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• ATMOSPHERE & POLLUTION
• CRITICAL AIR QUALITY PARAMTERS IN EUROPE

• NO2
• PM
• BaP
• O3

Outline



Atmospheric pollution
THE SCALES OF ATMOSPHERIC POLLUTION Planetary-Global: Global warming & Climate change

Stratospheric ozone depletion

Meso-scale: Acidification, tropospheric ozone, desert dust

Micro-scale: Air quality, road traffic impact, 
industry, domèstic-residential, agriculture....

Indoor air quality: Air quality in homes, 
schools, offices, commuting,….



• Permanent gases, con t>1000 years: N2 (78%v), O2 (21%v) and noble gases

• Variable gaseous species, 100<t>1 years: CO2 (425 ppmv), CH4, H2, N2O, O3

• Highly Variable gaseous species, t<1 year H2O(v): CO (<1ppmv), NO2, NH3, SO2 (ppbv), H2S,…..

Residence time (t)

Blue colour due to light dispersion by air molecules

Troposphere: meteorological processes take place, 8km (poles) and 18km (equator)
70% atmosphere weight, T gradient of 6,5°C/km 

Atmospheric pollution



Atmospheric pollution

methane (CH4) & ammonia (NH3)
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Emission characteristics

Pollutant load

T and V of emission

High of emission

ATMOSPHERIC DIFUSION OR DISPERSION

Meteorological features

Atmospheric stratification, W-V, W-D, convection

Atmospheric pollution

Topographic and local effects

Marine and slope breeze, topographic obstacles
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THEMATIC STRATEGY
Emissions levels

emission sources (natural, 
anthropogenic..)

primary pollutants  (SO2, NOx, HC, PM,…)

standardsControl measures

1996-1999

minimization 
strategies

new standards

target levels

new standards

2005-2010

2013-2014  (2024)     

Local  and global effects
Impact on receptors, epidemiology

measuring (concentration and meteorology)
Levels in ambient air

meteorology, 
dispersion, 
transport,... 

chemical transformation 
(secondary pollutants: 
O3, PAN, HNO3, H2SO4)

Modelling and integrated 
assessment 

Atmospheric pollution



ENVIRONMENTAL STANDARDS FOR AIR QUALITY

Directive 1999/30/EC ● SO2, NO2, NOx, PM10, Pb (PM2.5??)
Directive 2000/69/EC ● benzene, CO
Directive 2002/03/EC ● O3
Directive 2004/107/EC ● PAH, Cd, As, Ni, Hg

(PM2.5) Directive Clean Air for Europe and Air Quality, 2008/50/EC & 2004/107/EC
Deadlines: 2005-2010, 2015, 2024, 2030

MOTHER DIRECTIVE
1996/62/CE

Emission

Ambient air

2024/2881

• IPPC Integrated Prevention and Pollution Control,
substituted by the Industrial Emissions Directive (IED)

DIRECTIVES
1996/61/EC, 2008/1/EC,  2010/75/EC
2002/51/EC, 2006/120/EC
1998/69/EC, 2002/80/EC, 2007/715/EC
2001/80/CE
2016/2284/EU
EU 2015/2193

• EURO standards for vehicles

• Large Combustion Plants
• National Emission Ceilings
• Medium scale combustion plants

NEW DIRECTIVE 2024/2881

NEW EU AIR QUALITY DIRECTIVE 2024/2881 WITH LIMIT VALUES FOR 2030, 
EVEN WHEN WHO (REVIHAAP+HRAPIE PROJECTS) IN 2013 RECOMMENDED 

CHANGING LIMIT & TARGET VALUES

Atmospheric pollution



Atmospheric pollution

Art 10, Annex VII, measuring UFP, BC, PNSD PM composition, OP, NH3,…..

