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1. KICK OFF MEETING 

The implementation of the project IMPROVE LIFE 

(LIFE13 ENV/ES/000263) was initiated by the 

coordinating beneficiary IDAEA-CSIC in October 2014. 

The project kick-off meeting took place the 28th of 

October 2014, at the premises of the Transport 

Metropolitans de Barcelona (TMB), in Barcelona (C/60 

nº 21, Zona Franca), where representatives of both 

partners attended: CSIC as the coordinating partner and 

TMB as associated beneficiary.  

The agenda of the meeting included the presentation of 

the project, a comprehensive presentation of Life+ Common Provisions and key issues 

concerning reporting and other obligations to the European Committee, as well as the 

discussion and planning of the necessary steps to overtake the upcoming months. 

 

Agenda 

09.00 Welcome                                                                       Eladio de Miguel (TMB) 

09.10 Presentation of the project                                           Teresa Moreno (CISC) 

- Main actions/activities to deliver 
- Questions and discussion 

10.00 Coffee Break 

10:15 Project management                                       

- Election of Management Committee                      Teresa Moreno (CSIC) 
- Project logo approval                                                 Teresa Moreno (CSIC) 
- Project actions calendar                                            Teresa Moreno (CSIC) 
- Information on sampling-measuring campaigns  Sonia Centelles (TMB) 
- Communication issues                                               Teresa Moreno (CSIC) 

11:30 Administrative information                           Cristina de Vasconcelos (CSIC) 
- Partners Agreement  (CSIC and TMB) documents 
- Administrative and financial management 

12:45 Approval of next meeting calendar                                            all assistants 

13:00  Discussion 
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Sixteen participants attended the meeting (see attached signature list): 

 

IDÆA-CSIC 

Teresa Moreno  - Project Manager 

Xavier Querol   - Senior Scientist 

Maria Cruz Minguillón - Scientist 

Crstina Reche   - Scientist 

Cristina de Vasconcelos - European Projects Administrative and Financial Manager 

 

TMB-FMB and TMB-TB 

Eladio de Miguel - Environmental Department Director 

Sonia Centelles - Environmental Department Manager 

Marta Capdevila - Environmental Department Technician 

Michael Pellot  - International Relations Director 

Mireia Clua  - Projects Department 

Carlos Alonso  - Digital Communication Responsible 

Oriol Pàmies  - Media Responsible 

Alejandro Egea - Operations Director 

Lola Bravo  - Business Development, International Relations/ Management 

Sebastian Jurado - President Executive Office 

Lluisa Riba  - Administration and Finances 

 

The 1st part of the meeting consisted of a presentation of IMPROVE Project’s goals and 

foreseen activities, by Dra Teresa Moreno, the Project Manager. To the presentation 

also assisted the main responsible of TMB. 

 

On the 2nd part of the meeting, the project’s implementation and management were 

discussed. The main issues raised were the following:  

(1) The immediate necessity for a calendar of activities to be carried out to comply 

with the Implementation Actions (B1 and B2), involving intensive sampling campaigns 
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within the Metro premises, during 2015 and 2016. TMB produces monthly plans for 

work activities and changes of mechanical pieces. In this context a meeting will be 

scheduled over the coming weeks to finalise the calendar for all activities planned 

under Action B1.  

 

(2) The necessity of organising an internal presentation of the project to the workers of 

TMB in order to enhance their knowledge and understanding of air quality in the 

metro environment, emphasising their active participation in the activities that are 

going to take place during the length of IMPROVE LIFE. A date for this presentation by 

Teresa Moreno (CISC) is scheduled for 12 November in TMB offices. 

 

(3) The Management Committee was elected. The management of the project is 

IDAEA-CSIC responsibility with the participation of TMB as beneficiary and it’s carried 

out at three different levels: strategic, operational and action group level.  The 

management of the project is the responsibility of the Project Management Team, 

which includes: 

 The Project Manager (strategic level) who will be also in charge of the scientific 

and technical management (operational level) 

 Management of Dissemination actions (operational level) 

 Monitoring of the project progress (operational level) 

 Administrative and financial management (operational level) 

The overall management structure is shown in Figure 1. The main tool and method for 

the project management is the Quality Assurance Plan (QAP) that will be prepared by 

the coordinator during November 2014.  



 

 

Inception Report 30
th

 of June 2015                                                                                                       ANNEX V – Others 

8 

 

Figure 1. Organization chart - Project Management 

 

(4) The logo, including the anagram of LIFE+ and the name of the project (as well as the 

reference number), was approved and shall appear in all documents related to the 

project. 

 

 

(5) All the communication/dissemination activities will be jointly developed by both 

partners. CSIC will elaborate and maintain the IMPROVE LIFE web page, which will be 

available by the end of 2014. To this end TMB will contribute images and documents 

from metro activities and help with the updating of the web every month. A 

provisional design for the information boards was discussed; TMB will produce a 

redesign of the board presented and propose it within the next two months 

(information boards must be on display by the end of January 2015). It was also agree 

that news from IMPROVE LIFE will appear in the internal television channel of the 
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metro system (MouTV) that is watched daily by more than one million passengers 

while waiting in platforms and travelling inside trains. The first news bulletins will be 

prepared to coincide with the beginning of the project. In addition it was agreed that 

the calendar for the elaboration of questionnaires for passengers will be organised to 

coincide with the October annual survey regularly done by TMB to more than 4000 

passengers. This will greatly enhance our original plan for passenger surveys. 

