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Very contemporary context 

Map	of	the	distribu0on	of	deaths	a2ributable	
	to	air	pollu0on	(Source:	WHO,	2012)	



Contexte	:	les	études	de	ces	effets	
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•  Epidemiologic	studies:		
Objec0ve:	to	establish	an	associa0on	between	exposure	to	certain	substances	
and	the	occurrence	of	diseases	in	humans	

	-	Exposure	qualifica0on	difficult	to	establish	
	-	Difficult	to	link	pollutants	and	diseases	
	
	

•  Experimental	studies	:	
Objec0ve:	cells/organisms/animals	exposure		

•  Exposure(s)	control	
•  One	study	per	pollutant	

•  Non	representa0ve	of	the	polluted	atmosphere	
•  Can	not	reproduce	the	synergy	of	pollutants	

How to study these Health impacts ? 



to simulate Atmospheric Pollution 

•  “Smog chamber” : the most direct way to study 
the relation between emission and air quality 

Finlayson-Pitts and Pitts, 1986 
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Protocole	
Objec4ves:	 to	 generate	 a	 representa4ve	 model	 atmosphere	 of	 a	 large	 metropolis	 and	

maintain	it	for	several	days	to	expose	mice	(for	several	days)	

Use	 CESAM	 as	 a	 reactor	 to	 generate	 the	 model	 atmosphere	 and	 feed	 a	 two-stage	
compartmentalized	mouse	cabinet	(exposed	mice	and	control	mice)		

Polluants 
gaz 
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-  N2	=	79	%	;	O2	=	21	%	
-  HR	=	40	%	;	T	=	25	°C	

-  Flux	de	NO	
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COVs	
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-  NOX,	SO2,	O3,	CO	
-  PTR-Tof-MS	(COV)	
-  SMPS	(taille,	masse	de	

l’aérosol)	

Armoires à 
souris 

Strategy associated to PolluRisk 



Mice	exposed	to	
the	atmosphere	

of	CESAM	

Mice	exposed	to	
the	purified	
atmosphere	
(controls)	

View of the platform 



Contexte	:	la	plateforme	PolluRisk		
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•  Innova0ve	transdisciplinary	project	(LISA	and	IMRB)	
•  Objec0ve:	to	study	the	different	impacts	of	AQ	on	living	

organisms	
	
Illustra@on	with	PolluRisk#1	:		
	

Vented	cabinet	

the PolluRisk platform 
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the CESAM chamber 

Voir Wang et al, AMT, 2011 

•  V = 4.2 m3  

•  S/V = 4.29 m-1 

•  Inox 304L 

•  Evacuable  

•  A r t i f i c i a l 
irradiation 

 
•  Controled in 

temperature  
(10°C to 60°C)  
 





Solar Simulator 
•  3 Xenon arc lamps 

of 4kW… 
•  arranged above 

the chamber… 
•  illuminate through 

portholes of 
synthetic quartz 



D u e  t o  t h e  l o w 
electrostatic charges on 
the walls (unlike rooms 
made of Teflon® film), 
CESAM has very long 
aerosol lifetimes. 
 
Up	 to	 4	 days	 for	 a	 200	 nm	
aerosol 

NB : Lifetime of an atmospheric particle from 1 to 3 days according to 
        Williams et al. (2002) 

Life time of the aerosol 



A	wide	set	of	instruments	to	address	a	wide	set	of	problema0cs	!	

Temperature 
  Pressure 
Irradiation 

Submicron 
Size distrid. 

(SMPS) 

Supermicronic  
size distrib.  

(Welas) 

O3, Nox, SO2 
Analysers 

PTR-ToF-MS 

FTIR  
in situ  
200 m 

Particles 
Absorption 
(Aethalo.)  

Particles 
scattering  
(Nephelo.)      

Particles 
Hygroscopicity 
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CH4 ,  
CO, CO2 
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Hydrocarbons 
C4-C10 
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Reactive 
organic  
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(ATD 

GC-MS) 

Electron 
Microscope  
(TEM, SEM) 

Organic aerosol 
composition 

(SFE-GC-MS) 

OC/BC 

Analy0cal	environment	



1A – CNRS-Paris  
1B – CNRS-Orleans  
1C – CNRS-Lyon  
2 – Wuppertal  
3 – Karlsruhe  
4 – Julich  
5 – Villigen  
6 – Valencia  
7 – Leipzig  
8 – Cork  
 

9 – Kuoppio  
10 – Patras  
11 – Genoa  
12 – Iasi  
13A – NCAS - Leeds  
13B – NCAS - Manchester  
13C – NCAS - Cambridge  
13D – NCAS - Norwich  
14 – Uni. Helsinki 

14 partners comprising 19 groups :  
 
 
 

  
 
 

   
 
•  The French under the banner of CNRS 
•  The British under the banner of NCAS 

Open call for Associated Partnership 

Since the 1st of december 2016 and for 4 years…	

www.eurochamp.org	

Airmodus	Ay,	Biral,	PlumeLabs,	Nanothinx		
Na0onal	Physical	Laboratory,	Aarhus	University,	Babcock	Noell,	Universität	W.	Goethe	-	
Frankfurt	am	Main	

The Eurochamp-2020 initiative 
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Predic0on	of	
concentra0ons	in	the	
chamber	
	