GUIDELINES WHO (2005 & 2021)
2008/50/EC & 2004/107/EC      OMS (2005) 

RD 102/2011*                   Guidelines**

Hourly 350* µg/m3 SO2 500 µg/m3 SO2 *24 h/yr
Daily 125* µg/m3 SO2 20 µg/m3 SO2 *3 d/yr
Hourly 200 µg/m3 NO2 CE-OMS coincide 18 h/yr

Annual 40 µg/m3 NO2 CE-OMS coincide not exceed.
Annual 5 µg/m3 C6H6 CE-OMS coincide not exceed.
MD8h 10 mg/m3 CO CE-OMS coincide not exceed.
Annual 500 ng/m3 Pb CE-OMS coincide not exceed.
Annual 40 µg/m3 PM10 20 µg/m3 PM10 not exceed.
Annual 25 µg/m3 PM2.5 10 µg/m3 PM2.5 not exceed.
Daily 50* µg/m3 PM10 50** µg/m3 PM10 ** 3 o *35 

d/yr

MD8h 120 µg/m3 O3 100 µg/m3 O3 25 d/yr
Mean 3 yr
Annual 1 ng/m3 BaP 0.12 ng/m3 BaP not exceed.

5 µg/m3
15 µg/m3

45 µg/m3

10 µg/m3

40 µg/m3

OMS (2021)

100 µg/m3

Daily 15 µg/m3 PM2.5
3 d/yr

New Directive
2024/2881

350 µg/m3 (1 d/yr)
50 µg/m3 (18 d/yr)

200 µg/m3 (0 h/yr)

20 µg/m3 ALV, 50 µg/m3 DLV
3.4 µg/m3

10 mg/m3 (MD8h) 4 mg/m3 DLV
No changes
20 µg/m3 

10 µg/m3

45 µg/m3 (18 d/yr)

25 µg/m3 (18 d/yr)

120 µg/m3 (3 d/yr)

No changes0.12 µg/m3

Daily 50 µg/m3 NO2

Guidelines



1999/30/CE
PM10 standards

Discarded by 2008/50/CE & postponed to 2013 
when the 2008/50/CE would have been reviewed

Discarded by the Clean Air Quality package in 
2014 & postponed to 2024 (2030) by 2024/2881

By 2010 adopting WHO guidelines

Atmospheric pollution



Kutlar Joss et al., 2017.  20 years of E.U. resistance against science-based «limit values» for PM10 & PM2.5 
Int J Pub Health 2017

µg/m3

Annual mean
WHO 2005
AQ Guidelines

WHO 2021
AQ Guidelines

Canada, Iceland, 
Iran, Australia

Switzerland

State of 
California

USA
Federal,
Mexico

Cuba

EU
2030

EU
2005-2029

PM10 20 15 20 20 -- 20 40
PM2.5 10 5 10

(AUST: 8)

12 12 10 25

Politically set «limit values»Science-based limit values
to protect human health

Atmospheric pollution
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La calidad del aire en Europa
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Evolució anual del PM2.5 ZQA1

VLa + MdT Barcelona (c/ Lluís Solé i Sabarís)
Barcelona (Eixample) Barcelona (Gràcia - Sant Gervasi)
Barcelona (IES Goya) Barcelona (Vall d'Hebron)
Barcelona (pl. Universitat) Gavà *
L'Hospitalet de Llobregat El Prat de Llobregat (CEM Sagnier)*
Sant Adrià de Besòs Santa Coloma de Gramenet (Balldovina)

Evolución PM2.5 
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Mitjana anual PM10 ZQA1

VLa + MdT VLa Esplugues de Llobregat (esportiu La Plana) Badalona (Guàdia Urbana)

Badalona (Assemblea de Catalunya) Barcelona (c/ Lluís Solé i Sabarís) Barcelona (Eixample) Barcelona (Gràcia - Sant Gervasi)

Barcelona (IES Goya) Barcelona (IES Verdaguer) Barcelona (Vall d'Hebron) Barcelona (pl. Universitat)

Barcelona (Zona Universitària) Barcelona (Sants) Barcelona (Poblenou) Barcelona (Port Vell)

Esplugues de Llobregat (CEIP Isidre Martí) Gavà L'Hospitalet de Llobregat Molins de Rei (pl. del Mercat Municipal)

Molins de Rei (Ajuntament) El Prat de Llobregat (pl. de l'Església) El Prat de Llobregat (Jardins de la Pau) El Prat de Llobregat (CEM Sagnier)

