
Mean particle number concentrations during nights affected by intense renewal 
works were by 30-60% higher than at nights under normal conditions. Accute 
increases (>90%) were observed, but lasted less than 1 hour, probably due to an 
appropiate ventilation at tunnels, mediated by impulsion of outdoor air.  
Significant  increases were recorded during ballast addition, specially for 
particles larger than 2.5 µm.  

Previous studies have reported elevated 

concentrations of particulate matter (PM) in 

underground metro systems that could become a 

serious problem for human health 

(Nieuwenhuijsen et al., 2007; Martins et al., 

2016).  

The Barcelona metro absorbs around 50% of the 

urban commuting load, transporting 1.25 million 

commuters on weekdays.  In the framework of 

the IMPROVE project, measures are being tested 

and practiced to reduce PM concentrations in 

platforms considering key factors controlling air 

quality. 
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1. MEAN LEVELS AT PLATFORMS AND INFLUENCE OF OUTDOOR ENVIRONMENT 

Nieuwenhuijsen et al., 2007. Atmospheric Environment, 41(37), 7995ς8006.  
Martins et al., 2016. Environmental Research,  146, 35-46.  

3. INCREASE OF AIR POLLUTANTS DURING RENEWAL WORKS 

-Atmospheric particles in underground stations are mostly  generated within the 
metro system, due to abrasion and wear of rail tracks, wheels and braking pads. 
-The location of ventilation grills, frequently close to major roads, could affect NO2 
concentrations inside the metro system. Further research is needed. 

2. PARTICLE NUMBER CONCENTRATION AT PLATFORMS 

Particle number concentration for different size ranges show great 
variability among stations, which highlights the dependency on several 
factors, including station design, depth and ventilation settings. Stations 
with PSD show the lowest concentrations in all size ranges. 
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The addition of ballast treated with an 
antiresuspension polymer reveals lower 
increases of particles over the standard 
procedure during the motion of the trains 
(5:00-0:00 h). Further research  planned. 

Summary and conclusions 
-Particle number concentrations for a wide range of sizes reveals  
great variability among stations.  
-High NO2 concentrations in the metro system probably 
associated with the location of ventilation grills. 
-The new stations with PSD show the lowest particle number 
concentrations in the size range 0.3-10 µm. 
-Intense renewal works at tunnels can increase particle number 
concentrations by 20-30% during metro operating hours. 
-The treatment of ballast with an antiresuspension polymer 
before its addition to the tunnel seem to be efficient in reducing 
the increase of particles during the motion of the trains. 
- Further research is in progress. 
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Works at tunnels, carried out between 1:00-4:00 h, seem to increase particle 
number concentrations of particles larger than 1 µm (20-30% on average) 
during the following metro operating hours (5:00-0:00 h).  
The plots below show the concentrations from 5:00 to 0:00 h. 
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