Source Apportionment of Carbonaceous Aerosols
and Other Pollutants in Central Europe

Spatial and temporal variations of black carbon, carbonaceous
aerosols and co-emitted pollutants depend on the sources — results
of Central European campaigns
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Aerosol Black Carbon

e BCis a primary product of incomplete combustion
e BC not automatically related to CO, emission
e BC emissions can not be predicted:

must be measured

e BC particles from different sources can have
different characteristics that produce different
effects in the atmosphere:

(Coal/Diesel/Biomass, USA/Asia/Europe)
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Advantages / Attributes of Optical Analysis

Typical chemical speciation time resolution — hours, day!
Optical methods — minute!

¢ |nstantaneous

e Non-destructive

e Mobile / Portable

e Added dimension - time

e Added dimension — wavelength
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Analytical Instrument : Aethalometer™

A (.;\\ Reference I,

Nt ATN =In (1,/1
AP MW sensing! o/ 0

V
Light Source Light Detectors

Filter with Sample b,.~ AATN

e Collect sample continuously.

e Optical absorption ~ change in ATN.
e Measure optical absorption continuously : A =370 to 950 nm.

e Convert optical absorption to concentration of BC:
BC (t) =b(t) / o
e Real-time data: 5 minutes

— Dynamical, real-time measurement, updated each period 5




Aethalometer — Continuous rack mount instruments

AE31 Spectrum — Ambient Air Quality Monitoring
v Seven wavelength (370, 470, 520, 590, 660, 880, and 950 nm)
v Local source identification
v Regional, Continental, Global Atmospheric studies
v Particle size distribution, radiative transfer
~  Climate change, albedo, cloud modification
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The Aethalometer Model AE33

EUREKA/Eurostars FC Aeth E!4825
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The Eurostars Programme is powered by

EUREKA and the European Community
Py PAUL SCHERRER INSTITUT @
erosol INNEeT (1= \C 3 FE
— e
Umweltmonitoring

eurostars™ FURECA




K"I*agenfu rt

atermenn Fealdk rI""'Il.:""l

i L AT
ALY - Hlage'wfurt am./
*:.2009-2013 “ @'

Le BE"I'I =

Lsrafenatein’ (L EDemaor

T reften
E I'I'II'I'I-:"'=\.-.. O~ '— e

e
i v ]

) k rFerlach’
Tolmezzn
et

S

—

o]
Laermong

<ol
1

*ale
"‘F'I"I ridlig, ;
b ; - ldrija
; L : P
Cormons ~ oy o Mrhnika

e o, ¥

B ——— L T ) ; LS

.:"?FP:;H‘ SEnL LA { -.J-:h n.'E.EII'lE &= pgatec
e ..-.l\.._l i '."'F'||' ! "‘- |-
‘\1 o -»._,..__':‘-_ L — o Y ’ ¥}
"'u" I‘- T 7 - i - & Monfalcona Postojnai. .

': Fortogruargs==s ! a\\_\ o
L ¥ " o
o iSan Michels - B

e - Dino-ALUNSEIME w5 %3
~San Donat alfagliamento pticl Sl
AdigHiave i A f
- '.-
s SEraclea =
liano -

neto

L
dasals

o Wiro i
Vodnjan|
Porta Tolle L /
FOrk ] L -
T Fakana = I
Pula.st
; *

Medulin

e Blkermarkd &

s [
.-:I..E SkofjalLoka eS8
, — Medvode
| &
Ljubljans

Groauplje

Cerknica

K r it
"\‘7"_1. sk
] YEIStrca

. S Eitil] e "|a~..
fuﬁ Rad gona

e Rk Lenart

A E":;_‘ Ma rl beﬁanba' __f

K.ore: '\.{E"I'I'I .r?'f = 'H.

2009-2013 _

Gistrica

L Undko
|t||e = bl =
'+ ablsavl
nice

5 ’”"Zagprje

I_‘lﬂ.-\..l.-\.-

"\-.
amobor eFss j‘

5 ?:‘]!Z_]l.

ol lastraba |
."1'-_..!_] ka3 d.,\. lag I".JI r“':-l‘ﬂ L
- 028 B |
:r.l-‘) = .._,-.Il.i'

'{\.F.!r OWBC 1'I-.I_
- i

- L

& [Nuge Resa §

< "\f onica 1 IL Wik

Ernomel)

W I'Il?'-\." ".l|'5-k
.l_f T

Eitolac

LTE )