(6) The Partners Agreement document is under TMB signature, at the present 

moment, and is expected to be signed by both partners during November.  

 

On a 3rd and final part of the meeting, the financial and administrative management 

of the project, with all the procedures to be followed, was described and discussed in 

detail.  

The second plenary meeting was scheduled for January 2015, although the final date 

will be fixed depending on the availability of activity plans from TMB, related to the 

sampling campaigns in Action B1. 

The meeting’s programme, minutes, list of participants and photos, as well as the 

presentations, will be uploaded on the project´s website. 

Photo of the assistants to the IMPROVE LIFE 13 ENV/ES/263 kick-off Meeting 
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Assistants ‘signature list. 
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2. TECHNICAL REPORTS ON THE ADVANCE OF SAMPLING CAMPAIGNS 

 

INDEX 

2.1. INTRODUCTION 11 

2.2. METHODOLOGY 14 

 SAMPLING CAMPAIGNS AT PLATFORMS 14 2.2.1.

 SAMPLING CAMPAIGN INSIDE TRAIN 18 2.2.2.

 DESCRIPTION OF RENEWAL WORKS AT METRO STATIONS 18 2.2.3.

2.3. PRELIMINARY RESULTS 20 

 MEAN LEVELS AND TIME VARIATION 20 2.3.1.

 INSIDE TRAIN 28 2.3.2.

2.4. FUTURE WORKS 29 

2.5. REFERENCES 30 

 

2.1. Introduction 

 

There are several factors controlling PM concentrations in underground systems, e.g. 

station depth, date of construction, station design, type of ventilation, composition of 

wheels, rail-tracks and brakes and their wear, train speed and frequency, passenger 

density, and the presence or absence of platform screen doors (Moreno et al., 2014 
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and references therein). The length of the effect of these variables, especially those 

which can be modified in already-built stations, is important to be known to further 

produce a strategic plan designed to reduce air contamination in subway systems 

worldwide. 

 

The IMPROVE project is firstly being implemented in the metro system of Barcelona. 

The Barcelona subway absorbs around 50% of the urban commuting load, transporting 

1.25 million commuters on weekdays, with the most frequent average journey time 

being 35 minutes (Querol et al., 2012). Trains run from 5 a.m. until midnight every day, 

with additional services on Friday nights (finishing at 2 a.m. of Saturday) and Saturday 

nights (running all night long), with a frequency between 2 and 15 minutes, depending 

on the day (weekend or weekday), subway line and time of day. Differences between 

lines are notable, making this system especially interesting from an air quality 

viewpoint. A map of the Barcelona metro system is shown in Figure 1, indicating those 

stations already selected for measurements. During IMPROVE measures will be tested 

and practiced to reduce PM concentrations in platforms and inside trains, taking into 

account variations in all the key factors. 

 

Regarding air quality at platforms, sampling campaigns scheduled in the framework of 

this project will aim to check the impact on passenger’s exposure to air pollutants 

attributed to: 1) renewal works in the tunnel, regarding ballast, sleepers and rails; 2) 

addition of new ballast under normal conditions; 3) addition of ballast using a 

commercial available antiresuspension polymer; 4) changes in the ventilation system; 

5) lane replacements; 6) use of different brake pads; and 7) use of pantographs with 

different composition (copper versus graphite). On the other hand, sampling 

campaigns inside trains will check 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. This report shows all measuring campaigns carried out from January to end 

of April 2015. 
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Figure 1. Map of the Barcelona city metro system. The location of outdoor fixed monitoring 

sites used for reference levels is shown. Those stations currently selected for the IMPROVE 

project have been indicated. The metro stations where measurements have been already 

carried out are highlighted. 
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2.2. Methodology 

 Sampling campaigns at platforms 2.2.1.

The first measurement campaign was carried out in the underground station of 

Sagrera (L5). The main goal of this study is the characterization and quantification of 

the increase exposure of passengers to air pollutants attributed to renewal works in 

the tunnel. These works aimed to mitigate track vibrations at Sagrera station and to 

replace ballast, sleepers and rails from the selected station to one of the adjacent ones 

(around 300 m). 

The selected metro station is part of line 5, which began operation in 1957. The 

station has two wide tunnels with one rail track separated by a middle platform. 

Accesses are located at both ends of the station. Air quality measurements were 

conducted from 20th January to 1st April 2015, this period comprises days under normal 

conditions and days when renewal works were taking place. 

The second campaign is currently taking place in the metro station of Palau Reial. In 

this case, the objective of the campaign is to evaluate the effect of the addition of 

ballast in the tunnel on PM levels during normal operation hours. The selected metro 

station is part of line 3, one of the oldest lines in the city. The architecture of the 

station is characterized by one wide tunnel with two rail tracks separated by a middle 

wall. It has two accesses for passengers, located left and right of the center of the 

station. Measurements started on 1st April and will continue until 14th May, this period 

will include days under normal conditions and days affected by improvement works in 

the tunnel. For comparison purposes, outdoor ambient PM concentrations are always 

concurrently measured at urban background and traffic stations used as reference 

sites (see Figure 1). For the two campaigns data is only available for one of the 

reference sites (PR; an urban background station with traffic influence). 

