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Abstract – Air pollution is a problem that affects both 
human health and the state of historical artifacts. The 
interaction between pollutants and historical artifacts 
leads to a material degradation and therefore to the 
ruin of the artistic heritage. To define the impact of air 
quality on historic artifacts, it is necessary to measure 
these levels through an air quality measurement 
system. In this study the levels of particulate matter, 
PM10, PM2.5 and PM1, measured in the historic 
sanctuary of the Beata Vergine dei Miracoli in Saronno 
(Varese) were analysed using two measuring devices. 
Two air quality sensors, operating 24/24h and 7/7 days, 
were installed inside the sanctuary near the “Last 
Supper” wooden sculptural group realized during 
Renaissance period by Andrea da Corbetta and 
decorated by Alberto da Lodi. Similar concentration 
values and trends were observed with the two devices. 
Particulate matter levels were often above the 
recommended values for conservation and this may 
pose a threat to the artifacts present in the sanctuary. 
The two sensors return similar values in both trends 
and measured concentrations. From the analysis of the 
particulate matter levels it can be seen that they are 
high and sensitive to the activities, such as religious 
services, that take place in the sanctuary. 

 I. INTRODUCTION 
As defined by the US Environmental Protection Agency 

(EPA), particulate matter, also known as particles pollution 
or PM, is a complex mixture of extremely small particles 
and liquid droplets. Particles pollution is made up of a 
number of components, including acids (such as NOx and 
SO2), organic chemicals, metals, and soil or dust particles 
[1]. The particulate is divided according to the 
aerodynamic diameter into PM10 with an aerodynamic 

diameter of less than 10 μm, capable of penetrating the 
upper respiratory tract and PM2.5 with an aerodynamic 
diameter of less than 2.5 μm, capable of reaching the lungs 
and secondary bronchi. The ultrafine PM1 fraction has an 
aerodynamic diameter of less than 1 μm and can more 
easily penetrate the respiratory system [2]. The fine 
particles are characterized by long residence times in the 
atmosphere and can, therefore, be transported even at a 
great distance from the emission point.  

The dangerous effects on human health depend on both 
chemical composition and particle size. The larger ones 
(PM10) give rise to irritation and allergies; those with a 
diameter between 5 and 10 μm reach the trachea and 
bronchi; finally, those with a diameter of less than 5 μm 
can penetrate to the pulmonary alveoli and interfere with 
the natural gas exchange within the lungs [3]. Moreover, 
fine particles can carry on their surface other pollutants 
such as heavy metals and hydrocarbons (high molecular 
weight polycyclic aromatic hydrocarbons), which are 
known to have severe repercussions of human health [4]. 
In fact, chronic exposure to particulate matter contributes 
to the risk of developing respiratory and cardiovascular 
diseases as well as an increase in the risk of lung cancer 
[5]. 

Using the pollutants measured concentrations it is 
possible to evaluate human exposure [6]. The presence of 
outdoor pollutants is due to various sources such as 
vehicular traffic, industrial emissions, domestic heating, 
biomass burning [7] or accidental events such as 
explosions or fires [8]. Pollutants, such as particulate 
matter, tend to form also indoors and hence accumulate 
with the outdoor particles [9]. It is known that human 
activities (cooking food, cleaning with chemical agents, 
etc.) [10] [11] and the substances present in all the 
furnishing elements, add to external pollutants coming 
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from outdoor and accumulate in the walls of homes or 
workplaces. In the World Health Organization (WHO) 
report “Ambient Air Pollution: a global assessment of 
exposure and burden of disease, atmospheric pollution 
(outdoor and indoor)” indoor air pollution is recognized as 
the main environmental risk factor for the world 
population’s health. In fact, it is estimated that in 
developed countries the population spends 90% of their 
time indoors (homes, offices and schools), hence indoor air 
quality becomes crucial for health and well-being [12] 
[13]. 

The harmful effects of indoor and outdoor pollution also 
affect artworks, in fact air pollution and climatic factors 
contribute synergistically to accelerate the natural 
deterioration processes of the materials that make up the 
artworks. The variety of degradation types on cultural 
heritage generally depends on the composition of the 
materials making up the monuments and on the climatic, 
environmental and topographical characteristics of the 
territory with which the assets interact. In the troposphere 
which represents the part in contact with the earth’s 
surface, there are naturally many organic and non-organic 
compounds, including nitrogen oxides, sulphur and 
atmospheric dust. The latter consists of a multiplicity of 
metal-based substances that can be classified as an inert 
powder [14]. In urban environments, on the other hand, 
there is a greater formation of nitrogen oxide and 
particulate matter deriving largely from the combustion of 
petroleum derivatives, especially from diesel engines [15]. 
This imbalance also accentuates the formation of strongly 
oxidizing substances, such as ozone, which contribute to 
the formation of new pollutants of secondary origin. In 
closed environments, airborne particulate is produced by 
combustion such as from candles, cigarettes and fireplaces 
and is mainly below the micron. So, in places such as 
churches, museums, historical buildings, where there are 
often candles, incenses or tourists, it is necessary to limit 
the sources due to small combustions and to have good 
ventilation to avoid the pollutants accumulation [16] for 
both the people who work there and for the artistic works 
therein. 

