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Abstract: The pandemic lockdown of the year 2020 has been generally accompanied by an improve-
ment in the air quality. Here, we report data on the effects of lockdown limitations on the air quality
in the metropolitan area of Naples (Italy) by following the evolution of main atmospheric pollutants
over a five-year period and comparing their concentrations in the pandemic year 2020 with the
previous (2018 and 2019) and following (2021 and 2022) two years. In particular, NO2 and PM10
concentrations registered by representative air quality sampling station network and the columnar
features of the aerosol characterized by a sun-photometer are considered. To avoid the possible
influence of Saharan dust transport, which generally affects the observational area, the analysis
has been limited to the days free from such events. Our findings evidence a tendency towards pre-
pandemic conditions, notwithstanding some differences related to partial and temporary restrictions
imposed even in the year 2021. For both near-surface NO2 and PM, the observations confirm a
significant reduction induced by the lockdown in 2020, besides the seasonal changes, and a gradual
tendency towards more typical values in the following years. Also, the columnar aerosol data clearly
highlight a gradual recovery of typical conditions in 2021 and 2022, confirming a peculiar effect of
the pandemic lockdown of the year 2020 on the atmospheric aerosol characteristics that evidences a
striking predominance of the fine component.

Keywords: human impact; air quality; remote sensing; post-lockdown effects; COVID-19

1. Introduction

Human activities display direct impacts on the environment, influencing the balance
of ecosystems. The effects of such alterations on the self-adaptive cycle of the ecosystem
have become increasingly heavy, generating irreversible imbalances and increasing side
effects on the survival of living species [1–5]. Among these human activities, one can quote,
for example, intensive livestock farming, deforestation, and uncontrolled emissions of
greenhouse gases [6–10], which today are unanimously indicated as causes of “climate
change”. Interventions for the mitigation of these changes are still uncertain nowadays and
are expected in future decades, whereas the evidence of catastrophic effects increases [11,12].
During the initial phase of the SARS-CoV-2 pandemic, lockdown measures were settled
in many countries to cope with the spread of the virus, offering a unique opportunity to
somehow clarify the anthropogenic impact on the ecosystem, since in that period, the usual
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human activities were strongly limited. In Italy, as in other parts of the world, free access to
vaccines and compliance with anti-contagion regulations by a large part of the population
progressively led to a situation of gradual and almost total restoration of working and
social activities at the end of the year 2020, although the pandemic was not yet over at the
end of 2021.

Besides the desired effect of reducing the virus circulation, the lockdown period
produced the opportunity to obtain clearer evidence of direct connections between humans
and the environment as a secondary effect, although it only lasted for about 2 months in Italy.
In fact, numerous environmental studies were carried out in different parts of the world,
highlighting water and air quality improvements by comparing observations made during
the lockdown with data referring to the same period in the previous year [13–21]. Changes
in the air quality during the period of lockdown were quantified, studying possible effects
of traffic emissions in Almaty (Kazakhstan), one of the most polluted large cities in the
world [22], as well as in China, the first country struck by the SARS-CoV-2 pandemic [23,24].
The lockdown effects on the atmosphere were observed even in the remote region of the
Himalayas, a focal point zone for addressing climate changes [25].

In a previous report, soon after the lockdown phase, we investigated its effects on
the air quality and the composition of the atmospheric aerosol in the metropolitan city of
Naples [26]. By comparing air quality data registered during the lockdown with those
of the previous years, we gained evidence of a significant reduction in NO2, CO, and
SO2 in predominantly urban or industrial areas of the city, correlated with the reduction
in secondary processes and the emission sources of these pollutants. We observed a
simultaneous, drastic increase in the fine component in the volume size distribution of the
aerosol in the atmospheric air column. Strikingly, few studies seem to have examined the
variation in the air quality in the post-lockdown phase in the Mediterranean area [27,28].
This motivated us to analyze the occurrence of changes in local air quality during the
recovery phase of human activities by comparing atmospheric parameters over the five-
year period from 2018 to 2022 with the pandemic year sitting in the middle.

In continuity with our previous study, which considered the changes that occurred in
the pandemic year 2020 with respect to the previous year, we considered both near-surface
and remote sensing data over a longer period. In particular, ground level concentrations
of PM10 and NO2, provided by monitoring stations of the agency for the environment of
the Campania Region [29] located in the city of Naples, were used for the near-surface
characterization, whereas the microphysical properties of the atmospheric particulate inte-
grated over the column were characterized by resorting to the AERONET (Aerosol Robotic
NETwork) sun-sky-lunar photometer located at the University of Naples Federico II.

