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How much of your life do you spend commuting?

If your commute
(one-way) is...
minutes les minutes minutes
(average worker)
- in a typical year
- you'’ll spend...

v v v v v
5.2 20.8 31.3
days ( days days

commuting ommuting commuting commuting
WAPO.ST/WONKBLOG Source: Wonkblog analysis

Assumes a person commuting to and from work five days a week for 50 weeks in a year

If your one-way commute takes around half an hour,
then in one year you will spend around ten days
respiring in your chosen commuting environment
..that is, around one year of your working lifetime.

AEROSOLS |5 The exposure is not trivial.
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In terms of air quality and personal exposure our commuting choices matter
A simple example: The Euston-St Pancras-Kings Cross “Wellbeing Walk”
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Wellbeing backstreet Euston Road

walking route “traditional” route
N= 6 trips Average SD Median Average SD Median
R — —
N (pt/cm?) 26301 3693 @ 42021 7702 (43842
Mode (nm) 34 4 31 41 7 40
LDSA (um?*/cm?) 47 13 43 90 13 90

e Exposure of pedestrians to UFP is greatly reduced by choosing the Wellbeing Walk.

e Most UFP lie within the size range 25-50nm from vehicle exhaust emissions.

e N concentrations at road crossings are punctuated by extreme transient peaks <20nm.
e City initiatives such as Wellbeing Walk are to be encouraged.

FOR KINGS CROSS
EUSTON &
ST PANCRAS

Public awareness about commuter choice and air
qguality is enhanced by such initiatives
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THE BARCELONA COMMUTING AIR QUALITY EXPERIMENT

A comparison of commuting routes by bus, subway, tram and walking

IDAEA-CSIC CITY CENTRE

FUNDACION

ACS

Moreno et al 2015, Environmental Research 142, 495-510




CHOICES IN COMMUTER EXPOSURE

We measured urban air quality experienced during travel on different forms
of public transport and walking in the city.

The study continuously tracks and compares not only PM mass and particle
number during each journey, but also Black Carbon, Carbon Monoxide,
Carbon Dioxide and chemical composition of the finer material inhaled
(PM,c).

We used continuously measuring portable equipments carried by two
commuters making journeys through the city, with the same start and end
point, and at the same time but using different transport modes (bus,
subway, tram and walking).

The commuter pairs began their journey together but took different routes
through the city. The commute chosen was 8.4 to 9 km long from the
suburban area of the IDAEA-CSIC Institute to the metro stop on Rambla de
Catalunya in the city centre.

FUNDACION
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CHOICES IN COMMUTER EXPOSURE

Llobregat

512 m
192 m

Besos
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T Humidity | Wind velocity Press.
October (°C) (%) (m/s) (hPa)
1.8 0.0

0,

23.9 64 : : 1006
| Max  [PIE 80 3.3 00 1015
| Min  [ECEK] 31 0.5 0.0 998

T Humidity | Wind velocity Press.
November | () (%) (m/s) 1)
17.6 71 2.1 0.6 1000
| Max [N 96 5.2 126 1011
| Min  [BEEN 49 0.5 0.0 985




CHOICES IN COMMUTER EXPOSURE

—— Walking

— Bus

~— Tram + walking
Metro




5. PM, . sampler
chemistry

1. PM
concentrations

3. Black carbon

4. CO, CO,,
Temp, RH.

2. Nanoparticles
number
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VALUES FOR EACH TYPE OF TRANSPORT

] METRO TRAM . BUS |

P Mean St.devn  Median Mean St.dev Median  Mean St.dev  Median
TSl 23x104  04x10* 2.1x10* 3x10* 1x10* 2.8x10* 5.4x10* 1.6x10* 4.6x10%
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—— PARTICLE NUMBER  ----- SIZE MODE [ | public transport % road crossing [=| bus stop
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) || public transport X road crossing  [®] bus stop & street works
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TRAFFIC-RELATED POLLUTANTS
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tram + walking
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FILTER SAMPLES COLLECTED IN PARALLEL
USING FOUR COMMUTING MODES

mode mode

Walking Metro

Walking Bus
Walking 32 Tram+Walking 35
Tram+Walking 27 Metro
Metro 42 Bus 49
Tram+Walking 29 Bus 39

UB: Urban Background Site

\ -
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CHOICES IN COMMUTER EXPOSURE

EURO IV - 22%

DIESEL— 51%

Cu catenary CNG—37%

EURO V—27%

{
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LIFE13 ENV/ES/o00263

Implementing Methodologies and Practices to Reduce
air pollution Of the subway enVironmEnt

01/10/2014 - 31/03/2018

The objective of the project is to provide to the
local and national transport authorities of
European countries the appropriate measures
and strategies to reduce concentrations of
inhalable particulate matter (PM1, PM2.5 and
PM10) and identify main chemical components
in underground rail air.




