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introduction

34/2007, 15th November, for Air Quality & Protection of the
Atmosphere:

“Atmospheric Pollution”: The occurrence in atmosphere of
matter, substances or energy that may imply risk or
damage for the safety or health of human beings, the
environment........ ?

Bearing in mind:

« Not all harmful substances in atmosphere are already
known

« For some components there is not a threshold for
human protection

 Many activities and process (natural and anthropogenic)
emit atmospheric pollutants
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Mass of particles

introduction

Nano-particles <0.05 pm

B Ultra-fine particles <0.1 pm Fine particles<tum ~ Coarse particles >1 ym
Carbonaceous
compounds N compounds

—————
| | | |
0.01 pm 0.10 pm 1.00 pm 10.00 pm
Particle diameter
Warneck, 1988
< PM1 > Harrison and van Grieken, 1998
< PM2.5 >
< PM10 >
< PST -

>
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introduction

CLASSIFICATION OF ATMOSPHERIC PARTICLES

1. Process of formation:

Primary particles: directly emitted to the atmosphere as a solid
Secondary particles: produced into the atmosphere from gaseous
precursors

example: SO, (g) [ oxidation [1 SO,% (s)
2. Origin:

Natural particles
Anthropogenic particles (human activities)
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introduction

Handling materials in the
b - =

Industrial emissions in the Castelldn ceramic area



8 =csic introduction

SECONDARY (ANTHROPOGENIC) PM
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introduction

FORMATION OF SECONDARY INORGANIC AEROSOLS

Process of oxidation

SOZ [ H2$O4 and NOX DHNO3:

Nucleation homogeneous (gas to particle)
Nucleation heterogeneous (gas-H,O-particle)

Reaction

2.1. Dry oxidation (main)
Generation of oxidant radicals
O;+hy(solar) 1O* O*+H,O [ 20H

Oxidation

SO,+OH+m [THOSO,*m
S0,+H,0 [ H,SO,

HOSO,+0, [ HO,+S0;

NO+(. [ NO,+O, NO,+OH+m [ HNO,+m

Maximal velocities (summer, max hv):
6%S0,h-1, 18%NO,h-"1
34%S0,day-1, 98%NO,day-"
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2.2. Wet oxidation (dissolution of gases, mainly SO,)
(condensation nuclei, fog, precipitation,

‘wet aerosol films’)
Oxidants: H,0, (pH<5), O; (pH>5),
O, (catalysers, Cl, m)
Oxidation

HCOH+hv (solar) [ H+tHCO*
(formaldehyde)

HO, + HO, [1 H,0,+0,

HCO*+0, 1 HO, + CO*

2802 + 2H20 [ SO3Z'+HSO3'+3H+
HSO3'+ H202 ] HSO4'+H20

Maximal velocities (summer, max hv):
270%S0,h"1 (H,0,) 410%S0,h1 (05)



introduction

PM ORIGIN
PRIMARY SECONDARY
 Natural * Natural
re-suspension (loc/ext) natural sulphate
evap./precip. biogenic emissions
* Anthropogenic * Anthropogenic
direct emissions PM from gas by
fugitive emissions nucleation condensation
evaporation
SiO,,Al,0;,Fe,0,4,TiO, SO, NO5, NH,*, H*
CaCO,, NaCl, C,,, metals Corg» Metals

0.1uym 1.0um 10 um 25um O01um 1.0um 10 um 25 um
I | | e I I

(Soot)
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introduction

Tera grams / Year, Andreae and Rosenfeld (2008) and Durant et al. (2010)
Natural e eeee Anthropogenic = wessss= Primary m—— Secondary

PM Origin (Giere & Querol, 2010)
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introduction

PM COMPOSITION

Carbonaceous aerosols
(OM and EC)

Secondary Inorganic aerosols

NH4+

8042' ‘

NO3'
Sea spray Trace elements

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

Na* | Cs, Cu, Dy, Er, Ga, Gd, Ge,
CI- == | Hf, La, Li, Mn, Mo, Nd, Ni, Pb,
SO,2 Pr, Rb, Sb, Sc, Se, Sm, Sn,

Sr, Ta, Th, Ti, Tl, U, V, W, Yb,
Zn, Zr
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introduction

Quartz

Clay minerals (kaolinite, lllite, Chlorite,
((Paligorskite, Smectite))

Feldespars

Other silicate minerals (talc, pirophillite,....)
Carbonate minerals (calcite, dolomite)
Phosphates, oxides, gypsum,....

a1 )
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introduction

L\

AccV Spot Magn Det WD Exp |
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introduction

Solid Carbon Spheres (0.01 -
0.08 pym diameter) combine to
make Particle Agglomerates
(0.05 -1.0 ym diameter with
Adsorbed Hydrocarbons

A A

Vapour Phase
Hydrocarbons (O

Adsorbed Hydrocarbons

Soluble Organic
Fraction (SOF)/

Particle Phase Liquid Condensed

Hydrocarbons Hydrocarbon Particles
Sulphate with Hydration
Adsorbed ® R et
Hydrocarbons P4 o O o O

Sulphate (S03) —
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introduction

Secondary PM from fossil fuel combustion
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Natural Background

Marine aerosols

Natural minerals

<> Bioaerosols +
biogenic

introduction

Long Range Transp.
X NH;NO;
X (NH4)2S0,

.{ Carbonaceous

Interaction
among species

Local emissions

B NH,/NO; @ Carbonaceous (fuel-oil ash)
(NH,).SO, Pavement, demolition, constr.

g Carbonaceous (Soot, mainly road traffic)
Heavy metals
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introduction

EMISSION SOURCES AND TRACERS

Stationary sources
combustion

Power plants, heating,

industry
Transport
) i UF-PM, Sb,
Road, air, rail, fuel
storage,........... Ba (Pb), CI-
Various

Agriculture, fires,
biomass combustion

V, Ni (As, Se,..)

