
Clean Air for Health –
Using Science to stop “Fake news“

1st lecture in the SSPH+/ETH Jubilee Series “This Is Public Health”
Wed 19.2.2020 – 17:15h (CET)  @ ETH Zurich HG D16.2 and 
live-streamed online https://ethz.zoom.us/j/253320154?status=success

Prof. Nino Künzli, MD PhD 
Swiss Tropical and Public Health Institute (Swiss TPH) Basel and 
University of Basel, Switzerland
Dean Swiss School of Public Health (SSPH+)

… be prepared for a QUIZ… soon open: PollEv.com/ninokuenzli573

https://ethz.zoom.us/j/253320154?status=success
https://pollev.com/ninokuenzli573
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Prof. Hans-Urs Wanner, 
ETHZ († 2019)

1989 @ former Institute of Public Health Uni Basel 

└           SSPH+ Honorary Fellows  ┘

Dr. Gianfranco Domenighetti
(† 2017)

Engines of a highly successful Swiss air pollution & 
health research agenda launched in 1989

Prof. Ursula Ackermann-Liebrich
Prof. Charlotte Braun-Fahrländer

… QUIZ soon open: PollEv.com/ninokuenzli573

https://pollev.com/ninokuenzli573


… "the science and art of 
preventing disease, prolonging 
life and improving quality of life 
through organized efforts … of 
society..."

3… QUIZ soon open: PollEv.com/ninokuenzli573

https://pollev.com/ninokuenzli573
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Evidence-based medicine

Künzli & Perez, Swiss Med Weekly 2009 – free on line
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A QUIZ to start with… go on-line /smart phone at: 
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PollEv.com/ninokuenzli573
or text-message NINOKUENZLI573 to 22333 to join session.  

QUESTION:
What risk factor or disease is the LARGEST cause of premature 
death, globally?   (choose only ONE)

A) HIV/AIDS + Tuberculosis+Malaria
B) Alcohol
C) Environmental Pollution
D) Malnutrition
E) Tobacco 

https://pollev.com/ninokuenzli573
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Science Based Clean Air Policy Making
The Environmental Health Policy Cycle

Künzli & Perez Swiss Med Wkly 2009



…  and related pollutantsSources
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Gases - e.g.
• Nitrogen oxides (NO2, NO, NOx etc.)
• Sulfates
• Carbon monoxide (CO)
• Ozone (O3)

Volatiles - e.g.
• Volatile Organic Compounds (VOC)

Particulate matter (PM)  - e.g.
• Total suspended particles (TSP)
• Particles up to 10 micrometer in diameter (PM10)
• Fine Particles up to 2.5 microm. - PM2.5

• Nano-Particles = Ultrafines / PM0.1

• Black smoke / elemental carbon / soot / diesel particles



Particulate Matter (PM) by size (diameter, in micrometers)
Nel et al, Science, 2005; 307:1858

11



Location of action Relevant particles

Nose / 
Throat

Airways

Bronchia

Bronchioli

Alveoli

Deposition of fine particles in the respiratory tract

broncho-
inhalers to

treat asthma



BASEL

PAYERNE

GENF 

DAVOS

LUGANO

WALD

MONTANA

AARAU
SAPALDIA Director Prof. 

Nicole Probst-Hensch
Swiss TPH

The Swiss Study on Air Pollution and Lung & Heart Disease in Adults

SAPALDIA  
Initiated 1991 (~10‘000 subjects) – and still running



Spatial map of annual mean NO2 concentrations (µg/m3)

Switzerland 2005 and 2016
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2005

2016

de Hoogh Kees, et al. 2019 (Swiss TPH)
Enviro Sci Technol 53 (17), 10279-10287
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Science Based Clean Air Policy Making
The Environmental Health Policy Cycle

Künzli & Perez Swiss Med Wkly 2009
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Does air pollution suppress 
lung function growth 
during childhood & 

adolescents?

