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Abstract: Monitoring campaigns were carried out to assess the impact of vehicular traffic and food
service business on the air quality in the historic centre of Naples. These campaigns monitored fine
particles (FPs) from 20 to 1000 nm, using a condensation particle counter (CPC) in four connected
streets, during a period of four weeks, from 7 November to 7 December 2019. Two streets were
pedestrian only, while the others had average traffic. The following variables were considered while
analysing the data—street geometry, and traffic and food service business emissions. The results
showed prevalent air contamination, with some critical situations. The FP concentration values in the
pedestrian streets were similar to the average values measured at the roadside of other European
cities. However, the FP concentration values measured on the streets with average traffic, were twice
that of their European counterparts. Spatial maps of FP concentration were produced to assess the
impact of food service business emissions at the street level. The maps showed an insignificant
contribution to FP pollution. However, it must be noted that emissions of the food service businesses
were not measured at the roof top level in this study. The aspect ratio (H/W) played a relevant
role on FP concentration, as an increase in aspect ratio correlated to an increase in FP concentration.
These findings showed critical preliminary information for the sustainable development of the historic
centre of Naples, which should be confirmed through a long-term monitoring campaign.

Keywords: air quality; historic centre; sustainable development; traffic; food service; fine
particles; Naples

1. Introduction

In recent years, the historical centres of many Mediterranean cities are experiencing significant
transformations. The rapid growth of tourism caused food service business and new forms of private
hospitality (bed and breakfast, holiday homes, etc.) to open, which contributes to vehicular traffic.
The atmospheric emissions of these activities can jeopardise air quality and human health.

Air quality inside the urban canopy layer (UCL), the layer from ground to building rooftops,
represents one of the principal challenges for the sustainable development of cities [1], as air pollution
in urban areas poses a major threat to health and climate. More than 80% of people living in urban
areas are exposed to air quality levels that exceed the WHO guideline limits [2]. The WHO air quality
guidelines for particulate matter (PM) PM2.5 and PM10, respectively, are–10 and 25 µg/m3 annual mean
and 24 h mean, and 20 and 50 µg/m3 annual mean and 24 h mean (2005 update). Therefore, the WHO
estimates that the combined effects of ambient (outdoor) and indoor air pollution kill about seven
million people worldwide every year, as a result of increased mortality from stroke, heart disease,
chronic obstructive pulmonary disease, lung cancer, and acute respiratory infections.
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Worldwide air quality management is generally driven by national legislation that sets quality
standards in order to avoid health issues in the human population. In European countries, the reference
regulation is established by the 1996/62/CE directive, followed by several other directives that define
the limit values, common procedure to measure air quality, and quality criteria of the collected data.
Main sources of single airborne pollutants vary among urban areas in the world. Traffic is generally the
main source of nitrogen oxides (NOx) in urban areas [3]. Both PM10 and PM2.5 derive from vehicular
traffic and fuel combustion for heating and food preparation, especially biomass [4]. In port cities,
sulphur oxide (SOx) emissions might mainly be caused by ships [5]. The importance of in-atmosphere
production of secondary pollutants like PM2.5 must also be considered [6], which receive a significant
contribution from other anthropogenic activities like agriculture and animal husbandry. Information
on indoor air pollution and air quality guidelines can be found in WHO guidelines for indoor air
quality [7].

The correlation between air quality management and urban sustainability is an ever more
important consideration for urban municipalities. Sustainable urban design can reduce anthropogenic
emissions, improve urban ventilation, and increase green areas, thus, minimizing human exposure.
Until recently, air pollution in urban areas was rarely observed through a holistic lens, based on a
sustainable plan of development. It is also worth noting that air quality can be a decisive factor in the
assessment of the attractiveness of a city as a tourist destination [8].

The sustainable development of urban areas implies [9] three main issues—(i) connection
between environmental consideration and economic policy-making; (ii) social equity; and (iii) meeting
the needs of the present generation without compromising the needs of future ones. Similarly,
Do and Thomas [10] individuate three pillars of sustainable landscape development—society,
economy, and environment (Culture–Heritage–Social–History, Commerce–Craft–Agriculture and
Environment–Ecology–Habitation).

