworks already cited [8—12], the research about deterioration of materials used in urban art, especially paint degradation during
different ageing tests, is arousing more and more interest [21-28]. The development of international research initiatives, such as
the recent EU funding project CAPuS-Conservation of Art in Public Spaces [29] has promoted some of these recent scientific
contributions and allowed the creation of the ideal interdisciplinary framework for the elaboration of a first draft of a glossary
specifically devoted to pictorial urban art, the CAPuS glossary [30] which compiles terms related to cultural meaning, style and
techniques of urban art and also proposes terms related to the deterioration and conservation specific to this type of artistic expression.

Despite this growing scientific interest in the subject, there is still a long way to go to gather enough scientific knowledge about
pictorial urban art materials and their degradation to undertake rigorous conservation interventions, so more research is required in
response to the increasing presence of this type of artwork in the public space.

The present work aims to increase knowledge about the state of conservation of pictorial urban art works under a humid temperate
climate, describing, for the first time in the context of urban art in Spanish territory, the deterioration forms affecting materials and
substrates of urban pictorial murals located in several cities of Galicia (north-west of Spain) characterized by different environmental
conditions. The results of chemical, mineralogical and micromorphological analyses of the different deterioration forms of the murals
allow us to define the deterioration mechanisms of the materials under humid temperate climate and, consequently, identify the most
important alteration factors. This is an essential information to carry out a diagnosis of the conservation state of this type of artistic
manifestation with a view to define a specific conservation protocol.

2 Materials and methods
2.1 Selection of the artworks

During the selection process, around one hundred murals were visited in the towns/cities of Vigo, Pontevedra, Ordes, Carballo and
A Guarda (NW Spain); the artworks visited constitute a representative sample of the work of the artists currently active in Galicia
and of the wide range of artistic styles defining urban art in Galicia, from the post-graffiti of the 1990s to the contemporary muralism
[31, 32].

A total of 25 artworks (AW1 to AW25, listed in Table 1, Fig. 1) were selected from the total visited, considering variability in
geography, type of substrate and conservation status. The authors of the 25 artworks were informed about the project and the interest
in selecting their artworks, and in most cases, they granted permission to study and document the artwork. Basic information was
compiled about the 25 artworks (location, orientation, distance from the sea, painting technique-brushing or spraying-, paint brand,
substrate and any prior preparation). In each artwork, the deterioration forms affecting the substrate and the pictorial layer were
described and their distribution on the artwork was reported. The ICOMOS-ISCS [3], EwaGlos [4] and CAPusS [30] glossaries were
used for the description and nomenclature of the deterioration forms. Various of the authors also agree to be interviewed about their
artworks (techniques, material, meaning); the interviews were conducted following the guidelines proposed by Cotte et al. [33]. The
resulting conversations proved very valuable and the artists provided information about the social and economic context of their
work and the main problems that arose during creation of the artworks.

2.2 Sampling and analysis

After consideration of the information compiled in the previous step, together with other factors such as the accessibility of each
artwork, the substrate and the interest and participation of the artists and/or commissioning agents in conserving the artworks, 10 of
them (AW 16 to AW25) were selected for further study/analysis. Written permission was obtained from the artists for this part of the
study. For each artwork, information about the artists and the artwork was recorded following the method proposed by Ubeda Garcia
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iz/7,
Fig. 1 Some of the artworks selected for this study. a Entarafia (AW17); b Pecado original (AW 19); ¢ Untitled (AW 10); d Génesis y Gnosis (AW12); e A

Guarda escrita nas estrelas (AW21); f Reforestando Artemisa Vulgaris (AW22); g A Orixe 2 (AW23); h Tempo (AW25)

Wl

[34]. The documented information included title, location, year of execution, type of structure, substrate material, artistic technique,
paint brand, existence of an underlayer and state of conservation (deterioration forms). In addition, the extent of all deterioration
forms was identified. Of the 10 artworks selected, 5 were painted before 2018 (AW 16-20; AW17-Fig. 1a, AW19-Fig. 1b) and the
other 5 were painted more recently, in 2018 (AW21-25; AW21-Fig. 1e, AW22 Fig. 1f, AW23-Fig. 1g, AW25-Fig. 1h).

Samples of the substrate material, the different deterioration forms and the unaffected pictorial layer were obtained in each of the
10 artworks selected (AW 16-25). In addition, in the most recent ones (AW21-25) the deterioration was monitored by describing and
photographing the state of the artwork, including the structure, the pictorial layer and the substrate, shortly after completion of the
artworks (September 2018), one year later (December 2019) and two years later (December 2020). Thus, two samplings were carried
out in these 5 artworks (AW21-25): (1) an initial sampling (September 2018) consisting of collecting samples of the substrates and
surfaces painted with each type of paint used (considered as reference, undeteriorated samples) and (2) a second sampling, two
years later (December 2020), in which samples of the pictorial surfaces were taken from the same points as in the first sampling
and from areas affected by the different deterioration forms identified. In addition, the colour changes in the different paints used in
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these 5 artworks (AW21-25) were monitored. Thus, areas painted in different colours were selected in each artwork, and the colour
was measured by spectrophotometry. The spectrophotometer (Minolta CM-700d) was used in specular component excluded (SCE)
mode, with a spot diameter of 3 mm, illuminant D65 and observer angle of 10°. Measurements were made at 10 random points in
each area, and the mean values (and standard deviations) of the colorimetric coordinates in the CIELab and CIELCh spaces were
calculated: lightness L*, which ranges from 0 (black) to 100 (blank), a* (positive values for red and negative values for green), b*
(positive values for yellow and negative values for blue), C* (chrome) and & (hue). The initial colour values were used as reference
data and in the same points, colour was measured every month for 18 months; in AW21 the first colour value was measured 5 months
after completion of the artwork and every month for 10 months, with the final measurement made 28 months after the artwork was
completed (i.e. 24 months after the first measurement). The colour change was quantified by calculating AL*, Aa*, Ab*, AC*,p,
AH*, and the total colour change was calculated as AE*,;, according to [35].

All of the samples collected were analysed using the following techniques:

(1) X-ray diffraction (XRD) (Siemens D5000 X-ray diffractometer), with Cu—Ka radiation and an Ni filter. The samples were
analysed using the random powder method. Each mineral phase was identified using the X’Pert HighScore.