16

Long-term effects of air pollution on lung function
100%

USC Childrens
Health StudyBILD SAPALDIA



0                           20                                                                        80  Age

Does ambient air 
pollution accelerate the 

decline of lung function ?
(faster “aging”)

Aarau – Basel – Davos – Geneve – Lugano – Montana – Payerne – Wald

Swiss Study on Air Pollution and Lung and Heart Diseases in Adults

SAPALDIA
A primary 1991 hypothesis of 
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See Downs et al, NEJM 2007

https://www.nejm.org/doi/pdf/10.1056/NEJMoa073625


Association between home outdoor PM2.5 long-term mean
concentrations and mortality in 41 long-term studies
from 16 countries (incl. Switzerland)

A «big data» meta-analysis by Burnett et al, PNAS 2018



Interrelated acute health effects of air pollution
Severity of effects depends also on susceptibilities
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Changes in physiologic measures

Symptoms

Medication

Reduced activity
Doctor‘s visit

Emergency room

Hospitalization

Death

severity

Numbers affected

RESPIRATORY
Asthma attacks
COPD exacerbations
Pneumonia
Bronchitis
Cough

CARDIOVASCULAR
Myocardial infarction

Coronary syndrom
Stroke

Arrythmia
Blood clotting
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per 10 µg/m3 increase in 
2-day-mean PM10 … 

natural mortality increases 
by 0.44% (95% CI: 0.39-0.50)
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Established «causality» (ISA, US EPA)

PM10 and PM2.5:
• total mortality
• cardiovascular mortality
• respiratory mortality

NO2:
• bronchial hyperreactivity
• respiratory health

problems among
asthmatics

• … and PM2.5 is classified as
CARCINOGEN (IARC)

Präsentationstitel 22
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Science Based Clean Air Policy Making
The Environmental Health Policy Cycle

Explore the Global Burden of Disease web 
tools ! http://www.healthdata.org/gbd

http://www.healthdata.org/gbd
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http://www.who.int/airpollution/events/conference/en/
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In Switzerland… 
Life expectancy varies more strongly across socio-economic

gradients than across contrasts in air pollution exposure

BÜMPLIZ

KIRCHENFELD

78 years 83 years

Based on: Moser et al. “What does your neighbourhood say about you? A study of life expectancy in 
1.3 million Swiss

Neighbourhoods». J Epidemiol Community Health 2014;68

5 years !
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Science Based Clean Air Policy Making
The Environmental Health Policy Cycle

Künzli & Perez Swiss Med Wkly 2009



1.Fuel quality standards

2.EMISSION standards
(= regulation of SOURCES)

3.AMBIENT AIR QUALITY 
STANDARDS

4.Clean Air Management 
Plans and controls / 
monitoring

27

4 relevant pillars of Clean Air Policy Making
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Unequal sulfur standards have devastating effects in Africa
An investigation of PublicEye (Swiss NGO)

Sulfur content in DIESEL:
• Switzerland: 5 ppm
• «African quality», up to 3’800 ppm – delivered by Swiss traders

(or 640x higher!!)



Real NOx-Emissions of diesel vehicles did not 
decline despite more restrictive policies…
Measurement data of Environmental agency AWEL, 
Zürich County
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Diesel cars: NOx-Emissions, Euro 1 to Euro 6

Limit values cars Heavy duty vehicles
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Air Quality Standards (annual means) 
for PM10 and PM2.5 (in µg/m3)

WHO 
Guide-

line 
Value

Afghanistan, 
Cameroon, Iceland, 

Iran, Australia
Malawi,

Switzerland, UK

State of 
California

U.S.A.
Federal;
Mexico

E.U.
PM10
Annual 
mean

20 20 20 -- 40

PM2.5
Annual 
mean 

10 10
(AUST: 8) 12 12 25

Politically defined
values
No protection of
public health

Science-based health
oriented limit values
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SO2PM10

Success of clean air policy making
Switzerland – 1990 – 2018



Dissociated trends in air quality (annual means of
PM2.5) in the West and in Asia and Africa
1990 – 2015

Adapted from Brauer et al ES&T2016
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30

20
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40

50
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WHO Air Quality Guideline Value



33

Mo 7.1.2019 21:45

Who would YOU ask for
an interview about the

health effects of
particles and NO2?



Among the Top-100 of >69’000 authors, 
journalists would find – within 2 minutes –

8 German-speaking experts…
(incl 3 women) 5 in Germany +  3 at Swiss TPH in Basel):

J Cyrys
J Heinrich

B Hoffmann
N Künzli
A Peters

N Probst-Hensch
Ch Schindler
E Wichmann
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…but ARD features «Fake experts»
Leading journalists: Thomas Berbner & Torben Börgers

Prof. emeritus Dr. med. 
Dieter Köhler

Prof. Dr. med. 
Martin Hetzel

• demagogic populists
• no research record at all
• scientifically illiterate
• unethical call for lifting air quality standards
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U.S. Environmental 
Protection Agency (EPA) 

Acting Administrator 
Andrew Wheeler

Former pro-fossil-fuel & coal
lobbiest

Nature, April 2019



Lessons learned
o Air pollution is ubiquitous (although concentrations are very 

low in Switzerland).
o Air pollution affects peoples health in the short and long-term
o The air pollution related burden of disease and death is 

substantial and particularly large and costly in the global 
south. 