The importance of spatial structure in a city on urban sustainability was demonstrated by several
studies. Urban forms are often classified as: (i) corridor city characterized by growth in linear
corridors with origin in the city centre, supported by high-quality transport infrastructure (highways);
(ii) compact city with high density and mixed-land uses so that complementary functions are located
close by to one another (housing, shopping, offices, etc.), and (iii) disperse city characterized by
low density, large area requirements, and separation into distinct zones for residential, commercial,
or industrial uses.

It was claimed [11] that more compact, high-density, and mixed-use urban forms can be
environmentally sound, efficient for transport, socially beneficial, and economically viable. One
of the main innovative urban and transport planning studies for a sustainable development of urban
areas is represented by the Barcelona Superblock model [12]. The Superblock project re-organises the
structure of the city of Barcelona in 503 cells with standard dimensions of 400 × 400 m2 transforming
the city into connected neighbourhoods with a mixed-land use. The results showed the potentiality to
reduce premature mortality burden through reductions in air pollution, noise and heat, and increased
access to green space. Other authors report more specific effects of the structure of urban areas on air
quality. Kang et al. [13] studied the effect of urban form on ozone concentration in Korea. They find
that a city with a greater degree of mixed-land use and clustered and concentrated spatial patterns is
more likely to experience fewer days of extreme ozone concentration. Jung et al. [14] investigated the
relationship between urban structures and emissions of air pollutants. Finally, Borrego et al. [15] studied
three imaginary cities with different urban structures—corridor city, disperse city, and compact city.

These studies did not give information on the influences of the city structure at a local scale,
where specific sources like urban freeways or street canyons can represent a problem. In fact, streets
are an essential element in shaping the urban environment, as they are places with different kinds of
business, private and public activities, services, squares, meeting points, places of historical memory
and rest areas. However, streets are also places where most problems of cities arise [16].
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The negative effect of street canyons, particularly deep street canyons, on pollutant dispersion is
well known. In fact, in new urban areas, their construction should be avoided [17], and the creation of
urban open spaces would reduce pollutant exposure, as demonstrated in a 3D idealized urban-like
geometries simulation study [1].

Street canyons are generally classified on the basis of the aspect ratio H/W, where H is the building
height and W is the street width, as low-rise street canyon when H/W < 0.7; regular street canyon when
H/W is in the range 0.7–1.5; and deep street canyon if H/W > 1.5 [18]. In the function of the aspect
ratio, different flow regimes occur in street canyons—isolated roughness flow, wake interference flow,
and skimming flow [19]. In the case of the skimming flow regime, the bulk of the above-roof flow does
not penetrate the canyon and a single vortex forms when 0.7 < H/W < 1.5 while if H/W > 1.5, the street
canyon is classified as deep. In this case, two or more counter-rotating vortices might form [20],
with the bottom vortex weaker than the upper one.

To better characterize street canyons, a second aspect ratio is defined as L/H, where L is the length
of the street between two consecutives crossroads. Real street canyons are then lumped into three
categories—short L/H < 3; medium 3 < L/H < 5; and long canyons L/H > 5.

The different flow regimes influence the mass transfer rate between the street canyon and the
surrounding volumes, particularly the upper atmosphere [21]. The accumulation of pollutants in a
street canyon depends on the mass transfer rate. In the case of deep street canyons, mass transfer rate
is at a minimum [22] and pollutants emitted by local sources tend to accumulate.

In absence of a holistic approach, the management of air pollution in an urban area can be
unsuccessful. Traffic management strategies—even including changes in transport infrastructure,
traffic regulation, speed limit or fleet composition—might have limited impact on air quality [23].
Green roofs have the potential of delivering environmental benefits in urban areas, but there is a high
need for a multi-disciplinary collaboration to deliver a cost-effective green roof design based on local
requirements [24]. Moreover, in the case of old or historical centres, this solution is difficult to apply,
as it is more appropriate for new buildings and new cities. In case of large megacities with a high level
of air pollution, modern architecture projects with a futuristic design are proposed [25]. Among these
new solutions, solar towers show promising outlooks [26]. Finally, it must be remembered that the
issue of sustainable development concerns not only big or megacities but also villages, cities, and small
towns [10].

