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Abstract: Residents of nursing homes have been significantly affected by COVID-19 in Spain. The
factors that have contributed to the vulnerability of this population are very diverse. In this study,
physical agents, chemical pollutants, population density and different capacities of residences were
analysed to understand their influence on the number of elderly people who have died in geriatric
centres in different autonomous communities (AACCs) of Spain. A statistical analysis was carried
out on the variables observed. The results show that many residences with a larger number of deaths
were private, with some exceptions. Physical agents and pollutants were found to be determining
factors, especially for the communities of Extremadura and Castilla–La Mancha, although the large
number of factors involved makes this study complicated. The compromise between air quality and
energy efficiency is of great importance, especially when human health is at stake.
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1. Introduction

Today, in developed countries, 80–90% of people’s time is spent indoors [1], especially
in their homes. The duration spent in the home varies between 60% and 90% of the day, and
30% of the time is spent sleeping [2,3]. Since homes contain air that is inhaled, the greatest
exposure to potential air pollutants is in these interior spaces. The indoor environment
of the home should facilitate rest and recovery [4,5]; therefore, as poor indoor air quality
(IAQ) has harmful effects on health, it prevents these beneficial effects from being realised.

Since the energy crisis of the 1970s, buildings have become increasingly airtight,
leading to the appearance of IAQ-related diseases, such as sick building syndrome (SBS) [6].
In addition, a relationship between air movement in buildings due to ventilation and the
spread of infectious diseases has been demonstrated [7,8]. In this context, the benefits
of indoor air exchange have been confirmed, although the influence of ventilation on
the spread of infectious diseases is not clear [6]. Consequently, since the influence of
airflow rates on health has not been quantified, the ventilation rates specified in different
regulations are usually set according to comfort criteria (perceived conditions) [9–12].

However, a healthy indoor environment can be achieved by applying strategies
necessary to improve the COVID-19 pollutant IAQ, which, in addition to increasing the
supply of fresh air, include controlling pollution from emission sources, cleaning the air
and improving the efficiency of ventilation [13–15]. Therefore, the indoor air quality (IAQ),
especially in indoor residential spaces, has a strong influence on human health; thus, it is
essential to design adequate ventilation, which ensures good IAQ since the main purpose
of ventilation is to dilute or remove indoor contaminants by providing outdoor air [16–21].

The values set for air renewal to ensure comfort and eliminate odours have been modi-
fied over the course of history, according to variations in ventilation theories. Currently, the
Basic Document HS 3 for indoor air quality, included in the Technical Building Code [22],
provides data on minimum ventilation rates for residential buildings in Spain, depending
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on the room of the dwelling. In European countries, in addition to the EN 15251 standard
(which should be used if no national standard is available), there are also state regulations
that, as in the Spanish standard, provide data on minimum ventilation rates based mainly
on body odours (with CO2 as an indicator) and, to some extent, according to primary
emissions from some building materials [23,24].

On the other hand, even if the regulations are complied with, indoor air quality may
still be inadequate if stagnant air zones are generated, and therefore, health and comfort
problems may develop [25–29]. In-depth research in this field is still needed; therefore, the
debate on how much ventilation is sufficient to achieve good indoor air quality, capable of
preventing both odours and the emergence and spread of diseases, is still ongoing.

Spain is one of the countries most affected by the COVID-19 pandemic. According to
data provided by the Spanish Ministry of Health’s Centre for the Coordination of Health
Alerts and Emergencies [30], the number of deaths as of 16 May 2020 was 27,563, and
230,698 people were infected.

Based on the number of elderly people who have died in nursing homes [31], we
find that the most affected autonomous communities (AACCs) were Castilla–La Mancha
(14.44%), Extremadura (14.13%), Castilla y León (13.71%) and Aragón (12.90%), compared
to the total number of deaths in these communities (elderly and non-elderly). These
numbers are very similar to the number of the elderly who died in these communities:
Castilla–La Mancha (17.38%), Extremadura (16.80%) and Aragón (15.36%).

According to data provided by the AACCs, the number of elderly people who have
died as a result of COVID-19 in the approximately 5417 Spanish homes for the elderly,
including public, subsidised and private residences, stands at 18,354 deaths. Only people
who died after testing positive for coronavirus have been registered as casualties of COVID-
19, i.e., tests have not been performed post-mortem, so those who were not tested are not
listed as having died of coronavirus.

It is observed (Figure 1) that the number of private residences in AACCs is greater than
the number of public residences in a proportion of 3 to 1, with the exception of the autonomous
communities of Extremadura, Castilla–La Mancha and, to a lesser extent, Canarias.

The population pyramid in Spain continues to reflect population ageing, measured
by the increase in the proportion of elderly persons, i.e., those aged 65 years old and
over. According to the latest statistical data from the Continuous Register of the National
Statistics Institute (INE), on 1 January 2019, there were 9,057,193 elderly people, 19.3%
of the total population of 47,026,208 [32]. This population of elderly people continues to
increase, both in number and proportion. The average age of the population, which is
another way to measure this process, is 43.3 years; in 1970, it was 32.7.

Below is a comparative chart of the population over 65 years of age and the number
of deaths in that age range for each AACC.

The data show that the communities of Madrid, Extremadura, Castilla–La Mancha and
Baleares have been most affected by deceased elderly persons relative to the population of
persons over 65 years of age in these communities (see Figures 1 and 2). On the other hand,
Ceuta, Melilla, Canarias and Galicia have been less affected.
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Figure 2. Graph of number of people > 65 years old and deaths of people in this range by autono-
mous community. 

0 100 200 300 400 500 600 700 800 900

Andalucía
Aragón

Asturias
Baleares
Canarias

Cantabria
Castilla La Mancha

Castilla y León
Cataluña

Ceuta
C. Valenciana
Extremadura

Galicia
C. Madrid

Melilla
Murcia

Navarra
País Vasco

La Rioja

Total Publics: Total Privates:

Figure 1. Distribution of the number of public and private nursing homes in the different autonomous
communities of Spain.
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The first study carried out in Europe on indoor air quality [33] includes detailed
statistical data from the Eurostat Union Statistics on Income and Living Conditions. The
data demonstrate a correlation between people’s health and the conditions of the buildings
in which they live.

In March of this year, the European Respiratory Journal published a study that revealed
the importance of maintaining adequate indoor air quality conditions in residential build-
ings. Based on this study, it was deduced that older people are more likely to suffer negative
effects on lung health due to indoor air pollution in buildings, compared to younger adults.

It has been shown that city dwellers (especially the elderly and children) spend
between 58% and 78% of their time in an indoor environment that is polluted to a greater or
lesser degree. This is a problem that has been exacerbated by the construction of buildings
that are designed to be increasingly airtight and that recycle air with a smaller proportion
of fresh air from outside in order to increase energy efficiency. Pollution of the indoor
environments of buildings is the cause of many health problems of various kinds, which can
range from simple fatigue or discomfort to symptoms consistent with allergies, infections
and cancer, among others.

