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First Session: 
Evaluation of emission components to be measured
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What is toxic in particles?

• a particle is not a particle: [chemical] composition
• (heavy) metals; PAHs; (organic|inorganic)HCs; BC
• combustion particles; particles from specific source(s)

• particle number (PNC, 1 cm-3)

• particle surface area (SAC, 1 µm² cm-3)

• size fraction: [TSP,] PM10, PM2.5 

• cf. [number|surface area|volume|mass] size distribution (dC dDp-1)

• mass (µg m-3)
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O3; OH- etc.

SO2 
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PP – BC, OC, PAH… SS
SP – SIA, SOA

How about gases:

1C, 2~10C



Air pollution and health
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How inhalation of particulate matter may affect our health?

Particulate matter

Brain
▪ Increased cerebrovascular ischemisa

Lungs
▪ Inflammation
▪ Oxidative stress
▪ Progression of COPD
▪ Respiratory symptoms
▪ Pulmonary reflexes (cough etc.)
▪ Reduced lung function

Systemic effects
▪ Inflammation
▪ Oxidative stress
▪ Increased CRP
▪ Proinflammatory mediators
▪ Leukocyte and platelet aktivaation

Heart
▪ Altered cardiac autonomic function
▪ Oxidative stress
▪ Increased dyrshytmhmic susceptibility
▪ Altered cardiac repolarization
▪ Increased myöcardial ischemia

Blood and vasculature
▪ Altered rheology
▪ Increased coagulability
▪ Translocated particles
▪ Peripheral thrombosis
▪ Reduced oxygen saturation
▪ Atherosclerosis
▪ Endothelial dysfunction
▪ Vasoconstriction and hypertension

Birth outcomes
▪ lowered birth weight

(LBW, SGA) 
▪ Fetal development (eg. 

HC, BL)
▪ Preterm birth

Perustuen Pope & Dockery, 2006

Neurological responses
▪ Depression
▪ Parkinson’s disease
▪ Alzheimer’s disease
▪ Schitsofrenia

”Silhuette” by abra123, FAVPNG, CC BY-SA

Reproductive health
▪ genotoxic effects on germ

cells

Traditional endpoints 
affecting adults and elderly:
• Mortality

• Respiratory diseases

• Cardiovascular diseases

• Lung cancer

More recent additions
• Birth outcomes

• Reproductive health

• Neurological diseases

Sylvia Medina



ManEnvironment

Exposure metrics and processes
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Scales ranging from

a street canyon to hemispheric

Intake fraction modeling



• GBD 1990: by World Bank, with
World Health Organization 
(WHO)

• WHO Disease Burden Unit in 
1990: GBD estimates 2000, 2001, 
2002, 2004

• GBD 2010: 1990-2010 (IHME)
GBD 2013-2015-2016-2017-2019
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Global Burden of 
Disease (GBD) -studies
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GBD 2019 Risk factors

• 204 countries

• 369 diseases and injuries

• 87 risk factors

• subnational level (12 countries)

• 1990-2010-2019

• Deaths, YLL, YLD, DALY

• Summary exposure values (SEV)

• Annualized rate of change (ARC)
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Murray et al., 2022

Dominant role of household air pollution (indoor air):

GBD 2019 Risk Factors Collaborators*

*

n=1037

https://en.wikipedia.org/wiki/Christopher_J._L._Murray


Pollution and health
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Landrigan et al., 2017

Published online October 19, 2017

R. Fuller

P. Landrigan
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Global deaths (millions)

Landrigan et al., 2017

Soil, chemicals, metals
Occupational
Water
Air pollution

House-
hold AP¹

Ambient
PM

GBD 2.9 4.2

WHO 4.3 3.0

(extract): Millions of deaths, by

¹ unvented solid fuel use indoors



Finland:
Air pollution in TOP12 env. health risks

• Air pollutants dominate: TOP3 is
• ambient particles
• indoor radon and particles

• Total burden of these 12 factors is 3100 deaths, 
• 53 000 years of life lost and 
• 13 000 equivalent years lived with disability

• vs   270 in car accidents
vs 1700 due to alcohol
vs 5000 due to smoking

ca. 5k due to COVID19 (2020-2022/6)
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Y&T 2020 nr 1
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Hänninen O, Lehtomäki H, Korhonen A, 2020. Ilmansaasteet ja kuolleisuus kärjessä, tautitaakka yli kaksinkertainen: Ympäristöaltisteiden 
kansanterveysvaikutukset. Ympäristö ja Terveys-lehti, 1/2020 ss. 6-13. http://urn.fi/URN:NBN:fi-fe202002246282 (2020-02-24)

In 2015 car accident mortality
was 270

GBD estimate for alcohol mortality 
in 2015 was 1700

1

2

3

http://urn.fi/URN:NBN:fi-fe202002246282


Howabout estimates for known toxic
components?