2. Materials and Methods

Data collected from in situ and remote sensing instruments were separated into two
temporal subsets, defined in analogy with the lockdown and pre-lockdown periods that
occurred in 2020 and were considered in our previous work [26]. In this respect, it is worth
recalling that the pandemic lockdown in the Campania Region lasted from 13 March 13 to
4 May 2020.

Due to its location, the city of Naples is affected by frequent dust transport events from
the nearby Saharan regions that can strongly influence experimental findings. Therefore, in
order to carry out an analysis free from such atmospheric aerosol components, we identified
the days affected by dust events by using the daily dust forecast model provided by the
Barcelona Supercomputing Center (https://dust.aemet.es/ accessed on 14 June 2024) and
subsequently verifying the relative aerosol sources through air mass back-trajectories calcu-
lated by the HYSPLIT dispersion model (https://www.ready.noaa.gov/ accessed on 14
June 2024) provided by NOAA Air Resources Laboratory (ARL). Hence, days recognized as
being affected by Saharan dust events were removed from the datasets used in the analysis.

Besides Saharan dust events, meteorological conditions might also have an influence
on the experimental findings. In fact, changes in weather conditions can lead to a mod-
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ification of pollutant emissions, thus affecting air quality. In order to take into account
the possible influence of meteorological conditions on the measured data, we partially
followed the procedure described by Shi et al. in [30]. In the following analysis, the first
period, indicated as “Pre-Lockdown”, refers to the time interval from 1 January to 12 March
of each year. For the second period, corresponding to the time interval for which lockdown
occurred in the year 2020, the first week was skipped and pollutant data collected in the
time range spanning from 20 March to 30 April, dubbed as “Lockdown”, were considered.
The corresponding data values were labelled as P-(year) and L-(year), where “(year)” de-
notes the year to which they refer to. The two P and L temporal datasets were formed both
for the pandemic year 2020 and for the previous and following two years (i.e., 2018, 2019,
2021, and 2022), in which there were no strict confinement regulations at the national level,
for the sake of comparison of the air quality parameters over the five-year period.

2.1. Near-Surface Data

As in our previous work, we considered data at ground level provided by several
representative sampling stations of the Agenzia Regionale per la Protezione Ambientale in
Campania (ARPAC) monitoring network. Here, we focused and restricted our analysis to
PM10 and NO2 values registered in three representative locations of the city. This choice
was primarily motivated by the key role of NO2, which has been identified not only as a
principal indicator of pollution resulting from human activities but also as being among
the most harmful to health, due to the strong correlation between high levels of NO2
and increase in mortality risk [31,32]. Moreover, PM is also an important indicator of
air quality, with both important environmental and health impacts. The three sampling
stations selected are representative of different parts of the city. The first one is located
in the suburban green area annexed to the Astronomical Observatory (AO), sitting in the
hilly area of Capodimonte, and it is mainly representative of a natural area affected by
contamination of anthropogenic activities, even to a minimal extent. The other two stations
are instead situated in two areas characterized by a predominance of processes and aerosols
related to urban activities and traffic or associated with activities connected to the presence
of industries, respectively. In particular, the station located at the National Museum (NM)
is in the city center, while the one at Argine Street (AS) is close to the industrial district of
the eastern suburbs of Naples.

Even if PM10 is more linked to the coarse anthropogenic and coarse natural aerosols
(desert dust, volcanic plume), while PM2.5 is more affected by anthropogenic primary
emissions and secondary processes triggered by combustion, both PM indicators can be
affected by concentrations of particles originating from vehicles. Here, we chose to focus
on the PM10 variation after removing the main natural aerosol source; in fact, due to the
different background of the investigated city areas, the change in PM2.5 was not visible in
all sampled sites but only in the busiest area (MN), in agreement with the experimental
findings of Speranza and Caggiano [33].

