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The quality of the air we breathe is integral to a healthy life 

and the welfare of all citizens. The lower the levels of air 

pollution, the better the cardiovascular and respiratory 

health of the population will be, both long- and short-term. 

Metro systems provide transportation modes that serve 

billions of commuters annually in metropolitan areas 

worldwide. The underground systems supporting such 

mass transit can be viewed as a transport lifeline, helping 

to improve the quality of urban life. The more people that 

travel by rail subway instead of in cars the less will be the 

traffic exhaust emissions, enhancing breathable city air 

quality. But, how is the air quality in underground subway 

systems? One disadvantage of any underground transport 

system is that it operates in a confined space that may 

permit the accumulation of unhealthy concentrations of 

airborne contaminants. Furthermore, much of the 

inhalable airborne particulate matter (PM) in subway air is 

ctually produced underground and so is substantially 

different in nature from typical PM found outdoors. 

The investment of European money in our IMPROVE LIFE 

Subway Project has projected Barcelona as a world leader 

in subway air quality. This study has created the largest 

existing publically available database on subway air quality, 

designed to facilitate the development of realistic PM 

mitigation strategies in underground train systems that 

will result in cleaner air being breathed by commuters. 

 
  

 

IMPROVE LIFE HAS DEVELOPED REALISTIC MITIGATION 

STRATEGIES IN UNDERGROUND TRAIN SYSTEMS THAT WILL 

REDUCE PM CONCENTRATIONS 

  

 

Plan to improve air quality for subway commuters 
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Results obtained during the IMPROVE 

LIFE sampling and analysis programmes 

were decisive in designing 

recommendations to improve air 

quality on subway platforms and in 

trains.  

Air quality monitoring campaigns with 

extensive instrumentation were 

conducted in stations with different 

designs in both new and old lines 

(stations with both train tracks in the 

same space, with only one track, with 

partially open walls separating both 

tracks). Monitoring campaigns were 

repeated at least once, and at different 

times of the year, in order to compare 

changes in variables such as air 

conditioning ventilation. 

Complementary measurements of 

ambient street aerosols were also made 

in order to achieve realistic comparisons 

between outdoor and subway air. Key 

points directly relevant to the problem 

of understanding air pollution 

underground are listed below: 

 

 

What tasks have been 
undertaken by the 
IMPROVE LIFE study to 
identify the factors 
controlling air pollution 
at subway facilities? 

por Estilo de nombre 
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The unprecedented detailed 

chemical database obtained in the 

framework of the IMPROVE LIFE has 

allowed the determination and 

quantification of PM sources within 

the subway environment 
 

MAIN CONCLUSIONS 

• Many, but not all subway stations 

have ambient levels of PM2.5 higher 

than the legislated limits demanded 

for outdoor air. 

• There is great variation in air 

quality between different stations 

and lines. Stations with the best air 

quality are likely to be larger and/or 

newer, with good air interchange 

between outdoor street air, with full 

length screen doors fitted to all 

platforms, and with a straight, 

horizontal trajectory that minimises 

brake and wheel wear. 

• Subway air is normally cleaner 

when the trains are not operating, 

although dust emissions from tunnel 

night work typically result in poorer 

platform air quality at the beginning 

of daytime train operations.  

• It is preferable to minimise dust 

generation later in the night close to 

the opening of the subway service. 

• Nano-polymer suppressants 

applied to ballast were found to be 

effective in reducing dust 

resuspension during ballast laying 

and tamping, although the effect 

was variable depending on factors 

including distance between the 

platform and work site.  

• The type of ventilation system 

operating in the tunnels and station 

platforms is a key controlling 

influence on air quality common to 

subways worldwide. 

• The concentration of inhalable 

particles on platforms can increase 

dramatically under inappropriate 

ventilation settings. 

• Enhanced impulsion of outside air 

into the platform can help improve 

air quality for commuters.   

• Enhanced fan extraction can 

introduce contaminated tunnel air 

into the platform and thus worsen 

air quality. 