CO,, CO, HC,
NO,, PM,
Corg+celema
SO,

H+

NH,, K*

Industrial processes,
incineration

Chemical, metallurgical,
petrochemical, mineral

food, incineration
Cu, Zn,

Hg, V, Ni
F-, NH;, Other:
As, Pb, Harbor (shipping) emissions

Fe, P, Al, Cl- Air transport
_ Construction-demolition
Si, Ca,.. Domestic and residential
Cl, Na*

Natural emissions

Biogenic, re-
suspension,
marine, lightening,
volcanoes, fires
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Atmospheric particulate matter (PM): heterogeneous solid and/or
liquid material (with the exception of pure water) present in
suspension into the atmosphere

*Health impact
Ecosystems
Climate change
*Building materials
Visibility
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Extratoracic

Traqueobronquial {(

f
Alveolar

'

>P

I:M10-2.5

<P

HEALTH EFFECTS

M2.5

Ultra-fine, <PMy ; may reach circulatory system

PMjo.25

Allergens,

inflammation, oxidative stress
Happo et al., 2008

Javala et al., 2008

Pérez et al., 2009

I3M2.5—O.1
Additional lung physical effect

PM 4
Cardiovascular, UFPM
Reach all important organs
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EFFECTS ON VISIBILITY
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WEATHERING OF BUILDING MATERIALS
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effects

NEGATIVE IMPACTS ON ECOSYSTEMS

Mixing Height Reaction
o S Ty s Oxvation wilh Cloud Water
Py, ~ ; Rain - Qi
~. SO, HSO0, ™
\\")’  NOS=HNs »-
. @ \ & i b e 3 4 .
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, -EI ] L | Chemical Translorma!iona | b
Emsssnns E I - .
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Slamba Poremba, Poland (C. Martin, The
Environmental Picture Library)
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% =CsIC effects B s

CLIMATIC EFFECTS

Radiative Forcing Components

RF Terms RF values (W m*) |Spatial scale| LOSU
v ] ¥ ]
' I
: I 1.66(1.49101.83] | Global | High
Long-lived y I :
greenhouse gases I | 0.48 [0.43 to 0.53]
: Halocarbons 4 Global High
| |
' [ -0.05 [-0.15 t0 0.05
Ozone Stratospheric Tropospheric | : . ¢ ] Contllnir;rl,al Med
© . , 0.35[0.25100.65] | Mgl
& : . ;
Stratospheric water |
I 210 0.1¢ I L
g vapour from CH, | I WreEe g e il
| I |
£ Land use ' -0.2[-0.4 to 0.0] Local to Med
é Surface albedo BI%%kS%%rvt\)/on : 0.1[0.010 0.2 continental | - Low
| ' =
( Direct effect | 0.5[-0910-0.1] | Continental | Med | @
| to global -low | D
Total | | 2,
Aerosol | Gioud albedo I Continental 5
L effect : 0.7 [-1.8 to -0.3] to global Low X
I S
| . e
Linear contrails I 0.01 [0.003 to 0.03] | Continental Low | =
I G
B ' Y
2 Solar irradiance : 0.12[0.0610 0.30] |  Global Low |2
zZ o

Total net

; 1.6 [0.6 t0 2.4]
anthropogenic

Radiative Forcing (W m=2)
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CLIMATE EFFECT OF PM

Climate Modulation: influence in the radiative balance

Semi-direct
Effect

Indirect effect
Scattering by formation of condensation nuclei

Direct effect
Scattering & absorption

Haywood and Boucher (2000)
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CLIMATE EFFECT OF PM

‘Warming: absorbing radiation (EC)
-Cooling: UV back scattering (sulfate, mineral, matter, OC, ...)

‘Warming or cooling: mineral aerosol, depending on surface
(oceans or continents)

‘These components are always mixed and it is very difficult
evaluating the effect of the mixture
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Climate effect of aerosols: Quantitative estimations

™
~B

£ 2 IPCC, 2007
= HFC

=

o

| 4

<)

Y

o

2 v mesm 7 mmm Semi-direct effect EC

© |

= €O Direct effect

& Absorption of radiation EC

Combustion (includes biomass)

] Direct effect
Oj; stratospheric Scattering by mineral dust
and other components

- Direct effect _- Indirect effect

Sulfate Sulfate, nitrate, OC

High quantitative uncertainty
Need for research here!
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LOCATION OF MONITORING SITES

« What you would like to measure?
* Macro-implantation
* Micro-implantation
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8 o = = . a
g, “CSIC monitoring o=

macro implantation: urban traffic

Sant Feho
de Gobregat

SantJust
Oosvam

Corneit,
de Uobregat

o Prat
Llobregat

S

Barcelona: Universitat
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T

Red de Vigilancia y Control de la Calidad del Aire
Campo de Gibraltar
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Montseny-La Castanya

Operative since 2002

750 msnm

PM10/2.5/PM1 DIGITEL
GRIMM 180

Gaseous pollutants

Number concentration by size
Black carbon

Scattering

PM10/PM2.5/PM1 speciation
Dry and wet deposition
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monitoring sk

macro implantation: continental background

~Xeg,

o~

[Z0O 2367 msnm

Sampling PM10/2.5 since 2002
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ia @22

Location of monitoring sites
micro implantation
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METHODS FOR MEASURING AEROSOLS

* NUMBER

* MASS
Gravimetric
Real time

 OTHER PARAMETRES
Semi-real time
PILS
Thermal
Real time: AMS
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« Condensation particle counter (CPC)
« Number (5-1000 nm)

 Every 1 second

SMPS (CPC+DMA)
Number and size distribution (10-700 nm)

Every 5 minutes
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DE CIENC
E INNOVACION

GRAVIMETRY

mimmg
Captors with grain size IR EH |ul:umm,rL__nnEg__n
d ; |
it

cut off inlets

« Mass levels
« Standard in EU

» Speciation possible

- Sampling artifacts

T SRS B hr o 89 i P LD o o S "
W SV i . Iy b Ktee :
o & - : R k]
.- ot Iy ‘ »-_. . ...‘ . h_’ £, % ”’
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Cascade impactors

« Grain size segregation for sampling
« Variable grain size
* Substrate

* Impactor Retsch

* Impactor MOUDI
* Impactor DEKATI
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Cascade impactor

* Micro-orifice, Uniform-deposit Impactor (MOUDI)
30 L/min
0.056 — 18 uym
Substrate requested
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REAL TIME:

TEOM (thermo oscillating micro-balance)
Flaw—h-_'_-_‘_-(— Flow

Sampling Head

¥ Heated Air Inlet
P e
—
Filter c:.—mu;;/E'ﬁ' :I
Electronic
Feedback System
Tapered Element I
i Microprocessor

¢ |

to Flow Controller

monitoring RSk

MASS

Beta attenuation

AN A NN EEE |
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Example of 3 new instruments

* Purchased simultaneously
* Measuring in stations distant <30 km
* Maintained by the same company