Following our previous analysis, the NO2 and PM10 content at ground level for the
period from January to April 2020 was compared with the values observed during the
same temporal interval of the years 2018, 2019, 2021, and 2022. In each year and for the
P and L datasets, we separately analyzed the variation over the five-year period of the
daily average of the two pollutant concentrations xP and xL, measured by the three ARPAC
stations. Then, the behavior of the relative variation ∆xr = (xL − xP)/xP between the two
periods was analyzed. This last choice was made to avoid any bias in the analysis due to
transition phases in the atmosphere.

2.2. Remote Sensing Data

Information on the atmospheric column was obtained by resorting to aerosol data
provided by the sun-sky-lunar photometer (CIMEL E318T), which has operated in the
frame of the global AERONET network decree [34] since 2016 and is located at the Center
for Metrological and Technological Services (CeSMA) of the University of Naples Federico
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II. AERONET is a federation of more than 400 ground-based sun-sky-lunar photometers
placed in more than 50 countries over the world, measuring aerosol radiative, optical, and
microphysical proprieties for continuous atmospheric characterization on local and global
scales. The sun-sky-lunar photometer is particularly relevant since the data registered at
ground level may not be completely illustrative of the atmospheric situation [35]. Moreover,
the parameters retrieved from the sun-sky-lunar photometer remote sensing observations
also provide interesting information on the optical and microphysical properties of the
aerosol. This instrument collects data at 8 different wavelengths in the spectral range from
340 to 1640 nm and allows us to characterize the columnar aerosol properties through
inversion procedures [36], providing columnar aerosol optical depth (AOD) and many
other AOD-related products.

For such an analysis, we considered the values of the AOD at 440 nm for quantitative
information on the aerosol abundancy; in fact, this parameter is reliable and useful to
remotely investigate aerosol load and distribution in the atmosphere [37,38]. In particular,
the AOD is proportional to the absorbing and scattering particle total loading over the whole
atmospheric column and depends on the aerosol mass concentration, size distribution,
shape, and complex refractive index. Its wavelength dependence varies with aerosol source
and characteristics and can be used to distinguish different aerosol types; it is known
that fine-mode particles cause larger variations in the AODs at shorter wavelengths than
those caused by coarse-mode particles [38]. The AOD spectral variability is characterized
by the Ångström exponent α, defined as α = −log(AODλ1/AODλ2)/log(λ1/λ2), λ1 and
λ2 being two different wavelengths [39]. This parameter depends on the aerosol size
and increases as the particle size decreases. The columnar α values, estimated from the
AOD ratio at 440 nm/870 nm, can be reliably used for a characterization of the aerosol
typology [40] and are typically exploited because they provide information on the coarse
versus fine mode aerosol relative influence [41]. Moreover, the particle size distributions
per volume, defined as (dV(r))/(dln(r)) = V(r) dN(r)/dln(r) (in µm3µm−2, where r is the
particle radius and dN(r)/dln(r) is the particles number distribution), was also analyzed
to highlight any change that occurred in the aerosol fine and coarse mode fractions [42].
These aerosol parameters were obtained by the level 1.5 (cloud-screened) AERONET data
(https://aeronet.gsfc.nasa.gov/ accessed on 19 April 2024) [43,44]. As already stated above,
Saharan dust events were removed from the dataset, and the data from January to April of
each year were collected in two subsets corresponding to the P and L time intervals. The
final statistical datasets comprised 32 and 12 daily mean values for the P and L intervals
in 2018, 46 and 31 for 2019, 22 and 7 for 2020, 31 and 29 for 2021, and 50 and 17 for
2022, respectively.

3. Results

Hereafter, we illustrate the results of our analysis on the air quality in the period
from January to April for the years 2018, 2019, 2021, and 2022, comparing the data with
the corresponding values registered in the same period of the year 2020, affected by the
pandemic spread and lockdown. We will first discuss the data obtained from the daily
averaged values of the major pollutants NO2 and PM10 registered at ground level by the
three selected ARPAC monitoring stations. Then, we will discuss the results for the air
column obtained by the sun-sky-lunar photometer. In both cases, we will carry out a
comparison highlighting the changes occurring in the parameters of the air quality over
the five-year period.