PM SOURCES IN UNDERGROUND SYSTEMS

Outdoor
Na, K, NO;, SO,, V, C, etc

-

,f"‘.;: w3 . l '
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Fe, Mn, Cr

lectric brushes
Carbon

Brakes

+ resuspension
Ba. Cu, Sb, As Ballast, cement | P

Al, Si, Ca, etc



LIFEs3 ENV/ES/000263
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Lateral brake pad
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Leaching
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U
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SUBWAY PM CHEMISTRY

Subway/Barcelona outdoor
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CHOICES IN COMMUTER EXPOSURE

| AVERAGE

PM2.5 CHEMISTRY [ e oo [0
walking

| AVERAGE (3filters) - 102:3 ZE 1::2 33:?

Mwalkmg Metro "™ gyg Mn | 18.4 1203 o —

walking 0.7 1.5 03  <dl
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1.2 02 001 02 As | 2.0 1.0 0.5 1.9
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0.5 0.4 0.5 0.5

1.2 0.9 0.6 1.1

Nd | 0.3 0.2 <dl 0.2

Sm | 0.7 1.1 0.9 1.0

Pb | 8.8 7.5 6.6 7.1

u 0.9 1.0 1.2 1.4
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CHOICES IN COMMUTER EXPOSURE

Barcelona
Urban Background

WALKING +
STREET WORKS
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SCIENTIFIC SUMMARY

* The average N were lowest in subway trains (< 2.5 x 10%) and highest in diesel
bus or walking in the city centre trafficked streets ( > 5.0 x 10%). Pedestrians at
busy traffic crossings are exposed to transient peaks reaching > 106.

* Subway particles display a size mode larger (90 nm) than in outdoor
commuting environments (<70 nm).

* Regarding PM, . & BC, commuting using the tram appears to be consistently
the cleanest form of city public transport when compared to bus and subway.

* CO concentrations (like BC) are good proxies for traffic contamination, whereas
CO, concentrations are an indicator of the number of indoor passengers on
public transport.

* Urban roadside pedestrians can inhale more siliceous dust, whereas subway
passengers inhale a more obviously anthropogenic PM mix enhanced in Fe,
Mn, Zn, Sr and Ba. Bus air registered unusually high levels of Sb and Cu,
probably contaminated mainly from the bus itself.

 AEROSOLS |75 Moreno et al 2015, Environmental Research 142, 495-510



TAKE HOME MESSAGE

* When we commute through the city the air pollutants we
breathe vary greatly in concentration, number, size and
chemical composition, depending on the route and
transport chosen.

* The kinds of data presented here offer the urban traveller
better informed choices to help understand differences in
air quality to which they are exposed during the daily
commute.

teresa.moreno(@idaea.csic.es
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Brushes (1),

Pantograph (3),

Brakes (4),
Rail (2),
Wheel (5)

LLIFE:; ENV[ 1

(@)
o

-

N
N

Al
Ba |
ca |
cu |
[Fe |
K |
Mg |
[Na |
[P
s |
M|
N |
zn |
As |
[Rb |
[sr |
jzr |
Mo |
sb |
P |

(X)

X
X
X
X
X

(X)

X

(X)

X
(X)

(X)
X

(X)

(X)

(X)

Lat

X

X X X X

Frn

X
X
X
X

(X

(X

)
)

CHEMICAL COMPOSITION OF SUBWAY PIECES

(X)

(X)

-mm






AccV Spot Magn Det WD W AccV  Spot Magn  Det WD
10.0kv 40 25000x SE 102 200kv 40 12000x BSE 9.7

T,
(30

LR & : A A PR .
AccV Spot Magn Det WD AccV Spot Magn Det WD 1 500 nm
20.0 kv 4.0 35000x BSE 9.9 & 200KV 40 100000x BSE 9.9

AEROSOLS |

N
o




LIFE13 ENV/ES/oo0263 =

RAIL/WHEEL

Fe Kal Cr Kal

]
:

T

BRAKE PADS

Fe Kal

Transports
Metropolitans
de Barcelona

0 Kal

CSIC

CONSEJO SUPERIOR DE INVESTIGACIONES CIENTIFICAS



