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5 || ! Critical (URBAN) Air Quality problems in EU

Air Pollution Monitoring Technologies
for Urban Areas

293 °K , 101,3 kPa

Directive 2008/50/CE except PM and metals, Evriron. Cond.
Hourly 350 pg/m3 SO, 24 times per year

Daily 125 pg/m3 SO, 3 times per year

Annual prot. ecos. 20 ug/m?3 SO, not exceeding annual and mean 1 Oct-31 Mar
Hourly 200 pg/m3 NO, 18 times per year from 2010

Annual 40 pg/m3 NO, not exceeding from 2010

Annual prot. vegetation 30 pg/m3 NO, (reported as NO,) not exceeding, from 2010
Annual 30 (5) pg/m® Benzene not exceeding from 2010

Mean 8-h max. in a day 10 mg/m3 CO not exceeding

Annual 500 ng/m3 _Pb not exceeding

Annual 40 pg/m3 PMy, not exceeding

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

Annual (25 y 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 5ng/m3 Cd not exceeding

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

CRITICAL PARAMETRES
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Air Pollution Monitoring Technologies CSIC

for Urban Areas

Reporting on ambient air quality assessment
in the EU Member States, 2008

frequency of reasons
00—
Ha
(13
40
0
o
PM,, day NO, -year 2, health daily max 30, health day
| | notindicated - accidental industrial emission
[] other than indicated P domestic heating
ETC/ACC Technical Paper 2010/11 |_| long range transport - local industry and power generation
December 2010 B ratural Bl local teafiic
Benno Jimmink, Frank de Leeuw, Erik Noordijk,
Jana Ostatnicka, Markéta Corkova * data extracted from form 11 and 13 of AQ guestionnaire
Figure 7: Reported reasons for exceedances of limit and target values of PMyy, NO,, O3
and 50, 2008
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§/l")} European Topic Centre

on Air and Climate Change
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Air Pollution Monitoring Technologies
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PM components

Crustal-mins Carbonaceous aerosols OM,emd EC

Al,O

Mg

Ti

Fe

K

Sio, Secondary Inorganic aerosg
CO;> SIS NH,* ;

P . SO,

Ca NO;

Sea spray Trace elements

i As, Ba, Bi, Cd, Ce, Co, Cr,

Na* “ . Cs, Cu, Dy, Er, Ga, Gd, Ge,
Cl- Hf, La, Li, Mn, Mo, Nd, Ni, Pb,
SO, Pr, Rb, Sb, Sc, Se, Sm, Sn,

Sr, Ta, Th, Ti, T, U, V, W, Yb,
Zn, Zr

Large proportion of PMx exceedances



Air Pollution Monitoring Technologies
for Urban Areas

1. PMx: BARCELONA 1999-2011 PM10, PM2.5, PM17?77?
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Road traffic, air quality and aerosol measurements
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Air Pollution Monitoring Technologies
for Urban Areas

2. Carbonaceous aerosols: Organic and elemental carbon
Elemental carbon

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

W TR o © _ Solid Carbon Spheres (0.01 -
- ™ Solids 0.08 pm diameter) combine to
A4 [o) o (soL) make Particla Agglomerates
/ (0.05 - 1.0 UM diameter with
Vapour Phase o) / Adsorbed Hydrocari bons
Hydrocarbons (O
®
Adsorbed Hydrocarl bons
Soluble Organic
Fraction (SOF)/ )
Particle Phase o Liquid Condensed

Hydrocarbons Hydrocarbon Particles

Sulphate with Hydration
Adsorbed O
Hydrocarbons /

7 < S -; i€t \i
Buseck and Adachi, 2008. Elements, 4.

gala 13KV 16Mm WD33

Sulphate (503) —
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Road traffic, air quality and aerosol measurements

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

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

Compuestos organicos volatiles biogénicos COVs

hopanes, alkanes, alkenes, aromatic
hvdrocarbons and SOA from VOCs

ompuestos organicos volatiles combustién COVs

®  ParticiNas primarias grafiticas (carbono elemental) EC

@ [ - ' RSy = @
Step) oo e @ Particula\primarias bioldgicas (carbono organico, OC)

POA
@ Particulas pNmarias organicas combustion, OC
© Particulas secdydarias biogénicas, OC
@ Condensacién de Material organico sobre particulas a partir del COvs, OC | SOA

@ Nuevas particulas secpdarias formadas a partir del gas COvs, OC

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

alkenes, PaH and ® |sop5enes monoterpenes
SOA from VOCs

Fotoquimica+O,+COVs
o
° [} o Q o o
®, @ ® o o © ®
o °© ® o o
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Road traffic, air quality and aerosol measurements

2. Carbonaceous aerosols: Non mineral C 1999-2011 in Spain

11
10 A m REMOTE

9

Non Mineral Carbon (ug/m 3')

