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Introduzione — Qualita dell’aira in EU

Map 4.3 Concentrations of PM,, 2015 Annual mean PM, ,
concentrations in 2015
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Table ES.1 Percentage of the urban population in the EU-28 exposed to air pollutant concentrations
above certain EU and WHO reference concentrations (minimum and maximum observed
between 2013 and 2015)
Pollutant EU reference value (%) Exposure estimate (%) WHO AQG () Exposure estimate (%)
PM;s Year (25) 7-8 Year (10) _
PM,, Day (50) 16-20 Year (20) | 50-62 |
o, g-hour (120) 7-30 8-hour (100) [ eses ]
NO; Year (40) 7-9 Year (40) 7-9
BaP Year (1) 2025 Year (0.12) RL s
S0, Day (125) <1 Day (20) 20-38
Key <50 5-50 % 50-75 % [ >mw ]

A Exposure to PM, ¢

1.10
1.08
2 1.064
I3
o
e
S 104
©
I
1.02
1.004|-

PM, s (ug/m?)

Di et al, N EnglJ Med 2017;376:2513-22.



Introduzione: la qualita dell’aria in ambiente urbano

Il contributo delle particelle ultrafini alla qualita dell’aria
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M. Grana et al. Environmental
Pollution 228 (2017) 201-210
N. Ma, W. Birmili / Science of the Total Environment 512-513 (2015) 154—166
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Introduzione: emissioni da processi non da combustione

Oltre alle particelle di origine carboniosa € importante considerare anche emissioni di
particelle metalliche/inorganiche.

Table 1

PM;and PMg; airborne concentrations of metals (ng/m”) that are known to be used (as nanomaterials) in automotive parts, engine oils and fuels, including the mass percentage (%m/m)
in the size fraction smaller than 100 nm.

Maastunnel Rotterdam Bentinckplein Rotterdam Cabauw
PMio PMog.1 <100 nm PM o PMo,y <100 nm PMo PMo, <100 nm
ng/m* ng/m* %(m/m) ng/m? ng/m? %(m/m) ng/m? ng/m? %(m/m)
n=2 n=1 n=4 n=3 n=2 n=2
Mo 4,6 (0.6) 0.039 0.8% 1.7 (04) 0.096 (0.043) 5.6% 1.7 (0.6) 0.1(0.1) 49%
i 19.1(7.6) 0.200 1.0% 47(1.7) 0.020 (0.031) 0.4% 13(0.9) <0.001 <02%
Fe 7300 (1700) 75 0.1% 520 (120) 36(24) 0.7% 190 (95) 02(03) 0.1%
Cu 230(33) 0.27 0.1% 242 (5.2) 0.10 (0.05) 0.4% 42(2.8) <0.001 <0.05%
Ag 0.27 (0.06) 0.003 1.1% 0.14 (0.09) 0.012 (0.008) 8.6% 0.044 <0.001 <2%
Ce 0.92(032) 0.059 6.4% 0.27 (0.07) 0.003 (0.003) 1.1% 0.042 (0.003) 0.0001 (0.0001) 0.2%
w 6.5(3.7) 1.2 18% 1.0 023 23% 0.18 <0.001 <0.6%
Pd 0.10(0.02) 0.009 9,0% 0.025 (0.013) 0.002 (0.001) 8.0% 0.001 (0.001) 0.0001 (0.0001) 7.0%
Pt 0.015 (0.002) 0.002 13% 0.004 (0.002) 0.0001 (0.0001) 25% 0.0004 (0.0004) <0.0001 3.7%
Rh 0.009 (0.004) 0.0002 22% 0.004 <0.0001 <23% 0.0002 (0.0002) <0.0001 <6%
Zn 105 (31) 0.94 0.9% 21.6(3.0) 0.087 (0.064) 0.4% 11.1 (8.1) <0.001 <0.01%
Si 560 (220) 5.80 1.0% 810(190) <0.001 <0.01% 72 <0.001 <0.01%
B 2.8(03) 0.20 7.0% 1.6 (0.3) 0.3 (0.10) 18% 14(0.7) 0.012 (0.012) 1.2%
Sum 8250 16.0 47% | 1380 L_45 56%| 280 0.3 1.5% |
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Evidenze epidemiologiche: impatto delle emissioni veicolari

Il particolato da traffico & associato a significative riduzioni di

10-years NO2 (ug/m3)
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In conclusion, we found an association between air pollution
and road traffic noise and risk of incident heart failure, which
seemed strongest among persons with a vascular system that was
already impaired by other conditions. Furthermore, there were 6
indications of combined effects of noise and air pollution.

