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1.  RELEVANCE FOR AIR QUALITY POLICIES 

The IMPROVE LIFE project aims to promote improvement in air quality within train subways by 

understanding the sources and activities that generate air pollutants in this environment. A key 

objective of the project has been to create the largest existing publicly available database on 

subway air quality. This database is designed to facilitate the development of realistic PM 

mitigation strategies in underground train systems that will result in cleaner air being breathed 

by commuters. Based on the results of IMPROVE we have elaborated a Technical Guide that is 

being widely distributed to subway systems worldwide and related companies. In this Technical 

Guide we propose the introduction of a targeted, colour-coded approach to the problem, based 

on the methodology of the World Health Organisation (WHO) and designed to encourage 

transport authorities to aim for progressive PM reductions. The method defines a series of 

thresholds that cascade down through bands of decreasing PM concentrations on subway 

platforms towards the ideal WHO Air Quality Guideline of PM2.5 levels of 10 µg m-3, which is the 

lowest annual mean level at which negative health effects have been demonstrated.  

 

 

Colour-coded diagram for subway air quality improvement based on IMPROVE LIFE results 
encouraging the targeting of progressive improvements in air quality.  
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We are confident that application of the air quality measures recommended in our Technical 

Guide, using our colour-coded scheme as a guideline with which to mark and compare progress, 

will successfully reduce underground pollution levels and improve city commuter health. Such 

improvements will involve financial outlay and political commitment, and will have to be judged 

in some cases against possible environmental costs such as increased CO2 emissions. However, 

in many cases (particularly in the older subway systems) modernising, for example, the 

ventilation system will likely involve installing new machines that both improve air quality and 

are energetically more efficient. Similarly, the effects of installing platform screen doors, which 

not only improve passenger safety but also air quality, provide another example of how the 

results of an air quality audit underground can lead to synergistic improvements for the 

underground commuter.  

The project aims to provide local and national transport authorities of European countries 

with the appropriate recommended measures, previously tested, to enable them to reduce 

concentrations of particulate matter (PM), including a focus on some of the more specific (and 

likely to be more toxic) chemical components in the subway air.  

The benefits of the IMPROVE LIFE project on policy effectiveness include:   

 High visibility of methods for air quality improvement through the numerous 

communication activities carried out during the project.   

 Strong partnership between other national and international subway bodies and 

institutions, for the development of efficient mitigation measures in subway systems.  

 Creation of new scientific work, combined with critical overview and analysis of previous 

publications on subway air quality, to help guide policy makers in their decisions (all 

IMPROVE LIFE scientific papers are published in open-access scientific journals).  

The production of technical guides and reports currently being used as vehicles for 

the results to be widely communicated, emphasising realistic mitigation measures that 

can be adopted by policy-making authorities. 

 The collation and divulgation of a detailed database with information on source 

apportionment results available to stakeholders (transport and policy-making 

authorities) and the general public, freely available through the project website and 

technical reports/pamphlets.  

 Enhancement of public awareness of subway air quality issues, organising open 

meetings, publishing on the website, posters and questionnaire surveys. 
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Following the requirement from the European Commission (letter 22/07/2016) regarding the 

evaluation and monitoring of the project’s impact, in addition to its effectiveness, the ongoing 

IMPROVE LIFE project was examined by a nominated external committee formed by five 

internationally high-profile air pollution experts. Comments received in the expert responses 

were very positive and encouraging (see the expert reports included in Annex I). 

 

IMPROVE LIFE outcomes relevant to policy-making: 

• An open forum with the participation of a broad range of stakeholders related to transport 

and policy making. See annex II to this document with letters of support and interest. 

• Expert’s Workshop on “Commuter air quality in rail subway systems” 

• Establishment of the scientific basis for effective policy-making through the peer-reviewed 

IMPROVE publication database (16 publications in scientific journals and 18 presentations 

in conferences).  

• An international conference with transport authorities and policy makers. 