The pollutants present in the indoor air of buildings (residences), whether chemical,
physical or biological, vary depending on the activities that take place in such spaces,
the health of the occupants, the physical infrastructure of the building and its material
assets and the quality of the surrounding air. At present, environmental pollutants, such as
environmental tobacco smoke, formaldehyde, radon, mineral fibres, isocyanates and epoxy
resins have been identified as some of the main emerging factors that can increase the risk of
diseases, such as allergies, asthma, fertility disorders and cancer [34]. Physical factors that
influence comfort are mainly related to relative humidity, average air speed, temperature
and noise. In addition, there are chemical pollutants, including carbon dioxide (indicative
of insufficient indoor air renewal), carbon monoxide, sulphur dioxide, volatile organic
compounds, suspended particles, ozone, radon, etc., as well as various pathogens. In short,
the population is faced daily with an array of pollutants not only in buildings, but also in
the outside air, water, food, consumer products, etc. Determining the pollutant composition,
daily exposure dose and interaction with the human body and the environment is quite a
complex undertaking [34,35].

Volatile organic compounds (VOCs) play an important role in the process of assessing
the IAQ. They negatively affect both the comfort and health of occupants [35,36]. The
effects of VOCs in indoor spaces vary from sensory irritation at medium exposure levels to
toxic effects at high exposure levels [37]. Formaldehyde (HCHO) is especially important,
as it is known to be the most common irritant in indoor air, causing eye, nose and throat
irritation (at concentrations above 0.1 mg/m3) and may even cause asthma attacks at high
concentrations [38,39].

Previous studies [40,41] provide total VOC concentration data, using the concept of
total volatile organic compounds (TVOCs). This parameter is used to allow a simpler
and faster assessment than the analysis of a high amount of VOCs, which are usually
detected in indoor spaces [42]. The concentration of any pollutant in an indoor space is
the result of a balance between the network in that space and what is removed or added
by ventilation. Therefore, if the TVOC level is high, it indicates that there are significant
sources of contamination or that local ventilation is inadequate. Therefore, it is important to
measure TVOCs, as they are an indication of the pollution load in the indoor environment
and the sustainability of the ventilation rate [43]. It should be noted that TVOCs do not
include all VOCs present in indoor air, as some organic pollutants are excluded, such as
low molecular weight aldehydes, e.g., HCHO, because the method of identification differs
from that of other VOCs. Therefore, in order to characterise the IAQ and determine the
adequate ventilation rate, it is essential to consider the concentration of VOCs and HCHs.

Therefore, it is difficult to assess the health risks (measurement, tolerance level, expo-
sure time, effects, etc.) in the indoor environment; preventive and corrective maintenance
in the facilities involved is important in order to promote healthy environments.
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In this study, chemical pollutants (such as formaldehyde, nitrogen dioxide, ozone,
PM10 and PM2.5 particulate matter and sulphur dioxide), physical agents (such as temper-
ature, humidity, precipitation and hours of sunshine) and socio-demographic variables
(such as population density and the capacity of different public or private homes for the
elderly) were analysed to understand their association with the indoor air quality of the
homes and to determine whether they influence the health of the elderly who live there.

The analysis was carried out in two stages, first taking into account the sizes of differ-
ent residences and subsequently evaluating the effects of physical agents and pollutants.

For the first stage, the statistical technique of multivariate correlation between the
variables was applied in order to determine the relationships between the number of deaths
in the residences and the 12 variables based on the size of the residence. Then, a cluster or
conglomerate analysis was carried out to determine the relationship between the nursing
homes and the autonomous communities under study.

2. Materials and Methods

In addition to children and pregnant women, other population groups are vulnerable
to the effects of air pollution. These include people with respiratory diseases, such as
asthma, chronic bronchitis or emphysema, those with cardiovascular diseases or diabetes,
and elderly people with chronic diseases, particularly those living in residential homes.

The quality of the air in residences is in the IDA2 category, according to the Regulation
of Thermal Installations (RITE) in Spain [24]. In this type of building, it is necessary to have
a good quality of air in the indoor environment because the elderly population is more
vulnerable to infectious agents.

Age and diseases (cardiovascular, respiratory problems) are factors that make the
elderly more likely to be negatively affected by pollutants present in the air of residential
environments. Susceptibility to pollutant effects is also influenced by the individual’s
lifestyle, diet, genetic predisposition, etc.

2.1. Comfort

In indoor environments, the ability to regulate temperature is provided by heating,
ventilation and air-conditioning systems. The human body has the ability to regulate its
temperature within a range of degrees. Thermal comfort in an indoor environment refers
to the general sense of temperature and humidity felt by most people who live there.

Thermal comfort means that a person feels good from the perspective of the surround-
ing hygrothermal environment. Extreme thermal values can be harmful, even deadly, to
human beings. This is because human beings are homeothermic, i.e., they must maintain
certain vital parts at an approximately constant temperature. To achieve a feeling of thermal
comfort, the most advisable condition is an ambient temperature that is slightly higher than
the air temperature and a flow of radiant thermal energy that is the same in all directions
and is not excessive above the head. In the UNE EN ISO 7730 standard (thermal comfort in
moderate environments) [44], thermal comfort is given by the thermal balance between
the body and the environment, i.e., a person will feel comfortable when the internal heat
generated and the losses due to evaporation from the body are compensated by the losses
or gains due to latent, sensitive or radiant heat with respect to the environment.

The following table (Table 1) shows data on the average temperature and humidity,
precipitation, hours of sunshine [45] and the number of elderly people (≥65 years) who
have died in homes and in total for the different autonomous communities [30].
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Table 1. Data on deceased elderly people and physical agents in the autonomous communities.

CC.AA. (RD) Residential
Deaths

(CD)
Community Deaths

Average
Temperature (C)

Average
Humidity (%)

Precipitation
(mm)

Sum
Hours (h)

Andalucía 527 1355 19.4 53.6 344.5 3342
Aragón 704 838 14.6 61 272.7 3112
Asturias 192 313 13.8 80 908.2 1962
Baleares 84 216 19.3 73.5 466.5 3034
Canarias 18 151 22 61 78.5 3165
Cantabria 135 206 13.8 74 1157.6 1826

Castilla–La Mancha 2395 2883 16.4 49 221.8 2779
Castilla y León 2519 1940 12.1 65 384.3 2894

Cataluña 3394 5915 16.9 63.3 329.3 2731
Ceuta 0 4 19.1 74 650.2 2640

C. Valenciana 518 1365 19.1 62 335.6 2808
Extremadura 418 497 17.4 53 271.8 3326

Galicia 269 604 14.5 74 798.5 2342
C. Madrid 5909 8826 16 53 256.1 2970

Melilla 0 2 19.6 70 239.7 2778
Murcia 67 144 20 55 177.9 3348

Navarra 422 501 13.2 67 696.9 2512
País Vasco 584 1455 14.4 75.5 1456.7 1780

La Rioja 199 348 144 61 3907 2708

2.2. Air Quality Factors

The quality of the environment in nursing homes is affected by indoor air pollutants,
such as dust, suspended particles, CO2, CO, NOx, VOCs, bacteria, fungi and viruses, as
well as pollution from outside. However, nursing homes need special maintenance of the
facilities and environment (air renewal) for the following reasons:

• Elderly residents spend practically all of their time in these places (90%) since it is
their home.

• The quality of the environment in the residences will be vitiated by a greater number
of viruses, due to the fact that their occupants usually suffer from different infections.

