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2. EXECUTIVE SUMMARY 

The overall aim of IMPROVE is to provide a benchmark study that will lead to real improvement 
in subway air quality. Millions of people worldwide commute to work using underground rail 
systems and many of these are routinely exposed to levels of contaminated air that are illegal 
above ground as well as being unusually metalliferous. Despite this, little realistic consideration 
has been given as to how subway air quality can be improved. The IMPROVE project has 
overviewed previous international studies, identified the main pollutant sources, and is 
prioritising cost-effective air pollution mitigation strategies. One of the core tasks is to work 
directly with public transport authorities, improving their awareness of air quality and 
encouraging their development of best practice policies designed to improve underground 
atmospheric conditions. Specific objectives include: 

 To determine emission sources and their contribution to air quality in both subway 
platforms and trains, identifying those that have potentially higher health risk. 

 To promote and improve awareness of the importance of air quality issues in both the 
urban commuting general public and in subway transport operating companies. 

 To develop and propose to local/national transport authorities specific and effective air 
mitigation measures (previously tested by IMPROVE) designed to produce cleaner air 
breathed by commuters and workers in underground rail transport systems. 

 

The problem addressed by IMPROVE 

In the context of air quality, commuting by underground rail is considered as one of the high-
exposure periods among various daily activities, because inhalable airborne particulate matter 
(PM) levels in the subway environment are typically higher than those both above ground and 
in other indoor environments. Aerosol emission sources affecting subway air include: a) 
Mechanical abrasion of rail/wheel and brakes and from the catenary; b) Resuspension of 
material caused by air turbulence in the stations and tunnels; c) PM emitted during night-time 
maintenance works; d) Cleaning activities; f) Air intake from above ground, usually polluted by 
mostly traffic emissions; g) Sporadic incidents, such as fires or flooding of tunnels with high 
sediment waters.  

Although WHO has implemented guidelines for indoor air quality in selected pollutants, no 
indoor air quality legislation is available yet in Europe. IMPROVE is approaching this 
environmental problem aiming to not only to demonstrate how to improve air quality in the 
subway system, benefiting the lives of commuters and workers, but also to make policy makers 
and the general public more aware of the possibilities for such improvement. To do this we are 
identifying the main PM emission sources in this environment and finding ways of reducing 
their effect on subway air quality. Our most conservative aim in this context will be to 
demonstrate how to achieve a reduction of 10% in general subway inhalable PM 
concentrations.  

 

Key deliverables and outputs of the IMPROVE LIFE project include:  
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• Identification and quantification of the impact of pollution sources in the subway system. 
• Supplying decision-making transport authorities in European member states with a 
valuable tool for environmental planning, including specific recommendations on how to 
improve subway air quality.  
• A website for the project activities (with the LIFE logo), displaying full details of its 
objectives, actions, progress and results. 
• Media and press releases disseminating the results of IMPROVE LIFE project to the public. 
• A Layman’s Report on Actions, Tools, Effects and Long Term Benefits from the project on 
both National and European level. 
• An Open Forum organised with the Stakeholders in a report form. 
• An international conference on subway air quality. 
• A detailed chemical composition database for air quality on platforms. 
• A minimum of six technical publications in scientific journals aimed to disseminate the 
project results to the international scientific community. 
• Three Project Reports: Inception, midterm and final report. 
• Publication of After-Life Communication plan. 

A major focus of the project is, once main pollution sources have been identified, to test and 
practice measures that can reduce PM concentrations in platforms and trains. These tests are 
taking into account variations in all key factors such as station depth, date of construction, 
station design, type of ventilation, types of brakes used on the trains, train frequency and the 
presence or absence of platform screen door systems. The excellent working relationship 
between scientific researchers in CSIC and the engineers and managers of TMB is providing a 
unique opportunity for collaboration which, to our knowledge, has no equal worldwide. 

This Midterm Report starts with a brief introduction (Chapter 3) after which a description of 
the project management is presented (Chapter 4). The project management team was elected 
in the kick off meeting celebrated on the 28/10/2014 and has had a total of 34 meetings during 
the first two years of the project. The Project Manager is T. Moreno (CSIC, Coordinating 
Beneficiary), who along with key members of the CSIC research team is responsible for the 
implementation, progress and overall impact of the project. C. de Vasconcelos is responsible for 
all Administrative and Financial management, as well as for compliance with the Grant 
Agreement. In addition, personnel from TMB-TB and TMB-FMB (Associated Beneficiaries) assist 
in the execution of the tasks during the work programme. Regarding organisational issues, the 
Grant Agreement was amended to have 3 partners instead of 2 (with no modification of the 
total budget already approved, or of the objectives, expected results, contents and aims of the 
project actions) due to TMB operating as two beneficiaries with separate VAT numbers. The 
request for this amendment of the Grant Agreement was submitted and subsequently 
approved by the European Commission.  

As required under the Management Actions plan, an Inception Report (submitted on 
30/06/2015) covered the project activities until 31/05/2015 and is now followed by this 
Midterm Report which is required to be submitted by 29/12/2016 (Action E1). The progress of 
the project is being monitored according to indicators defined by the managing team (Action 
E2), as shown in the 3-month summary reviews (7 until now). Within Action E3 “Networking 
with other European projects” IMPROVE LIFE has presented results for other LIFE projects. A 
visit from representatives of the Hungarian Ministry of Rural Development to learn about the 
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IMPROVE project took place in Barcelona (13/05/2016). A 1-day workshop with other European 
Projects was originally scheduled to take place before 30/06/2015, however as the project has 
progressed it has become clear to us that it would be more logical to organise this workshop 
when a full set of results of IMPROVE LIFE are available for discussion. With this in mind we are 
co-organising with AIRUSE (LIFE11/ENV/ES/584) an Air Quality Platform Meeting to be hold in 
Barcelona next 23-24 May 2017, to which other LIFE projects will be invited. 

Technical progress of the different actions of the project is described in Chapter 5. Given the 
practical need to co-ordinate the proposed research work programme with the engineers and 
managers of TMB, each working to their own schedules and strict protocols, considerable effort 
has been expended to avoid delay of any of the promised actions (explaining in large part why 
we have needed to organise so many face-to-face meetings).  

Action A1 “Documentation of the current status of air quality in subway systems, identifying 
main pollution sources, and selection of critical parameters to be tested” finished on time 
(31/03/2015) with the elaboration of 3 deliverables in the form of reports on: i) Historical PM 
levels and chemical composition database from studies conducted worldwide; ii) A review on 
studies in published literature that includes a discussion on the possible sources emitting 
airborne particles within the subway environment; and iii) Main parameters to be considered in 
subway air quality studies. 

Implementation Actions in IMPROVE LIFE comprise B1 (Determination of the impact of 
selected parameters) and B2 (Testing mitigation measures and development of mitigation 
strategies). Action B1 consists of monitoring/sampling campaigns (and subsequent chemical 
analysis of samples) involving the placing of several pieces of equipment at one end of the 
platform in each selected station with the objective of identifying which parameters are most 
influencing pollutant concentrations. The equipment includes a high volume PM2.5 sampler, 
passive samplers for NO2 monitoring, and automatic equipment registering every 5 minutes 
concentration levels of i) PM in 3 sizes (1, 2.5 and 10 microns); ii) nanoparticle number 
concentrations; and iii) CO, CO2, temperature and relative humidity. Action B2 is focused on the 
reduction of resuspended dust levels in the platforms coming from the tunnel and ventilation 
systems, including studying the effect of applying dust suppressants to reduce PM pollution 
during periods of intensive work activities in the tunnel, and finding mitigation strategies 
concerning the unusually metalliferous emissions obtained in B1 from specific underground rail 
pollutant sources, such as brake pads and electrical catenaries. In addition, sampling campaigns 
inside trains are checking the effect of the deterioration of air conditioner filters, in order to 
find the optimal service life of filters to ensure an appropriate indoor air quality.  

All platform measurements scheduled under Action B1 were successfully completed on time 
(June 2016), however delays in laboratory scheduling, equipment breakdown, and an over-tight 
schedule to complete all monitoring in September 2016, have combined to force adjustments 
to originally proposed deadline dates. These adjustments to the timing of the Implementation 
Actions were discussed and agreed with the LIFE Monitoring Team from NEEMO EEIG during 
their visit in June 2016. It was agreed to shift forward deadlines for ending all measurement 
campaigns and completing the chemical analyses. Similarly, the most important deliverable 
associated with Action B2, namely the elaboration of a technical guide on subway air quality 
mitigation measures, will now be delivered in June 2017. Since the June 2016 meeting we can 
report that all measurement campaigns have now been successfully concluded (10/11/2016). 
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Actions C correspond to the follow-up and monitoring of the consequences of 
implementation actions. Regarding “Effectiveness of the project actions” (Action C1) an 
external committee has been nominated to evaluate progress after 2 years of the IMPROVE 
LIFE project. The report is now in progress and will be prepared during the first three months of 
2017. The evaluation and monitoring of the impact of the implementation actions of IMPROVE 
will be evaluated once they have been completed (June 2017). Action C2 “Assessment of the 
socio-economic impact of the project”. This action officially started on July 2016. However, 
benefiting from the questionnaires that TMB carries out annually among the subway travellers, 
an initial series of questions related to the project was included in the survey held in September 
2015. An on-line questionnaire regarding different aspects of IMPROVE is currently under 
preparation and will be launched in the project webpage during January 2017.  

Dissemination actions (D) are an important aspect of the IMPROVE LIFE project. 
Dissemination of the project has been on-going and results obtained so far have been widely 
publicised: Action D1 project’s web site (http://improve-life.eu, launched in December 2014 
and updated on a 2-week basis, with an average of 1000 hits per week), Action D2 information 
boards are on display describing the project at strategic places accessible and visible to the 
public (9 subway stations and at CSIC and TMB main offices). Action D3 “Dissemination of 
project results”, has involved the public launching of the measuring campaigns regarding air 
quality in Barcelona´s metro environment which was widely announced in the local and 
national media, including digital press (14 sites), newspapers (8), radio (6) and TV (2) 
interviews. Results have been presented in 10 publications in scientific journals, 17 
presentations in conferences, and 4 participations in events, two of them organised by 
IMPROVE LIFE. Two informative videos, of 7 minutes (to be shown in the web page) and 15 
minutes (to be shared with other subway systems) explaining the aims of the project are in 
preparation. Action D4, Layman report will start in January 2017 (instead of July 2016, a 
modification that has been approved by the European Commission). 

Chapter 6 comments on the financial report: The IMPROVE LIFE project has a total budget of 
813.728€ and received a pre-financing amount of 162.746€ (40%). By 31 October 2016, 78% of 
the total budget set at the Grant Agreement had been spent, this comprising a total sum of 
631.576€. This means that 388% of the pre-financing has been spent, thus complying with the 
required threshold for the presentation of this report (150%). This is consistent with the 
development of the project as an estimated 60% has been completed, but with higher 
personnel participation (laboratory and campaigns) and the purchase of material for the 
campaigns (an important part of consumable costs) as well as laboratory material for the 
analysis. 

The standard statement of expenditure has been implemented and it is periodically updated 
by the Project’s Financial Manager, as well as by each partner for its own expenses. Individual 
expenses are collected and registered as soon as they are available. Expenses from all 
beneficiaries are collected every 3 months, and the project updated by the CB. The LIFE+ 
timesheet model is used for electronic time recording. Time is registered on a daily basis, 
printed and signed monthly, and sent to the CB every 3 months. In the case of TMB-FMC, 
technical staff that participates sporadically (less than a 2 day/month average) according to 
article 24.2 of Common Provisions 2013, do not present time-sheets. This corresponds to 
sporadic technical support to field campaigns. 
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Finally all relevant administrative, technical and dissemination annexes are included in 
Chapter 7. 
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3. INTRODUCTION 

Environmental problem addressed. The use of public transport to abate urban atmospheric 
emissions is to be encouraged, and in this context subway systems are especially desirable as 
they are based on electric trains, are energetically efficient, and help diminish surface traffic 
congestion. However, in response to increasing awareness of the importance of clean air to 
human health, a number of studies have revealed unacceptably high levels of inhalable 
particulate matter (PM) in some subway systems. Furthermore, in addition to relatively coarse 
abrasion particles derived from brakes, rails and wheels, the presence of highly respirable 
ultrafine metallic PM linked to train movements has also been demonstrated.  

Hypothesis to be demonstrated/verified. The project hypothesises that air quality in the 
subway system can be improved. To demonstrate this IMPROVE LIFE will target and identify the 
main PM emission sources in this environment and find ways of reducing their effect on subway 
air quality, elaborating mitigation strategies to reduce PM concentrations in platforms and 
inside trains.  

Description of the technical/methodological solution. Complementary methodologies are 
being used to compare air quality between old and new subway lines, different platform 
designs, different catenaries, with trains using different brake pad compositions, different air 
filters inside trains, under differing ventilation conditions in platforms/tunnels, and after 
different tunnel activities. Techniques include continuous monitoring of PM, particle size 
distributions (0.3-20μm), CO and CO2, NO2 (passive samplers) as well as complete chemical 
analysis of inorganic and organic (PAHs) compounds in PM2.5 quartz microfiber filters (HVS), and 
morphological and size analysis of individual particles by means of both SEM and TEM. Two 
receptor models (PMF, ME2) will be used for the source apportionment study, which will reveal 
to what extent particles are related to each source. This information will then be considered as 
to which PM sources should be prioritised in order to reduce the emissions most effectively. 