Station 1 Station 2 Station 3
120 150 130
110 - y2=1,38x 140 - y = 1,49x 120 ~ y=1,57x
| RC=085 130 - R2=0,81 110 - R?=10,89
120 - 100
90 - 110
80 100 901
T i <
s . 80 -
w70 "W ul
@ @ g ] 2 70
o o =
— 60 - - =
s S 70 - = 60
. = ] = y =1,6947x - 4,9125
50 | R?=0,892
40 + 40 -
40
30 - 30 4
30 -
20 - 20 | 20
10 . . . 10 . . . . 10
10 20 30 40 10 20 30 40 50 10 20 30 40 %0 60 70 80
PM10 DI PM10 DIGIT PM10 DIGITEL

Each instrument has to be corrected according individual inter-comparison
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monitoring sk
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Deposition samplers

A AT Y
' Y NNAAA K X

lllllll

* Dry and wet
* Only wet deposition

lllll
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Continuous streaker

“hourly samples”

PM2.51110

*Kapton foils , @ i~ 20-50 nA
Nuclepore * ;.‘l @ Beam size: 1mm x 2 mm
@ Measuring time: ~ 3 min.
100 mm 1 week with 1 h
resolution (168 spots) -~ h

BIOPIXE 6

' cecturez an Ruvasphiaric WlPacia: Dust



Black carbon: MAAP: Multi Angle Absorption Photometer.
Thermo Electron Corporation. Carusso/Model 5012 MAAP

Nimero de particulas (#cm °)

70000 10
CPC —— MAAP 9
60000 -
8
50000 - 7 &
E
o
40000 - 6 =
c
5 8
S
30000 - 4 8
L4
[3]
8
20000 A 3 m
2
10000 -
L 1
0 r T . 0
10/09 00:00 10/09 06:00 10/09 12:00 10/09 18:00 11/09 00:00
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2. Real time speciation

Soluble inorganics: Aerosol ions & precursors
URG 9000 IC MARGA PILS-IC

&l
Ve
[ "1
=

2 T
<
<

Taken from URG web site Taken from Applikon web site Taken from Metrohm web site
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2. Real time speciation

Thermal decomposition: Nitrate, sulphate, ammonium, OC, EC

Thermo

Nitrate, R&P 8400 N Sulfate, « OCandEC,
by NO, analysis (chemiluminiscence) Thermo 5020-SPA « R&P 5400 C, Sunset on-line
analyzer
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monitoring RSk

2. Real time speciation

On-line XRF analyser: Mostly metals

PM Inlet and
- | Temperature =
Sensor  —

Sampling and
Analysis
Module

Controller

Vay! e
—_— \

Flow
Module

Manufacturer: Cooper Environmental Systems, Australia ;Figure taken from Yadav et al., AAAR 2010
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Real time speciation

Mini-AMS: Non refractory fraction of PM1

ACSM

Aerosol Chemical
Speciation Monitor

Measure real-time, non-refractory
aerosol particle mass and chemical
composition.

Particle Beam Particle
Generation Composition

Quadrupole RGA
Mass Spectrometer

Laptop

J I E Computer

=L e S

Thermal

/ —l j I Vaporization
&
Asrodynamic Lens Electron
40-1000 nm Impact
lonization

Particie Inlet (1 atm)

Pumps (x3)

Taken from Aerodyne Research website
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Aerodyne Aerosol Mass Spectrometer (AMS)

TABLE 1. Main ion frmgments used to identifv inorganic and organic aerosol species in AMS spectra. The

fragments that are most useful in identifving these species are highlighted in bold text

Group Molecule/Species lon Fragments Mass Fragments
Water H,O £ s H,O" HO*, O 18, 17, 16
Ammonium NH, <= NH,", NH,*, NH' 17. 16, 15
Nitrate NO, iy HNO,™, NO,™ NO™ 63, 46, 30
Sulfate H,SO, - H,S0,", HSO,", SO, 98 81, 80

~S0,7, 507 o4, 48

Organic C,.H,0, L. H,O" CO", C'D3+ |8, 28, 44
(Cxygencaited) Haf_ﬁ;ﬂ_kﬁ HCO,", C H_~ 43,45, .
Organic C H_ £ C_H_* 2T7.29 41,
(hvdrocarbon) 43,55,57.69.71. .

CANAGARATNA et al (2007). Mass Spectrometry Reviews, 2007, 26, 185— 222
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monitoring RSk

g 2.0 —

o | Species

=

= Adir e -~
% 1.6 — | Water <
= h Ammaonium i

5 [ Mitrate i [_——I__._j
S I Sulphate ot
':___'f', 1.0 — I Fotassium ~—
- 1 Chloride S
= I Crganics -

_E .':‘ '~‘— T‘- u:l‘ld ;',“
S 0.5

: —— -

T e,
Ll <
=
o |

= | I |‘ Ll || | ‘ l.1 )
= 0.0 —4 =-=1% . sl ol Hukls e —u-ull. _a Nan.l e orgorece]
- I . | L | ' | ; I ' | ) | el 5 ; S

10 20 a0 40 50 G0 70 D o
mve -
Allan et al., 2004. J Aerosol Sci 35:909-922. Zhang Q. et al., 2004. J Geophys

Res 110: doi:10.1029/2004JD004649.
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Filters: Selection according parameters...

NOj,
Captor Gravimetry | Trace elements | C analysis NH,*
Analysis
Glass fiber High Vol YES NO yes YES
Quartz High Vol yes Yes Yes YES
Cellulose | | o Vo NO YES NO NO
nitrate
Teflon Low Vol yes yes NO YES
Nylon Low Vol artifacts artifacts NO nINCE
(9as)
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Filter treatment and analysis

Blank filter conditioning
Blank filter weight
Sampling

Sample filter conditioning
Acidic digestion

Analysis of major and trace
elements

Aqueous extraction
Analysis of soluble ions
Analysis of C
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Filter treatment and analysis
Filter fractions for analysis

« Y2 filter: acid digestion

« Vi filter: aqueous extraction

o Yafilter: C analysis, SEM, XRD
etc

Aqueous

extraction

C analysis,
SEM, DRX
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Analysis of aerosol components

Major and trace elements

In acidic digestions (5% HNO;)

« ICP-AES: Major and some trace elements

 |CP-MS: Most trace elements
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.aa

Analysis of aerosol components

Soluble ions

* Aqueous extractions

* lon Chromatography (IC)
NO;-, SO,%, CI

* FIA Colorimetry / Specific
electrode NH,*

|ICP-AES, soluble cations
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Analysis of aerosol components

OC,ECorTC

1 inch of filter
LECO elemental analysis: C total
Thermo-optical methods for OC and EC
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analysis ECsh
X-Ray Fluorescence

Direct analysis, non destructive (Teflon filters)

|
s MU —— “ A% _:1,?

