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A review of the European urban air quality levels evidence that particulate matter and
NO, are the two critical parameters. Member states identified emissions from road
traffic and domestic and residential (including biomass burning) sources as the major
causes of exceedances of air quality standards on these parameters. The presentation
shows how different air quality metrics evidence the impact of such sources, especially
road traffic, on air quality. Special attention is paid in source contributions of black
carbon and ultrafine particles and on the variability of levels of these parameters in
remote, rural and urban environments. Other contribution sources of ultrafine and
nano-particles to exposure are also shown.

The analysis performed evidenced the following conclusions:

1.

PM10 (mixture of source contributions) and EBC (equivalent black carbon as
obtained from aethalometre or MAAP measurements calibrated with EC
thermo-optical simultaneous measurements, a source tracer for traffic and
biomass burning) offer a good combination for AQ monitoring, specially
because exceedances are registered in traffic and biomass burning hotspots.
Given that emission levels of EBC from road traffic have decreased as a
consequence of the effectiveness of diesel filter traps, EBC also decreased in
urban ambient air. Also organic compounds have shown to have relevant health
impacts. Thus in future EBC may be substituted by total carbon measurements.
However currently, online total C measurements are not so advanced as BC
measurements.

Quantitative receptor modeling applied to data sets of PM speciation may offer
the possibility of setting limit values for PM contributions from road traffic
(relatively homogeneous emission chemical profiles across Europe). However,
EBC measurements vyield similar information, with real time data, low
operational cost and easily to standardize method.

Source apportionment analysis on size-number concentration and speciation
measurements yield quantitative information on N contributions from sources
and atmospheric processes (Figurel).

Not all current PMx and NO, limit values protect exposure for high UFP
episodes.



6. The ratio NO,JOC+EC has changed (Figure 2) a lot in the last decade, and
probably NO,/UFP. This has to be taken into account when using NO, as a
proxy of AQ impact of traffic PM and N. In any case UFP measures are
necessary currently. May we still use EBC measurements as a proxy for UFP?

7. In future combination of Mini-AMS + BC + XRF will allow continuous monitoring
of most components, but for the finest aerosols, UFP measurements will still be
necessary, specially if toxicity is high
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Fig.1l. Results from source apportionment andlisis carried out with receptor modelling showing
the 2004 annual average source contributions of UFP (10-800 nm) to the ambient air levels at a
urban background site in Barcelona
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Fig.2. Mean annual NO2/OC+EC ratios measured in Barcelona from 2004 to 2010. NO2
measured at Ciutadella urban background and OC+EC measured at CSIC urban background
site.
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Road traffic, air quality and aerosol measurements
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Road traffic, air quality and aerosol measurements

1. PMx: BARCELONA 1999-2011 PM10, PM2.5, PM17?7??
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Road traffic, air quality and aerosol measurements

2. Carbonaceous aerosols: Non mineral C 1999-2011 in Spain
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Road traffic, air quality and aerosol measurements

3. BC: Levels of EC and OC in Spain (Thermo-optical analysis)

BC may be proportional to contribution from traffic (+ biomass b.) and can be calibrated with EC
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Road traffic, air quality and aerosol measurements

3. EBC: Origin, local vs external
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Road traffic, air quality and aerosol measurements
3. EBC: Origin (daily patterns)
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Road traffic, air quality and aerosol measurements

4. EBC & N: Origin of N (UFP) and EBC
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Road traffic, air quality and aerosol measurements
5. UFP: Major urban scenarios of Barcelona: Urban aerosols
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Road traffic, air quality and aerosol measurements

5. UFP Barcelona 2010
RURAL i
100 — ﬂ r '
EREREREANNENNENEREEREEANERANEEENENEENENEENNENENENNENNNENE

C
-
o
0
_
-ﬁ‘:’