Site and instrumentation

Aerosol light absorption: OC / EC filter analysis:
Aethalometer AE31-ER Sunset T-O Carbon Aerosol analyzer
» 7 wavelengths: 370, 470, 520, 590, e 24 h quartz filters, 16,7 LPM

660, 880, 950 nm  EUSAAR-2 protocol

e flow 4 LPM

* absorption coefficient b, - :

compensation for loading and IIE)NNllz:I:}.?Ll

scattering

reference gravimetric method
* Angstrom exponent a from b, (A)

5 min time resolution 1 day time resolution
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BC time-series, Nova Gorica
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BC in Nova Gorica — diurnal variation

ng/m?
8000 8000
7000 traffic —workday ==Sunday 7000
6000 6000
5000 5000
4000 4000
3000 - // . 3000
2000 2000
1000 1000
0 | | I | I | I | I I I O

o o o o o o o o o o o o

o o < (o) ©0 o o < \o} 0 o (]

i i i i i N N

_Aerosol .



ng/m3
8000 8000

T r a ffi C 7000 I/\\ 7000

s [\ N\
Does traffic diurnal pattern 4000 / \\ // \\ 1000

3000

- 3000
match the BC pattern? o N/ T~ -
1000 7 1000
0 0
140 140
120 < N —LightTrucks || 150
. 100 E / \"\ —Heavy trucks 100
Trucks are all diesel and w3 // \\ w0
emit more than other o T TN\ °

40 10
vehicles. o / O\ .

0 0
2500 2500
/N 2000

1500

oo S

1500 gl /\ / \
What about cars? / \\
Note the change in scale! 500 \J 500

000
00
007
00:9
00:8
20:07
2027
2007
20:97
20:8T
20:0¢
20:2¢



ng/m3

W|nd 8000 - /\ 8000

6000 7 /l \\ /_\ 6000

Does the wind diurnal  so0 - 5000
| \ 7\

- |
attern influence the BC 4o 4000
Eattern? o \ // \‘\..\// oo

2000 B / 2000

1000 1000
O I T T I I T T T T I I O
o o o o o o o o o o o o
Q @ @ Q Q Q < Q Q Q Q =]
o ~N < O (o] o o~ < O (o] o (o]
— — — — - o o
2.5 2.5
Wind does
. A\ 2
1 7
disperse the 2 / \
. . 5 15 15
primary air & / \/__
Q
. ;) 1 pe— 1
pollution! E ~—
%05 0.5
O I I I I I I I I I I [ O
o N = o)) 00 = - = = = N ()
© © © © o 2 N & @ 2 9 N
o o o o o o o o o o o
o o o o o o o

_Aerosol FEE R



Composition of PM10 changes during the day!
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~ Biomass is globally a major energy source




Woodsmoke in cities?! PM, . Milan

16.3% _\ 0
Paris, winter 20% Favez 2009 :
Grenoble, winter  35% Favez 2010

similar for Vienna, Graz, Salzburg
(Caseiro 2009), 9.1%
Zurich (Lanz 2008, Szidat 2006)...

oM
and also: o
B oecandary e meroay miphwe essak TNGC BT
75
704 PMHO Mz S
Milano, fall 30% Perrone 2012
Milano, winter 25% Perrone 2012
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Biomass-smoke vs. diesel - 7A

. . 2.0E-04
measure attenuation with the
1.8E-04
Aethalometer
1.6E-04
absorption coefficient - b, 1 4E-04
1.2E-04
for pure black carbon: b, ~1/A ¢
generalize Angstrom exponent: 8.0E-05

b,,, ~1/A°

diesel: a = 1

biomass-smoke: a = 2 and higher

J. Sandradewi et al., A study of wood burning and traffic aerosols in an Alpine valley using a multi-wavelength

K 1 Aethalometer, Atmospheric Environment (2008) 101-112
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BC,, BC,,,, time series, Nova Gorica
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Source apportionment: which sources to

regulate?
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Conclusions

e we can measure Black Carbon from Fossil Fuel and
Biomass combustion with the Aethalometer

e time resolution is 1 min

e we can investigate time evolution of BC and biomass
smoke during the day, excellent correlation with markers,
PAH source

e quantitative biomass smoke determination — 24 h TC, but
Aethalometer high time resolution - minutes

e monitoring station pair: regional and local behaviour

e woodsmoke is a regional pollutant
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Thank you for your attention!

Questions?
Aerosol d.o.o. tel: +386 59 191 220
Kamniska 41 fax: +386 59 191 221
SI-1000 Ljubljana
Slovenia grisa.mocnik@aerosol.si

e
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