Expected results and environmental benefits. IMPROVE LIFE will aim to demonstrate how to 
achieve a minimum reduction of 10% in subway inhalable PM concentrations, and thus improve 
life quality for the millions of people daily travelling by subway worldwide as well as for subway 
workers. These results will be elaborated in a technical guide that will be distributed to EU 
transport authorities responsible for air mitigation measures as well as other interested parties 
worldwide.  

The longer term results of the project include: i) encouraging transport authorities to follow 
new protocols designed to improve subway air quality; ii) lobbying for a European Directive for 
air quality action plans in subway environments; iii) justifying the allocation of local national 
funds focused on the implementation of air mitigation strategies. The project expects to 
demonstrate how to achieve a reduction of PM2.5 levels by applying effective air mitigation 
strategies appropriate for subway systems. These newly developed mitigation strategies will be 
promoted to encourage their adoption in other subway systems worldwide. 
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4. ADMINISTRATIVE PART 

4.1 Description of the management system 

Project management and audit (Action E1) 

The organization chart of IMPROVE LIFE, with the role of beneficiaries, persons and actions 
involved, is given in Figure 1. The Project Manager (PMG) is T. Moreno from the coordinating 
beneficiary CSIC, overall responsible for the project. Key members of CSIC include C. Reche, A. 
Alastuey, X. Querol and MC. Minguillón, responsible with T. Moreno for the implementation, 
progress and overall impact of the project, and C. de Vasconcelos responsible for the 
Administrative and Financial Management, the continuous update of the project website, as 
well as for the compliance with the Grant Agreement. Furthermore, an operation group formed 
by personnel of TMB-TB and TMB-FMB assists in the execution of their tasks. The coordinating 
beneficiary CSIC is responsible for the implementations of all actions. 

 

Figure 1. Management structure of IMPROVE LIFE. 

Regarding organisational issues a problem was identified as the Associated Beneficiary 
(originally signed as TMB) included Ferrocarril Metropolita de Barcelona, SA (TMB-FMB) and 
Transports de Barcelona, S.A. (TMB-TB), operating in an integrated manner but with separate 
VAT numbers. Both the Grant Agreement (Annex I) and Partnerships Agreement (Annex II), 
signed by now three partners (on 07/03/2016) were therefore amended without implying any 
modification of the total budget already approved, or of the objectives, expected results, 
content and aim of the different actions of the project. Only personnel and travel costs were 
divided between both associated partners according to the affiliation of the personnel involved 
in each of the companies. The request for this amendment of the Grant Agreement was 
approved by the European Commission. A copy of the original partnership agreement was 
included in the Inception Report, whereas a copy of the new amended version is included in 
this Midterm Report (Annex II). The Quality Assurance Plan (QAP, Annex III) was prepared by 
the CP on November 2014, to be used as the main tool and method for the project 
management.  
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IMPROVE LIFE was launched by the PMG T. Moreno (CSIC) at the kick-off meeting 
(28/10/2014), and attended by representatives of all associated beneficiaries. At this meeting 
the CSIC as CP presented the project, Life+ Common Provisions and emphasised key issues 
concerning reporting and other obligations with the European Commission. Decisions with 
regard to the preparation of the partnership agreement, the management team of the project, 
and technical issues were taken by all partners. All beneficiaries work closely with the project 
and the financial manager, and thus although the project management team was scheduled to 
meet every three months, a total of 34 meetings took place during the first two years of the 
project, including meetings related to the development of implementation actions, and 
updating administrative and financial issues. A list of all meetings with the names of 
participants is given in Annex IV. In addition, an independent auditor has been assigned for the 
next IMPROVE LIFE economic report: Gabinete Técnico de Auditoría Y Consultoría, S.A. ROAC 
S0687 (Calle Balmes 89-91, 2º 4ª – 08008 Barcelona). The proposal can be found in Annex XX. 

4.2 Evaluation of the management system 

Monitoring of the project progress (Action E2). 

The management of the project has paid close attention to progress within the scheduled 
timetable, as documented by the completion of deliverables and milestones, and some 
adjustments to deadlines have proved necessary. A Gantt chart for the whole lifecycle of the 
IMPROVE LIFE project is shown in Figure 2. Action B1 has been extended 3 months until 
September 2016, as chemical results were not finished by June due to the large number of 
samples. Similarly B2 will benefit from an extension until June 2017, due to both i) mechanical 
problems with the equipment necessary to add ballast to the rail tracks, and ii) an over-
optimistic originally proposed date by which to finish the monitoring campaigns (09/2016). 
These adjustments to the deadlines will give more time for the deliverable associated with 
action B2 (Elaboration of a technical guide for mitigation measures), which will be one of the 
most important results of the project. The modification of the duration of both Implementation 
Actions was discussed and agreed with the LIFE Monitoring Team (NEEMO) during their visit 
last June 2016. Accordingly Action D4 (Layman report) will start in January 2017, instead of July 
2016, a modification also approved by the Monitoring Team. Finally the one-day workshop with 
other European Projects, which was scheduled to take place before 30/06/2015, has been 
moved to 2017, when the results of IMPROVE LIFE are further advanced.  

The progress of the project is closely monitored and evaluated by the Project Manager. 
Every 3 months a summary review is prepared, where all launched and accomplished activities 
are reported as well as deliverables and dissemination actions. The Deliverable 21 contains the 
first 7 summary reviews of the project progress for the period up to 30/09/2016. The progress 
of the project is also assessed according to the Indicators of Progress (Annex V), with the state 
of each action to highlight any signs of delay or inefficiency.  

Communication with the Commission and Monitoring Teams. The first meeting with the 
Monitoring Team took place on the 13/05/2015, at CSIC premises in Barcelona. Ms. R. Asensio, 
representative of the NEEMO Monitoring Team, was received in the framework of the yearly 
routine control of the project progress. Members of all partners assisted the meeting. The 
second meeting was also hosted by CSIC on the 13/06/2016, with Ms. R. Asensio and 
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representatives from all partners attending the meeting. A fluid and regular communication 
with the Monitoring Team is maintained by e-mail and phone, insuring full understanding of 
procedures and ongoing work programmes. 

The inception report, covering activities until 30/06/2015, was prepared by the CSIC 
Coordinator and reception of this was acknowledged by the Commission on 6/07/2015. The 
LIFE+ Desk officer found it “of high standard with informative description of project activities 
carried out”. On 18/03/2016 the amendment to the original Grant Agreement was signed by 
the European Commission.  
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5. TECHNICAL PART 

5.1. Technical progress, per task 

A list of abbreviations is shown in Annex VI. 

5.1.1 Action A1 Documentation of current status and selection of critical parameters to be 
tested 

From October 2014 onwards the coordinator CSIC prepared a literature review (C. Reche and T. 
Moreno) of a total of 62 studies conducted in subway systems in 30 different cities worldwide 
(as documented in Deliverable 2). The report includes information on the location and time 
duration of each study, measuring equipment used, frequency and number of samples 
collected and chemical species analysed, as well as the main pollution sources identified. 
Average values for each parameter studied in each study are also shown.  

The monitoring equipment and location have varied considerably in these different studies 
and in some cases have led to contrasting conclusions, demonstrating a lack of standardisation 
that makes it difficult to compare results between subway systems. Some studies have 
reported higher levels of PM in the subway system (e.g London, Barcelona, Stockholm) 
compared to other modes of transport, while other studies reported lower levels (e.g. Hong 
Kong, Guangzhou, and Mexico City). The few studies that include chemical characterisation all 
agree however on the high contribution of Fe, which is typically associated with friction 
processes between wheel and rail, brake abrasion, and the abrasion of power cables and third 
rails. Similarly, a common enrichment in Cu compared to outdoor levels is generally attributed 
to copper lines for power transmission, while Mn is (like Fe) released from abrasion of the 
subway steel rail and train wheels. 
 

 
 

Figure 3. Location of cities where studies of subway air quality have been published. World map from 
NASA showing satellite-derived PM2.5 concentrations in ambient air. 
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Most (93%) of the subway air quality studies have focused on particle mass concentration, 
with only nine of them measuring air quality inside trains (usually PM levels), and only two of 
these measuring particle numbers or present chemical composition data. In the more frequent 
measurements in subway platforms half of the studies have chemically characterised PM 
samples, although only four have analysed organic components. Also very rare is the register of 
gaseous components such as CO2, CO or NO2 (3% of the cases). When studying PM in the 
subway platforms 39% of the studies present PM10 and/or PM2.5 concentration data (most 
commonly using DustTrak equipment), less frequent is the concentration of number of particles 
(16% of the studies). Chemical analyses have been performed on PM collected in a wide variety 
of filters, including quartz-fibre, Teflon, nitrate cellulose or polycarbonate, and only very rarely 
were passive samplers used. The number of samples collected is very variable, most commonly 
in the 20-50 range, with very few having a number of samples above 50 (4 studies). 

Although up to 27 scientific publications discuss the possible sources emitting airborne 
particles within the subway environment, there are only data on the contribution of each 
source to the total PM mass in four subway systems. The sources identified in these studies are 
in order of number of citations (in brackets): 

 wheels abrasion (18), 

 brake wear, both discs and pads (18), 

 rails abrasion (17), 

 wires, electrical supply (10), 

 mineral dust (8), 

 outdoor contamination including secondary inorganic compounds and traffic (6), 

 ballast erosion (3), 

 rubber tyre wear (1), 

 oil combustion (1) 

 solvent emissions (1) 

In spite of this general recognition of likely sources of particulate matter (PM) in ambient air 
on platforms and inside trains, only a limited number of studies include an analysis using well-
established receptor/statistical models for the quantification of the contribution of the 
different contaminant sources. Deliverable 4 comments on the studies on the subway 
environment, applying receptor/statistical models to identify and quantify the contribution of 
the possible PM sources. 

Deliverable 4 also highlights the lack of published work quantifying the contribution of 
indoor sources in underground metro systems under different platform designs or ventilation 
conditions, with mostly of these studying only the PM10 size fraction. The metro system of 
Seoul is the only one which includes a detailed characterization of factors affecting the air 
quality, whereas in contrast this information remains very limited in European cities. According 
to the studies examined the contribution of indoor-generated sources on platforms ranges 
between 44 and 69 %, with the lowest percentage corresponding to a station with platform 
screen doors (PSD). In order to more fully characterize passenger exposure in metro systems, 
reduce emissions and propose a good practice guide for future subway line constructions, more 
detailed source apportionment studies based on a large number of samples and analysed 
chemical species are clearly needed. 
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Following the conclusions from the deliverables of Action A1, the main parameters to be 
emphasised in future subway air quality studies were identified as follows:  

 particle mass concentrations  

 inorganic and organic chemical composition  

 black carbon concentrations  

 particle number concentrations and size distribution  

 microscopy (for size, shape and chemical composition of individual particles)  

 toxicity  

 bioaerosol concentrations 

 concentration of gases such as NO, NO2, CO, CO2 and ozone concentrations  

 identification of contaminant source (source apportionment) 

As originally planned, the examination of these reports has facilitated the determination of 
the main parameters on which to focus in IMPROVE LIFE, and revealed the existence of obvious 
gaps in knowledge. In order to obtain the most comprehensive database in IMPROVE we 
needed to monitor the maximum number of parameters, including not only those most 
commonly shown in other studies (i.e. particle concentrations and inorganic chemistry), but 
also others less frequently studied such as particle numbers, size distribution, organic 
chemistry, microscopy studies, bioreactivity, gaseous components, combined with a detailed 
source apportionment study based on a large number of samples. Careful selection of these 
parameters enabled us to move forward on to the development of the implementation actions. 

This action did not suffer any delays. 
 

Table 1. Summary progress of Action A1 

  2014 2015 2016 2017 2018 

 Action    IV  I  II  III  IV  I  II  III  IV  I  II  III  IV I 

 A1  Project                             

 Actual                              

 

Deliverable Deadline Status 

2 One historical PM level and chemical composition database 31/01/2015 Completed 

4 Review on air pollutant sources and suggestion of parameters to test 31/03/2015 Completed 

Indicators of implementation 

Catalogue/describe previous studies on air quality conditions in subway systems worldwide Achieved 

Documentation of the air pollutant sources identified for this historical dataset Achieved 

One list of prioritisation of pollution sources and selection of parameters to test. Achieved 

 

Continuation after LIFE: The deliverables produced within this action provide a comprehensively detailed 
modern source of information on air quality studies concerning subway systems that will be of direct future 
use to subway authorities, researchers and other interested groups.  
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5.1.2 Action B1 Determination of the impact of selected parameters 

To meet the objectives proposed in Action B1, 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, from January 2015 to September 2016, sampling campaigns carried out in the 
framework of this action 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. The main characteristics of the metro 
stations where measurements have been carried out are reported in Table 2, which includes 
information on the opening year, depth and station design. The same sampling protocol was 
applied on the platform of all the selected metro stations during the project. Sampling devices 
were located at the end of the platform corresponding to the train entry point, behind a light 
fence for safety protection. Examples of the positioning of the air quality instrumentation at 
platforms can be seen in Figure 4. The monitoring campaigns were organised and controlled by 
C. Reche and T. Moreno (CSIC), and M. Capdevila, S. Centelles and E. de Miguel (TMB); in 
addition they required the participation of technical personnel from both TMB partners, 
including electricians and infrastructure technicians. Equipment maintenance was executed by 
C. Reche (CSIC). 