We first discuss the observation related to NO2. Figure 1 reports the data of the NO2
concentration registered by the three ARPAC stations in the pre-lockdown (a) and lockdown
(b) periods defined above in terms of statistical box plots, as well as their relative variations
(c) for the five years under study. The number of days for each year on which NO2
measurements were available were between 40 and 70 for each station for pre-lockdown
periods, while up to 30 days of measurement were available during lockdown periods.
Figure 1a shows that in the pre-lockdown period, NO2 did not exhibit noticeable change

https://aeronet.gsfc.nasa.gov/
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over the five years besides the lower values registered at the Astronomico Observatory
(AO), which was located in an area less affected by anthropogenic activities with respect to
the other two stations. Instead, the data of the lockdown period in Figure 1b evidence a
clear reduction in NO2 in the pandemic year 2020. In particular, one can observe an almost
twofold reduction in NO2 for all three stations, and the two sampling stations located in
the areas of the city more influenced by urban and industrial activities display values close
to what is normally registered by the Astronomico station, which is representative of a
more natural area characterized by a lower anthropogenic influence.
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Figure 1. Daily averaged values of the NO2 concentration as a function of the year for the pre-
lockdown (panel (a)) and lockdown (panel (b)) periods and relative variation (panel (c)) as registered
at the three sampling stations: Argine (blue), Astronomico (red), and Museo (yellow). The central
line inside the box is the median, while the black dot is the mean. The box spans from the 1st quartile
(Q1) to the 3rd quartile (Q3), showing the middle 50% of the data, while whiskers extend from the
smallest to the largest values within 1.5 times the IQR, defined as the length of the box.
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Figure 1c displays the relative variations for the NO2 data registered by the three
ARPAC stations in terms of statistical box plot, evidencing a clear negative variation in
the pandemic year. The presence of this minimum suggests that the reduction in the NO2
values for the year 2020 during the lockdown phase is greater than that due to any seasonal
variation. Furthermore, the reduction in the pandemic year is of the same order for all
three stations, thus suggesting that the observed decrease is independent of the specific
features inherent to each measurement area; indeed, it highlights the peculiar conditions
that occurred during the pandemic lockdown of the year 2020. Finally, Figure 1 provides a
rather robust confirmation of the uniqueness of the year 2020 and displays a clear recovery
trend towards a pre-pandemic situation for NO2 in the following two years.

The observed variations in NO2 (in percentage, reductions between 35% and 60%
between 2020 and the other years during lockdown) result in good agreement with those
reported in several previous studies [45,46]; for instance, satellite data revealed that the
reduction in the total NO2 content in the vertical atmospheric column in 2020 reached
values as high as 20–40% over China, India, Malaysia, Europe, South America, and the
USA [47,48]. Moreover, a 34.0% reduction in NO2 concentration was estimated on the global
scale by using data derived from 458 air monitoring stations on five continents [49]. Finally,
the twofold decrease in NO2 observed above is consistent with the reduction observed over
the Campania region by sampling stations located in both urban and suburban areas or in
zones affected by city traffic [27].

We turn now to the analysis of the behavior of PM10. The amount of available
daily data is very similar to that for NO2. Figure 2 reports statistical box plots of the
PM10 concentrations registered in the pre-lockdown (Figure 2a) and lockdown (Figure 2b)
periods, defined above by the three ARPAC stations, as well as their relative variations
(Figure 2c). Different to NO2, the five-year comparison does not seem to show a significative
difference for the pandemic year with respect to the two previous and following years.
However, it is interesting to note that in the pandemic year 2020, the maximum values of
the PM10 concentration registered by the three stations in the lockdown period are lower
than those for pre-lockdown, with the largest decrease occurring for Argine, the closest
to an industrial area, followed by Museo, representative of the city center, and then by
Astronomico. Moreover, the mean and median values of PM10 decreased by almost two
times for the Argine and Museo stations, whereas for the Astronomico sampling station,
they remained at almost similar levels.

Figure 2c shows the relative variation in PM10. Even in this case, one can observe
the presence of a dip in the five-year trend for the pandemic year 2020 for the Argine and
Museo stations, like what was observed for NO2. For the Astronomico station, this effect
is less evident; such a singular behavior might be related to the specificity of the site and
agrees with what was observed in our previous work [26], where the variation in PM10
was lower or even positive (increase) in the more natural areas. The variation between 2020
and other years during lockdown periods reaches values as high as 50%.