Il Lectures on Atmospheric Mineral Dust



Il Lectures on Atmospheric Mineral Dust



analysis

SEM-EDX analysis

P ‘," 2
SLED BT bn WD33
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analysis ECsh

X-Ray Diffraction

900 ]

0

00

i Ca phosphate

o Deposited PM

§ ¢ } Tarragona Harbor

400

300 - i

o |

100 ; l !l " lll ’U; I
_':“' | o 1) 1 J-' M A 4 I | I.\',&
—g Wm'“JLW.MmamV AN 'rr'lw-v' “.le) l"“ I'w\" .w""mw-';} ", ,'_ﬁ""h"““"‘m"“/ NV \' 'wh*f\-m

0 - ' ] P o L b pp————— Goecley] T ™ |
4 10 20 30 40 50 60

2 Theta

Fosfat PT - File: J43-0761.raw - Type: 2Th/Th locked - Start: 4.00 * - End: 60.00 * - Step: 0.05 ° - Step time: 3. s - Temp.: 23 °C (Room) - Ti
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some results

(NH,),SO,

Major specie

‘.7\‘ .
[ External origin ]

Seasonal trend

- %
- Ny W -
Ve "f

JFMAMIJASOND

= T ¥ )\ ~
- - ot &9 1 i . SIS
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some results

NaNO,

NH,NO,

Major specie (excluding Canary Isl.)

EMEP

along the year

(Ther‘r%a};nstability of NH‘Nos] j.";‘ i - Nos- (ng/m3) PM10

Seasonal trend

,-’.-: .
o, p
b

JFMAMIJASOND

T \\\ ~
\aat % 1 e L G
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some results

Seasonal trend

JFMAMJJASOND

o | »
» .
o L T " ~—~
5F o
. S .- waut =Y " N WL BN
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some results

if

Mineral matter (ug/m3) PM10

Seasonal trend

/;\‘
\‘_ A
- . .
: ’*

JFMAMJIJASOND

$1.¥ e ‘\ o
Wil &% 1 d A i

Il Lectures on Atmospheric Mineral Dust



some results

Constant inputs and ~ i - -
insolation 3 G o Y ot
s % y i s

Marine aerosol (ug/m?) PM10

Seasonal trend
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some results

Barcelona 2005-2006 (urban)

unaccounted;
unaccounted; OM+EC; 11,3; 0,9; 8%
5,5; 12% 25%

OM+EC; 2,5;
24%

sea spray; 0,3;
sea spray; 2,0; 3%

5%

PM,,

44.8 pg/m* PM1.25

10.3 pg/m?

S042-;5,2; 12% S042-;1,3; 13%

crustal; 14,6;

32% crustal; 3,9; 38%

~NO3-;5,1; 11%

“~NO3-;1,1; 11%
|~NH4+; 1,1; 3%

|—NH4+; 0,3; 3%

OM+EC; 8,8;

unaccounted;
46%

3,2;17%

sea spray; 0,2;
1%

crustal; 0,9; 5%

PM,
19.0 pg/m*

NH4+; 1,2; 6%

NO3-; 1,5; 8%

S042-; 3,3; 17%
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some results
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me, #CSIC some results

Masa PM,,
Centre City C4 . 3_9 mg/m2
| , @ 10-20 mg/m2
W AR WS @ 21-40 mg/m2
10.00 X S 204 e : Y ; O
41-80 mg/m?
£ E ; o 1612007, Tele Atlas O >81 mg/m2
g i &Y, B ’ o & Image © 2007 DigitalGlobe
% 1.00 + —a 234 mage NASA
£
Source: PhD F. Amato
Ajuntamaent
de Barcelona
> O e o e s e = s !T.T. ‘ o ’q | Generalitat de Catalunya
888go LEPREsE C=S3238N2g95236888 NIV Departament de Medi Ambient
<< =
O =

i Habitatge
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some results

PM,, 12.5 ug/m3

Urban background

Regional _
300, Resuspension
20%.
1-4 °
African dust
1-2 12%
Local street

32%

Urban background PM2.5 9.4 “glm3

Resuspension

Regional
egiona 15 B

40%

Local street
41%

1.3-3
0.3-1 African dust
12%
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ol F ARSI some results

Brake pads Tires
Ferodo (A) | Bendix | Road House | Bosch | Ferodo (B) | Bridgeston | Michelin
C tot 28 26 28 32 - 83 79
Al 0.4 2.3 0.8 0.9 1.0 0.06 0.06
Ca 0.4 1.8 3.6 1.7 0.3 1.31 0.46
K <0.1 0.4 <0.1 <0.1 <0.1 0.04 0.06
% | Na <0.1 1.0 0.1 0.1 <0.1 0.03 0.03
Mg 1.0 4.1 0.5 0.8 0.8 0.04 0.01
Fe 50 16 33 30 26 0.02 0.03
S 22 2.6 3.6 3.1 1.9 1.17 1.32
P <0.1 <01 0.1 <01 <01 <01 <01
Li 1.8 4.4 2.4 1.1 2.2 14 0.1
Sc 1 4 1 1 3 <0.1 <0.1
Ti 605 744 567 209 335 31 17
\' 173 16 30 42 40 5 4
Cr 210 170 1270 49 2834 1 2
Mn 1783 1703 12636 1464 1827 3 3
Co 26 13 14 19 10 80 94
Ni 51 61 78 74 33 <0.1 <0.1
Cu 82.3 24493 270 13732 4.8 6.9
Zn 66.6 4083 3462 1118 14862 19849 15073
Ga 9.8 5.7 4.1 3.1 6.2 <0.1 <0.1
Ge 2.8 1.4 1.2 0.8 4.1 <0.1 <0.1
As 4.0 5.0 46 42 8.4 0.8 0.7
Se 5.0 7.6 35 11.0 7.1 <0.1 <0.1
Rb 30.5 38.5 14.3 1.2 4.9 1.1 3.1
Sr 1007 857 818 1773 26 17.8 3.1
Y 0.9 15.5 6.5 1.2 16.4 <0.1 <0.1
Zr 4.4 1260 70.3 12.0 945 1.2 <0.1
ppm | Nb | <0.1 <0.1 65.8 1.7 <0.1 <0.1 0.8
Mo 3.1 5.4 16 162 3093 0.4 0.6
Cd 0.5 1.6 0.6 1.9 23 2.7 1.5
Sn 24 31 40 147 10 25 21
Sb 2.1 1293 14.8 7.5 6944 11.5 2.0
Cs 1.0 1.7 0.7 <0.1 1 <0.1 <0.1
Ba 69343 67291 39013 37213 772 10.2 15.5
La 23 6.9 32.3 <0.1 5 1.8 3.5
Ce 4.2 14.9 50.7 21 11.5 0.5 0.6
Pr <0.1 1.2 4.0 <01 1.2 <01 <01
Nd 2.8 8.5 17.0 0.8 52 21.0 229
Hf <0.1 495 1.7 <0.1 36 <0.1 <0.1
Ta <0.1 <0.1 5.7 <0.1 <0.1 <0.1 0.9
W <0.1 <0.1 18.7 0.6 <0.1 <0.1 <0.1
TI <0.1 <0.1 0.9 <0.1 <0.1 <0.1 <0.1
Pb 253 173 42.0 292 6.6 20.0 25.8
Bi <0.1 23.6 0.0 12.2 <0.1 <0.1 0.6
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Receptor Models

