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ABSTRACT

Environmental pollution and its impact on human health has become a topic of great con-
cern. In recent years, the scientific community has significantly increased its attention to-
wards the protection of human health and an increasing number of analytical determina-
tions are being carried out on food and environmental matrices to guarantee their quality. 
Within these determinations, the monitoring of air quality, both in indoor and outdoor en-
vironments, is of particular scientific interest. In particular, the presence of micrometric par-
ticles, atmospheric particulate matter (PM) and ultrafine particulate matter (UFP) has be-
come a marker of air quality in recent years. The study of these substances is particularly 
important since the diameter of the particles is inversely proportional to their ability to pen-
etrate the respiratory system. In places of greatest attendance and areas with high vehic-
ular traf fic, units are installed for continuously monitoring the air quality. This paper aims 
to bring a snapshot of the concentrations of these particles in Molise, a small region in Italy. 
The results obtained present rather limited PM10, PM4, PM2.5, PM1 and UFP ranges, especially 
as regards Campobasso, the regional capital.
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Introduction 

The terms “fine dust” or “atmospheric particulate mat-
ter” (i.e., PM) refer to a series of particles suspended in the 
air that humans breathe daily. PM10 is characterised by a 
diameter of less than 10 µm. Its presence in the air is due 
to natural events or anthropic activities. PM10 is considered 
an indicator of air quality (Vahlsing & Smith, 2012; Cos-
ta et al., 2014) as well as of the entire ecosystem (Wright 
et al., 2018). It is well-known that atmospheric particulate 
persists in the air for a long time. Such persistence deter-
mines that PM could be transported over long distances 

(Arfin et al., 2023). Studies showed that PM had an impact 
on human health, particularly disorders of the respirato-
ry system (Johannson et al., 2015; Avino et al., 2013; Marini 
et al., 2015; Dondi et al., 2023; Madureira et al., 2020). Or-
ganic and inorganic pollutants could adhere to the sur-
face of fine dust, facilitating their penetration into the hu-
man body (Dongarrà et al., 2010; Turpin et al., 2000). PM10 
is also called the thoracic fraction. It can reach the throat 
and trachea, located in the first part of the respiratory sys-
tem. The smallest particles, characterized by a suspension 
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with a particle size class < 4 µm (i.e. PM4), represent the res-
pirable fraction. Due to the effect of respiratory motions, 
they can reach even deeper until they reach the alveolar 
area, the non-ciliated part of the lung. PM2.5 is a numeri-
cal classification given to fine particulate matter based on 
the average size of its particles. The term PM2.5 encompass-
es all particles with dimensions equal to or smaller than 2.5 
µm, where 1 µm. These tiny particles can penetrate deep 
into the lungs and even enter the bloodstream. PM2.5 par-
ticles can reach the alveoli in the lungs, potentially caus-
ing serious health issues (Feng et al., 2016). Studies have 
shown that exposure to elevated levels of PM2.5 is associat-
ed with an increased risk of cancer (Xing et al., 2016). Ex-
posure to PM2.5 has been linked to mutations in genes Egfr 
and Kras associated with lung cancer (Han et al., 2023; Hill 
et al., 2023). PM1 consists of particles with an aerodynam-
ic diameter of less than 1 μm. PM1 is incredibly small and 
can remain suspended in the atmosphere for extended pe-
riods. PM1 particles can penetrate deep into the lungs, po-
tentially causing harm. PM1 particles can originate from 
both natural and anthropogenic sources. Organizations 
like the World Health Organization (WHO) and the Eu-
ropean Union have studied and regulated PM2.5 and PM10 
particles for air quality, but PM1 remains less explored. In 
summary, PM represents fine particulate matter with po-
tentially serious health implications, and efforts to reduce 
exposure are crucial for public health. Minimizing expo-
sure to fine particulate matter is essential for maintaining 
good respiratory health. Furthermore, the air is character-
ized also by the presence of ultrafine particles (i.e., UFP), 
with a diameter between 10 and 100 nm. Such small diam-
eters can penetrate the deeper ways of the respiratory sys-
tem (Donaldson et al., 2001). Their size is comparable to 
those of human blood cells or alveolar macrophages, which 
could be able to internalise UFP. UFPs remain suspended in 
the air for hours or days, meaning that their deposition can 
occur far from the point of emission (Avino & Manigrasso, 