• Strong tunnel fan systems can 

successfully reduce contamination 

from the tunnel into the platform 

air. 

• Platform and train air purifiers 

have the potential for improving 

subway air quality but they are still 

in R&D phase. 

• Air conditioning, when windows 

are closed, can reduce PM2.5 

concentrations by 50% inside trains. 

• Platform screen doors (PSD) have 

a very noticeable effect in reducing 

the ingress of air pollutants from the 

tunnel into the platform. 

• Outdoor pollutants can be 

identified in the air present on 

subway platforms, thus the quality 

of outside city air can greatly 

influence conditions in the subway 

platforms. 

• Subway particles are unusually rich 

in iron and carbon released by 

friction between moving train parts. 

• The trace element chemistry of 

moving train parts such as brakes 

and wheels can be detected in the 

air breathed on platforms. For 

example levels of train brake tracer 

elements such as barium or 

antimony can be over 100 times 

higher in the subway than outdoors. 

 

 

 

 

 

 

 

 

 

 

 

Some 
remarkable 

results 
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Our IMPROVE LIFE measurement campaigns have 

demonstrated that subway stations with the best 

air quality are those larger and/or newer, with 

good air interchange between outdoor street air 

(although not sourcing from traffic hotspots in the 

city), with full length screen doors fitted to all 

platforms, and with a straight, horizontal 

trajectory that minimizes brake and wheel wear. 
 

Commuters will greatly benefit from a proactive attitude 

to improving air quality underground. 

The first step should be an initial air quality audit aiming to 

assess the nature of the existing air quality in stations and 

trains. This need not be overly expensive or time-

consuming. The assessment will group stations by their 

design and ventilation systems, noting such features as 

station depth, location and nature of airflow outlets. 

In the context of subway air quality IMPROVE LIFE 

propose a targeted, colour-coded scheme based on World 

Health Organisation 

methodology and 

designed to encourage 

transport authorities to 

aim for progressive PM 

reductions on platforms. 

The method defines a 

series of thresholds that 

cascade down through bands of decreasing PM 

concentrations towards the WHO Annual Mean Air 

Quality Guideline of PM2.5 levels of just 10 µg/m3, which is 

the lowest annual mean levels at which total, 

cardiopulmonary and lung cancer mortality have been 

shown to increase (>95% confidence). 

The challenges and opportunities revealed by the 

IMPROVE LIFE project database are directly applicable 

not only to the Barcelona Metro but to all subway systems 

worldwide.

 

 

 

Proposed measures to 
improve air quality at 
subway systems 
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SELECTED TRAIN COMPONENTS 

Research and development to produce 

materials that emit fewer and potentially less 

toxic particles would be a positive way forward. 

SOURCE REDUCTION 
 

INDOOR CONTRIBUTION 

Trace metal components of moving train parts can be 

recognized in subway air and this prompts the question: 

are these materials as least toxic as possible? Some of the 

identified metals, such as manganese, copper, antimony 

and chromium, are known to produce toxic effects in 

humans, and so we would urge further research into the 

toxicity of inhalable friction- generated polymetallic 

particles, particularly brakes and copper-bearing catenary 

systems.  

Slowing down the speed of trains in places on lines where 

there are sharp curves and high gradients should reduce 

the emissions of iron-rich particles. 
 

OUTDOOR CONTRIBUTION 

Controlling the exchange between the outdoor and 

underground air masses using intelligent ventilation 

systems, avoiding sourcing from traffic hotspots in the 

city by careful selection and design of outdoor ventilation 

grill locations. 

SOURCE MANAGEMENT 
 

VENTILATION SETTINGS 

Recommendations: 

1. Impulsion of outdoor air at platforms during metro 

hours. 

2. Ventilation on platforms at frequencies higher than 

25 Hz. 

3. Forced extraction of outdoor air at tunnel during 

operating hours. 

4. Air conditioning systems inside trains. 
 

AIR PURIFIERS 

They provide a promising line of research. Their effect is 

dependent on the distance to the passenger and the flow 

rate. 