Summarizing the near-surface characterization, NO2 presents a clear reduction in the
pandemic year and can be assumed to be a key indicator of the changes induced by the
restrictions set up during the lockdown period. In fact, anthropogenic sources of NO2
are primarily emissions from transportation and fuel combustion that derive mainly from
vehicle exhaust gases in urban areas [31]. The influence of the changes due to the lockdown
on PM10 are less evident, because it is originated by a wide range of anthropogenic and
natural sources. The residential heating and the domestic consumption variation related
to people forced to stay at home may have affected the PM10 variation [50–52]. Moreover,
the particulate matter is more affected by long-distance transport of particles of natural
sources [53] and has a different residence time in the atmosphere with respect to gaseous
pollutants. For this reason, it is understandable that PM10 is less affected by the variation
in the anthropogenic activities. Therefore, even if we have excluded days with Saharan
dust events in our analysis, the contribution coming from natural sources can still play a
role. However, some changes are clearly also evidenced for PM10, suggesting a variation
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in its characteristics that will be further addressed in the next section, which is related to
the columnar properties of the atmospheric aerosol.
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lockdown (panel (a)) and lockdown (panel (b)) periods and relative variation (panel (c)) as registered
at the three sampling stations: Argine (blue), Astronomico (red), and Museo (yellow). The central
line inside the box is the median, while the black dot is the mean. The box spans from the 1st quartile
(Q1) to the 3rd quartile (Q3), showing the middle 50% of the data, while whiskers extend from the
smallest to the largest values within 1.5 times the IQR, defined as the length of the box.

Table 1 reports the mean values of AOD and α registered by the sun photometer
measurements. From Table 1, one can observe that the values of both AOD and α are
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consistent within the statistical uncertainty in each interval associated with the various
years; this makes it difficult to understand a possible trend. In an attempt to gain a more
reliable characterization of the type of atmospheric aerosol present in the air column, the
relationship between the α and AOD data can be exploited, as highlighted in [38]. Therefore,
Figure 3 reports the scatter plots of the two parameters α and AOD for the two periods
P and L in the five-year interval, extending the comparison carried out in our previous
work [26]. The panel for the pandemic year 2020 is located in the middle of Figure 3 for
easiness of comparison.

Table 1. Mean values of AOD and α registered by solar measurements in the two temporal periods P
(1 January–12 March) and L (20 March–30 April) for the years 2018, 2019, 2020 (pandemic year), 2021,
and 2022.

AOD α

Year P L P L

2018 0.13 ± 0.01 0.23 ± 0.03 1.2 ± 0.8 1.2 ± 0.1

2019 0.16 ± 0.02 0.19 ± 0.02 1.30 ± 0.06 1.43± 0.07

2020 0.18 ± 0.01 0.28 ± 0.04 1.64 ± 0.06 1.4 ± 0.1

2021 0.15 ± 0.02 0.18 ± 0.01 1.28 ± 0.07 1.35 ± 0.05

2022 0.13 ± 0.01 0.21 ± 0.03 1.53 ± 0.04 1.3 ± 0.1
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Figure 3 highlights the absence of data for the period L of the lockdown year 2020 in
the yellow box identified by the extremes 0 ≤ AOD ≤ 0.2 and 0 ≤ α ≤ 1.5 as compared to
the other four years (2018, 2019, 2021, and 2022). Differently, the yellow box is populated
by 19 points for the P period and 5 points for the L one in 2018, 27 points in P-2019 and
9 in L-2019, 18 points for P-2021 and 14 for L–2021, and 17 points in P-2022 and 9 in L-
2022. The highlighted range corresponds to atmospheric conditions characterized by large
particles (lower α values), generally associated with local soil particle uplift and polluted
marine aerosol components, and large and fine anthropogenic particles, associated with
vehicle emissions and anthropogenic activities [54,55]. The figure evidences an almost total
reduction in a particular aerosol component whose origin can be ascribed to anthropogenic
activities [26]. The recovery of such an aerosol component is also reflected in the volume
size distribution, as illustrated hereafter.

