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Abstract: During the new coronavirus infection outbreak, the application of strict containment mea-
sures entailed a decrease in most human activities, with the consequent reduction of anthropogenic
emissions into the atmosphere. In this study, the impact of lockdown on atmospheric particle number
concentrations and size distributions is investigated in two different sites of Southern Italy: Lecce
and Lamezia Terme, regional stations of the GAW/ACTRIS networks. The effects of restrictions are
quantified by comparing submicron particle concentrations, in the size range from 10 nm to 800 nm,
measured during the lockdown period and in the same period of previous years, from 2015 to 2019,
considering three time intervals: prelockdown, lockdown and postlockdown. Different percentage
reductions in total particle number concentrations are observed, −19% and −23% in Lecce and −7%
and −4% in Lamezia Terme during lockdown and postlockdown, respectively, with several variations
in each subclass of particles. From the comparison, no significant variations of meteorological factors
are observed except a reduction of rainfall in 2020, which might explain the higher levels of particle
concentrations measured during prelockdown at both stations. In general, the results demonstrate an
improvement of air quality, more conspicuous in Lecce than in Lamezia Terme, during the lockdown,
with a differed reduction in the concentration of submicronic particles that depends on the different
types of sources, their distance from observational sites and local meteorology.

Keywords: COVID-19; lockdown; reduced emissions; air quality; nanoparticle concentrations

1. Introduction

The year 2020 will be remembered as the year in which the entire human race was hit
by an unknown pandemic: COVID-19. The new coronavirus infection was first identified
on 30 December 2019 in China but quickly expanded to other countries, including Europe
and the United States, reaching global proportions. Cases rapidly spread in Italy, France
and Spain, and on 11 March 2020, the World Health Organization declared it a global
pandemic [1]. The governments of many countries, including the Italian government, since
the end of February 2020, have adopted increasingly stringent measures in order to try
to isolate infected cases, slow down its rate of spread and stop the transmission of the
virus [2]. New restrictions such as a reduction in personal travel, social activities (restau-
rants, theaters, cinemas and sports) and the closure of activities in commercial, industrial
and transport (road and air) sectors were imposed. Only some mandatory activities have
been partially maintained. Consequently, this has resulted in the decline of most of the
polluting sources and a reduction in anthropogenic emissions into the atmosphere. A
substantial improvement in air quality was observed in several European countries [3–10],
and the skies of many polluted cities around the world quickly have become blue, in
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some cases for the first time in people’s lives. The reduction of concentrations of the
main pollutants, from particulate matter (PMx) to carbon monoxide (CO), nitrogen dioxide
(NO2) and sulfur dioxide (SO2), was measured especially in metropolitan areas subject to
intense traffic [11]. For instance, Kumari et al., [12] analyzed the effects of lockdown on
air quality in 12 major cities around the world, reporting notable reductions in PMx, NO2,
SO2 and O3 concentrations. Similarly, Sharma et al. [13] found an improvement in the air
quality of 22 Indian cities due to a reduction in the emission levels of PMx, CO and NO2.
Pata [14] recorded a decrease of PM2.5 emissions in eight different US cities during the
pandemic, and Agarwal et al. [15] observed a drastic reduction of atmospheric pollution
in six megacities of India and six cities of China. Habibi et al. [7] found high reductions,
63% (Wuhan, China), 61% (Lima, Peru) and 61% (Berlin, Germany), of NO2, CO and PM2.5
levels, respectively.

On the other side, as documented by space observations and ground-based in situ mea-
surements [16–18], the timing and the magnitude of pollutant decreases differed according
not only to lockdown measures applied in each country but also to the typology of emission
sources, atmospheric chemistry reactions and meteorological conditions [19–22]. By the
end of May, lockdown restrictions were relaxed and some economic activities restarted,
consequently diminishing the pandemic’s effects on atmospheric emissions.