Sustainable development also promotes social equity—every citizen has the right to same air
quality. As per WHO guidelines [2], characteristics of air quality should be: 10 and 25 µg/m3 annual
and 24 h mean for PM2.5, and 20 and 50 µg/m3 annual and 24 h mean for PM10, respectively; 40 µg/m3

annual mean and 200 µg/m3 as 1 h mean for NO2, 100 µg/m3 as 8 h mean for O3; 20 µg/m3 as 24 h
mean and 500 µg/m3 as 10 min mean for SO2. These values are still rarely guaranteed. In the city
of Houston (Texas), a study of air pollution on health impacts linked to premature deaths at the
census-tract level, showed that premature deaths attributable to air pollution were higher in areas
with lower income households [27]. Higher NO2 levels were observed in socioeconomically deprived
areas of European Metropolises, as demonstrated by an ecological study within the European project
EURO-HEALTHY [28].

The historical centre of Naples extends for about 17,000 km2 and is the largest in Europe (about
14.5% of the whole urban area). In 1995, it was listed among the UNESCO world heritage sites.
Apart from the historical centre, a large part of Naples is of old design. Both historical and old
areas of Naples represent live heritage spaces unique for their abundance of historical sites, social
organisation, and cultural traditions. Naples does not have a single centre like most cities, and is
instead characterized by a circular development, starting from the historical centre. Instead, due to the
orography and the presence of the seacoast, many different centres or districts could be individuated
in Naples. All districts have important common characteristics—high-density of population, narrow
streets, mixing of different social classes and land use, presence of several craft activities and an
abundance of historical sites. All these districts are well-connected both to one another and to other
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city districts. In some cases, they are also crossed by the main traffic arteries. In Naples, there are no
urban freeways but simply roads larger than the others. Typically, they are about 15 m wide. All the
other streets are very narrow, with a typical value of aspect ratio (H/W) > 3. Therefore, there are deep
street canyons that are characterized by an ineffective mass transfer with the surrounding atmosphere.
Consequently, high pollutant concentrations are measured [29,30].

From 1998 to 2017, the presence of tourists in Naples has doubled from 1.6 to 3.2 million per year.
The increased presence of tourists determined the opening of numerous commercial activities (food
service businesses and hospitality) and the increment of vehicular traffic, amplifying health hazards
linked to air pollution.

This study deals with sustainable development of the historical centre of Naples, focusing on a
single but crucial aspect connected with the environment and human health—air quality.

2. Experiments

A P-Track 8525 ultrafine particle counter (CPC) was used to measure particle number concentration
from 20 to 1000 nm. This range of measure corresponded with the fraction of atmospheric aerosol
named fine particles (FPs), and it also included ultrafine particles (UFPs < 100 nm) [31]. Full scale of
the instrument was 5.0 105 #/cm3. The instrument was calibrated through simultaneous measures [32]
with a PM2.5 analyser (OPSIS SM200).

The area monitored was in the historical centre of Naples (Figure 1). Four streets were monitored.
These streets were: “Via Chiaia”, a pedestrian street with few food establishments; “Via Gradoni”,
an uphill street with vehicular traffic; “Via Nardones”, an uphill street with vehicular traffic; and “Via
Toledo”, a pedestrian street with some food establishments and some intersections with busy roads.
Their main geometric parameters are reported in Table 1. Each road was subdivided into tracts with
quite constant values of building height and street width. All tracts were medium or long deep street
canyons, with an average aspect ratio (H/W) varying from 1.93 to 4.04. Only one tract was classified as
short street canyon.Atmosphere 2020, 11, x FOR PEER REVIEW 5 of 13 
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3 43 25.71 12.70 2.02 3.39 Medium deep 

Total 151 25.95 12.70 2.04 Deep 

Figure 1. Map of Naples showing the location of the monitored area and of the fixed stations belonging
to the air quality network (a). Zoomed-in view of the monitored area with the four streets (b).