ERURAL SUB-URBAN Il INDUS TRIAL/RURAL W INDUSTRIAL/URBAN B URBAN W TRAFFIC [ ]|

NW, frequent forest fires

Old brick manuf processes

Factor of 10
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Air Pollution Monitoring Technologies
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2. Carbonaceous aerosols: Organic and elemental carbon

Thermo-optical transmittance analysis (TOT)

optical correction

oC | Ec

»d
L ]

He He/O-
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A 4

Emitted carbon —__}

Transmitance

Temperature

{ \
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; N . —— :_’/'n' ! — - ,/\ i~
A .//;’:_ ..... +- - st .‘q&- . | i | St Gt E
¥ b I \ \\‘—\
i~ ;{\‘L ‘_."\“— J} "\_ ‘.,\ S —— D l.
UL/EL Analysis Program [c) Sunset Laboratory, Inc.

(EUSAARZ2.par temperature protocol; Cavalliet al., 2010)
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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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Air Pollution Monitoring Technologies
for Urban Areas

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- (m1) = AREA In(%}f{ﬂ-).

3.2. MAAP METHOD | VOLUME
f(Tr) f||ter_ + a(_arosollload.correctlon factor
* Multi Angle Absorption Photometer (MAAP) Creamited imtonaity, of sameia

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°)

_ b e wy is the single scattering albedo, dependent of the particle absorption and filter matrix scattering
] (U” ) In(” )4 RE"I Tr, transmitance of the aerosol layer on the filter

MAAP-Abs (m1) =

VOLUME Abs (637nm) (m1) = MAAP-Abs (m1)* f
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3.BC: ORl

(MAAP) EC=AC/9

] Barcelona
7 (urban)

AC =9,08xEQ *
4
R*=0,8278 L 2

Absorption coefficient

EC=AC/10

30

AC=1031x E m
R2=0,93 u

10 1 Huelva

20 o

Absorption coefficient

EC (pg/m?3)

Absroprtion Coefficient

40
30
- 20

10

IN OF BC AND MASS ABSORPT]

T

12

10

50

Road traffic, air quality and aerosol measurements

ON CROSS SECTION (MAC)

g ) {EBC](gm®)

(EC; SUNSET)

EC=AC/10

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

Montseny
(rural)

0,8 1,0

EC (pg/m’)

45
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Absorption Coefficient, Mm-!

for

3

Urban Areas

Road traffic, air quality and aerosol measurements

. BC: ORIGIN OF BC AND MASS ABSORPTION CROSS SECTION (MAC)

EC=AC/9.8

Santa Cruz
(urban)

AC =977 EC
R*=0.3630

EC (ug/m?)

Absorption Coefficient (Mm-1)

O = N W B o o, o~
¥ J-—11

EC=AC/15

AC = 15,06xEC
R#=0,642

Montsec
(remote)

0.0

0.3
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Air Pollution Monitoring Technologies
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3. BC: Levels of BC compared with EC (EBC): Aethalometre and Sunset (NIOSH)

8London: North Kensington London: Marylebone Road
] 20 . “
0’0 o .
e v 0 5 10 oo 15 20 25

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

Abs 2 (m~) =‘(ng1> {EBC](gm®)

7-15m2g?
MSY (04/2008 — 02/2010)

Pandolfi et al., ACP, 2011
16 '

10.7¢1.8  11.6%2.0

10.2+1.8
7.5%1.8

AA NAF REG WAE

episode

Pandolfi et al., Atmospheric Chemistry and Physics, 2011
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Montsec

Road traffic, air quality and aerosol measurements

3. BC: Local vs external EBC
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Road traffic, air quality and aerosol measurements |-t-
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mean

3. BC:
~  Local vs external EBC
S & EC-OC
s - Madrid CIEMAT

mean
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Road traffic, air quality and aerosol measurements

JFMAMJL ASON
Month

Mon Tue Wed Thu Fri Sat Sun

Weekday Weekday




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

for Urban Areas
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4. EBC & N: N vs EBC?7??
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Reche et al., 2011. Atmospheric Chemistry and Physics
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5. PMx, BC: PM10 does not always co-vary with traffic

Black Carbon (ug/m®)

Black Carbon (ug/m?®)

LUGANO URBAN SITE

N. KENSINGTON URBAN SITE

01234567 891011121314151617181920212223
Hour (UTC)

BARCELONA URBAN SITE

/

N

—BC
— PM10

W\

01234567 8 9101112131415161718 1920212223
Hour (UTC)

0123456 78 91011121314151617181920212223
Hour (UTC)

EMPA 2009 | DEFRA 2009 _
M 20:—;2 /\/—\/ﬁ/—/”zoé

MARYLEBONE KERBSIDE SITE (TRAFFIC)

35 14
30 12 +
25 10

T
20z 8

=

Q

L 15 3
10 4

L5 2
0 0

.