Italy was one of the most severely affected countries in the first phase of the pan-
demic and one of the first in Europe to have adopted restrictions measures to contain the
transmission of the virus. This represented an unprecedented opportunity to investigate
the impact of lockdown restrictions on air quality, especially in the most polluted Italian
cities [8,23,24].

Despite numerous studies on the impact of lockdown on air quality, to date, few
investigations have been performed on the reduction of aerosol particle number concen-
tration [25–27], which, as well known, presents a better indicator of air quality and health
effects of particulates compared to mass concentrations [28,29]. For this purpose, in this
study, we evaluated the impact of the COVID-19 pandemic outbreak on atmospheric
particles, investigating the variation in size distribution and number concentrations of
submicron particles before, during and after the lockdown, in two cities of southern Italy.
In comparison with analog periods in the previous five years, we quantified the differences
and verified if this reduction occurred to a similar degree in both sites. We also explored
additional factors such as the effect of local and mesoscale weather patterns (temperature,
relative humidity, precipitation and wind speed and direction) that may have influenced
the ground-level concentration number and the differences observed between the two
periods in the two sites.

2. Methodology: Sites and Instruments
2.1. Study Area

The study was conducted at two observatories, Lecce (ECO, 40.20 N, 18.07 E) and
Lamezia Terme (LMT, 38.88 N, 16.23 E), both regional stations of GAW/ACTRIS Networks
(Figure 1). Lecce, with 95,000 inhabitants and an area of 238 km2, is a town in Puglia’s
Salento peninsula, and Lamezia Terme (usually called only Lamezia) is a small town of the
Calabria region that covers an area of 160 km2 and has a population of 70,452 inhabitants.
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Figure 1. Position of the two environmental observatories analyzed in this work: Lamezia Terme (LMT) and Lecce (ECO).

The ECO observatory (40.3◦ N 18.1◦ E; 36 m a.s.l.) is positioned on the roof of the
Institute of Atmospheric Sciences (ISAC-CNR), inside the University Campus [30]. This
urban background site is located about 5 km southwest of the municipality of Lecce, roughly
500 m away from important provincial roads, and subject to intense traffic volumes, which
combine with the traffic inside the campus. Emissions from vehicular traffic and biomass
combustions are among the main local sources of pollution in the site to which are added
both natural and anthropogenic long-range contributions [31].

The LMT observatory (38.8◦ N 16.2◦ E; 6 m a.s.l.) is a coastal site located about
10 km from the urban city and about 600m inland the Tyrrhenian coastline. This area,
classified as a suburban site, is affected by anthropogenic pollution emissions arising
mainly from the agriculture and transport sectors, such as vehicular traffic, the nearby
airport and cruises from/to Gioia Tauro. Due to its coastal location and rather flat terrain,
air pollutants generated in the city area are often diluted efficiently by wind from the
sea. Local meteorology is indeed influenced by a complex system of breezes that develop
perpendicularly to the coast, determining a daily variability of atmospheric circulation and
the development of vertical structures inside the planetary boundary layer [32], except
during perturbations, prevalently from West–Northwest (sea) and less often from East–
Northeast (land), where, in both cases, background influence is more relevant [33].

2.2. Measurements Method

Measurements were collected at the ECO and LMT observatories using the same in-
strument: a TROPOS-type custom-built MPSS [34], designed and manufactured according
to EUSAAR/ACTRIS. The two MPSS are equipped with a bipolar diffusion charger, a
differential mobility analyzer (Vienna-type DMA, 28 cm length) and a condensation parti-
cle counter (CPC, model: TSI 3772, TSI Inc., Rome, Italy). The two instruments measure
the number size distribution of particles between 10 and 800 nm by counting particles
of the different sizes that are selected based on their electrical mobility and complete a
measurement in 5 min. To check the performance of both instruments, daily maintenance,
calibration and quality control were done applying the same standard operating proce-
dure [35]. All data were corrected for diffusional particle losses and negatively charged
particles according to the recommendations by Wiedensohler et al. [35].