PLATFORM SCREEN DOORS 

Modern subway lines are being fitted with platform screen 

doors, primarily for passenger safety reasons. The 

additional benefit to passenger health is their efficiency in 

reducing the ingress of contaminated tunnel air into the 

platform, especially of relatively coarse inhalable particles. 
 

NIGHT MAINTENANCE: GOOD PRACTICE FOR 
DUST EMISSION REDUCTION 

Recommendations: 

1. Timing: they should be conducted as early in the 

night as possible. 

2. Use of dust suppressant (water and/or 

antiresupension polymer) when laying ballast. 
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The most important socio-economic 

benefits of the project are: 

HEALTH 

The main social impact of air quality 

is how it affects the health of subway 

passengers, many of whom 

commute on a regular basis so that 

their inhalation of particulate matter 

while underground forms a 

significant and measurable part of 

their daily exposure to air pollutants.  

POLICY EFFECTIVENESS 

The project has generated the 

largest open access scientific 

database on air quality in subway 

platforms and trains, and used this 

to focus on what changes can and 

should be done to improve matters. 

The IMPROVE LIFE project has also 

provided knowledge and advice to 

subway air quality managers, 

enabling and encouraging them to 

recognise the problem and consider 

cost-effective air quality measures 

for decreasing air pollutant 

concentrations. We have 

emphasised that although at present 

there is no official regulation on air 

quality in such environment, such 

regulatory control is likely to be 

applied in the future.  

AIR POLLUTION MANAGEMENT  

The meticulous source 

apportionment study carried out, 

with over 500 chemical analyses of 

PM2.5 and their source materials 

(such as brakes) breathed on the 

subway platforms, at 10 different 

stations on 7 different lines, within 

the Barcelona subway system was 

crucial to calculate the contribution 

of each air pollutant source 

characteristic of the subway system. 

This helped to categorise the major 

problems and the effectiveness of 

best practice measures that could be 

used for air pollution abatement 

(such as the flow and direction of 

ventilation in trains and tunnels, the 

use of dust suppressants on ballast, 

and the location of air purifiers on 

platforms). The collaboration 

between the IMPROVE LIFE partners 

provided an added value to the 

project outcomes and led to the 

communication of 

recommendations to subway air 

quality managers elsewhere in 

Europe. 

EMPLOYMENT  

Air quality measures can affect local 

employment as the companies and 

industries that take air quality 

seriously are more likely to attract 

and retain skilled staff. Possible job 

gain might arise from the need of 

additional staff to implement new 

measures. New business and 

employment opportunities in the 

technology of improving air quality 

in the subway system will result from 

the implementation of improvement 

measures.  

REPLICATION, 

TRANSFERABILITY, 

COOPERATION 

Using IMPROVE methodology and 

dissemination, any subway operator 

worldwide now has full access to 

clear guidelines as to how to 

characterise the spatial and 

temporal variability of particulate 

matter, and determine the sources 

and their impact on the air quality of 

the station platform.  

PUBLIC AWARENESS  

The importance of all the project 

actions and their effect on air quality 

has been communicated widely in 

the media (website, leaflets, 

interviews, mass media releases, 

participation in TV and radio 

programmes) and the responses of 

different groups and the interest 

generated have been remarkable.

 

Socioeconomic benefits 
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Contact Project Coordinator:  

teresa.moreno@idaea.csic.es 

+34 934006123            

http://improve-life.eu/  

 

How can I get more information 
about the IMPROVE LIFE project? 

 

 

 

Reports on factors controlling PM concentrations at subway facilities, and on 

effectiveness of measures and recommendations to improve air quality are 

available at http://improve-life.eu/documents/reports-list/ 

Also watch the video  https://youtu.be/XX7bKPBLxMc 

 

Coordinating Beneficiary                                                                 Participant 

 

 

 

This report has been produced by the coordinator of the IMPROVE LIFE PROJECT. 

LIFE13 ENV/ES/000263 

This publication is designed to further promote awareness about the best measures 

to improve air quality at underground subway systems.  

Start and end project dates: 01/10/2014-31/03/2018 