 

 
 

Figure 4. View of the disposal of air quality instrumentation at the platforms of the subway stations 
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Table 2. Comparison between the metro stations where air quality measurements have been carried out 
in the framework of the IMPROVE project. 

 

 
Sagrera Palau Reial 

Maria 
Cristina 

Tarragona 
Santa 

Coloma 
Joanic 

Sant 
Ildefons 

Collblanc Poble Sec 

Metro 
line 

L5 L3 L3 L3 L1 L4 L5 L9 L3 

Opening 1959 1975 1975 1975 1983 1973 1976 2016 1975 

Depth 10.5 14.2 13.7 14 12.3 7.6 14 60 14 

Station 
design 

  

 

 

  

 

 
 

 

(1) Maintenance works in tunnels: the first measurement campaign was carried out in the 
underground station of Sagrera, where major works were planned aimed to mitigate track 
vibrations at the station by replacing ballast, sleepers and rails. In addition, to evaluate in more 
detail the effect on air quality of rail replacement in tunnels and platforms, two more sampling 
campaigns were performed. The first one took place at the metro station of Santa Coloma (L1) 
from 1st October to 3rd November 2015, and the second at Joanic (L4) from 3rd November to 
22nd December 2015. Both sampling periods included days under normal conditions and days 
affected by works related to the replacement of rail tracks, consisting of i) material transport 
using diesel vehicles, ii) rail replacement including abrasive cutting with gasoline-powered 
machinery, and iii) welding work. 

PM2.5 ratios between subway and outdoor levels were in the range of 2, indicating the 
importance of indoor-generated particles. In general values were higher during non-operating 
hours presumably due to the use of vehicles for renewal and maintenance activities. Figure 5 
shows the time series of PM2.5, N0.3-10 and CO levels during the whole campaign in Sagrera. 
Hours when works were carried out are highlighted in different colours depending on the 
specific activity in progress. High short-duration increases of PM2.5, N0.3-10 and CO levels can be 
observed for some specific days, such as those observed on 3rd, 4th, 5th, 30th and 31st of 
March 2015. Our data demonstrated that the mix of activities performed at Sagrera station, 
including rail cutting and welding, as well as ballast removal, replacement and subsequent 
levelling, had an important influence on pollutant concentrations in ambient air on the 
platform, especially for PM2.5 and CO at the moment when the activity was carried out (renewal 
activities were always from 1:00 to 4:00 h CET). These works could increase PM2.5, N0.3-10 and 
CO levels by up to 90%, although the duration of these extreme work-related pollution spikes 
was typically short-lived, lasting less than 30 minutes (Figure 6). When looking at the effect of 
these work activities on the air quality of platforms the next day, higher PM2.5 and N0.3-10 
concentrations were commonly registered after the nights involving renewal works, typically 
when the work activity was extended in time and produced a series of peaks during the night. 
Thus, for example, on the platforms of Sagrera and Joanic, PM2.5 and N concentrations were on 
average 18-19% and 8-13% higher respectively the days after renewal works were carried out.  
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Figure 5. Time series of PM2.5, N, CO and CO2 levels at Sagrera station during the whole sampling 
campaign. Days when renewal works were conducted are highlighted with different colours according to 
the developed activity. “Railway recess” includes some combination of rail cut and movement, ballast 
levelling, positioning of new tracks and sleepers, welding electrical connection and adding/levelling new 
ballast. 
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Figure 6. Examples of an extreme transient PM peak on the platform of Sagrera subway station 
produced by nighttime rail renewal works. On this occasion there was only one pollution spike and the 
tunnel ventilation system ensured that ambient levels quickly returned to normal. 

 

The increase in ambient pollutants present on platforms after night works could also be 
detected by chemically analysing PM2.5 samples (MC. Minguillón from IDAEA-CSIC). These 
chemical data revealed that the most obvious effect of night-works was seen after rail removal 
and replacement activities, rather than following the transport of materials to the tunnel work 
site. Figure 7 shows the ratio between the concentrations of trace elements during days when 
works took place and the concentrations during normal conditions (no works). The ratios 
exceeding unity indicate how the concentrations of most of the trace elements increased 
during works.  
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Figure 7. Ratio between concentrations of trace elements at Santa Coloma station during days when 
works were carried out with respect to days when no works took place. The red dots represent averages 
of all work nights, and the other colours are the ratios for specific activities (i.e. transport of materials, 
rails removal and replacement). Ratios above unity indicate an increase in concentrations that can be 
attributed to the work activities. 

 

(2) Use of different brake pads: Four different types of brakes are used in the Barcelona 
subway system, each with differing chemical compositions (see analyses presented in Table 8 of 
Deliverable 8). Friction-generated particle emissions generated from these brakes as the 
slowing train enters the station will contribute to ambient PM present on the platform. The 
IMPROVE LIFE program is involving the sampling and full chemical analysis of hundreds of 
platform PM samples, a number unprecedented in the study of subway air, and these may 
enable us to see whether different brake emissions can be identified. We shall initially 
concentrate this investigation on line L5 because, following discussions with TMB, we identified 
L5 as the only one where all trains use just one of these four types of brake shoes. With this in 
mind we chose the station of Sant Ildefons (L5) as the site of a specific campaign designed to 
investigate whether the chemistry of these brakes could be detected in ambient air. This 
campaign took place from 3rd to 29th February 2016.  

One of the most obvious chemical characteristics of subway brakes is that they are always 
enriched in barium (Ba), which is used as a filler and is stable at high temperatures. This 
element therefore acts as a chemical useful tracer for brake emissions. Furthermore, the 
relationship between Ba and other trace elements also known to be enriched in brake shoes, 
such as Sr, Sb and Sn, may enable us to identify specific sources such as a particular brake shoe 
type. This work will be completed once all chemical analyses have been made available.  

(3) Use of pantographs with different composition (copper versus graphite): the sampling 
campaign in Joanic (L4) from 3/11-22/12/2015 also permitted us to study the effect of Cu 
pantographs in this line compared to the graphitic pantographs used in the rest of the 
Barcelona subway lines. Looking at the scatter plots between Cu, Fe and Cr in ambient PM2.5 
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sampled from subway platforms (Figure 8) different groupings reveal chemical differences in 
ambient air between different stations. The yellow line (L4) clearly shows the highest Cu 
concentrations, which is consistent with the fact that Cu pantograph is used in this line for 30% 
of the trains, while only graphite pantographs are used in the other subway lines. For further 
details see Deliverable 8 (PM sources in the subway environment): 
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Figure 8. Scatter plots comparing concentrations of chemical tracers present in ambient air of six metro 
stations , as well as the relevant rations for train rails, wheels, pantograph, and catenary: Cu vs Fe and 
Cr. Cu and Cr concentrations are in ng m-3 and Fe concentrations are in µg m-3. Colours relate to 
different stations (red = Santa Coloma L1; very pale green = Tarragona, light green = Maria Cristina, dark 
green = Palau Reial L3; yellow = Joanic L4; pale blue = Ildefons L5; dark blue = Sagrera L5). 

 

(4) Deterioration of air conditioner filters inside trains: In order to check the effect of the 
deterioration of air conditioning filters on air quality inside trains, a DustTrak monitor was 
installed inside one of the driver’s cabins in one train of L3 (air inside this cab is representative 
of the passengers’ exposure as it has the same ventilation system as the rest of the carriage). 
Measurements started on 2nd April 2015, when all air conditioning filters along the train were 
replaced (TRAIN 1, Table 3). Filters were changed again after one month, on 2nd May 2015, 
following the established TMB protocol. These filters were maintained until the end of the 
campaign on 3rd July, in order to evaluate the effects on air quality of extending the service life 
of filters from one to two months. To investigate the reproducibility of the results, a second 
campaign was carried out in a different train of L3. PM measurements started on 10th July and 
finished on 15th September 2015 (TRAIN 2). In this case, however air conditioner filters in the 
selected train had been changed one month before the beginning of the sampling campaign, 
and were not replaced again until the end of the campaign, that is after being 3 months in use.   
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Table 3. Details of the sampling campaigns carried out inside trains showing (below) mean 
concentrations of PM2.5 measured inside a train across three monitoring periods with the same A/C 
filter. 
 
 

Location of equipment 
Air conditioning filters 

changed 
PM measurements Filters days in use 

TRAIN 1                            
Intermediate driver cabin 

02/04/2015               
05/05/15 

02/04/15-04/05/15 
05/05/15-03/07/15 

33 days                     
59 days 

TRAIN 2                           
Intermediate driver cabin 

10/06/2015 10/07/15-14/09/15 90 days 

 

PM2.5 (µg m-3) 
Weeks after changing AC filter 

1 2 3 4 5 6 7 8 9 10 11 12 13 

Train 1 (1 month) 40 47 43 43          
Train 2 (2 months) 41 41 40 36 31 38 33 32 30     
Train 3 (3 months)    46 43 35 33 31 32 31 35 34 35 

 

These campaigns produced several interesting results: (a) PM2.5 levels inside the train were 
higher (c.20%) during weekdays as compared to weekends (45 and 35 μgm-3 respectively), 
emphasizing how train frequency is a key parameter controlling the PM levels in subway 
systems; (b) high amplitude transient peaks recorded during the measurements were related to 
activities during non-operational hours when the train was located in the parking area (e.g. 
graffiti removal, technical cleaning with compressed air and other forms of cleaning); (c) NO2 
concentrations inside the train averaged 47±4 μgm-3, this being 25-30% lower than on 
platforms; and (d) the air quality benefits of operating air conditioning inside train carriages are 
maintained for at least three months without changing the filters. If energy efficiency is 
similarly unaffected over this time span (or more), then there is a strong case for revising 
existing protocols requiring monthly replacement of such filters. 

All platform measurements scheduled under Action B1 were successfully completed on time 
(June 2016), however delays in laboratory scheduling, equipment breakdown (including a 
dramatic mechanical failure of the heavy equipment used to lay track ballast), and an over-tight 
schedule to complete all monitoring in September 2016, have combined to force adjustments 
to originally proposed deadline dates. These adjustments to the timing of the Implementation 
Actions were discussed and agreed with the LIFE Monitoring Team from NEEMO EEIG during 
their visit in June 2016. It was agreed to shift forward deadlines for ending all measurement 
campaigns and completing the chemical analyses, with a new deadline for September 2016. A 
summary progress of this action is shown in Table 4. 

A report on main air pollutant sources contribution was elaborated by MC. Minguillón and is 
given in Deliverable 8. The data shown in this deliverable should be considered as initial until all 
chemical analyses are completed. A final report, with discussion and conclusions about the 
effect of adding ballast in the air quality of the platform will be then finalised. 
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Annex VII: IMPROVE LIFE progress reports of Actions B1 and B2 provides the four technical 
reports prepared every 6 months by the T. Moreno, C. Reche and MC. Minguillón (IDAEA-CSIC) 
with the advancement level of the campaigns and analysis. A report on “Concentrations of 
chemical tracers for PM sources in subway systems (database)” is presented as Annex VIII. 

 
 
Table 4. Summary progress of Action B1 
 

  2014 2015 2016 2017 2018 

 Action    IV  I  II  III  IV  I  II  III  IV  I  II  III  IV I 

 B1  Project                             

 Solicited                             

 Actual                             

 

Deliverable Deadline Status 

Project Solicited 

8 Report on main air pollutant sources contribution 30/06/2016 30/09/2016 Completed 

Indicators of implementation 

Technical reports will be produced every 6 months Achieved 

Construction of one available database detailing the concentrations of chemical 
tracers for pollutant sources in subway systems 

Achieved 

Identification of main pollutant tracers Achieved 

Preparation of a report overviewing and comparing the full impacts on air quality of 
each of the selected parameters 

Achieved 

Completion of source apportionment study based on the full dataset of chemical 
analyses, and quantitative elucidation of the relative importance of each source 

In progress (linked to 
end of B2) 

 

Continuation after LIFE: The results from this action will be used after the finalisation of the project by subway 
authorities, researchers, and other interested groups, providing what is to date the most comprehensive source 
of data regarding air pollutant concentrations and sources in the subway systems. 

These data will be of immediate use as comparative information during new campaigns to study urban 
transport emissions, such as the newly awarded BUSAIR project, which will again involve collaboration between 
TMB in Barcelona and CSIC (T. Moreno). This project, aimed at the study of bus emissions, will last from 
01/2017-12/2019, and is financed by the Spanish Government (CGL2016-79132-R-BUSAIR, 128.000€). 
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5.1.3 Action B2 Testing mitigation measures and development of mitigation strategies 

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 by 
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 antiresuspension 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). 

1) Addition of ballast: The standard method (ballast + water) was applied at the metro 
system of Palau Reial (L3), where air quality measurements were performed from 1st April to 
14th May. The sampling campaign has been longer than planned due to two main factors: a) 
faulty operation of sampling devices, b) tunnel works starting later than planned. The addition 
of ballast previously treated with the dust suppressant was applied in the adjacent metro 
station of Maria Cristina (Figure 9). Air quality measurements in this station took place from 
14th May to 10th June 2015. This station is adjacent to Palau Reial, both stations have a similar 
design (one wide tunnel with two rail tracks separated by a middle wall), depth and ventilation 
system.  