The monitoring campaign lasted for 4 days—7, 20, 25 November and 7 December 2019. Average
hourly values are measured at 9–10, 12–13, and 18–19. Each street was walked two times in an hour,
always repeating the same path (same direction indicated by arrows in Figure 1, same side of the street
and same distance from the street edge) and at the same speed by the same operator. In this way,
a good reproducibility of measures was guaranteed. Each measurement lasted about 5 min per
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street. Before starting a new measurement along another street, the time average value of FPs was
downloaded and stored. Therefore, in an hour, 8 measurements, two for each street, of about 5 min
each, were obtained. The two 5 min averages obtained in the same hour along the same street were
used to evaluate a 10 min average that was assumed to be the hourly average for that street in that hour.

During measurements, it is especially important to maintain the CPC in a horizontal position,
because it cannot take measurements when tilted and an error message is produced. For this reason,
the CPC was put in a shoulder bag and held horizontal by the operator. The efficiency of the set-up
realized was demonstrated by the absence of the tilting error messages received during measurements.
A Teflon tube was used to guarantee the constancy of the sampling height. One side of the sampling
tube was connected to the inlet of the CPC and the other side was fixed at the right shoulder of the
operator, at a height of about 1.5 m.

Table 1. Main geometric parameters of the four monitored streets.

Street Tract L (m) H W
(m) H/W L/W Classification

Via Chiaia(pedestrian)

1 114 20.00 11.63 1.72 9.80 Long deep
2 40 20.00 9.70 2.06 4.12 Medium deep
3 161 22.99 9.70 2.37 16.60 Long deep

Total 315 20.00 10.34 1.93 Deep

Via Gradoni(traffic)

1 74 27.00 6.11 4.42 12.11 Long deep
2 38 20.69 5.90 3.51 6.44 Medium deep
3 27 22.00 6.16 3.57 4.38 Medium deep
4 39 18.74 6.16 3.04 6.33 Medium deep

Total 178 20.37 6.08 3.35 Deep

Via Nardones(traffic)

1 113 21.35 5.80 3.68 19.48 Long deep
2 59 24.81 5.80 4.28 10.17 Long deep
3 143 22.04 5.80 3.80 24.66 Long dee

Total 315 23.43 5.80 4.04 Deep

Via Toledo(pedestrian)

1 74 26.84 12.70 2.11 5.83 Medium deep
2 34 26.19 12.70 2.06 2.68 Short deep
3 43 25.71 12.70 2.02 3.39 Medium deep

Total 151 25.95 12.70 2.04 Deep

3. Results

Before analysing the experimental data, information on aerosol air pollution in Naples during
the monitoring campaign was collected. Data from three fixed stations were considered—NA1
(urban-background), NA6 (urban-traffic), and NA7 (urban-traffic) (Figure 1). These were the nearest to
the area (2–3 km of distance from the monitored area). In Naples, the limit value (LV) for PM10 daily
average—established as a maximum of 35 days a year—of over 50 µg/m3 was often exceeded and
PM2.5 year average was generally very close to the limit value of 25 µg/m3. During the monitoring
campaign, average values of both PM10 and PM2.5 were well below the limit values established by
EC (Figure 2), at all three fixed stations. This finding is of interest in the discussion of data collected
during the monitoring campaign.

In Figure 3, average FPs concentration measured in each of the four streets (Table 1) is reported.
The dramatic difference between the pedestrian streets (Via Chiaia and Via Toledo) and the trafficked
streets (Via Gradoni and Via Nardones) is evident. In pedestrian streets, the average concentration was
in the range 3.08–3.59 104 #/cm3, while in the trafficked streets, the range was 7.92–8.11 104 #/cm3. It is
important to remember that the four streets were connected and were close to each other. This was
a confirmation of the large spatial variability observed inside many urban areas [33], and in Naples,
as well [34]. Moreover, as reported before, the aerosol concentration measured by fixed stations in the
same hours of the monitoring campaign was quite low (Figure 2). Therefore, concentrations reported
in Figure 3 are mainly due to local sources. The absolute FPs concentrations could be compared
with those reported by Kumar et al. [33] in a survey of UFPs concentration at roadsides, in 42 cities
around the world. In European cities, the average value was 3.15 ± 1.60 104 #/cm3. Therefore, values
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monitored in pedestrian streets (Figure 3) were similar to the average value at roadsides, in European
cities, but those measured in the two trafficked streets were more than two times the average value.
As a matter of fact, FPs showed a high spatial variability inside urban areas and the concentration
varied from factors of 2 in small cities [35] to about 10 [36,37] in large cities. The spatial differences
were strongly affected by the characteristics of the receptor sites (background, open roads, squares,
traffic streets).