Most of the entire world historical-artistic heritage is 
found in Italy, with over 60,000 cultural assets registered 
on the national territory [17]. In recent decades, the 
historical-artistic heritage has, in general, undergone a 
greater deterioration than that which has been seen in the 
past, so much so that atmospheric pollution is considered 
one of the most important contributing causes of this 
process [18]. The main causes of material degradation can 
be natural (such as frost, saline crystallization, 
microclimate and temperature changes) and 
anthropogenic, mainly represented by atmospheric 
pollution. Atmospheric pollution modifies the chemical, 
physical and biological properties of the air, inducing more 
or less serious alterations to human health and artefacts. 
The impact of atmospheric pollution on inert materials 
such as monuments is huge and irreversible, due to the lack 
of self-defense systems and the disposal of toxic elements, 
which are instead present in humans. The European 

guidelines on air pollution are currently aimed at the 
protection of human health and natural ecosystems and do 
not yet include the protection of the historical and artistic 
heritage; the only exception is for the artworks exhibited 
inside museums for whom recommended values and 
guidelines are defined.  

The particulate deposition on the surfaces of artifacts of 
historical and artistic interest is not a simple phenomenon 
of absorption on the surface [19] [20], as the powders are 
often cemented in a physico-chemical process that 
includes the deposition of a veil of water and chemical 
reactions between the material and the acids contained in 
this corrosive solution, thus becoming an integral part of 
the material; as well as occurring on the surface, these 
reactions can also affect deeper layers of the material. As 
for the particulate matter, its effect on historical artifacts is 
given by the fouling determined by the deposit of 
carbonaceous particles [21] on the monument surface and 
which occurs instead in areas protected from rain and 
physical stress (determined by climatic and microclimatic 
factors). Physical stress considers some parameters such 
as: the wetting time (evaluable as the annual period in 
which the relative humidity is higher than 80%), the 
ambient temperature frequency oscillation around 0 ° C 
and the freezing of the material [22].  

To verify the effects of atmospheric pollution on cultural 
heritage located outdoors, monitoring campaigns are 
carried out to measure the main pollutants [23] [24] [25] 
[26] and then an attempt is made to correlate the pollutant 
concentrations measured with the absorption by the 
monuments [27].  

The outdoor air quality measurement systems generally 
used are represented by the networks of national public 
institutions which, however, have a low spatial and 
temporal resolution. In recent years, numerous 
technologies based on the Internet of Things (IoT) have 
been developed that allow the pollutants measurement 
with high spatial and temporal resolution [28]. These 
measurement tools are the basis of appropriately designed 
networks [29] capable of measuring the pollutants levels 
that represent the starting point for studies that can provide 
detailed information on air quality [30] [31] and be 
supportive of the implementation of policies for their 
reduction [32]. To further increase the spatial resolution of 
the measured data, real-time on-road monitoring systems 
have been developed in recent years which provide 
information on pollutants with a resolution of 1 km2 [33] 
[34]. The knowledge of the pollution levels can lead to the 
analysis of the events that influence this phenomenon [35]. 
In particular, the Saharan dusts being classified as PM10, 
are seen by the measurement systems that include them in 
the measured concentration without splitting the type of 
particle: urban particulate is made of metals while Saharan 
dust particle are made of siliceous compounds [36] [37]. 
So, the knowledge of the parameters that could influence 
the pollutant accumulation is fundamental for a correct air 
quality analysis. Modern smart measurement systems 
provide real-time data and are also used for the 
measurement of indoor pollution for which they are 
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designed to integrate perfectly with the furniture.
The aim of this work is to compare the two air quality 

sensors installed inside the sanctuary between 27/04/2022 
and 14/05/2022. The values measured have been compared 
and the results analysed accounting also for the sanctuary 
activities that may influence the pollutant levels.

II. MATERIALS AND METHODS

A. Site description
The sanctuary of the Beata Vergine dei Miracoli, located 

in the northern Italian city of Saronno (VA) was built 
between the fifteenth and sixteenth centuries. There are 
numerous artworks that decorate the sanctuary. 
Bernardino Luini, a disciple of Leonardo da Vinci, was 
entrusted from 1525 to 1532 with the decoration of the 
entire initial part, creating the frescoes in the presbytery, 
and the cloister. In the side chapels there are two wooden 
sculptural groups created by Andrea da Corbetta and 
decorated by Alberto da Lodi. The wooden statues of the 
“Last Supper”, as shown in Figure 1, and of the 
“Deposition” stand out among all the artistic artefacts. The 
sanctuary is regularly open to the public and welcomes 
daily numerous tourists and worshippers from all over the 
world.

Fig. 1. Wooden statues of the Last Supper.