Sant Adrià de Besòs Sant Just Desvern (CEIP Montseny) Santa Coloma de Gramenet (Ajuntament) Santa Coloma de Gramenet (Balldovina)

Sant Feliu de Llobregat (Eugeni d'Ors) Sant Feliu de Llobregat (CEIP Martí i Pol) Sant Vicenç dels Horts (Col·legi Sant Josep) Sant Vicenç dels Horts (Verge del Rocío)

Sant Vicenç dels Horts (Àlaba) Viladecans (Atrium) Sant Vicenç  dels Horts (Ribot-St. Miquel)

EVOLUCIÓN ANUAL PM10
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Atmospheric pollution

2023

Air quality in Europe 2025
April 2025

https://www.eea.europa.eu/en/analysis/publications/air-quality-status-report-2025



Harm to human health from air pollution in 
Europe: burden of disease status, 2024

December 2024

Atmospheric pollution

All-cause mortality 2022, EU-27

Premature mortality from all natural causes (i.e. excluding accidental 
and other non-natural causes), which are attributable to long-term 
exposure to key air pollutants.

In 2022 in the EU-27:

• 239,000 deaths were attributable to exposure to PM2.5 concentrations 
above the WHO guideline level of 5µg/m3 . 

• 70,000 deaths (95% CI: 0-137,000) were attributable to exposure to 
O3 concentrations above the WHO guideline level of 60µg/m3.

• 48,000 deaths (95% CI: 24,000-95,000) were attributable to exposure 
to NO2 concentrations above the WHO guideline level of 10µg/m3.

https://www.eea.europa.eu/en/analysis/publications/harm-to-human-health-from-air-pollution-2024



NO2, annual

The problem of NO2

April 2025

2020 2021

2018 2019
2024

https://www.eea.europa.eu/en/analysis/publications/air-quality-status-report-2025



The problem of NO2

2023 
Annual Limit Value for NO2

WHO AQG
Limit value future EU AQ Directive
Limit value current EU AQ Directive

https://www.eea.europa.eu/en/analysis/publications/air-quality-status-report-2025

9th  April 2025



• Dosimeter NO2 Palmes
• Molecular diffusion
• Absorbent = 20% TEA in H2O
• Analysis: colorimetry

Length 7.1 cm

Absorber at 
closed end

Open end for 
sampling

Length 7.1 cm

Absorber at 
closed end

Open end for 
sampling

The problem of NO2



The problem of NO2

HARBOUR

INDUSTRY

INDUSTRY

INDUSTRY

INDUSTRY

NO2 JUNE 2018,  233 PASSIVE DOSIMETERS

Urban B-: 43 µg/m3

Traffic: 66 µg/m3
Average AQ

network: 49 µg/m3

NO2 FEBRUARY-MARCH 2017,  225 PASSIVE DOSIMETERS
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Why so high NO2?
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Very high density of vehicles (#/km2),
But also >50% of vehicles circulating in the city come from outside

0

500

1000

1500

2000

2500

3000

Ba
rc

el
on

a
M

ad
rid

Va
lè

nc
ia

Am
st

er
da

m
Be

lg
ra

de
Be

rli
n

Be
rn

Bo
lo

gn
a

Bu
da

pe
st

St
oc

kh
ol

m
Fi

re
nz

e
Fr

an
kf

ur
t

G
en

oa
H

am
bu

rg
H

el
sin

ki
Lo

nd
on

20
07

Lu
xe

m
bu

rg
M

ila
n

M
un

ic
h

N
ap

ol
i

O
slo

Pr
ah

a
Ro

m
a

To
rin

o
W

ie
n

Zu
ric

h

Cars x1000

The problem of NO2



Ámsterdam

Madrid

Barcelona

Napoli

Why so high NO2?

The problem of NO2

500m



The problem of NO2

Why so high NO2?



