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Territorial context
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Starting Point

Due to its orography, the Po Valley is one of the European areas with the highest concentrations of pollutants.

However, for many of these, a constant decrease in values has been noticeable for several decades.

MI-Pascal (UB)
PM2026 – Napoli, 26-29 maggio 2026
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AQ in Milan: MI-Pascal

Gaseous pollutants NO, NO2, NOx, SO2, O3, NH3, CO2, N2O, CH4

PM2026 – Napoli, 26-29 maggio 2026

1000

1200

1400

1600

1800

2000

2200

2400

2600

2800

3000

14/10/2020 14/10/2021 14/10/2022 14/10/2023 13/10/2024 13/10/2025

C
o

n
c.

 (
µ

g/
m

³)

Andamento giornaliero - CH4

MI-Pascal Moggio Ispra-JRC Mt. Cimone-CNR

300.0

350.0

400.0

450.0

500.0

550.0

600.0

650.0

700.0

750.0

14/10/2023 13/10/2024 13/10/2025

C
o

n
c.

 (
p

p
m

)

Andamento giornaliero - CO2

MI-Pascal Moggio Ispra-JRC Mt. Cimone-CNR PRS

300.0

310.0

320.0

330.0

340.0

350.0

360.0

370.0

380.0

390.0

14/10/2023 13/10/2024 13/10/2025

C
o

n
c.

 (
p

p
b

)

Andamento giornaliero - N2O

MI-Pascal Mt. Cimone-CNR JFJ KIT

1300

1400

1500

1600

1700

1800

1300

1320

1340

1360

1380

1400

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

C
o

n
c. M

I-P
ascal (µ

g/m
³)

C
o

n
c.

 (
µ

g/
m

³)

CH4 - Giorno tipo invernale

Moggio Mt. Cimone-CNR Ispra-JRC MI-Pascal

1200

1250

1300

1350

1400

1450

1500

1550

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

C
o

n
c.

 (
µ

g/
m

³)

CH4 - Giorno tipo estivo

MI-Pascal Moggio Mt. Cimone-CNR Ispra-JRC

320

325

330

335

340

345

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

C
o

n
c.

 (
p

p
b

)

N2O- Giorno tipo estivo

MI-Pascal Mt. Cimone-CNR KIT JFJ

320

325

330

335

340

345

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

C
o

n
c.

 (
p

p
b

)

N2O- Giorno tipo invernale

MI-Pascal Mt. Cimone-CNR KIT JFJ

350

400

450

500

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

C
o

n
c.

 (
p

p
m

)

CO2 - Giorno tipo estivo

MI-Pascal Moggio Mt. Cimone-CNR Ispra-JRC PRS

400

450

500

550

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

C
o

n
c.

 (
p

p
m

)

CO2 - Giorno tipo invernale

MI-Pascal Moggio Mt. Cimone-CNR Ispra-JRC PRS

1300

1400

1500

1600

1700

1800

1300

1320

1340

1360

1380

1400

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

C
o

n
c. M

I-P
ascal (µ

g/m
³)

C
o

n
c.

 (
µ

g/
m

³)

CH4 - Giorno tipo invernale

Moggio Mt. Cimone-CNR Ispra-JRC MI-Pascal

1200

1250

1300

1350

1400

1450

1500

1550

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

C
o

n
c.

 (
µ

g/
m

³)

CH4 - Giorno tipo estivo

MI-Pascal Moggio Mt. Cimone-CNR Ispra-JRC

320

325

330

335

340

345

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

C
o

n
c.

 (
p

p
b

)

N2O- Giorno tipo estivo

MI-Pascal Mt. Cimone-CNR KIT JFJ

320

325

330

335

340

345

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

C
o

n
c.

 (
p

p
b

)

N2O- Giorno tipo invernale

MI-Pascal Mt. Cimone-CNR KIT JFJ

350

400

450

500

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

C
o

n
c.

 (
p

p
m

)

CO2 - Giorno tipo estivo

MI-Pascal Moggio Mt. Cimone-CNR Ispra-JRC PRS

400

450

500

550

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

C
o

n
c.

 (
p

p
m

)

CO2 - Giorno tipo invernale

MI-Pascal Moggio Mt. Cimone-CNR Ispra-JRC PRS

1300

1400

1500

1600

1700

1800

1300

1320

1340

1360

1380

1400

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

C
o

n
c. M

I-P
ascal (µ

g/m
³)

C
o

n
c.

 (
µ

g/
m

³)

CH4 - Giorno tipo invernale

Moggio Mt. Cimone-CNR Ispra-JRC MI-Pascal

1200

1250

1300

1350

1400

1450

1500

1550

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

C
o

n
c.

 (
µ

g/
m

³)

CH4 - Giorno tipo estivo

MI-Pascal Moggio Mt. Cimone-CNR Ispra-JRC

320

325

330

335

340

345

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

C
o

n
c.