 

  

  

Figure 9. Mixing process of dust suppresant nanopolymer with water and application to the untreated 
ballast (top), and measuring equipments at Maria Cristina and Palau Reial platforms (bottom). 
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The measurements in Palau Reial station show mean increases in concentrations associated 
with the addition of ballast of around 60% for PM2.5 and 30% for N0.3-10. Concentrations 
generally decrease to background levels in less than two hours. In the case of Maria Cristina, 
where ballast was treated with an anti-resuspension polymer mean increases were 80% for 
PM2.5 and 48% for N0.3-10, and again lasted for up to two hours. Thus, during this campaign it 
was observed that the addition of ballast previously treated with the dust suppressant does not 
seem to reduce the emission of particles with respect to the standard method (impregnated 
just with water) during the process. Figure 10 shows boxplots of PM2.5, N0.3-10 and CO levels 
during operation hours for the campaigns using just water and those using polymer, 
distinguishing days after maintenance activities and days under normal conditions. Significant 
differences in PM2.5 and N0.3-10 levels were observed, with higher concentrations on the 
platforms (around 39-33% for PM2.5 and N0.3-10) for the days after night activities were carried 
out. The highest differences were observed for CO concentrations (up to 50%), although 
concentrations of this pollutant are generally very low in the subway, and frequently below the 
reliable detection limit. 
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Figure 10. Box plot of PM2.5, N0.3-10 and CO levels during subway operation hours at Palau Reial and 
Maria Cristina stations, distinguishing days under the impact of maintenance activities and days under 
normal conditions. The number of data points is indicated in black, while the mean concentrations are in 
red.  
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Figure 11 shows the ratio between the concentrations of trace elements present in platform 
PM during the days after usual ballast application (Palau Reial) and those after adding ballast 
with polymer (Maria Cristina). Values are normalised to the concentrations when normal 
conditions (without ballast addition). The ratios exceeding unity indicate how the 
concentrations of most of the trace elements increased as a result of ballast application during 
this activity. However, this increase was less in Maria Cristina than at Palau Reial, 
demonstrating an improvement in air quality that we attribute to the application of the dust 
suppressant polymer. 
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Figure 11. Ratios between concentrations of trace elements during ballast addition compared to normal 
conditions at Palau Reial and Maria Cristina stations. Higher ratios recorded at Palau Reial for most of 
the elements reveal the effectiveness of the special dust-suppressant measures carried out at Maria 
Cristina. 
 

Another experiment involving the application of dust suppressant prior to ballast laying was 
performed at the station of Poble Sec (L3). Air quality measurements started on 14th 
September and ended on 11th October 2016. The new data from this recent campaign are still 
being processed. 

 

2) Changes in the ventilation system: Two different measurements campaign were 
performed at the platform of Tarragona station (L3). A ventilation protocol different from the 
normal one was implemented at this station in order to investigate the role of this parameter 
on air quality. The first sampling campaign took place from 10th June to 1st July 2015, while the 
second one was carried out from 29th February to 11th May 2016. In both cases, the period 
covered one week under an air circulation flow opposed to the normal one, while standard 
conditions were established during the rest of the period. Comparison was made between 
normal levels under standard ventilation protocols, measured the previous week, and those 
during the non-standard ventilation experiment for the two campaigns at different seasons in 
June (Stronger Tunnel Ventilation: STV) and March (Weaker Tunnel Ventilation: WTV). One 
immediate result that emerges from the High Volume Sampler data is that under standard 
ventilation conditions average PM2.5 concentrations are consistently and substantially (>35%) 
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higher when the fans are operating at reduced levels. Under experimental conditions, when 
platform ventilation was reversed from impulsion to extraction, air quality deteriorated sharply 
when the fans in the tunnel were operating at higher, bringing PM2.5 mass concentrations back 
up almost to those under standard cooler weather/weaker ventilation conditions. The rise in 
PM levels produced by air flow reversal from impulsion to extraction was much less marked 
(5%) when the fans in the tunnel were operating under cooler weather/weaker ventilation 
settings. 

The reduction in PM air quality produced by reversing platform ventilation fans from 
impulsion to extraction during operating hours whilst the tunnel fans are running at higher-
power in summer is also revealed by the DustTrak laser photometer and OPS data, as 
demonstrated by comparing the bar graphs a-d on Figure 12. The data on Figure 12 also allow 
comparison between operating hours (05.00-24.00 =“DAY”) and non-operating hours (00.00-
05.00=“NIGHT”) by selecting only weekday data and thus avoiding the confounding effects of 
the Barcelona Metro being open all night at weekends. The OPS data indicate that the rise in 
PM due to the switch from platform impulsion (PI) to extraction (PE) during operating hours 
with stronger ventilation in the tunnel is most marked in the finer particle sizes. Thus average 
numbers of “daytime” submicron-sized PM rise by 45% as compared to only a 25% increase in 
coarser inhalable fractions (Fig. 12b-d). Under conditions when the tunnel ventilation fans are 
operating with less intensity, only a slight increase in PM number across all size ranges is 
induced by switching from platform impulsion to extraction (Fig. 12f-h). With regard to “night 
time” values, when the platform ventilation is switched off, here the enhanced tunnel 
ventilation air flow during the summer months has the effect of inhibiting gravitational settling 
and so maintaining high ambient PM in platform air, whether or not the tunnel fans are 
operating on impulsion or extraction (Fig. 12b-d). In striking contrast, when the night tunnel 
fans are working at lower power, both mass and numbers of inhalable PM on the platform drop 
by around half or more (Fig. 12f-h), producing unusually clean conditions if allowed to remain 
undisturbed by, for example, night time maintenance works. Judging from the night time data 
from both DustTrak and OPS monitoring systems, whether or not the tunnel fans are set at 
impulsion or extraction has little observable effect on platform air quality when compared to 
the impact of increasing fan power and therefore air flow rate in either direction. 

The data therefore clearly demonstrate that reversing subway platform ventilation settings 
from impulsion to extraction during subway operational hours impacts negatively on air quality 
when tunnel fans are working at higher power to alleviate summer heat. It is interesting to 
highlight that this increase of platform PM levels and numbers under summer conditions was 
observed immediately after the change of the ventilation air flow from impulsion to extraction. 
Levels did not tend to increase during the subsequent week, but the percentage of increase 
over standard conditions was maintained. 
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Figure 12. DustTrak (DT) and OPS data for DAY (Operating hours (05.00-24.00)) and NIGHT (Non-
operating hours, no platform ventilation) periods during stronger and weaker ventilation (SV/WV). ; PI = 
Platform Impulsion; PE = Platform Extraction; TI = Tunnel Impulsion; TE = Tunnel Extraction. STV: 
Stronger Tunnel Ventilation (summer: 49Hz); WTV: Weaker Tunnel Ventilation (colder season: 24Hz). 

 

In order to further assess the role of ventilation on air quality, measurements were also 
carried out at one platform of Collblanc station from 11th May to 11th July 2016. This platform 
belongs to the newest metro line of the city (L9S), opened in February 2016 to connect the city 
centre with the airport. The design of the station is characterised by driverless trains running 
through a single tunnel with one rail track separated from a single platform by a wall with a full 
length platform screen door (PSD) system. The organisation of L9S at Collblanc is unusual 
because at this end of the line the two railtracks run one above the other in vertically separated 
12-metre-wide tunnels, rather than side by side. In Collblanc the situation is complicated by the 
fact that only the lower rail track and platform are currently open for public use, so that trains 
run in both directions using the same tunnel. The upper station is currently only used for 
maintenance works. This station is ventilated by stronger and more numerous fans than the 
older conventional lines.  

Figure 13 presents bar plots for the first two weeks of the experiment (when OPS data were 
available) and offers further insight into the distribution of ambient PM. Under normal 
ventilation conditions on the Collblanc platform the numbers of particulates are exceptionally 
low across each of the three size groupings (N0.3-1/1-3/3-10 =319/12/2) when compared to, for 
example, conditions previously measured at Tarragona station (N0.3-1/1-3/3-10=1293/68/8). When 
tunnel ventilation is shut down the finest PM sizes over double in number whereas the coarser 
inhalable particles rise four- or fivefold (N0.3-1/1-3/3-10 =658/67/9). This preferential increase in 
the coarser PM sizes has the effect of bringing PM1-10 numbers up to “Tarragona” levels (i.e. 
those more typical of the older lines not fitted with platform screen doors), whereas the 
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numbers of finest particles (PM0.3-1) at Collblanc still remain relatively low. Therefore forced 
mechanical tunnel ventilation makes an important contribution to maintaining good air quality 
on subway platforms, even in the presence of full-length (floor to ceiling) platform screen 
doors. In the IMPROVE campaign at Collblanc (L9S), switching off tunnel fans (while maintaining 
platform ventilation) resulted in a four- to fivefold increase in platform PM1-10 number 
concentration. 

All platform measurements scheduled under Action B2 were successfully completed on 
November 2016, however delays in laboratory scheduling, equipment breakdown (including a 
dramatic mechanical failure of the heavy equipment used to lay track ballast), and an over-tight 
schedule to complete all monitoring in September 2016, have combined to force adjustments 
to originally proposed deadline dates. These adjustments to the timing of the Implementation 
Actions were discussed and agreed with the LIFE Monitoring Team from NEEMO EEIG during 
their visit in June 2016. It was agreed to shift forward deadlines for ending all measurement 
campaigns and completing the chemical analyses. Similarly, the two deliverables associated 
with Action B2, namely the report on mitigation measurements, and the elaboration of a 
technical guide on subway air quality mitigation measures, will now be delivered in March and 
June 2017 respectively. This modification does not affect any other technical, legal or 
financial/economic tasks of the project, as extra tasks of those originally planned will be 
executed and therefore no extra expenses will be applied to the budget. The summary progress 
of Action B2 is shown in Table 5. 
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Figure 13. DustTrak (DT) and OPS data in Collblanc station with tunnel ventilation (TV) on and off. 

 

 

The following reports have been produced in this B2 action until now: 

 Annex IX: Effects of ballast addition on passenger exposure: Preliminary results. 

 Annex X: Effect of ventilation modes in air quality at a subway platform (Tarragona 
station, Line 3). 

 Annex XI: Impact of mechanical ventilation on air quality: Collblanc (L9S). 
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Table 5. Summary progress of Action B2 
 

  2014 2015 2016 2017 2018 

 Action    IV  I  II  III  IV  I  II  III  IV  I  II  III  IV I 

 B2  Project                             

 Solicited                             

 Actual                             

 

Deliverable Deadline Status 

Project Solicited 

9 Report of mitigation measures in subway systems 30/09/2016 30/03/2017 In progress  

10 Technical guide for mitigation measures 30/09/2016 30/06/2017 In progress  

Indicators of implementation 

Testing of mitigation measures Achieved 

Technical Guidance document concerning the experiments applied to reduce tunnel dust 
resuspension 

In progress 

Technical Guidance document which will specifically identify and compare effective 
strategies for reducing the impact of each of the selected emission sources. 

In progress 

 

Continuation after LIFE: The results from this action will be the main legacy of the IMPROVE LIFE project and will 
be used after the finalisation of the project for subway authorities, supplying technical guidance documents for 
present and future subway networks with a better air quality. 

The methodology and deliverables from this action will be used to aid the development of appropriate 
protocols designed to improve air quality in other forms of urban transport, such as the newly awarded BUSAIR 
project, which will again involve collaboration between TMB in Barcelona and CSIC (T. Moreno). This project, 
aimed at the study of bus emissions, will last from 01/2017-12/2019, and is financed by the Spanish Government 
(CGL2016-79132-R-BUSAIR, 128.000€).  
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5.1.4 Action C1 Effectiveness of the project actions 

This action focuses on the evaluation of the policy effectiveness of the project’s actions, but 
also following the requirement from the European Commission (letter 22/07/2016) the action 
includes also now the evaluation and monitoring of the project impact (see Annex to the cover 
letter for this report, answering technical and administrative requirements made in EC letters). 
During the lifetime of the project the evolution of the PM concentrations and the impact of the 
main emission sources in the subway systems are being registered. The project management 
team set up the specific indicators to be used to measure the impact of the project against the 
initial situation, which has been assessed in the case of the Barcelona subway system during 
the implementation Action B1. These indicators included: 

 The initial situation regarding PM levels and sources that has been documented during 
Action A1 (Annex XII_C1_Initial Situation) by C. Reche from CSIC. 

 The contribution of selected parameters in the PM levels and compositions, including: i) 
mechanical abrasion of rail/wheel, ii) brakes and catenaries, iii) resuspension of material 
by air turbulence in stations and tunnels, iv) night-time maintenance works, including 
use of traction fuel oil engines, construction works and welding dust, and v) ambient 
road traffic particles. The results of the tests conducted during Action B1 (finished in 
September 2016) will enable the project to quantify how much emission estimates will 
change as a result of the adoption of the abatement strategies. In this context the first 
report on main air pollutant sources contribution was elaborated by MC. Minguillón 
(CSIC) and is given in Deliverable 8 for Action B1. 

 The effect of reducing emissions of specific factors monitored during Action B2 (in 
progress at the moment). At the end of the project, the beneficiaries will be able to 
quantify the progress achieved, in identifying how best to improve air quality in terms of 
both PM mass reduction and potentially less health-damaging PM chemical 
composition. In this context a work has already been published on the oxidative 
potential of subway PM (Deliverable 13. Moreno et al. 2016. Atmospheric Environment, 
in press), where it is concluded that “subway PM toxicity is not related to variations in 
PM2.5 concentrations produced by ventilation changes, tunnel works, or station design, 
but may be affected more by the presence of metallic trace elements such as Cu and Sb 
sourced from brakes and pantographs. The OP assays employed do not reveal toxic 
effects from the highly ferruginous component present in subway dust”. 