The IMPROVE sampling protocol used at the platform of these stations will be 

repeated at all the selected metro stations. Sampling devices are located at the end of 

the platform corresponding to the train entry point, behind a light fence for safety 

protection (Figure 2). The aerosol inlets are placed at around 1.5 m above the ground 

level. Air monitoring equipment include: i) a light-scattering laser photometer 
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(DustTrak, Model 8533, TSI) for PM1, PM2.5 and PM10 (particulate matter with 

aerodynamic diameter less than 1 µm, 2.5 µm and 10 µm, respectively) mass 

concentrations; ii) an optical particle sizer (OPS 3330, TSI) for the determination of the 

number size distributions in the size range 0.3–10 μm; iii) a high volume sampler (HVS, 

Model CAV-A/MSb, MCV) with a PM2.5 head for gravimetric and chemical analysis; iv) 

an indoor air quality meter (IAQ-Calc, Model 7545, TSI) for CO, CO2, T and RH values; 

and v) NO2 diffusion tubes (Gradko international). 

The high volume sampler is equipped with quartz microfiber filters and 

programmed to sample PM2.5 over 19 h (from 5 a.m. to 12 p.m., subway operating 

hours) at a sampling flow rate of 30 m3 h-1. A field blank is also collected. PM2.5 

concentrations are determined gravimetrically using a microbalance (Model XP105DR, 

Mettler Toledo) with a sensitivity of ±10 µg. The sampled filters are pre-equilibrated 

before weighing for at least 48 h in a conditioned room (20°C and 50% relative 

humidity). A detailed chemical analysis of the filters is performed for the 

determination of major and trace elements, following an exhaustive protocol: 

A) A fraction of each filter of approximately 75cm2 is acid digested (HF:NO3:HClO4, 

5:2.5:2.5 ml). This treated fraction is then chemically analyzed by using Inductively 

Coupled Plasma Atomic Emission Spectrometry (ICP-AES: IRIS Advantage TJASolutions, 

THERMO) for determination of major and certain trace elements, and by using Mass 

Spectrometry (ICP-MS: X Series II, THERMO) for the trace elements. 

B) Another fraction of filter of about 75cm2 is water leached with de-ionized water (30 

g of Milli-Q grade water) to extract the soluble fraction. The solution obtained is 

analyzed by ion chromatography for determination of Cl−, SO4
2−, and NO3

−, and by 

specific electrode for NH4
+. 

C) In randomly selected filters, a third portion is used for the analysis of Total Carbon 

(TC). This analysis is performed at the laboratories of the Centre for Energy, 

Environment and Technological Research (CIEMAT). Organic (OC) and elemental 

carbon (EC) cannot be determined by means of thermo-optical methods (OC-EC Sunset 

instrument) due to the high concentrations of Fe at the samples, which could alter the 

results and cause instrument malfunction. 
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Table 1 shows a summary of the samples collected at Sagrera (a) and Palau Reial (b) 

and the analysis to be carried out. 71 samples were finally collected at the station of 

Sagrera and 36 have been already collected at Palau Reial. All the filters sampled at 

Sagrera have been weight for the gravimetrical determination of PM2.5 concentrations. 

Chemical analyses are currently in progress, but results are still not available. 

Continuous measurements (24h day-1) with a 5-minute time resolution are 

performed using the OPS, the DustTrak monitor, and the IAQ-Cal. According to the 

available results, CO concentrations were always below the detection limit (3 ppm) 

and thus they will not be further mentioned in this report. PM2.5 concentrations 

provided by DustTrak monitor should be always corrected against the in-situ and 

simultaneous gravimetric PM2.5 measurements. NO2 passive samplers are exposed for 

14 days each, as recommended by the manufacturer. A total of 4 samples were 

collected at Sagrera station. Blanks and replicates are used in each sampling for quality 

assurance. The concentrations of NO2 are quantitatively determined by UV/ Visible 

Spectrophotometry with reference to a calibration curve derived from the analysis of 

standard nitrite solutions (UKAS Accredited Methods). This analysis is carried out at 

Gradko International Laboratory. 

 

Figure 2. Station design scheme and disposal of sampling instrumentation at Sagrera and Palau 

Reial stations.  