• Five reports on air quality aspects of the subway environment (http://improve-

life.eu/documents/reports-list/). 

• A technical guide for the effective mitigation strategies distributed to subway systems 

worldwide.  

• Three presentations to the Health Committee of Barcelona subway systems.  

• Presentation of results in other Spanish (Malaga, Seville, Bilbao and Madrid) and European 

(London, Vienna) subways and to the prestigious International Association of Public 

Transports (UITP) following special invitation to a meeting in Rotterdam. 
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2. MONITORING AND REGULATION OF AIR QUALITY IN SUBWAY SYSTEMS 

IMPROVE LIFE has provided insight into the necessity of knowing the quality of the air breathed 

in platforms and trains in the subway systems, developing a methodology that can be applied 

worldwide by the relevant authorities and policy makers.   

Air quality monitoring campaigns were performed focused on variations in key factors 

affecting subway air quality. These sampling campaigns included some specifically aimed at 

assessing the impact on passenger exposure to air pollutants after making changes to normal 

conditions on platforms and inside trains. In this context, sampling campaigns carried out in the 

framework of IMPROVE followed four main purposes: to check the impact on passenger 

exposure to air pollutants attributed to (1) maintenance works in tunnels, (2) use of different 

brake pads, (3) use of pantographs with different composition (copper versus graphite), and (4) 

the deterioration of air conditioner filters inside trains (see Action B1). A further step of this 

project is the proposal and field implementation of mitigation strategies to reduce the effect on 

indoor air quality of pollution-generated activities, which is referred to in action B2. The addition 

of new ballast to tunnels has been selected as a key activity, likely to alter the air quality on 

platforms. Thus, this activity was planned to be developed under two different methodologies 

to assess differences: 1a) adding ballast under normal conditions (ballast+water), 1b) adding 

ballast using a commercial available anti-resuspension polymer (ballast +water + dust 

suppressant). In addition, regarding air quality on platforms, other sampling campaigns were 

scheduled to check the impact on passenger exposure to air pollutants attributed to changes in 

the ventilation system (2). The results from these intensive studies are provided in Deliverable 

9: PM contributors and potential mitigation measures in the subway environment; and 

Deliverable 10: Technical Guide to improving subway air quality.   

In the Technical Guide we summarise what the results obtained during the IMPROVE LIFE 

sampling and analysis programmes can teach us about how to improve air quality on subway 

platforms and in trains. Key points directly relevant to the problem of understanding air 

pollution underground are grouped into those related to the varying impacts of (i) tunnel and 

rail track maintenance work activities; (ii) applying different ventilation protocols in tunnels, 

platforms and trains; (iii) contaminants released by the wear of train operational materials; and 

(iv) station designs and outdoor air infiltration. These key points are then brought together in 

an overview of measures most likely to achieve notable improvement in subway air quality, 

along with a tabulated consideration of the associated benefits and drawbacks for each 

measure.  

In addition, two questionnaires were prepared: one involving direct contact with subway 

passengers and carried out by TMB, and a second one published in the web page of the project 

(see action C.2). The results and conclusions of this activity are given in Deliverable 11: 

Questionnaires for the public.   
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IMPROVE results have generated strong interest in all presentations to other subway systems 

and international institutions related to public transport (UITP). In the 25th UITP Sustainable 

Development Commission meeting the IMPROVEs technical guide for improving air quality in 

the subways systems was considered as a keynote reference publication to which all future 

mitigation actions should be referred, especially with respect to the innovative colour-coded 

diagram for subway air quality improvement presented in the guide.  

 

Establishment of the scientific basis for effective policy-making 

16 publications in scientific journals 

 
Martins, V., Minguillón, M.C., Moreno, T., (...), Centelles, S. & Lazaridis, M. (2015). Deposition of 

aerosol particles from asubway microenvironment in the human respiratory tract. J. of 

Aerosol Sci., 90, 103–113. 