(2) Attenuated total reflection (ATR)-Fourier transform infrared spectroscopy (FTIR) (Spectrum 100 instrument with a diamond
crystal—PerkinElmer, Weltham, Ma, USA). Each infrared (IR) spectrum was recorded at 4 cm™! resolution over 16 scans
ranging from 650 to 4000 cm ™.

(3) Micromorphological analysis (Nikon SMZ1500). Both the surfaces of the samples and, in some cases, cross sections, prepared
after embedding the samples in epoxy resin (EpoThin 2 Epoxy Resin and EpoThin 2 Epoxy Hardener) and polishing, were
examined by this technique.

(4) Micromorphological and compositional analysis by means of scanning electron microscopy (SEM) with energy-dispersive
X-ray spectrometry (EDS) (QUANTA 200 microscope), in both secondary electron (SE) and backscattered electron (BSE)
detection modes. Observation conditions included a working distance of 10 mm, accelerating potential of 20 kV and specimen
current of ~60 mA. The samples were studied by direct observation of the surface and, in some cases, cross sections were
prepared as above.

(5) Soluble salt content was determined by high-performance liquid chromatography (HPLC) (ALLIANCE 2695 HPLC). For this
analysis, 0.5 g (or a known weight) of the sample was shaken in 25 mL of deionized water for 1 h, after which the extract was
filtered and the chloride (C17), sulphate (SO472) and nitrate (NO3 ™) were determined.

(6) Scraped matter from the deteriorated areas of some artworks was observed directly and aqueous preparations of the matter
were examined under an optical microscope (Nikon Eclipse 80i fluorescent microscope with NIS 80i software) to identify the
different organisms present (algae, cyanobacteria, fungi).

3 Results and discussion
3.1 Location and description of the artworks

Information about the 25 artworks under study is compiled in Table 1. Most of the artworks selected for study are included within
contemporary muralism, as defined by Gayo [18]; only 3 of them (AW5, AW13 and AW17-Fig. 1a) correspond to independent
artistic manifestations within the Galician post-graffiti movement described by Romani Fernandez [31] and Arévalo [32]. All of the
artworks were created between 2007 and 2018. Seven artworks (AW4, AW10-Fig. 1c, AW12-Fig. 1d, AW13, AW16, AW17-Fig. 1a
and AW21-Fig. le) are located in coastal cities (Vigo, Pontevedra and Cangas); among these, five artworks (AW4, AW10, AW12,
AW 16 and AW17) are located at a distance of at least 2 km from the sea, and 2 artworks (AW 13 and AW21) are painted on maritime
structures (an old whaling station and a harbour wall) and are therefore in close contact with seawater and marine aerosols. The
other artworks (18) are located inland in Galicia, in two rural populations characterized by intense agricultural and farming activity:
Carballo (9.4 km from the sea) and Ordes (28 km from the sea).

In general, the climate to which all of the artworks are subjected is the characteristic climate of Galicia, which, according to the
FAO agroecological zoning, corresponds to a humid subtropical climate, with rainy winters (1180 mm weighted average annual
rainfall) and average annual temperature of 15 °C [36, 37]. Following the Koppen—Geiger climate classification system, the region
has an oceanic type Cfb climate [38] and is therefore enormously influenced by oceanic masses (the Atlantic Ocean in the west and
north and the Cantabrian Sea in the north) and by the orography. So, areas close to the coast are characterized by a hyperoceanic
climate with an annual mean temperature of 14—15 °C, low thermal amplitude (i.e. the difference between the mean temperature
in the coldest and the hottest months) (less than 12.5 °C) and high rainfall, especially on the Atlantic coast. As the distance from
the coast increases, the annual mean temperature and the relative humidity both decrease and the thermal amplitude increases.
The coastal locations (Vigo, A Guarda, Pontevedra and Cangas) and the inland locations (Carballo and Ordes) are not very far
apart. However, (1) the precipitation varies widely, with annual values varying widely, between 1600-1800 mm (A Guarda, Vigo),
1400-1600 mm (Ordes), 1200-1400 mm (Pontevedra and Cangas) and 1000-1200 mm (Carballo); (2) in all of the locations the
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annual mean temperature varies between 13 and 15 °C, although the thermal amplitude in interior locations (Ordes and Carballo) is
slightly higher (13.5-14.5 °C) than in coastal locations (< 12.5 °C) [37].

The artworks have been created on various types of civil/urban structures. Most are painted on walls of private buildings: 12 on
party walls of buildings of between 2 and 6 floors (Fig. 1d, f, g), 2 on exterior walls of factories, 3 on perimeter walls of private
urban plots and 2 directly on the facades of individual houses (Fig. 1b). The remaining 6 artworks are painted on structures owned
by different authorities: AW?21 (Fig. 1e) covers the length of the breakwater wall of the A Guarda harbour (240 m), AW 10 (Fig. 1c)
covers the surface of a retaining wall of height 16 m and width 8 m, and the other 4 artworks (including AW24, Fig. 1h) are painted
on perimeter walls of football grounds owned by local authorities. All of the artworks are accessible (up to a height of a least 2 m)
to the public and animals.

The substrates are varied, including unrendered brickwork (3 artworks) and rendered brickwork (9 artworks), which is usually
coated with cement and aerial lime concrete. Several of the artworks are also painted on unrendered reinforced concrete (6 artworks)
or on unrendered concrete blocks (3 artworks). Four of the artworks are painted on natural stone masonry walls covered with cement
and aerial lime concrete, and in another 4 artworks (including those painted on house walls) the paint also covers metal, plastic and
wooden structural components.

The substrates were only preconditioned before being painted in 11 of the artworks, all of which are commissioned by local
authorities and painted on the retaining walls of buildings (6 artworks) or on the walls of public buildings (3 artworks). In most
cases, the conditioning consisted of the application of a layer of white exterior paint; in only three artworks (all painted by the same
artist) the conditioner was specifically intended for use on outdoor facades (water based acrylic resin coatings from EGA).

Information about application or execution technique was only obtained for 21 of the artworks: in 12 artworks the paint was
applied with a brush; in 6 the paint was applied using a mixture of brush and spray techniques; and only 3 were spray painted.
The commercial brand of the paint is known for most (18) of the artworks: TITAN, EGA and PROA for brush application and
MONTANA for spray application.

