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Summary and Key Messages 

Radiolabelled aerosol particles were used to measure regional respiratory tract deposition and 
clearance of these particles from deep in the lungs and airways. We found that some aerosol particles 
were not cleared from the airways within one day. We found also that particles > 5µm could reach the 
airways and even the alveoli. This is important for drug delivery. We also found that the breathing pattern 
is more important for pulmonary drug deposition than particle size. 

By tidal breathing the reopening of collapsed airways is the main mechanism that produces aerosol 
particles which could be exhaled from the human lungs. This important mechanism is able to distribute 
influenza and corona viruses between human subjects.   

   

Introduction 

The following statements (doctrines) are often found in pharmaceutical and scientific literature: 

- Particles > 5 µm cannot be inhaled deep into the lungs.  

- Inhaled aerosol particles < 2 µm are deposited in the alveoli, 2-5 µm particles are deposited in 
the airways and aerosol particles > 5 µm are deposited in the mouth and throat.  

- Particles deposited in the airways (bronchi and bronchiole) are eliminated from the lungs within 
a few hours by mucociliary transport. 

These statements were challenged by our investigations. 

Aerosol particles cannot only be inhaled but can be generated by and exhaled from the human lungs. 
In the late 1980s and in 2020s we did several studies to determine the amount and the site of origin of 
these exhaled particles.   

Studies and Results 

To study the influence of particle size and breathing pattern on total lung deposition and the regional 
distribution, radiolabelled particles and gamma camera or whole body scanner were used. Every 
individual did inhale under controlled conditions Tc99m or In111 labelled monodisperse aerosol particles 
of a specific size. Directly after inhalation and in specific intervals after the last inhalation the amount of 
radioactivity and the distribution of the radioactivity had been measured for each subject. In that way 
total lung deposition, regional distribution and the clearance of these particles out of the lungs could be 
determined. 

It could be shown, that  

a) Aerosol Particles between 4 and 10 µm are mainly depositing in the bronchial airways [1] 

b) The optimal particle size to reach the alveolar space is 2.5 µm and not particles < 2 µm [2,3] 

c) Breathing pattern has a greater influence on regional deposition than particle size [4] 

d) Not all particles which are deposited in the human airways are cleared out of the lungs in one 
day [5]   

 

 

In the course of these experimental investigations we found that the human lung functions like an aerosol 
generator. Tiny aerosol particles (0.2-0.4µm) could be detected in the exhaled air even after washout of 
the lungs with clean air and with quiet breathing. These investigations suggest that the origin of these 
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particles is the deep lung and is caused by the reopening of collapsed airways at the beginning of an 
inhalation.[6] This effect was found in every subject that we studied. On average we found ~ 200 
particles/Liter in the exhaled air. However, the concentration of these exhaled particles increased by 2-
3 orders of magnitude when a person had a respiratory infection. We continued our experimental work 
during the corona crisis in 2020 and found that not every infected individual became a so-called 
‘superspreader’, these were infected individuals which exhaled >5000 Particles/L. For patients with a 
severe corona infection, we found that about 15% of these patients were superspreaders. [7] 

In several studies with children we found that they exhaled far fewer particles than adults and we didn’t 
find any ‘superspreader’ at all.[8] These findings should be considered if such an event would happen 
again in future.    
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