2017). It is well-known that UFPs mainly arise from vehicle 
emissions, as well as fuels used for heating systems (Sta-
bile et al., 2018; Jiang et al., 2019). Furthermore, industri-
al processes (i.e., oil industry, waste incineration and plant 
treatments) contributed the most to UFPs emissions in the 
air (Fernández-Camacho et al., 2012; Buonanno et al., 2011; 
Buonanno & Morawska, 2015; Borrow et al., 2018; Wang 
et al., 2018; Soggiu et al., 2020). Furthermore, due to their 
high persistence in the air before deposition, UFPs gener-
ally tend to clot/accumulate, leading to an increase in their 
size (Famiyet et al., 2023; Manigrasso et al., 2020). Gener-
ally, deposition of particles > 1 µm occurs by sedimenta-
tion, whereas for those smaller than 100 nm, the deposition 
occurs following chaotic diffusion motions of the parti-
cles, dependent on the diffusion coefficient (Famiyeh et 
al., 2023; Manigrasso et al., 2020). It has been reported that 
PM10 and UFPs become the main causes of diseases, affect-
ing both the respiratory system (e.g., lungs) and the cardio-
vascular and nervous systems (Du et al., 2016; Heusinkveld 
et al., 2016; Li et al., 2003; Lodovici & Bigagli, 2011). Recent-
ly, traces of ultrafine metal particles were detected in the 
human brain (Maher et al., 2016). The International Agency 
for Research on Cancer (IARC) classified PM10 as carcino-
genic to humans (Word Health Organization, 2010). There-
fore, European Member States proposed establishing ap-
propriate guidelines to increase the protection level of their 
citizens (Settimo et al., 2023). 

Generally, most of the population spends most of the 
hours of the day (up to 90%) indoors (Kelly & Fussell, 2019), 
so it becomes a necessity for every person to go out into the 
open air and take short or long walks. Monitoring air qual-
ity becomes of fundamental importance for the health of 
the population (Manigrasso et al., 2017; Notardonato et al., 
2019). The present paper aims to carry out a characteriza-
tion of the distribution of thoracic and respirable fractions 
and UFP on the exposure of a person during a recreational 
walk-in in different areas of the Molise region.

Materials and Methods

Sampling Sites 
The sampling campaign was carried out in five sites in the 
Molise region, Italy, about 150 km away from Rome in a 
southeast direction (Figure 1). The territory is predomi-
nantly hilly and there are municipalities and small towns 
with a population of less than 50000. The surface area of 
4461 km2 and the density of 64.81 inhabitants per km-2 de-
scribe the predominance of a naturalistic landscape. The 
sites were chosen for their differences in terms of pollution 
levels and they can be considered representative of Italian 
cities characterized by a low population density. Particu-
lar attention was paid to the regional capital, Campobas-
so (41°33’39.6’’N 14°40’06.24’’E), a city of approximately 49700 

inhabitants, with a surface area of 56.11 km2, 701 m above 
sea level, with a density of 838.1 inhabitants km-2. Fur-
thermore, an area of environmental whiteness has been 
identified, the protected natural oasis of “Montedimez-
zo” (41°45′28.08″N 14°12′46.44″E, approximately 6.4 km2, be-
tween 920 and 1284 m above sea level). The oasis is one of 
the first natural areas, among the eight Italian ones, to be 
registered as a “Biosphere Reserve” for the conservation 
and protection of the environment. The municipality of 
Agnone (41°48’37.44’’N 14°22’42.6’’E, approximately 4600 in-
habitants, 96.85 km2, 830 m above sea level, density of 48.17 
inhabitants km-2) is the municipality closer to the environ-
mental white which has a sufficient population to con-

https://it.wikipedia.org/wiki/PM_2.5
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sider the significant anthropic activity. Samplings were 
also carried out in two municipalities that represent the 
access routes to the region. The municipality of Venafro 
(41°28’57’’N 14°02’51’’E, approximately 10800 inhabitants, 
surface area of 46.45 km2, 222 m above sea level, density 
232.85 inhabitants km-2), is characterized by high heavy 
traffic, both cars, buses and trucks. There are two indus-
tries, a cement plant and an incinerator. The municipality 
of Termoli (42°00’10’’N 14°59’41’’E, approximately 32000 in-
habitants, 55.64 km2, 15 m above sea level, density 576.8 in-
habitants km-2) is characterized by the presence of a small 
port size and a motorway stretch that connects the south 
with the north of Italy. There are two medium-sized in-
dustries relating to the automotive and chemical-phar-
maceutical sectors. Where possible, three different areas 
were identified for each sampling location. Specifical-
ly, city centre, residential and green areas were select-
ed. To evaluate the impact of climatic conditions, a sam-
pling campaign was conducted both during the summer 
and winter seasons. Each sampling activity was repeat-
ed twice within the same day at the site of Campobasso, 
Termoli e Venafro: in the morning between 9.30 and 11.30 
AM and in the afternoon between 3.30 and 6.30 PM. In the 
sites of Montedimezzo and Agnone, areas with zero and 
low population density respectively, sampling was carried 
out only once per season as anthropic activity was consid-
ered null or almost null. All sampling lasted between 30 
and 90 minutes.

