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Radiocarbon (14C)-based source apportionment of atmospheric aerosols

Chemical composition of PM1 measured by AMS

(Zhang et al.,
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Radiocarbon (14C)-based source apportionment of atmospheric aerosols

Typical chemical composition in aerosols by offline
analytic method method
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Radiocarbon (1*C)-based source apportionment of atmospheric aerosols

OC and EC

Elemental carbon

TR

NUIST Video conference 2014

REHFIY

Graphene layers

AR

Yanlin Zhang

8/7/2014

AL F A FEH EFMER
Organic carbon Low-molecular-mass Organic carbon

28 hydrocarbons and
i‘ AL derivatives AP
8
e (non refractory) 4TRSS B 27 (colourless) -
B | AR ) EAAHAY &
% Refractory organic Polycyclic aromatics, Coloured organic %
;—r' carbon Humic-like substances, carbon
= Biopolymers
S X A DL o B HEEIY
K& FHEE UBER. &0 T

Black carbon




Radiocarbon (14C)-based source apportionment of atmospheric aerosols

Climate effect of aerosols
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Radiocarbon (14C)-based source apportionment of atmospheric aerosols

Overall motivation

indirect effect 40,‘
Direct effect 0@0/
‘ | e | ‘
Climate Air quality

Emission sources . . .
The characterization of sources of aerosols is a

\‘,‘. key step for a better implementation of effective
Eo abatement and mitigation strategies.
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Radiocarbon (14C)-based source apportionment of atmospheric aerosols
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Brown Clouds over South Asia:
Biomass or Fossil Fuel Combustion?
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P. S. P. Rao,” Caroline Leck,? Henning Rodhe?
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Science
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Sources of Asian Haze

Sonke Szidat

arbonaceous aerosols—that is, the car-
‘ bon-containing aerosol fraction, such as

soot—can affect both climate and
human health, especially in regions where the
atmosphere contains high levels of such parti-
cles. Yet, knowledge of the sources of the
aerosols 1s limited. On page 495 of this issue,
Gustafsson et al. (/) use radiocarbon (1C)
analysis as an atmospheric tracer to quantify
biomass and fossil-fuel contributions to the
atmospheric “brown clouds” (2) over South
Asia, a persistent and large-scale pollution
layer of haze. The results resolve a discrepancy
between measurements of other atmospheric
tracers and calculations of emission-based
inventories for carbonaceous aerosols.

Radiocarbon analysis elucidates the sources of
the pollutants responsible for the “brown
clouds” over South Asia.
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Source apportionment. Radiocarbon analysis allows fossil and nonfossil sources of black carbon and
organic carbon to be identified. [Adapted from (12)]
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Radiocarbon (14C)-based source apportionment of atmospheric aerosols
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Radiocarbon (14C)-based source apportionment of atmospheric aerosols

o

\ Uptake and
distribution

Non-fossil sources

Radiocarbon in OC and EC

t>>half life

Primary and secondary

Modern *C/12C ratios
(fu=1)

Primar‘ductiin

>

Primary and secondary

Fossil sources

Organic Carbon
(0C)

duction

Primar

14C-depleted
(fy=0)

Elemental Carbon

NUIST Video conference 2014

Yanlin Zhang

8/7/2014



Radiocarbon (1*C)-based source apportionment of atmospheric aerosols

Experimental flow

3 CO, trapping

Graphitization is not needed!
5-7 ngC sample is possible!

5 Ampoule crack

6 14C measurement

4 CO, ampoule sealing
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14C-based source apportionment of atmospheric aerosols
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Szidat et al., 2004
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Radiocarbon (14C)-based source apportionment of atmospheric aerosols
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Radiocarbon (14C)-based source apportionment of atmospheric aerosols

Aerosol-1*C lab in GIG, CAS
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Radiocarbon (1*C)-based source apportionment of atmospheric aerosols

The limitations of the current of method

Premature EC removal Charring “ |
Lighten process Darken process
Negative EC artifact Positive EC artifact

v The method is blind to OC charring and early removal of EC.
v It biases *4C analysis of EC, because OC and EC have very
different 14C content.
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Radiocarbon (14C)-based source apportionment of atmospheric aerosols

Can we do better?