Sagrera Palau Reial
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Table 1 Summary of PM2.5 samples collected so far, including information on the progress of 

the chemical analysis for each one, a) Sagrera, b) Palau Reial. 

a) 

 

Code Gravimetry ICP-AES ICP-MS Ion chromatography TC

T5157 20/01/2015 9:10 21/01/2015 0:00

T5156 21/01/2015 5:00 22/01/2015 0:00

T5155 22/01/2015 5:00 23/01/2015 0:00

T5154 23/01/2015 5:00 24/01/2015 0:00

T5153 24/01/2015 5:00 25/01/2015 0:00

T5152 25/01/2015 5:00 26/01/2015 0:00

T5151 26/01/2015 5:00 27/01/2015 0:00

T5150 27/01/2015 5:00 28/01/2015 0:00

T5149 28/01/2015 5:00 29/01/2015 0:00

T5148 29/01/2015 5:00 30/01/2015 0:00

T5147 30/01/2015 5:00 31/01/2015 0:00

T5146 31/01/2015 5:00 01/02/2015 0:00

T5145 01/02/2015 5:00 02/02/2015 0:00

T5144 02/02/2015 5:00 03/02/2015 0:00

T5158 03/02/2015 5:00 04/02/2015 0:00

T5159 04/02/2015 5:00 05/02/2015 0:00

T5160 05/02/2015 5:00 06/02/2015 0:00

T5161 06/02/2015 5:00 07/02/2015 0:00

T5162 07/02/2015 5:00 08/02/2015 0:00

T5163 08/02/2015 5:00 09/02/2015 0:00

T5164 09/02/2015 5:00 10/02/2015 0:00

T5165 10/02/2015 5:00 11/02/2015 0:00

T5166 11/02/2015 5:00 12/02/2015 0:00

T5167 12/02/2015 5:00 13/02/2015 0:00

T5168 13/02/2015 5:00 14/02/2015 0:00

T5169 14/02/2015 5:00 15/02/2015 0:00

T5170 15/02/2015 5:00 16/02/2015 0:00

T5171 16/02/2015 5:00 17/02/2015 0:00

T5172 17/02/2015 5:00 18/02/2015 0:00

T5173 18/02/2015 5:00 19/02/2015 0:00

T5174 19/02/2015 5:00 20/02/2015 0:00

T5175 20/02/2015 5:00 21/02/2015 0:00

T5176 21/02/2015 5:00 22/02/2015 0:00

T5177 22/02/2015 5:00 23/02/2015 0:00

T5178 23/02/2015 5:00 24/02/2015 0:00

T5179 24/02/2015 5:00 25/02/2015 0:00

T5180 25/02/2015 5:00 26/02/2015 0:00

T5181 26/02/2015 5:00 27/02/2015 0:00

T5182 27/02/2015 5:00 28/02/2015 0:00

T5183 28/02/2015 5:00 01/03/2015 0:00

T5184 01/03/2015 5:00 02/03/2015 0:00

T5185 02/03/2015 5:00 03/03/2015 0:00

T5186 03/03/2015 5:00 04/03/2015 0:00

T5231 04/03/2015 5:00 05/03/2015 0:00

T5232 05/03/2015 5:00 06/03/2015 0:00

T5233 06/03/2015 5:00 07/03/2015 0:00

T5234 07/03/2015 5:00 08/03/2015 0:00

T5235 08/03/2015 5:00 09/03/2015 0:00

T5236 09/03/2015 5:00 10/03/2015 0:00

T5237 10/03/2015 5:00 11/03/2015 0:00

T5238 11/03/2015 5:00 12/03/2015 0:00

T5239 12/03/2015 5:00 13/03/2015 0:00

T5240 13/03/2015 5:00 14/03/2015 0:00

T5342 14/03/2015 5:00 15/03/2015 0:00

T5343 15/03/2015 5:00 16/03/2015 0:00

T5344 16/03/2015 5:00 17/03/2015 0:00

T5345 17/03/2015 5:00 18/03/2015 0:00

T5346 18/03/2015 5:00 19/03/2015 0:00

T5347 19/03/2015 5:00 20/03/2015 0:00

T5348 20/03/2015 5:00 21/03/2015 0:00

T5349 21/03/2015 5:00 22/03/2015 0:00

T5350 22/03/2015 5:00 23/03/2015 0:00

T5351 23/03/2015 5:00 24/03/2015 0:00

T5408 24/03/2015 5:00 25/03/2015 0:00

T5409 25/03/2015 5:00 26/03/2015 0:00

T5410 26/03/2015 5:00 27/03/2015 0:00

T5411 27/03/2015 5:00 28/03/2015 0:00

T5412 28/03/2015 5:00 29/03/2015 0:00

T5413 29/03/2015 5:00 30/03/2015 0:00

T5414 30/03/2015 5:00 31/03/2015 0:00

T5415 31/03/2015 5:00 01/04/2015 0:00

T5143 Field blank

Sampling dates
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b) 

 

 Sampling campaign inside train 2.2.2.

In order to check the effect of the deterioration of air conditioner filters on air quality 

inside trains, a Dusttrak monitor has been installed inside one of the driver’s cabins in 

one train of line 3. The selected train is part of the old fleet of this line (series 3000). 

Air inside this cab is representative of the passenger’s exposure as it has the same 

ventilation system as the rest of the carriage. Measurements started on 2nd April, when 

all air conditioning filters along the train were replaced, and will finish by the end of 

June. 

 Description of renewal works at metro stations 2.2.3.

To ensure normal operation of the metro line, renewal/improvement works across 

tunnels are carried out from 1:00 to 4:00 h CET and from Sunday to Thursday. Details 

of the schedule of the works carried out at Sagrera station during the air quality 

measurements are shown in Table 2. During these works, diesel vehicles were used, 

what could also have an impact on the platform air quality. Details about works 

performed at Palau Reial are still not available and the effect will not be evaluated 

along this report. 