More detailed information is available on the substrate and the paint materials used in AW21, which was examined over a period
of 2 years to monitor the state of conservation (Fig. 1e). This artwork was painted on the main breakwater that partly encloses the
natural harbour at A Guarda (SW Galicia), an open bay of length 564 m and width 260 m. The breakwater, built from reinforced
concrete, extends south from the northern side of the harbour (direction S28W) and is of length 240 m and height 8 m. It comprises
a stepped structure (2 or 3 steps) constructed from 2 or 3 reinforced concrete rectangle modules (Fig. 1e). In 2011, the inner (sea
protected) side of the breakwater was first painted by Eduardo Zamarro but, in 2017, part of the structure collapsed during a severe
sea storm. In 2018, after the reconstruction, a blue acrylic paint (Montokril acrylic paint, S 5540r90b) was sprayed along all the
inner side of the breakwater (covering the remains of the previous Zamarro’s artwork) and the current AW21 artwork (Fig. le)
was painted on it. AW21 artwork was created by stencil technique on the blue painted surface, by painting numerous figures in
six different Montana Colours MNT 94 spray paint colours: light yellow (RV-1021), blue (RV-151), safari brown (RV-135), orange
(RV-2004), valley green (RV-6018) and pink (RV-115).

3.2 Forms of alteration and mechanisms of deterioration

All of the artworks display some level of deterioration, including the most recently created artworks (Table 1). The types of
deterioration identified were decolouration (fading), various conditions leading to loss of the pictorial surface (scaling, diffuse loss,
peeling and craquelure), biological colonization, cracks and fissures, surface deposits (including salt efflorescences), abrasion and
overpainting (vandalism).

Next, the different deterioration forms, their presence and distribution in the artworks and the mechanisms involved on their
formation are described in more detail, based on the results obtained from the analysis of the samples collected.

3.2.1 Decolouration (fading)

Fading is the most common deterioration form, affecting 22 of the 25 artworks. The pictorial layer is (apparently) physically intact,
but has undergone a visible colour change towards whitish/greyish faded tones (Fig. 2a, b). No clear relationship was observed
between the presence and intensity of this type of alteration and the degree of exposure of the murals to direct sunlight; there was
also no apparent relationship between the intensity of the fading and the type of the substrate, as it affected paintings on both rendered
and unrendered brick and concrete surfaces (Table 1). In some of the artworks (AW 18 and AW20: Fig. 2a, b), the loss of colour is
so intense that only grey tones are observed.

Fading can occur quite rapidly, as observed during monitoring of the deterioration of AW21. In this artwork, a clear relationship
was also observed between the colour of the paint and the rate at which it faded: the pink and orange paints had visibly faded
12 months after completion of the artwork and the fading was even more intense after 24 months (Fig. 2c—e), while the colour of
the blue, yellow and green paints was scarcely altered (Fig. 2f-h).

The relationship between the intensity of fading and the paint colour was also revealed by the colorimetric measurements catried
out in this mural (AW21) and the other 4 murals created in 2018 (AW22-AW?25, Table 1). The variations in the global colour change
AE*,, in selected areas of AW21, AW22, AW?24 and AW25 during the monitoring period are represented in Fig. 3. The detailed
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Fig. 2 Fading affecting AW20 (a), AW 18 (b) and AW21 (c-h) artworks; c—e images of a detail of a pink-painted iconography from AW21 taken in 2018 (c),
2019 (d) and 2020 (e); d—f images of a detail of a yellow-painted iconography over the blue base paint of AW21, showing the progression of the deterioration
from 2018 (f) to 2020 (g and h)

examination of the variations of this parameter over time and of the absolute values reached at the end of the monitoring period
reveal the following:

ey

(©))

The magnitude of AE*, varied in relation to the hue. In order to discuss the changes in this colorimetric parameter, a threshold
value of 3.5 CIELab units, above which a chromatic change is visible to an unexperienced eye [39], is considered. If the variation
of AE*,, of the painted areas of the AW21 (Fig. 3a) and that of AW?22 (Fig. 3b) artworks are compared, it can be seen that
pink and orange colours already exceeded the threshold of AE*,, = 3.5 CIELab units from the 6th—8th month after execution,
whereas AE*;, for green and blue tones remained lower for longer. Likewise, the final values of AE*,;, were always lower for
green and blue tones than for orange, pink and yellow paints, which reached extraordinarily high values: AE*,, 16.1 CIELab
units (month 14) in the orange paint in AW21 (Fig. 3a), AE*,, of 17 CIELab units (month 14) in the pink paint in AW21
(Fig. 3a) and 7.7 and 4.7 CIELab units in, respectively, the dark and light pink paint in AW22 (Fig. 3b).

The magnitude of AE*,;, seemed to vary with the lightness of the paints. So, comparing data of AW22 and AW25 artworks
(Fig. 3b, d), in which colour changes in paints of the same chroma but of varying degrees of lightness (i.e. different value)
were evaluated, it can be seen that AE*,;, values were always higher in the darker green, violet and brown colorations (dark
green-DG, deep violet-DV and dark brown-DB) than in the lighter colorations (LG-light green, LB-light brown and LV-pale
violet); the only exception to this pattern was the pink paint in AW?22: at the end of the study period (month 9-13) the AE*
value for the lighter colorations (LP-light pink) was slightly higher than for the darker pink paint. In AW23 artwork (data not
shown), it was also confirmed that the darkest blue colours of this work (Fig. 1g) reached values of AE*,;, higher, both during
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Fig. 3 Variation of the AE*;, over time (months from the execution of the artwork) in areas painted with different colours selected in AW21 (a), AW22
(b), AW24 (¢) and AW25 (d) artworks. The monitored colours are as follows: AW 21—yellow Y, brown B, green G, pink P, blue BL, blue paint base BLB;
AW 22—light green LG, dark green DG, yellow Y, light pink LP, dark pink DP, intense pink IP; AW 24—Ilight brown LB, yellow Y; AW 25—Ilight brown
LB, dark brown DB, light violet LV, dark violet DV. The orientation of the mural and the type of paint used in each artwork (spray or brush-type) are also
indicated. Note the different y-axis scale of AW21 graph, respectively, to the other graphs

the monitoring period and at the end of it: thus, the AE*,;, of the darkest blue of this artwork was 2.31 CIELab units and the
AE*,, of the lightest blue of this artwork was 1.32 CIELab units.

(3) The non-existence of a clear relationship between the AE*,, value reached at the end of the monitoring period and the
geographical orientation of the walls on which the artworks were painted (orientation shown in Fig. 3). Of all the artworks,
AW?22 (Fig. 3b), which faces SW, receives the greatest number of hours of sunlight; however, the AE*,;, values for the paints
examined in this artwork were similar to those reached in AW 24 (Fig. 3c) and AW25 (Fig. 3d) artworks whose orientation
(NW faced) supposes fewer hours of sunlight.