• ?
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WHO 2021-09-22
Global Update of Air Quality Guidelines
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World Health Organization. (2021). WHO global air 
quality guidelines: particulate matter (PM2.5 and 
PM10), ozone, nitrogen dioxide, sulfur dioxide and 
carbon monoxide. World Health Organization. 
https://apps.who.int/iris/handle/10665/345329. 
License: CC BY-NC-SA 3.0 IGO

https://apps.who.int/iris/handle/10665/345329
https://apps.who.int/iris/handle/10665/345329


Epidemiological PM mass responses vs.
Known more specific toxic PM components (1/2)

• Cancer risk and hazard quotient
for As, Cd, Co, Cr, Mn, Ni, Pb
• respiratory tract deposition (uptake) 

accounting for building infiltration: 
dose-based estimates

• Epi based excess risk and 
attributable fraction mortality for 
PM2.5 and PM10 
• outdoor concentration based

estimates
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Chalvatzaki E, Chatoutsidou S, Lehtomäki H, Almeida SM, Eleftheriadis K, 

Hänninen O, Lazaridis M, 2019. Characterization of human health risks from 

particulate air pollution in selected European cities. Atmosphere 10:96; 

doi:10.3390/atmos10020096. https://www.mdpi.com/2073-4433/10/2/96

https://www.mdpi.com/2073-4433/10/2/96


Epidemiological PM mass responses vs.
Known more specific toxic PM components (2/2)

• Cancer cases (two methods) 
• Athens ½-1 cases /year
• Lisbon 1.5-3 cases/year

• PM2.5 mass based mortality
• Athens 3930 deaths/year
• Lisbon 2820 deaths/year

• Insignificant fraction can be
attributed to known toxic
components!
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Chalvatzaki E, Chatoutsidou S, Lehtomäki H, Almeida SM, Eleftheriadis K, 

Hänninen O, Lazaridis M, 2019. Characterization of human health risks from 

particulate air pollution in selected European cities. Atmosphere 10:96; 

doi:10.3390/atmos10020096. https://www.mdpi.com/2073-4433/10/2/96

https://www.mdpi.com/2073-4433/10/2/96
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Surface area as dose metric

Duffin et al., 2007

Broncheoalveolar lavage fluid (BALF)

Toxicological study on rat instillation

Polystyrene particles (Dp 64, 202 and 535 nm) (inert, non-soluble material)

Brunauer–Emmett–Teller (BET) surface
area represents chemically available
reactive surface
(https://en.wikipedia.org/wiki/BET_theory)
see e.g. Schmid & Stöger, 2016 (JAS), on 
nanoparticles

Duffin R, Tran L, Brown D, Stone V, Donaldson K. 
Proinflammogenic effects of low-toxicity and metal 
nanoparticles in vivo and in vitro: highlighting the role of 
particle surface area and surface reactivity. Inhalation 
toxicology. 2007 Jan 1;19(10):849-56.

Hänninen O

https://en.wikipedia.org/wiki/BET_theory


BET particle surface area

• Excellent candidate for inert non-soluble particle
components

• Real atmospheric particles contain substantial soluble (and 
volatile) fraction, which is rapidly removed from the
deposited particle. These solved ions (and evaporized gases) 
behave independently and differently from the non-soluble
core

• Thus characterization of the non/soluble fractions would
make sense!
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Particle Number Concentration (PNC)(≈UFP)

• Epidemiological study in Erfurt, Germany

• Stöltzel et al., 2007. Daily mortality and particulate matter in different size classes in 
Erfurt, Germany. 
J Expos Sci Env Epid 17:458-467.

- daily RR for total mortality 1.029 
- (5-day polynomial lag model 1.042)

Hänninen O
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Reference particle
Dp=1 µm
n=1

Equal surface
n=100

Equal mass
n=1000

Dp=0.1 µm

3

3

4
rnVnm  ==

24 rnA =

For spherical particles:

Mass – number – surface area
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WHO 2021-09-22
Global Update of Air Quality Guidelines
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World Health Organization. (2021). WHO global air 
quality guidelines: particulate matter (PM2.5 and 
PM10), ozone, nitrogen dioxide, sulfur dioxide and 
carbon monoxide. World Health Organization. 
https://apps.who.int/iris/handle/10665/345329. 
License: CC BY-NC-SA 3.0 IGO

https://apps.who.int/iris/handle/10665/345329
https://apps.who.int/iris/handle/10665/345329


Some suggestions for conclusions & discussion

• Quantitative risk assessment (QRA)-> impact as burden
• Particles [at receptor] seem the dominant risk factor
• [PM2.5] Mass remains the best established risk indicator

• Composition: well-known physical factors, health impact not well known
• volatility; solubility -> biological fate; aerosol size -> infiltration, lung doses

• Several complementary hypotheses remain relevant for research (e.g PN, PSA)

• Prioritization (research and action)
• Risk benefit analysis (e.g. Baltic salmon, Tuomisto et al. 2004)

• Comparative risk assessment (CRA)  (e.g. Tainio et al. 2021)

• Health impact assessment (HIA) [of a third sector policy]

• Cost-benefit analysis (CBA)

• SES, age group, geographic and gender analyses
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Work conducted by

• Antti Korhonen: Exposure analysis, GIS data

• Isabell Rumrich: Epidemiology
• Maternal smoking and birth outcomes (PhD 2020)
• Air pollution and birth outcomes; Parkinson’s Disease

•

• Heli Lehtomäki Zrim: 
• Health impact assessment, burden of disease
• Concentration-response functions
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otto.hanninen@thl.fi

Welcome to Kuopio 

Thank you for your interest! <3
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