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Recurrent Biomass Burning in Southeast Asia

Source: 7SEAS FLAMBE (http://www.nrlmry.navy.mil/flambe/7seas/7seas.htm)

25 September (JD 268) 200906 March (JD 65) 2011

http://www.diplomaticsquare.com/a-prescription-to-
fight-pollution-by-utilizing-agricultural-waste/ http://orangutanfoundation.wildlifedirect.org/tag/palm-oil/

http://www.nrlmry.navy.mil/flambe/7seas/7seas.htm
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Complex Urban Atmosphere: Smoke Dominant, Or Not?



Non-Smoke-Dominant (NSD) vs. Smoke-Dominant (SD) PM2.5
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107 Non-Smoke-Dominant (NSD), 140 SD & Episodic PM2.5



https://earthdata.nasa.gov/labs/worldview/

Transboundary Peat-Forest Burning Smoke, 2013

https://earthdata.nasa.gov/labs/worldview/


Transboundary Smoke Neutralizes Receptor PM2.5
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* p < 0.05; ** p < 0.01; *** p < 0.001

↑ by >35%

↑ by >48%

Transboundary Smoke  Alkaline Ionic Species

NSD SD Episodic



* p < 0.05; ** p < 0.01; *** p < 0.001

Transboundary Smoke  Ammonia

NSD SD Episodic



Animal dungTemperate forestsPeat forest

10.8–12.4 g NH3 /kg ~0.8 g NH3 /kg 1.0–4.8 g NH3 /kg
(Akagi et al. 2011 & references therein)

Transboundary Smoke  Ammonia



2-methylglyceric acid

3-hydroxyglutaric acid

Parent Biogenic VOC

Daughter compounds In PM2.5Isoprene

α-pinene

(Kourtchev et al. 2008)

(Haddad et al. 2011)

Parent Smoke Compounds

Receptor vegetation stressed by transboundary smoke? 



Non-smoke dominant (NSD) PM2.5 Smoke-dominant (SD) PM2.5 Episodic PM2.5

Consistent Trend with Levoglucosan



2-Methylglyceric Acid: A Potential Biomarker Indicating Stress

Associating with transboundary smoke Mainly locally borne



New Marker Assessing Transboundary Smoke @ Receptor Site
Non-Smoke-Dominant Smoke-Dominant Detection 

Frequency
Processing 
Duration

New Marker
< 5 ³ 5 hourly 1.5 hours

Biomarker
(Levoglucosan)

£ 0.10 µg/m3 ³ 0.20 µg/m3 Daily > 20 hours

(!"#$!"%$&"'(() *" )

(PC: pyrolyzed carbon) Tham et al. Environ. Poll., 2019



Hourly Assessment of Transboundary Peat-Forest Smoke



Mean Age of 2015 Transboundary Peat-Forest Smoke: ~800 Years

Wiggins et al. PNAS, 2018

T = 800
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Thank You!



Eicosanoic acid (C20)

Docosanoic acid (C22)

Tetracosanoic acid (C24)

High molecular weight (HMW) monocarboxylic acids (MCA)

Primary Biogenic Markers: Long-Chain Fatty Acids

NPark, Singapore(Simoneit, 1986)



Transboundary Peat-Forest Smoke  C20–C24 Fatty Acid Concentrations 

Smoke Episode Longest Smoke Impacts Little Smoke ImpactsSmoke Affected