Receptor models
Xi = 0 f + ¢
p x1 pxk kx1 px1

Knowledge required about pollution sources
prior to receptor modelling

Little ‘ Complete
@ @
R e L L LR EEEERRY - - - = - oo WG === >
Multivariate s 4 4 4 4 4 Chemical
Models | - | i . Mass
i ME COPREM E Balance
i " UNMIX '
PCA | PME Bayesian s
Models Regression Models
Exploratory Factor Confirmatory Factor Measurement Error
Analysis Models Analysis Models Models

Modified from Schauer et al. (2006)
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some results

Receptor models: Suggested approach (Spain)

1. Initial identification of

PCA source number & nature ONLY WHEN LOCALLY

DETERMINED EMISSION
PROFILES ARE AVAILABLE
ME <
2. Analysis & PMF y
confirmation of Sources &
experimental profiles 3. Deeper understanding contributions
& quantification
ME 5. Final result

CMB

4. Refinement of 4. 40th Percentile method

mineral source results

African dust
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siC some results
ME2: Source apportionment in Barcelona: Road dust

Max. PM10 Traffic: 43%
Shipping: 3%
Industrial, 1.0, L
29% Intrusion
Fuel oil, 1.5, 3% Sahariana, 1.5, .
Marino, 3:e 8;1' 3% Motores, 9.0, Fuente: Tesis doctoral

20% F. Amato CSIC-IJA

Sulfatos, 7.9, Road dust, 6.7,

18% 15%
Dem.-res. (reg.): 20%
Mineral, 8.8, 20% N“’atﬁf/ 4.9,
Max. I:’IVIZ_S Traffic: 46% Max. PM1 Traffic: 50%
Shipping: 4% o
Industrial, 0.9, ntrusion Shlpplng. 5% Industrial, 0.5,
o Sahariana, 0.9, Fuel oil, 0.9, 5% 3% Intrusion

Fuel oil, 1.3, 4%
Marino, 0.9, 3%

Sahariana, 0.3,
2%

3% .
Marino, 0.1, 1%

Motores,

27% 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, 29,
15% 17%
Demolition-resuspension (reg.): 10% Demolition-resuspension (reg.): 1%
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some results

PCA-PMF Source apportionment in Barcelona:
Number of sub-micronic PM
Source contribution to the mean annual N30

Fuel-Oil comb.;
0.1%

Regional /
Urban Back.; 25%

Photochem.; 3%

Marine; 2%
Siderurgy; 2%
Crustal; 1%
Traffic; 67%

Pey et al. 2009. Atmospheric Environment
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some results

536; 23%

B Traffic
E Mineral
oy o B Metallurgy

. 10,319: 6% % )

336: 14% N13.20 (2336 cm™) 68; 1% 76: 2% Ngq 200 (14813 cm™)
85; 2% B Seasalt

159; 3%

O
|
O

29: 1% Photochemical

Reg-UB bck

1253; 54% Fuel oil comb.

59; 3%

56; 2% 4261; 85%

97; 4% -3

0.4: 2% Nago-s00 (22 cm™)
5; 26%
% 10; 52%
g 0,1; 1%
‘s
2 / 0,1; 1%
£
2 2; 10%
2; 8%
Nucleation Aitken Accumulation Coal
0.01 pm 0.10 um 1.00 pm 10.00 pm Pey et al. 2009. Atmospheric Environment
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« LOCAL ANTHROPOGENIC

* AFRICAN AIR MASS INTRUSIONS

- REGIONAL EPISODES

« ANTHROPOGENIC ANTICYCLONIC EPISODES




local pollution

LOCAL ANTHROPOGENIC

—®— LLO-rural-TSP —&— GET-Urban-TSP —&— GAST-Urban-TSP
—&— BEA-Industrial-TSP —=— DON-Urban-TSP —®— MAZ-Urban-TSP

130
110
90
70
50
30
10 7

4/10/98 11/1
SUNDAY SuU

ug/h

0/98 18/10/98 25/10/98 1/11/98
NDAY SUNDAY SUNDAY SUNDA
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REGIONAL
—eo— URBAN

local pollution [FE=%
LOCAL EPISODES (1)

—a— TRAFFIC
—a— INTENSE TRAFFIC

75

50

pg/m’

25

Central Spain

TN

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

—a— DIFFERENCE: TRAFFIC-REGIONAL BACKGROUND

1 ! 1
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MINISTERIO
DE CIENCIA

E INNOVACION Conemio Superon oe vEa.