• In residences, food and different types of drugs or medicines are maintained on the
premises to care for the elderly, and these products need the air quality to be optimal.

• It is essential to use air-conditioning systems in homes to ensure the comfort of the
users and to renew the indoor air. In winter, it is necessary to temper the indoor
air to prevent cold currents, which can affect the health of the elderly. In summer,
the opposite will occur, and air-conditioning systems need to be used to prevent the
occurrence of hot flushes or heat in the occupants.

• The use of air-conditioning systems in residences is as important as their cleaning and
maintenance: the lubrication of mechanisms, revision, change of filters, etc.

• Cleaning and disinfection of the building need to be carried out daily to maintain
the quality of the indoor environment in the residence halls since different groups
of people live together in these areas every day. In the residents’ rooms, in the
reception areas and in the corridors, it is necessary to carry out a deep cleaning or
even disinfection several times a day to improve the safety of the guests and visitors.

2.3. Consequences of Poor Air Quality

The World Health Organization (WHO) warned that air pollution (outside air) kills about
seven million people every year. Indoor pollution levels can be as much as 10–100 times
higher than outdoor concentrations, and people (with the elderly being more vulnerable)
exposed to poor-quality residential environments can suffer many health problems as
a result:

• Airways: dryness, itching/heartburn, nasal congestion, sneezing and sore throat;
• Lungs: chest tightness, choking sensation, dry cough and bronchitis;
• Skin: redness, dryness and generalised itching;
• General malaise: headache, weakness, drowsiness/lethargy, difficulty concentrating,

irritability, anxiety, nausea and dizziness;
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• Diseases: hypersensitivity pneumonitis, humidification fever, asthma, rhinitis and dermatitis;
• Infections: legionellosis, Pontiac fever, tuberculosis, common cold and flu.

2.4. Chemical Pollutants

The pollutants studied in this work, as well as their impact on human health, are
described below.

2.4.1. Nitrogen Oxides (NOx)

The presence of NOx is related to the burning of fuels, mobile sources (vehicles),
industrial processes and some natural processes (lightning, and soil microorganisms).
Combustion processes emit a mixture of nitric oxide (90%) and nitrogen dioxide (10%).
In turn, nitric oxide reacts with other chemicals in the air to become nitrogen dioxide. In
indoor environments, the main sources of NO2 emissions are heating systems and gas
stoves, as well as tobacco smoke.

At low concentrations, nitrogen oxides are irritating to the upper respiratory tract and
eyes. Prolonged exposure can cause pulmonary oedema. Excessive exposure to nitrogen
oxides can cause health effects on the blood, liver, lung and spleen. Nitrogen dioxide is
also one of the gases that contribute to acid rain that damages vegetation and buildings
and contributes to the acidification of lakes and streams.

2.4.2. Suspended Particles

These particles are usually referred to as total suspended particles (TSP) and include
all particles with diameters ranging from less than 0.1 microns to 50 microns, as larger
particles are deposited by gravity. TSP is expressed as PM (particulate matter) with a
sub-index referring to particle diameter, and the unit is the weight of particles per volume
of air (mg/m3 or µg/m3). The larger the particle size, the shorter the time they remain
suspended in the air and the shorter the distances they can travel. Particles larger than
10 microns fall rapidly near the source that produces them; PM10 particles (with a diameter
of ≤10 microns) can remain suspended for hours and travel from 100 m to 40 km, while
PM2.5 particles (with a diameter of ≤2.5 microns) can remain in the air for weeks and
are capable of moving hundreds of kilometres, moving with air currents and penetrating
premises through ventilation systems.

The main sources of particulate matter outdoors are road traffic, especially diesel
vehicles, industrial processes, incinerators, quarries, mining, stack emissions, coal heating,
etc. Other important sources of particulate matter are dust from agricultural work, road
construction or vehicle traffic on unpaved roads. On the other hand, particulate matter
is present in almost all indoor environments, mainly from combustion appliances and
tobacco smoke. It can also have a biological origin, such as pollen, spores, bacteria and
fungi. Typically, most particles of anthropogenic origin are in the range of 0.1–10 µ.

The size range that can be considered dangerous in relation to its effects on human
health and air quality is between 0.1 microns and 10 microns in diameter since these
particles, once inhaled, generally have a greater capacity to penetrate the respiratory
system. PM10 particles are deposited in the upper respiratory tract (nose) and in the trachea
and bronchi, while PM2.5 particles with a smaller diameter can reach the bronchioles and
alveoli of the lungs.

2.4.3. Formaldehyde

Formaldehyde is a major indoor air pollutant, and due to its chemical properties and
serious health effects, an individual assessment is recommended. It is often present in
the structure of modern building installations and furnishings, and its concentrations are
higher indoors than outdoors. Urea–formaldehyde foam insulation (UFFI) was widely
used in the construction of houses until the early 1980s, although its installation is now
rare. The main sources of exposure to formaldehyde include particle board, varnishes,
lacquers, glues, fibreglass, carpets, non-iron fabrics, paper products and certain cleaning
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and disinfection products. Due to the extremely high concentrations of formaldehyde in
tobacco smoke, smoking is a major source of this compound. Gas stoves and ovens and
open fireplaces are also sources of formaldehyde exposure.

Studies conducted in Canada since the early 1990s indicate the presence of formalde-
hyde in households in concentrations ranging from 2.5 µg/m3 to 88 µg/m3, with an
average of between 30 µg/m3 and 40 µg/m3 [46].

The main form of exposure is inhalation; it can also be absorbed through skin contact.
The main effects of acute exposure to formaldehyde are irritation of the conjunctiva of the
eye and the mucosa of the upper and lower respiratory tract. The symptoms are temporary
and depend on the level and duration of exposure. Exposure to high concentrations of
formaldehyde may cause burns to the eyes, nose and throat. In the long term, exposure
to moderate concentrations of formaldehyde (chronic exposure) may be associated with
respiratory symptoms and allergic sensitivity, especially in children. Prolonged or repeated
skin contact leads to irritation and dermatitis.

2.4.4. Ozone

In the indoor environment, the ozone originates from equipment that generates a
potential discharge between metal plates or with the existence of ultraviolet radiation. This
occurs in photocopiers, laser printers, electrostatic equipment for air purification, electric
motors and equipment with UV radiation, such as those used in disinfection.

Due to its oxidising power, the immediate health effects are irritation of the respiratory
tract and eyes, coughing, breathing difficulties, etc. In the medium term, there may be a
general decrease in physical performance, as well as symptoms of general malaise, such
as headache, tiredness, heaviness, etc. In the long term, it can produce alterations in
pulmonary function (pneumonitis and pneumonia). In general, the effects of exposure
to the ozone are accentuated by a higher concentration, longer duration of exposure
and higher levels of activity during exposure, although the form of the dose—response
relationship is not known. The severity of the response is strongly dependent on the
sensitivity of the respiratory system and often on the health status of the exposed person.