Secondary sulphate and organics =

:



Evidenze epidemiologiche: impatto delle emissioni veicolari

Associations between PM, . per 1 ug/m3 and asthma at any age

. Odds Ratio Odds Ratio &
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI =:'
Carlsten et al. 2010 - at 7 y.o. 0.276 0.1082  0.9% 1.32[1.07, 1.63] —_— H
Clark et al. 2010 LUR - at mean age of 4 y.o. 0.01 00101 32.7% 1.01[0.99, 1.03] 5
Gehring et al. 2015 b - BAMSE birth to 16 y.o 0.0259 0.0385 6.2% 1.03 [0.95, 1.11] e K]
Gehring et al. 2015 b - PIAMA birth to 14 y.o. 0.1093 0.0546 3.3% 1.12(1.00, 1.24] — Valutazione degli
Gehring et al. 2015b - GINI&LISA North birth to 15 0066 0.1352 0.6% 1.07 [0.82, 1.39] ——— A
Gehring et al. 2015b - GINI&LISA South birth to 15 -0.0266 0.0861 1.4% 0.97[0.82, 1.15] e effetti di emissioni da = M DEC ARM2 a0
McConnell et al. 2010 - 1st to 4th grade 0.0291 00177 19.8% 1.03 [0.99, 1.07] - diversi combustibili: ,
Mélter et al. 2014 b - MAAS only birth to 8 y.o. -0.1688 0.8068  0.0% 0.84[0.17,4.11] ¢ > L
Nishimura et al. 2013 - 8 to 21 y.o. 0.0296 00691  2.1% 1.03 [0.90, 1.18] —— possibilita di
Tétreault et al. 2016 - birth 1o 12 y.0. 0.0396 0.0099 33.1% 1.04 [1.02, 1.06] = confronto degli effetti g,
Total (95% CI) 100.0%  1.03[1.01, 1.05] + delle emissioni g
Heterogeneity: Tau? = 0.00; Chi? = 12,56, df = 9 (P = 0.18); |2 = 28% ’0 5 0‘7 1’5 2’ : ;
Test for overall effect: Z = 2.96 (P = 0.003) : Decregsad risk  iicreased risk &
H. Khreis et al. / Environment International 100 (2017) 1-31
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Evidenze epidemiologiche: impatto delle emissioni veicolari

