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Clean days at each site are defined as PM, ; < median
PM 5 concentrations concentration in the winter heating season from 15 November
duri ) h 2016 to 15 March 2017:
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Carbonaceous aerosol,
a major contributor to severe haze pollution in China

Our goal:

o Understand the sources and atmospheric processes of
carbonaceous aerosol for mitigating haze pollution

A critical question for effective haze mitigation

o ? Whether carbonaceous aerosols 1n different Chinese cities
have similar characteristics during haze events

Method:
o Analysis of dual-carbon isotopes
(i.e., *C and the stable isotope 3C)
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Radiocarbon (14C) source apportionment, a powerful tool to apportion sources of carbon

Living things: certain “C level - Half-life of '*C: 5730 years

14C in fossil fuel decayed=0 Time of fossil fuels buried: million years

Fraction modern (F4C)

14¢ Non-fossil sources, F4C~1

F14C — i
—1z (1950)

Biomass burning

-Household usage of
wood and crop residues

Fossil sources, F14C=(

-Coal .
, . -Open burning of
burning :
. crop residues
= Biogenic emission
-Traffic a

@ O) winter heating: City collective heating supply: coal ; rural heating source: biomass; coal
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OC, EC source apportionment based “C

Carbonaceous aerosol

Elemental carbon EC OC | Organic carbon

|
O Cnf i 14C info

}
l

:
i ECssil EC, |

—-———— e e e e e e e e o o e o e e e e e e e e e e o e e e

Primary + secondary

AN

-Biomass burning -Biogenic

Primary

v a.

e
e Ny s FreeFoto.cam

-Traffic Non-fossil (nf)

Fossil sources, F14C=0 Non-fossil sources, F4C~1

() _®



Concentrations (ug m3)

ey university of
m groningen

14C source apportionment of EC and OC
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. Comparison Xi’an-Beijing:
Comparison OC-EC: 4 oo e :
OC: higher FI4C, stronger contribution of BB F'*C of OC and EC is higher in X1’an than in Beijing,

EC: lower FIC. dominated by fossil sources showing higher non-fossil contribution in X1’an
: ’ y and higher fossil contribution in Beijing

Comparison day-night in Xi’an:
* Negligible day-night difference during haze periods
* During clean periods, enhanced fossil contributions (i.e., lower F'4C) to OC and EC during the day
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13C Source apportionment

14C 13C

14
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Liquid fossil fuel
. vs. Coal
Fossil fuel:
Fl*C=0 = Liquid fuel:
= —~-2510-28 %o
Coal:
~ =22 t0 -24 %o
Biomass
combustion

Fl4C = 1
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Dual isotope plot (1*C vs. 13C of EC)
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Comparison Xian-Beijing:
Beijing had stronger influence from coal burning

Comparison haze-clean:
A moderate increase in coal combustion contribution to EC
in X1’an during haze days and a decrease in Beijing.

Comparison day-night in Xi’an:
In Xi’an, no strong day-night difference in 6!3C. was
observed



3 main sources of EC
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groningen * Biomass burning
(C3 plants+ C4 plants)
13C/14C-based * Coal
* _Liquid fossil (i.e., traffic)

source apportionment of EC:

) , 14C
biomass burning,
coal combustion, Job Trossil
liquid fossil fuel combustion Biomass burning . Coal, [,
(C3 plants+ C4 plants) * Liquid fossil, f}; sssit

13C

I' Coala.fcoa] I I. qullld fOSSll? lig.fossil I

13 — S 13 13 13
0 CEC =0 Cbb X fi)b +0 Ccoal X fcoal +0 Cliq.fossil X fliq.fossil

* (C4:-16.45+1.4%0 -25.5+1.3%o -23.38 + 1.3%o0
e (C3:-26.7+1.8%0

Bayesian Markov chain Monte Carlo (MCMC) calculation
* takes into account the variability in the source-signatures of 8'°C, and f,, frssil




university of
groningen

Sources of EC Xi’an Beijing
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Comparison Xian-Beijing:
o Liquid fossil fuel combustion was the most important contributor to EC in Xi’an
o In Beijing, coal combustion was the dominant source of EC

Comparison haze-clean: Comparison day-night in Xi’an:

Moderate difference between clean No strong day-night differences in EC sources
and haze days during haze and clean periods in Xi’an
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Estimating mass concentrations and sources of secondary OC (SOC)

BC/1*C-apportioned EC | ECyy, ECcoal ECliq fossil
X X T :
primary OC/EC ratios X Thpb jjoal lig.fossil

estimated primary OC, POC =| POCyy, | | POCsossil

estimated secondary OC, SOC = OC — POC

SOC,, SOC

fossil

SOCfossil
SOCfossil + SOCnf

the fossil fraction in SOC: [, (SOC) =
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Sources of OC
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Xi’an:

haze | clean

Beijing

High SOC concentration during haze days
During clean days: day-night difference stronger with less SOC during the night

Beijing:

High SOC contribution during clean periods
Mainly due to increase SOC ;=2 possible regional contribution (low concentrations)
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Fossil contribution to SOC

S0C 1.0 Xl'an Beijing
ffossil(SOC) = fossil .
SOCfossil + SOcnf ]
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Comparison Xi’an-Beijing: % [o—g O ®\® o
Xi’an:~ 45% of SOC was derived from fossil sources :: 0.6 - Q@
Beijing: S | +
higher f; ;,(SOC) in Beijing g
—>important contribution of fossil sources to SOC . 8 04 - ﬁ ﬁ
S i
Comparison haze-clean: = 0.2 - -©-EC
J10ssi1(SOC) 1ncreased during clean days in Xi’an, ©-0C
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In Xi’an, the day-night difference was larger &UA’ Q\Q}Q\ @(\;\@Qé 9@ Q@o@ @«2» Qb«z»(};b«b /Q)Q»/ Q D
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Haze and Clean, Day and Night
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Conclusions

We investigated sources of carbonaceous aerosols in Beijing and Xi'an during severe winter haze.

o Elemental carbon (EC) was dominated by vehicle emissions in Xi’an and coal burning in Beijing.

o Organic carbon (OC) increment during haze days was driven by the increase in primary and secondary OC
(SOC).

o SOC was more from fossil sources in Beijing than Xi1’an, especially during haze days.

o In Xi’an, no strong day—night differences in EC or OC sources suggest a large accumulation of particles

Ni, H., Huang, R.-J., Cosijn, M. M., Yang, L., Guo, J., Cao, J., and Dusek, U.: Measurement report. dual-carbon isotopic characterization
of carbonaceous aerosol reveals different primary and secondary sources in Beijing and Xi'an during severe haze events, Atmos. Chem.

Phys., 20, 16041-16053, https://doi.org/10.5194/acp-20-16041-2020, 2020.
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