An external committee to evaluate the progress and impact of the project has been 
nominated, formed by five international air pollution experts including: 

 Dr. G. Buonanno is an Associate Professor at the Dep. of Engineering in the Univ. of 
Cassino, Italy, and has held invited academic positions at universities in the USA, Australia, 
Kazakhstan and Zambia. He has wide expertise in the measurement of ultrafine particles 
emitted from industrial plants, urban and indoor environments. 

 Dr. C. Duchaine is a Professor at Univ. Laval and the Quebec Heart and Lung Institute. Her 
main expertise is in the characterization of bioaerosols and respiratory viruses and the 
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effects of their exposure to humans, with over 350 papers. She has acted as expert for the 
Quebec Government in several bioaerosol court trials related to mould problems in homes. 

 Dr. A. Giretti works at the Dep. of Engineering and Architecture of Univ. Politecnica delle 
Marche, Italy. He has been the co-ordinator of several projects in recent European 
programmes, and has co-founded spin-off companies. His research includes modelling for 
energy efficient buildings, and Knowledge-Based-Systems in Building Construction. 

 Prof. F. Kelly holds the chair in Environmental Health at King's College London, is Director of 
the Environmental Research Group operating the London Air Quality Network, and is 
Chairman of the UK Dep. of Health’s Expert Committee on the Medical Effects of Air 
Pollution. His research spans from toxicology to science policy, including the effect of traffic 
management schemes. 

 Prof. L. Morawska is the Director of the Int. Lab. for Air Quality and Health in Queensland 
Univ. of Technology, and co-director of the Australia-China Centre for Air Quality Science & 
Management. She received her doctorate in Poland and continued her research in Canada 
and Australia. With over 450 publications she is an expert on PM, and advisor to the WHO. 

This Midterm report will be sent to the external committee together with a series of 
questions designed to allow judgement of the success of the project so far. This will be 
requested to be returned to the project coordinator (T. Moreno) by the end of March 2017. 

A Quality plan of the effectiveness of the project will be elaborated by December 2017, and 
the project management team will prepare a report on policy effectiveness that will be 
submitted to the EC by the end of the project.  
 
 

Table 6. Summary progress of Action C1 
 

  2014 2015 2016 2017 2018 

 Action    IV  I  II  III  IV  I  II  III  IV  I  II  III  IV I 

 C1  Project                             

 Actual                             

 

Deliverable Deadline Status 

12 
Report on the evaluation of policy effectiveness and monitoring of the 
impact of the project (Title and content modified according to the 
suggestion from EC letter 22/07/2016) 

31/12/2017 In progress  

Indicators of implementation 

Set the indicators to assess the impact of the project Achieved 

External committee nominated Achieved 

Three-months summary reviews In progress 

Quality plan of the effectiveness of the project In progress 

 

Continuation after LIFE: The impact of the actions of the IMPROVE LIFE project will be monitored in future years, 
especially concentrating on campaigns being made in stations where our protocols have been applied. TMB and 
CSIC have a history of cooperation working on air quality before this project and, greatly strengthened by 
IMPROVE, this will continue after it is finished. 
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5.1.5 Action C2 Assessment of the socio-economic impact of the project 

This Action started on June 2016. The assessment of the socio-economic impact of the project 
will be achieved by the following activities: 

• Test if the current levels and chemical components of PM are desirable. If not, appropriate 
changes should be made to improve air quality: This activity has been carried out during the 
implementation actions, B1 (recently finished) and B2 (still going on).  

• Monitor general public perception of air quality problems with ad-hoc questionnaire: 
benefiting from the questionnaires that TMB carries out annually among the subway travellers, 
a first series of questions related to the IMPROVE project were asked to 624 subway passengers 
during autumn 2015 (Deliverable 11 C2 questionnaires 2015). The questions formulated were: 

 Q1. Have you ever thought about the quality of the air we breathe in the subway 
environment? < Yes, No, Don´t know.> 

 Q2. Could you assess the quality of the air we breathe in the premises of the subway?    
< Very good, good, fair, bad, very bad, Don´t know > 

 Q3. Are you aware of the work that TMB and CSIC are doing to improve air quality in the 
subway? < Yes, No, Don´t know > 

The conclusions of this first questionnaire introduced at the beginning of the project were 
that 46% of the subway travellers were interested on the air quality in the subway, 55% 
thought that the air quality when they are travelling is acceptable and 4% knew about the 
activities carried out by IMPROVE LIFE. 

An on-line questionnaire about different aspects of IMPROVE is being developed and will be 
launched in the project webpage in January 2017. This follows the questionnaire carried out by 
TMB the previous year, and aims to gather more detailed data on the opinions/knowledge of 
subway passengers by asking the follow ten questions: 

 Q1. Your Age 

 Q2. City where you live/work (and use public transportation) 

 Q3. How often do you think about air quality? < Often / occasionally / never > 

 Q4. Do you think you breathe clean air in the city? < Yes / no > 

 Q5. The World Health Organisation has proved that breathing poor quality air can 
reduce your life expectancy. Did you know this? < Yes / no > 

 Q6. Which means of transport do you use more often in the city? < bicycle / subway / 
bus / tram / motorbike / car > 

 Q7. In tour opinion, which of the above means of transport are best for city air quality?  

 Q8. What is your opinion on the subway air quality? < good / ok / poor > 

 Q9. Where do you believe the air is cleaner? < on the platform / inside the train > 

 Q10. Do you think subway air quality could be improved? If so, how?  
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• Access and increased European awareness of the need for specific air quality regulations 
across different subway systems. This will be achieved by the organization of conferences, 
meetings and workshops, and visiting other European/Spanish subway systems to inform of 
IMPROVE LIFE results in Barcelona. This will be done within Action D3. 

Towards the end of the project a report will be prepared concerning the socio-economic 
impact of the project.  

No major problems have been found within this action, and progress is being made 
according to the original proposed plan (Table 7). 
 
 
Table 7. Summary progress of Action C2 
 

  2014 2015 2016 2017 2018 

 Action    IV  I  II  III  IV  I  II  III  IV  I  II  III  IV I 

 C2  Project                             

 Actual                              

 

Deliverable Deadline Status 

11 Questionnaires for the public and stakeholders 31/12/2016* In progress 

20 Report on socio-economic impact 31/03/2018 In progress 

Indicators of implementation 

Responses from the general public to the questionnaire In progress 

* as explained in the Inception Report the timings for this deliverable have been modified as a questionnaire is done 
every year instead of only one during the project as originally stated in the proposal. 

 

 

Continuation after LIFE: Similarly to Action C1, the impact of the actions of the IMPROVE LIFE project could be 
monitored in the future, especially concentrating on campaigns being made in stations where our protocols 
have been applied. TMB and CSIC have a history of cooperation working on air quality before this project and, 
greatly strengthened by IMPROVE, this will continue after it is finished. 
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5.1.6 Action E3 Networking with other projects 

IMPROVE LIFE has started collaborations and/or presented results to:  

i) LIFE11ENV/ES/000584 AIRUSE. 19/04/2016 T. Moreno presented IMPROVE LIFE+: Measures 
to improve air quality in the subway system; AIR QUALITY PLATFORM MEETING, were the 
following projects participated in networking activities:   

LIFE10 ENV/IT/391 DIAPASON,  

LIFE10 ENV/IT/327 MED-PARTICLES,  

LIFE 09 ENV/GR/000289 ACEPT-AIR, 

LIFE09 ENV/FI/000579  REDUST,  

LIFE12 ENV/IT/000834 MEDHISS,  

JOAQUIM – Joint Air Quality Initiative – INTERREG IV-B NEW, 

APICE, 

CAIMANs.  

ii) LIFE13ENV/IT/000140 DIGITALIFE. 4/06/2015, T. Moreno presented Proyecto LIFE-IMPROVE 
Air quality in rail subway system; iii) LIFE15GIC/ES/000056. U-MOB LIFE.  

A successful Open Forum on air quality in subway systems was hosted by IMPROVE LIFE on 
07/05/2015 in Barcelona. The event was open to researchers, stakeholders, public/private 
organisations and the general public. Stakeholders from the local City Council, Government of 
Catalonia, Local Public Health Agency and Ferrocarrils de la Generalitat attended the event. 
Oral presentations included not only studies within IMPROVE LIFE (Martins, Minguillón, van 
Drooge), but also from Veillette (Univ. Laval, Canada), Múgica (Univ. Azapotzalco, Mexico), 
García (Ingenieros Asesores SA), Blondeau (Uni. La Rochelle, France) and Kelly (Kings Coll., UK).  

Network activities are programmed to increase during the last half of the project, mainly in 
2017. On 3-6th of July 2017 the coordinator of the project is organizing an international 
conference in Barcelona (http://www.ricta2017.org/) during which there will be presentations 
on the IMPROVE results (3rd July), and one day (4th July) dedicated to Air Quality while 
Commuting, including metro systems, with the participation of about 100 participants including 
researchers, and national, regional and European stakeholders. Confirmed speakers for this day 
from other LIFE+ projects and the European Union include Alfredo Sánchez (Project Manager 
for Transport for the European Environment Agency), Jesús Miguel Santamaría (Universidad de 
Navarra, coordinator of LIFE+ RESPIRA) and Xavier Querol (CSIC, coordinator of LIFE+ AIRUSE), 
Moniek Zuurbier (Regional Public Health Services Gelderland-Midden), Francisco Ferreira 
(Universidade Nova de Lisboa) and Soon-Bark Kwon (an international expert on subway air 
quality from Univ Sci and Technology, Korea). 

Regarding contacting other subway systems worldwide, we strongly agree this is a very 
important issue within our project. In this context a visit to the London subway was hosted by 
Transport for London on 30/06/2016, when T. Moreno presented the main results achieved so 
far by IMPROVE LIFE. The network with other subway systems worldwide will widen during the 
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next year 2017, as explained in action D3 (where this activity was planned in the proposal, and 
travel expenses included). During that year visits to other European (and all Spanish) subways 
will be carried out aiming both to disseminate our results and to start new collaborations with 
other systems that have similar air quality problems. When we prepared the proposal we 
considered that this activity was better placed later in the project, when more results would be 
available and discussion would be more productive. Also we think it is important to promote 
IMPROVE in the context of the ever-increasing importance of subway systems current in 
operation and being built in southeast Asia. With this in mind good contacts have already be 
made with personnel involved in the Seoul subway, where most published air quality work has 
been done so far (S-B. Kwon, who will be visiting us next July, presenting results from his 
research in the day conference that IMPROVE is organizing), as well as with Hong Kong (A. Lau, 
who came to meet us last July) subway systems.  

TMB is also planning to present IMPROVE results to the UITP association, within the 
Sustainability Commission in the next year.  

 

Annex XIII: Networking with other projects contains all the material concerning the 
aforementioned networking activities. 
 
Table 8. Summary progress of Action E3 
 

  2014 2015 2016 2017 2018 

 Action    IV  I  II  III  IV  I  II  III  IV  I  II  III  IV I 

 E3  Project                             

 Actual                              

 

Deliverable Deadline Status 

6 Minutes of the expert´s workshop 30/09/2015 Achieved 

Indicators of implementation 

Responses from the general public to the questionnaire In progress 

 

Continuation after LIFE: This action will continue to be active after the project is finished as contact and 
collaboration with both other subway systems and other LIFE projects will be achieved during future 
presentations of results, the sharing of guidance documents and other information sources, as well as 
collaboration regarding future funded projects, especially for example in the application of IMPROVE results to 
other worldwide subways. 
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5.1.7 Action E4 After-LIFE+ Communication Plan 

This action was programmed to start on July 2016, but it was proposed to be put forward to 
January 2017. This modification was approved by the European Commission in its letter from 
22/07/2017.  

 
Table 9. Summary progress of Action E4 
 

  2014 2015 2016 2017 2018 

 Action    IV  I  II  III  IV  I  II  III  IV  I  II  III  IV I 

 E4  Project                             

 Actual                              

 

Deliverable Deadline Status 

14 After-Life Communication Plan 31/03/2018 No started 
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5.2 Dissemination actions 

 

5.2.1 Objectives 

The scope of this action is to convey the project results as much as possible, raising awareness 
towards improving air quality in the subway system. Activities have been developed addressing 
3 different target groups: 

(1) Attracting interest from media communication services both locally in Spain and 
worldwide,  

(2) government organisations and transport authorities responsible for the healthy and 
energetically efficient operation of city subway systems,  

(3) the urban population in general, but most specifically the train passengers and workers. 

Important communication activities of IMPROVE LIFE results include: 

 The development of the project website (Action D1). 

 Display of information boards (Action D2). 

 An Open Forum with stakeholders and the organization of an International Conference 
(Action D3). 

 The production and distribution of an informative pamphlet describing the project 
scope and objectives, the expected results and the likely benefits to be derived from 
their application (Action D3). 

 The preparation of articles for the local and national press every year of the project 
(Action D3). 

 Technical publications on the project results in international scientific journals and 
presentations in scientific conferences acknowledging the LIFE+ community financial 
support (Action D3).  

 The production of a Layman's Report (Action D4). 

Further dissemination activities are: 

 The dissemination of IMPROVE results via Newsletter of the EU-COM (Action D3). 

 The dissemination of IMPROVE results via the website of the Life community: 
http://www.lifecommunity.eu/ (Action D3). 

 Elaboration of questionnaires both to metro passengers (TMB) and on line in the project 
webpage (CSIC). 

