MEASURES TO IMPROVE
AIR QUALITY IN THE
SUBWAY SYSTEM

CONSEJO SUPERIOR DE INVESTIGACIONES CIENTIFICAS
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Implementing Methodologies and Practices to Reduce
air pollution Of the subwayenVironmEnt
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Theobjective of the project is to provide to the
local and national transport authorities of
European countrieghe appropriate measures
and strategies to reduce concentrations of
iInhalableparticulate matter (PM1, PM2.5 and
PM10) anddentify distinctive chemical
components in underground rail air.




e On platforms

PM10 (ug/m)

PM2.5 (ug/nd)

Reference

Querolet al. 2012

Moreno et al. 201Martinset al. 2015
Salma et al. 2007

Seaton et al2005

Johansson & Johansson 200
Chenget al. 2008

Querolet al. 2012
Martins et al. 2015

Cheng et al. 2008

Barcelona 87-325 21186
Barcelona 133 13154
Budapest 155 51
London 1001500 270¢480)
LosAngeles 78 GD Kamet al. 2011
Paris 200 61 Rautet al.2009
Seoul 359 129 Kim et al. 2008
Stockholm 357 199
Taipei 51 @

® [nside train PM10 PM2.5 Reference
Barcelona 36-100 1132
Barcelona 1975
LosAngeles 31 Kamet al. 2011
Taipei 41




O O O O
H N L H B HOENE

O
VARIABLES

V Station design: singledouble track, accessoints, depth,
ventilation systems platform door systems

V Trainfrequency and piston effect

V Passengemumbers

V Traindesign: braking systems wheels, air conditioning, etc.

V Contaminationby outside city air

V Ferruginousenvironment influenced by brake pad chemistry




We needto determine the sources of PM antheir
contribution to air quality in platforms and inside trains

to reduce their impact.

Testing mitigation strategies :

V Emissiongor specific components (brakes,
rails, catenary),

V Activities in the tunnel , | P

V Effect and practicability of applyingnti- | M @
resuspensiomproduct to theballast before '_) ' J Y /4-? |
placement, *"

V Changes in ventilatioprotocols.
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PM SOURCES IN UNDERGROUND SYSTEI\/Ic

Qutdoor |
Na, K, NQ SQ, V, C, etc,

heels, railsy
Fe, Mn, C ;f

lectric brushes
Carbon
Brakes _
i
Ba Cu, Sb, As Ballast,_ cement resuspension
Al, Si, Ca, etc




|____|BALLASTI|CATENARYBRUSHES [PANTOG.| __BRAKES | RAIL |WHEEL)

wt % lateral frontal
C <0,1 <0,1 95,4 78,7 24 40,4 0,8 0,50
Frontal brake pad ppm

Al 83008 <0,1 0,03 719 529 22603 15 <0,1

Ba 591 10 28 85 14331 40002 0,1

Ca 23491 <0,1 0,1 1207 27857 35516 <0,1

Cu 35 950000 1000 197104 35436 193 160 1000

Fe 29705 9000 3000 1353 329000 17239 979595980000
Lateral brake pad K 29221 <0,1 <0,1 83 2609 <0,1

Mg 9783 <0,1 <0,1 272 25800 43558 <0,1

Na 21952 1064 <0.01 3715

S 163 <0,1 <0,1 3178 30800 17813 110 <0,1

Li 28 <0,01 7,5

Ti 2716 53 28 43 60 1473 30 9,8

\Y 61 17 1 18 2,2 34 15 15
Cucatenary Cr 76 131 22 18 132 69 300 1173

Mn 646 40 1 16 3099 569 11300 7000

Co 5,2 1,4 <0,1 1,3 14,5 8,1 80

Ni 39 54 9,1 20 104 18 210 782

Zn 61 102 115 122 52220 10682 6

As 2,1 2,9 <0,1 2,9 22 4,9 51

Rb 112 0,8 8,0

Sr 160 3,9 1,7 4,7 295 1905 <0,1

Cd 1,7

Sn 2,9 0,9 15 2,9 15,3 3,1 20 95

Sb 12 4,9 30 3059 43 25 24

La 20 1,2 7,7

Ce 43 0,9 16

W 39 1,8 1,6 <0,01 1,8 91

Pb 17 2,4 4,2 8,6 1260 7,8 <0,1

Bi 1,6



BCN Metro
1.25 million passengers per weekday
50% of public transport loading
Average Journey time (inside train) 12 minutes




DOLOGY AND WORK PLAN

Total Carbon Acidic digestion

Leaching ICP-AES:  ICP-MS:

— : Al, Ca, K, Na, Li, Ti,V, Cr, Co,
on Chromat.: Mg, Fe, Ti, P Ni, Cu, Zn, As,
NO;, CI, SO,~ Se, Rb, Sr, Y, Zr,

. Cd, Sn, Cs, Ba,
Colorimetry FIA La, Ce, Pr, Nd,
and ICP-AES: Hf, TI, Pb, Bi, Th,
NH,*, K*, Mg?*,... U
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METHODOLOGY AND WORK PLAN