Code Gravimetry ICP-AES ICP-MS Ion chromatography TC

T5427 01/04/2015 11:00 02/04/2015 0:00

Y5428 02/04/2015 0:00 03/04/2015 0:00

T5417 03/04/2015 0:00 04/04/2015 0:00

T5418 04/04/2015 0:00 05/04/2015 0:00

T5419 05/04/2015 0:00 06/04/2015 0:00

T5420 06/04/2015 0:00 07/04/2015 0:00

T5421 07/04/2015 0:00 08/04/2015 0:00

T5422 08/04/2015 0:00 09/04/2015 0:00

T5423 09/04/2015 0:00 09/04/2015 22:00

T5424 10/04/2015 3:00 10/04/2015 22:00

T5426 11/04/2015 3:00 11/04/2015 22:00

T5425 12/04/2015 3:00 12/04/2015 22:00

T5506 13/04/2015 3:00 13/04/2015 22:00

T5509 14/04/2015 3:00 14/04/2015 22:00

T5508 15/04/2015 3:00 15/04/2015 22:00

T5509 16/04/2015 3:00 16/04/2015 22:00

T5510 17/04/2015 3:00 17/04/2015 22:00

T5511 18/04/2015 3:00 18/04/2015 22:00

T5512 19/04/2015 3:00 19/04/2015 22:00

T5513 20/04/2015 3:00 20/04/2015 22:00

T5514 21/04/2015 3:00 21/04/2015 22:00

T5515 22/04/2015 3:00 22/04/2015 22:00

T5517 23/04/2015 3:00 23/04/2015 22:00

T5518 24/04/2015 3:00 24/04/2015 22:00

T5565 25/04/2015 3:00 25/04/2015 22:00

T5566 26/04/2015 3:00 26/04/2015 22:00

T5567 27/04/2015 3:00 27/04/2015 22:00

T5568 28/04/2015 3:00 28/04/2015 22:00

T5569 29/04/2015 3:00 29/04/2015 22:00

T5570 30/04/2015 3:00 30/04/2015 22:00

T5571 01/05/2015 3:00 01/05/2015 22:00

T5572 02/05/2015 3:00 02/05/2015 22:00

T5573 03/05/2015 3:00 03/05/2015 22:00

T5574 04/05/2015 3:00 04/05/2015 22:00

T5575 05/05/2015 3:00 05/05/2015 22:00

T5516 Field blank

Sampling dates
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Table 2. Schedule of renewal works carried out at the tunnels of Sagrera station. 

 

 

20 21 22 23 24 25 26 27 28 29 30 31 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Railway recess. Sleepers and tracks replacement

Welding works

Railway recess. Sleepers and tracks replacement

New rail installation

Welding works

Between Sagrera 

and the adjoining 

station

Sagrera

January 2015 March 2015February 2015

 

 



 

 

Inception Report 30
th

 of June 2015                                                                                                       ANNEX V – Others 

20 

2.3. Preliminary results 

 Mean levels and time variation 2.3.1.

Sagrera 

 

Figure 3 shows the linear relationship between PM2.5 concentrations automatically and 

gravimetrically determined. The obtained linear equations were used for correcting 

the DustTrak set of data. As shown, two different equations obtained for different 

periods for better resolution were used to account for a re-basing of the instrument 

during the campaign. 

 

Figure 3. Relationship between online and offline PM2.5 concentrations. 

 

Figure 4 shows the time series of PM2.5, total particle number concentration (N0.3-10) 

and CO2 levels during the whole campaign. Days when works were carried out have 

been highlighted in red. High increases of PM2.5 levels of short duration (at around 

1:00-3:00 h UTC) can be observed for some specific days (mainly 3rd, 5th and 30th of 

March). 

 

Table 3 shows the mean levels of PM2.5, N0.3-10, CO2, temperature and relative 

humidity during the whole sampling campaign at Sagrera station, and distinguishing 

periods with or without renewal works in progress, according to the schedule reported 

in Table 2. Average concentrations during the first week (20th-26th January) are also 

indicated and considered as levels under normal conditions in the station. Works are 
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expected to generate particles, increasing levels above those recorded during the 

reference week. This pattern was observed for particle mass concentrations but not 

for particle number concentrations. PM2.5 levels during the first week were by 17% 

lower than during the occurrence of works in the tunnel. This difference is higher 

(38%) when considering only the time period from 0:00 to 3:00 h UTC, when works 

were performed (Figure 5). 

Thus, it can be summarized that an increment of PM2.5 levels, which can be 

associated with renewal works, has been detected. However, the study of the chemical 

composition (data not still available) is required to obtain robust conclusions. 

 

 

Figure 4. Time series of PM2.5, N and CO2 levels at Sagrera station during the whole sampling 

campaign. Days when renewal works were conducted are highlighted. 
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Table 3. Summary of main statistics describing levels of PM2.5, N0.3-2.5, N0.3-10, CO2, temperature and relative humidity during the whole sampling campaign at 

Sagrera station, and distinguishing days with or without renewal works in progress.  

 

Mean Max Min St. Dev. Mean Max Min St. Dev. Mean Max Min St. Dev. Mean Max Min St. Dev.