Meteorological parameters, namely temperature (T) relative humidity (RH), rain,
wind speed (WS) and direction (WD), were monitored by two identical automatic weather
stations, a Vaisala WXT 520 (Vaisala Oyj, Helsinki, Finland) located in each observatory.
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3. Results and Discussion
3.1. Variation of Particle Number Concentrations

For each observatory, particle number concentration (PNC) was analyzed considering
three different time intervals, each characterized by ~10 weeks: before lockdown (BLD),
from 1 January to 9 March 2020; during lockdown (LD), from 10 March to 17 May 2020; and
postlockdown (PLD), from 18 May to 31 July 2020. The same time intervals were analyzed
for the previous years, from 2015 to 2019, considered as the reference period (REF).

The estimation of total PNC and its subfractions helped us to investigate the roles of
various sources. Total particle number size distribution was assumed to have three main
modal structures, namely a nucleation mode (Dp < 20 nm; Dp = particle diameter), an
Aitken mode (20 nm < Dp < 100nm) and an accumulation mode (100 nm < Dp < 800 nm).
The preliminary data evaluation, comprising arithmetic means ± 1 standard deviation and
medians and percentiles (25–75th) of PNC obtained in the two sites, is summarized in Table
1. Differences between 2020 and the reference years were tested by the Mann–Whitney U
test. All statistical tests were two sided, and p < 0.05 was considered statistically significant.

Table 1. Arithmetic means ± 1 standard deviation and medians (25–75th) percentiles of the total (10 nm < Dp < 800 nm),
accumulation (100 nm < Dp < 800 nm), Aitken (20 nm < Dp < 100 nm) and nucleation (Dp < 20 nm) number concentrations
(cm−3) for the reference (2015–2019) and 2020 years.

ECO REF 2020

BLD LD PLD BLD LD PLD

NTOT
(9.5 ± 2.3) × 103

6840 (3980–12,800)
(6.9 ± 1.5) × 103

5550 (3580–8740)
(6.7 ± 0.9) × 103

5560(3830–8200)
(10.3 ± 4.1) × 103

7580 (4330–1500)
(5.6 ± 2.3) × 103

4400 (2810–7030)
(5.1 ± 2.3) × 103

4160(2875–6470)

NACC
(2.7 ± 1.2) × 103

1280 (701–3300)
(1.8 ± 0.5) × 103

1310 (800–2140)
(1.8 ± 0.4) × 103

1620 (1080–2340)
(3.2 ± 2.2) × 103

1560 (733–4590)
(1.8 ± 1.1) × 103

1210 (734–2140)
(1.2 ± 0.5) × 103

1040 (709–1500)

NAIT
(5.3 ± 1.2) × 103

3780 (2250–6910)
(3.8 ± 0.8) × 103

2990 (1940–4750)
(3.2 ± 0.4) × 103

2730 (1870–4040)
(5.7 ± 2.1) × 103

4060 (2280–7880)
(3.1 ± 1.3) × 103

2400 (1560–3820)
(2.6 ± 0.9) x103

2220 (1500–3410)

NNUC
(1.5 ± 0.4) × 103

894 (460–1790)
(1.4 ± 0.3) × 103

770 (378–1600)
(1.6 ± 0.5) × 103

762 (387–1590)
(1.5 ± 0.7) × 103

799 (425–1640)
(0.6 ± 0.5) × 103

290 (139–682)
(1.3 ± 0.9) × 103

530 (254–1200)

LMT REF 2020

BLD LD PLD BLD LD PLD

NTOT
(5.6 ± 1.6) × 103

3567(1818–7284)
(5.5 ± 1.9) × 103

3663 (2510–6089)
(4.5 ± 1.2) × 103

3154 (2296–5200)
(6.7 ± 3.4) × 103

4303 (2325–9043)
(5.1 ± 1.8) × 103

4028 (2592–6238)
(4.4 ± 1.5) × 103

3146 (2208–5032)