Instrumentation
All measurements were performed with certified and ap-
propriately calibrated portable electronic instruments 
from TSI Instruments (Shoreview, MN, USA). Specifically, 
the PM was studied under different size fractions using the 
DustTrak™ II Aerosol Monitor 8532, this is a handheld bat-
tery-operated, data-logging, single-channel, light-scatter-
ing laser photometer. The DustTrak™ II provides real-time 

aerosol mass readings using a sheath air system. This 
system isolates the aerosol in the optics chamber, ensur-
ing cleaner optics for improved reliability and low main-
tenance. It’s useful for assessing workplace air quality. It 
is ideal for monitoring indoor environments. The Dust-
Trak™ II can measure aerosol concentrations correspond-
ing to PM1, PM2.5, PM4, or PM10 size fractions. It covers an 
aerosol concentration range from 0.001 to 150 mg m-3. The 
handheld unit is lightweight and portable, making it easy 
to carry. The DustTrak™ II Aerosol Monitor 8532 is a ver-
satile tool suitable for various environments, from clean 
office settings to harsh industrial workplaces and outdoor 
applications. Its real-time monitoring capabilities make it 
valuable for assessing aerosol contaminants such as dust, 
smoke, fumes, and mists. To count the number of nano-
particles (# m-3) with dimensions between 10 and 365 nm, 
a NanoScan SMPS 3910 was used, which adopts a parti-
cle sizing technology with scanning mobility. Nanoparti-
cles were counted in real-time at 60 s time resolutions in 
thirteen different size channels (11.5 nm, 15.4 nm, 20.5 
nm, 27.4 nm, 36.5 nm, 48.7 nm, 64.9 nm, 86.6 nm, 115.5 nm, 
154.0 nm, 205.4 nm, 273.8 nm and 365.2 nm), of these all the 
lower fractions smaller than 115.5 nm were examined. The 
SMPS NanoScan is ideal for applications requiring port-
ability such as on-the-road measurements, field studies 
or workplace surveys. The internal Condensation Particle 
Counter (CPC) uses isopropyl alcohol as a working f luid, 
making the NanoScan suitable for use in various sensitive 
environments. The focus fell on ultrafine particles, i.e., on 
size channels from 11.5 nm to 115.5 nm. A backpack was 
equipped with a portable DustTrack system, while the Na-
noscan was carried by hand. The NanoScan SMPS 3910 is a 
revolutionary nanoparticle sizer. It opens the door to rou-
tine nanoparticle size measurements and delivers a Scan-
ning Mobility Particle Sizer (SMPS™) spectrometer in a 
portable package and it is an excellent choice for research-
ers, students, and industrial workers alike.

Figure 1. Geographical location of the Molise region and sampling sites
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Results and discussion

The results obtained are detailed and described below. 

Natural oasis of Montedimezzo
Results of PM1, PM2.5, PM4 and PM10 are reported in Ta-
ble 1.

From Table 1 emerged that PM concentrations (µg m-3) 
in the summer period have higher values than in the win-
ter period. In the summer period, the delta between the 
minimum value and the maximum value is very narrow, 
both values approach the average value. In the winter peri-
od, however, the minimum and maximum values present 
a greater delta, which often deviates from the average val-
ue. Furthermore, the table shows the values of the eighti-
eth percentile (80%) are in almost all cases close to the av-
erage. Such a difference could be due to the increase in 
recreational anthropogenic activities.

The ultrafine particles present very low values, in the 
winter period lower than 409 # m-3 and in the summer pe-
riod lower than 750 # m-3 and prove to be in line with the 
concentrations of atmospheric particulates. 

Agnone
Results obtained during the sampling campaign in Ag-
none are summarised in Table 2.