 (
p

p
b

)

N2O- Giorno tipo estivo

MI-Pascal Mt. Cimone-CNR KIT JFJ

320

325

330

335

340

345

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

C
o

n
c.

 (
p

p
b

)

N2O- Giorno tipo invernale

MI-Pascal Mt. Cimone-CNR KIT JFJ

350

400

450

500

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

C
o

n
c.

 (
p

p
m

)

CO2 - Giorno tipo estivo

MI-Pascal Moggio Mt. Cimone-CNR Ispra-JRC PRS

400

450

500

550

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

C
o

n
c.

 (
p

p
m

)

CO2 - Giorno tipo invernale

MI-Pascal Moggio Mt. Cimone-CNR Ispra-JRC PRS



4

AQ in Milan: MI-Pascal

Gaseous pollutants

Volatile Organic Compounds

NO, NO2, NOx, SO2, O3, NH3, CO2, N2O, CH4

Gas Chromatography (FID-FID)

PM2026 – Napoli, 26-29 maggio 2026
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AQ in Milan: MI-Pascal

Gaseous pollutants

Volatile Organic Compounds

NO, NO2, NOx, SO2, O3, NH3, CO2, N2O, CH4

Gas Chromatography (FID-FID)

PM2026 – Napoli, 26-29 maggio 2026

Nanoparticles
d= 10-800 nm, SMPS 3938W50 CEN  + CPC 3750

d = 6-104 nm, Elpi+

➢ Poster, M. Agrò & WG2 IAS, Particolato ultrafine e new particle formation sul 

territorio italiano: un dataset della collaborazione IAS – Sessione di domani

➢ Poster, B. Biffi, Distribuzione dimensionale dell’aerosol atmosferico in un sito 

rurale e un sito urbano della Pianura Padana – Sessione odierna
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AQ in Milan: MI-Pascal

Gaseous pollutants

Volatile Organic Compounds

NO, NO2, NOx, SO2, O3, NH3, CO2, N2O, CH4

Gas Chromatography (FID-FID)

PM2026 – Napoli, 26-29 maggio 2026

Nanoparticles
d= 10-800 nm, SMPS 3938W50 CEN  + CPC 3750

d = 6-104 nm, Elpi+

Optical measurements BC (MAAP5012, AE36s) and Nephelometer (Aurora 3000)

➢ Orale, S. Rimoldi, oggi 10:45

➢ Orale,V. Bernardoni, oggi 12:45

➢ Orale, S. Ozgen, giovedì 16:30
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AQ in Milan: MI-Pascal

Gaseous pollutants

Volatile Organic Compounds

NO, NO2, NOx, SO2, O3, NH3, CO2, N2O, CH4

Gas Chromatography (FID-FID)

PM2026 – Napoli, 26-29 maggio 2026

Nanoparticles
d= 10-800 nm, SMPS 3938W50 CEN  + CPC 3750

d = 6-104 nm, Elpi+

Optical measurements BC (MAAP5012, AE36s) and Nephelometer (Aurora 3000)

High resolution PM

Fidas 200E, APS 3321, ions&organics (ACSM-ToF-x), Total Carbon (TCA08)

Elements (Xact) and MARGA ……. coming soon

Elements (Xact) from PSI for 1 year

Cl
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AQ in Milan: MI-Pascal

Gaseous pollutants

Volatile Organic Compounds

NO, NO2, NOx, SO2, O3, NH3, CO2, N2O, CH4

Gas Chromatography (FID-FID)
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Nanoparticles
d= 10-800 nm, SMPS 3938W50 CEN  + CPC 3750

d = 6-104 nm, Elpi+

Optical measurements BC (MAAP5012, AE36s) and Nephelometer (Aurora 3000)

High resolution PM

Fidas 200E, APS 3321, ions&organics (ACSM-ToF-x), Total Carbon (TCA08)

Elements (Xact) and MARGA ……. coming soon

Elements (Xact) from PSI for 1 year

Daily PM & offline analysis
PM10&2.5 FAI-DC, 4 LVS PM10&PM2.5

Elements Z>11 (2 ED-XRF Panalitycal), ions and sugar 

(IC Metrohm), OC&EC (2 TOT/TOR Sunset)
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Source Apportionment Analysis
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Positive Matrix Factorization

𝑥𝑖𝑗 = ෍

𝑘=1

𝑝

𝑔𝑖𝑘𝑓𝑘𝑗 + 𝑒𝑖𝑗 Hopke, 2003

EPA-PMF5

Input data: 
- daily PM10&2.5 concentrations and 
     chemical comp.
- uncertainties by Polissar, 1998

Input data: 
- Hourly UFP concentrations

- uncertainties by Ogulei et al., 2007
Input data: 
- Hourly VOCs concentrations
- uncertainties by Polissar, 1998

DATALYSTICA - SOFI 9

Input data: 
- Hourly PM conc. and chemical comp.
- uncertainties by Polissar, 1998

