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Research Interests

• Chemical Characteristics of Airborne PM.

• Stable Isotopes (carbon and lead) Related Issue in 
Atmosphere

• Source Identification of Ambient Particulate

• Stratosphere-troposphere Air Exchange and Its 
Impact on Atmospheric Chemistry.

• Mechanism and Formation of Airborne Nitrate 



Introduction-Arsenic
• Arsenic (As), categorized into carcinogenic

species by International Agency for Research on
Cancer (IARC), has long been considered as a
toxic element, having adverse effects on human
health.



Where is As from?

• Atmospheric As is released from both natural and
anthropogenic emissions with a total global
emission rate of 31 Gg/yr.

• Volcano emissions and wind-erosion soil particles
are major natural sources while coal-combustion
and metal smelting are importantly
anthropogenic sources.



Biomass Burning
• Biomass burning (BB) emissions associated with natural 

and human activated fires are the important sources of 
atmospheric particulate and trace gases.



Long-range transported BB pollution



Experiment
Our sampling site is located at Mount

Hehuan (24.16N, 121.29E, 3001 m a.s.l.),
Taiwan. The experimental campaign was
conducted from September 2011 to
September 2012.
• Daily TSP samples were collected using 

a high-volume TSP sampler.
• TSP samples were digested with HNO3

and HF; analyzed elements through
ICP-MS. Also, TSP samples were
extracted with Milli-Q water and
determined ions by IC.

• Hourly CO and O3 were monitored
using commercial instruments.

• Backward trajectory was computed
using HSPLIT model.

• WRF-Chem model was also used to
simulate BB events.

• Fire spots were obtained from MODIS. 



Backward Trajectory Analysis

• SA was the predominant air parcel, followed by PO, SS, 
SEA and NC.

• SA, NC and SEA air masses were categorized into 
continental air whereas PO and SS were divided into
marine air. 

• Five-day backward trajectory
arriving at 3000 m were
computed once per day at
12:00 (local time).

• Four additional trajectories
were generated of which
starting location changed 

0.5˚.



MODIS fire spots

• In SE Asia, the BB activities showed strong seasonality with a maxima 
in March. 

• In terms of S Asia, the fire spots accounted 20% for those in SE Asia.   



Chemical Species in TSP



Daily As concentrations at Mount. Huhuan

• On average, As concentration 
at Mount Hehuan was 0.5 
ng/m3.

• Lower As concentration (0.1 
ng/m3) in the summer was in 
agreement with that at 
Mauna Loa.



Seasonality of Chemical species 



Daily As concentrations during the  BB seasons

• We choose K+ and CO
concentrations of 109
ng/m3 and 160 ppb as
criterions for identifying
the suspected BB events.

Case A Case B



Case A (3/8-3/16)

• In this case, air parcels mainly
originated from Indo-China Peninsula,
crossing over southern China and
then arriving at Taiwan.

• No enhancements of As were found
in this case.

3
/8

3
/9

3
/1

0

3
/1

1

3
/1

2

3
/1

3

3
/1

4

3
/1

5

3
/1

6

A
s

 (
n

g
 m

-3
)

0.0

0.5

1.0

1.5

2.0

P
b

 (
n

g
 m

-3
)

0

10

20

30

40

C
O

0

100

200

300

400

500

K
+
 (

n
g

/m
3
)

0

300

600

900

1200

1500

1800



Case B (3/25-4/3)

• In this case, air parcels mainly came
from India, passing over northern
part of Indo-China Peninsula and
southern China before subsiding at
Taiwan.

• Significant increases of As
concentrations were observed in this
case.
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We speculated that BB from S Asia was
a candidate for extremely high As
concentrations over the subtropical
troposphere.



Correlation between As and K+

• A Good correlation of As and K+ was found in the BB events. Again, the 
compelling evidence supports the hypothesis.  



Correlation between As and Al

Wind-erosion soil particles



Why S Asia?



Lead Arsenate
• Lead arsenate (LA, [Pb5OH(AsO4)3]) was the most

extensively used of the arsenical insecticide in the
world. Although LA was officially banned as
insecticide in 1990s in many developed country, but
has not been banned in India nowadays.

• LA has a As/Pb ratio of 0.22.



As vs. Pb

Different emissions in northern India exhibited distinct ratios of As/Pb:
• Lead smelting:  0.002
• Natural soil, paved and unpaved roads: 0.02- 0.13
• Coal-combustion in stove: 0.0016
• Coal-combustion in power plant: 0.0026
• Lead arsenate: 0.22

Pb concentrations (ng m-3) 
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As concentrations between non-BB and BB 
events in SA and SEA air clusters

• The contribution of BB over S Asia
was roughly estimated to be 1.0
ng/m3 which accounted 63% for
total As concentrations in the
springtime.

• We roughly estimated that the
emission rate of As from S Asian
BB activities was 17 Mg/year,
which was much lower than that
(~18.8 Gg/year) of globally
anthropogenic As emissions.

△K+/△CO~0.0043;△AS/△CO~10-5

△K+/△CO~0.0018;△AS/△CO~10-6



Conclusions

• Previously, high As concentrations over free
troposphere in Northern Pacific region was always
considered as contribution of industrial emissions
(Perry et al., 1990; Wai et al., 2016). From our study,
we propose a new concept for a potential source of
high As over the subtropical free troposphere, that is,
BB activities over S Asia might be an important source
of airborne arsenic



Thank you for your attention



Scatter plots of As vs. K+ and As vs. Al 
in different As bins



Motivation

To investigate the influence of Asian continental
outflow on atmospheric chemistry over subtropical free
troposphere, aerosol samples and gaseous pollutants
(CO and O3) were continuously collected and monitored
at Mount. Hehuan, Taiwan from September 2012 to
September 2013.

Arsenic (As), has long been considered as a toxic
element, having adverse effects on human. Extremely
high As concentrations were observed at Mount
Huhuan during the springtime.

What are the potential sources of extremely high As?