The	model	takes	into	
account:	
-  1500	species	and	

3000	reac0ons	
-  injec0on	of	7	

organic	precursors	
-  Introduc0on	of	NO	

Ø  <within	20h,	
concentra0ons	are	
stable	

Model	output	obtained	by	FACSIMILE	for	long-term	exposure	(5	days)	

to simulate Beijing 



Simuler  
Pékin… 

to simulate 
Beijing 



to simulate Beijing 

Gaseous	
phase	…	

N2	from	N2	liq	sublima0on	



to simulate Beijing 
Soot	



to simulate Beijing 

Dust	par@cles	



to simulate Beijing 

inorganic	aerosols	



to simulate Beijing 
Metrology	



to simulate Beijing 

Metrology	



budget(s) illustration 



•  8	days	of	mice	exposure	

•  Samples	from:	

	 	-	lungs	

	-	Heart	

	-	Fat	0ssue	

	-	Spleen	

	-	Mesenteric	lymph	nodes	

	-	Muscle	(anterior	0bialis)	

PolluRisk : task force 
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PolluRisk#1 illustrative results 

Beijing	:	Hypoalveolariza@on,	which	remains	persistant	at	adulthood.	



1.	Context	
2.	The	PolluRisk	plaXorm	
3.	The	CESAM	chamber	
4.	Illustra@on	:	the	Beijing	case	
5.	A	few	results	
6.	the	H2020	REMEDIA	project	



Following “Genetics load the gun but environment pulls the trigger”… 

Inheritance
Acquired multifactorial

disorder

Onset
• Diagnosis > 40 yrs;
• Increases with age

CFTR

Acquired CFTR dysfunction

Clinical phenotype
• Bronchitis & emphysema
• Chronic infection (less

common)
• Bronchiectasis (less common)

Ai
rfl

ow
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ct
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Recurrent infection 

exacerbations

Progrressivelung 

disease

Progressiv
e lung 

function decline

Common 
clinical

features

COPD
Inheritance

Inherited

Onset

Birth

CFTR
Loss of function mutations in 

CFTR gene

Clinical phenotype
Early chronic airway infection

Bronchiectasis

CF

è Two very different diseases 



REMEDIA	–	the	Concept	(PI	Dr.	Sophie	Lanone,	INSERM)	
	

Chronic	obstruc@ve	pulmonary	disease	
(COPD)	

Cys@c	fibrosis	(CF)		

Ex
po

so
m
e

Disease phenotype

Ex
po

so
m
e

Disease phenotype
REMEDIA 

Impact	of	exposome	on	the	course	of	pulmonary	pathologies	

Internal Exposome 

External Exposome 
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Combined sensor device

New guidelines and recommendations 
based on REMEDIA findings to better 
predict disease risks

Econometric models to test the interactions 
between economic, environmental and 
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costs, performance and cost-effectiveness 
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Machine learning supervised analyses 
to predict health outcomes

Versatile atmospheric simulation chamber
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Merci ! 

THANKS	FOR	YOUR	ATTENTION	!	
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ABSTRACT 
The World Health Organization (WHO) estimated that there were 3.7 million premature deaths due to 
air pollution in 2014, confirming that air pollution is a great environmental risk to health. Air pollution 
is responsible for a loss of more than 3% of productivity (via premature death, incapacity for work due 
to diseases, etc.). The studies conducted so far show that the effects of air pollution on health depend 
not only on the quality of the surrounding air, but also on the subjects exposed and their individual 
vulnerability (asthma, COPD, obesity, etc.). Despite the evidence on the adverse health effects of 
exposure to air micro-pollutants there are still uncertainties about the nature of these effects and 
progress to be made on their quantification. This limitation of our knowledge is mainly attributed to the 
complexity of the polluted atmospheres, and to the great difficulty to model the impact of realistic 
situations of exposure. Among the constituents of air pollution individually associated with deleterious 
effects on health, we consider gaseous pollutants (O3, SO2, CO, NOx, VOC ...) and particles (PM10, 
PM2.5, ultrafine). In order to realistically simulate atmospheric mixtures in all their complexity in the 
laboratory, environmental chemists have developed photo-reactors that are equipped to reproduce and 
control atmospheric processes such as solar radiation, concentrations of species and the timely injection 
of aerosols and gases. These atmospheric simulation chambers thus offer the possibility of studying the 
myriad of products resulting from the atmospheric oxidation of primary compounds. Using CESAM, 
an atmospheric simulation chamber (cesam.cnrs.fr), we have developed a totally innovative platform 
for exposing mice to realistic atmospheric conditions. Here we present the first toxicological analyses 
of the organs of these mice after 48 hours of exposure, carried out as part of feasibility experiments 
aimed at testing this experimental concept, as well as other preliminary results. 
Keywords: air quality, health impacts, atmospheric chemistry, pollutants, aerosols, SOA, chronic 
obstructive pulmonary disease, asthma. 

1  INTRODUCTION 
One of the first alerts of the major effects of air pollution on health took place during an 
episode in London during the winter of 1952: during 4 days, a thick fog fell on the city, and 
4000 additional deaths compared to the same period in previous years were recorded, more 
than half of which were for respiratory reasons [1]. The World Health Organization (WHO) 
has recently estimated that in 2012 alone, 3.7 million deaths occurred prematurely because 
of air pollution (www.who.int). In 2014 they declared the pollution atmospheric as 
representing the greatest environmental risk to health and responsible for a loss of more than 
3% of productivity due to premature deaths and incapacity for work. According to a 2012 
report from the Regional Health Observatory in Ile de France (Paris region) for the period 
2004–2006, air pollution has been responsible, at least annually, for: 
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