The difference between pedestrian and trafficked streets, observed in Figure 3, could be attributed
to emission of vehicles passing during the monitoring activity. Murena and Prati [38] report that the
time pattern of FPs in a deep street canyon was strictly correlated with the traffic flow, especially of
high emitter vehicles.
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Studies on FPs in the urban area of Naples are few. A study on particular matter characteristics
(PM10 and PM2.5) [39] showed the existence of two contributions to PM—one from local sources and
another from long-range transport.

To better understand the contribution of food service businesses located along Via Chiaia and
Via Toledo, a map of the two streets is reported with a diagram of the average FPs concentration
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(Figure 4). The yellow points indicate the presence of food establishments, while the red ones indicate
the presence of a crossroad with a trafficked street. It was evident that the peak of FPs concentration
generally corresponded to crossroads, while concentration peaks were not observed corresponding to
food establishments.Atmosphere 2020, 11, x FOR PEER REVIEW 7 of 13 
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FPs concentration was already measured in previous monitoring campaigns in Naples [34],
evidencing a large spatial variability inside the urban area. Values ranged from 3.29 103 #/cm3 at a
background urban receptor site in a green area to 1.57 105 #/cm3 in the proximity of a tunnel of vehicular
traffic. A significant effect of the aspect ratio H/W on FPs concentration was observed. To verify this
effect, data of FPs concentration measured in Naples in this and in a previous monitoring campaign [34]
are reported in Figure 5, as compared to the aspect ratio H/W. Data reported in a study on the spatial
variability of fine particle number concentration in the urban area of Naples [34], added to Figure 5,
were collected from 4 April to 25 May 2018, using the same CPC adopted in the present study. A total
of about one hundred 10 min average values of FPs concentration were measured. All receptor points
were inside the urban area of Naples and include: (i) open roads, i.e., roads with buildings only on one
side for which it was assumed that H/W = 0 (Via Marina, Via C. Colombo); (ii) squares, in this case
H/W was evaluated by assuming W to be the average of the sides of the rectangular squares (Piazza
Garibaldi, Piazza Municipio, Piazza Italia); and (iii) street canyons. For street canyons, H/W ranged
between 0.62 (Viale Augusto) to 5.5 (Via Nardones). Data of the present monitoring campaign are
reported in Figure 5, as green circles. Via Nardones is reported twice in Figure 5 (red circle for previous
monitoring campaign [34] and green circle present study). Aspect ratio of Via Nardones are different
because the receptor points were not the same in the two monitoring campaigns.

The correlation was good. By increasing the aspect ratio, the particle number concentration
increased and the coefficient of determination was R2 = 0.87. In deep street canyons (H/W > 2), FPs
were always >3.0 104 #/cm3, even in pedestrian streets. At an aspect ratio greater than H/W > 3 and in
trafficked streets, FPs reached values >6.0 104 #/cm3. Some other factors could influence the results
reported in Figure 5, but they played a minor role. As an example, FPs measured at Via Marina, Via
C. Colombo, and Piazza Municipio, could be influenced by ship emissions, as they were close to
the port of Naples. The vehicular fleet transiting on all monitored streets was quite similar and so
was the impact of domestic emissions. Therefore, Figure 5 indicates an important effect of H/W on
FPs concentration.



Atmosphere 2020, 11, 938 8 of 12

Atmosphere 2020, 11, x FOR PEER REVIEW 8 of 13 

 

 
(a) 

 
(b) 

Figure 4. Spatial distribution of FPs concentration in pedestrian streets—(a) via Chiaia and (b) via 
Toledo. Yellow circles indicate the presence of a food establishment while red ones correspond to 
junctions with trafficked streets. 