DEFRA 2009 |

012345678 91011121314151617181920212223
Hour (UTC)

Reche et al., 2011. Atmospheric Chemistry and Physics
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6. UFP:
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Road traffic, air quality and aerosol measurements

Barcelona 2010
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Dall’Osto et al., 2012b Atmospheric Chemistry and Physics (submitted)
Barcelona 2004, cluster analysis using k-means >6000 hourly size distributions N10.500

1 & 2 clean atlantic advection 3 to 5 traffic pollution
100x10°" 100x10° 0
1 8% 16%
80 ® A% __ 80 26%
5 —o— 2 | *0 5 27%
= 60 S 60
a a
g 40- g 40+
3 3
. M .
07 ] as H 0
2 3 4 5 6789 2 3 4 5 6789
10 100 1000 10
D (nm)
100x10° ‘ ‘ ‘ 100x10° ‘ ‘ ‘ ‘ ‘ ‘
O 0 0
—~ 80+ 6 ZA) _ 80- _._ 7 10%)
< 60 < 60
a a
5 40 s 40-
3 3
20~ 20
0- AR oo N 0 | e ]
2 3 4 5 6789 2 3 4 5 6 789 2 3 4 5 6 789 2 3 4 56 789
10 1000

100

10 1000 100
6 & 8 summer breeze (Ph8tt®hem. nucleation) 7 & 9 winter and S{ifimer regional
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1.0x10°
0.8

0.6+

N (10-50)

0.4+

0.2+

Road traffic, air quality and aerosol measurements

Dall’Osto et al., 2012b Atmospheric Chemistry and Physics (submitted)
Barcelona 2004, cluster analysis using k-means >6000 hourly size distributions N10.500
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Air Pollution Monitoring Technologies
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7. 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

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,O4

Accounted
75-85 % mass PM

B

CsIC
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PMj,

Max. Traffic: 43%
Shipping: 3% I ME2: Annual source
Fuel oil. 15, 3% 2 mson  eontributions in Barcelona

Marino, 3.5, 8% 3% Motores, 9.0,

20%

Sulfatos, 7.9, Road dust. 6.7
18% 15%
Dem.-res. (reg.): 20%
Mineral, 8.8, 20% Nitratos , 4.9,
P M 11%
Ma_x. | 25 Traffic: 46% Max. PMl Traffic: 50%
Shipping: 4% . o
Industroial,0.9, Intrusion Shlpplng: 5/0 Industrial, 0.5,
3% Sahariana, 0.9, Fuel oil, 0.9, 5% 3% Intrusion

Fuel oil, 1.3, 4%
3% _
Marino, 0.9, 3% Marino, 0.1, 1%
Motores,
27%

Sahariana, 0.3,
2%

Motores, 6.3,
/ 35%
Sulfatos, 7.8, Sulfatos, 6.1,
27% Road dust, 2.2 34%
. 8% : Road dust, 0.3,
Mineral, 2.9, 10% Nitratos , 4.3, Mineral, 0.2, 1% Nitratos , 3.0, 204
15% 17%
Demolition-resuspension (reg.): 10% Demolition-resuspension (reg.): 1%

Amato, et al., 2009. Atmospheric Environment
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8. Receptor modelling for UFP Barcelona, 2004

Source contribution to the mean annual N;g-g00

Fuel-Oil comb.;
0.1%

Regional /
Urban Back.; 25%

Photochem.: 3%

Marine; 2%
Siderurgy; 2%

Crustal: 1%
Traffic; 67%

Pey J., et al. 2009. Atmospheric Environment

CSIC
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OM, sulphate, nitrate, chloride, ammonium

insitu callibreted with EC EUSAAR-2

Metals

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
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Air Pollution Monitoring Technologies
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 PM10 (mixture of source contributions) and BC (as a source tracer for traffic and
biomass burning) offer a good combination for air quality monitoring, specially
because exceedances are registered in traffic 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, BC
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 sources and processes
contributions.

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

* 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 for <50nm), specially if toxicity is high
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(UK) and EMPA (CH) for providing data on BC and N, OpenAir (Carslaw & Ropkins,
2011. Environmental Modeling & Software)

Thank you for your attention !

xavier.querol@idaea.csic.es
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Road traffic, air quality and aerosol measurements

6. UFP: N,y 4, continuously measured 2004, Barcelona urban background
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Road traffic, air quality and aerosol measurements

3. EBC: A number of pollutants co-vary along the day with traffic
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A large proportion of PM exceedances occur in urban-traffic sites

BARCELONA, urban background, mean values for 2009
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