1. Minimizing of charring
2. Complete OC removal

3. As much EC as possible
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14C-based source apportionment of atmospheric aerosols

OC/EC analyzer: Sunset

Thermo-optical control of charring, OC removal and EC losses

Sunset

Diode laser

Thermocouple
CO, detector (NDIR)

P = Heoro,
— I
.\ : Exhaust Back oven Front oven

Specified Sunset instrument: %

Photocell

He/0O2 split OC/EC split

v NDIR detector to detect CO,
v’ Multiple gas supply He, He/O,, O,
v Programmed oven temperature _
v" Continuous optical monitoring @ E‘;““% hang o, 2012
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Radiocarbon (14C)-based source apportionment of atmospheric aerosols

Swiss_4S protocol
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Zhang et al., 2012
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Radiocarbon (14C)-based source apportionment of atmospheric aerosols

Minimization of charring

B Modified NIOSH, He, without water extraction
B Swiss_48S, O,, without water extraction

B Swiss_4S, O,, water extraction

charring < 5%

RAO GOT1 GOT3 ZUR2 SOL

Zhang et al., 2012
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Radiocarbon (14C)-based source apportionment of atmospheric aerosols

Jianfeng (JF), Hainan island
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Radiocarbon (14C)-based source apportionment of atmospheric aerosols

Asia monsoon system and potential aerosol sources

=R

3
: )

China wian = Zhengzhou ‘
Nanjln"ﬁ 3
AL Chengdu &

_ PN _ Wban ang?

AL H Lhasa ‘. Chongqging
— AT~ Nepél 2 - 5
'.// ' \\\ st ) iR

_ ! -__-f L’_ Kunming ;J:: S
‘ﬁes ¥ 5 e A .

Winter Monsoon

rr-ar (Burma‘

ﬁ%ém  3;,

Summer Monsoon
-
.

oy ”
1-'7' s \';’.:_,: )

&‘ ’i e SRV




Radiocarbon (14C)-based source apportionment of atmospheric aerosols

An Important contributor: open biomass burning

Biomass (including residential biofuels) burning is an important contributor to air
pollution in Asia (Streets et al., 2003).

1
- MODIS Rapid Response Fire Detections for 2005

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMEBER OCTOBER NOVEMBER DECEMBER

Can open biomass-burning activities can influence
on the air quality of this background site?
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Zhang et al., 2014
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Backward trajectory analysis

Alr mass type:

1 South China Sea

or West Pacific (SCS/WP): 21%
2 Southeast Asia (SEA): 42%

3 Southeast China (SEC): 37%
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Radiocarbon (14C)-based source apportionment of atmospheric aerosols

Backward trajectory and fire counts map
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= High concentrations were associated to intensive open
biomass-burning activities.



Radiocarbon (14C)-based source apportionment of atmospheric aerosols

14C-based source apportionment

® Biomass-burning EC ®Fossil EC = Non-fossil OC = Fossil OC
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rTr——
Voar o . o

Zhang et al., 2014
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Radiocarbon (14C)-based source apportionment of atmospheric aerosols

14C Source apportionment for different source regions
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Radiocarbon (14C)-based source apportionment of atmospheric aerosols

Why non-fossil contributions are high in winter when air mass
travelling from SEC?

30N Pd'
A China
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= Open biomass burning including agricultural residue
combustion and forest fires

= Biofuel usage for heating in winter as well as cooking



Radiocarbon (14C)-based source apportionment of atmospheric aerosols

Potential source contribution function (PSCF)
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Radiocarbon (14C)-based source apportionment of atmospheric aerosols

Overview of C studies in Asia
Percentages of non-fossil

Location

Rural or remote site

Maldives
Sinhagad, India
Cape Hedo, Japan
Yufa, China

Jiuxianshan, China 55-87

Jianfeng, China

Sub-urban or urban site

Maebashi, Japan
Kisal, Japan
Shanghali

Tokyo

Beljing

Lhasa, China
Xiamen, China

TC EC OC
~68  ~70
~65 ~62
43-62 60-97
~37  ~26
~77  ~62 ~81
37+15
37412
~46 ~63
33-45
32-50
~49
27-37

TC: >60% (rural)
>30% (urban)

OC: >60%

EC: >40% (rural)
>20% (urban)

Urban modern carbon:

= Biogenic POA and SOA

= BB from cooking and heating

= Mixed with non-fossil aerosols
from neighboring rural regions



Radiocarbon (14C)-based source apportionment of atmospheric aerosols

Conclusions

1. 14C analysis can provide an improved and
unambiguous source apportionment of OC and EC.

2. This method has been successfully applied to
different field studies.

3. Based on our studies, different PM control
mitigation should be taken for different targeted
regions.
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