Martins, V., Moreno, T., Mendes, L., (...), Querol, X. & Minguillón, MC. (2016). Factors controlling 

air quality in different European subway systems. Environ. Res., 146, 35–46. 

Martins, V., Moreno, T., Minguillón, M.C., (...), Centelles, S. & Querol, X. (2016). Origin of 

inorganic and organic components of PM2.5 in subway stations of Barcelona, Spain. 

Environ. Pol., 208, 125–136. 

Martins, V., Moreno, T., Minguillón, MC., (...), Capdevila, M. & Querol, X. (2015). Exposure to 

airborne particulate matter in the subway system. Sci. Tot. Environ., 511, 711–722. 

Minguillón, MC., Reche, C., Martins, V., Capdevila, M., de Miguel, E., Querol, X. & Moreno, T. 

Main particle sources in underground rail systems. Submitted to journal. 

Moreno, T., de Miguel, E. (2018). Improving air quality in subway systems: An overview. Environ. 

Pol. In press. 

Moreno, T., Kelly, F., Dunster, C., Oliete, A., Martins, V., Reche, C., Minguillón, MC., Amato, F., 

Capdevila, M., de Miguel, E. & Querol, X. (2017). Oxidative potential of subway PM2.5. 

Atmospheric Environment, 148, 230-238 

Moreno, T. Martins, V. MC. Minguillón, F. Amato, M. Capdevila, E. de Miguel, S. Centelles, X. 

Querol. (2015). Key factors influencing air quality in rail subway systems. Journal of 

Transport & Health, 2, S57. 

Moreno, T., Martins, V., Querol, X., (...), Centelles, S. & Gibbons, W. (2015). A new look at 

inhalable metalliferous airborne particles on rail subway platforms. Sci. Tot. Environ., 

505, 367–375. 
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Moreno, T., Querol, X. Martins, V. Minguillón, M. C. Reche, C. Ku, LH. Eun, HR. Ahn, K. Capdevila 

M. and de Miguel E. (2017). Formation and alteration of airborne particles in the subway 

environment. Environ. Sci.: Processes Impacts, 19, 59–6419. 

Moreno, T., Reche, C., Minguillón, M.C., Capdevila, M., de Miguel, E. & Querol, X. (2017). The 

effect of ventilation protocols on subway system air quality. Sci. Tot. Environ., 584–585, 

1317–1323. 

Moreno, T., Reche, C., Rivas, I., (...), Querol, X. & Gibbons, W. (2015). Urban air quality 

comparison for bus, tram, subway and pedestrian commutes in Barcelona. Environ. Res., 

142, 495–510. 

Moreno, T. Reche, C., I. Rivas, MC. Minguillón, J. Parga, V. Martins, M. Pandolfi, M. Brines, M. 

Ealo, A. Godinho, F. Amato, G. Sosa, M. Capdevila, E. de Miguel, C. Vargas, G. Buonanno, 

W. Gibbons, X. Querol. (2015). Air pollution and city travel: choices in commuter 

exposure to inhalable particulates. J. of Transport & Health, 2, S41-S42. 

Reche, R., Moreno, T., Martins, V., (...), Centelles, S. & Querol, X. (2017). Factors controlling 

particle number concentration and size at metro stations. Atmos. Environ., 156, 169-

181. 

Triadó-Margarit, X., Veillette, M., Duchaine, C., (...), Casamayor, E. O. & Moreno, T. (2017). 

Bioaerosols in the Barcelona subway system. Indoor Air., 27, 564-575. 

van Drooge, B., Minguillón, M. C. Reche, C., Grimalt, J., Querol, X. & Moreno, T. Air quality in old 

and new subway systems of Barcelona from analysis of organic tracer compounds. 

Submitted to journal. 

 

19 presentations in international conferences 
Martins, et al.  Chemical composition and source apportionment of PM2.5 in subway stations of 

Barcelona, Spain. ORAL Presentation. 2015 European Aerosol Conference (EAC 2015). 

Milan, Italy, September 2015. 