26/02/00

700

600 -

<" t Tenerife
500 - p ,
¢ — & - Gran Canaria

400 4 | v=o A

ZONE 1
]

300 - ' A

200

PM10 ug/m3

100 -

o
3
{}.
F\)‘-_
{
-
;
%
:
%

T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
OO OO0 O 222322 a2 NNNMNNNOO OO =22 232 aNNNMNNNW Whos it rosched over 1000 ies e he Aanti
2 PO N0 2 WA NO 2 WA NONEOODOPONDIIDOPODNDO® Tt ehonme s e rsiog ar a o B sy
2 W AANNO 2 XA ANO 2N AODNRDOONDEDNDRODNRD0O i
S0 0000 00000000000 000000000 o000 OO k ; ¥ 5% 1he ABano, many fimee roaching a8 far 48
NN DNDNDNDNDNDNDNDNDNDNDNMNDNDDNDNDNNMNDNNDDNNDNDOORWWWWWWWWWWWwow - 4 P here they often require the local weather il
e -~ S = -~ S = = = s S = e _ s = e e b ” & < 1 S air pollution alerts as was recently
S O 003030 00000030 0T 00000333 SO S OO the casa n San Juan, Pusrto Rlco. Racent stules by the
OO OO0 O OO0 OO0 OO OO ©Od oS ©o have inked the decline of the coral reefs I the Ceribbean

o the increasing frequency and intensity of Saharan Dust
events. Additionally, other studies suggest that Sahalian
Dust may play a role In determining the frequency and
Intensity of hurricanes formed In the eastern Atlantic Ocean
(http:iwww.thirdworld.org/role.htmi)
Provided by tho SeaWiFS Project, NASA/GSFC and ORBIMAGE
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Q
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African dust

IZANA OBSERVATORY (Dr Sergio Rodriguez, AEMet)

1000 ¥
*
L #*
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a0 1 .
o t
= : I
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o 600
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> 400
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o
200 T
0
oo o o — o ol =t L o o) o = — | o = L o P
oo oo oo < < & = = = = =] =] =] ] o o o o o o o
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= =csic reg. recirculation

i _—
Francia > —_—
0| — =, - _’
ROV = omels(é Torre Mir6 ' - L
°® Montcada(8) v / _—— > —
an —FEg LS Vigent(10) 4 "
= artorel
="\~ lgualada(5) _—y > —>
/L’J— —‘} -L_,__,;\ o, L’Hospitalet(6), Sagrera(9) T \
41N = 2 = ‘ o ndrea (1) Albalate 7 . \ oy — ——
:,i Bonavista (2) v " N p l
40°N = N K oo ot ‘ : \
Penyeta (11) P P
£ onda 12) @ Cuenca del Ebro -_— =
i Ermita(13) - =
— B G.via(15) . .
SN = Gandia(16}) 21500 [ Mar Mediterraneo
— “ 750-1500 (]
3 500-750 []
on  — 0500 []
37°N
Mar msnm.
s Mediterraneo
35N =
Norte de Africa

2°W 1°W 0° 1°E 2°E 3°E 4°E 5°E 6°E

L\ I~y

/‘Qf/(( A |

Ecuador termico en verano

i) 00UTC 20 Sep.2000 j) 18UTC 12 Oct.2000 k) 18UTC 18 Oct.2000 1) 18UTC 22 Oct.2000
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iz, ¥CSIC reg. recirculation
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winter pollution
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winter pollution

2-5 days epispodes, October to March H

MSY

=
(s B
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winter pollution

Total averages from 24/02/09 — 20/03/09

BBOA
0.4, 2%

HOA
2.9,17%

Chloride

Ammonium
1.9, 11%

BCN ave. total =18.7 yg m-3

0.3, 2%

BCN data from PSI (Mohr, DeCarlo, Heringa, Prevot et al.)

BBOA

0.2, 2% /

Chloride
0.1,1%

Ammonium
2.6, 18%

MSY ave. total =13.8 ug m-3

MSY data from (Jimenez, Nemitz, et al.)

Courtesy: J.L. Jimenez, University of Colorado
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winter pollution

Barcelona

Montseny

BBOA

Courtesy: J.L. Jimenez, University of Colorado
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DUST OUTBREAKS

TOOLS FOR DETECTION
IBERIAN PROCEDURE
HAVING IN MIND...
OTHER APPLICATIONS

ia @22




DUST OUTBREA

4 2008/50/CE Clean Air for Europe and Air Quality Directive, Article 2: (15)
"contributions from natural sources" shall mean emissions of pollutants not caused
directly or indirectly by human activities, including natural events such as volcanic
eruptions, seismic activities, geothermal activities, wild-land fires, high-wind events,
sea sprays or the atmospheric resuspension or transport of natural particles from dry

regions;
700
600 - t
LT Tenerife
™ 500 - ‘ b .
£ ¢ — & - Gran Canaria
~— 0 J& "
m 400 T do ’ONE 1
3 I}
S 30 - \ A
= /‘ || [ \
o 2004, . ' \YA\‘_‘\
1 | i A
l ' A
100 \ILAL‘ N A W | e
o T e M ¥ L5l C 5
IOIOIOIOIOI AAAAA l\)l\)l\)MI\)IOIOOOAAIA—\I—\II\JII\)I\JII\)I\)Q)
= W O NO =2 WO NO©O =20 NODNDODO®XZONM~AOGZTOXONDN (o]

X S S Y Y YT
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0
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00.
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SKIRON

BSC-DREAM

NAAPs-NRL

AIR MASS BACK-TRAJECTORIES (HYSPLIT)
NASA satellite imagery

HYSPLIT Dust storm forecast system
SeaWiFS, MODIS-Terra satellite imagery

4
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&= rcsic DUST OUTBREAKS: tools for detection FE=}

DREAM-BSC

Surface dust concentration maps,
free download from BSC

BSC-DREAMS8b v2.0 Dust Low Level Conc. (ug/m® ) BSC-DREAMS8b v2.0 12h Acc. Prec. (mm) and MSL Pres. (hPa)
00h forecast for 12UTC 19 Oct 2012 00h forecast for 12UTC 19 Oct 2012
http: [ fwww.bsc.es/projects/earthscience B%( "DREAM/ hitp:/ fwww.bsc.es/projects e uer wence BSC—DREAM/
% ., ) SR R

2650 Y

50°N 1280 50°N [~ —-
640

40°N 320 40°N|
160 B

30°N 80 30°N )
40

20°N o0 20°N
10

10°N—0'w 10°W 0° 10°FE 20°E 30°E 40°E 50°E 10°N—0sw 10°W 0° 10°FE 20°E 30°E 40°E S50°E
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DUST OUTBREAKS: tools for detection

SKIRON simulations
Integrated dust load maps, free download from Athens University:

http://forecast.uoa.gr

University of Athens (AM&WFG) SKIRON Forecas 2

[ |
1-10 10-25 25-50 50—-100 100-500 500-1000 >1000
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jime. xCsIC DUST OUTBREAKS: tools for detection