NACC
(1.2 ± 0.5) × 103

690 (338–1436)
(1.3 ± 0.5) × 103

1067 (600–1533)
(1.1 ± 0.2) × 103

1142 (799–1439)
(1.5 ± 0.8) × 103

1010 (535–1844)
(1.2 ± 0.6) × 103

1044 (650–1633)
(0.7 ± 0.2) × 103

660 (502–921)

NAIT
(2.8 ± 0.8) × 103

1812 (903–3471)
(2.7 ± 1.0) × 103

1914 (1293–3089)
(2.0 ± 0.6) × 103

1502 (1061–2393)
(3.1 ± 1.5) × 103

2020 (1152–4082)
(2.5 ± 0.8) × 103

2073 (1390–2923)
(2.1 ± 0.9) × 103

1680 (1190–2352)

NNUC
(1.7 ± 0.6) × 103

765 (302–1966)
(1.5 ± 0.9) × 103

613 (193–1573)
(1.3 ± 0.7) × 103

474 (100–1465)
(2.1 ± 1.6) × 103

978(369–2514)
(1.4 ± 0.9) × 103

644 (246–1573)
(1.6 ± 0.9) × 103

682 (228–1856)

Temporal variability of daily number concentrations during the study period is shown
in Figure 2, where data collected during the year 2020 (orange lines) and daily average
values collected during the reference period, gray and blue lines for the ECO and LMT
sites, respectively, are compared.
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Figure 2. Comparison of daily variation of particle number concentration (PNC) for each size range (Nnuc (Dp < 20 nm),
Naitk (20 nm < Dp < 100 nm) and Nacc (100 nm < Dp < 800 nm)) at ECO (on the left) and LMT (on the right). The red lines
refer to 2020, and the gray and blue lines refer to reference years (2015–2019), respectively.

Due to technical/maintenance problems, at the end of April and June 2020, some
measurements at the LMT site were not carried out, as shown in Figure 2 (missing data). At
a glance, we can observe a similar trend in both sites; in fact, the contribution of each size
mode to the total particle remains almost unchanged between 2020 and the reference years.
The average contributions of nucleation, Aitken and accumulation particles to total PNC
in ECO were, respectively, 12–25%, 48–56% and 26–32%, and in LMT, they were 27–35%,
44–50% and 16–24%. In both sites, total number concentrations were dominated by the
Aitken particle fraction, which is in agreement with several studies [36–38]. The largest
contribution of Aitken mode particles highlights that both sites are affected by aerosol
emitted by traffic and the burning of biomass, especially in cold months, where this last
emission source is more relevant according to previous source apportionment analysis [31].
After Aitken particles, the highest percentage of accumulation mode particles, resulting
from aged aerosol, road dust resuspension and brake wear, may be due to the proximity of
ECO site to the roads, while the highest percentage of nucleation mode particles in LMT
indicates that the site is mainly affected by fresh particles. We think that the effects of
the different distances of the sites from the main anthropogenic sources as well as local
meteorology play a decisive role in the type of observed particles and their concentrations.

The variability of ambient submicronic particle size and concentrations depends on
the dispersion conditions governed by wind speed and direction, temperature and the local
orography, which favor the exchange of polluted air within the lowest part of the urban
boundary layer [39,40]. Looking at the data, it can be seen that the total particles at the
ECO (7.7 × 103 cm−3) averaged about 1.5 times the level recorded at LMT (5.2 × 103 cm−3)
during the reference years.