32/11/2016

http://www.eea.europa.eu/publications/air-quality-in-europe-2016

The problem of NO2

23/11/2016



Atmospheric particulate matter (PM): heterogeneous solid and/or 
liquid material present in suspension into the atmosphere

• Health impact
• Ecosystems
• Climate change
• Building materials
• Visibility

The problem of PM



353025201510

0.9

1.0

1.1

1.2

1.3

• Portage, W
• Topeka, KS

• Waterown, MA
(Boston)

• Harriman, TN
(Knoxville)• St. Louis, MO

• Stebenville, 
OH

The six cities study: 
PM2.5 –MORTALITY (Dockery , NEJM 1993)

The problem of PM



Extratoracic

Traqueobronquial

Alveolar < PМ2.5

PМ10-2.5

> PМ10

PM EFFECTS

PM10-2.5
Allergens, 
inflammation, oxidative stress
Happo et al., 2008
Javala et al., 2008
Pérez et al., 2009 

PM2.5-0.1
Additional lung physical effect

PM0.1
Cardiovascular, UFPM
Reaching all important organs

The problem of PM



Particulate Matter and health effects in Barcelona
Perez et al., 2009 ES&T

Selected results

Fraction Respiratory mortality
(Lag2)

Cardiovascular mortality
(Lag1)

Cerebrovascular mortality
(Lag1)

PM10-2.5
1.033

(0.980-1.089)
1.059 

(1.026-1.094)
1.098 

(1.030-1.171)

PM2.5-1
1.206 

(1.028-1.416)
0.984

(0.892-1.086)
0.905 

(0.743-1.102)

PM1
1.010 

(0.963-1.059)
1.028

(1.000-1.058)
1.063

(1.004-1.124)

Odds ratio per 10 ug/m3

The problem of PM



The problem of PM

The Lancet, 17/10/2020, 396: 1223–49

Global burden of 87 risk factors in 204 countries and territories, 1990–2019: a systematic analysis for the Global Burden of Disease Study 2019 

Global attributable deaths from Level2 risk factors

MALES in 2019

FEMALES in 2019



Impact on ecosystems

Slamba Poremba, Poland (C. Martin, The Environmental 
Picture Library)     

PM EFFECTS

The problem of PM



Weathering of building materials

The problem of PM
PM EFFECTS



26/03/00

26/02/00

VISIBILITY

The problem of PM

PM EFFECTS



The problem of PM

Coarse particles >1 µm

0.10 µm

Ultra-fine particles <0.1 µm

1.00 µm
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Particle diameter

Nucleation Aitken Accumulation Coarse

Fine particles <1 µm

0.01 µm

Nucleation

Condensation
Vapor

Mechanical

10.00 µm

PM2.5
PM10

PM1

PST

Warneck, 1988
Harrison and van Grieken, 1998 
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Mineral matter
Marine aerosol

S compounds
Nitrate

Carbonaceous 
compounds

PM CHARACTERISTICS



1. Process of formation:
Primary particles: directly emitted to the atmosphere as a solid
Secondary particles: produced into the atmosphere from gaseous

precursors
example: SO2 (g) oxidation SO4

2- (s)

2. Origin:
Natural particles
Anthropogenic particles (human activities)

CLASSIFICATION OF ATMOSPHERIC PARTICLES

The problem of PM



PRIMARY PM

The problem of PM



SECONDARY PM

The problem of PM



FORMATION OF SECONDARY AEROSOLS

NH4NO3

(NH4)2SO4

VOLATILE ORGANIC COMPOUNDS + OH (or O3) ORGANIC MATTER

Photochemistry
HNO3

H2SO4

SO2
NOx

GAS ACIDIC

+ + NH3

ALKALINE
GAS

PM2.5

(BETX, OTHER AROMATICS, TERPENES, ALDEHYDES,…)

GAS PM2.5

SECONDARY ORGANIC AEROSOLS

SECONDARY INORGANIC AEROSOLS

The problem of PM



PRIMARY

• Natural
re-suspension (loc/ext) 
evap./precip.

