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BC and CM — two sides of the same coin
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A note on the terminology

* Black Carbon mass concentration BC ugm?3
e Optical meas. equivalent to mass eBC (filter photometers)

* Aerosol absorption coefficient b,;,. Mm™
e Optical measurements, in-situ, (in)direct

babs — BC . MAC



BC, absorption, heating

+1,6 W/m?2 +0,9 W/m?2 BC total:
+1,1 £ 0,7 W/m?

-1 atmosphere |+2,6

+0,6 surface 1,7

co, BC Oops!
(direct)

Ramanathan and Carmichael, 2008



BC @ ~10.000 ft
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Milano, Italy

* [argest city in N Italy, in a valley

* 1.3 M inhabitants

* one of the most polluted cities in Europe
* major traffic in the Po valley

* traffic: 89,000 vehicles in the city center
every day

* traffic restriction in place since Jan 2008
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Ljubljana, Slovenia

* largest city in Slovenia, in a basin
* 350k inhabitants

traffic: 120,000 vehicles into the city
every day

e traffic restriction in place since Sept
2013
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Ljubljana (Aug — Oct 2013)
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Ljubljana (BC,.:  city-background)
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Optical properties - source apportionment
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a multi-wavelength Aethalometer, Atmospheric Environment (2008) 101-112



Quantification — sources of BC - sandradewi/Aethalometer model

b(A) = b, (A) + b (A) A =470 nm, 950 nm

b,(470 nm) / b;(950 nm) = (470 nm / 950 nm) ~A4E/

Zotter et al.: Atmos.

_ . Chem. Phys., 17,
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Fuller et al., 2013
AA Eff http://dx.doi.org/10.1016/j.atmosenv.2013.12.037
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Levoglucosan RMA regression intercept
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Fuller et al., 2013
AA E b b http://dx.doi.org/10.1016/j.atmosenv.2013.12.037
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Two-component models — sandradewi/Aethalometer model
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Two-component models — Massabo/MWAA model
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C...c...c...calibration to determine C < MAC!

Field: comparison w/ other filter photometers

Aerosol absorption coefficient b, Mm™?
* need reference sample
* need reference method to measure absorption

* Reference methodes:
 extinction - scattering: low SSA
e photoacoustics: non-coated particles, no VOCs or water
* photothermal interferometry



Historical calibration — filter photometers

Black Carbon mass concentration BC pugm-3
e Optical meas. equivalent to mass (filter photometers)

 BC mass ,,calibration:
* sample filters
» wash with different solvents (Soxhlet extraction)
* analyze optically
* analyze thermally for total carbon — CO,
e assume all chemically refractory carbon also absorbs!
* voila : mass attenuation cross-section: o, m?/g

Gundel et al., 1984



SSA — bSCCl

bsca + babs
SSA=0.1 0.5 0.8 1
8) O
urban urban regional global

background



Optical measurement of BC: filter photometers

ATN~ (1 — g *oF)

ATN

Reference I, I : /
<Q> @ m Sensing / T
DVQ

Non-linear response of the detection - saturation
Light Source Light Detectors

_ATN

Filter with Sample
bATN At + mg bsca

Collect sample continuously.

Optical attenuation ~ change in ATN.

Convert attenuation to absorption:

__ barn
b abs — C

Real-time data: minutes



Filters: blessing or curse?

S AATN
bATN= > At f(ATN)Z BC-0'+m-bsca
bATN
baps = Cf — My - by,
- bsca>> babs

T \ (SSA>0.8..)

Filter properties. Additional measurement:
scattering.

Need reference measurement.

30



SSA dependence
— barn 1— SSA
s T ¢; 1-SSA + m,-SSA

1-SSA + my-SSA
1-SSA

barn
= C
b abs f

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

mg = 0.02
C; =2.7
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Two-component models — Massabo/MWAA model

b(A) = b, (A,biomass) + b, (A, fossil) A =470 nm, 950 nm

b.(470 nm) / b, (950 nm) = (470 nm / 950 nm) ~AAE] AAE,
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BrC mass, MAC

WRONG!

* traditionally — measure OM, use OM mass bapsBrc = OM - MACp,¢

https:/fdoi.org/10.5194/amt-15-561-2022

© Author(s) 2022. This work is distributed under . .
© Article | Assets || Peerreview | Metrics || Related articles
the Creative Commons Attribution 4.0 License.
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Measurements @ 4 km and 200 km/h
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Optical properties - source apportionment

2.0E-04
17 Spectra U370-9500m | %370-530nm | %660-950nm
e measure attenuation with the Lo [J Wood smoke 2.8 3.6 2.1
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J. Sandradewi et al., A study of wood burning and traffic aerosols in an Alpine valley using
a multi-wavelength Aethalometer, Atmospheric Environment (2008) 101-112



Flight 2019 — Saharan dust events
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Vertical profiles — NE Spain 2019

_ BC BC+SD
* vertical profiles of optical properties: 2500 |
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* size distribution i_E'
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Campaignh overview

2021 — 18 flights 2022 — 9 flights
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Coordination with DLR, SAPHIRE, NASA DC-8
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Methodology — Dust & BC Absorption

species
specific AAE
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Thank you!
Questions?

grisa.mocnik@ung.si

We thank ESA (4000131931/20/NL/FF/an) and NLB f
. e



mailto:grisa.mocnik@ung.si

	Slide 1: Black and Brown Carbon –  local, regional and global relevance   WeBaSOOP, 3 Apr 2024
	Slide 2
	Slide 3: BC and CM – two sides of the same coin
	Slide 4: A note on the terminology
	Slide 5
	Slide 6: BC @ ~10.000 ft
	Slide 7
	Slide 8: Regonal pollution
	Slide 9
	Slide 10: Milano, Italy
	Slide 11: Milano
	Slide 12
	Slide 13: Ljubljana, Slovenia
	Slide 14
	Slide 15: Ljubljana (Aug – Oct 2013)
	Slide 16: Ljubljana (BCtr:      city-background) 
	Slide 17: Optical properties - source apportionment
	Slide 18
	Slide 19: AAE pair – BCff BCbb
	Slide 20: AAEff
	Slide 21: AAEff
	Slide 22: AAEbb
	Slide 23: AAE pair – BCff BCbb
	Slide 24
	Slide 25: Two-component models – Massabò/MWAA model
	Slide 26: C…c…c…calibration to determine C ↔ MAC!
	Slide 27: Historical calibration – filter photometers
	Slide 28: SSA = 0.1
	Slide 29: Optical measurement of BC:  filter photometers
	Slide 30: Filters: blessing or curse?
	Slide 31: SSA dependence
	Slide 32: Montseny regional 
	Slide 33: Two-component models – Massabò/MWAA model
	Slide 34: BrC mass, MAC
	Slide 35: Standardization stanBC
	Slide 36
	Slide 37: Flight 2012
	Slide 38: Flight 2016
	Slide 39
	Slide 40: Thailand
	Slide 41: Optical properties - source apportionment
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49: Campaign overview
	Slide 50
	Slide 51
	Slide 52: 17 Sep 2021
	Slide 53
	Slide 54: Methodology – Dust & BC Absorption
	Slide 55: Heating Rate
	Slide 56