The average concentrations of atmospheric particu-
late matter are different between the summer period and 
the winter period. Concentrations during the winter peri-
od tend to almost triple compared to the summer period. 
Considering the altitude of the municipality, this increase 
is attributable to the use of heating systems such as meth-
ane boilers or wood-burning fireplaces, present in almost 
all homes in the municipality. The combustion processes 
inf luence the winter values. The minimum and maximum 

Table 1. Average concentrations of PM1, PM2.5, PM4 and PM10 the (µg m-3) 
related to the summer and winter periods; standard deviation (SD); 
minimum (min) and maximum (max) value; 60, 80, 95 percentiles of 
Montedimezzo. (sum. = summer; win. = winter)

Concentration (µg m-3)

PM1 PM2.5 PM4 PM10

sum. win. sum. win. sum. win. sum. win.

mean 8.7 4.9 11.2 5.4 12.5 5.5 15.8 6.0

SD 0.3 7.5 0.5 7.5 0.8 7.5 2.1 7.5

min 7.9 0.9 9.9 1.3 10.9 1.4 13.2 1.5

max 9.3 28.9 12.6 29.5 14.5 29.6 22.4 30.1

60 % 8.7 2.5 11.3 3.1 12.5 3.4 15.6 4.1

80% 8.8 4.5 11.5 5.2 13.1 5.3 17.7 6.5

95% 9.0 25.4 12.2 26.0 14.1 26.2 19.5 26.3

Table 2. Average concentrations of PM1, PM2.5, PM4 and PM10 the (µg m-3 
relating to the summer and winter periods; standard deviation (SD); 
minimum (min) and maximum (max) value determined; 60, 80, 95 
percentiles. (sum. = summer; win. = winter)

Concentration (µg m-3)

PM1 PM2.5 PM4 PM10

sum. win. sum. win. sum. win. sum. win.

mean 6.5 18.6 9.3 20.1 11.8 20.6 22.4 32.0

SD 0.5 13.4 2.9 13.8 7.5 13.9 58.2 14.2

min 5.7 6.8 7.7 7.9 8.2 8.0 9.1 8.3

max 8.0 75.6 21.5 78.1 44.7 78.6 291.8 79.4

60 % 6.5 16.0 8.6 17.4 9.5 18.3 12.6 20.8

80% 6.7 21.3 9.1 22.6 10.8 23.1 18.4 25.2

95% 7.6 46.8 15.5 49.1 26.5 49.5 153.8 52.2
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values present a greater delta compared to the average val-
ue in the winter period. Also, in this determination, the 
values at the eightieth percentile are close to the averages 
in almost all determinations.

Campobasso
Campobasso city was monitored in different meteorologi-
cal situations, to have a representativeness of the pollution 
level of the area.

The entire route (Figure 2), touched different areas of 
the city, appropriately selected based on population densi-
ty, vehicular traffic and green areas. The route highlight-
ed in red shows a peripheral road, characterized by a high 
population density, and heavy vehicular traffic of cars and 
coaches which also operate routes outside the city. In the 
area, there is a bus terminal located a short distance from 
the road examined. The route highlighted in orange in-
dicates a road in the city centre, characterized mainly by 
light vehicular traffic and city buses. Finally, the route 
represented by the green line represents the pedestri-

an area closed to traffic where there is a green park used 
by the majority of the population for walking. The hous-
ing units are similar to those of the orange route but the 
park is very large, full of trees and varied vegetation. These 
three situations identify and characterize different prac-
ticable routes within the town centre. They simulate a dif-
ferent exposure to atmospheric particulates and ultrafine 
particles to which the pedestrian is subjected. 

Table 3 shows the average results of the PMs, with 
the SD, MIN, MAX, 60, 80, and 95 percentiles. The aver-
age values during the summer period are between 7.2 and 
11.1  ppm, while the winter values were between 8.8 and 
26.8 ppm. Significant differences between the maximum 
values are noted. The maximum values determined dur-
ing the afternoons of the summer period (401.0 - 521.0 
µg m-3) are far higher than the respective average values 
(8.8 - 11.1 µg m-3). However, by comparing the maximum 
values with the relative values at 95% (23 – 28 µg m-3), it 
can be noted that the maximums represent instantaneous 
values of little significance. Furthermore, especially in the 
summer sampling, the average composition of the aerosol 
is predominantly PM1 (around 66.0% in the morning and 
79.3% in the afternoon).

