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INTRODUCTION The new European Air Quality Directive 2024/2881 [1] introduces new monitoring requirements. These include ultrafine particles (UFPs), for which monitoring is recommended at sites where high
levels are expected, such as busy roads, ports, airports, and sites affected by biomass combustion. This study presents a screening monitoring of a subregion of Tuscany, provinces of Lucca and Livorno

* In winter 2025, UFP measurements were taken in the city of Livorno, which is known for its busy port and major industrial hub: four sites, one traffic site, one background site and two industrial sites near the
refinery, so that the whole urban area of Livorno could be covered.

* The Lucca Plain, characterized by intensive use of biomass combustion for domestic heating was investigated in three sites: one traffic site and two background sites, one in the urban area of the city of Lucca
and one in the urban area of Capannori, where the contribution of biomass burning is more significant. The last site studied in the province of Lucca is located in the municipality of Viareggio, a coastal background
site also affected by biomass combustion.

Monitoring 2025
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H H distribution instrument that provides particle concentrations in 13 size classes from 10 nm to 365
E nm. Measurements were taken for short periods of time at each site (two to four days) and
Hr— E repeated cyclically over different months. Data were collected every minute in winter 2025 with last
samplings in the very beginning of the spring.
Lvorno (A The data were normalized to the total number of particles and the k-means method in R [2] was
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MONITORING RESULTS AND SPATIAL DISTRIBUTION
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The time graphs show the size evolution of ultrafine particulate matter in the atmosphere recorded during the 2025 winter and spring monitoring campaigns. The X-axis represents the temporal progression of the
event, the Y-axis indicates the particle diameter, while the colors from blue to red indicate the total number of particles present in the atmosphere. Each monitoring site has unique characteristics with substantial
differences among the different areas. The most significant events were recorded at the LU-Capannori hotspot site, in terms of total number of particles and mean particle size. Furthermore, at this site, there is
strong reproducibility across the calendar day. Other less intense events were recorded at other sites in the province of Lucca, while in the Livorno area, the recorded events were short-lived, with particle
distributions focused on the smaller diameter classes.

LU-Capannori Background

LU-Viareggio Background . .
On the left an example of trend in the total number of nanoparticles 4000

=2 divided into 13 size is reported (LU-Capannori 11™-13™ of Feb)The

o graph on the right shows the percentage distribution of the total number
154

W .15 of nanoparticles among the 13 size classes. 9900

86,6

| =s:0 Around the map, similar graphs are provided for each site, showing the
.. average distribution and the breakdown among the 3 modes
kg “»: (Nucleation, Aitken, Accumulation) that highlight the differences
W oY between the different sites. In particular, the different proportions of

particles in the lower diameter classes (nucleation mode) are evident in

2000

N/cm3

1500

WNumbercm3

3000

1000

2500

h 4 1I : ,_.-L" :.. . . T'. I L 6 !'. I f i | 1 I | ' |
R - | Livorno compared to other regions
50
I I | I I WHO reference [3]: hourly value 20000 N tot/cm3 2000
0 . . ; 5 : site Average site N tot/cm3 | % ore » 20000 N tot/cm3

o

N/cm3

1,6 154 205 274 365 487 649 866 1155 154 2054 273,8 3652

nucleation aitken accumulation

particle diameter (nm)

| ‘ 19228 4% 1500
5809 0%
2500 . 2500 I -Carducci T 2 4% 1000
LI-Cappiello Background “arducct fratie LU-Micheletto Traffic 5779 1%
2000 R AN e 2000 " ‘ L : 2838 0%
: i ‘ . 4 e LI-Carducci Traffic 7851 4% 50
| Vlaregglo j o - LI-Stagno Industrial 5675 1%
1500 1500 [ Tk ¥
M il o 80 - NG LI-La Pira Industrial 3174 0% 0

o

11,5 154 205 274 365 487 649 866 1155 154 2054 273,8 3652

nucleation aitken accumulation
1000 1000

particle diameter (nm)

| r. = A ‘ - ._1' . |
{Seyi i A | 1 NG -, o
500 500 1 - AP
I I I I R L e £ 3 2500
%t L R - LU-Micheletto Traffic
0 I I l || - — 0 I . | . e ‘l. ‘.'..,. - gl i b i

1,5 154 205 274 36,5 48,7 649 86,6 1155 154 2054 273,8 365,2 1,5 154 20,5 274 36,5 487 64,9 86,6 1155 154 2054 273,8 3652 22000 LU'COﬂCOdeOBaCkgrOUHd ™
nucleation aitken accumulation nucleation aitken accumulation CZ\-> § 2000
particle diameter (nm) particle diameter (nm)
“WWW M»‘ h 1’W*
2000 2000 1500 1500 W 'JWW‘ Vﬁ
LI-Stagno industrial LI-La Pira industrial NP ‘

i wr) i
‘ wm@w&k

1500 1500 1000

1000

< RV w "
! | i
1000 ‘ i )(\“m“ o Wm WWI MIA i \H’l o .
i Mw\w‘ "" ww M I I I I
I I 11,5 154 205 274 365 48,7 649 86,6 1155 154 2054 273,8 3652 1,5 154 205 274 36,5 487 649 866 1155 154 2054 2738 3652
nucleation aitken accumulation nucleation aitken accumulation
. I I B . 0 I I I I I [ B particledi:meter(nm) | particle diameter (nm)
11,5 154 205 274 36,5 48,7 649 86,6 1155 154 2054 273,8 365,2 11,5 154 205 274 365 487 649 866 1155 154 2054 273,8 3652
nucleation — (;;u:;::;nmer o accumulation nucleation e Zlit:;neter o) accumulation
CLUSTER ANALYSIS
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