Martins, et al. Exposure to airborne particles in three European subway systems. Presented at 

the 4th Iberian Meeting on Aerosol Science and Technology (RICTA 2016). Aveiro, Portugal, 

July 2016. 

Minguillón, et al. Aerosol sources and influence of special activities in subway environments. 

Presented at the 22nd European Aerosol Conference (EAC2016). Tours, France, September 

2016. 

Minguillón, et al. Subway aerosol sources and influence of special activities in subway air quality. 

Presented at the 4th Iberian Meeting on Aerosol Science and Technology (RICTA 2016). 

Aveiro, Portugal, July 2016. 
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Moreno, et al. Implementing Methodologies and Practices to Reduce air pollution Of the subway 

environment – IMPROVE LIFE. POSTER. SETAC Europe, 25th Annual Meeting. Barcelona, 

Spain. May 2015 

Moreno, et al. Subway particles: what do we breathe on platforms and in trains? ORAL. SETAC 

Europe, 25th Annual Meeting. Barcelona, Spain. May 2015 

Moreno, et al. Air pollution and city travel: choices in commuter exposure to inhalable 

particulates. ORAL presentation. 1st International Conference on Transport and Health. 

London, UK. July 2015. 

Moreno, et al. Key factors influencing air quality in rail subway systems. ORAL presentation. 1st 

International Conference on Transport and Health. London, UK. July 2015. 

Moreno, et al. What are we breathing in rail subway systems, and why? ORAL presentation. 

2015 European Aerosol Conference (EAC 2015). Milan, Italy. September 2015 

Moreno, et al. Choices in commuter exposure to inhalable particulates. ORAL presentation. 2015 

European Aerosol Conference (EAC 2015). Milan, Italy, September 2015. 

Moreno, T. IMPROVE LIFE+: Measures to improve air quality in the subway system. Invited Oral 

presentation. AIRUSE LIFE Final Conference. Barcelona, Spain. 19 April 2016. 

Moreno, et al. Air pollution exposure while commuting. Invited Oral presentation. 4th 

Workplace and Indoor Aerosols Conference. Barcelona, Spain. 22 April 2016 

Moreno, et al. The effect of ventilation protocols on subway air quality. Presented at the 14th 

International Conference Of Indoor Air Quality And Climate, in Ghent, July 2016. 

Moreno, et al. Effects of maintenance works and ventilation settings on the PM concentrations 

in subway platforms. Presented at the 22nd European Aerosol Conference (EAC2016). 

Tours, France, September 2016. 

Moreno, et al. The oxidative potential of subway PM2.5. POSTER. Congress: 2017 European 

Aerosol Conference (EAC 2017). Zurich, August 2017 

Moreno, et al. Commuters exposure to airborne microorganisms in the Barcelona subway 

system. POSTER. Congress: 2017 European Aerosol Conference (EAC 2017). Zurich, August 

2017 

Moreno, T. IMPROVE LIFE+: Measures to improve air quality in the subway system. Invited Oral 

presentation. RESPIRA LIFE Final Conference. Pamplona, Spain. 12 December 2017. 

Reche, et al. Impact of air pollutants from renewal works in tunnels on subway passenger’s 

exposure. Poster presentation. 4th Workplace and Indoor Aerosols Conference. Barcelona, 

Spain. 21 April 2016 
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3. SUPPORT TO POLICY MAKERS 

IMPROVE partners have had meetings to inform policy makers of the project results. All 

meetings started with an initial presentation from IMPROVE coordinator T. Moreno, followed 

by exchange of views among stakeholders to improve the air quality in the subway environment: 

 06/06/2017: A meeting with stakeholder, Ayuntamiento de Barcelona (Barcelona City 

Council). The meeting was attended by Teresa Moreno (CSIC), Eladio de Miguel (TMB), 

and Joan Marc Craviotto, Cristina Castells and Jordi Remirez (Ayuntamiento de Barcelona). 