• Anthropogenic
direct emissions 
fugitive emissions  

SECONDARY

• Natural
natural sulphate
biogenic emissions

• Anthropogenic
PM from gas by nucleation 
condensation evaporation

SO4
=, NO3

-, NH4
+, H+

Corg, metals

0.1 µm 1.0 µm 10 µm 25 µm

PM ORIGIN

SiO2,Al2O3,Fe2O3,TiO2

CaCO3, NaCl, Corg, metals

0.1 µm 1.0 µm 10 µm 25 µm
(Soot)

The problem of PM



The problem of PM
Tera grams / Year, Andreae and Rosenfeld (2008) and Durant et al. (2010)

Primary SecondaryNatural Anthropogenic

Volcanic + 
Biogenic 

sulfate,78

Biogenic SO
A,

25

Mineral dust
1600

Sea spray
10130

Anthr+N
at

nitrate,18

Anthropogenic 
sulfate, 122 Anthop. 

SO
A,3.5Volcanic*

dust, 200

Biological
POA, 35

BC Biomass burning, 6

POA 
Biomass burning, 54

POA Fossil fuels, 4

Industrial dust, 
100

BC Fossil fuels, 4.5



PM ORIGIN
The problem of PM

Secondary Inorganic aerosols

NH4
+

SO4
2-

NO3
-

Crustal-mineral

Al2O3
Mg 
Ti
Fe 
K
SiO2
CO3

2-

P
Ca

Sea spray

Na+

Cl-
SO4

2-

Carbonaceous aerosols (OM and EC)

Trace elements
As, Ba, Bi, Cd, Ce, Co, Cr, Cs, Cu, 
Dy, Er, Ga, Gd, Ge, Hf, La, Li, Mn, 
Mo, Nd, Ni, Pb, Pr, Rb, Sb, Sc, Se, 
Sm, Sn, Sr, Ta, Th, Ti, Tl, U, V, W, 
Yb, Zn, Zr



‘soot’

Vehicle exhaust 

Diesel soot

The problem of PM



The problem of PM
Micro-particles <2.5µm Clearance within 6-14 hr

Modified after https://birdrespiratory.weebly.com/gas-exchange.html

UFP uptake by epithelial cells + 
interstitial translocation + 
lack of macrophage recognition

Ultrafine-particles <0.1µm

F.R. Cassee | AAAR 2019

Stadium size= pollen
Football ball = diesel soot



EU-27 emissions (2022)

The problem of PM

Does these proportions reflects the contribution to human exposure for each pollutant?



The problem of PM
ENERGY PRODUCTION

https://www.eea.europa.eu/en/analysis/publications/european-union-emissions-inventory-report-1990-2022

25/06/2024

EU-27 emissions



The problem of PM
PM2.5, annual mean

2022 2023
https://www.eea.europa.eu/en/analysis/publications/air-quality-status-report-2025 9th  April 2025

2024



https://www.eea.europa.eu/en/analysis/publications/air-quality-status-report-2025

9th  April 2025

The problem of PM

2023 
Annual Limit Value for PM2.5

WHO AQG
Limit value future EU AQ Directive
Limit value current EU AQ Directive



PM10 (annual mean)
1. Road Traffic is the main source contributing to PM10: 31-38% (ATH 23%)

1.1. Vehicle exhaust + traffic related NO3
- are the main causes: 21-29% (ATH 15%)

1.2. Non-exhaust vehicle emissions are also relevant: 8-11%
2. Regional OC and/or SO4

2- dominated pollution: 20-26% (POR-TR 10%)
3. Local dust : 10-19%
4. Biomass burning very relevant in POR & FI (14-16%), less in ATH (7%) and negligible in BCN
5. Industry BCN 11%,  4-5%, ATH <1%
6. Non traffic-NO3

- 6-8% (2% POR)
7. Shipping 4% in coastal sites
8. African dust ATH 14%, 1-4%
9. Sea salt POR 13%, 4-8%
10. Anthropogenic dust (Local dust + Non exhaust) reaches 19-25%

PM2.5 (annual mean)
1. Road Traffic is the main source contributing to PM2.5: 28-39% (ATH 22%)