2.4.5. Sulphur Dioxide

Data were collected on various pollutants in the different AACCs in Spain. The
limit and objective reference values that appear in this study are those established by
Directive 2008/50/EC [47] and Royal Decree 102/2011 [48], as well as those recommended
by the World Health Organization (WHO) [49]. The data in the following table (Table 2)
were extracted from the 127 zones and agglomerations established for the measurement
of nitrogen dioxide in the Spanish territory, organised by AACC, with their respective
measurement stations. The exceedances of the legal limits and WHO references by zone or
agglomeration are reflected in the table. The values that appear correspond to the average
value of all of the data collected by the stations in the zone (whether they exceed the limits
or not). Some stations are the only representative of their area, and therefore, their data
correspond to the average value of the area. The target value for the protection of human
health from tropospheric ozone is set for a three-year period, in this case, for the years 2017,
2018 and 2019. The remaining pollutants refer to the year 2019 [50].
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Table 2. Table of chemical contaminants with their limits according to regulations.

PM10
(Particles < 10 Micras)

PM2,5
(Particles < 2.5 Micras) NO2

O3
(Tropospheric

Ozone)
SO2

Formal-
dehyde

Daily
Value

Annual
Average

Daily
Value
(OMS)

Annual
Average

Annual
Average

Eighth
Hour

(Normative)

Eighth Hour
(OMS)

AOT40
(Normative)

Daily
Value
(OMS)

Annual
Average

No Days >
50 µg/m3

Normative:
Máx = 35

OMS:
Máx:3

µg/m3

Normative:
Máx = 40

OMS:
Máx:20

No Days >
50 µg/m3

OMS:
Máx:3

µg/m3

Normative:
Máx = 25

OMS:
Máx:10

µg/m3

Normative:
Máx = 40

OMS:
Máx:40

No Days >
120 µg/m3

Normative:
Máx = 25

No Days >
100 µg/m3

OMS:
Máx = 3

Normative:
Máx:

18,000

No Days >
20 µg/m3

OMS:
Máx = 3

µg*m2

Andalucía 5.36 23.27 12.36 13.27 15,9 18.36 94.18 18,767.54 0.36 59.2
Aragón 1 14.25 2.75 8.75 8 12.75 69.5 13,766.5 0 60.4
Asturias 7.75 22 6.25 11.75 13.5 1.75 18.75 3223.25 8.25 54.6
Baleares 1 13.75 1.33 7.33 11.75 8.75 77 14,018.5 0.75 76.1
Canarias 17 22.83 7.5 8.16 11.83 0.83 16.16 2274.66 2.66 57.4
Cantabria 4.33 19 1.66 9.3 18 1 35.33 4180.66 1.33 68
Castilla La

Mancha 15.33 21.66 13.66 10.66 11.66 23.66 88 18,153.66 2.33 59.3

Castilla y
León 3.1 15.2 1.8 6.4 10.1 9.6 66.1 10,345.5 2 57

Cataluña 2.2 19.6 5.64 10.5 15.92 14.66 77 19,245.78 1.76 58.2
Ceuta N/A N/A N/A N/A N/A N/A N/A N/A N/A 61.3

C.Valenciana 1.21 14.78 4.28 9 11.71 16.64 90.28 19,060.35 0.64 61
Extremadura 5.5 15 4.5 9 11.71 16.64 90.28 19,060.35 0.64 61

Galicia 5 22 10.66 12.33 20.83 6.5 33.5 4911.16 2.66 65
C.Madrid 4.71 16.28 4 10 20.42 36.14 110.71 22,506.42 0.42 57.1

Melilla N/A N/A N/A N/A N/A N/A N/A N/A N/A 60.6
Murcia 26.5 27 N/A N/A 27 28.5 76.5 22,224.5 20.5 57.8

Navarra 0.5 13.5 5 12 11.25 5 29.75 8902 1.5 59.8
País Vasco 0.87 15 1.62 8.25 15.25 5 36 7419.25 0.28 58.6

La Rioja 2 17 1 9 7 7 59 10,237 0 60.1

For the interpretation of the data in Table 2, the limit values of the analysed pollutants
are described below:

1. PM10 particles:

• Daily value: No. of days in the year when the 50 µg/m3 limit is exceeded.
When it is greater than 35 days, the daily limit established by the regulations is
exceeded, and if it is greater than 3 days, the WHO recommendation is exceeded.

• Annual average: Average value of PM10 during the year. The limit established by
the regulation is 40 µg/m3 per year, while the WHO recommends not to exceed
an annual average of 20 µg/m3.

2. PM2.5 particles:

• Daily value: Number of days during the year when 25 µg/m3 is exceeded. When
it is greater than 3 days, the WHO recommendation is exceeded.

• Annual average: Average value of PM2.5 during the year. The regulations do not
allow exceeding 25 µg/m3 per year. WHO recommends not to exceed 10 µg/m3

as an annual average.

3. Nitrogen dioxide NO2:

• Annual average: Average value of NO2 during the year. The annual limit value set
by the regulations is 40 µg/m3, which is in line with the WHO recommendation.

4. Ozone O3:

• Eight-hour value: Number of days over the year when the average value of
120 µg/m3 (legal) or 100 µg/m3 (WHO) ozone is exceeded in 8 h periods (defined
as the maximum daily 8 h moving average). The regulations do not allow more
than 25 days per year (averaged over three consecutive years), a threshold also
adopted in this report for the WHO recommendation (in 2018).

• AOT40 May–July: Sum of the difference between hourly concentrations above
80 µg/m3 and 80 µg/m3 between 8:00 and 20:00, from 1 May to 31 July. The
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legal target is 18,000 µg/m3 h (the average of over five consecutive years), and
the long-term target is 6000 µg/m3 h (in 2019).

5. Sulphur dioxide SO2:

• Daily value: Number of days per year when the average daily value of 125 µg/m3

(legal) or 20 µg/m3 (WHO) of SO2 is exceeded. The regulations do not allow
more than 3 days per year, a threshold that is also adopted in this report for the
WHO recommendation.

The Table 2 shows the average chemical contaminant measurements for each AACC
and the limits according to the regulations specified above.

There are various types of buildings that require special air-conditioning and ventila-
tion conditions, due to their unique use and the special sensitivity of their occupants to
temperature changes or indoor air pollution, among other factors.

This is the case for homes for the elderly or geriatric centres, which, although not
subject to the regulatory requirements for the specific temperature, relative humidity and
ventilation conditions in hospitals, are buildings that require appropriate air-conditioning
and ventilation systems; this is necessary to enable the elderly people who live in these
facilities to achieve a good standard of living in terms of their personal well-being, due to
their special needs in terms of health and comfort.

Air conditioning and other factors related to architecture and interior design can have
a profound impact on the sense of home experienced by the elderly who live in this type
of centre; furthermore, the dimensions of the room and the position of various elements
within a room, such as furniture, have an influence on the movement of air and, therefore,
on the efficiency of ventilation [51].

Considering the ventilation of a dwelling in general, research [52] has shown that
for an uninhabited dwelling, the concentration of PM2.5 particles for interior conditions
without ventilation or forced ventilation is half that of the value in the exterior. In the case
of natural ventilation, the difference between inside and outside is almost negligible.

In the analysis of the particle size 10.0 µg/m3 (PM10), there is no appreciable difference
between concentrations indoors and outdoors in conditions without ventilation or with
natural ventilation, as in both cases, the highest concentration is outside. Finally, in the
case of forced ventilation, the concentration sampled outside is double that sampled inside
since the filters retain the larger particles.