 30/06/2016: A meeting with stakeholder, Transport for London, attended by IMPROVE 

coordinator Teresa Moreno (CSIC) and Sharon Duffy and Sylvia Quagraine (TfL).  

 15/09/2017: A meeting with stakeholder, Malaga Metro attended by IMPROVE 

coordinator Teresa Moreno (CSIC) and Juan Antonio Trujillo Miguel and Rafael Varo 

Navarro (Metro Málaga).  

 19/10/2017: A meeting with stakeholder, Metro Bilbao attended by IMPROVE coordinator 

Teresa Moreno (CSIC) and A. Galan, I. Apellaniz, JC. Mendoza and JR. Castaño (Metro 

Bilbao).  

 23/10/2017: A meeting with stakeholder, Metro Valencia attended by IMPROVE 

coordinator Teresa Moreno (CSIC) and Miquel Gil Guillén (Metro Valencia).  

 27/10/2017: A meeting with stakeholder, Metro Sevilla attended by IMPROVE 

coordinator Teresa Moreno (CSIC) and Milagros Sánchez (Metro Sevilla).  

 22/11/2017: A meeting with stakeholders Renfe, Adif and Madrid metro attended by 

IMPROVE coordinator Teresa Moreno (CSIC) and S. Núñez (Renfe), M. Ruiz (Adif), A. Tauler 

(FFE), F. Fernández (Renfe), C. Rodriguez (Metro Madrid) and A. Robles (Renfe). 

 28/11/2017: A meeting with the International Association of Public Transport (UITP) 

attended by IMPROVE coordinator Teresa Moreno (CSIC) and 13 members of UITP (see 

annex III).  

 06/03/2018: A meeting with stakeholder Munich Metro was scheduled but finally 

cancelled by Munich Metro, due to problems with a strike being carried out by subway 

workers.  

 07/03/2018: A meeting with stakeholder Vienna Metro was attended by 12 workers of 

Wiener Linien, Michael Pellot from TMB and Teresa Moreno from CSIC (see annex IV).  

 

 

IMPROVE LIFE results have also been shown to TMB workers along the Project during different 

meetings: 

 12/11/2014: Presentation to the TMB health and safety committee (Barcelona) 
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 25/01/2016: An update on the IMPROVE results was presented by T. Moreno to the 

managers of all the different subway lines in TMB (TMB Zona Franca office). 

 09/03/2016: An update on the IMPROVE results was presented by T. Moreno to the 

Committee of Work Security (Santa Eulalia TMB office). 

 11/04/2016:  An update on the IMPROVE results was presented by T. Moreno to the TMB 

Health Committee (Sagrera TMB office). 

 12/05/2017: An update on the IMPROVE results regarding bioaerosols in the subway 

system was presented by X. Triadó and T. Moreno to the TMB Safety Committee (Santa 

Eulalia TMB office).  

 

  

IMPROVE LIFE meeting with Bilbao (left) and Malaga (right) metros 

 

  

IMPROVE LIFE meeting with Renfe, Adif and Madrid metro (left) and Barcelona City Council (right) 
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IMPROVE LIFE meeting with Valencia metro (left) and the UITP in Rotterdam (middle and right) 

 

 

A technical guide based on the results of the project with recommendations on air pollution 

mitigation was also prepared and is being delivered to relevant subway stakeholders and 

policymakers (also available in http://improve-life.eu/). 

 

 

 

http://improve-life.eu/
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4. DECISION MAKING – IMPLEMENTATION OF IMPROVE LIFE RESULTS 

IMPROVE has motivated subway national and international authorities and stakeholders to 

adapt and strengthen their current air quality policies. Our protocol to improve air quality in 

platforms and trains consists in a series of main points: 

i. Recognise the problem and that improvement is possible. Many subway stations have 

PM2.5 levels higher than the legislated limits demanded for outdoor air…. BUT subway 

stations can be remarkably clean (25 µg/m3 Collblanc L9S), proving that it is perfectly 

possible to breathe good air even in the confined space of an underground train network. 