The correspondences between percentiles and averages 
are also different. During the summer period, considering 
the standard deviation, the average values are comparable 
to those of 95%. While in the winter period, the correspond-
ence is 80%. In the winter period, the average values of the 
various particulate fractions become comparable between 
morning and afternoon. The data show an increase in par-
ticulate values in the winter period compared to the sum-
mer period. This could be due to an anthropic action linked 
to the use of heating systems. Campobasso is characterized 
by a fairly harsh climate during the winter period. Conse-
quently, the use of combustion boilers leads to doubling the 
values of both the respirable fraction and PM10 compared to 
the values found during the summer period.

Figure 2. Route in Campobasso city: the red line indicates 
residential area with high traf fic intensity, the orange line 
indicates residential area with medium traf fic intensity, whilst 
the green line represents pedestrian area

Table 3. Average concentrations of the dif ferent sizes of atmospheric particulate matter (µg m-3) relating to the summer and winter 
periods; standard deviation (SD); minimum (min) and maximum (max) value determined; 60, 80, 95 percentiles. (mor. = morning;  
aft. = af ternoon)

Concentration mean (µg m-3)

Summer Winter

PM1 PM2.5 PM4 PM10 PM1 PM2.5 PM4 PM10

mor. aft. mor. aft. mor. aft. mor. aft. mor. aft. mor. aft. mor. aft. mor. aft.

mean 6.8 8.8 7.2 9.1 8.2 9.7 10.3 11.1 8.8 9.6 15.2 13.9 17.9 17.0 21.9 26.8

SD 1.9 13.5 2.0 13.5 2.7 13.9 5.9 17.1 8.1 4.3 9.5 6.2 10.2 8.5 11.0 17.5

min 5.0 1.0 5.0 1.0 6.0 1.0 6.0 1.0 2.4 4.6 5.3 7.4 6.6 8.6 8.4 11.1

max 17.0 401.0 19.0 403.0 25.0 410.0 46.0 521.0 48.5 22.3 57.4 37.9 60.7 52.9 62.7 99.8

60 % 7.0 7.0 7.0 7.0 8.0 8.0 10.0 9.0 8.4 10.0 16.5 13.8 19.4 16.3 23.2 23.2

80% 7.0 10.0 7.2 10.0 9.0 11.0 11.0 14.0 10.1 11.6 18.2 16.7 22.2 20.9 27.0 34.0

95% 8.1 23.0 9.1 24.0 12.0 24.0 17.0 28.0 23.9 18.1 31.6 26.0 35.9 32.2 41.4 54.7
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The comparison between the composition of UFPs be-
tween the summer and winter periods confirms a change 
in air quality (Figure 3). The number of UFPs per cubic 
meter (# m-3) of air also tends to increase in the analyzed 
routes. Specifically, in the red and orange routes, the num-
ber of UFPs tends to grow in the winter period compared 
to the summer period, with values respectively lower than 
6500 # m-3 and 4000 # m-3. Such a trend was not observed 
in the green one, where the UFPs are comparable in the 
two periods. 

Venafro
Routes carried out during the sampling campaign in Ve-
nafro are represented in Figure 4. 

A route was identified that covered almost the entire 
country. An alasting of approximately 30 minutes was 
considered: two different areas can be identified on the se-
lected stretch. The route highlighted in red develops along 
the “SS6” and the “SS85”, the two main roads that connect 
Venafro with the motorways and the industrial area, char-
acterized by a high density of heavy vehicular traffic. The 
route highlighted in orange is in the centre with medium 
traffic density, essentially local traffic. 

The concentrations of atmospheric particulate matter 
are dif ferent between the summer and winter periods, as 
shown in Table 4. In the summer period, PM concentra-
tions are on average higher than those in the afternoon. 
This dif ference could be due to the heavy vehicular traf fic 
of trucks and road transporters, which, can walk freely 
on urban and extra-urban roads during the night hours, 
and then have limitations during the daytime hours to 
reduce the risks for cars. This gap decreases during the 

Figure 3. Comparison between the average distribution of ultrafine particles (# m-3) VS the diameter of 
the particles (nm) between the summer and winter periods in the three types of routes

Figure 4. The city route of Venafro where the red line indicates 
a residential area with high traf fic intensity, and the orange line 
indicates a residential area with medium traf fic intensity

