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Absorbing atmospheric carbonaceous aerosols é%

Absorption coefficient ]

................

LABOR FUR

Short-lived climate forcers produced by anthropogenic activities (e.g., residential wood burning)!!
Organic carbon (OC) vs elemental carbon (EC): Abundance/absorptivity/vertical distribution(?3]
Wavelength- and source-dependent absorption by light-absorbing organic (brown) carbon (BrC):l
BrC contributes up to 7-19% of the solar radiation absorption by anthropogenic aerosols(

Carbonaceous aerosol sources: Mass spectrometry/1*Cl5l, Aethalometer modell®, a method(’!
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« EC absorption enhancement (lensing) by non-refractory coatings: BrC/Lensing decoupling?

« BrC isolation by lab optical analysis of liquid filter extracts!?l, no mixing state assumptions

« Biomass burning/aged (unlike fresh traffic) BC is largely internally mixed, with high OC:EC[E4

Heterogeneous, internally-mixed
atmospheric particle ensembles

Collapsed

Morphology: Fractal
= 0.5

Coating fraction: =0

[5]

® Sample 8 - Berkeley Jun-01, BC

= Sample 17 - Adjacent to roadway, BC

o Sample 20 - Caldecott tunnel, BC

4 Sample 3 - SAFARI #57, extracted OC

= Sample 4 - SAFARI #15, extracted OC

= Sample 2 - Firewood smoke, extracted OC

Light Attenuation Coefficient (m? g)

e Eppac.sc ~ 1.0-1.4
Combustion experiments/

fresh emissions
NEAR SOURCE

Environmental aging chambers

LOCAL - MEGACITY

650 850

Wavelength (nm)

DRF ~0.4 W m?

% <0.3d % <0.7d

Coated to Spherical
=1

+—— Eyacac ~2.3-2.4 —>

Receptor observatories
REGIONAL
(e.g., S. or E. Asia scale)
Long-range
~7d || transport
Or Scavenging
EMAOBC ~2.4

DRF ~1.0 W m? ——»

1. What are the sources of atmospheric BrC and their absorption properties?

2. Species-specific A-dependent absorption closure by filter-based methods?

2. Kirchstetter (2004) JGR Atmos.
5. Gustafsson (2018) PNAS

1. Moffet (2010) Anal. Chem.
4. Liu (2017) Nat. Geosci.

3. Peng (2016) PNAS
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Mag & Zur
winter (2 filter
samples

1. Moschos (2018) ES&T Lett.

Magadino & Time-of-Flight Aerosol Mass
< Zurich, daily* Spectrometer (HR-ToF-AMS)
PMig5 filters Ultraviolet-visible (UV-Vis)
Zurich 2013,
10 min. time Scanning mobility particle sizer
resolution
Aethalometer (AE33 model)
Mag & Zur
2013/14, up to
1h resolution Multi-Wavelength Absorbance
Analyzer™ (5-A MWAA)EI
Sunset OC/EC analyzer

Offline High-Resolution

spectrophotometer (280-600 nm)

& lon chromatography

Field-emission Scanning Electron Microscopy/
Energy Dispersive X-ray Spectroscopy (FE-SEM/EDS)

LABOR FUR

RS Instrumentation & Methods flowsheet -

UV-Vis PMFU': Factor-specific
total BrC absorption properties

PMEF: Positive Matrix Factorization

Mie calculation: Extractable

particulate BrC absorbancel
_____ A

r Mie calculations (5
mixing state cases) I

4 __1___1

Conceptual model
for optical closure
L (Bare BC+BrC+Lensing)

b

i AE33-PMF (EC

1 factor constrained)
“

f =

Proxy for BC coating thicknessll:

(fOA+NO, +S0,2) / EC => Bare BC MACeao/as0mm

Morphology and Composition
of extracts & untreated samples

*Every 4% day: Magadino Jan ‘13 — Sep '14 & Zurich Jan — Dec '13 (247 PM,, filters)

& Magadino Jan — Sep '14 (65 PM, ; filters)

**Selection of 27 filters (Mag PM,y.5 & Zur PM, 5), wavelengths: 375, 407, 532, 635, 850 nm,
exponential curve fitting (R% = 0.97) to correct & compare with AE-33 by

2. Liu (2013) ACP 3. Massabo (2013) J. Aerosol Sci.

4. Cappa (2012) Science .,
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I Water-soluble BBOA
Il \Vater-insoluble BEOA
I Winter-oxygenated OA

I Water-soluble BBOA
Il \Vater-insoluble BBOA
I Winter-oxygenated OA|

from UV-Vis PM|
constrained

-
»

I Other OA factors Il Other OA factors*
12 Measured (UV-Vis) —— Measured (UV-Vis)
Magadino 2013 Zurich 2013

Absorbance in methanol (Mm™)

300 350 400 450 500 550 300 350 400 450 500 550

Primary factors: HOA: hydrocarbon-like, COA: cooking-
related, SCOA: sulfur-containing, BBOA: biomass burning

Secondary factors: WOOA: winter-oxygenated,
. summer-oxygenated [1,3]