Geriatric centres are usually full, and the residents are typically sedentary people
who move around within small spaces. Residents are also usually together for a long time
in different areas (motor room, activity room, dining room, TV room, etc.), which have
a high concentration of harmful agents and stale air that must be properly renewed. To
optimise the indoor air for these people, good maintenance of air-conditioning equipment
is necessary as well as an adequate change of filters.

Based on all of the above and taking into account the two ventilation systems used
(natural and forced), it would be logical for nursing homes to use mechanical ventilation
systems assisted by natural ventilation.

For the statistical analyses described below, given the condition of forced ventilation,
the PM10 and PM2.5 concentrations outside could potentially be regarded as being twice
as high as those inside. However, these data were obtained in a passenger compartment
(study area) without people. The areas studied in this work are geriatric centres, where
there is a great deal of mass, so for this study, the concentrations of both particle types
were considered to be identical outside and inside, using the data obtained in Table 2. This
hypothesis is described in the Indoor Air Quality study [53] carried out for the National
Institute of Safety and Health (INSST) in Spain.

A statistical analysis was performed with the support of the Statgraphics Centurion
v.xvi program to determine the influence of all parameters on the number of elderly deaths.
A principal component analysis was carried out in order to reduce the number of variables
studied with respect to the number of elderly deaths in the homes of each AACC. An
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analysis of variance was then carried out to identify the convergence of the variables
selected in the parameter studied.

3. Results

As indicated at the end of Section 1, the analysis was carried out in two stages, first
taking into account the sizes of the different residences, and subsequently evaluating the
effects of physical agents and pollutants.

For the first stage, the statistical technique of multivariate correlation between the
variables was applied in order to determine the relationships between the number of deaths
in the residences and the 12 variables related to the size of the residence. Then, a cluster or
conglomerate analysis was carried out to determine the relationship between the nursing
homes and the autonomous communities under study.

A total of 3844 private residences and 1573 public residences have been counted in
Spain [31]. At this stage of the study, the nursing homes were categorised into private and
public, and these, in turn, were classified by their size, resulting in 12 variables, including
private residence with less than 25 people (PR < 25), private residence with between 25
and 49 people (PR25_49), private residence with between 50 and 99 people (PR50_99),
residences with more than 100 people (PR > 100), residences with an unknown number
of people (PR_NI) and the total number of private residences (PR). Similar variables
were established for public residences for the elderly, resulting in the following variables:
PU < 25, PU25_49, PU50_99, PU > 100, PU_NI and PU [31].

For the statistical study, a multivariate analysis was applied, where the number of
elderly persons (old people) who have died in homes is a dependent variable, and the
12 previous variables are independent variables. The following table (Table 3) shows the
Pearson correlation coefficients between each pair of variables. The correlation coefficient
varies from −1 to +1 and shows the strength of the linear relationship between the variables.

The pairs of variables with P values below 0.05 (95% confidence level) were obtained
from the analysis to identify statistically significant correlations. Since the aim is to assess
the relationship between residences and the number of deaths in them, the relationships
between the RD variable and the other 12 variables must be calculated to then identify
independent variables that are significantly related to RD. The variables with the most
significant relationships with RD were the following (the p-values obtained are in parenthe-
ses): PR25_49 (0.0153), PR50_99 (0.0020), PR ≥ 100 (0.0001), PU50_99 (0.0428) and PU ≥ 100
(0.0000).

It is also observed that for medium-sized and large nursing homes, size is related to
the number of deaths; that is, a larger size is associated with more deaths. For different
residence types (private or public) with the same size, for example, PR50_99 and PU50_99,
the relationship between the number of deceased persons and the size is more significant
for the private residence.
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Table 3. Correlations between the different variables analysed.

CC.AA.
(RD)

Residential
Deads

(RD)
Community

Deads

(TD)
Total

Deads

PR<25
Private

Resi-
dences
(<25)

PR25_49
(25–49)

PR50_93
(50–93)

PR ≥ 100
(≥100)

PR_NI
No inf.

PR
Total

Privates:

PU < 25
Public
Resi-

dences
(<25)

PU25_49
(25–49)

PU50_93
(50–93)

PU ≥ 100
(≥100)

PU_NI
No inf.

PU
Total

Publics:

CC.AA 0.0458 0.0706 0.0819 –0.0371 –0.2717 –0.2076 –0.1577 –0.4264 –0.2107 –0.1546 –0.3066 –0.278 –0.1034 –0.2121 –0.273
(RD) 0.0458 0.9699 0.9737 0.8801 0.5474 0.6624 0.7889 –0.0744 0.6228 0.2255 0.2891 0.4689 0.8157 –0.0005 0.4605
(CD) 0.0706 0.9699 0.9862 0.4415 0.5704 0.6802 0.8094 –0.0124 0.6595 0.1169 0.1946 0.5065 0.8079 0.0174 0.3872
(TD) 0.0819 0.9437 0.9862 0.545 0.6585 0.749 0.8319 –0.0041 0.7366 0.0492 0.2005 0.5835 0.7946 –0.042 0.3741

PR < 25 –0.0371 0.3659 0.4415 0.545 0.8066 0.7652 0.5907 0.1824 0.8462 0.02 0.3536 0.7683 0.6352 –0.0992 0.4313
PR25_49 –0.2719 0.5474 0.57 0.65 0.8 0.96 0.79 0.33 0.97 0.12 0.58 0.92 0.69 0.11 0.6
PR50_93 –0.2 0.66 0.68 0.74 0.76 0.96 0.87 0.23 0.97 0.22 0.57 0.92 0.69 0.11 0.6
PR ≥ 100 –0.15 0.78 0.8 0.83 0.59 0.79 0.82 0.35 0.87 0.14 0.48 0.71 0.86 0.28 0.55
PR_NI –0.42 –0.074 –0.012 –0.004 0.18 0.33 0.23 0.35 0.34 –0.02 0.37 0.24 0.23 0.47 0.21

PR –0.21 0.62 0.65 0.73 0.84 0.97 0.97 0.87 0.34 0.14 0.56 0.9 0.79 0.15 0.61
PU < 25 –0.15 0.22 0.11 0.04 0.02 0.12 0.22 0.14 –0.02 0.14 0.71 0.2 0.39 0.6 0.83
PU25_49 –0.3 0.28 0.19 0.2 0.35 0.58 0.57 0.48 0.37 0.56 0.71 0.62 0.55 0.58 0.92
PU50_93 –0.27 0.46 0.5 0.58 0.76 0.92 0.9 0.71 0.24 0.9 0.2 0.62 0.63 0.23 0.66
PU ≥ 100 –0.1 0.81 0.8 0.79 0.63 0.69 0.77 0.86 0.23 0.79 0.39 0.55 0.63 0.24 0.69

PU_NI –0.21 –0.0005 0.0174 –
0.0042 –0.00992 0.11 0.18 0.28 0.47 0.15 0.6 0.58 0.23 0.24 0.59

PU –0.27 0.46 0.38 0.37 0.43 0.6 0.66 0.55 0.21 0.61 0.83 0.92 0.66 0.69 0.59

Next, a cluster analysis was performed using the Ward method and the Euclidean
square distance metric. Four groups or clusters were established from 19 observations
in order to study the groupings of the five variables with the greatest significance or
strongest relation with the number of elderly persons who have died in the residences. The
six variables of greatest significance are RD, PR25_49, PR50_99, PR ≥ 100, PU50_93 and
PU ≥ 100, which were analysed with respect to autonomous communities.