Table 4. Average concentrations of the dif ferent sizes of atmospheric particulate matter (µg m-3) relating to the summer and winter 
periods; standard deviation (SD); minimum (min) and maximum (max) value determined; 60, 80, 95 percentiles (mor. = morning;  
aft. = af ternoon)

Concentration mean (µg m-3)

Summer Winter

PM1 PM2.5 PM4 PM10 PM1 PM2.5 PM4 PM10

mor. aft. mor. aft. mor. aft. mor. aft. mor. aft. mor. aft. mor. aft. mor. aft.

mean 23.1 13.1 23.9 13.6 25.1 14.6 28.3 17.1 35.5 32.5 47.3 40.9 50.9 45.9 58.4 66.5

SD 39.9 35.1 40.5 35.3 43.2 36.4 57.3 43.9 20.0 23.9 20.5 25.3 20.9 33.4 31.5 125.1

min 0.0 5.0 8.0 6.0 8.0 7.0 8.0 7.0 13.9 16.9 23.7 24.5 26.3 26.3 30.1 29.4

max 1090.0 1080.0 1100.0 1090.0 1130.0 1130.0 1720.0 1430.0 135.5 155.0 147.0 165.0 149.7 170.3 215.9 738.6

60 % 20.0 10.0 21.0 11.0 22.0 12.0 24.0 13.0 35.3 28.9 47.7 35.6 50.7 37.3 54.9 39.8

80% 25.0 13.0 26.0 14.0 27.0 15.0 31.0 18.0 43.3 39.0 55.7 48.4 61.1 50.5 67.5 53.9

95% 43.8 26.0 45.0 27.0 46.8 28.0 53.0 33.0 59.4 46.6 72.5 64.4 76.0 106.5 95.1 110.0
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winter period. The maximum values appear to be occa-
sional when compared to respective 95% values. Dur-
ing the summer period, considering the standard devi-
ation, the average values are comparable to those of 95%. 
While in the winter period, the correspondence is 80%. 
Furthermore, in the winter period, the concentrations 
between morning and afternoon become broadly com-
parable, since in addition to the emissions due to heavy 
vehicle traf fic, there are also emissions linked to the use 
of heating systems.

The UFP concentrations, as shown in Figure 5, are com-
parable in the two periods. In both types of path, the dis-
tribution curves show similar trends and are lower than 
12000 # m-3 for the path highlighted by the red line and 
lower than 8000 # m-3 for the path highlighted by the or-
ange line. It was decided to carry out Pearson correlations 
only for this reason since the ultrafine particles present 
significantly higher values compared to the other sites ex-
amined. 

Table 5. shows the relative Pearson correlation coeffi-
cients (r) determined for all sizes: the coefficients high-
lighted in blue, i.e., those with a value greater than 0.7, 
highlight a good correlation between the two fractions 
considered. Correlations are good for sizes ranging from 
11.5 to 64.9 nm, which means that fresh aerosol is emitted 
from the same sources. 

Termoli
The last sampling was carried out in the municipality of 
Termoli, the only seaside town in the region. Four sam-
plings were also carried out in this municipality, two dur-
ing the winter period and two during the summer period.

Routes carried out during the sampling campaign in Ter-
moli are represented in Figure 6. The route is traced based 
on the type of vehicular traffic and housing structures pres-
ent. The red route represents the streets with intense ve-
hicular traffic and represents the main entrance to the city, 

while the orange route represents the city centre, character-
ized by larger spaces and a small limited traffic area.

Figure 5. Comparison between the average distribution of ultrafine particles (# m-3) VS the diameter of 
the particles (nm) between the summer and winter periods in the two types of routes

Table 5. Pearson correlation coef ficient between submicron particles in dif ferent size fractions. 
Values> 0.7 are highlighted