o Solutions are available, effective, sustainable and should be 
enforced, globally

o Science-based public health policies are 
opposed by interest groups…

o The use of fake “experts” , (retired) 
demagogues and “pseudo-science” has 
become a more frequent phenomenon 
 be prepared !
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Suggested readings I
REVIEWS
Thurston GD, Kipen H, Annesi-Maesano I, Balmes J, Brook RD, Cromar K, De Matteis S, Forastiere F, Forsberg B, Frampton M, 

Grigg J, Heederik A, Kelly FJ, Künzli N, Laumbach R, Peters A, Rajagopalan ST, Rich D, Ritz B, Samet JM, Sandstrom T, 
Sigsgaard T, Sunyer J, Brunekreef B. A joint ERS/ATS policy statement: what constitutes an adverse health effect of air
pollution? An analytical framework. Eur Respir J. 2017;49:1600419. DOI: 10.1183/13993003.00419-2016

Ohlwein S, Kappeler R, Kutlar Joss M, Künzli N, Hoffmann B. Health effects of ultrafine particles: a systematic literature
review update of epidemiological evidence. Int J Public Health. 2019;64(4):547-559. DOI: 10.1007/s00038-019-01202-7

Künzli N, Perez L. Evidence based public health - the example of air pollution. Swiss Med Wkly. 2009;139(17-18):242-250

Exposure modelling: 
Eeftens M, Meier R, Schindler C, Aguilera I, Phuleria H, Ineichen A, Davey M, Ducret-Stich R, Keidel D, Probst-Hensch N, Künzli 

N, Tsai MY. Development of land use regression models for nitrogen dioxide, ultrafine particles, lung deposited surface area, and four
other markers of particulate matter pollution in the Swiss SAPALDIA regions. Environ Health. 2016;15:53. DOI: 10.1186/s12940-016-
0137-9

Chen J, de Hoogh K, Gulliver J, Hoffmann B, Hertel O, Ketzel M, Bauwelinck M, van Donkelaar A, Hvidtfeldt UA, Katsouyanni K, Janssen 
NAH, Martin RV, Samoli E, Schwartz PE, Stafoggia M, Bellander T, Strak M, Wolf K, Vienneau D, Vermeulen R, Brunekreef B, Hoek G. 
A comparison of linear regression, regularization, and machine learning algorithms to develop Europe-wide spatial models of fine
particles and nitrogen dioxide. Environ Int. 2019;130:104934. DOI: 10.1016/j.envint.2019.104934

de Hoogh K, Saucy A, Shtein A, Schwartz J, West EA, Strassmann A, Puhan M, Röösli M, Stafoggia M, Kloog I. Predicting fine-scale daily
NO2 for 2005-2016 incorporating OMI satellite data across Switzerland. Environ Sci Technol. 2019;53(17):10279-10287. DOI: 
10.1021/acs.est.9b03107

AIR POLLUTION REALTED BURDEN OF DISEASE
Künzli N, Kaiser R, Medina S, Studnicka M, Chanel O, Filliger P, Herry M, Horak F Jr, Puybonnieux-Texier V, Quenel P, Schneider J, 

Seethaler R, Vergnaud JC, Sommer H. Public-health impact of outdoor and traffic-related air pollution: a European assessment. 
Lancet. 2000;356(9232):795-801 - https://www.sciencedirect.com/science/article/pii/S0140673600026532