The results are expressed in a graph or dendrogram (Figure 3), which is a type of
graphical representation or data diagram in the form of a tree that organises data into
subcategories, which are further divided into other subgroups until the desired level of
detail is reached. The dendrogram tool uses a hierarchical clustering algorithm. The
program first calculates the distances between each pair of classes in the input signature
file. It then iteratively merges the closest pair of classes and successively merges the next
closest pair of classes and the next closest pair of classes until all classes are merged. After
each merge, the distances between all class pairs are updated. The distances at which class
signatures are merged are used to construct the dendrogram.
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This graph (Figure 3) shows four groups with similar characteristics, according to
the variables analysed. To form the groups, the procedure starts with each observation in
separate groups, and then the two observations that are closest are combined to form a new
group. After recalculating the distance between groups, the closest groups are combined
again, and this process is repeated until all four groups are formed.

Figure 3 shows four very clearly defined groups. The first group (G1) is formed by the
communities of Catalonia, Andalucia and Castilla y León, and the second group (G2) is
formed by the communities of Castilla–La Mancha, C. Valenciana, Galicia, Extremadura
and País Vasco. The third group (G3) contains only Madrid, which appears as a point at the
lower right of the dendrogram. The rest of the autonomous communities form the fourth
group (G4).

Relating the six previous variables of influence with the four associations or groups of
autonomous communities, it was found that the variable most related to the number of
deaths in all of the autonomous communities is PR ≥ 100, which denotes private residences
with more than 100 persons (large old people’s homes). This relationship is shown in the
cluster dispersion diagram in Figure 4. Cluster analysis is a multivariate technique that
allows cases or variables in a dataset to be grouped according to the similarity between
them, i.e., cluster analysis is a multivariate technique whose main objective is to classify
objects by forming groups (clusters) whose within-group homogeneity and between-group
heterogeneity are both as high as possible. In each cluster in Figure 4, central points called
centroids can be seen. The centroid of a cluster is defined as the equidistant point of the
objects belonging to that cluster.
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For the second stage, the data corresponding to physical agents and chemical pollu-
tants were analysed to identify relationships between the indoor air quality in the residences
and the number of elderly people who have died in different residences in different au-
tonomous communities of Spain. The analysis process was similar to the one carried out in
the first stage. To analyse the influence of the size of the residences, a cluster or classification
analysis was carried out together with other techniques to relate and compare variables.
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The studied variables are the following physical agents: average temperature (AT) in
degrees Celsius, average humidity (AH) as a percentage, precipitation (PREC) in millime-
tres, and hours of sunshine (SH) in hours, among which we included the population density
of the communities (PD) in inhabitants per square kilometre. The following variables were
the analysed pollutants: average annual particulate matter (PM10AA and PM2.5AA) mea-
sured in micrograms per cubic metre, average annual nitrogen dioxide (NO2) measured in
micrograms per cubic metre, average annual ozone (O3OCTNOR) measured in micrograms
per cubic metre, average annual sulphur dioxide (SO2) measured in micrograms per cubic
metre and formaldehyde (FOR) in micrograms per square metre. In total, five variables
belonging to physical agents (including population density) and six variables belonging to
pollutants were included in this analysis.

The cluster analysis led to the following groups of autonomous communities according
to the previous 11 variables and the number of elderly people who have died in the homes.

Figure 5 shows four different groups were obtained, which are labelled differently from
those obtained in the analysis of the first stage in order to differentiate them: the first group
(FC1) is formed by the communities of Andalusia, Castilla–La Mancha, Catalonia and the
Canary Islands; the second group (FC2) is formed by Asturias, Cantabria, Extremadura and
Melilla; the third group (FC3) contains only Galicia; and the fourth group (FC4) includes
the rest of the autonomous communities.
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A multivariate factor analysis was performed using listwise deletion. Factorisation
was applied for standardisation of the main components, and a varimax rotation was used
to analyse these variables and identify possible relationships. The objective was to extract
a small number of the 13 factors (the previous 11, plus DR and AACC) that explain most of
the variability considered in the analysis.

Applying the previous statistical methodology, four factors were extracted, because
these factors have eigenvalues greater than or equal to the unit. These four factors explain
79.3414% of the variability in all of the data which are shown in Table 4. When carrying
out principal component analysis, the initial estimate of the community was established to
assume that all variability in the data is due to common factors.
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Table 4. Factor analysis table.

Factor Variance Cumulative

Number Eigenvalor Porcentage Porcentage

1 4.09141 31.472 31.472
2 2.43407 18.724 50.196
3 2.28212 17.555 67.751
4 1.50677 11.591 −79.341
5 0.9121 7.016 86.358
6 0.67221 5.171 91.528
7 0.347443 2.673 94..201
8 0.315038 2.423 96.624
9 0..22916 1.763 98.387
10 0.099754 0.767 99.l54
11 0.0636375 0.490 99.644
12 0.029118 0.224 99.868
13 0.0171641 0.132 100.000

A factor loading matrix was then generated after the Varimax rotation. This is carried
out so that the factors have a few high loadings and many near-zero loadings on the
variables. This means that there are factors with high correlations with a small number of
variables and zero correlation with the rest, thus redistributing the variance of factors.

The following table (Table 5) shows the equations that estimate the values of the
common factors after the rotation. The rotation was performed to simplify the explanation
of the factors. The first rotated factor is the following equation:

F1 = 0.251871(AA.CC.) − 0.347442(RD) − 0.555084(AT) + 0.912213(AH) +
0.927481(PREC) − 0.920873(SH) − 0.0857457(DP) − 0.070322(PM10AA) +

0.0782349(PM2,5AA) + 0.383983(NO2) − 0.704236(O3OCTNOR) + 0.326536(SO2) +
0.324599(FOR)

(1)

Table 5. Factor loading matrix after applying Varimax rotation.

Factor Factor Factor Factor

1 2 3 4

Autonomous Communities 0.251871 −0.471631 0.262884 −0.52807
RD −0.347442 −0.0841992 0.744084 −0.367933
AT −0.555084 0.1I2131 0.0783305 0.662564
AH 0.912213 0.0516618 −0.145363 0.185372

PREC 0.927481 −0.00501128 0.0524455 −0.0907723
SH −0.920873 −0.145316 −0.0741857 0.215049
DP −0.0857457 −0.09622712 0.886502 0.076693

PM10 AA −0.070322 0.904561 0.0244 0.1497t4
PM 2.5 AA 0.0782149 0.714746 0.174668 0.128887

NO2 0.383983 0.424818 0.760336 0.172825
O3OCTNOR −0.704236 −0.157771 0.455243 −0.23757

SO2 0.326536 0.72773 −0.200042 −0.13505
FOR 0.324599 −0.325889 0.0236463 0.75947

The values of the variables in the equation are standardised by subtracting their means
and dividing by their standard deviations. The equations for the other three factors, F2,
F3 and F4, are obtained in a similar way by simply substituting the coefficients in the
corresponding column for each factor.