Also in this case, the data referring to the days affected by dust events were removed,
and the daily distributions were averaged over the observation periods. Prior to illustrating
the data, we recall that in 2020, an almost threefold increase in the fine aerosol component
was observed in the Naples urban area as a characteristic feature of the changes occurring
in the period of the lockdown L with respect to the previous P one [26]. Interestingly, in the
year 2021, the average size distributions for the two periods P and L shown in Figure 4a are
indeed consistent within the experimental uncertainties. The two curves show very similar
features for both fine and coarse particles, suggesting the absence of significant changes in
the two observational intervals. A similar coherence of the average size distributions in the
two periods was also observed for the years 2018, 2019, and 2022, thus suggesting that the
peculiar behavior observed in 2020 can be reliably ascribed to the effects induced by the
pandemic lockdown. The increase in the fine aerosol component in the atmospheric column
during the lockdown in the year 2020 is clearly discerned in Figure 4b, which reports the
size distributions observed in the five different years for the L interval. The fine component
for the pandemic year 2020 appears markedly different compared to the other four years
(2018, 2019, 2021, and 2022), whose features instead have very similar results. The curves
clearly evidence a remarkable change in the finer fraction of the aerosol, whereas for the
coarser part, the variation is lower and referable to statistical fluctuations. This observation
puts into evidence an unexpected change in the atmospheric aerosol composition in the
period of the lockdown, with a predominance of the finer aerosol fraction.
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Considering that fine and ultrafine fractions of PM have been associated with an-
thropogenic emission sources such as traffic, which suffered drastic decreases during the
lockdown, the observed increase along the atmospheric column in the fine/ultrafine frac-
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tion with respect to the coarse one could be associated with continental origin and more
or less polluted marine components. Moreover, the closeness of the measurement area to
the Solfatara natural source of SO2 may also have contributed to sub-micron secondary
sulphate aerosol injection in the atmosphere [26].

4. Conclusions

In summary, here we extended our previous work on the air quality and aerosol
compositional changes in the city of Naples due to the pandemic lockdown of the year
2020 [26]. This was addressed by following some air quality parameters over a five-year
period centered on the year 2020. Our analysis allows us to further evidence the peculiar
situation that occurred during the lockdown and addresses how the recovery of human
social and industrial activities impacted the urban air pollution levels in the following
years. Hence, it provides a unique opportunity to give clear evidence of the influence of
human activities on the air quality.

The analysis was carried out by resorting to both NO2 and PM10 mean concentration
levels measured at ground level in key points of the city and columnar data of the optical
and microphysical aerosol properties provided by a sun photometer. NO2 and PM10
data registered at ground level in the five-year period from 2018 to 2022 were analyzed,
excluding days corresponding to the Saharan dust events typically occurring in the mea-
surement area. The experimental findings address a significant relative reduction in NO2,
consistent with other reports, as well as a peculiar behavior of PM10, whose mean value
at ground level seems to be less affected, but with an overall reduction in the maximum
values registered in the lockdown period with respect to the same periods of the other four
years. This observation suggests a change in the characteristics of the particulate matter
at ground level, which is also associated with an intriguing compositional change in the
atmospheric particulate that evidences a prevalence of the finer component in the lockdown
period of the pandemic year 2020. These findings ascertain a clear influence of the changes
in anthropogenic activities on the air quality during the lockdown period. The columnar
properties of the atmospheric aerosols highlighted the absence of data corresponding to
larger aerosols (α ≤ 1.5) in clear atmospheric conditions (AOD ≤ 0.2) for only the 2020
lockdown period. The increase in the fine aerosol component in the atmospheric column
during this period is also clearly evidenced in the aerosol size distributions. In particular,
our findings highlight a predominance of finer atmospheric aerosols (mean radius of about
0.11 µm) during the lockdown in the year 2020 only, as a consequence of a change in the
atmospheric aerosol composition.

The result obtained could be associated with local characteristics related to the pres-
ence of fumarolic aerosols due to the persistent activity of the Solfatara volcano and
the consequent transformation into fine particulates of secondary aerosols produced in
the atmosphere.

In conclusion, our findings highlight a significant reduction in NO2 and PM10 levels
during the 2020 lockdown, with a gradual return to pre-pandemic levels in subsequent
years. These findings underscore the impact of human activities on air quality and the
potential benefits of emission reduction strategies, as they show a clear, short-term air
quality improvement during the 2020 lockdown associated with a change in the mean
dimension of the atmospheric aerosol; in fact, the resumption of social and industrial
activities is accompanied by a recovery towards previous levels of both the pollution
degree in the city and the aerosol properties in the atmospheric column. The analysis
of the post-pandemic period confirms that, besides the undesired effects on human life,
the lockdown represented a remarkable event, emphasizing both the direct influence of
anthropic activities on the air quality and environment and the need for the development
of smarter cities and policies to limit their impact.
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