In order to assess the emission changes due to the reduction of anthropogenic activities,
the relative percentage differences between 2020 and the reference years were derived by
means of the PNC variation calculated as follows:

PNCvariation = [(PNC20 − PNCref) /PNCref] × 100
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where PNC20 and PNCref represent the particle number concentration related to 2020 and
the reference years, respectively. The percentage change was calculated for each mode
and is shown in Figure 3. During the lockdown period, the ratio was −53%, −17% and
+4% in ECO and −6%, −9% and −2% in LMT, for Nnuc, Naitk and Nacc, respectively. The
ECO site exhibited a more marked reduction (statistically significant for Nnuc p < 0.0001
and Naitk p < 0.0003) than LMT (not statistically significant), probably because the area
is particularly affected by emissions from road vehicles [30], whose use was very limited
during the lockdown. According to road mobility data, an average reduction in vehicles of
−55% in Lecce and −50% in Lamezia was observed during the lockdown period. Daily
reductions, by country, retrieved by the online platform developed for Italy by EnelX and
Here [41], are normalized against a baseline taken as a median and corresponding to the
five-week period before the lockdown.

Figure 3. Percentage variation ratio for both sites, ECO and LMT, during the three time windows for each size class: Nnuc

(Dp < 20 nm), Naitk (20 nm < Dp < 100nm) and Nacc (100 nm < Dp < 800 nm).

The effect of reduction in traffic emissions was still evident during the PLD period,
mostly in ECO (statistically significant for each fraction), as shown by the unaffected
percentage (−18%) of Naitk and the increased percentage (−33%) of Nacc, arising also from
fine mineral/soil dust linked to road traffic [42]. Online data shows that the postlockdown
period starts with a reduction in vehicles of −12% in Lecce and −28% in Lamezia.

It is important to point out that emissions are the result of different factors including
the number and type of vehicles, the type of fuel used, the travel behavior and the distance
traveled by each vehicle [43]. Though inside the campus the situation remained unchanged,
with educational and research activities suspended and the consequent containment of
circulating vehicles, during the PLD, the moderate recovery of activities was followed by a
resumption of travel and of circulating vehicles (especially of a certain type) in the nearby
roads, which could explain these results. The different percentage variation of Nnuc (−21%)
observed during PLD could instead be related to new particulate formation events, more
frequent during warm months, as already observed in Dinoi et al. [30,44].

It is interesting to note that despite the lockdown, LMT recorded minor percentage
reductions. Primarily because the site is not mainly affected by direct anthropogenic
emissions, as prevalent circulation is opposite to possible emission sources. The observatory
is about 10 km away from the inner city of Lamezia and, except the two main emission
sources, the International Airport of Lamezia and the highway, located about 4–5 km from
the observatory, respectively, no other important sources of air pollution are present in
the vicinity. Furthermore, it is a marine-coastal site and can benefit from the effects of
sea breezes [33]. Continuous mixing with cleaner (marine) air masses guarantees a good
dispersion of pollutants and a reduction in concentrations. During the PLD was observed
a slight increase, +16%, −1.7% −35% for Nnuc, Naitk and Nacc respectively (significant only
for Nnuc and Nacc). Except Naitk that exhibited a different behavior, Nnuc and Nacc showed
the same trend observed in ECO with an increase of percentage twice with respect to LD.
The different percentage ratios show the effect of the reduction of anthropogenic activities,
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in particular traffic emissions, during the lockdown and the slow recovery during the
PLD. These trends were also confirmed by particle size distribution (Figure 4) where each
site exhibited similar curves between reference and 2020 years (even if more smoothed
in reference years perhaps due to the averaging effect), except PLD curves that showed
greater variability in both sites.

Figure 4. Particle number size distributions average during the three time windows over the reference (2015–2019) and 2020
years for both sites, ECO and LMT.

During the BLD and LD periods, size distributions display a maximum centered on
median diameters around 80–90 nm, both in ECO and LMT, in the reference and 2020
years. Instead, during the PLD in the reference years, both sites have a maximum at around
80–90 nm, which has moved toward lower diameters, around 60–70 nm during 2020. Lecce
shows a further peak around 15 nm. The variations of particle number size distributions
underline not only the different emissions that characterized the pandemic period but also
the deep differences between the two observational sites: urban background (ECO) and
coastal site (LMT).

