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Brown Carbon: The Absorbing Organics

Recent studies show some organic aerosols can absorb light (so-called "brown

carbon”: BrC) (Andreae and Gelencsér, 2006 ; Arola et al., 2011; Hecobian et al., 2010; Chakrabarty et

al., 2010 etc.)

Usually found in biomass burning and biofuel emissions.
Most absorbing at UV wavelengths, leading to a high absorption angstrom exponent

(AAE).

BrC contributes to global warming but its effect has not been well estimated.
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Experiment

» Online Data: OC, EC, BrC
» Observation time: 2015.6-2016.8

» Observation site: Nanjing University of Information Science and
Technology (NUIST)
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Mass Absorption Efficiency(MAE)

ATN = |n(:_0) ¢100 Eq. (1) ATN is the light attenuation.

where | is the intensity of transmitted light before the analysis, and | is the intensity
of incident light that is the measured signal after the analysis.

A
By = ATN > == Eq.(2) b, is the attenuation coefficient(M m1=10®m).

where A and V are the filter area (cm?) and sampled air volume (m3).

bATN

0,y = C e R(ATN) Eq. (3) b...(M m?) is the absorption coefficient.
In( ATN )—In(10)
In(50) —In(10)

Babs ATN
MAE = =
EC ~ EC x C X R(ATN)

0.1ATN)
1.609

+1 Eq. (4)

|
R(ATN):(%—l)( )+1=(%—1) il

Eqg. (5)

Where C and R(ATN) are two empirical factors that are often used to correct the
artifacts in filter based measurement due to the multiple scattering and shadowing

effects. ECs (nug C cm™2) is the filter loading of EC. C value of 2.14 and f value of 1.1
were adopted in this study.
(Sarin and Srinivas, 2013; Ram and Sarin, 2009; Shen et al., 2013; Cheng et al., 2011)



Deriving BrC Absorption from Measurements

* AAE exhibits the spectral dependence of aerosol absorption, which is related to
size, chemical components of aerosol particle and incident radiation wavelength

(Chakrabarty et al., 2010; Gyawali et al., 2009; Flowers et al., 2010).

_In(Babs(A1)) - In(Babs(r2))
In(A1) - In(A2)

AAE =

Babs(M m) is the absorption coefficient.
In this study, A1 and A2 are 405 and 658 nm
respectively.

Absorption or AAOD
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(Source: Wang and Heald, 2015)



Data quality control
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Results and discussion
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@ Variation of MAE

Vehicle emissions = Natural source
Fossil emission=Biomass burning
(Zhang et al., 2011)
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@ Variation of AAE _
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Conclusion

¥ The sources of BrC and OC, EC appeared obvious
different. Biomass burning contributed to high BrC in
Spring and no significant BrC formation was found in
summer. During autumn and winter, the origins of BrC
were complicated.

@ The formation mechanism of BrC still needs to be study.
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Aqueous secondary organic aerosol(aqSOA)

@ Traditional models typically underpredict secondary organic aerosol (SOA)
mass, suggesting that a complete knowledge of SOA formation mechanisms
remains a major source of uncertainty. (Gilardoni et al., 2016)

€ laboratory experiments and predictions suggest that water-soluble products
from the gas-phase oxidation of VOCs can also partition into atmospheric
waters (i.e., clouds, fogs, and aerosol water) and react to form low volatility
products. These products can remain in the particle phase after water
evaporation, forming what is termed aqueous secondary organic aerosol

(aqSOA).(Sullivan et al., 2016) 80 4
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Chemical content of PM, . in Nanjing
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Aerosol Water in Shanghai
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Fig.12 LWC concentrations under different relative humidities.



Aerosol Water in Shanghai

€ Correlation between Liquid Water Content(LWC) and OC, SO,%, NO;
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