T |
H ') ml |

‘ %mﬁﬁ!ﬁ, f “J i

wmarrc 27 R R

OOOOOOOOOOOOOOOOOOOOOOOOOOOO

e = = ==

OOOOOOOOOOOOOOOOOOOOOOOOOOOO

SUBURBAN ™ |
e 4: . |~ '3 ﬂ. '!
illlll

URBAN B. g 10 ‘

OOOOOOOOOOOOOOOOOOOOOOOOOOOO

Dall’Osto et al., 2012a Atmospheric Chemistry and Physics Discussions



Road traffic, air quality and aerosol measurements

5. UFP ORIGIN OF ULTRAFINE PARTICLES: BARCELONA 2010
16000 - ‘ ‘ ‘ ‘

14000 - - RS
12000 - - RB

10000 - TC
©
]
é 8000 - U B
p
©
6000 -
|
4000 - /
=
fm
2000 -
0 ‘ ——u— |
10 100 1000

Da

Dall’Osto et al., 2012a Atmospheric Chemistry and Physics Discussions



Road traffic, air quality and aerosol measurements

Dall’Osto et al., 2012b Atmospheric Chemistry and Physics Discussions

Barcelona 2004, ciuster analysis using k-means >6000 hourly size distributions N, 0-800

1.0x10° Not only N is relevant but also
. toxicity of the type of UFP from the 7
081 clusters!!!
;é; 0.6 - AQ limit and target values in Europe
2‘ .
~ 04
Traff
- . 1.0x10 © rame
0.2 " e .
" 0.8
0.0 I T \ T |
0 10 20 30 40 50 S 0.6 -
NOZ '-‘? |
© 04 Advecign
. . < m|E
In our study characterisation 0.2 . . -
of photochemical nucleation 00 'Photp
limited by N>13nm DL|!!! " 10 15 20 25 30 35

PM2.5

40



NO2/(OC+EC)

Road traffic, air quality and aerosol measurements

Barcelona
NO2 (Ciutadella)
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Road traffic, air quality and aerosol measurements

6. PM speciation and receptor modelling

Large data set on PM speciation needed (t & $)
(at least 100 days/year for annual representativity, all days for daily control)

Ex. Off-line inorganics, IDAEA-CSIC

Crustal-mineral

Al,O4 ICP-AES

Ca ICP-AES
K ICP-AES
Mg ICP-AES
Fe ICP-AES
Ti ICP-AES
P ICP-AES

CO,% ind. Ca
Sio, ind. 3*Al,0,

Marine aerosol

Nat ICP-AES
Cl- lon Cromat.
SO, ind. Na

Accounted
75-85 % mass PM




Road traffic, air quality and aerosol measurements
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Road traffic, air quality and aerosol measurements

7. Receptor modelling for UFP Barcelona, 2004
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Future trends

Mini-AMS: OM, sulphate, nitrate, chloride, ammonium
BC: |nS|tu callibreted with EC EUSAAR-2

High time resolution source apportionment

But N, not analyzed currently by AMS

Then, UFP measurements will still be

necessary, specially if demonstrated that N, is highly toxic or
has cerebrovascular and cardiovascular effects
EPIDEMIOLOGY STUDIES NEEDED!!



Conclusions

PM10 (mixture of source contributions) and EBC (as a source tracer for traffic and biomass
burning) offer a good combination for AQ monitoring, specially because exceedances are
registered in traffic and biomass burning hotspots

Quantitative receptor modeling applied to data sets of PM speciation may offer the possibility of
setting limit values for PM contributions from road traffic (relatively homogeneous emission
chemical profiles across Europe). However, EBC measurements yield similar information, with
real time data, low operational cost and easily to standardize method.

Source apportionment analysis on size-number concentration and speciation measurements
yield quantitative information on N contributions from sources and atmospheric processes.

Not all current PMx and NO, limit values protect exposure for high UFP episodes

The ratio NO2/OC+EC has changed a lot in the last decade, and probably NO2/UFP. This has to
be taken into account when using NO2 a s a proxy of AQ |mpact of traffic PM and N

In future combination of Mini-AMS + BC + XRF will allow continuous monitoring of most
components, but for the finest aerosols, UFP measurements will still be necessary, specially if
toxicity is high
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Critical (URBAN) Air Quality problems in EU

Directive 2008/50/CE

293 °K, 101,3 kPa
except PM and metals, Evriron. Cond.