HO®W'SABq pajesbaju|

Mass abs. efficiency (m? g”')

Bulk Brown Carbon
Absorption (Mm*) = § Absorption Profile

BS UV-vis PMF for methanol extracts éﬂ.ﬁ

Concentration
d b
wood burning [2] (g m?), Factor k

Residual Matrix (Mm-?)

ultraviolet-visible

10

0.1+

\  (m?g?), Factor k ——e
—— |- ) =¥+
: k
R
X w \ \
Input from i s Constraints from Aerosol

Mass Spectrometry- Positive

(UV-vis) Matrix Factorization (AMS-PMF)

spectroscopy
R MeS-BBOA WINS-BEOA MeS-WOOA
— AAE;0.4000m: 4.9+ 0.1 6.4+0.7 47+05
(WS-BBOA: 3.3%) (WS-WOOA: 4.8)

WS: water-soluble el ‘ st o

WINS: water-insoluble " ot

MeS: methanol-soluble

300 350 400 450 500 550 600

Wavelength (nm)

MAEyins-seoa 2 MAEggoa > MAEyq0a

Sensitivity on solvent, spatial/temporal
coverage and resolution, and AMS
factor solution (regional vs site-specific)

Anthropogenic (non-fossill®l) BBOA &
WOOA are the predominant BrC sources

Non-negligible WOOA contribution to mass
& integrated absorbance (also during summer)

1. Daellenbach (2017) ACP 2. Moschos (2018) ES&T Lett. 3. Vlachou (2018) ACP 5
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=j= FE-SEM/EDS analyses P iz
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Zurich

Signal A= Inkens |

winter

19 PhotoNo.=9

Magadino win

200 nm g
Z

Photo No. Photo No. = 13 H

Carbon assemblies accumulate onto deepér, AR 3]
thinner & rougher fibers and their intersections Less volatile®®/viscous

i D
No tar balls!¥! identified (BB)OA (coating)-

Pseudo-spherical carbon particles
not observed after water washing

DERU TGNV O EHT = 10.00 kV

Signal A = SE2

0 R 7 1000k Sl A -5E2

1. Corbin (2019) npj CAS 2. Pirjola (2017) Atmos Environ 3. Sharma (2018) GRL
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BC spectral absorption properties

AE33 calibration constant (C,) based on Multi-
Wavelength Absorbance Analyzer (MWAA)

AAE of bare BC from MWAA upon methanol
extraction (removal of coatings/BrC influence)

Assessment of possible source-related
MACg variability, relevant also for the
application of the Aethalometer model

Reduced data scattering with refined

([OOA+HOA+BBOA]+[Nitrate]+[Sulfate]):[EC]
Mag'13: r=0.74, Zur'13: r = 0.70
Calculated intercept within same range

T o3
I
— =] L I
= ° l T ¥ l - *
= 3 2
EE ~2 48 (n=27) /
- 2 ~2.29
i g
A o 0.93 £ 0.16 (n=9)
Su vy S 10.93£0.
<
© T T T T T T
370 470 520 590 660 880
Wavelength (nm)
—~ 12
. 660 nm Month
o~ Magadino'13/1
£ 10- ¢ 880 nm a (Mag o)
—_ =0 1
8 8 o B Oct
\B 6 Jul
‘Q{ﬂ
I Apr
o 47
5]
(é:J 2 Jan
= T r T
0.3 14 0.5 0.6 0.7
C-based [ECfossiI(traffic)] / [ECmtaI] (')
20 Twon -
P [ s+ Magadino
o . 18 s r2sugms A emmm e Zurich
o~ 16 B ct . - i | - -
é 0. ;0 Lensing saturation region? o~
= 0.
@) S s . .
W, 12 ‘ A e o
g Jm: “au b.‘
[=]
8, 81 > Ae
f‘: o '..-m“ ‘ MAC e8¢ Magadino'sa = INt@Iceplyagago, = 7.3 £ 0.5 m? g7 (r=0.53)
“ 4 : : MAC e zurcnis = INMOICepty,e, =6.2%0.5m? g (=0.64)
0 10 20 30 40 50 60 7

for BC coating thickness = ([OA]+[NO3]+[SO21) / [EC] (-)

Example calculation of MAC,,esc ss0nm
at 95% confidence level

o No consistent correlation of MACg
with OA, OA:EC, OOA:EC or OOA:OA
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(=== Species-specific optical closure éwﬂm

Il Bare BC (b, ¢, from +AAEaa) Il Bare BC (b, g, from +AAE wan)
- Brown carbon (babs‘BrC-r\me) 12 - - Brown carbon (babs‘BrC-Me)

Lensing (b,,s gc €nhancement) Lensing (b, gc €nhancement)
— AE33-PMF (AAE: yggo = 1.17 £ 0.08) — — AE33-PMF (AAEgc g0 = 1.08 £ 0.05)

Magadino 2013 Zurich 2013

N
o
1

-
D
1

-
N

AAEg ¢ ys00 = 5.93 £ 0.16 AAEg ¢ 500 = 5.08 + 0.32

Particulate absorbance (Mm™)

