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Aerosol pollutions 
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The smog in 

London 1952  

The smog in London 2009 

The smog in China 2013 The smog in Arctic  
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气溶胶来源与循环 
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Chemical  composition  of  PM1 measured by AMS 

(Zhang  et  al.,  2007). 
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Typical chemical composition in aerosols by offline 

analytic method method 

  

Rogge  et al., 1993 

30% 
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OC and EC 

 

(Pöschl, 2005) 
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Intergovernmental Panel on Climate Change (IPCC), 2014  

Climate effect of aerosols 
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Climate Air quality 

Direct effect 

indirect effect 

Emission sources  

Overall motivation 
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The characterization of sources of aerosols is a 

key step for a better implementation of effective 

abatement and mitigation strategies. 
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14C: 判断化石和生物来源的最有效的工具 
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Radiocarbon 
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τ1/2 = 5730 years 

Willard Libby 

Currie, 2000 
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Radiocarbon in OC and EC 
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12 

14 
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Uptake and 

distribution 

14C-depleted  

(fM = 0) 

t>>half life 

Fossil sources Non-fossil sources 

Modern 14C/12C ratios 

(fM ≈ 1) 
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Experimental flow 
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1 Aerosol Sampling 

2 OC/EC separation 

3 CO2 trapping 

4 CO2 ampoule sealing 

5 Ampoule crack 

6 14C measurement 

Graphitization is not needed! 

5-7 μgC sample is possible! 

http://www.digitel-ag.com/de/wp-content/uploads/DHA-80-im-Feldgehäuse.jpg
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Two-step combustion method 
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OC removal for EC isolation: 

- Water extraction 

- 4h @ 375-390°C 

Previous method 
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Szidat et al., 2004 
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Layout of experimental line 
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Zhang et al., 2010 

载气净化 

进样、 
样品燃烧、分离 

真空、测量 

CO2收集、 
纯化 
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Aerosol-14C lab in GIG, CAS 
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气溶胶的14C分析在线制样系统实物装置图 



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

Lighten process Darken process 

Positive EC artifact 

The limitations of the current of method 
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Charring Premature EC removal  

Negative EC artifact 

 The method is blind to OC charring and early removal of EC. 

 It biases 14C analysis of EC, because OC and EC have very 

different 14C content. 
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Can we do better? 

1. Minimizing of charring 

2. Complete OC removal 

3. As much EC as possible 
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OC/EC analyzer: Sunset 
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Zhang et al., 2012 

Specified Sunset instrument: 

NDIR detector to detect CO2 

Multiple gas supply He, He/O2, O2 

Programmed oven temperature 

Continuous optical monitoring 

Thermo-optical control of charring, OC removal and EC losses 
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Swiss_4S protocol 
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Pure OC 

S1/O2   S2/O2 S4/O2 

Aims at recovering OC 

for 14C measurement  

Pure EC 

S3/He 

Mixture of OC and EC 

Laser: EC and Charred 

Carbon optical monitoring 

Temperature 

Carbon 

Aims at recovering OC 

for 14C measurement  
Zhang et al., 2012 
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Minimization of charring 
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charring < 5% 

Zhang et al., 2012 



            Applications

14C-based source apportionment of atmospheric aerosols 

Overview 
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Europe  Switzerland 

Los Angeles/Pasadena 

Source: NASA 

China 

Beijing 

Xian 

Guangzhou 

Shanghai 

Jianfeng 

//upload.wikimedia.org/wikipedia/commons/9/94/California_in_United_States.svg


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

Jianfeng (JF), Hainan island 
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• 18°40’ N, 108°49‘ E 

• Tropical rain forest 

• National Reserve Park 

• 115 km from city of Sanya 

• Altitude: 820m asl. 
PM2.5 24-h samples 

May 2005 – Aug 2006 
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东南亚季风气候 

 
东北季风 

西南季风 东南季风 

Asia monsoon system and potential aerosol sources 
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An important contributor: open biomass burning  

25 

Can open biomass-burning activities can influence 

on the air quality of this background site? 

Biomass (including residential biofuels) burning is an important contributor to air 

pollution in Asia (Streets et al., 2003). 
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Temporal variations 

 

26 

Zhang et al., 2014 
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Backward trajectory analysis 

 

27 8/7/2014 NUIST  Video conference 2014                                        Yanlin Zhang 

Air mass type: 

1 South China Sea  

or West Pacific (SCS/WP)：21% 

2 Southeast Asia (SEA)：42% 

3 Southeast China (SEC)：37% 

Zhang et al., 2014 
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Backward trajectory and fire counts map 
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24-Dec-05 12-Apr-06 

 High concentrations were associated to intensive open 

biomass-burning activities. 
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14C-based source apportionment 
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Zhang et al., 2014 
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14C Source apportionment for different source regions 
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(a) South China Sea (SCS) 
(b) Southeast Asia (SEA) 
(c) Southeast China (SEC) low fire  
(d) Southeast China (SEC), high fire  
 

Numbers: mass concentration (μg/m3) 
Percentages: relative contribution to TC  
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Why non-fossil contributions are high in winter when air mass 

travelling from SEC? 
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 Open biomass burning including agricultural residue 
combustion and forest fires 

 Biofuel usage for heating in winter as well as cooking 
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Potential source contribution function (PSCF) 

2000年排放清单 

Streets et al., 2003 
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Overview of 14C studies in Asia 
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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   

Percentages of non-fossil 

Location TC EC OC 
Rural or remote site 

Maldives ~68 ~70 
 

Sinhagad, India ~65 ~62 
 

Cape Hedo, Japan 
 

43-62 60-97 
Yufa, China ~37 ~26 

 
Jiuxianshan, China 55-87 

  
Jianfeng, China ~77 ~62 ~81 

Sub-urban or urban site 
Maebashi, Japan 37±15 

  
Kisai, Japan 37±12 

  
Shanghai 

 
~46 ~63 

Tokyo 33-45 
  

Beijing 32-50 
  

Lhasa, China ~49 
  

Xiamen, China 27-37 
   

Reference not shown here 
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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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