FPs concentration was already measured in previous monitoring campaigns in Naples [34], 
evidencing a large spatial variability inside the urban area. Values ranged from 3.29∙103 #/cm3 at a 
background urban receptor site in a green area to 1.57∙105 #/cm3 in the proximity of a tunnel of 
vehicular traffic. A significant effect of the aspect ratio H/W on FPs concentration was observed. To 
verify this effect, data of FPs concentration measured in Naples in this and in a previous monitoring 
campaign [34] are reported in Figure 5, as compared to the aspect ratio H/W. Data reported in a 
study on the spatial variability of fine particle number concentration in the urban area of Naples [34], 
added to Figure 5, were collected from 4 April to 25 May 2018, using the same CPC adopted in the 
present study. A total of about one hundred 10 min average values of FPs concentration were 
measured. All receptor points were inside the urban area of Naples and include: (i) open roads, i.e., 
roads with buildings only on one side for which it was assumed that H/W = 0 (Via Marina, Via C. 
Colombo); (ii) squares, in this case H/W was evaluated by assuming W to be the average of the sides 
of the rectangular squares (Piazza Garibaldi, Piazza Municipio, Piazza Italia); and (iii) street 
canyons. 

Figure 4. Spatial distribution of FPs concentration in pedestrian streets—(a) via Chiaia and (b) via
Toledo. Yellow circles indicate the presence of a food establishment while red ones correspond to
junctions with trafficked streets.

Atmosphere 2020, 11, x FOR PEER REVIEW 9 of 13 

 

For street canyons, H/W ranged between 0.62 (Viale Augusto) to 5.5 (Via Nardones). Data of the 
present monitoring campaign are reported in Figure 5, as green circles. Via Nardones is reported 
twice in Figure 5 (red circle for previous monitoring campaign [34] and green circle present study). 
Aspect ratio of Via Nardones are different because the receptor points were not the same in the two 
monitoring campaigns. 

The correlation was good. By increasing the aspect ratio, the particle number concentration 
increased and the coefficient of determination was R2 = 0.87. In deep street canyons (H/W > 2), FPs 
were always >3.0∙104 #/cm3, even in pedestrian streets. At an aspect ratio greater than H/W > 3 and in 
trafficked streets, FPs reached values >6.0∙104 #/cm3. Some other factors could influence the results 
reported in Figure 5, but they played a minor role. As an example, FPs measured at Via Marina, Via 
C. Colombo, and Piazza Municipio, could be influenced by ship emissions, as they were close to the 
port of Naples. The vehicular fleet transiting on all monitored streets was quite similar and so was 
the impact of domestic emissions. Therefore, Figure 5 indicates an important effect of H/W on FPs 
concentration. 

 
Figure 5. The effect of aspect ratio H/W on FPs concentration in Naples (green circles data are from 
this study, others are from [34]). 

4. Discussion 

The results reported in Figure 3 indicate that in the historical centre of Naples, traffic emissions 
play a relevant role together with aspect ratio (H/W), while emissions from food businesses seem to 
be less relevant. However, a definitive answer to this last point could be given only after chimney 
emissions of these activities are also monitored at rooftops. The relevance of the impact of traffic 
emissions on air quality in Naples was already reported by Murena and Prati [38]. In particular, high 
emitter vehicles (5% of vehicles circulating) contribute to about 35% of FPs concentrations, in a deep 
street canyon located very close to the monitored area. High FPs concentration depends not only on 
the old vehicular fleet circulating in Naples with several high emitter vehicles but also on the high 
aspect ratio (H/W), generally > 3. In Naples, most streets are very narrow (5–7 m) and buildings are 
not low (>20 m). This reduces the mass transfer between the canyon and the above atmosphere and 
the “breathability” of the street [40]. Therefore, pollutants accumulate at a pedestrian level. This 
finding has important health consequences. In fact, in these streets, the population density is very 
high, and many families live in typical small flats at street level—called “bassi”—where the 
concentration of pollutants is higher [29,30]. The negative effect of inhalable particles on human 
health is well known. A reduction of PM2.5 concentration has beneficial effects in terms of premature 

Figure 5. The effect of aspect ratio H/W on FPs concentration in Naples (green circles data are from this
study, others are from [34]).