11.5 15.4 20.5 27.4 36.5 48.7 64.9 86.6 115.5

1 0.666 0.782 0.928 0.959 0.945 0.806 0.298 0.162 11.5

1 0.909 0.564 0.582 0.714 0.816 0.589 0.520 15.4

1 0,802 0,782 0,815 0,792 0,576 0,456 20.5

1 0,985 0,894 0,813 0,418 0,179 27.4

1 0,949 0,856 0,334 0,107 36.5

1 0,922 0,354 0,195 48.7

1 0,609 0,614 64.9

1 0,920 86.6

1 115.5

Figure 6. City route of Termoli where the red line indicates a 
residential area with high traf fic intensity whereas the orange 
line indicates a residential area with medium traf fic intensity
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Table 6 shows a variation in average concentrations be-
tween the summer period and the winter period. The con-
centrations of atmospheric particulates in the summer 
period are comparable within the day, while in the win-
ter period, an increase in the concentration of the various 
fractions of PM is observed in the afternoon compared 
to the morning. This variation could be inf luenced by the 
presence of the sea breeze, which rises in the summer pe-
riod and participates in the exchange of air. During the 
summer period, there is a greater delta between the min-
imum value and maximum value in the various fractions 
of the particulate matter. But even in this case, these val-
ues are occasional when compared to the 95% average val-
ues. In the afternoon sampling the average values of both 
PM2.5 and PM10 exceed the permitted limit, 35.5 µg m-3 and 
64 µg m-3 respectively. However, if this value is averaged 
with the average morning value, 11.8 µg m-3 for PM2.5 and 
14.1 µg m-3 for PM10, the average daily values are 23.7 µg m-3 
for PM2.5 and 39.05 µg m-3 for PM10, values that fall with-
in the permitted limits. As regards the winter period, it 
should be underlined that the municipality of Termoli is 
crossed by a highly travelled stretch of motorway, which 
connects the south with the north of Italy. It is possible to 
suppose that in the winter period, the colder climatic con-
ditions limit the exchange of air linked to convective mo-

tions and consequently, there is an increase in fine dust 
concentrations. 

Figure 7 shows the comparison between the average 
distribution of ultrafine particles between the summer 
and winter periods in the two types of routes. It could be 
observed that the concentrations of UFP are comparable 
to those of atmospheric particulates. They appear to be 
2000 # m-3 and 6000 # m-3 respectively lower in the summer 
and winter periods. Furthermore, on this site, the trend of 
UFPs in both the red path and the orange path assumes a 
comparable trend. 

This paper aimed to characterize the air quality of some 
sites in the Molise region with data collected experimen-
tally. The analysis of the data collected has underlined an 
important inf luence of air quality due to vehicular traf-
fic and the use of heating systems, highlighting signifi-
cant gaps between the summer period and the winter pe-
riod. The geographical and demographic characteristics of 
Campobasso make the city comparable in terms of quality 
of life to many small Italian towns. In Italy the PM10 eval-
uation parameter is the daily average: according to Legis-
lative Decree 155/2010 this limit is equal to 50 µg m-3, not 
to be exceeded more than 35 times per year. The same de-
cree also establishes an average annual limit of 40 µg m-3. 
In April 2008 the European Union definitively adopted a 

Table 6. Average concentrations of the dif ferent sizes of atmospheric particulate matter (µg m-3) relating to the summer and winter 
periods; standard deviation (SD); minimum (min) and maximum (max) value determined; 60, 80, 95 percentiles. (mor. = morning;  
aft. = af ternoon)

Concentration mean (µg m-3)

Summer Winter

PM1 PM2.5 PM4 PM10 PM1 PM2.5 PM4 PM10

mor. aft. mor. aft. mor. aft. mor. aft. mor. aft. mor. aft. mor. aft. mor. aft.

mean 15.1 11.4 15.6 11.8 16.6 12.5 18.7 14.1 8.8 18.5 18.5 35.5 24.0 44.9 39.5 64.0

SD 7.4 10.8 7.5 10.9 8.2 11.3 10.8 12.9 2.5 3.2 2.6 3.9 3.1 5.1 6.9 10.1

min 8.0 3.0 9.0 4.0 9.0 4.0 9.0 4.0 6.8 12.6 16.2 30.1 20.4 38.2 28.5 51.7

max 122.0 164.0 135.0 165.0 169.0 166.0 276.0 184.0 22.6 27.0 32.4 50.0 38.3 64.3 58.8 101.9

60 % 14.0 9.0 14.0 10.0 15.0 10.0 18.0 12.0 8.5 18.7 18.2 35.7 23.7 44.7 39.5 63.2

80% 17.0 14.0 18.0 14.0 19.0 15.0 22.0 18.0 9.6 20.9 19.7 37.5 25.6 47.8 44.0 67.9

95% 26.0 26.0 27.0 27.0 29.0 28.0 33.0 32.0 11.5 24.3 21.5 42.6 28.5 55.4 52.1 85.2

Figure 7. Comparison between the average distribution of ultrafine particles (# m-3) VS the diameter of 
the particles (nm) between the summer and winter periods in the two types of routes
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new directive (2008/50/EC) which sets air quality limits 
with concerning PM2.5, considered the most dangerous for 
our health. As regards PM2.5, only the average annual limit 
of 25 µg m-3 is established. There is currently no regulation 
on exposure limits for PM4, PM1 and ultrafine particles. 
The overall picture shows an almost ideal climatic situa-
tion, with concentrations of atmospheric particulates and 
ultrafine particles which in most cases are below the limit 
concentrations established by law. The presence of anoma-
lous peaks is resolved over time. 