8 -
4 4
44 660 nm 880 nm 660 nm 880 nm
actor) = 1.27 + 0.0¢ 1.30 £ 0.09
0- 0
400 500 600 700 800 400 500 600 700 800

Wavelength (nm) Wavelength (nm)
Relative contribution of particulate species to total absorption

Agreement of E . ¢s0s0 With other filter-based results & global modeling™

Yearly averaged apparent E,¢ , >1.0, but wavelength-dependent:

AAE g 370.660nm=0.60 % 0.23 (upon BrC-Mie absorption subtraction)

1. Fierce (2016) Nat. Commun.
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el N «  Zurich

= 4 Magadino

Month (2013)
0.6 Dec

Oct

Apparent BC E i 370nm / Eabs 660nm

Interceptyagadinoszuricn = 0-99 + 0.02

SIOpeMagadino&Zurich =-0.64£0.05
(R? = 0.45)

BrC rel. contrib. to absorbance @370nm

Indication of lensing suppression for calibrated
AE33 data considering accumulation mode BrC

1. Feng (2013) ACP

0.4 Jul 1 g 6y,
ape 82 I_Brc coating (partially) shields
0.2 the BC core from photons -~
0.3 J / \
Jan \N _7
0.0 0.2 0.4 0.6 0.8 f;

(=)= BrC-induced BC lensing suppression éwé’s“%ﬁ

Relevance for high BrC to BC
mass/absorbance ratio (co-
emitted species from biomass
burning, or aged plumes)

Here: Moderately-absorbing
BrCIl, EC:0OA ~0.06-0.20

Data scattering:

Variable BrC/BC mixing ratio

Errors in BrC absorbance,
daily C value uncertainty etc.

Magadino fitted line shift:

0 Selective BBOA/WOOABrC

partitioning in coatings
(larger BBOA fraction
externally mixed vs WOOA)?
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(=)= Mie-predicted E,; 5 sensitivity to mixing state

Single-particle core-shell Mie calculations for 5 distinct mixing state configurations
Yearly average EC/OA/NAM mass concentrations from the observational data
dbarejzc = 150 nm (typical), dg,c/nam = 270 nm (median SMPS mass mode), fixed BC RI/AAE

w
1

Absorption cross-section, Cape [M2]

2. BC-BrC internally mixed 3. BC-NAM internally mixed 4. BrC-NAM internally mixed 5, BC-BrC-NAM all internally mixed
1 11 Fully externally mixed (3 particles) NAM externally mixed (2 particles) BrC externally mixed (2 particles) BC externally mixed {2 particles) {1 particle)
g-1e=1 g-le=14 g-le=14 gle=14 o_le=14
mmm BC external Emm BC internal (core) Emm BC internal (core) mmm BC external ~ EmE BC internal (core)
8 m— BrC extemnal 8 =BG internal (shell) 87 — 5C extemal 87 = BrC internal (core) E 87 == BC internal (middle layer)
7 74 Lensing (BrC on BC) 74 Lensing (NAM on BC) 74 Lensing (MAM on BrC) é 7 Lensing (NAM & BrC on BC)
6 6 6 6
51 5 5
4 4 4

w
1

w
1

Absorption cross-section, Caps [mM?]
Absorption cross-section, Caps [mM?]
Absorption cross-section, Caps [M2]
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300 400 500 800 700 800 800 300 400 500 600 70O 800 900 300 400 500 60O FOO 800 800 300 400 500 800 FOO 800 900 300 400 500 600 700 8O0 800
Wavelength [rnm] Wavelength [nm] Wavelength [nm] Wavelength [nm] Wavelength [nm]

1) Brown coatings can suppress the lensing effect at short wavelengths (as seen with the
2" and 5" mixing state configurations), supporting the interpretation of the observations

2) For the default inputs, NAM does not need
to be present for this suppression to occur

o
L

Lensing ratio:
abs, lensing

CZBG — 3800m,c400 —500nm

abs, lensing

4
=
|

The degree of lensing effect suppression is driven
by the BrC shell size relative to the BC core size e NAMonBO, BIC extema

029 —e— NAM-on-BrC-on-BC
=== Default value = 1.90

0.0 T T T =y T T T
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 10
Ratio of Digtar 10 Degre
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(=» Summary & Conclusion émﬂm

Comprehensive optical & source/chemical speciation of total BrC in Switzerland
Unique combination of multiple filter-based techniques for long-term,
spectrally-resolved, source- & species-specific calibrated absorbance closure

First experimental verification of BrC-induced BC lensing suppression(-4 <470 nm:

Long-term E,, gc reduction 18 = 2 % @370 nm (unknown coated particle morphology)

Core-shell models predict a reduction of up to 50 % @400 nm(
>25 % reduction observed here in ~20 % of the filter samples

10 + 3 % integrated lensing reduction vs clear coatings with assumed constant E 4 ¢ »

Long-term integrated BrC (regardless of mixing state) absorption (> 7 %)
overwhelms the reduction in BC lensing (< 3 %)

1. Lack (2010) ACP 2. Saleh (2015) JGR Atmos. 3. Cheng (2017) STOTEN 4. Luo (2018) ACP 11
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