1.1. Vehicle exhaust + traffic related NO3
- are the main causes: 25-34% (ATH 17%)

1.2. Non-exhaust vehicle emissions are also relevant: 5-9% (BCN&FI 1-2% )
2. Regional OC and/or SO4

2- dominated pollution: 19-37% (POR 13%)
3. Local dust: POR 16%, 2-6%
4. Biomass burning very relevant in MLN, FI & POR (18-21%), less in ATH (10%) and negligible in BCN
5. Industry 5-12%, ATH <1%
6. Non traffic-NO3

- 3-6% (POR 1%)
7. Shipping 5-7% in coastal sites
8. African dust: ATH 6%, <1%
9. Sea salt POR 5%, <1-3%, 
10. Anthropogenic dust (Local dust + Non exhaust) reaches 10-21%, BCN 7%, FI 4%

36-45% (ATH 15%)
30-34% (ATH 6%)
18-29% (ATH 3%, POR 6%)

BCN 19%, 2-6%
POR 27%, 1-4% 
POR & FI (25-30%), ATH 1%, negligible in BCN
BCN 17%, <1-3%
BCN & FI 7-9% (1-2% POR & ATH)
3-4% in coastal sites
ATH 52%, 1%
ATH 7%, 1-3%
11-33%, ATH 4%

PM10 (days of exceedance)

32-42% (ATH 11%)
31-40% (ATH 10%)
1-7% 

BCN & MLN 11-22%, 2-6%
POR 22%, 1-2% 
POR, FI & MLN (26-33%), <2%
BCN 18%, <1-3%
BCN, FI & MLN 6-9% (1-3% POR & ATH)
6-10% in coastal sites
ATH 45%, 1%
<1%-1%
POR 15, 3-9%

PM2.5 (days of PM10 exceedance)

The problem of PM



The problem of PM
BARCELONA PM & PM COMPONENTS 1999-2023



ORGANIC PM POLLUTANTS SHOULD GUIDE ON HOW REDUCE SOA &  PM2.5

33%

8%
32%

27% 36%

7%
27%

30%

26%

4%

40%

30%

55%

0%9%

36%

55%

1%
6%

38%

50%

1%6%

43%

PM10

SO4
2-+NO3

-+NH4
+

EC+OM

Mineral

Sea salt

PM12007-2008

2018-2019

2021-2022

BARCELONA PM & PM COMPONENTS 1999-2022
The problem of PM



The problem of Benzo-a-pirene

BaP, 
annual target value 2023

https://www.eea.europa.eu/publications/europes-air-quality-status-2025
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http://www.geo.sunysb.edu/ess-workshops/lesson-plans.html

The problem of ozone



Photolisis of aldehydes
in polluted áreas

HONO & H2O2

NO
RO2
+ 
HO2

Organic radicals

Hydro-peroxyl
NO2

NO +O*  

O2+O*                  O3

hν

AVOCs +  OH
BVOCs +  OH

OH + HO2

How O3 is consumed?
NO + O3
in urban areas
O3 is consumed

NO2+O2

Relevant VOCs to generate O3
• PAHs
• Aldehydes & ketones
• A few alkanes
• Alkenes
• Alcohols
• others

Lifetime in the atmosphere
• Isoprene 1h
• Methane 10 years

How O3 is generated?

CH4 +  OH
CO  +  OH

+
AVOCs
BVOCs

O* + H2O

2OH

OH

• Reaction with vegetation:
• Stomatal deposition
• Non-stomatal deposition

• Deposition in water

The problem of ozone

SOA

SOA



Formación O3 limitada por COVs (radicales OH<NOX)
sobretodo ciudades

Monks et al., 2015, ACP

The problem of ozone

Formación O3
limitada por NOX

(radicales OH>NOX)
sobretodo rural
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O3, 93.2 percentile
8hDM

The problem of ozone

2020 2021

2018 2019

2024

https://www.eea.europa.eu/en/analysis/publications/air-quality-status-report-2025

9th  April 2025



The problem of ozone

O3, Health Protection
Target Value

2023

WHO AQG
Limit value new Directive >120 MD8h <3d/y
Limit value current EU AQ Directive >120 MD8h<25 d/y

https://www.eea.europa.eu/en/analysis/publications/air-quality-status-report-2025

9th  April 2025



THANKS!