PM2.5 (µgm-3) 39.9 261.4 1.1 20.1 34.0 71.5 8.2 12.8 38.9 115.5 1.1 17.0 40.8 261.4 3.1 23.1

dN0.3-10/dlogdP (#cm-3) 1185 12300 55 715 1121 2202 202 468 1225 4043 55 606 1146 12300 99 821

CO2 (ppm) 493.2 764.0 382.0 55.1 488.7 589.1 406.5 45.8 488.4 653.3 382.3 47.6 500.4 683.8 391.5 55.2

T (ºC) 18.6 22.4 12.3 1.8 17.1 18.6 15.0 0.9 18.2 22.0 12.5 1.8 19.5 22.3 15.3 1.5

HR (%) 37.8 58.0 11.8 7.6 34.2 44.0 23.4 5.6 37.1 58.4 15.2 7.7 40.9 55.5 13.8 8.0

First weekWhole campaign No works Works

 

 

 

Figure 5. Mean PM2.5 concentrations from 1 to 4 am UTC distinguishing periods with and without renewal works in progress. 

First week Days without
works in progress

Days with works
in progress
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Average intra-day variations of PM2.5, N0.3-10, and CO2 concentrations are plotted 

separately for each day of the week, and distinguishing days with and without works at 

tunnels. In all the cases, concentrations were lower during weekends, probably due to 

the lower frequency of trains and passengers, as observed in previous works in 

Barcelona (Martins et al., 2015). The time variation during subway operation hours is 

very similar for the distinguished periods. For both periods, the beginning and end of 

subway operation hours and the higher passenger densities during mornings are the 

main determinants of the time evolution of the considered parameters. 

The causes responsible for the high levels observed during Tuesday and Friday 

nights when renewal works were not taking place are still not elucidated and require 

further investigation. 
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b) 

 

 

c) 

 

Figure 6. Average intra-day variations of PM2.5, N0.3-10, and CO2 concentrations are plotted 

separately for each day of the week, and distinguishing days with and without works at 

tunnels. 
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In any case, it can be observed that average PM2.5, CO2 and N concentrations during 

operating hours were significantly higher than those corresponding to the non-

operating hours (18% for PM2.5; 13% for CO2 and 14% for N) for the whole study 

period, which indicates the influence of sources related to the subway operation 

activities (Figure 7). The CO2 concentration profile was most probably proportional to 

the number of passengers at the station (related with human breath), significantly 

increasing during the morning rush hours and being considerably lower during 

weekends. 

 

 

Figure 7. Boxplots for PM2.5, CO2 and N concentrations, comparing operating and non-

operating hours in the metro system. 

 

Attending to the size distribution of N for the whole campaign, Figure 8 shows that 

differences between operation and non-operation hours and between weekday and 

weekend levels depend on the particle size, increasing with the particle size range. 

Thus, it can be concluded that particles lower than 1 µm are those less affected by 

subway operation activities. Particles higher than 1 µm are around 45% higher during 

operation than during non-operation hours, while particles lower than 1 µm remain 

the same regardless the period of the day. 

 

1 2

0
5

0
0

1
0

0
0

1
5

0
0

2
0

0
0

2
5

0
0

1 2

0
2

0
4

0
6

0
8

0

PM2.5 (µg m-3)

Subway
operating

hours

Subway non-
operating

hours

1 2

4
0

0
4

5
0

5
0

0
5

5
0

6
0

0

Subway
operating

hours

Subway non-
operating

hours

CO2 (ppm)

Subway
operating

hours

Subway non-
operating

hours

dN/dlogdP (# cm-3)



 

 

Inception Report 30
th

 of June 2015                                                                                                       ANNEX V – Others 

26 

 

Figure 8. Difference between N concentrations between weekdays and weekends (left) and 

between operation and non-operation hours related with the particle size. 

 

Results of 14-day NO2 levels at Sagrera platform are shown in Table 4. The mean 

value was 60.5 µgm-3, higher than at the urban background reference site (37.0 µgm-3). 

It suggests a remarkable impact of traffic emissions on platform air quality, although 

further research is in progress to confirm the comparability between measurement 

methods at the urban background site (chemiluminescence-based on-line monitor) 

and at the platform (passive tubes) as the values obtained are much higher than 

expected. The relative standard deviation for replicates was low (2.0% on average), 

confirming a good reproducibility of the method. 

 

Table 4. NO2 levels recorded at Sagrera metro station. 

 

Replicate 

1_NO2 (µgm-3) 

Replicate 

2_NO2 (µgm-3) 

Replicate 

3_NO2 (µgm-3) 

Standard 

deviation 

Relative standard 

deviation 

53.1 53.4   0.2 0.4% 

68.3 68.8 
 

0.3 0.5% 

68.5 69.8 65.1 2.4 3.6% 

57.4 55.5 53.5 2.0 3.6% 
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More comprehensive conclusions will be achieved when comparing in detail not 

only mass but composition of PM2.5 with the specific night activities carried out during 

the measurements, identifying main pollutant sources and possibilities of mitigation. 