Next, three of the factors obtained are plotted in 3D to evaluate the contributions of
the different variables to each factor.

To identify the parameters that influence factor 1, we must look at their position along
the length of the box (from the front): the most important parameters are on the right, and
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the less important ones are on the left. For factor 2, we view the box from the right side
(width) and use the same criteria as for factor 1. For factor 3, we examine the height of
the box, with the most important ones toward the top and the less important ones toward
the bottom.

As indicated by the Figure 6, the highest loadings for factor 1 are provided by the
variables PREC, AH, FOR and NO2, whereas AT, RD, SH and O3OCTNOR appear to
have low loadings for the same factor. For factor 2, the variables PM10AA, PM2.5AA and
SO2 appear to be very important contributors, and the AACC variable appears to be
less important. For factor 3, DP, RD and NO2 appear to be influential, and no candidate
variables appear to be the contrary. For factor 4, a parallel analysis was carried out, and the
results suggest that the variables that most contribute to this factor are FOR and AT, and
RD and AACC are of little importance.
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Multivariate analysis provides a series of Pearson correlation coefficients between
each pair of variables as indicated above. For the two variables X and Y, this coefficient
is defined as the quotient between the covariance of the two variables and the product of
their standard deviations. The values of the linear correlation coefficient r range between
−1 and +1: r = 0 indicates no correlation, r = +1 indicates the maximum positive correlation
and linear dependence, and r = −1 indicates the maximum negative correlation and
linear dependence. Values close to zero indicate a weak correlation, and values close to
extreme values, either −1 or +1, indicate a strong correlation. The sign indicates whether
the correlation is direct (positive) or inverse (negative). When the sign is positive, both
variables vary in the same direction, either increasing or decreasing. When the sign is
negative, even when there is a very high correlation between the two variables, it means
that when one increases, the other decreases, i.e., they covary inversely.

The following relationships were found.
The Table 6 shows the pairs of variables identified in the analysis with P-values

below 0.05, i.e., with a 95% confidence level. For a better interpretation of the analysis
results, a bubble diagram was generated to illustrate the connections between variables.
Two groups were obtained. In the first one, the connection of AH, AT, O3OCTNOR and
SH to PREC stands out; that is, there is a high correlation between precipitation and
humidity, temperature, ozone and sunshine hours. RD, DP and NO2 are connected to



Sustainability 2021, 13, 11898 17 of 23

this first group through the ozone variable (O3OCTNOR). The main link in the chain, the
number of elderly people who have died in homes (RD), depends on population density
(PD) and ozone (O3OCTNOR), which in turn depend on the whole chain formed by the
other variables analysed. The second group consists of particulate matter and sulphur
dioxide. The PM10AA particulate matter acts as a link between the other type of particulate
matter (PM2.5AA) and sulphur dioxide (SO2). It is important to note that the formaldehyde
variable (FOR) does not appear in any of the above combinations, which may indicate that
its contribution to indoor air quality pollution in nursing homes is not very significant.

Table 6. Significant relationships between variables and bubble diagram.

Combination of Factors Bubble Diagram

RD + DP
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PM10AA + SO2

Carrying out a multivariate cluster or conglomerate analysis, the best combination
obtained for the AACC, separated into four groups with all possible combinations with the
other 12 variables under study, is the combination obtained with respect to the precipitation
variable (PREC). Total significance is not achieved, as can be seen in the Figure 7, because
two groups clearly intersect.
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Figure 7. Greatest significance of all parameters against AACC.

All possible combinations between all variables were tested for a total of 156 combina-
tions. The most significant cases of dependence are between the variables humidity (AH),
nitrogen dioxide (NO2), precipitation (PREC) and particulate matter (PM10AA), as can be
seen in the following graphs (Figure 8). The graph on the upper left shows the highest
significance between the autonomous communities and all of the variables, although the
relationship between the AACC and the humidity (HA) is not very strong, as there are
intersections between the groups.
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4. Discussion

The analysis carried out in this work indicates that geriatric homes or senior centres
with a capacity of over 100 people in the residence have had the highest number of deaths.
The number of elderly persons who have died is greater in private homes than in public
homes, probably due to a greater shortage of health resources and personnel, due to
their cost.

It was possible to divide both private and public residences, together with the number
of deaths therein, into four groups with common or similar characteristics. The first group
is formed by the communities of Cataluña, Andalucía and Castilla y León. The second
group is formed by Castilla–La Mancha, C. Valenciana, Galicia, Extremadura and País
Vasco. The third group is formed only by the Community of Madrid, and finally, the fourth
group is formed by the rest of the communities.

Establishing a link between atmospheric factors and harmful effects on human health
poses some difficulties. The effects on health are highly variable, and each factor can
generate more than one effect on human beings. The physical agents studied, in addition
to population density, have a clear connection with the number of deaths through ozone
(Table 6). The main meteorological factors that have been shown to have a clear effect
on human health are air temperature, humidity, wind speed, hours of solar radiation,
pressure and precipitation [54,55], many of which were also analysed in this work, and
their dependency relationship was demonstrated.

If the relationship between the number of elderly deaths and the total number of
deaths in each community is taken into account, the communities of Castilla–La Mancha
(14.40%) and Extremadura (14.13%) present the most significant results. If we study
the environmental conditions (physical agents) in these communities compared to their
average values in Spain (AT = 16.6 ◦C, AH = 60.4%, SH = 2739.8 h and PREC = 496.7 mm),
then possible contributors to the higher rates of elderly deaths in these regions emerge:
their relative humidity is higher than the average, temperatures and hours of sunshine are
approximately equal to the average values for the entirety of Spain and, finally, precipitation
is lower than the average. Excessive humidity may favour the proliferation of moulds and
mites, which increase the risk of respiratory infections [56]. Health problems related to



Sustainability 2021, 13, 11898 19 of 23

the presence of heat waves (lower rainfall) have worsened, affecting the most vulnerable
population groups, i.e., the elderly and children, to a greater extent. The communities of
Extremadura and Castilla–La Mancha have a Mediterranean climate type characterised by
hot, dry summers with little rainfall in the summer period and long, milder winters.

Six pollutants were studied: ozone, particulate matter (PM2.5 and PM10), sulphur
dioxide, nitrogen dioxide and formaldehyde. The results of the analysis indicate that the
effects of formaldehyde were not significant. The contribution of this agent to indoor air
quality pollution due to construction materials and furniture in the residence was estimated
at 3–4% [53].

The ozone values in the communities of Extremadura and Castilla–La Mancha are
32% higher than the average for Spain (60.4 µg/m3). Some studies have shown a direct
relationship between daily mortality and tropospheric ozone levels [57]. As tropospheric
ozone concentrations increase above the recommended limit (100 µg/m3), health effects
are exacerbated, so prolonged exposure can have chronic effects on the respiratory system.
These effects may become more pronounced in very hot weather.