B. Air quality data
To monitor the levels of airborne pollutants dispersed 

within the sanctuary, two different sensors were installed 
at sensitive points regarding the artworks. The sensors 
were installed near the wooden statues representing the 
“Last Supper”, near the altar. In Figure 2 it is possible to 
see the two sensors installed vertically (S1 and S2). The 
Sensy (S1) sensor at the top developed by Sense Square 
(WIPO 2018/225030AI) and the PersonalDustMonit (S2) 
sensor by Contec, are laser scattering sensors that allow the 
continuous measurement of PM10, PM2.5 and PM1 
particles with a high temporal resolution and 
microclimatic parameters such as temperature, 
atmospheric pressure and relative humidity. The sensor 
characteristics are reported in table 1.

Fig. 2. Sensors’ location.

Table 1. Sensors’ characteristics.

Parameter Sensitivity Technology

Temperature ±0.3 °C Band-Gap

Relative 
Humidity

±2% Capacitive

PM10 ±5 μg/m3 Laser 
scattering

PM2.5 ±5 μg/m3 Laser 
scattering

PM1 ±5 μg/m3 Laser 
scattering

III. RESULTS
From the data obtained in the monitoring days, the daily 

averages of S1 and S2 for the pollutants considered 
(PM10, P2.5 and PM1) were calculated. Figures 3-5 show 
the trends of the daily average concentrations and the 
relative 75th and 25th percentiles. In Figure 3 is also 
reported the limit range as suggested in the D.M. 
10/05/2001, “Guidance document on technical-scientific 
criteria and on the functioning and development standards 
of museums” [38] by the Italian Ministry of Cultural 
Heritage (MIBACT) for the indoor pollutants limits (20-
30 μg/m3) for the PM10. PM2.5 and PM1, being a fine 
particulate fraction and for this reason its measurement is 
very sensitive to the instrument used, for the moment it is 
not included in the legislation and therefore Figures 4-5 
does not contain any limits.

Analyzing the results obtained by the two sensors, it can 
be seen that they have the same trend. The difference in the 
measured values lies in the different positioning height. 
From the analysis of Figures 3-5 it can be seen how the 
values remain in a range of medium-high values until 1/06.
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Fig. 3. PM10 daily average concentration (solid black 
line) measured in a) S1 and b) S2. 25th and 75th percentile 
of the daily averages (black dashed line), and PM10 daily

limit between 20 and 30 μg/m3 according to D.M. 
10/05/2001 - MIBACT 2001 (red dashed line).

In general, PM10 reaches high values in correspondence 
with events that include small combustions such as 
lighting of candles and incense. In particular, the measured 
peaks (Fig. 3) are in correspondence with specific events 
such as, religious services or the lighting of the incense on 
the altar in the immediate vicinity of the suction point of 
the S1 measuring device. Analyzing the daily trends
(Figures 3-5), there are some peaks in the measurements 
obtained that have higher values in the S1 measurements. 
The two measuring devices used are different both in the 
geometry and in the instruments sensitivity. However, 
taking the long-term average, the values obtained are 
similar; the Sensy (S1) measuring system is however more 
sensitive to impulsive phenomena that are captured well 
by the sensor.

Fig. 4. PM2.5 daily average concentration (solid black 
line) measured in a) S1 and b) S2. 25th and 75th percentile 

of the daily averages (black dashed line.

Fig. 5. PM1 daily average concentration (solid black 
line) measured in a) S1 and b) S2 25th and 75th percentile 

of the daily averages (black dashed line).

The particulate levels measured by the S1 and S2 
measuring devices, as shown in figures 3-5, are very close
and indicate a constant condition of medium-high
pollution with PM10 average values of 26 and 16 μg/m3

for S1 and S2 and of 23 and 13 μg/m3.for PM2.5 for S1 
and S2 respectively. In closed places, such as museums or 
in this case a sanctuary, ventilation is always very poor. 
This leads to the accumulation of pollutants that can 
derive, as mentioned above, from small combustions. The 
more pollutants persist in the environment, the greater the 
absorption of them by people and works of art. It is worth 
noticing that PM10 concentration registered are often 
higher than the values suggested by the Italian D.M. 
10/05/2001 

IV. CONCLUSION
Two sensors for the particulate matter measurement 

were installed near the wooden statues in the sanctuary of 
the Beata Vergine dei Miracoli in Saronno (Milan, Italy). 
These sensors, placed vertically near the altar, gave
consistent values. The sensors use the same measurement 
principle but the suction section is placed at different 
heights so that the sensor closest to the pollution source is 
more influenced and therefore higher measurements were 
observed. The measurements values difference depends on 
the instruments design and sensitivity and, S1 is more 
sensitive to impulsive phenomena. The measured 
particulate values – PM10, PM2.5 and PM1 – are around 
medium-high values. Furthermore, in predominantly 
closed places such as the sanctuary analyzed, it is strongly 
recommended to use ventilation systems that allow air 
changes to reduce particulate levels to reduce the pollution 
exposure both for humans and artifacts.
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