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Six minerals that can divide into very 
thin fibers, have been recognized as 
health hazard by most regulations and 
classified under the general name of 
asbestos 

Asbestos was widely used in 
construction and industry in the 60s and 
70s for its exceptional properties. But, it 
is also the leading cause of occupational 
diseases in the world. Workers exposed 
to asbestos get pleural plaques and can 
develop asbestosis, mesothelioma and 
lung cancer. 

THE AIRBORNE ASBESTOS FIBERS 



These diseases slowly develop. It takes 20 to 30 years. Many 

countries have banned the use of asbestos in the 1990s. The peak 

of deaths is expected for the year 2020 to 2030. It  is necessary to 

make every effort  to be sure, that  decrease in the number of death 

will be effective and definitive after that peak. This imply the 

protection of employees in charge of the asbestos remediation by 

performing more accurate measurement of airborne asbestos fiber 

to be sure that the workers wear appropriate respiratory protection. 



Asbestos carreer Zhangye  china  published by  GEO 

ASBESTOS FIBER IN THE AIR 

Human eyes can not see fibers of a diameter smaller than 50 microns 

An asbestos fiber with a diameter of 
50 microns may be divided and 
releases 6 millons finer fibers 



with a diameter between 5 and 30 
microns are trapped  in the 
pharynx, the epiglottis, the larynx 
and the trachea. 

with a diameter between 1 and 5 
microns are trapped  in the bronchi 
and bronchioles 

Particles of a diameter less than 1 
micron reach the alveoli 

PARTICLES  



Mucociliary clearance  
Mucus and cilia work in 
concert to remove inhaled 
particles from the lung 
 

Macrophages 
Macrophages engulf particles or 
bacteria and destroy them. If they 
can not, macrophages lets them 
trapped  by the mucociliary 
apparatus,  and are expelled with 
the particles. 

DEFENSES OF THE RESPIRATORY SYSTEM 
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The alveoli are 
reached by fibers 
with diameter less 
than one micron 

Macrophages go  out 
of blood vessels  to 
extract the fibers from 
alveoli 
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WHY OUR DEFENSES DOESN’T WORK WITH ASBESTOS 
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The fibers less than 5 µm 
lengh are engulfed by 
macrophages, and 
expelled 

 
With longer fibers, the 
macrophages are too small. 
They can’t digest them, they 
can't pull them out. So  
macrophage  can't eliminate 
them and die spitted on fibers 

WHY OUR DEFENSES DOESN’T WORK WITH ASBESTOS 
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ABESTOS FIBERS AND MESOTHELIOMA 
 

The asbestos fibers are so fine that they can 
migrate between the cells, reach the pleura. 
They are biopersistent. Twenty to thirty years 
later, they can cause mesothelioma which is 
pleura cancer, specific of asbestos. 
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Diameter 0,02 micron 

CHRYSOTILE VARIETY OF FIBROUS SERPENTINE 

Chemical composition Mg3[Si2O5](OH4) : 37-44 %  SiO2, 39-44%  MgO  and 12 à 15% d’H2O  

Chrysotile is composed of 
elementary fibers of 0.02 

micron. 
There is no atomic bonding 

between the fibers.  
 characteristic shape 

 



PERFORMANCE LIMIT OF OPTICAL MICROSCOPE AND SEM 

f > 0,2 m 
 The fibers are detectable 

at PCM but not 
identifiable 

f > 0,2 m 
 Fibers are detectable and for 
most of them identifiable SEM 

f < 0,2 m  

Fibers are not detectable at SEM and 
PCM  



ANALYSIS  : SCALE 

The grids prepared for the TEM Observation are small  
copper discs (several millimeters). The mesh is not  
visible to naked eye , it is visible with an optic 
microscope but the content of each opening is 
observable only with a TEM. 



TEM ANALYSIS 

f > 0,02 m  
Fibers are detectable and 

identifiable at TEM 

All  fibers of interest are identifiable and detectable at TEM  
L > 5 m , f < 3 m , L/ f>3 



In 2009 AFSSET The French Agency for Environmental and 
occupational Health Protection published a report on the toxicity of 
thin asbestos fibers (diameter between  0.01 and 0.2 microns). 
  
This report confirmed  the observations that the optic method PCM  
was inefficient for detecting and counting asbestos fibers and that the 
only method to make a proper assessment of asbestos risk is the 
electron microscopy. These observations were transmited to the 
french authorities in 2007 by ULSB (The French Association of the 
accredited laboratories for asbestos analysis)  
 
INRS did a study in 2011 on asbestos remediation sites and  confirmed 
the findings of AFSSET and the ULSB observations. 
 
In May 2012, French regulation requires to use of TEM for 
measurement of asbestos fiber airborne in the occupational 
environment 



0 

20 

40 

60 

80 

100 

120 

140 

160 

180 

200 

1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 

TEM  use for routine asbestos analysis in France 

ISO 16007 

TEM for occupational 
analysis May 2012 

régulation 

 
It is the flow of history that most countries that still uses optical microscopy, as in 
Europe: UK, Belgium, Italy, the Czech republic, luxembourg, will need to be 
equipped with  electronic microscopes. Based on the current number of required 
electronic microscopes in France to control the workplace environment according 
to the asbestos regulation in force,  it is possible to estimate that EUROPE will need 
in the future around 1600 (TEM or SEM) for asbestos air monitoring.  