NAAPS - NRL
Surface dust, sulfate and smoke concentration maps, free download from NRL.:
http:/lwww.nrimry.navy.mil/aerosol/

NAAPS Total Optical Depth for 12:00Z 19 Oct 2012 Sulfate Surface Concentration {ug/rwx3)
Sulfate: Orange/Red, Dust: Green/Yellow, Smoke: Blue for 12:00Z 19 Oct 2012

-30 -20 -10 0 10 20 30 40 -30 -20 —-10 0 10 20 30 40
T e T T ,:;/_( e

o I ©
0.1 I 0.2 B 0.
Q.1
Dust Surface Concentration {ug/m#x3) Smoke Surface Cencentration (ug/m#x3)
for 12:00Z 19 Oct 2012 for 12:00Z 19 Oct 2012
=30 =30 —?O —:0

I
e

Fri Oct 19 21:5%:26 2012 UTC NRL/Monterey Aerasol Modeling
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DUST OUTBREAKS: Iberian procedure
IDENTIFICATION OF AFRICAN DUST OUTBREAKS

1. Reporting on the detection of episodes and measurement PM,, levels in EMEP-type
sites:

1.1. Modelling, meteo and satellite imagery tools

1.2. Daily evaluation of PM ambient concentrations recorded in a specific regional
background monitoring network made of around 25 remote monitoring sites (Spain
and Portugal)

1.3. Reporting on episodes detected and daily PM,, levels for each station of the regional
background network

1.4. Three months after the end of the year a reporting on scientifically support the
occurrence of each episode included in the list
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i rcsic DUST OUTBREAKS: Iberian procedure

ZONES AND MONITORING NETWORK

Niembro Mundaka
OSavifao Fjpeta it
; o Los Tojos ”Izkl ?abo de Creus
: Valderejo
Lamas de Olo Campisabalos Bt

. 0 O . hud ¥ GOBERNO  MIMISTERIO
Ervedeira M . & Montseny CHB = DEESPANA DE AGRICULTURA. ALIMENTACIGN
. . Pefausende onagrega w2 R e

Morella
Fundao

Chamusca o 0

Terena : ’ =
: . Risco Llano
Azores (Horta) Barcarrota

ierra Norte
Alcoutim (@) 6 Vizhdt
Huelva . .Alcornocales . Nijar

. Madeira (Quinta da Magnolia)

‘ Tenerife (El Rio, Arinaga)

. Other than EMEP

. EMEP stations with real time measurements

EMEP station with gravimetric measurements

Cénariag ;
F
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ime rcsiC DUST OUTBREAKS: Iberian procedure

ENERO 2012

CANARLIAL OEETE SURDESTE HORCESTE

| | | e T List of episodes

BIOMAS A 9-11
EURDPED |
SMOE
3-6
AFRICANDS il 25-26 2527 | 26-27
18-21
30-31

FEERERO 2012

FEBRERO 2012

DOEETE BURCESTE HORDEATE
IMADEIRA} & PORT [%. PORT) BUREITE E3TE CENTRO M. PORT} HOATE MOREETE BALEAREE
COMBUSTION 2627 | 2627 | 2627 | 2627 | 2129 ;?
EURDPED |
SMOE
3
AFRICANOS f:'? 18 18
25-29
MARZO 2012
MARZD 2012
CANARLAL DEERTE BURCEITE HORZEITE
IMADEIRA} o PORT (8. PORT) BURE3TE EITE CENTRO M. FORT} HOATE MHORELITE BALESREEX
1-3 15- | 9-10
COMBUSTION 1-3
BIOMAS . 28 28 28-31 = 9-16 17 28
25-31 28 | 30-31
EURDPED |
EMOE
r
1415 15
AFRICANDS e 17 17 ) 1847 1 5406 e, 24-26 18 :
. 24-26 240¢ | 2426 | 24-26 = ol T GOBERNO  MIMISTERIO
9 mw  DEESPANA  DE AGRICULTURA, ALIMEMTACION

& ¥ MEDIO AMBIENTE
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DUST OUTBREAKS: Iberian procedure
QUANTIFICATION OF AFRICAN DUST TO PM LEVELS

2. Determining the natural contribution ‘net dust load’ for each day of the list of African

episodes

2.1. Local-regional PM,, contribution (LRC, without African origin) determined to be
subtracted to the bulk PM,, levels during the episode

2.2. LRC daily calculated from monthly mobile 40 percentile (centring the considered day in
the middle of the month period) of the PMy, levels excluding the African days

2.3. Then ‘net _dust load’ for a given day with African dust influence in one regional
background station is determined: PM4,-LRC

2.4. Alist of ‘net dust load’ values for each day and regional background station is produced
to be used to subtract the natural dust contribution to PM;qo during days with
exceedances of the DLV recorded at the AQ monitoring sites close to this specific
regional background station. The list is produced by the Ministries of the
Environment from Portugal and Spain
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$i=. =csic DUST OUTBREAKS: Iberian procedure

— daily values during the
40 dust outbreak
35 41 ug/m’

o

'net dust load'
31 ug/m®

PM10 ug/th
N N W
o O

|

background before and after
10 pg/m?

(1 T

L EFELEFE L LS \Q‘b & \Q‘b &
QQQQQQQQQQQQQ Q
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-
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Risco Llano EMEP

100
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S
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£
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=
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fizme. #CsIC DUST OUTBREAKS: Iberian procedure

Barcarrota
e
Alcoutim @ Sierra ’;llci’zr:\ear
Huelva & Nijae
Net dust contribution for each area
S. Norte Barcarrota Huelva Alcotium Viznar Nijar S. Norte Barcarrota Huelva Alcotium Viznar Nijar
01/03/2005 7 6 6 6 5
02/03/2005 9 9 12 14 8
03/03/2005 9 8 16 10 8 12
04/03/2005 7 9 9 14 4 - - g
R % s - v 8 ° Net dust contribution may also be ‘0
06/03/2005 11 8 7 10 7 10 If dust outbreak is weak at surface levels
07/03/2005 11 9 8 15 5 9
08/03/2005 14 16 17 13 11
09/03/2005 14 18 15 18 14 12
10/03/2005 16 18 21 17 18
11/03/2005 17 22 34 41 23 21 6 12 25 31 15 11
12/03/2005 59 54 56 15 65 19 48 44 45 5 56 8
13/03/2005 31 13 22 9 23 39 21 13 27
14/03/2005 11 10 20 21 46 41 () 36 29
15/03/2005 25 27 24 56 44 36 / 14 17 11 42 34 20
16/03/2005 34 48 40 44 39 27 23 38 25 30 29 9
17/03/2005 32 47 31 52 36 28 21 37 15 38 26 11
18/03/2005 36 55 38 73 43 30 24 45 23 58 33 13
19/03/2005 86 181 60 128 191 35 75 171 45 113 180 17
20/03/2005 114 96 86 32 147 56 103 76 71 18 136 38
21/03/2005 96 21 21 15 81 101 85 11 5 (1} 69 83
22/03/2005 11 1 9 10 37 /
23/03/2005 12 7 11 28
24/03/2005 8 10 10 20
25/03/2005 12 10 7 22
26/03/2005 11 17 6 33
27/03/2005 13 14 10 25
28/03/2005 14 10 12 11 23 _ _
29/03/2005 13 11 18 15 8 30 Days with African dust outbreaks
30/03/2005 9 5 12 21 15 18
31/03/2005 11 11 16 23 22 16
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DUST OUTBREAKS: Iberian procedure [
MANAGMENT OF AFRICAN DUST IN A.Q. NETWORKS