The results of concentrations of PM2.5 and PM10 in 
Campobasso were compared with those of atmospher-
ic particulate matter in some Italian cities. There are ap-
proximately 15 common demographically comparable 
results, but only three present works in the literature re-
garding the monitoring of PM2.5 and PM10 in dif ferent 
atmospheric and climatic conditions. The municipality 
of Lodi (Urso et al., 2015) is approximately 580 km from 
Rome in the North-West direction (45°19′N 9°30′E), ap-
proximately 44700 inhabitants, 41.38 km2, 87 m above sea 
level, 1080.45 inhabitants km-2. The municipality of Biel-
la (Diana et al., 2022) is approximately 670 km from Rome 
in a North-West direction (45°33′59″N 8°03′12″E), approx-
imately 42800 inhabitants, 46.69 km2, 420 m above sea 
level, 917.22 inhabitants km-2. Finally, the municipali-
ty of Avellino (Capozzi et al., 2022), about 250 km from 
Rome in a south-east direction (40°54′55″N 14°47′23″E), 
approximately 52100 inhabitants, 30.55 km2, 348 m above 
sea level, 1,706.58 inhabitants km-2. Table 7 compares the 
concentrations reported in the literature with those ob-
tained experimentally with this work in the municipali-
ty of Campobasso.

In all the municipalities examined there is a variation 
in the concentration of the various dimensions of atmos-
pheric particulate matter between the summer and win-
ter periods linked to the variation in climatic conditions. 
The work carried out in the municipality of Biella presents 
concentration values relating only to PM10 and the reasons 
that explain the difference in concentrations between the 
summer and winter periods are widely discussed by the 

authors in the article [Diana et al., 2022]. It is possible to 
note how the concentrations of the two fractions of par-
ticulate matter, respectively the inhalable fraction (PM10) 
and the respirable fraction (PM2.5), present lower values 
in the municipality of Campobasso compared to the cities 
examined. Furthermore, the average concentrations ob-
tained during the entire sampling campaign are decided-
ly lower when compared with those reported in the litera-
ture [Manigrasso et al., 2017] regarding large metropolises 
such as Rome (Table 8).

Table 8. Comparison between the average values of the three 
most populated areas of the entire sampling (µg m-3) with the 
city of Rome

Concentration mean PM (µg m-3)

PM1 PM2.5 PM4 PM10

Campobasso 8 11 12 16

Termoli 14 21 25 35

Venafro 26 31 40 45

Roma 129 130 131 137

Although the average concentrations of the various 
fractions of atmospheric particulate matter in Venafro 
are greater than those in Termoli or Campobasso, they be-
come small (about a quarter) when compared to those of 
metropolises such as Rome.

Conclusions

In conclusion, this work began to demonstrate the quali-
ty of the air in the Molise region, starting from the meas-
urement of the respirable and inhalable fraction of at-
mospheric particulate matter. The data collected is only 
a starting point. The authors examined the importance of 
respirable and non-respirable fractions and ultrafine par-
ticles for air quality monitoring. Studies on this topic are 
constantly updated and are not always sufficient to de-

scribe a correct public health assessment. It remains con-
firmed by the literature, the danger of submicron parti-
cles, which manage to reach the deepest part of the human 
respiratory system and are responsible for various pulmo-
nary and cardiovascular diseases. They should represent, 
together with atmospheric particulate matter, the new as-
sessment target for air quality.

Table 7. Comparison of the average concentrations (µg m-3) of 
PM2.5 and PM10 in four comparable Italian cities. (sum. = summer, 
win. = winter)

Concentration mean PM (µg m-3)

PM2.5 PM10

sum. win. sum. win.

Lodi 19.8 38.3 28.3 65.2

Biella / / 4.0 80.0

Avellino 35.0 36.1 31.9 39.2

Campobasso 8.2 14.6 10.5 23.9
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