(4) The way in which AE*,, changed over time was different among artworks and, within each artwork, among the different
colours monitored. In some cases, the AE*;, increased gradually from the first month of study, as observed in the yellow and
brown paints in AW24 (Fig. 3c); in other cases, such as the brown paint in AW21 (Fig. 3a, B paint), the light brown paint in
AW2S5 (Fig. 3d, LB paint) and almost all the colours in AW22 (Fig. 3b), the AE*,;, values fluctuated throughout the period with
no clear pattern of variation. In AW25 (Fig. 3d), the AE*;, values in the pale violet (LV), deep violet (DV) and dark brown
(DB) increased gradually from the start of the study, but then changed more slowly, after, respectively, 6, 10 and 14 months.
The opposite seems to have happened in AW?21 (Fig. 3a), where AE*,;, increased more rapidly during the first 8 months after
completion of the artwork, after which the colour faded gradually and more slowly; interestingly, during the 14 months between
the last two measurements (i.e. at 14 months and 28 months) the AE*;, in the least resistant paints (pink-P and orange-O) only
increased by between 4 and 5 units, which is much lower than the increases of 17 and 16 units that occurred during the first
14 months of study.

No relationship was observed between the variations in AE* ;;, during the study period and the meteorological season; the periods
when the AE*;;, changed more slowly or displayed lower values did not coincide with seasons when the number of daylight hours is
lowest (end of autumn, winter and beginning of spring, which, in Galicia, coincide with periods of heaviest rainfall). Alonso-Villar
et al. [27] reported that the variation in AE*,;, during prolonged exposure to ultraviolet (UV) radiation was not linear, and in some
cases, variations occurred even when the level of UV radiation remained constant. It is possible that in the murals considered in the
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present study, colour changes caused by solar radiation are added to probable occasional colour changes related to the substrate (e.g.
due to the moisture content, especially in winter and spring) or to the presence of dust deposits on the surface (which may contribute
to colour changes during summer).

Analysis of the contribution of each colorimetric coordinate to the AE*,, showed that in general, the AE*,, suffered by the
paints under study was due to an increase in L* and a decrease in C*, changes that are qualitatively associated with loss of colour
saturation, so that the paint becomes lighter in colour. The term used to describe this type of alteration, i.e. fading, refers to this loss
of the colour intensity. However, several exceptions were observed: (1) in the brown (B) paint in AW21 and yellow (Y) paint in
AW?22, the values of the L*coordinate and the C* coordinate decreased slightly, causing darkening of the colour. However, although
the original colour did not become lighter, loss of saturation occurred, as the C* decreased, leading to greyish colouration; (2) the
cobalt blue undercoat (BLB) in AW21, and both shades of violet (LV and DV) and the dark brown (DB) paints in AW25 underwent
increases in L* and in C*, although there was no loss of saturation (or purity) of these colours.

Analysis of the paint samples collected before and after the monitoring period confirmed that the colour changes were not due
to mineralogical alterations. The mineralogical compositions of some of the samples taken from artworks affected by fading and
of the reference samples from the same artworks are shown in Table 2. In the reference (not deteriorated) paint samples, inorganic
phases such as titanium oxide (TiO») and calcite (CaCO3) (commonly used as fillers and opacifiers) were observed. In the samples of
paint affected by fading, the same mineral phases identified in the unaltered paints were detected; neoformed minerals or exogenous
compounds such as soluble salts were not detected in any of the samples. However, comparison of the FTIR spectra of paint samples
from AW21 immediately after completion of the artwork and one year later revealed changes in the functional groups in the organic
fraction; Fig. 4 depicts, as an example, the FTIR spectra of the orange spray paint in AW21 at those two moments. The FTIR
spectra of the reference paints confirmed the alkyd nature of the spray paints used in this work by means the identification of the
typical fingerprints of alkyd paints: O—H stretching vibration between 3430 and 3300 cm ™!, the typical doublet at 29222851 cm ™!
assigned to the stretching vibration of the C—H group, the C=0 carbonyl stretching at 1720 cm™!, the C-O—C ester at 1254 cm™!
and C—H in the plane bending doublet 1114—1066 cm~! [21, 22, 40, 41]. After one year of environmental exposure, the intensity
of the C=0 carbonyl band stretching at 1720 cm~! decreased (Fig. 4), indicating partial loss of carbonyl groups from the polymer
[42—44]. A decrease was also observed in the intensity of the doublet 2922-2851 cm ™! characteristic of stretching vibration of the
C-H group, indicating hydrogen abstraction processes associated with destruction of the backbone structure of the polymer [42,
43]. The 34303300 cm™" band of the O—H group also decreased after environmental exposure, which is surprising given that the
organic polymers become degraded by oxidation processes with the consequent increase in this band. However, in a previous study
analysing the degradation of spray paint in this artwork (AW21) exposed to UV radiation [27], the reduction in intensity of this
band after exposure was related to the triggering of reactions between radicals and free O—H groups during the degradation process.
The fact that the band at 1720 cm™' (C=0 carbonyl group) was not displaced towards higher or lower wavelengths rules out the
formation of ketones or lactones as a result of the reaction between free OH radicals [42—45] and indicates the possibility that the
products of these first reactions (of lower molecular weight) have been lost by volatilization. The reduction in the intensity of the
1114-1066 cm~! C—H doublet in plane bending supports this hypothesis.

Taking the above results into consideration and in accordance with previous findings [22-24, 27, 42, 43, 46-51], the fading
observed in the artworks under study can be attributed to the effects of UV radiation on the organic polymers contained in the paints
(i.e. binders or chromophores). The observed differences between the artworks under study in regard to the intensity of fading is
probably due to the different paint formulations. It is also possible that the substrate influenced the colour changes in the paints.
Alonso-Villar et al. [27] reported that minimal loss of adherence between the paint and substrate (favoured by the type of substrate,
e.g. by smooth substrates such as brick and pre-cast concrete, or by the paint formulation) may lead to changes in the perceived
colour, although the loss of adherence does not represent a risk of loss of the pictorial layer.