3. The AQ monitoring networks compile a list of dates with exceedances of the DLV coinciding
with the African dust outbreaks from the report by the Ministry of the Environment.

4. The ‘net PM,y dust contribution’ for the closest regional background site is subtracted from the
PM,q levels of list produced in task 3 to discount the natural contribution

5. If after subtraction, the PMy, levels are < DLV (50 pg/m3) then the exceedance will be attributed
to the natural contribution, otherwise will be attributed to anthropogenic causes

6. PM4o levels of the days where the exceedances was attributed to natural contributions are not
included in the annual average.

7. The AQ monitoring networks reports on:

7.1. Mean average PM;, and total number of exceedances

7.2. List of exceedances attributed to natural contributions (exceedances are not deleted!!!)

7.3. Calculated dust contribution to the annual mean (from the difference of the annual mean-
annual mean with the subtractions of the calculated daily net dust loads).
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DUST OUTBREAKS: Iberian procedure
Validation of the method

80

Monagrega H Montseny A Castillo de Bellver
Lineal (Monagrega) = Lineal (Montseny) — Lineal (Castillo de Bellver)

70 A

60 - y =1,1419x
R?=0,8527
50 -

40 |

30 -

Net African dust load

20 - 2
R“=0,6692

0] 10 20 30 40 50 60 70 80
Crustal load (chemical analyses)
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DUST OUTBREAKS: having in mind...
Additional considerations

« Some African episodes finish with stagnation conditions. If up to 2 days after the
episode levels are still high in EMEP-type stations, it is still considered African

episode

 African dust my enhance the levels of PM not only by mass contributions but by
catalysing secondary aerosol formation by interacting with gaseous precursors.
This may be important in terms of mass contribution but is not taken into account in

the procedure
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DUST OUTBREAKS: having in mind... .=

NASA- TERRA satellite
26th February 2010
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DUST OUTBREAKS: having in mind...

ICoD/DREAM Dust Loading (g/m**2} and 3000m Wind v o . ,, o
Oh forecast for 12z 07 NOV 9 /m~2) and 3000m Wind

- Regional dust plume from 25
‘o Ebro basin 14th November 2007 J’

e
1.5
0.75

0.3

0.05

30N
27N

24N
21N
18N -
B 1w 1w v b % ik o P ok o o ak
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DUST OUTBREAKS: other applications [
Afrlcan dust contributions to the annual PM,;, mean levels

PM10 (ug/m?3)

Niembro Mundaka

OSavifnao
Valderejo O

Campisabalos

O e O

Pagoeta

: Cabo de Creus
I1zki

Torms Montseny

Pefiausende Monagrega Morella

Bellver
Zarra
Monfrague O O O
O Risco Llano

Barcarrota . 7-6 pg/m?3
O ‘iznar ® 65 hMg/m3
Sierra Norte O Nijar O 5-4 ug/m3
' () 4-3 pg/m3
() 3-2 ug/m?
. Tenerife (El Rio, Arinaga, Buzanada, Sardina) O 2-1 ug/m?
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DUST OUTBREAKS: other applications

African dust contributions to the annual PM, - mean levels

Niembro PMZ'S (“glm3)
OSavii
( aVl"OGIO O Cabo de Creus
Torms M ogny
Campisabalos O O
Penhausende k
Risco Llano

O o
O

Barcarrota

iznar
d () 2.5-2.0 pg/m3
() 2.0-1.5 ug/m3
() 1.5-1.0 yg/m3
() 1.0-0.5 pg/m?
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DUST OUTBREAKS: other applications [

50N - 55N

45N- - 50N

40N - - 45N

35N - 40N

30N- - 35N
O Regional background s ite

25N_Q Suburban background site | 30N

5wW 0 5E 10E 15E 20E 25E 30E
www.atmos-chem-phys-discuss.net/12/28195/2012/ Pey et al., 2012 ACPD, 12, 28195-28235
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(S: frequency

45N+

40N -

35N+

30N

25N

O African dust frequency (% over annual days)

- 55N

- 50N

- 45N

- 40N

- 35N

- 30N

T T T T
5wW 0 5E 10E
www.atmos-chem-phys-discuss.net/12/28195/2012/

15E

20E

25E 30E
Pey et al., 2012 ACPD, 12, 28195-28235
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DUST OUTBREAKS: frequency-latitude - =5

45 - y=-2,5x+ 130
g 40 - R2=0,81
2
© 35 -
S
5 30 A
S
S 25 -
©
&
.2 20 7
=
I 15 -
(o]
>
Q10 -
S
g °1 @ centralMED O western-eastern MED
E O 1 T T 1
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<
Latitude
www.atmos-chem-phys-discuss.net/12/28195/2012/ Pey et al., 2012 ACPD, 12, 28195-28235
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DUST OUTBREAKS: dust in PM10

50N - 55N
45N- - 50N
40N - - 45N
35N+ - 40N
30N - 35N

O African dust in PM, (ug/m3)
25N - 30N

1 1 1 1 1 1 1 1
5w 0 5E 10E 15E 20E 25E 30E
www.atmos-chem-phys-discuss.net/12/28195/2012/ Pey et al., 2012 ACPD, 12, 28195-28235
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DUST OUTBREAKS: occurrence-intensity
50N - 55N

South France
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S DUST OUTBREAKS: trends

50N — - 55N

45N+ - 50N
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