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IntroducitonStudy site
Xitou Experimental Forest

• 23.40°N, 120.47°E, 1,178m asl

• River valley toward Taichung/Changhua metropolitan

• Mountain-valley wind dominates the local circulation

• Frequent fog formation (292 fog days/year) (Wei et al., 2011)

• Forest Park – biogenic source + human activities

Sampling period: Dec.1-Dec.24, 2018

Valley 
wind 
direction

(Google maps)
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MethodologyInstrumentation

• SO2, NOx, NOy

• NO, CO

• O3

Gas pollutant 
measurement

• Scanning Mobility Particle Sizer 
(SMPS)

• Condensation Particle Counter CPC

• CCN counter

Real-time PM 
measurements

• Multi Orifice Uniform Deposit 
Impactor (MOUDI)

 FTIR, isotope analysis

Aerosol sample 
collection

• Temperature

• RH 

• Wind

• Visibility

• Solar radiation 

Meteorological data
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Methodology
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MethodologyHygroscopicity κ derivation

CCNc

SMPS

UCPC

Cloud Condensation 
Nuclei counter (CCNc)

Scanning Mobility 
Particle Sizer (SMPS)

Ultrafine Condensation 
Particle Counter (UCPC): 

Number of CCN 5-min size distribution real-time PM concentration 

Hygroscopicity parameter κ of aerosol

(Petters & Kreidenweis, 2007)
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MethodologyIsotope analysis in aerosol

NH4
+ δ15N

Sources of aerosol
(Huang et al., 2019; Pan et al., 2018;
Savard et al., 2017)

NO3
-

δ15N
Sources of aerosol

(Guha et al., 2017; Kamezaki et al.,
2019; Kim et al., 2019; Savard et al.,
2017; Siciliano et al., 2018)

δ18O
Formation Pathways

(Fang et al., 2011; Guha et al., 2017; 
Hastings et al., 2003; Kamezaki et al., 

2019)
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MethodologyNO3
- (HNO3) formation

N comes from the sources of emission, so 
δ15N is source determined

O comes from the interaction with the 
atmosphere, so δ18O is process determined

δ18O of atmospheric O2 = 23.5‰
RO2 δ18O ~atmospheric O2 = 23.5‰
δ18O of tropospheric is high: +90 - 122‰
δ18O of H2O: -15 ~ 0‰ 
δ18O of OH radical: ½  from O3 photolysis and 
½  from H2O → +37.5 ~ 61‰

Therefore, the δ18O of HNO3:
lower if RO2 is the main oxidant 
(+28.17~42.21)
higher if O3 is the main oxidant 
(+72.50 ~ 101.67‰)

Day 

Night

substance δ18O value of O (vs. SMOW)

atmospheric O2 +23.5 ‰

RO2 +23.5 ‰

O3 +90 - 122 ‰

H2O -15 ~ 0 ‰  (Southeast Asia)

OH radical +37.5 ~ 61‰
(½  from O3 and ½  from H2O )
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Weather & Pollutants Pollutants were carried to Xitou
by Sea-breeze and Valley wind 

from 10 am to 5 pm
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Resultsκ from SMPS & CCNc
12/1~3 has higher κ accompanied by stronger southeast wind. Which indicates 
that aerosol may come from different sources and have distinct properties.
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• Sea/Valley breeze from urban 
area made conc. of daytime 
higher

• NO3
- size distribution is different 

from NH4
+, SO4

2-, BC: 
Secondary (NH4)2SO4 aerosol 
forms prior to NH4NO3 in clear 
days
→ NO3

- exists in larger sea salt 
aerosol as NaNO3

Size distribution of day and night
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ResultsFoggy vs. non-foggy days

Probable aqueous 
phase reaction

Foggy period has higher 
concentration
Hygroscopic growth may make 
aerosol size larger
Fog formation promotes aqueous 
phase reaction 
→ Fine particles (d=0.56~1μm) 
have high concentration of NO3

-.

Aqueous-phase process: 
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Results

Aerosol d=0.32~1μm has high p-NH4
+ 

concentration. δ15N of NH4
+ falls 

between 8~17‰, indicating that most 
NH4

+ was from anthropogenic sources 
like traffic or factories

δ15N size distribution
* Fog events: 13N, 14D, 15D

(Savard et al., 2017)
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Resultsδ15N size distribution

It is more difficult to distinguish the 
source of p-NOx

- by isotope analysis.
(δ15N of p-NOx

-: -1~+7‰)

Relatively high p-NOx
- δ15N was observed 

in Dec. 21 because of the agricultural 
activities (mowing, fertilizing)

* Fog events: 13N, 14D, 15D

* NOx
-: NO3

- or NO2
-

NOx
-
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Resultsδ18O size distribution
* Fog events: 13N, 14D, 15D

* NOx
-: NO3

- or NO2
-

δ18O of p-NOx
- is between +55~80‰

→ O3 oxidation is the main pathway of 
HNO3 formation.

In foggy events, the δ18O value of NN in 
diameter 0.56-1 µm is relatively high
→ The NO3

- formation is different from 
that of other size bins.

NOx
-
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Mass weighted average of isotope ratio

1812
02D

1812
02N

1812
13N

1812
14D

1812
14N

1812
15D

1812
20N

1812
21D

1812
22D

1812
22N

d15N_NH4 14.38 9.93 13.33 16.30 12.30 14.92 8.35 3.73 10.43 8.94

d15N_NN 2.72 1.46 2.29 2.83 1.85 5.20 -1.80

d18O_NN 70.05 79.81 69.67 72.18 74.82 72.52 24.46
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δ15N of NH4
+ is higher in the daytime and foggy periods

181221D may have strong agricultural effect: fertilizing+mowing

δ18O of NOx
- in daytime is slightly lower than in nighttime, 

indicating the radical reactions happened in daytime.
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DiscussionSummary
1. The hygroscopicity κ:
• The κ value for the particle diameter <120 nm showed a strong 

time dependence likely due to the sources and the chemical 
processes.

• The κ value of aerosol falls between 0.05~0.2, similar to the value 
of urban area and behaves more like organic compounds

2. Aerosol properties under different weather conditions:
• The valley wind and sea breeze during daytime bring more 

pollutants to inland during daytime.
• Stronger inversion during foggy period may makes higher 

concentration of functional groups .
• Fog formation can further affect the aerosol composition:

1) Hygroscopic growth makes the size distribution of aerosol 
containing NH4

+, SO4
2- shifts to a larger mode.

2) NO3
- of 0.56-1 μm is much higher during foggy periods, which 

indicates aqueous phase reaction is included under foggy 
condition. This can be further supported by isotope results.
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DiscussionSummary
3. Isotope Analysis:

• p-NH4
+ and p-NOx

- are likely contributed from anthropogenic 
sources such as factories and traffic. 

• The agricultural activities such as fertilizing and mowing may 
have strong influence on the local aerosol formation.

• The observed high δ18O might result from the pathways of the 
oxidation of NO with O3 rather than with RO2

NH4
+ δ15N Sources of aerosol

Traffic, chemistry or metal 
factories

NO3
-

δ15N Sources of aerosol
Local agricultural activities 

makes δ15N higher

δ18O
Formation 
Pathways

Mainly by O3 oxidation
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