3.2.2 Loss of pictorial layer: scaling, diffuse loss of material, peeling and craquelure

Four types of deterioration were distinguished, all of which caused loss of the pictorial register and of the paint layer:

(1) Scaling. Detachment of the pictorial layer along with substrate material (Fig. 5a). In 7 of the artworks, scaling caused centimetre-
scale gaps whereas in another 9 artworks the peeling generated millimetre-sized gaps defined, in this study, as diffuse loss
(Fig. 5b).

The artworks affected by scaling were those painted on walls made of reinforced concrete, concrete bricks or bricks (but, in the
latter, only on bricks rendered with a cement-based render). Examination of the artworks affected appears to indicate a relationship
between the development of scaling and the state of conservation and/or characteristics of the substrate. In two of the artworks
(AW13 and AW19), the scaling appeared to be related to the presence of salt efflorescences, and in AW?20, to defects in the concrete
(Fig. 5c¢).

The mineralogical composition of the samples of scaling from the two artworks most affected by this type of alteration, i.e.
AW 19 (painted on a brick wall coated with a cement-based render, Figs. 1b and 5a) and AW20 (painted on a reinforced concrete
wall, Figs. 2a and 5c) is shown in Table 2. In all samples, variable amounts of calcite and silicates, mainly quartz (SiO,), although
also smaller quantities of muscovite, feldspar and chlorite were detected. These phases mainly correspond to the aggregate and the
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Fig. 4 FTIR spectra of a sample of orange paint from AW 21 collected immediately after the execution of the work (2018) and of a paint sample of the same
colour taken one year later

cement phases of the render substrate, as will be described below. In a sample of scaling affecting the white paint in AW 19 (Figs. 1b
and 5a), paint components such as talc (between 3 and 10%, used as filler) and rutile (between 10 and 30%, used as filler, although
in this case corresponding to the white pigment), were identified. Large amounts of gypsum —CaSO4-2H;0- (10-20%) were also
detected in the same sample. Soluble salts were also extracted from all of the scaling sample: data summarized in Table 2 show
that the sulphate ion content was very high (up to 22 g per 100 g of sample) in the scaling sample from the white paint, in which
XRD analysis revealed the presence of gypsum. Large quantities of soluble ions were also detected in the other samples from the
same artwork, including nitrate (Table 2, samples S1A and S2A) and sulphate (Table 2, sample S2A). During the visual inspection
of AW19 (Figs. 1b and 5a), abundant salt efflorescences were observed in some areas close to the base of the facade on which this
artwork is painted. Part of this facade wall bridges a small river, which could be a source of salts; dissolved salts from the water
would rise up the wall of the facade via capillary action crystallizing as efflorescence. It is very likely that nitrate (very abundant in
these samples) comes from this river since this artwork is located in a rural environment where there are numerous agricultural and
livestock farms. On other hand, ettringite (CagAl;(SO4)3(OH)12-26H,0) was detected in the scaling sample from AW20 (Figs. 2a
and Sc); ettringite is a secondary sulphate mineral formed during chemical deterioration of concrete due to the sulphate reaction
[52]. The origin of the sulphate is more uncertain; it is possible that it comes from the construction materials, as pointed out in
other researches on the origin of sulphated salts in monuments [53, 54], although contributions from the river, related to the use of
pesticides, and from marine aerosol [55] have not been ruled out.

SEM analysis of the samples affected by scaling in AW 19 and AW20 support the hypothesis that the scaling is due to the action of
salts. Thus, the presence of ettringite in the sample from AW20 was confirmed by the detection of the typically fibrous deposits of this
salt (Fig. 5d). Analysis of the samples from AW 19 revealed that the nature and size of the aggregate grains of the rendering mortar
vary greatly throughout the entire facade. Thus, in some zones (e.g. where samples SV1 and SV2 were collected, Table 2), aggregate
of the rendering mortar consist on angular grains of quartz and feldspar (Fig. 5e), while in other areas of the facade, the aggregate
consists on rounded grains mixed composition, of silicate nature (quartz, feldspar and mica grains) and biogenic nature; the presence
of rounded fragments of mollusc shells (Fig. 5f) may indicate the use fluvial sediments (or coastal sediments, as the distance from
the sea is about only 15 km). In the same samples, the cement phase of the rendering mortar is rich in Ca, O and C, elements which
form calcite (confirming the XRD data), indicating complete carbonation of the portlandite. In addition, the use of Portland cement
is confirmed by means the detection of aggregates rich in Ca and Si (Fig. 5f), which correspond to residual non-hydrated cement
phases, and Si, Ca and O rich aggregates identified as calcium silicate hydrate (C—S—H) phases [56]. The micrographs reveal that
the mortar is affected by long fissures, which surprisingly appear to affect only the mortar and not the pictorial layer (Fig. 5e). This
observation suggests that the rendering mortar was already deteriorated before the paint was applied. On the other hand, SEM-EDS
analysis revealed the systematic presence of S and Cl in the samples. Thus, the very poor cohesion of the mortar observed by SEM,
together with the S and Cl detected by SEM-EDS and the detection of high contents of dissolved ions (Table 2) seems to confirm
that the scaling, in this case, is caused by processes related to the presence of soluble salts of exogenous origin, which, through
alternating processes of crystallization and dissolution, disaggregate the mortar (causing fissures and fractures) and cause it to fall,
dragging the paint layer with it. The disaggregating action of the salts by crystallization-dissolution processes is considered one of
the deterioration mechanisms that affect concrete stability [57-59]; moreover, sulphate and chloride ions are salts of marine origin,
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Fig. 5 Scaling affecting AW 19 (a, of centimetre scale), AW17 (b, diffuse loss of millimetre scale) and AW20 (c, of centimetre scale); d SEM micrograph
(SE mode) of the scaling sample depicted in ¢, in which ettringite fibres are distinguished; e SEM micrograph (BSE mode) of the cross section of a sample
from AW 19 of green painting on mortar affected by scaling; arrows indicate the transverse fissures and the circle indicates the limit between the fissure and
the intact pictorial layer; f SEM micrograph (BSE mode) of the cross section of a sample from AW 19 of green and yellow paintings on mortar affected by
scaling; the asterisk indicates an aggregate grain of biogenic nature and the circle highlights an aggregate composed by residual non-hydrated cement phases
(high contrast) and C—S—H phases (low contrast); g Micrograph taking with optic microscopy of a cross section of a sample from AW 17 of white painting
on mortar; the circles indicate the large pores filled with biological tissues that also appear under the detached paint layer; h and i micrographs of a sample
from AW 17 of blue painting on mortar taken under a stereoscopic microscope (h) and SEM (i; BSE mode); arrows point to growth structures of bryophytes,
fungal hyphae and other organic tissues

whose relevance in the conservation of monuments located in coastal areas or in areas up to where the influence of the winds from the
sea reaches has been reported by different authors [60, 61]. On the other hand, the presence of ettringite in the sample of reinforced
concrete from AW 19 confirmed that in this artwork, the formation of scaling is related to chemical deterioration by means of the
sulphate reaction through the formation of secondary sulphates [52].