PM2026 – Napoli, 26-29 maggio 2026
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PMF Other parameters

UFPs

Input data: 245 species x 10200 hours (Mar 2024 – Feb 2026)

Unc: Ogulei et al. (2007), Squizzato et al. (2019) and Hopke et al. (2024)

PM2026 – Napoli, 26-29 maggio 2026

nij >> 500.000 elements of matrix 

Unc. PNC = 3 x cn (total variable) 

𝑠𝑖𝑗 =  𝑎𝑖𝑗 +  𝐶3 ∗ 𝑛𝑖𝑗
𝑎𝑖𝑗 = 0.01(𝑛𝑖𝑗 + 𝑛𝑖𝑗)

𝑛𝑖𝑗 conc. sample i bin j

𝑛𝑖𝑗 averaged conc. bin j

𝐶3 experimental constant ÷ [0.001; 0.15]

https://www.arpalombardia.it/media/xnaj31q4/prog

etto-orio-relazione-20171231.pdf

+ RiUrbans_ST11
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PMF Other parameters

UFPs

PM2026 – Napoli, 26-29 maggio 2026

Best solution: 8 Factors o Nucleation

o Domestic Heating

o Traffic 1

o Traffic 2

o Winter Regional Sec. Aerosol

o O3-rich. Secondary

o Road Dust

o Urban Background
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UFPs

PM2026 – Napoli, 26-29 maggio 2026
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PMF Other parameters

UFPs

PM2026 – Napoli, 26-29 maggio 2026

Best solution: 8 Factors o Nucleation
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PMF Other parameters

UFPs

PM2026 – Napoli, 26-29 maggio 2026

Best solution: 8 Factors o Nucleation

o Domestic Heating

o Traffic 1

o Traffic 2

o Winter Regional Sec. Aerosol

o O3-rich. Secondary

o Road Dust

o Urban Background
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PMF Other parameters

VOCs

Input data: 29 species x 9239 hours (Feb. 2024 - Apr. 2025)

                  11 Alkanes, 8 Alkenes, 1 Alkyne, 8 Aromatics and Isoprene

Unc: + ACTRIS guideline (WP3 / Deliverable 3.17) 

        + RiUrbans_ST11

PM2026 – Napoli, 26-29 maggio 2026

calculated taking into account random and systematical

errors during the analysis method. These were identified as

errors of the integration of the peaks, of the reproducibility of

the calibrations and uncertainty of the referee concentrations

The possible outliers have to be checked by applying the lognormal law. If a value is detected as a possible outlier, this does

not mean that the value is invalid (QA/QC measures should apply), but uncommon concentrations considered as outliers disrupt

the performance of the PMF analysis and have to be ignored from the database used for PMF.

✓ Reproducibility

✓ Unc. calibration gas

✓ Systematic errors of the system
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PMF Other parameters

VOCs

Best solution: 6 Factors

Different runs: 1 on the complete dataset and 4 in each season 

PM2026 – Napoli, 26-29 maggio 2026

▪ Vehicle Exhaust: Alkanes C6-C9 (Isoenano 62%, N-Ottano 58%), Benzene (< 20%), 

▪ Fuel Evaporation: 1-Pentene 70%, Acetylene 32%

▪ Gasoline Evaporation: Isopentane 60%

▪ Fugitive ONG+LPG: Ethane 58%, Etylene 66%, Acetylene 53%, Propene 50%

▪ Comb. Source: Trans-2-butene 72%, Cis-2-butene 64%, aromatics 52%

▪ Biogenic/Regional Background: Isoprene 40-100%, Ethane 28%, Propane 47%, Etylene 31%, Benzene 33%

R2= 0.97, Slope= 0.95
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PMF Other parameters

VOCs

PM2026 – Napoli, 26-29 maggio 2026

▪ Vehicle Exhaust: Alkanes C6-C9 (Isoenano 62%, N-Ottano 58%), Benzene (< 20%), 

▪ Fuel Evaporation: 1-Pentene 70%, Acetylene 32%

▪ Gasoline Evaporation: Isopentane 60%

▪ Fugitive ONG+LPG: Ethane 58%, Etylene 66%, Acetylene 53%, Propene 50%

▪ Comb. Source: Trans-2-butene 72%, Cis-2-butene 64%, aromatics 52%

▪ Biogenic/Regional Background: Isoprene 40-100%, Ethane 28%, Propane 47%, Etylene 31%, Benzene 33%
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PMF Other parameters

VOCs

PM2026 – Napoli, 26-29 maggio 2026
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Conclusion

UFP
VOCs

PM
Even if the different identified sources originated different parameters

(particles or gas), with different characteristics (chemical composition or

particle diameters), fingerprint and behaviors are often comparable.

PM2026 – Napoli, 26-29 maggio 2026



c.colombi@arpalombardia.it

Thank you!
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   x  i j =  ∑  k = 1 p   g  i k  f  k j +  e  i j
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