3.2. Weekly Trend of Aerosol Concentrations during Lockdown

Weekly trends of number concentrations during the lockdown period were also
investigated (Figure 5). The diurnal pattern shows a reduction of particle concentrations
throughout the days, but the variability remains almost unchanged, continuing to have
morning and evening peaks as in the previous years. Similar behaviors were observed in
several cities of the world [45–47]. By comparison, the number concentrations showed a
pronounced diurnal cycle, which seems to be time correlated with traffic intensity in both
sites and characterized by different levels in each subclass of particles both in 2020 and in
the reference period.



Atmosphere 2021, 12, 352 8 of 13

Figure 5. Percentage weekly average cycle of particle number concentration, Nnuc (Dp < 20 nm), Naitk (20 nm < Dp < 100nm)
and Nacc (100 nm < Dp < 800 nm), collected from 10 March to 17 May of 2020 and the reference (2015–2019) years, in ECO
and LMT.

Especially at the ECO site, the daily maxima of Nnuc and Naitk, around 6:00 a.m., were
coincident with the morning traffic rush hour and showed a marked reduction of ~50% in
2020, attributable to the significant reduction in vehicular traffic (−55%). A reduction was
also observed in LMT but more limited.

The second important peak of Nnuc and Naitk around 8:00 p.m., however, shows no
noteworthy decrease at either site. This peak is attributed to the joint contribution of
emissions related to domestic heating and late evening traffic rush hours, as confirmed by
the collapse of the peak on Sunday observed in ECO, usually connected to the “movida”
traffic. The reduction in traffic emissions, during the evening hours, may have been
replaced by an increase in domestic heating emissions, since citizens were forced to stay
home as long as possible [6].

Another important reduction of ~50% was observed in the midday peak of Nnuc,
in ECO. As already noted in Dinoi et al. [30,44], this peak between 11:00 and 12:00 a.m.,
relevant only in spring and summer, is probably due to photochemical processes occurring
when climatic conditions and high concentrations of precursor species create suitable
conditions to trigger the nucleation and growth process of new aerosol particles. The
simultaneous reduction in the concentration of other pollutant compounds (e.g., SO2, and
VOC), which act as precursors to the formation of secondary aerosol, could then explain
the reduction observed in this period.
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Regarding Nacc, while in LMT, any relevant variation between the two periods was not
observed, in ECO, an increase was observed. Accumulation particles show a concentration
modulated by the daily trend of the mixing layer height, with a bimodal distribution
coincident with the morning and late evening peaks. The higher levels measured in 2020,
on the other hand, suggest that the accumulation particles could be associated not only with
road traffic (directly through exhaust and nonexhaust emissions and indirectly through the
resuspension of dust road) but also with other types of sources and/or processes (secondary
aerosol formation and long-range transport). As observed in recent works [48,49], large
decreases in NOx emissions from transportation increased ozone levels and the nocturnal
formation of NO3 radicals. This increased the atmospheric oxidizing capacity facilitating
the formation of secondary particulate matter.

Regarding LMT, the smaller variation of the concentrations observed is very interesting
if we consider that in this area there has been a reduction not only in the volume of road
traffic but also in air traffic (having drastically reduced flights).

We believe that the findings could be due to the fact that the contribution of the two
sources has little influence on the measurement site or that the site was affected by other
emission sources in that period. People spent more time indoors during the lockdown
period making greater use of home heating, for example, which may have compensated or
even overwhelmed the lack of emissions from other sources [49].

3.3. Impact of Meteorological Conditions on Particle Concentrations

Meteorological conditions can have a significant effect on the concentration of local
air pollution, not only primary particles but also on the formation of secondary aerosols. It
was therefore essential to consider the changes in meteorological parameters from year to
year and the influence they may have had on the variation of the particle concentrations.