It appears that it is not only the action of salts that is related to the formation of scaling. Thus, in another artwork strongly
affected by scaling, AW17 (Figs. 1a and 5b; painted on a brick wall coated with a cement-based render), SEM analysis of samples
confirmed that the substrate had fissures and large pores (500 wm, Fig. 5g), which were filled with biological tissue. Mosses and
fungal growth structures (hyphae), isolated cells and colonies of cells were observed (Fig. 5h, i); as can be seen in these micrographs,
the organisms do not grow from the surface of the pictorial layer inwards, but rather the reverse occurs: they grow outwards from the
substrate towards the pictorial layer. This indicates that the artwork was painted without prior thorough cleaning of the substrate. It
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is important to note that this artwork (AW 17, Fig. 1a) is painted on a wall that, because of its geographical orientation, is protected
from sunlight and remains damp for long periods after rainfall. This situation favours colonization of the wall by diverse organisms.
In fact, due to the temperate humid climate in Galicia, the surfaces of monuments are quickly colonized by various organisms [62,
63], so the conservation problem that biological colonization entails in architectural heritage [64, 65] acquires special relevance
in this geographical area. Another finding confirming the lack of prior conditioning of the substrate is the identification of various
layers of paint below the most recent layer and that originate from previous artworks (in Fig. 5g, h, note the existence of three
layers of paint below the current pictorial layer). This was detected in both independent artworks (AW 16 and AW 17-Fig. 1a) and in
commissioned ones (AW21-Fig. le).

(2) Diffuse loss of material. As already indicated, in some artworks a type of scaling that generated small gaps (millimetre-sized)
in the paint surface, which we have defined as diffuse loss of the pictorial layer, was observed; artworks AW16 and AW17
(Figs. 1a, 5b and 6a) are representative of this type of deterioration. In the artworks affected, the areas in which diffuse loss of
paint was identified remain damp for long periods (either because they are oriented to the N or because they are surrounded
by buildings that act as screens) or are exposed to running water due to the absence of drainage systems in the structures.
XRD analysis of samples affected by this type of alteration (Table 2, AW16 and AW17 samples) did not reveal the existence
of exogenous mineral phases, such as salts, and only the mineral components of the paints (calcium carbonate, talc and rutile)
and of the substrates (calcium carbonate and silicates, cement phase and aggregates, respectively) were detected. Examination
of these samples by optic microscopy and SEM analysis confirmed the absence of salt and revealed strong biological activity:
(1) in the aqueous preparations of the material scraped from the areas affected by diffuse loss of AW17 (Fig. 6a, b) cells of
chlorophytes (green algae) (Fig. 6¢) and colonies of cyanobacteria (Fig. 6d) were observed; (2) SEM analysis of the painted
surfaces affected by this deterioration form confirmed an intense degree of biological colonization (Fig. 6e), distinguishing, on
the surface of the painting, low contrast spots formed by compact tissues formed by interlaced hyphae and which may correspond
to the mycelium of microscopic fungi, loose hyphae and chain-shaped colonies of cells—probably cyanobacteria (Fig. 6f).
These observations would indicate that this type of alteration is caused by settlement on the paint surface of microorganisms
whose growth, enhanced by the presence of water, leads to fragmentation and loss of the paint. Therefore, the important role
of microscopic fungi, algae and cyanobacteria in the conservation of the materials used in pictorial urban art is confirmed, a
role already firmly established in the conservation of ancient cultural heritage [64, 66].

In certain cases, biodeterioration may be active, but not visible to the human; thus, in areas of murals that are constantly damp,
SEM analysis of areas in apparently good states of conservation confirmed the incipient biodeterioration. Figure 6g depicts the
appearance, under the stereoscopic microscope, of a white painted area of the AW 17 artwork that, to the naked eye, seemed to be
intact. However, microscopic examination confirmed the presence of small black holes from which branching lines (possibly small
cracks) arise. SEM analysis confirmed that the holes were filled with biological material and that they were connected with each
other via hyphae and colonies of cells forming chains (probably Nostocales cyanobacteria of the genus Scytonema) (Fig. 6h). It is
possible that these morphologies correspond to the initial stage of diffuse loss. The key importance of the presence of water in the
development of this deterioration phenomenon is confirmed by the presence of large amounts of diatoms, which are common in
freshwater surfaces (Fig. 61).

(3) Peeling. The third type of alteration that leads to loss of the pictorial layer is peeling, in which the pictorial layer detaches
cleanly from the substrate, sometimes after a bulge formation of the paint layer. Inspection of the artworks did not reveal
any relationship between peeling and the orientation of the walls but did reveal a relationship with the type of substrate.
Although detected in paintings on a large variety of materials, the artworks most strongly affected by peeling were those
painted on brick, metal and unrendered reinforced concrete, being the best examples AW?21 artwork (Figs. 2f-h and 6j-k),
AW18 artwork and AW?20 artwork (Fig. 7a). Monitoring of these three artworks over two years has shown that the peeling
can occur shortly after completion of the artwork. Thus, in AW21 the peeling was obvious at 8 months after completion of
the painting (compare Fig. 2f—photograph taken in 2018—and Fig. 2g—photograph taken in 2020). The following were also
observed in this artwork: (1) the peeling was more intense and appeared at earlier stages on the surfaces of the original concrete
(remember that, as indicated previously, the breakwater suffered a reconstruction in 2017 after a collapse provoked by a storm);
in Fig. 6j, which shows an area with the original concrete and the reconstruction concrete, separated from each other by a joint,
the peeling scarcely affected the area reconstructed in 2017, whereas, by contrast, the peeling is very intense in the original
concrete; (2) the existence of a clear relationship between the intensity of the peeling and the type of paint. Thus, on the surface
of the original concrete, peeling is particularly intense in areas painted with the base blue paint than, e.g. in areas painted with
yellow paint (Fig. 2g-h). Conversely, peeling on surfaces of reconstructed concrete affected more intensely pink and light blue
paintings, barely affecting the base blue paint (Fig. 6k).