 

Palau Reial 

 

Measurements at the platform of Palau Reial are being conducted since 1st April, it was 

firstly planned to finish on 30th April, but it will finally continue until 14th May, due to 

two main factors: 1) faulty operation of sampling devices 2) tunnel works starting later 

than planned. The renewal of ballast began on 23rd April, but details of the process are 

still not available to deeply assess the effect of these activities. 

The time series for the available data on N0.3-10 and CO2 are shown in Figure 9 (PM2.5 

measurements have not been yet corrected against reference data and are not 

shown). The beginning of the renewal works is indicated for comparison. An increase 

of N levels after the beginning of works seems to be noted, and will be studied in 

detail. 

 

Figure 9. Time series of the available data on N0.3-10 and CO2 in Palau Reial. The day when the 

renewal of tunnels ballast began is highlighted in red. 
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 Inside train 2.3.2.

 

The time series of PM2.5 levels measured inside the train of line 3 is shown in Figure 10 

(data not still corrected against reference measures). Measurements have been 

already conducted for one month and an increasing trend of levels, associated to the 

deterioration of air-conditioning filters, has not been yet detected. The sampling 

campaign is planned to finish by the first week of July. 

The high increases observed at the beginning of the measurement campaign are 

associated with intensive train cleaning activities. It should be mention that during the 

three first days, the train remained in a service station for maintenance operations. 

The lowest levels observed in the time series were recorded during weekends 

(highlighted in red in Figure 10), probably due to the lower train frequency.  

 

 

 

Figure 10. Time series of PM2.5 measurements collected inside one train of line 3. Weekends 

are highlighted in red for comparison. 

 

A clear daily cycle of PM2.5 levels inside the train has been recorded (Figure 11), with 

marked differences between metro operation and non-operation hours, and maximum 

concentrations registered during morning rush hours although values keep quite 

constant along the day. Values need to be corrected to compare with platform 

concentrations, this will be done at the end of the measurements. 
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Figure 11. Daily cycle of PM2.5 levels (not corrected) inside one train of line 3. 

2.4. FUTURE WORKS 

 

Measurements at the platform of Palau Reial will continue until 14th May in order to 

cover the whole period of renewal works in the tunnel. As previously mention, these 

works aim to renew ballast under normal conditions. On 14th May, measurement 

instruments will be moved to Maria Cristina station (L3, see Figure 1). Renewal works 

in Maria Cristina will consist of adding new ballast using a dust suppressant to avoid 

particles resuspension (antiresupension polymer). The sampling campaign at this 

station will continue until 9th June and will allow checking the efficiency of this polymer 

compared to the measurements done in Palau Reial under normal conditions. 

 

Air quality monitoring inside the train will continue until the first week of July. The 

sampling campaign will be longer than initially planned. This changed in the schedule 

was decided after observing the lack of a clear temporal trend after the first month of 

measurements (see Figure 10).  
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3. ABSTRACTS INCOMING INTERNATIONAL CONFERENCES (LONDON, MILAN) 

3.1. 1st International Conference on Transport & Health (ICTH) 

Dear Teresa, 

Your abstract entitled, Key factors influencing air quality in rail subway systems, has 
been ACCEPTED for inclusion in the 1st International Conference on Transport & Health 
(ICTH), to be held in London, England, 6-8 July 2015. Your presentation style will be 

Standard Oral Presentation 

We will be contacting you in the near future as to the date, time, and location of your 
presentation along with the contact information of your presentation team members.  
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Key factors influencing air quality in rail subway systems 
Teresa Morenoa, Vânia Martinsa,b, Maria Cruz Minguillóna, Fulvio Amatoa, Marta 
Capdevilac, Eladio de Miguelc, Sonia Centellesc, Xavier Querola, 
 
a Inst. of Environmental Assessment and Water Research (IDÆA-CSIC), C/Jordi Girona 18-24, 08034 Barcelona, Spain 
b Dept. of Analytical Chemistry, Faculty of Chemistry, Univ. of Barcelona, Av. Diagonal 647, 08028 Barcelona, Spain 
c Transports Metrop. de Barcelona (TMB), Santa Eulalia, Av. del Metro s/n L’Hospitalet de Llobregat, 08902, Spain 

Background: Air quality plans incentivise the use of public transport to abate 
atmospheric emissions from private road vehicles in cities. In this context rail subway 
systems are especially desirable as they are based on electric trains, are 
energetically/environmentally efficient, and help relieve surface traffic congestion. 
However, a number of studies have revealed poor air quality underground, especially 
concerning levels of Particulate Matter. Interestingly, some subway systems appear to 
be worse than others in terms of particle loading, and it is clearly necessary to identify 
the key factors involved.  

Methods: Ambient subway aerosol particles present in trains and on platforms in the 
Barcelona metro system have been (and are being) intensively monitored, sampled 
and physico-chemically characterised, and different types of stations compared. Air 
monitoring equipment includes high volume samplers for chemical analysis of particles 
below 2.5 microns, a light-scattering laser photometer for particle concentrations in 3 
sizes, and an indoor air quality meter for carbon oxides.  