The Lancet Commission on pollution and health - Philip J Landrigan, MD et al. Lancet, Volume 391, ISSUE 10119, P462-512, February 
03, 2018   DOI:https://doi.org/10.1016/S0140-6736(17)32345-0
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https://intranet.swisstph.ch/en/people/person-list/main-person-detail/name/nino-kuenzli/person-ref/list/person-action/detail/
http://dx.doi.org/10.1183/13993003.00419-2016
https://intranet.swisstph.ch/en/people/person-list/main-person-detail/name/ron-kappeler/person-ref/list/person-action/detail/
https://intranet.swisstph.ch/en/people/person-list/main-person-detail/name/meltem-kutlar-joss/person-ref/list/person-action/detail/
https://intranet.swisstph.ch/en/people/person-list/main-person-detail/name/nino-kuenzli/person-ref/list/person-action/detail/
http://dx.doi.org/10.1007/s00038-019-01202-7
https://intranet.swisstph.ch/en/people/person-list/main-person-detail/name/nino-kuenzli/person-ref/list/person-action/detail/
https://intranet.swisstph.ch/en/people/person-list/main-person-detail/name/laura-perez/person-ref/list/person-action/detail/
https://intranet.swisstph.ch/en/people/person-list/main-person-detail/name/marloes-eeftens/person-ref/list/person-action/detail/
https://intranet.swisstph.ch/en/people/person-list/main-person-detail/name/reto-meier/person-ref/list/person-action/detail/
https://intranet.swisstph.ch/en/people/person-list/main-person-detail/name/christian-schindler/person-ref/list/person-action/detail/
https://intranet.swisstph.ch/en/people/person-list/main-person-detail/name/inmaculada-aguilera/person-ref/list/person-action/detail/
https://intranet.swisstph.ch/en/people/person-list/main-person-detail/name/harish-phuleria/person-ref/list/person-action/detail/
https://intranet.swisstph.ch/en/people/person-list/main-person-detail/name/alex-ineichen/person-ref/list/person-action/detail/
https://intranet.swisstph.ch/en/people/person-list/main-person-detail/name/mark-davey/person-ref/list/person-action/detail/
https://intranet.swisstph.ch/en/people/person-list/main-person-detail/name/regina-ducret-stich/person-ref/list/person-action/detail/
https://intranet.swisstph.ch/en/people/person-list/main-person-detail/name/dirk-keidel/person-ref/list/person-action/detail/
https://intranet.swisstph.ch/en/people/person-list/main-person-detail/name/nicole-probst-hensch/person-ref/list/person-action/detail/
https://intranet.swisstph.ch/en/people/person-list/main-person-detail/name/nino-kuenzli/person-ref/list/person-action/detail/
https://intranet.swisstph.ch/en/people/person-list/main-person-detail/name/ming-yi-tsai/person-ref/list/person-action/detail/
http://dx.doi.org/10.1186/s12940-016-0137-9
https://intranet.swisstph.ch/en/people/person-list/main-person-detail/name/kees-de-hoogh/person-ref/list/person-action/detail/
https://intranet.swisstph.ch/en/people/person-list/main-person-detail/name/danielle-vienneau/person-ref/list/person-action/detail/
http://dx.doi.org/10.1016/j.envint.2019.104934
https://intranet.swisstph.ch/en/people/person-list/main-person-detail/name/kees-de-hoogh/person-ref/list/person-action/detail/
https://intranet.swisstph.ch/en/people/person-list/main-person-detail/name/apolline-saucy/person-ref/list/person-action/detail/
https://intranet.swisstph.ch/en/people/person-list/main-person-detail/name/martin-roeoesli/person-ref/list/person-action/detail/
http://dx.doi.org/10.1021/acs.est.9b03107
https://intranet.swisstph.ch/en/people/person-list/main-person-detail/name/nino-kuenzli/person-ref/list/person-action/detail/
https://www.sciencedirect.com/science/article/pii/S0140673600026532
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(17)32345-0/fulltext?dgcid=TheLancetTwitter_social_lancet&sf166527609=1
https://www.thelancet.com/journals/lancet/issue/vol391no10119/PIIS0140-6736(18)X0005-1
https://doi.org/10.1016/S0140-6736(17)32345-0


Suggested readings II
Lung function and air pollution
BILD: 
Latzin P, Röösli M, Huss A, Kuehni CE, Frey U. Air pollution during pregnancy and lung function in newborns: a birth cohort study. Eur

Respir J. 2009;33(3):594-603 
Usemann J, Decrue F, Korten I, Proietti D, Gorlanova O, Vienneau D, Fuchs O, Latzin P, Röösli M, Frey U, BILD study group. Exposure to

moderate air pollution and associations with lung function at school-age: a birth cohort study. Environ Int. 2019;126:682-689. DOI: 
10.1016/j.envint.2018.12.019

SAPALDIA:
Schikowski T, Schaffner E, Meier F, Phuleria HC, Vierkötter A, Schindler C, Kriemler S, Zemp E, Kramer U, Bridevaux PO, Rochat T, 

Schwartz J, Künzli N, Probst-Hensch N. Improved air quality and attenuated lung function decline: modification by obesity in the
SAPALDIA cohort. Environ Health Perspect. 2013;121(9):1034-1039. DOI: 10.1289/ehp.1206145

Schikowski T, Schaffner E, Meier F, Phuleria HC, Vierkötter A, Schindler C, Kriemler S, Zemp E, Kramer U, Bridevaux PO, Rochat T, 
Schwartz J, Künzli N, Probst-Hensch N. Improved air quality and attenuated lung function decline: modification by obesity in the
SAPALDIA cohort. Environ Health Perspect. 2013;121(9):1034-1039. DOI: 10.1289/ehp.1206145