:::;:""'i"" TERG) WM Hamra et al 2015 Health Perspect 123:1107-1112
Nyberg ot al. 2000 —t— 1.05(0.83, 1.18) 4an . . . . . .
oo 13, 2008 P wes1o = e emissioni da traffico (NO,) sono associate a un incremento
Raaschou-Nailsen et al. 2013 4 099(092,106) 826 . - . . . .
Hamichatal 2013 I, mesi 10 significativo dell’incidenza di tumore al polmone
Casaroni st al. 2013 3 104(101,107) 1206
Carey et al. 2013 - 1.08(1.00, 1.11) 9.89
Subtotal (12 = 41.1%, p=0.117) D 1.02(099,1.06) 4827
North America
Abbey et al. 1999 — 120105142 24 .
Krowsi ot .28 y assiom 1) 129 International Agency for Research on Cancer
Lipsett at al. 2011 —— 1.00 (0.85, 1.16) 345
Han etal. 2011 o 105(097,113) 756 ,'
Hystad et al. 2013 - 106(1.00,1120 816 z \
Villoneuve ot al. 2014 —_— 167012,230) 093 \\,7 di%\‘?’ World Health
A . e
Subtotal (? = 77.1%, p=0.001) K> 1.07(1.00,1.14) 3742 \\JQ- 1 Jy Organlzatlon
Other —
Katanoda et al. 2011 - 1.08(1.05, 1.13) 1.08 PRES§ RELEASE
Yorifuji et al 2013 e 12008140 3% N° 213
Subtotal (7 = 32.5%, p=0.224) < 1110103,1.200 1431
Overall {12 = 72.8%, p=0.000) (o3 1.04(1.01,1.08)  100.00 12 June 2012
0s 2 3
Relative risk estimate
Figure 1. Forest plot of study-specific estimates of relative risk (RR) of lung cancer associated with a
10-pg/m* increase in exposure to NO,. The meta-estimate and weights in the forest plot are estimated
from random effects meta-analyses.
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| 50-199 v% 13 0.86 (0.49, 1.49) 0.90(0.52, 1.57)
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0-49 1 [ tD:58: 1a7) T07 ¢0.59: T3] ] that exposure is associated with an increased risk for lung cancer.
| Continuous (per 100 m) 604 U.98 {097, T.04] 0971090, T.03]
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Il contributo delle emissioni da traffico: SA sperimentale
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URGS900D AIM 2.5 3 55 no
|SUNSET Semi-continuos EC/OC analyzer | 2.5/1 8 90 (30) quarzo

Specie campionate (frazione PM2.5):
oC, EC|, CI', NO,", NO;, SO,2", Na*, NH,*, K*, Mg?*, Ca?*)

Uso di metodi di campionamento e analisi automatici:
Riduzione o assenza di artefatti nel campione
- assenza di manipolazione del campione
- minor intervallo di campionamento
- assenza di filtro di campionamento
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Il contributo delle emissioni da traffico: PMF
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Identificare il contributo delle emissioni da traffico: SA e PMF
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|dentificare il contributo delle emissioni da traffico: PMF e SA

ACSM + BC

ACSM: sorgenti
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Il contributo delle emissioni da traffico: SA modellistico
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Simulazione di dispersione in atmosfera di sostanze caratteristiche di diverse sorgenti e ricostruzione di tipologia

e apporti quantitativi delle sorgenti a scala locale (fino a 20 km x 20 km, dettaglio fino a 100 m):
Grande dettaglio delle sorgenti

Possibilita di trattare condizioni di vento debole, particolarmente critiche per la dispersione

No interazione chimica con atmosfera pulita e con altre emissioni = solo contributi primari
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Il contributo delle emissioni da traffico: SA modellistico

=

Buildings

NOX (microg/m3)

Grazie alla simulazione a microscala € possibile definire con maggiore
risoluzione (pochi metri) le zone maggiormente influenzate dalla sorgente
traffico.

E’ possibile quindi identificare in base alle caratteristiche topografiche di

un’area in esame se sono presenti aree particolarmente soggette ad elevate
concentrazioni di inquinanti aerodispersi associati alla sorgente di interesse.
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Il contributo delle emissioni da traffico: SA e impatti
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Nuove applicazioni per lo studio degli effetti attesi/evitabili

| modelli In vitro posso essere usati in sostituzione dei modelli in vivo e permettono di
indagare gli effetti di particelle e/o gas a livello di tessuti bersaglio

UFPs
Organics, metals, surface area Partendo dal dat| d| —
l dlStrI bUZione degll Detoxification by metabolic enzymes
[ I . . e e . . Anti-oxidant responses
Oxdave sess inquinanti di interesse si

/ \ definisce il modello
 cellulare specifico - -
olo|as/slolsl) S

GC CICBC C EC

Depletion of anti-oxidants Lipid peroxidation

S -

Activate ER stress, MAPK/NF-kB or other
redox sensitive signaling pathways

!

Pro-inflammatory

Airway epithelium Alveoli

Inflammation response of respiratory and
cardiovascular system

P.S. Hiemstra et al. Toxicology in Vitro 47 (2018) 137-146

Fig. 5 The molecular mechanism of inflammation aroused from UFPs.

