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Introduction

The optical properties and sources of atmospheric aerosols are of prime importance in the context of a changing climate.lll Organic aerosol (OA) emissions consist
of light-absorbing compounds (brown carbon, BrC) that may exert, along with soot carbon, a significant positive direct radiative forcing on the climate system.!2]
Current ambient studies of BrC are limited to correlations of the measured absorption with seasonal patterns or marker species specific to certain sources and/or
processes (factors).l3] Here, we combine long-term aerosol mass spectrometry (AMS) and ultraviolet-visible (UV-vis) spectroscopy measurements within a positive
matrix factorization (PMF) model, to determine factor-specific BrC absorption properties (e.g., mass absorption efficiency, MAE) for a case study in Switzerland.

Methodology Bulk absorption and OA sources

. a ] : b l
. Concentration @), . Megadino | g .
wood burning £ , - |2 Zurich ; , = o 10 20 30 40
(ug m3), Factor k \ E M - - £ 500- | Bape (MM ')
=3 p= | , |
Bulk Brown Carbon S D 450- Magadino | Zurich
Absorption (Mm1) Absorption Profile constraints ke 2™ IA;
e 3504 o
N~ (m? g*), Factor k from AMS-PMF 3 BV ITUA o s AAVAACY =11 AL u
- 01.01.2013  01.04.2013 01.07.2013 01.10.2013 01.01.2014 S . . B A .
t ~— \ X % 01.01.2013 01.07.2013 01.01.2013 01.07.2013 01.01.2014
: . ( d ) 3 : e Maaadios, wirer (C) 1 oI HOA| | coA SCOA_ BBOA- wo%‘[;ﬂ SOOA
) N ? ] — - > —— Zurich, winter - S
> . Why use constraints? =, |\ : Magadino, summer| & 03 -
= TS ~ = Zurich, summer )
A N g 1. Unstable output in free PMF f : ~ 1-AAE = 06 2o§
2. Direct link to sources/processes g 1B MAE ™~ A < - 3
: - /3. Mass concentration information = B 3 1 .
from UV-vis . . 3 £ o2 ITP 3
biogenic Fact fie b "y S A ... - s o o I T et S
spectroscopy actor-specific absorption , 300 350 400 450 500 550 600 O oo Jolet it T Moo b SRR | T
spectra & time series m HOA hydrocarbor?—l.lke Wavelength (nm) 01.01.2013  01.07.2013  01.01.2013 01.07.2013 01.01.2014
W SC-OA sultur-containing a) Spatio-temporal variation of the water-soluble BrC absorption (b, ) at 370 nm;
o | | - gggA ‘;‘i’:rl:];”sgs'gﬂf‘ntiig b) Image plot of the time- and wavelength-dependent b, . used as PMF input;
Simplified schematic of the applied PMF model B WOOA winter-oxygenated c) Identified OA source components (factors) by AMS-PMF analysis;
SOOA summer-oxygenated d) Seasonal variation of the bulk MAE, and the absorption Angstrém exponent (AAE).
A~~~ - . 6 : :
< 104 ® Bulk WSOA, winter Absorbing factors: | i~ — BBOA L 4 o [Eeso. m oo BRscon
o) = - Bulk WSOA, summer o - — WOOAl ~ '
N oy ¢ ¥ | —— HOA-like, Islisberg-tunnel 'E 54 <
& | COA-like, cooking oil heating = | SOOA 208
‘; Chamber BBOAfregh™®! BBOA — |2 - > o
2 1- Chamber BBOAgzged'” polar aromatics from L44.%  AAE e 06
GC) A Biomass burning®® wood burning, absorption &’ “\ '\,\_\ -.:% 0.4
O A Vehicle emissions® hump in the visiblerange 8 3 \i\ =
= v Biomass burning event!” I N Y € 5o
() v End of biomass burning eventl’] o | \\ &S
- ® Wood burning® WOOA (% 2 T i\ \‘{?e : 0.0
O 0.1- Combustion of various fuels® hiohl dized focsil > b ST T 300 350 400 450
ey : Coal combustion!'®! igNly oxidized, non-1ossil, - = R Wy, Wavelength (nm)
5 : @/ . N _ ) : m  Soot carbon!'"! long-range transported SOA 8 14 R o,
~ . ' , 11 . . _‘\. T ';"'.‘.._
7 1 OQ R da A , e Brown carbon 132pheres[ ] or aged BBOA emissions > [3\Yg ""'~~\_,~~
O I o 6/7/. N ; 4 Funeral pyres!'? N s : B "‘*--2:.-..--."., |
© 0 01 N OGO ~ ; » Humic-like substances!"™! o7 ==
o) E N ~ ” Toluene/NOy SOA! 300 350 400 450 500 550 600
L . g . Naphthalene SOA™ 5\ ohthalene/NO, SOAT™ | Wavelength (nm)
N [15] temperature-driven,
=S \ N ¢ Benzene/NOy SOA , : ..
: —N . : - | : , . | biogenic-dominated, BrC b, apportioned to 3 factors having distinct AAE.
300 350 400 450 500 550 higher MAE than in chambers
Wavelength (nm)
Comparison of the modeled MAE, spectra to those of chamber-generated fresh and aged wood burning BrC, e 0 025 050 Surich
mixed-source ambient samples and laboratory experiments employing anthropogenic and biogenic SOA precursors. Spane s