Results: Outdoor concentrations of traffic particles and gases in Barcelona city do not 
significantly influence subway air quality, with most particles being ferruginous and 
sourced underground. Air quality is better inside trains than on platforms, although 
passenger density clearly affects carbon dioxide levels in both. Stations with cleanest 
particle concentrations are those fitted with new platform screen door systems, 
whereas the poorest air quality is associated with older-style narrow single track-
tunnel-platform designs. Particle concentration varies along the platform, being 
influenced by the number and position of passenger exit tunnels, the train frequency 
and travel direction. Particle composition and morphologies are similar in all stations, 
indicating a common mechanism of formation, and they are physically and chemically 
distinctive from particles breathed in outdoor urban air. The iron-rich particles are 
mostly nanometric in size and derive from mechanical processes of sliding and wear at 
the brake-wheel and wheel-rail interface, with minor contributions from high 
temperature processes such as sparking.  

Conclusions: Air quality in the subway environment is an issue of concern due to the 
high particle concentrations that can be registered, especially on platforms. The 
variables influencing these concentrations include type and intensity of ventilation, 
station design, number and location of accesses to platforms and number of trains and 
passengers. The detailed study of these parameters in a large number of stations 
within the ongoing research projects METRO and IMPROVE LIFE is enabling us to 
develop protocols aimed at producing discernible improvements to rail subway air 
quality.  
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3.2. European Aerosol Conference  

 

Dear Teresa Moreno, 

 

On behalf of the EAC2015 Scientific Program Committee, we are very pleased to inform 

you that your abstract has been accepted for Oral presentation. 

Abstract Acceptance Information 

· Abstract EAC2015_ID: 34IND_O015 

· Presenting Author Name: Teresa Moreno 

· Abstract Title: What are we breathing in rail subway systems, and why? 

· Topic: Indoor and Working Place Aerosols 

· Final Presentation Type: Oral 

· Location: Aula U6-01F 

· Date & Time: 2015-09-09, 10:30 / 10:50 
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What are we breathing in rail subway systems, and why? 

Teresa Moreno1, Vânia Martins1,2, Maria Cruz Minguillón1, Cristina Reche1, Fulvio Amato1, 
Marta Capdevila3, Eladio de Miguel3, Sonia Centelles3 and Xavier Querol1 

1
 Inst. Environmental Assessment and Water Research (IDÆA-CSIC), C/Jordi Girona 18-24, 08034 Barcelona, Spain 

2
 Dept. of Analytical Chemistry, Faculty of Chemistry, Univ. of Barcelona, Av. Diagonal 647, 08028 Barcelona, Spain 

3
 Transports Metrop. de Barcelona (TMB), Santa Eulalia, Av. del Metro s/n L’Hospitalet de Llobregat, 08902, Spain 

Presenting author email: teresa.moreno@idaea.csic.es 

Urban air quality plans incentivise the use of public 

transport to abate atmospheric emissions from road 

vehicles. In this context rail subway systems with 

electric trains are especially desirable as they are 

energetically/environmentally efficient and help 

relieve surface traffic congestion. However, a 

number of studies have revealed variable air quality 

underground, especially with regard to levels of 

inhalable Particulate Matter. Interestingly, some 

subway systems appear to be worse than others in 

terms of particle loading, and it is clearly necessary 

to identify the key factors involved. 

 Ambient subway aerosol particles present on 

platforms and in trains within the Barcelona metro 

system have been intensively monitored, sampled 

and physico-chemically characterised, and different 

types of stations compared. Air monitoring 

equipment includes high volume samplers for 

chemical analysis of particles below 2.5 microns, a 

light-scattering laser photometer for particle 

concentrations in 3 sizes, and an indoor air quality 

meter for carbon oxides. 

 Outdoor concentrations of traffic particles 

and gases in Barcelona city in general do not 

significantly influence subway air quality, with most 

particles being ferruginous and sourced 

underground. Such particles, which we refer to as 

FePM, are mostly generated by the abrasion of rail 

tracks, wheels, catenary, brake pads and 

pantographs produced by the motion of the trains 

(Fig. 1). In the Barcelona metro at least, where use of 

air conditioning is the norm, air quality is better 

inside trains than on platforms, although passenger 

density clearly affects carbon dioxide levels in both. 

The stations with the lowest particle concentrations 

are those fitted with new platform screen door 

systems, whereas the poorest air quality is 

associated with older-style narrow single track-

tunnel-platform designs. Particle concentration 

typically varies along the platform, being influenced 

by the number and position of passenger exit 

tunnels, the train travel direction and frequency. 

Particle morphologies and composition are similar in 

all stations, indicating a common mechanism of 

formation, and they are physically and chemically 

distinctive from particles breathed in outdoor urban 

air. The iron-rich particles are mostly nanometric to 

a few microns in size and derive from mechanical 

processes of sliding and wear at the brake-wheel and 

wheel-rail interface, with only minor contributions 

from high temperature processes such as sparking. 

 
Figure 1. Main sources of PM in the subway system. 

 

 Air quality in the rail subway environment is 

an issue of concern due to the high particle 

concentrations that can be registered, especially on 

platforms. The variables influencing these 

concentrations include type and intensity of 

ventilation, station design, number and location of 

accesses to platforms and number of trains and 

passengers. The detailed study of these parameters 

in a large number of stations within the ongoing 

research projects METRO and IMPROVE LIFE is 

leading us to develop protocols aimed at producing 

discernible improvements to rail subway air quality. 
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