ii. Commit to an Air Quality Audit for each subway line. The audit will assess existing air 

quality on platforms and trains. 

iii. Review the ventilation system. Outdated fan ventilation systems should be replaced by 

new, more efficient and intelligent designs that minimise the movement of air from 

tunnels into platforms. Ideally ventilation inlets should be raised above ground to lessen 

the inflow of traffic-contaminated air, and be capable of responding to exceptional 

outdoor pollution events. Consider the use of air purifiers on platforms and air 

conditioning systems inside trains. 

iv. Reduce fugitive dust emissions underground. Introduce protocols designed to reduce 

fugitive dust emissions within the underground system, e.g. worker awareness and use of 

suppressants for ballast laying. 

v. Choose non-toxic materials and try to reduce train emissions. Move towards the use of 

non-toxic materials for moving parts (e.g. Sb in brakes: is it really necessary?), and 

introducing measures to reduce brake and wheel wear e.g. slowing down the speed of 

trains in places on lines where there are sharp curves and high gradients. 

vi. Long term financial planning. Commit to a longer term program designed to maintain 

improvements achieved. Seek subventions for major works such as the fitting of full 

length platform screen doors throughout the system. 

vii. Apply the Air Quality Audit to see where a platform lies on the colour-coded Subway Air 

Quality Chart. The application of the proposed PM abatement procedures will aim to 

move progressively through WHO targets towards the Blue Zone. 
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20 IMPROVE LIFE final reports and technical guides 

Action A1: Historical PM levels and chemical composition database 

Action A1: Main parameters identified to be considered in all studies 

Action A1: Review on air pollutants source apportionment studies 

Actions B1 - B2: Assessing the effect of extending the service life of air conditioning filters on 

air quality inside trains 

Actions B1 - B2: First technical report on the advance of sampling campaigns 

Actions B1 - B2: Second summary report on the advance of sampling campaigns 

Actions B1 - B2: Effect of ventilation modes in air quality at a subway platform (Tarragona 

station, Line 3) 

Action B2: Mitigation measurements to reduce PM concentrations on the subway system 

Action B2: Technical Guide on mitigation measurements to reduce PM concentrations on the 

subway system 

Action C1: Policy effectiveness of the project 

Action C2: Socio-economic impact of the project 

Action D3: Minutes of the Open-forum 

Action D4: Layman´s report (in progress) 

Action D3: Proceedings of the International Conference 

Action E1: Inception report 

Action E1: Midterm report 

Action E1: Final report (in progress) 

Action E2: Fourteen summary reviews on project progress (in progress) 

Action E3: Minutes of the Expert’s Workshop 

Action E4: After-Life Communication Plan (in progress) 

 

 

 



 

 
 

                     Policy effectiveness of the IMPROVE LIFE project                       16 

5. REPLICATION, TRANSFERABILITY, COOPERATION 

Since the beginning of the project significant replication efforts have taken place, as the aim of 

the project is to present pollution mitigation measurements applicable to all subway systems. 

Thus a strict protocol was established for all measurements, with monitoring campaigns being 

carried out a minimum of twice, and at different times of the year, and with monitoring 

equipments being located in the same location all times, to minimise the influence of other 

parameters in the analysis. 

Using IMPROVE methodology and dissemination, any subway institution now has 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.  
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6. ANNEX I: EVALUATIONS FROM EXTERNAL COMMITTEE ON PROJECT PROGRESS 
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Prof. Alberto Giretti. Department of Engineering and Architecture of Università Politecnica 

delle Marche, Italy 
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7. ANNEX II: LETTERS OF SUPPORT TO IMPROVE FROM STAKEHOLDERS  
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8. ANNEX III: LIST OF ATTENDANTS TO THE STAKEHOLDERS MEETING IMPROVE-UITP 
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9. ANNEX III: LIST OF ATTENDANTS TO THE MEETING IMPROVE- WIENER LINIEN  

 