R. Chen et al. / Biochimica et Biophysica Acta 1860 (2016) 2844—-2855
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Nuove applicazioni per lo studio degli effetti attesi/evitabili

Il problema della rilevanza per I'esposizione umana

1

Oxidative stress
level

Tier1l Tier2 Tier3
Antioxidantdefense Inflammation Cytotoxicity

Pathway ARE AP-1 & NF-B
Transcription
factor/target Nrf2 Fos, Jun, Rel
HO-1 . :
Cytokine, Chemokines
Cell response Phase Il enzymes, e.g. GST, L7
NQO1, etc. Adhesion molecules

Klein et al. Particle and Fibre Toxicology (2017) 14:7
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Caspase activation/ATP
depletion

Mitochondrial PT pore
Mitochondrial
respiratory chain

Apoptosis
Necrosis

% toxic response

Conceptual depiction of factors for considering
dose-dependent transitions in determinants of toxicity

Saturation of metabolic
enzymes

Saturation of binding sites
Saturation of receptors or
transporter proteins
Saturation of defense or
repair enzymes

[Human exposure range)

-

[Typical acute experimental dose range]
-Log dose-
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Nuove applicazioni per lo studio degli effetti attesi/evitabili

Sistemi di esposizione innovativi
permettono di testare senza
generare artefatti particelle
aerodisperse sia in condizioni
ambientali sia in laboratorio

Questi sistemi permettono di

mimare la deposizione attesa a
livello polmonare nell’'uomo
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Nuove applicazioni per lo studio degli effetti attesi/evitabili

PM Mass | Numb | Ntot BC fBC | PAHs oM NH,* fNH,* Cl-

Parameter (Hglcm?) er (Hg/m?) (ng/m?3) (ng/m3) (ug/m3) (Hg/m3)
(#lcm?)

Biological

response

-0.69* -0.74*  -0.80* -0.77* -0.77* 0.89* -0.69* 0.97**
B 0.79+ 0.80** 0.63* 0.45" 094" 046* -0.62** -0.72**  0.66* 0.98** 0.77* 0.65* 0.87*
B o.78* 0.77**  0.64**  047* 0.87° 0.48* 0.66* 0.93* 0.78* 0.68* 0.86*

-0.96* 0.41*  -0.74% 0.96" 0.63** 0.88" 0.71*  -0.64* -0.68* -0.93* -0.56**
0.40°
* = statistically significant p <0.05, ** = statistically significant p < 0.01, * statistically significant p < 0.001
®
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Conclusioni

There is a need for better linking epidemiological, toxicological and modeling
studies to improve the tools available for risk assessment of various aerosol

eXpOSU res. Darquenne et al. Journal of Aerosol Science 99 (2016) 1-5

Too little is known about how different components contribute to the overall
toxicity of particulate matter. Such information could inform policy strategies to
reduce deaths [..]. Techniques for detecting highly reactive and short-lived
hazardous compounds [..] could be combined with toxicological experiments.
These might include exposing cell cultures to ambient air..

Lelieveld and Pdschl Nature 551 (2017) , 291-293
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Conclusioni

ENEA mediante strumenti modellistici e sperimentali € in grado di studiare a
diverse scale (regionale e locale) e a diversa risoluzione temporale
(orario/giornaliero...) il contributo delle diverse sorgenti che determinano una
alterazione della qualita dell’aria, tra cui le emissioni derivanti dalla mobilita su
strada

| modelli possono fornire indicazioni sugli effetti sulla salute attesi

Grazie a strumenti di indagine innovativi & possibile studiare gli effetti potenziali
attesi da specifiche sorgenti emissive o la riduzione degli effetti a seguito
dell’introduzione di nuove tecnologie. Questi sistemi sperimentali possono essere
applicati a ricerche in campo €/o in laboratorio permettendo una maggiore
versatilita rispetto ai “classici” sistemi cellulari.
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