 Coordination of international events to promote IMPROVE LIFE profiting from the 
synergy, including the SETAC 2015 and RICTA 2017 conferences. 

 Networking internationally with other subway systems, such as London (TfL) and Seoul. 
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5.2.2 Dissemination: overview per activity 

ACTION D1 A Project website 

The web site of IMPROVE (http://improve-life.eu) was launched in December 2014 and is 
updated on a 2-week basis (Figure 14). Its contents are in both Spanish and English and 
introduce the project, describing its participants, objectives, activities and results. Through this 
web address all the results achieved so far as well as dissemination material such as 
presentations, reports, informative documents are made freely available to the public, as well 
as the public events organised. The IMPROVE web page (Deliverable 1) has had so far an 
average number of 1,000 visits per week, a number much greater than the minimum target of 
7,000 hits per year aimed in the proposal. No problems have been reported in this Action. This 
is an on-going action (Table 10) which lasts for the project’s full life cycle. 
 

 
Figure 14. Home page of IMPROVE LIFE web page. 

 

Table 10. Summary progress of Action D1 
 

  2014 2015 2016 2017 2018 

 Action    IV  I  II  III  IV  I  II  III  IV  I  II  III  IV I 

 D1  Project                             

 Actual                              
 

Deliverable Deadline Status 

1 Project website 31/12/2014 Completed 

Indicators of implementation 

Design and maintenance and updating of the project website In progress 
 

Continuation after LIFE: The web page of the project will be maintained and continue to be visited after the 
project is finished, allowing citizens, stakeholders and those using and studying other subway systems to see all 
reports, including the Layman's Report. 
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ACTION D2 LIFE+ Information boards 

IMPROVE LIFE+ Information boards (Deliverable 3) have been on display since January 2015 
describing the project at the locations where it is implemented, at strategic places accessible 
and visible to the public. In addition, hard information boards on the project have been placed 
at CSIC (Palau Reial) and TMB-TB (Santa Eulalia) main offices, and using a vinyl sticky format in 
the platforms of Sagrera, Palau Reial, Maria Cristina, Tarragona, Santa Coloma, Joanic, Saint 
Ildefons, Collblanc and Poble Sec stations where measurements have been performed. Panels 
are also permanently displayed in IDAEA-CSIC (Palau Reial) and TMB (Santa Eulalia) main offices 
(Figure 15).  

 

 
 

Figure 15. Informative panel in the entrance area of subway stations where measurements have been 
performed and in CSIC and TMB main offices. 
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During the 23 months that these panels have been on display only once has the panel 
located on a station platform needed to be changed due to graffiti. As vandalism was 
considered possible during the length of the project, replacement information boards were 
already immediately available for the required renewal. The panels will stay on display until the 
end of the project. 

 
 
Table 11. Summary progress of Action D2 
 

  2014 2015 2016 2017 2018 

 Action    IV  I  II  III  IV  I  II  III  IV  I  II  III  IV I 

 D2  Project                             

 Actual                              

 

Deliverable Deadline Status 

3 Information boards 31/01/2015 Completed 

Indicators of implementation 

Information boards placed on monitoring locations and partners offices  Achieved 
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ACTION D3 Dissemination of project results including a Networking-Open forum with key 
stakeholders 

All articles and press releases are available in Deliverable 15: Articles in the general and trade 
press and also at IMPROVE LIFE website http://improve-life.eu/en/categoria/news/. Below are 
presented some examples of the information reported in this action.  

The following activities have been performed to disseminate the project results: 

i) The launching of the measuring campaigns regarding air quality in Barcelona´s metro 
environment was widely announced in the local and national media (Annex XIV and Annex XV, 
links to all these news are in the web page of the project), including: 

 20 Digital press news (Btv.cat, Efeverde, Radiointereconomia.com, El Periódico De Catalunya, 
Elconfidencial.com, Negocios.com, Eleconomista.es, Europa Press, Gente Digital, 
Horapunta.Tmb.cat, Presspeople.com, Teinteresa.es, Locampusdiari.com, Nació Digital, 
Vialibre-Ffe.com, Corresponsables.com, Obrasurbanas.es, Compromisorse.com, 
Esmartcity.es). 

 8 news in local/national Newspapers (ABC, Diario Barcelona, El Dia, La Vanguardia, El Punt 
Avui, 20 Minutos Barcelona, El Periodico De Catalunya) 
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 6 interviews on local/national news and scientific Radio programmes (Cadena Ser Catalunya El 
Balco, Rac 1 El Mon, Cadena Ser Catalunya Hoy Por Hoy Catalunya, Radio 4, Radio Nacional 
España R1)  

 3 appearances in Television news (BTV Noticies Migdia, BTV Noticies Vespre, TV3 Tn 
Comarques) 

  

 

 Internal TV in subway system: MouTV, with 20 second adverts shown several times per week 
at monitors both inside all trains and on platforms. 

 

ii) Two informative videos, lasting 10 minutes (to be shown in the web page) and 20 minutes 
(to be shared with other subway systems) explaining the aims of the IMPROVE LIFE project are 
in preparation. The script has been translated into three languages (English, Spanish and 
Catalan). The completed videos will be available in 2017. 

iii) Presentation of the project in the Feria del Studiant for the Saló de l'Ensenyament, 18-22 
March 2015. The Salo de l'Ensenyament held in the framework of the Week of Training and 
Work of Fira de Barcelona is one of the biggest events in Barcelona attracting over 250 
Exhibitors (http://www.fundaciorecerca.cat/ca/projecte_detall.asp?id_projecte=1187),. 

iv) Organisation of an Expert’s Workshop Special Session on “Commuter air quality in rail 
subway systems” (06/05/2015, Deliverable 6) within the SETAC Europe 25th Annual Meeting 
(http://barcelona.setac.eu/). The session was chaired by Teresa Moreno (IDAEA, CSIC) and 
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consisted of five platform presentations and five posters. Firstly, Lidia Morawska (Queensland 
Univ., Brisbane, Australia), an expert in indoor air, outlined her work on infection spread in 
public transport, highlighting the importance of the proximity of passengers and the duration of 
each trip. Caroline Duchaine (Université Laval, Quebec, Canada) emphasized the need the 
develop surveillance methods of disease transmission in public vehicles, summarizing the 
results of a joint Laval/CSIC study on bioaerosols found in the Barcelona Metro. Teresa Moreno 
(IDAEA-CSIC) outlined the objectives of the IMPROVE LIFE project and stressed the importance 
of the main variables affecting air quality in the subway. Frank Kelly (King’s College, London) 
overviewed progress on a currently ongoing study of air quality in the London Underground 
system, the oldest in the world. Finally Alberto Giretti (Polyt. Univ. Marche, Ancona, Italy) used 
his engineering expertise to demonstrate the need for intelligent control of subway ventilation 
systems using sensor networks. 

 

C. Duchaine and T. Moreno (top) and F. Kelly and A. Giretti (bottom) in their presentations during the 
Experts Workshop. 

v) Celebration of the Open Forum on air quality in subway systems (07/05/2015, Deliverable 5) 
the CSIC central offices in Barcelona City Centre. The event was open to researchers, 
stakeholders, public/private organisations and the public in general. Stakeholders from the 
local City Council, Autonomous Government of Catalonia, Barcelona Public Health Agency and 
Ferrocarrils de la Generalitat attended the event. The meeting opened with a welcoming 
address by joint IMPROVE LIFE partners E. de Miguel (TMB) and T. Moreno (IDAEA, CSIC) who 
gave a presentation outlining the primary objectives of the IMPROVE LIFE project, and stressed 
the importance that is being given to open communication of all the results produced during 
the work programme. Session 1 then continued with a series of four presentations on different 
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aspects of the Barcelona Metro system. V. Martins (IDAEA, CSIC) overviewed what is currently 
known about personal exposure to inhalable subway particulate matter, Maria Cruz Minguillón 
(IDAEA, CSIC) explained the techniques used to identify the various sources of PM in the 
subway environment, B. van Drooge (IDAEA, CSIC) reported on the kinds of organic chemicals 
present in subway air, and M. Veillette (Univ. Laval, Quebec, Canada) summarized the results of 
a joint Laval/CSIC study on bioaerosols found in the Barcelona Metro. Session 2 involved 
contributions from other subway systems with V. Múgica (Univ. Autón. Metropolitana-
Azapotzalco, Mexico) reporting on a study from an unusual station in Mexico City, L. García 
(Ingenieros Asesores SA, Spain) on the problem of hydrogen sulphide build-up in some parts of 
the Paris Metro system, and P. Blondeau (Uni. La Rochelle, France) presented modelling studies 
on how best to control PM levels inside trains in the Paris Metro. 

Session 3 involved a discussion on issues relevant to IMPROVE LIFE emphasizing two key 
issues relevant to the subject of subway air quality. Firstly, all relevant stakeholders, both 
passengers and workers, need to be informed and their awareness raised of the question of air 
quality in underground transport systems. However, instead of generating exaggerated alarmist 
statements and headlines, which are likely to be counterproductive, an intelligent, positive 
approach to inform the public must be adopted. Greater awareness is likely to encourage 
subway companies to take the issue more seriously. Secondly, any suggested improvements 
must be cost effective and technically feasible. The Open Day continued with a field visit to the 
currently operating IMPROVE LIFE sampling site in Palau Reial station, and the nearby air 
pollution monitoring urban background site in IDAEA operated jointly by CSIC and Generalitat 
de Catalunya. The celebration of the Openday was shown in the internal TV channel of the 
Barcelona metro (MouTV). 

 

T. Moreno (left) and V. Martins (rights) in their presentations during the Open Forum 

 

vi) Production of an informative pamphlet (Deliverable 7, Annex XV) with the aims of the 
project in 3 languages (English, Spanish and Catalan) distributed to assistants to the Open 
forum event as well as during the Fira of Barcelona and in other events from other IDAEA 
Projects. 
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vii) Technical publications (Annex XV) on the project results in international scientific journals 
and presentations in scientific conferences all fully acknowledging the LIFE+ community 
financial support. Although a minimum number of six such publications was promised in the 
initial project proposal, the high level of interest in subway air quality and the large amount of 
data amassed by IMPROVE LIFE so far has enabled us already to publish ten papers in 
international (SCI) journals, as listed below: 

Scientific international publications 

Martins V, Moreno T, Minguillon MC, et al. (2015). Exposure to airborne PM in the subway 
system. Science of Total Environment 511, 711–722 

Martins, V., Minguillon, MC., Moreno, T., Querol, X., De Miguel, E., Capdevila, M., Centelles, S., 
Lazaridis, M. (2015). Deposition of aerosol particles from a subway microenvironment in the 
human respiratory tract. Journal of Aerosol Science 90, 103-113 

Martins, V., T. Moreno, M.C. Minguillón, B.L. van Drooge, F. Amato, E. de Miguel, M. Capdevila, 
S. Centelles, X. Querol. (2016) Origin of inorganic and organic components of PM2.5 in 
subway stations of Barcelona, Spain. Environ. Pollut., 208,  125–136 

Martins, V., T. Moreno, L. Mendes, K. Eleftheriadis, E. Diapouli, C. Alves, M. Duarte, E. de 
Miguel, M. Capdevila, X. Querol, MC Minguillón. (2016) Factors controlling air quality in 
different European subway systems. Environmental Research 146, 35-46. 

Moreno T, Martins V, Querol X, et al. (2015). A new look at inhalable metalliferous airborne 
particles on rail subway platforms. Science of Total Environment 505, 367–375 

Moreno, T., C. Reche, 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. Journal of Transport & Health 2, S41-S42 

Moreno, T., Reche, C., Rivas, I., Minguillón, Mc., Martins, V., Vargas, C., Buonanno, G., Parga, J., 
Pandolfi, M., Brines, M., Ealo, M., Fonseca, As., Amato, F., Sosa, G., Capdevila, M., De Miguel, 
E., Querol, X., Gibbons, W. (2015). Urban Air Quality comparison for bus, tram, subway and 
pedestrian commutes in Barcelona. Environmental Research 142, 495–510 

Moreno, T., V. Martins, 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, Volume 2, Page S57. 

Moreno, T., Kelly, F., Dunster, C., Oliete, A., Martins, V., Minguillon, MC., Amato, F., Capdebila, 
M., de Miguel, E., Querol, X. (2017) Oxidative potential of subway PM2.5. Atmospheric 
Environment (in press) 

Triadó-Margarit, X., Veillette, M., Duchaine, C., Talbot, M., Amato, F., Minguillón, M. C., 
Martins, V., de Miguel, E., Casamayor, E. O. and Moreno, T. (2017), Bioaerosols in the 
Barcelona subway system. Indoor Air. doi: 10.1111/ina.12343 
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Presentations in scientific conferences (in chronological order) (Annex XVI) 

Moreno, T, et al. Implementing Methodologies and Practices to Reduce air pollution Of the 
subway environment – IMPROVE LIFE. POSTER. 2015 SETAC Europe, 25th Annual Meeting. 
Barcelona, Spain. May 2015 

Moreno, T, et al. Subway particles: what do we breathe on platforms and in trains? ORAL 
presentation. 2015 SETAC Europe, 25th Annual Meeting. Barcelona, Spain. May 2015 

Moreno, T. 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, T. Key factors influencing air quality in rail subway systems. ORAL presentation. 1st 
International Conference on Transport and Health. London, UK. July 2015. 

Martins, V et al. Particulate matter personal dose in a subway microenvironment. Poster 
presentation. 2015 European Aerosol Conference (EAC 2015). Milan, Italy, September 2015.  