The mineralogical composition of samples of peeling from AW?21 (Fig. 1e) is shown in Table 2. In addition to the mineral phases
expected to be found in paintings (calcite, rutile, talc—used as fillers or opacifiers), the following were detected: (1) silicate minerals
such as quartz, feldspar and micas, present (in very small or trace amounts) due to contamination of the concrete substrate and
(2) halite (NaCl) and sulphate salts, specifically epsomite [MgSO4-7(H20)] and thenardite (Na;SO4). Analysis of the soluble ion
content of the peeling samples from this artwork revealed large quantities of chlorides and confirmed the presence of halite in the
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Fig. 6 a, b Diffuse loss of material affecting AW17; ¢, d micrographs taken with optic microscopy of surface material from an area affected by diffuse loss
of AW 17 where isolated cells of green algae (c¢) and colonies of cyanobacteria (d) are observed; e and f SEM micrographs (BSE mode) of the surface (e) and
the cross section (f) of a painted surface affected by intense biological colonization; arrows point to biological tissues; g—i Micrographs of a simple of white
paint from AW 17 showing voids filled with biological tissues (g-stereoscopic microscopy and h-SEM, BS mode) and diatoms (i); j peeling affecting AW21;
note that the intensity of the peeling affecting the original concrete is higher than that affecting the concrete of the breakwater reconstruction (the arrow
marks the limit between both types of concrete); k peeling affecting pink-painted areas on AW21
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Fig. 7 a Peeling affecting AW20; b craquelure affecting white paintings on AW17; ¢ micrograph of the surface of a craquelure sample from AW17; d and
e micrographs of the cross section of the craquelure sample depicted in ¢, taken with optic microscopy (d) and SEM BSE mode (e); f biological colonization
affecting AW16; g growing of vascular climbing plants on AW18; h biogenic black patina on AW 17; i green patina, abrasion and vandalism on AW17

samples. The mineralogical composition and soluble ion content of samples of concrete substrates of AW 21 artwork is painted are
also shown in Table 2: the original concrete (AW21-H1, Table 2), on which the peeling is more intense, and the more recent concrete,
added during reconstruction in 2017 (AW21-H2, Table 2). These data confirmed, on the one hand, the different compositions of
the two types of concrete: the recent concrete appears to be richer in cement phase than the original concrete, in accordance with
observations made in situ, such as the smoother surface of the recent concrete. On the other hand, the extraction of soluble ions
revealed much higher contents of chloride ions in the original concrete than in the recent one, in which the ion content is similar to that
of the concrete in AW 16, which is not affected by peeling. These findings appear to indicate that the peeling is due to crystallization
of soluble salts at the paint-substrate interface; the alternating episodes of precipitation-dissolution at this interface would weaken
the adherence and lead to loss of the pictorial layer. Soluble salts are considered among the most serious deterioration factors in
the materials used in cultural heritage [67-71]; in ancient mural paintings, soluble salts are responsible both for the degradation of
colour due to chemical alteration of pigments and for the physical loss of the paint layer due to the crystallization of salts in the
form of efflorescence and sub-efflorescence [72-75]. In AW21 artwork, the original concrete of the breakwater has been in place
for many years and the naturally high content of chloride ions (due to proximity to the sea) explains the more intense peeling in this
material. However, peeling was also observed in the recent concrete, in which the salt content is lower, so there must be some other
factor involved peeling formation. Taking into account previous works, this additional factor may be related to a weak adhesiveness
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between the paint and the substrate. Alonso-Villar et al. [27], exposing mock-ups of the same paints applied on different substrates
to UV radiation ageing tests, described the detachment of the pictorial layer from the substrate; this phenomenon occurred more
intensely in paint samples applied on the smoother and more uniform substrate (brick). In AW21 artwork, the loss of adhesion
between paint and substrate due to the exposure to the environment is expected to be more likely in the most recent concrete, because
its smother surface. In this situation, salts from the environment will preferentially precipitate in the gap between paint and substrate
since the larger the pore, the more probable is the crystallization of dissolved salts inside a porous material [76]; finally, the salt
crystallization weakens the adherence between the two materials, favouring the detachment of the pictorial layer.

(4) Craquelure. Another manifestation of the deterioration affecting the integrity of the pictorial layer is craquelure, defined as a
network of very fine cracks that specifically affect the pictorial layer and that eventually lead to loss of the layer. Craquelure
was only detected in two of the artworks under study and, in one of these, only in some colours of paint: in AW20 (Fig. 2a) only
the fluorescent orange was affected (Figs. 2a and 7a) and in AW 17 (Fig. 1a) the white paint was affected (Fig. 7b). Examination
of the samples by optic microscopy (Fig. 7c, d) and SEM (Fig. 7e) confirmed that the cracks only affect the surface layer of
the painting, and there was no evidence that these fractures develop from the substrate. These observations appear to support
the idea that the craquelure is due to failure related to shrinkage during polymer drying processes or to an excess of paint [77].

3.2.3 Biological colonization

Biological colonization was observed in almost all of the artworks under study, although the type and intensity of colonizing
organisms depended on the orientation of the walls and locally on the presence of run-off water. Thus, in artworks exposed to
solar radiation, biological colonization was limited to climbing plants growing up the walls (Fig. 7g) or vascular plants growing on
parts of the artworks close to the ground. The impact caused by the growth of these vascular plants not only in the reading of the
artwork but also in its conservation is clear; so, the need of controlling the growth of these organisms is confirmed, as occurs in
ancient architectural heritage [78], by means the implementation of periodic maintenance measures. In the artworks where water
accumulated, growth of lichens (Fig. 7f) and of biofilms were associated with run-off of water (Fig. 7h) or capillary rise, being
responsible, as discussed previously, for diffuse loss of the pictorial layer.

3.2.4 Fissures, cracks (fractures)

These deterioration forms are defined as visible separation of material in two parts (from the pictorial layer or the substrate) via a
rupture plane. These types of deterioration are clearly related to the substrate and are generally associated with the joints between
different construction structures (pillars, masonry walls, eaves, footings, etc.). Thus, in party walls, the pictorial layer breaks via
cracks associated with the joints between the brickwork and reinforced concrete pillars or structural bases forming part of the wall.
In reinforced concrete walls, the discontinuities are associated with compaction defects or, in AW?21 (Fig. le), with the borders
between the original and the recent concrete.