01.01.2013 01 D? 2013 01 01.2014 01 01 2013 01 .07.2013 01.01.2014

i T

Poschl U. (2005) Angew. Chem., Int. Ed. 7:3969.
Feng Y, et al. (2013) ACP 10:1773.

Laskin A, et al. (2015) Chem. Rev. 115:4335.
Romonosky DE, et al. (2016) Atmos. Environ.
130:172.

Kumar NK, et al. (2018) ACPD.

Hu Z, et al. (2017) ESPR 24:15369.

Lin P, et al. (2017) EST 51:11561.

8] Pandey A, et al. (2016) JQSRT 182:296.

9] Olson MR, et al. (2015) JGR Atmos. 120:6682.
] Yan C, et al. (2017) Sci. Rep. 7:43182.

] Alexander DTL, et al. (2008) Science 321:833.
] Chakrabarty RK, et al. (2014) ESTL 1:44.

] Dinar E, et al. (2008) Farraday Discuss. 137:279.
] Lin P, et al. (2015) PCCP 17:23312.

] Xie M, et al. (2017) EST 51:11607.

Model validatior

]
precision £40%:
measurement errors
& MAE, variability

Wavelength (nm)
(460 440 420 400 380 360 340 320 300 280

—_—
|

ol

o
-
|

Modgled bab5,370(Mm_1)

coarse bgpg 370 (Mm™)

o First winter (Jan-Mar) e /.* S N
| © Spring (Apr-dun) e P | g]tactor (BBOA)
Summer (Jul-Sep) : actors
0.1 . . 5

coarse SCOA (ug m) Measured b, 370 (Mm™1)

Wavelength (nm)
460 440 420 400 380 360 340 320 300 230

Indication of the negligible contribution of BBOA alone cannot explain
SCOA, found in the coarse mode, to b, 3, the variability in the b 3,

I{” | K '
M"
composition and absorptivity for individual OA classes. ! |

Foundation =~ % . Long-term predominance of anthropogenic over biogenic
ERA-F o . .
e emissions in the water-soluble BrC absorption in Switzerland.

K /75 ‘.‘\\
EIiA-Pl'.ANET

400 380 360 240 2320 W00 280

. Novel framework that provides a direct link between chemical
Onassis

Wavelength (nm)

420

460 440

Swiss Confederation . Importance of BrC versus soot carbon absorption should be
Federal Office for the Environment FOEN examined to deepen our understanding of their climate effects.

Relative factor contributions to bulk BrC b_..in Magadino
and Zurich during 2013, calculated by post-PMF analysis.