Downs SH, Schindler C, Liu LJ, Keidel D, Bayer-Oglesby L, Brutsche MH, Gerbase MW, Keller R, Künzli N, Leuenberger P, Probst-
Hensch NM, Tschopp JM, Zellweger JP, Rochat T, Schwartz J, Ackermann-Liebrich U. Reduced exposure to PM10 and attenuated
age-related decline in lung function. N Engl J Med. 2007;357(23):2338-2347. DOI: 10.1056/NEJMoa073625

USC Children’s Health Study
Urman R et al: The Potential Effects of Policy-driven Air Pollution Interventions on Childhood Lung Development . 

AmJRCirtCare Med 2019. https://doi.org/10.1164/rccm.201903-0670OC
Gauderman WJ, Vora H, McConnell R, Berhane K, Gilliland F, Thomas D, Lurmann F, Avol E, Künzli N, Jerrett M, Peters J. Effect of exposure

to traffic on lung development from 10 to 18 years of age: a cohort study. Lancet. 2007;369(9561):571-577 
Gauderman WJ, Avol E, Gilliland F, Vora H, Thomas D, Berhane K, McConnell R, Künzli N, Lurmann F, Rappaport E, Margolis H, Bates D, 

Peters J. The effect of air pollution on lung development from 10 to 18 years of age. N Engl J Med. 2004;351(11):1057-1067 

POLICY MAKING
Ohlwein S, Kappeler R, Kutlar Joss M, Künzli N, Hoffmann B. Health effects of ultrafine particles: a systematic literature review update 

of epidemiological evidence. Int J Public Health. 2019;64(4):547-559. DOI: 10.1007/s00038-019-01202-7
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https://intranet.swisstph.ch/en/people/person-list/main-person-detail/name/martin-roeoesli/person-ref/list/person-action/detail/
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https://intranet.swisstph.ch/en/people/person-list/main-person-detail/name/emmanuel-schaffner/person-ref/list/person-action/detail/
https://intranet.swisstph.ch/en/people/person-list/main-person-detail/name/flurina-meier/person-ref/list/person-action/detail/
https://intranet.swisstph.ch/en/people/person-list/main-person-detail/name/harish-phuleria/person-ref/list/person-action/detail/
https://intranet.swisstph.ch/en/people/person-list/main-person-detail/name/christian-schindler/person-ref/list/person-action/detail/
https://intranet.swisstph.ch/en/people/person-list/main-person-detail/name/susi-kriemler/person-ref/list/person-action/detail/
https://intranet.swisstph.ch/en/people/person-list/main-person-detail/name/elisabeth-zemp-stutz/person-ref/list/person-action/detail/
https://intranet.swisstph.ch/en/people/person-list/main-person-detail/name/nino-kuenzli/person-ref/list/person-action/detail/
https://intranet.swisstph.ch/en/people/person-list/main-person-detail/name/nicole-probst-hensch/person-ref/list/person-action/detail/
http://dx.doi.org/10.1289/ehp.1206145
https://intranet.swisstph.ch/en/people/person-list/main-person-detail/name/christian-schindler/person-ref/list/person-action/detail/
https://intranet.swisstph.ch/en/people/person-list/main-person-detail/name/l-j-sally-liu/person-ref/list/person-action/detail/
https://intranet.swisstph.ch/en/people/person-list/main-person-detail/name/dirk-keidel/person-ref/list/person-action/detail/
https://intranet.swisstph.ch/en/people/person-list/main-person-detail/name/nino-kuenzli/person-ref/list/person-action/detail/
https://intranet.swisstph.ch/en/people/person-list/main-person-detail/name/nicole-probst-hensch/person-ref/list/person-action/detail/
https://intranet.swisstph.ch/en/people/person-list/main-person-detail/name/ursula-ackermann-liebrich/person-ref/list/person-action/detail/
http://dx.doi.org/10.1056/NEJMoa073625
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https://intranet.swisstph.ch/en/people/person-list/main-person-detail/name/ron-kappeler/person-ref/list/person-action/detail/
https://intranet.swisstph.ch/en/people/person-list/main-person-detail/name/meltem-kutlar-joss/person-ref/list/person-action/detail/
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Prof. Nino Künzli, MD PhD

Nino.Kuenzli@SwissTPH.ch

Thank you !
Interested in air pollution and health literature? Register for our LUDOK-Newsletter

http://www.swisstph.ch/ludok
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