As shown in Figure 6, meteorological data were analyzed for the comparison of the
different scenarios. In ECO, average temperatures were measured between 10 and 25
◦C, relative humidity between 58% and 72% and wind speed around 2.1 m/s. In LMT,
average temperatures were between 12 and 23 ◦C, relative humidity between 66% and
69% and wind speed between 3.2 and 4.0 m/s. As we can see, negligible differences (no
statistically significant) in meteorological factors were found between the three periods
of 2020 and of previous years pointing out that they were characterized by comparable
meteorological conditions.

However, a marked difference (p < 0.0001) has instead been found in rainfall of the
BLD period, in both sites. It seems that the first months of 2020 were less rainy than the
reference years, with 65% and 100% less rain in ECO and LMT, respectively, and 70% less
rain during LD only in LMT.

Rainfall can wash air pollutants out of the atmosphere, especially water-soluble
pollutants, such as NO2 and SO2 and particulate matter. Therefore, the increase in PNC
observed during the BLD period of 2020, especially in LMT, could be partially caused by
this lower rainfall during these months. No further investigations have been carried out
to explain the higher percentage of particle number concentration observed during the
BLD period in LMT because this is not the purpose of this work. The study of weather
conditions was completed accounting for wind directions (Figure 7).
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Figure 6. Average values of temperature, relative humidity, wind speed and rain accumulation,
measured during the three periods (before lockdown (BLD), lockdown (LD) and postlockdown
(PLD)) of 2020 and reference (2015–2019) years.

Figure 7. Wind roses related to the three periods (BLD, LD and PLD) of the reference (2015–2019)
years and 2020 at the ECO and LMT observatories (from top to down).
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The wind rises at the two measurement sites showed similar results between reference
years and 2020. In the ECO the dominating wind direction was mainly from N–NNW, with
a frequency of occurrence of 15% and 25%, respectively, during 2020, very similar to what
observed in reference years, whereas in BLD and LD periods, there is also a component of
the wind blowing from the SSE–SE direction.

In LMT, observational data revealed predominant a W and NE wind direction, with
a frequency of occurrence of 25–35% and 25%, respectively, both characterized by height
wind speed (>6 m/s). The absence of significant differences in meteorological conditions
therefore cannot explain the variations in number concentration observed between 2020
and the reference years.

4. Conclusions

In this study, changes in the number concentrations of submicron particles in two
towns of southern Italy were investigated, by comparing the data collected before, during
and after the 2020 lockdown phase with the average values collected during the years
2015–2019 of the same period.

Although PNC showed similar patterns to the prepandemic period, the total particle
number concentrations decreased by −19% and −23% at the ECO site, and −7% and −4%
at the LMT site during and after the restriction phases, respectively. Different percentage
ratios were also observed in each dimensional subclass of particles with variations from
−53% to −21%, about −17% and from +4% to −33% in ECO and from −6% to +16%,
from −9% to −2% and from −2% to −35% in LMT, for Nnuc, Naitk and Nacc, respectively,
during and after the lockdown period. These variations cannot be related, or at least not
directly, to meteorological factors since the compared periods were characterized by similar
meteorological conditions.

This work highlights that, despite the reduction in traffic, industrial emissions and
other anthropogenic activities, one site has shown a substantial improvement in air quality
while the other has experienced negligible or marginal improvement. The different reduc-
tion of the particle number concentrations, observed in the two sites, is mainly traced back
to various factors, such as the dominant emission sources, the distance from the observa-
tional site and their influence, geographic position and specific meteorological conditions.
Therefore, the findings show that the environmental response to the restrictions of most
human activities can vary widely according to the characteristics of the observational area.

This suggests that policies aimed at reducing only specific emission sources, such as
traffic and industries, could not be equally valid for each area and that ad hoc actions are
needed to achieve substantial air quality improvements on a large scale.
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