Atmosphere 2020, 11, 938 9 of 12

4. Discussion

The results reported in Figure 3 indicate that in the historical centre of Naples, traffic emissions
play a relevant role together with aspect ratio (H/W), while emissions from food businesses seem to
be less relevant. However, a definitive answer to this last point could be given only after chimney
emissions of these activities are also monitored at rooftops. The relevance of the impact of traffic
emissions on air quality in Naples was already reported by Murena and Prati [38]. In particular, high
emitter vehicles (5% of vehicles circulating) contribute to about 35% of FPs concentrations, in a deep
street canyon located very close to the monitored area. High FPs concentration depends not only on
the old vehicular fleet circulating in Naples with several high emitter vehicles but also on the high
aspect ratio (H/W), generally > 3. In Naples, most streets are very narrow (5–7 m) and buildings are not
low (>20 m). This reduces the mass transfer between the canyon and the above atmosphere and the
“breathability” of the street [40]. Therefore, pollutants accumulate at a pedestrian level. This finding has
important health consequences. In fact, in these streets, the population density is very high, and many
families live in typical small flats at street level—called “bassi”—where the concentration of pollutants
is higher [29,30]. The negative effect of inhalable particles on human health is well known. A reduction
of PM2.5 concentration has beneficial effects in terms of premature deaths. Sohrabi et al. [27] report
that in Houston premature deaths due to PM2.5 correspond to 7.3% of all-cause premature deaths,
while complying with the WHO air quality guideline values for PM2.5 (10 µg/m3) prevent 0.9% of
premature deaths.

As a result of restrictions established during lockdown to counter the spread of COVID-19
pandemic, air quality in Naples improved dramatically. NO2 concentration reduced by about 40%
and PM10 by about 20% [41]. The main reason was due to reduction in traffic. The main goal for a
sustainable development of the historical centre of Naples is the reduction of vehicular traffic, with
a traffic ban of high emitter vehicles and incentives for the renewal of gasoline and diesel vehicles,
with zero emission vehicles.

Transition towards sustainable development of the historical centre of Naples is not an easy task and
at least a two-step approach [4] is necessary—a short-term phase aimed to a more environment friendly
transport system and touristic activities, and a long-term approach to organize urban development in
a sustainable way, by adopting an integrated urban planning. The urban structure of Naples is not
regular, but some districts appear as blocks of variable dimensions. Therefore, an approach like that of
the Superblocks in Barcelona [12] could be hypothesised.

The results reported were collected in the cold season (from 7 November to 7 December 2019).
However, similar results would also be expected in other seasons. In fact, due to the temperate weather,
the composition of vehicular circulating fleet (% of two- and four-wheels vehicles) was quite constant
during the year. The same was true for the traffic level. Additionally, touristic presence was quite
constant during the year before the COVID-19 pandemic. The main differences between cold and warm
season were domestic heating and cruise ship transit. However, both contributions to air pollution
were not truly relevant in Naples [42].

5. Conclusions

The results reported showed how FPs concentration in the historical centre of Naples was quite
high, and this finding confirmed results obtained in previous research activities in the same area,
while monitoring campaigns of other pollutants.

The main results of this study were:

(i) Particle concentrations in the range 20–1000 nm measured with a condensation particle counter in
deep traffic street canyons were on average about 8.0 104 #/cm3. This level could not be compared
with limit values or guidelines but it was higher than the average value measured at roadsides in
42 cities in Europe (3.15 ± 1.60 104 #/cm3), and represent a health issue for the area. These results
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were even worse as they were measured during days of low PM10 and PM2.5 concentration in the
urban area.

(ii) A dramatic difference was observed between traffic (8.0 104 #/cm3) and pedestrian streets (average
3.3 104 #/cm3). The streets were remarkably close to each other, with similar H/W, the same
orientation and other sources would contribute in the same way to FPs concentration. Therefore, it
must be concluded that vehicular traffic was the main source of FPs in the area monitored.

As observed during lockdown, significant reductions of atmospheric pollutant emissions gave
amelioration of air quality, in a short time (few days) and all residents experienced it. This evidence
would incentivise public authorities in applying strong directives to reduce both vehicular and other
atmospheric emissions.

Finally, it is necessary to highlight that the experimental dataset was limited in terms of the
number of measurements collected. Therefore, reported findings need a confirmation through a
long-term monitoring campaign, supported by the addition of a more sophisticated particle counter
that is able to evaluate concentration of a wider range of sizes. This should be the object of future
monitoring campaigns.
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