Martins, V. 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. 

Moreno, T. What are we breathing in rail subway systems, and why? ORAL presentation. 2015 
European Aerosol Conference (EAC 2015). Milan, Italy. September 2015  

Moreno, T. 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, T. et al. Air pollution exposure while commuting. Invited Oral presentation. 4th 
Workplace and Indoor Aerosols Conference. Barcelona, Spain. 22 April 2016 

Reche, C. 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 

Martins, V. et al. Exposure to airborne particles in three European subway systems. Presented 
at the 4th Iberian Meeting on Aerosol Science and Technology (RICTA 2016). ORAL 
presentation Aveiro, Portugal, July 2016. 

Minguillón, MC. 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). ORAL presentation Aveiro, Portugal, July 2016. 

Moreno, T. 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. 

Minguillón, MC. et al. Aerosol sources and influence of special activities in subway 
environments. Presented at the 22nd European Aerosol Conference (EAC2016). ORAL 
presentation Tours, France, September 2016. 
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Moreno, T. 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. 

 

 

IMPROVE LIFE in the 14th Int. Conference Of Indoor Air Quality And Climate Ghent, Belgium July 3-8. 

 

Other publications 

De Miguel, E., Moreno, T. Press release on IMPROVE LIFE in the “Eurotransport magazine” issue 
for May-June 2015. (Volume 13, 3, pages 62-64; www.eurotransportmagazine.com). 

 

http://www.eurotransportmagazine.com/
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Martins. V. Subway stations with platform sliding doors and good ventilation reduce 
passengers’ exposure to PM2.5. "Science for Environment Policy": European Commission DG 
Environment News Alert Service, edited by SCU, The University of the West of England, 
March 2016, Issue 451 

Moreno, T. IMPROVE LIFE in The Parliament Magazine – SPECIAL GREEN WEEK EDITION – 16 
MAY 2016. 

 

 

Articles on IMPROVE LIFE+ in Parliament Magazine. 

 
 

viii) A meeting with stakeholder, Transport for London, was celebrated on the 30th June 2016 
when the results and activities of IMPROVE LIFE were presented and discussed. The meeting 
was attended by Teresa Moreno (CSIC) and Sharon Duffy (Principal Building Services Engineer, 
TfL) and Sylvia Quagraine (Advisor to the Managing Director, London Underground, TfL). See 
also comments in Action E3 related to this visit. 

 
IMPROVE LIFE in Transport for London 

(left to right: Teresa Moreno-CSIC, Sharon Duffy and Sylvia Quagraine-TfL). 
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An International Conference is being currently organized to be celebrated the first week of 
July 2017 in Barcelona, targeting researchers, governmental institutions, public transport 
associations and the general public. The conference is already announced in the web page of 
the project. 

 
Table 12. Summary progress of Action D3 
 

  2014 2015 2016 2017 2018 

 Action    IV  I  II  III  IV  I  II  III  IV  I  II  III  IV I 

 D3  Project                             

 Actual                              

 

Deliverable Deadline Status 

5 Minutes of the Open-forum 30/06/2015 Completed 

7 Informative leaflets 30/06/2015 Completed 

13 6 publications in journals and conferences 31/03/2018 In progress 

15 Articles in general and trade press 31/03/2018 In progress 

18 Proceedings of the International conference 31/03/2018 October 2017 

Indicators of implementation 

Leaflets elaborated Achieved 

Articles in local and national press Achieved 

Technical papers submitted and presentations given at international meetings Achieved 10 

One open forum organised Achieved 

Forum’s outcomes published in the project’s web site. Achieved 

Organisation of one international conference In progress 

 

Continuation after LIFE: More scientific publications and presentations in international conferences based on 
IMPROVE LIFE results will be produced in the years after the Project is finished. The expenses will be covered by 
research projects already granted to the CSIC group, including the new project led by T. Moreno, lasting from 
01/2017-12/2019, and financed by the Spanish Government (CGL2016-79132-R-BUSAIR, 128.000€). 
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ACTION D4 Production of Layman's Report 

According to the scheduled timetable this action should have started on July 2016, however, 
given the large amount of new data obtained during the sampling campaigns, it was 
subsequently proposed to move forward to January 2017 instead, when the project was more 
mature and the results fully processed. This suggestion was discussed and agreed with the LIFE 
Monitoring Team from NEEMO EEIG during their visit in June 2016. We confirm that the 
expected start will be at the beginning of 2017 (as agreed by the European Commission in their 
letter from 22/07/2016). At the current status of the project, there are no reasons to foresee 
any other delay with this action. 

 

 
Table 13. Summary progress of Action D4 
 

  2014 2015 2016 2017 2018 

 Action    IV  I  II  III  IV  I  II  III  IV  I  II  III  IV I 

 D4  Project                             

 Solicited                             

 Actual                             

 

Deliverable Deadline Status 

17 Layman´s report 31/03/2018 Not started yet  

Indicators of implementation 

Not applicable  
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5.3 Evaluation of Project Implementation  

The project has benefited from a strong team and a lack of staff changes throughout this 
period, so that continuity of the planned work programme was insured. 

The methodology applied for all actions has achieved its main objectives. The literature review 
allowed us to better identify the main pollutant sources in the subway environment, as well as 
reveal gaps in current knowledge. For the implementation actions we have combined 
traditional and state-of-the art aerosol measurements with receptor models to investigate the 
impact of pollution sources in what has been up until now been a poorly understood indoor 
environment. With regard to the sampling programmes over the two years of measurements 
there were occasional problems involving malfunctioning of samplers and technical difficulties 
during the chemical analysis, but these were well within the normal challenges to be expected 
during such a long campaign. A more serious technical problem was that the analysis of organic 
(OC) and elemental carbon (EC) originally planned to be determined by means of thermal-
optical methods (OC-EC Sunset instrument) turned out to be unfeasible due to the high 
concentrations of Fe in the PM samples, which caused instrument malfunction. A solution to 
this setback was found by deciding to analyse Total Carbon (TC) instead. This analysis is 
performed at the laboratories of the Centre for Energy, Environment and Technological 
Research (CIEMAT). 

In order to minimise data deficiencies due to technical problems such as those discussed 
above, measurements have been repeated in time and space, and carried out for a period long 
enough to produce statistically significant results. The tests to evaluate the mitigation measures 
concerning ballast dust resuspension (testing the effect of a nano-polymer material) and 
changes in ventilation protocols were initiated on time and even before the planned timetable. 
However, one delay that proved unavoidable was introduced by to a serious mechanical failure 
of the heavy machinery adding ballast to the railways. This delay did not seriously interfere with 
the development of the project because we had added a buffer period of six months to the 
timetable, but it provides a good example of how plans for major sampling campaigns such as 
that required for IMPROVE LIFE need to “expect the unexpected” and build in extra time for 
such events.  

With regard to the chemical data, a total of 500 PM2.5 filter samples have been collected 
during the IMPROVE LIFE campaigns, producing the largest such database available worldwide 
for studying subway air quality and enabling the identification of emissions sources by applying 
statistical tools. The collection of such a comprehensive database is one of the key successes of 
actions B1 and B2, and has not been significantly affected by equipment malfunction. The 
chemical composition of the different subway components give us a proxy for the chemical 
composition of the emissions generated by the various components of the train system, and 
will be used to identify the influence of different subway sources. The assessment process 
followed to identify these sources includes the following approaches: 

a) The comparison of ambient PM2.5 chemical components in the subway environment 
with the PM2.5 chemical composition of outdoor environment. This allows identification of key 
chemical species most characteristic of subway air. 
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b) The study of the ambient concentrations of these key species for each of the subway 
stations. Note that for the subway stations where special activities took place, only the days 
without any such special activity have been considered. Scatter plots provide the main tool 
used to assess the relative abundance of key species.  

c) When there is a clear co-variance for two key species, i.e. the different data points show 
a linear tendency, linear regressions have been carried out independently for each of the 
different subway lines and stations sampled. 

d) Comparing the chemical composition of the subway ambient PM2.5 with the chemical 
composition of the subway components such as brake shoes, train wheels and catenary parts. 

Note that the co-variance of different key species may indicate that they come from the 
same source, but they can also indicate that they come from different sources that are co-
emitted, something likely to be common in the subway environment. Hence, the wear of brakes 
takes place simultaneously with that of the catenary, rails and wheels. This poses an interesting 
challenge for the separation of the contribution of the different sources. Detailed calculations 
designed to separate the contribution of each source to the PM2.5 concentrations on the 
subway platforms will be carried out until the end of Action B2. 

The Management Team has striven to ensure the smooth running and effectiveness of the 
monitoring campaigns and their efforts to this end will be judged by an external committee 
appointed to evaluate the progress of the project. We have also prepared and disseminated 
questionnaires, both face-to-face by interviewing metro passengers while travelling, and 
virtually by using the project website.  

The following table (Table 14) presents tasks foreseen in the revised proposal, tasks 
achieved and their evaluation. 

 

Table 14. Tasks foreseen in the proposal, tasks achieved so far and their evaluation. 
 

Task Foreseen Achieved Evaluation 

Documentation 
of the current 
status and 
selection of 
critical 
parameters to be 
tested 

Describe previous 
studies on air quality 
in subway systems 
worldwide. Identify 
gaps in these studies. 
Recommend priorities 
with regards to the 
emission sources to be 
tested. 

A historical database for air 
quality in worldwide subway 
systems was compiled. 

Parameters poorly studied 
are particle numbers, size 
distribution, organic chemistry, 
microscopy studies, 
bioreactivity, gaseous 
components and source 
apportionment. 

A prioritisation of pollution 
sources was produced. 

Main parameters to consider in 
actions B1/B2 were decided as 
follows: PM, BC and particle 
number concentrations, 
inorganic/organic chemical 
composition, PM size distribution, 
microscopy (individual particles), 
toxicity, bioaerosols, NO, NO2, CO 
and CO2 concentrations, and 
source apportionment. 
The task was successfully 

completed. 

Determination of 
the impact of 
selected 
parameters 

Conduct PM sampling 
campaigns to check 
the impact on 
passenger’s exposure 
to air pollutants 
attributed to (1) 
maintenance works in 

Sampling campaigns were 
carried from January 2015 to 
September 2016. Technical 
reports were produced every 6 
months as indicators of 
progress.  

A database detailing the 

The results revealed that the 
activities that produce a higher 
effect on the following day 
platform air quality were rail 
replacement and welding works. 

These works could increase 
PM2.5, N0.3-10 and CO levels up to 
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tunnels, (2) use of 
different brake pads, 
(3) use of pantographs 
of different 
composition (copper 
vs. graphite), and (4) 
the deterioration of air 
conditioner filters in 
trains.  

concentrations of chemical 
tracers for pollutant sources in 
subway systems was produced, 
identifying main pollutant 
tracers. A report on the full 
impacts on air quality of each of 
the selected parameters was 
prepared. 

The source apportionment 
study based on the full dataset 
of chemical analyses is on-going 
until action B2 is completed. 

90%, although the duration of 
these intense increases tend to 
be less than 30 minutes.  

The air quality benefits of 
operating air conditioning inside 
train carriages are maintained for 
at least three months without 
changing the filters.  

This task is successfully 
implemented following the 
timetable. 

Testing 
mitigation 
measures and 
development of 
mitigation 
strategies 

Test on the reduction 
of resuspensed dust 
levels in the platforms 
coming from the 
tunnel and the 
variation on air quality 
in platforms related to 
changing tunnel fan 
settings. 

Sampling campaigns were 
carried until November 2016. 
Technical reports were 
produced every 6 months as 
indicators of progress.  

A nanopolymer material was 
tested for dust suppression, 
comparing the standard 
method (ballast + water) versus 
the addition of ballast 
previously treated with the dust 
suppressant.  

Different ventilation settings 
(changing intensity and 
direction) were tested in 
Tarragona station (L3).  

The role of ventilation on air 
quality was also checked in a 
new station with platform 
screen doors (PSD) system 
(Collblanc). 

Results from the first campaign 
showed that the addition of 
ballast previously treated with 
the dust suppressant do not 
reduce the emission of PM with 
respect to the standard method 
during the process. However, the 
effect of these activities on the 
following subway operating 
hours improved when the ballast 
was previously treated. 
Nevertheless this effect was not 
seen in a second test.  

PM2.5 concentrations are >35% 
higher when ventilation fans are 
operating at reduced levels. 
Reversing subway platform 
ventilation settings from 
impulsion to extraction impacts 
negatively on air quality. Forced 
mechanical tunnel ventilation is 
important to maintaining good 
air quality on subway platforms, 
even in the presence of PSD. 

All measurements were 
successfully completed on 
November 2016, after an 
adjustment to the timing of the 
action was agreed with the LIFE 
Monitoring Team to shift 
forward deadlines for ending the 
action in June 2017. 

Effectiveness of 
the project 
actions 

Register the initial 
situation and 
evolution of PM. 
Estimate the reduction 
that can be achieved 
with the proposed 
measures. 

The contribution of the selected 
parameters in the PM levels 
and compositions is being 
monitored. 

An external committee to 
evaluate the progress of the 
project has been nominated. 

This task is successfully 
implemented following the 
timetable. 

Assessment of 
the socio-
economic impact 

Employment 
opportunities, 
knowledge transfer to 

General public perception of air 
quality problems in the subway 
is annually monitored through 

The task follows the foreseen 
timetable. 
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of the project stakeholders, public 
awareness, cost-
efficiency regulations 
(to save money and to 
improve air quality). 

questionnaires. 