Hourly 350 ug/m?®* SO, 24 times per year

Daily 125 pg/m3 SO, 3 times per year

Annual prot. ecos. 20 ug/m3 SO, not exceeding annual and mean 1 Oct-31 Mar
Hourly 200 pg/m? NO, 18 times per year from 2010

Annual 40 uyg/m3 NO, not exceeding from 2010

Annual prot. vegetation

30 ug/m3 NO,

(reported as NO,) not exceeding, from 2010

Annual
Mean 8-h max. in a day
Annual

30 (5) yg/m3 Benzene
10 mg/m3 CO
500 ng/m3_Pb

not exceeding from 2010
not exceeding

not exceeding

Annual 40 ug/m?3 PM,, not exceeding

Daily 50 pg/m3 PM,, n<35 per year

Annual (25y 20 (18) pg/m3 PM, ;) not exceeding

2010-2020 (reducing 20% PM, ; triennial for mean of urban background)
2004/107/CE

Annual 6 ng/m3® As not exceeding

Annual 20 ng/m3 Ni not exceeding

Annual 5 ng/m® Cd not exceeding

Annual 1 ng/m3® Benzo[a]pirene not exceeding

CRITICAL PARAMETRES




Road traffic, air quality and aerosol measurements

7. Receptor modelling for UFP Barcelona, 2004

Source contribution to the mean annual Njj.g00
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Pey J., et al. 2009. Atmospheric Environment



Road traffic, air quality and aerosol measurements

7. Receptor modelling for UFP Barcelona, 2004
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Road traffic, air quality and aerosol measurements

TEM-EDX analysis
Sample from Diagonal Avenue, Barcelona
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Road traffic, air quality and aerosol measurements
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TEM-EDX analysis, Sample from Diagonal




Road traffic, air quality and aerosol measurements
2. Carbonaceous aerosols: Organic and elemental carbon

OH, u\yv Di-, tri-carboxilic acids (3, 2 acid grups (OH-C=0))

malic acid, pinic acid, phthalic acid, 3-hydroglutaric acid, etc

hopanes, alkanes, alkenes, aromatic
hydrocarbons, and SOA from VOCs
BT

sugars, alkanes, POA and SOA from VQOCs: ° @

: <> alkenes, PaH and o . |sop;enes monoterpenes
.0:.'..‘ ° :@.‘ SOA from VOCs Fotoquimica+O,+COVs
o0 00?200 ° o °




Road traffic, air quality and aerosol measurements
4. EBC & N: N vs EBC???

TEM-EDX analysis,
Aerosol sample Diagonal Av., Barcelona

Fia




Road traffic, air quality and aerosol measurements

2. Carbonaceous aerosols: Organic and elemental carbon

Thermo-optical transmittance analysis (TOT)

optical correction
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Road traffic, air quality and aerosol measurements

3. BC: On line BC optical measurements: Optical absorption of particles
3.1. TRANSMITTANCE METHOD (collected on filters)

» Aethalometer (up to 7 wavelenghts)
 Particulate Soot Absorption Photometer (PSAP) (3 wavelenghts)

- Measure the attenuation of a beam of light transmitted through the sample when collected

on a fibrous filter.

- Affected by the wavelength of the light.
- The change in transmission from one measurement to the next is related to the optical
absorption coefficient (Abs, m-1) of the aerosol:

A-dependent Abs- (m") =

AREA ln[ /, J )

3.2. MAAP METHOD | I"OU JME /
f(Tr) filter + aerosol load correction factor

« Multi Angle Absorption Photometer (MAAP) e g onaty ot el
The Abs at 637nm is determined by radiative transfer considerations (multiple scattering

effects and absorption enhancement by reflections). This calculation is based on directly
measured values of transmission, direct and diffuse back scattering (130 and 165°)

( | — ) | ( { ,) ARE 4 i w, is the single scattering albedo, dependent of the particle absorption and filter matrix scattering
M A A P_ A b S (m-1) - < ir). - | Tr, transmitance of the aerosol layer on the filter

VOLUME Abs (637nm) (m?) = MAAP-Abs (m7)* f
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Road traffic, air quality and aerosol measurements

3. EBC:On line BC optical measurements: yass ABSORPTION CROSS SECTION (MAC)

A Lm0 o

(MAAP) EC=AC/9
Barcelona s
(urban) R? =0,8278 *

EC=AC/10

AC =10,31x E ™
R2 = 0,03 -

Huelva
(urban)

EC (ug/m?)