The relationship between the two tested types of particulate matter (PM10 and PM2.5)
and sulphur dioxide has high significance (Table 6). Anthropogenic activity is the main
factor influencing air pollution levels on hourly and daily time scales. However, a clear
relationship has also been found between African desert dust intrusions (Saharan air layer)
and the number of times that the daily PM10 limit value is exceeded. The contribution of
these long-range particulate transport processes to the annual average levels of PM has
been especially relevant in the southern and central regions of the peninsula, Melilla and
the Canary and Balearic archipelagos. The average annual contribution of African dust
episodes to PM10 and PM2.5 levels has also been quantified. There is also a large variation
between the north of the peninsula, with annual contributions of 1–2 µgPM10/m3 and <1
µgPM2.5/m3 to the Canary Islands, Melilla and the Balearic Islands, and the south of the
peninsula, with 4–6 µgPM10/m3 and 1–2 µgPM2.5/m3 [58].

The factors with the greatest influence on the temporal variability of PM concentration
levels include locally recorded surges of anthropogenic pollution (mainly traffic emis-
sions, with some industrial exceptions, demolition–construction, domestic and residential
emissions), followed by increases in natural and anthropogenic pollution produced on a
regional scale and by African dust episodes. The highest rates of incident solar radiation
recorded in the summer months favour the formation of secondary particles, as well as
the re-suspension of mineral dust by convective processes in semi-arid environments
in the peninsula, such as the autonomous communities of Andalucia, Extremadura and
Castilla–La Mancha, which have average PM10/PM2.5 values of (23.27/13.27), (21.66/10.66)
and (15/8) in micrograms per cubic metre, respectively. As can be seen from the data, the
community closest to the emission of particulate matter from the Sahara Desert has the
highest values of particulate matter, compared to the community of Castilla–La Mancha,
which is the farthest away, but all of them are strongly affected by this material.

In indoor environments, sulphur dioxide levels are much lower than those outside,
provided that there are no indoor sources that might produce it, such as kerosene stoves,
boilers or chimneys. For this reason, it is not a pollutant that causes major problems
indoors. However, the existence of particles produces a synergistic effect in the presence
of sulphur dioxide, since the combination of these two substances produces a greater
effect than each substance alone. Sulphur oxides also contribute to the formation of acid
rain, as do nitrogen oxides. Murcia and Asturias are the communities with the highest
rates of this pollutant. For the communities with the highest rate of elderly deaths in the
residence/community, this parameter affects very little. The highest incidence occurs in
the community of Extremadura.

The statistical combination of the population density (PD) variable shows that it has
the lowest correlation or significance with all of the variables analysed, so it can be ruled
out as having an influence on the number of elderly persons who died in the homes.
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One more relation that was obtained is the one among precipitation (PREC), humidity
(AH), nitrogen dioxide (NO2) and particulate matter (PM10AA). The concentration of PM10
is strongly related to relative humidity and precipitation (Figure 8, upper right and lower
right, respectively). The higher the precipitation, the higher the humidity and the higher
the particulate matter concentration [59,60]. On the other hand, relative humidity (RH) is
closely related to nitrogen oxide (Figure 8, bottom left). There are several internal sources
of nitrogen oxide emissions. On the one hand, those that occur in outdoor environments
can infiltrate into indoor environments through air change processes. On the other hand,
combustion processes in indoor environments are the main internal source of nitrogen
oxide emissions. The decreases in industrial, transport and commercial activity since the
beginning of the coronavirus outbreak have considerably reduced the levels of atmospheric
nitrogen dioxide (NO2) in the AACC, so it is considered a minor factor in this analysis.
However, the increase in humidity also causes an increase in the concentration of nitrogen
dioxide. For the communities of Extremadura and Castilla–La Mancha, NO2 concentrations
show values of 10.66 µg/m3 and 8 µg/m3, respectively, below the national average of 13.89
µg/m3; these values are within the regulations.

Based on the above discussion, it is difficult to establish precisely to what extent indoor
air quality may affect the health of elderly people in residential homes, as the data related to
exposure and the effect of concentrations are not sufficient. On the one hand, although the
effects of acute exposure to many air pollutants are well known, there are important gaps
in the data concerning long-term exposures to low concentrations and mixtures of different
pollutants. On the other hand, only experience and the rational design of ventilation,
occupancy and residential compartmentalisation will guarantee better indoor air quality.

In the last 20 years, studies on the presence of pollutants in many indoor environments
have shown higher levels than expected. In addition, pollutants different from those present
in outdoor air have been identified. The presence of microorganisms in indoor air can
lead to problems of an infectious and allergic nature. Viruses, as in the case of COVID-19,
can cause acute respiratory diseases, especially in the most vulnerable people, such as the
elderly, particularly those in residences, where the occupation density is usually high and
there is significant air recirculation [60–63].

The ventilation of a building, and thus the ventilation of a nursing home, is measured
in air changes per hour. This means that every hour, a volume of air equal to the volume of
the nursing home enters from the outside; similarly, every hour, a similar volume of air is
expelled from the inside. If there is no forced ventilation, this value usually varies between
0.2 and 2 changes per hour. The concentration of pollutants produced inside the residence
will be lower with high values of air changes, although this is not a guarantee of air quality.
The compromise between air quality and energy efficiency is of great importance, especially
when the residences are private, where the cost factor is very important.

Efforts to reduce the air velocity inside the building, as well as to increase the insulation
and waterproofing of residences, require the installation of materials that can be sources of
indoor air pollution.

In recent decades, the trend towards designing buildings, including nursing homes,
with minimal energy use has led to the development of buildings with very low air
infiltration and exfiltration, implemented through equipment such as HVAC systems,
which has generally enabled higher concentrations of airborne microorganisms and other
types of pollutants. The placement of air inlets near cooling towers or other sources
of microorganisms, in addition to making it difficult to access the HVAC system for
maintenance and cleaning, is a flaw in the design, operation and maintenance that can
affect the health of the occupants, especially the elderly, who live in the building.

5. Conclusions

Based on the data obtained, greater attention should be paid to private residences
with a capacity of over 100 people, where the number of deaths is very high.
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The data show that the physical agents studied, in addition to meteorological factors,
have a clear connection with the number of deaths.

The autonomous communities of Extremadura and Castilla–La Mancha are the most
affected by a high number of COVID-19 deaths in the most vulnerable population groups.

Of the pollutants studied, formaldehyde has the least influence on air quality pollution
(3–4%).

In addition to carbon dioxide, PM10 and PM2.5 have a strong influence in the southern
regions of Spain, Melilla and the Canary and Balearic archipelagos due to dried dust
emissions from Africa.

The population density has the weakest correlation with the other variables, so it may
be possible to omit this variable in subsequent studies.

PM10 concentration is strongly related to relative humidity and precipitation, and
relative humidity is strongly related to nitrogen oxide.

Indoor combustion processes are the main source of nitrogen oxide emissions. In-
creased humidity also leads to increased nitrogen dioxide concentrations.

Special care must be taken with the data on pollutant concentrations in indoor envi-
ronments, which, unfortunately, are often below the actual levels.

It is advisable to increase the number of air changes in residences to improve air
quality, even if this results in higher energy costs. Health should be prioritised over cost.

These issues should be addressed in the design of buildings, particularly those of
nursing homes, where significant deficiencies have been shown in the design of heating,
air-conditioning and ventilation systems.

Authors should discuss the results and how they can be interpreted from the perspec-
tive of previous studies and of the working hypotheses. The findings and their implications
should be discussed in the broadest context possible. Future research directions may also
be highlighted.
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