3.2.5 Surface deposits

Salt efflorescences were identified in three artworks, AW13 and AW21 (Fig. le)—located beside the sea—and AW19, which,
although located in an inland area, is sited beside a stream, as already mentioned. In AW13 and AW19 (Fig. 1b), the presence of
salt efflorescences is associated with the previously described scaling; analysis of the samples of scaling from AW19 revealed the
presence of gypsum and large amounts of sulphates (Table 2). In AW21, a few months after the artwork was completed, abundant
surface deposits of an intense white colour appeared in cracks or discontinuities between the modular pre-cast concrete sheets
(Fig. 2c—e) or at the joints between the original concrete and the reconstructed concrete (Fig. 6j). XRD analysis revealed that the
deposits consist of calcium carbonate (Table 2) with traces of epsomite and thenardite; brucite (Mg(OH);) was also detected in
another sample obtained from a fissure affected by infiltration of water. The presence of calcium carbonate in these deposits is
symptomatic of the carbonation of portlandite (Ca(OH),) in the concrete, whereas the presence of brucite appears to indicate that the
concrete of the breakwater is undergoing chemical attack related to the interaction between water rich in sulphate and magnesium
(such as seawater) and the C—S—H components of concrete. It has been reported that, at the early stage of this type of chemical
attack, a thin surface deposit of brucite forms due to the reaction between the magnesium ions and portlandite in the cement paste
[79, 80]. Therefore, the concrete in AW21 would be undergoing the initial phase of this process. As portlandite was identified in
the original concrete, this concrete would be undergoing the chemical attack, perhaps in the areas of contact with the reconstructed
concrete where there will presumably be discontinuities through which seawater can seep. The absence of gypsum in either the
types of concrete in the breakwater or in any of the samples of surface deposits confirms that the second stage of chemical attack,
in which the calcium ions released in the previous stage react with sulphate to form gypsum [52] had not yet occurred.

The crystallization of these mineral phases in the surface deposits of AW21, especially of brucite, could be the reason of the
whitening of the blue base paint of this artwork observed in areas close to cracks or discontinuities from which the deposits emerge
(Figs. 2e and 6j). XRD analysis of the whitened areas of the blue base paint (Table 2) revealed the existence of a mixture of calcium
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and magnesium carbonates, which were absent in the undeteriorated paint. This mixture of carbonates would be produced during
carbonation of the portlandite in the presence of magnesium ions in solution.

3.2.6 Abrasion

It is defined as the loss of pictorial material (with or without the substrate) caused by rubbing or scraping with an object. This type
of deterioration is very common in artworks that are accessible to the public, in which the abrasions are caused by impacts from
objects, people or vehicles (Fig. 7i).

3.2.7 Vandalism

Any addition (graffiti, etching, stickers, etc.) that is not carried out by the author of the artwork is considered vandalism. This only
affected four artworks accessible to the public: AW17 (Fig. 7i), AW 16, AW 19 and AW21.

4 Conclusions

The main conclusions about the deterioration affecting street art murals located in Galicia and selected for this study are as follows:

The artworks under study display specific types of deterioration determined by two key factors: the environment, on the one
hand, and the intrinsic properties of the painting materials and the paint-substrate interaction, on the other.

The environment, specifically the availability of water and the existence of sources of soluble salts, determines the degrada-
tions that entail a physical loss of the paint layer. The growth of organisms (favoured by the presence of water) and the processes
of crystallization-dissolution of salts, fundamentally of marine origin are the deterioration mechanisms implied in the deterio-
ration forms that entail the physical loss of the pictorial layer. In the artworks affected by these deterioration forms, a clear
influence of the geographical orientation and the proximity of salt sources with the intensity of the degradation can be confirmed.
It is also important to point out that biodeterioration affects both non-commissioned works (whose substrates were never pre-
viously conditioned) and others recently created that have been promoted by local authorities; this finding highlights that large
part of the deterioration issue of pictorial urban artwork in Galicia are closely related to the geographical area of study, where
the temperate humid climate greatly conditions the durability of the materials, especially in regard to dampness and biological
colonization. It would therefore be interesting to compare the results obtained with those of studies focused on artworks in drier
climates.

The intrinsic properties of the painting materials and the paint-substrate interaction seem to be responsible for the other type
of degradation of the studied urban artworks, which is fading, and which seems to be independent of environmental conditions
(fundamentally geographical orientation and hours of sunlight). The intensity of fading appears to largely depend on the nature
of the paint chromophores or the organic base that stabilizes the colour. The degree of insolation and the intensity of fading were
not directly related, and the type of substrate did not affect the intensity of fading. Further study of the resistance of the paints
most commonly used in urban art under controlled atmospheres and UV radiation should be carried out by applying the paint
to different types of substrates in public spaces in order to identify the most resistant types of paint under different conditions.
The information thus obtained would enable artists and authorities to prevent deterioration and increase the durability of the
artworks.

In any case, the deterioration factors identified further increase the ephemeral nature of the urban artworks; however, when
the artists and commissioning agents wish to prolong the durability of the artworks, the effects of some of these factors could
easily be avoided by implementing preventive measures such as the following: (1) prior conditioning of the surface by apply-
ing lime mortar; (2) minimizing the effects of damp/water, by installing channelling and drainage systems; (3) evaluating the
application of colour protectors; in this respect scientific studies of the effectiveness and durability of colour protectors under
artificial ageing test are of great value, analysing the influence of the substrate and type of paint (the colour, the composition
and the format—alkyd, polyester, spray, brush, etc.); (4) implementation of a periodic monitoring and control program for com-
missioned urban art with the aim of preventing deterioration of the artworks, especially focused on minimizing the biological
colonization and the presence of damp (related to rainwater and seawater) and on in situ evaluate the durability of the pictorial
materials.

It was also concluded that information obtained in interviews with the artists and through the dialogue established with this
collective, the local authorities promoting many of the artworks and the paint manufacturers was essential for interpretation of some
of the analytical data and correct diagnosis of the state of conservation of the artworks. Such information is of key importance and
its diffusion among the public and authorities would help raise social awareness about these artistic expressions and thus favour
their conservation.

This work is one of the first approaches towards the description of the particular deterioration forms of the materials used in
contemporary murals under temperate climate and the identification of the main alteration factors involved. The information obtained
supposes the necessary scientific foundation to carry out future diagnosis studies on murals under a similar climate. It would be
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interesting to undertake similar studies applying different non-destructive techniques, in order to identify the most useful ones
without sampling.
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