Project website Create and 
continuously updated 
IMPROVE LIFE website. 

The IMPROVE LIFE website was 
created on December 2014 and 
contains all information, 
reports, results, events of the 
project. It is available in English 
and Spanish. 

This task is running according to 
plan, with all objectives being 
met. All documents, results and 
reports are available to 
stakeholders via IMPROVE LIFE 
website. 

LIFE+ 
Information 
boards 

To design on-site 
panels describing the 
project objectives and 
activities to the 
general public. 

Information boards were 
designed and installed in all 
subway sampling sites, and on 
the premises of the 
beneficiaries  

Information on IMPROVE LIFE 
project was given to general 
public. No serious vandalism 
problems were encountered.  

Organisation of 
Open forum 
event 

To motivate the 
dialogue for the 
reduction in targeted 
sources at an 
international level. 

Celebration of the Open Forum 
on air quality in subway systems 
(07/05/2015) for researchers, 
stakeholders, public/private 
organisations and the public in 
general. 

Stakeholders from the local City 
Council, Auton. Gov. of Catalonia, 
Barcelona Public Health Agency 
and Ferrocarrils de la Generalitat 
attended the event. This task is 
successfully implemented 
following the timetable. 

Informative 
leaflet 

Produce a leaflet to 
present IMPROVE 
LIFE. 

An informative leaflet was 
designed, produced and 
disseminated. 

This task was successfully 
completed. 

Articles in the 
press, media 

To communicate 
IMPROVE LIFE 
through the media 
and the press 

36 media and press articles 
were released (including digital 
and paper press, radio and TV 
interviews) 

High visibility was given to 
IMPROVE LIFE project. This task 
has been successfully 
implemented. 

Technical 
publications 

Submission of 6 
technical papers in 
international journals 
and presentation in 
international 
conferences. 

10 technical papers have been 
published in international 
journals, and 16 presentations 
of IMPROVE LIFE results have 
been given in international 
conferences. 

This task has followed the 
foreseen timetable and has over-
exceeded its initially planned 
targets. 

Organisation of 
events 

Organize events to 
disseminate IMPROVE 
LIFE results. 

Celebration of an Expert’s 
Workshop Special Session on 
“Commuter air quality in rail 
subway systems” (06/05/2015) 
within the SETAC Europe 25

th
 

Annual Meeting. 

The task was successfully 
implemented. 

Organisation of 
International 
Conference 

An international 
conference to present 
IMPROVE LIFE results. 

The international conference 
will be held in Barcelona on 
2017 (date July 3-4

th
). 

This task has started on time and 
continues as planned. 

Networking with 
other projects. 

Establish cooperation 
with institutions, 
authorities and 
European 
stakeholders that 
have been involved on 
air quality mitigation 
measures. 

IMPROVE LIFE has started 
collaborations and/or 
presented results to 
LIFE11ENV/ES/000584 AIRUSE, 
LIFE13ENV/IT/000140 
DIGITALIFE and 
LIFE15GIC/ES/000056 U-MOB 
LIFE. 

This task has started on time. 
More collaborations will be 
started during 2017, and also 
coinciding with the organisation 
of the International conference.  

Networking will widen during 
2017, when visits to other 
European (and all Spanish) 
subways will be carried out. 
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Elaborate project 
summary 
reviews 

Every 3 months, 
where the progress of 
all activities and 
deliverables is 
reported. 

7 summary reviews of the 
project progress have been 
elaborated up to 30/09/2016. 

The task follows the foreseen 
timetable. 

Layman´s report Prepare and 
disseminate the 
Layman´s report. 

Not started yet as agreed with 
Monitoring Team. 

The task follows the foreseen 
timetable, starting on January 
2017. 

After-LIFE+ Plan Prepare/disseminate 
the After-LIFE+ 
communication Plan. 

Not started yet as agreed with 
Monitoring Team. 

The task follows the foreseen 
timetable, starting on January 
2017. 

 

Several important results stemming from the monitoring programme have already been 
identified. For example, the night tunnel activities that produce a noticeable impact on 
platform air quality the following day were rail removal and replacement works. These works 
can increase PM2.5, N0.3-10 and CO levels by up to 90%, although the duration of these intense 
pollution spikes tend to be less than 30 minutes. It was also recognised that ballast laying 
produces an important increase in ambient PM levels, but that pre-treating the ballast with a 
polymer dust suppressant encourages more rapid suspended particle settling so that 
passengers are less impacted (if at all) the following morning. The IMPROVE LIFE monitoring 
campaigns have also demonstrated the major role on air quality played by platform and, 
especially, tunnel ventilation. Another interesting discovery, this time with the potential of 
offering significant cost savings, has arising from the measuring campaign inside trains focused 
on the effectiveness of air conditioning filters. The campaign has demonstrated conclusively 
that, at least in terms of air quality, current protocols for filters demand their replacement too 
frequently than is necessary. 

The dissemination actions of the project have so far generated an encouraging level of public 
interest when publicised through the project website, 36 media and press releases (including 
digital and paper press, radio and TV interviews), 10 publications in scientific journals, 16 
presentations in conferences, the organization of 1 workshop and 1 event and the preparation 
of an international conference will be held in Barcelona on 2017 (date July 3-4th). 
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5.4 Analysis of long-term benefits  

Environmental benefits 

Given the current lack of a legislative framework, despite the importance of indoor air 
pollutants with regard to actual daily exposure of urban inhabitants, the IMPROVE project will 
be well placed to guide more effective National and Local regional development policies 
regarding the atmospheric environment (in accordance also with the requirements of Directive 
2008/50/EC for air quality plans formulation). More specifically, the environmental benefits 
from IMPROVE include quantifying the impact of pollution sources in the subway system, 
recommending specific measures for the improvement of air quality, supplying the decision-
making transport authorities in European member states with a valuable tool for subway 
planning, encouraging the exchange of experience and practical knowledge between scientist 
and transport authorities, and directly promoting a decrease in adverse health outcomes 
(premature mortality and hospital admissions, among others) and thus improve the life quality 
of European urban citizens. 

 

Long-term benefits and sustainability  

The long term benefits predicted to arise from IMPROVE LIFE, and the increased general 
awareness of the importance of air quality that this project encourages, will include: 

• Further incentivise the use of low emission public transport and implementation of 
protocols aimed at providing cleaner commuter air as an effective tool for the abatement of 
atmospheric urban pollution. 

 Health problems alleviated by this air quality improvement will result in fewer hospital 
admissions. The consequent cost benefits will include fewer respiratory and/or 
cardiovascular problems leading to savings in medicine, physician, medical tests, 
hospitalization, and loss of wages due to illness. 

 Energy saving related to implementing the most appropriate ventilation settings for 
each subway line and more efficient protocols for a/c filter replacement. 

 Changes in commuting habits, as promoting cleaner subway air will encourage a larger 
number of passengers to choose the subway systems instead of private transport.  

• Motivate the transport authorities and stakeholders to adopt new and constructive PM 
mitigation measures. 

• New business and employment opportunities in the area of air pollution mitigation will 
be generated by, for example, research and development of new products suitable for the 
application of tunnel and platform dust suppressants and more efficient and “air quality 
friendly” ventilation systems. 
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Replicability, demonstration, transferability, cooperation 

The project aims to provide local and national transport authorities of European countries with 
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 subway air. The mitigation measures reported 
in IMPROVE will be directly applicable could be applied to all worldwide existing subway 
systems, and especially to those that are being built or planned at the moment (nearly 90 mass 
transit rail lines will be constructed over the next 5 years in China). 

 

Best practice lessons 

In the framework of the project, we are identifying the main subway pollutant sources and 
prioritising cost-effective air pollution mitigation strategies. One of the core tasks is to work 
directly with Public Transport authorities, improving their awareness of air quality and 
encouraging their development of best practice policies designed to improve underground 
atmospheric conditions. The outcome will be communicated and promoted by a proactive 
outreach dissemination programme directly involving relevant transport authorities in 
European cities. 

The excellent existing links between scientific researchers in CSIC and the engineers and 
managers of the TMB system, who have a proven reputation for their high commitment to 
making environmental improvements to their transport system and are always enthusiastically 
co-operative, provides a unique opportunity for collaboration which, to our knowledge, has no 
equal worldwide. This collaboration offers significant “added value” to the project outcomes 
and will encourage the adoption of new “air quality friendly” subway protocols, not only in 
Barcelona but in other underground transport systems worldwide. 

 

Innovation and demonstration value 

The IMPROVE project is using a complementary collection of different methodologies aiming to 
elucidate differences in air quality between the old and new lines, under differing ventilation 
conditions in platforms and tunnels, different platform designs, different catenaries, with trains 
using different brake pad compositions, different air filters in trains, and after different tunnel 
maintenance activities. A series of techniques are being applied, these including complete 
chemical analysis of inorganic and organic (polycyclic aromatic hydrocarbons) compounds in 
PM2.5 quartz microfiber filters and morphological and size analysis of individual particles by 
means of Electron Microscopy. The combined database, including both levels and chemical 
composition, will allow application of statistical analysis to identify main emissions sources of 
PM (mechanical abrasion of rail/wheel, brakes and catenaries, resuspension of material caused 
by air turbulence in the stations and tunnels, night-time maintenance works, and ambient road 
traffic particles), whereas the microscopy study of these particles will give us information not 
only on the size but also the shape of the particles, which is also related to the originating 
source. 
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Measurements have been also systematically measured at different points in each platform 
in order to evaluate the representativeness of the PM measurements carried out in the 
sampling sites (these being normally located at one end of the platform for safety and logistic 
reasons). Real time measurements have been also obtained from within trains of the metro 
lines where stations have been measured, under different types of air conditioning filters. All 
these measurements have been carried out at least twice, 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 have been obtained by utilizing on-going monitoring 
in an urban background site in Barcelona. 

An innovative aspect is the use of these complementary techniques to identify best cost-
effective measures aimed at achieving optimal air quality in subway systems. The experience 
gained by the project will be disseminated through Transport Authorities worldwide, while a 
number of activities are planned for networking with other key stakeholders (Action D3). 

 

Long term indicators of the project success 

Future results of a successful IMPROVE LIFE project will be based on long term indicators such 
as the following: 

• Adoption by Transport Authorities of mitigation measures developed in the framework 
of the project (such as better ventilation settings, use of dust suppressants when adding 
ballast, changes in the use of specific subway components regarding brakes and catenaries). 

• Update of air pollutant concentrations, chemical components and their sources in the 
subway environment to encourage the assessment of new measures designed to improve 
subway air quality. 

• Decrease of PM concentration levels on subway platforms and inside trains as a result of 
the adoption of air quality improvement measures recommended by IMPROVE LIFE. 
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5.5 List of Deliverables 

Underlined are shown those deliverables annexed in this report. 

 

Deliverable 1: Project website (Action D1), presented with IR 

Deliverable 2: A historical PM level and chemical composition database (Action A1), presented 
  with IR 

Deliverable 3: Information boards (Action D2), presented with IR 

Deliverable 4: Review on air pollutant sources & suggestion of parameters to test (Action A1), 
  presented with IR 

Deliverable 5: Minutes of the Open-forum (Action D3), presented with IR 

Deliverable 6: Minutes of the expert´s workshop (Action E3), presented with IR 

Deliverable 7: Informative leaflets (Action D3), presented with IR 

Deliverable 8: Report on main air pollutant sources contribution (Action B1) 

Deliverable 9: Report of mitigation measures in subway systems (Action B2) 

Deliverable 10: Technical guide for mitigation measures (Action B2) 

Deliverable 11: Questionnaires for the public and stakeholders (Action C2) 

Deliverable 12: Report on policy effectiveness of the project (Action C1) 

Deliverable 13: Publications in journals and conferences (Action D3), update since IR 

Deliverable 14: After-Life Communication Plan (Action E4) 

Deliverable 15: Articles in general and trade press (Action D3), update since IR 

Deliverable 16: External audit and financial reports (Action E1) 

Deliverable 17: Layman´s report (Action D4) 

Deliverable 18: Proceedings of the International conference (Action D3) 

Deliverable 19: Projects reports (Action E1) 

Deliverable 20: Report on socio-economic impact (Action C2) 

Deliverable 21: Summary reviews on project progress (Action E2), update since IR 
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7. ANNEXES 

7.1 Administrative annexes 

ANNEX I:  Amendment to the Grant Agreement 

ANNEX II:  Partnerships Agreement 

ANNEX III: IMPROVE LFE Quality Assurance Plan 

ANNEX IV: IMPROVE LIFE management meetings 

ANNEX V: Indicators of Progress 

 

7.2 Technical annexes 

ANNEX VI: List of abbreviations 

ANNEX VII: IMPROVE LIFE progress reports of Actions B1 and B2 

ANNEX VIII:  Concentrations of chemical tracers for PM sources in subway systems 
  (database) 

ANNEX IX:  Effects of ballast addition on passenger exposure: Preliminary results 

ANNEX X:  Effect of ventilation modes in air quality at a subway platform (Tarragona 
  station, Line 3) 

ANNEX XI:  Impact of mechanical ventilation on air quality: Collblanc (L9S) 

ANNEX XII:  Initial situation 

ANNEX XIII:  Networking with other projects 

 

7.3 Dissemination annexes  

ANNEX XIV:  Photographs (in CD) 

ANNEX XV:  Dissemination related products (in CD) 

ANNEX XVI:  Presentations (in CD and paper format) 
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