Absroprtion Coefficient

[
N

[E
o

[e¢]

50

- 40
30
o0

10

g ) * EBCl(ugm")

(EC; SUNSET)
EC=AC/10

AC=10,13xEQ
R? = 0,681

Montseny
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1.5 2 25 3 3.5 4 45
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3. BC: Levels of BC compared with EC (EBC): Aethalometre and Sunset (NIOSH)
London: North Kensington London: Marylebone Road

y= 0.92732>< +0.3305 y = 1.1955x + 0.5588
R?=0.8583 . R?=0.7761 ¢

20

15 A

BC, “g.m'3

10 A

EC, ng.m’ EC, pgm?

Courtesy: P. Quency & DEFRA
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3. BC: ORIGIN OF BC AND MASS ABSORPTION CROSS SECTION (MAC)

Abs o (m™) =‘(ng )N EBC](gm®)

7 — 15 m?g-1

MSY (04/2008 — 02/2010)
16 Pandolfi et al., ACP, 2011

11.6%x2.0
— 10.241.8 10.7%1.8
|m 12 |
NE 7.5%1.8
e 8 -
O
S 4
O |
AA NAF REG WAE
episode

Pandolfi et al., Atmospheric Chemistry and Physics, 2011
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2. Carbonaceous aerosols: Organic and elemental carbon
Elemental carbon

Instrumentally defined parameter for mass concentration of graphitized C (unburned and char)

Organic carbon

Instrumentally defined parameter for mass concentration of organic matter carbon

% 1o (3] Solid Carbon Spheres (0.01 -
0.0¢f pm diameter) combine to
A A o make Particla Agglomer
S (0.05- 1. 1M diameter with
Vapour Pha: Q Adsorbed Hydro:
Hydrocarbon: (@]
L]
Adsorbed Hydrocarbs
o
Soluble Organic
Fraction (SOF)/ T
Particle Phase o Liquid Condensed
Hydrocarbons 1) Hydrocarbon Particles
o
o}
. wi
R cv — . Adsorbed S
aa1e 15K 18Fm WD33 Hydrocarbons r e 900

/ d
Sulphate (S04) —

Buseck and Adachi, 2008. Elements, 4.
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5. UFP: N,, 4, continuously measured 2004, Barcelona urban background
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Dall’Osto et al., 2012b Atmospheric Chemistry and Physics Discussions

Barcelona 2004, ciuster analysis using k-means >6000 hourly size distributions N, 5
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mean

3. EBC:
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Road traffic, air quality and aerosol measurements

3. EBC: Origin (seasonal patterns)
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5. UFP: Engineered nanoparticles

PM2.5 Barcelona, 54 women ARIBA project
Minguillébn M.C., Schenbari A. et al., Atmospheric Environment, 2012
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5. UFP: Major rural scenarios: Montseny
Cusack et al., IAE, 2010

Regional background aerosols

Accumulation, max. N induced by mountain breeze

sabado, 12 de diciembre de 2009 (SMPS20091212inv) domingo, 13 de diciembre de 2008 [SMPS20081213.inv) unes, 14 de diciembre de 2009 (SMPS20091214 inv)

000 presr— —‘wm - B T

Advection (without breeze)
Photochemical nucleation and growth

Regional pollution accumulation mode

sabado, 18 de julio de 2009 (SMPS200907 18 inv) el de 2009 (SHMPSZ0090719.0mv) martes, 21 de julio de 2009 (SMPS20090721.inv)

L “

New particle formation, nucleation
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