
Supplement of Atmos. Chem. Phys., 17, 2009–2033, 2017
http://www.atmos-chem-phys.net/17/2009/2017/
doi:10.5194/acp-17-2009-2017-supplement
© Author(s) 2017. CC Attribution 3.0 License.

Supplement of

Sources and atmospheric processing of winter aerosols in Seoul, Korea:
insights from real-time measurements using a high-resolution aerosol mass
spectrometer
H. Kim et al.

Correspondence to: Qi Zhang (dkwzhang@ucdavis.edu)

The copyright of individual parts of the supplement might differ from the CC-BY 3.0 licence.



2 
 

 26 

 27 

 28 

 29 

 30 

 31 

 32 

 33 

 34 

 35 

 36 

 37 

 38 

 39 

 40 

 41 

Figure S1. (a) Scatter plot of the total PM1 mass (NR-PM1 plus BC) versus SMPS volume, where 42 

the NR-PM1 has been corrected using a time- and composition-dependent collection efficiency 43 

(Middlebrook et al., 2012); (b) histogram of organic density calculated measured elemental ratios 44 

(Kuwata et al., 2012), averaging 1.12 g cm-3 and bulk aerosol density estimated from the measured 45 

chemical composition in this study (Zhang et al., 2005), averaging 1.46 g cm-3. (c) Diurnal 46 

variations of the size distribution of volume from the SMPS (in mobility diameter, Dm) and (d) 47 

NR-PM1 mass from the AMS (in vacuum aerodynamic diameter, Dva). 48 
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Table S1. Comparison of the O/C, H/C, and OM/OC ratios of total OA and the six OA factors 52 

identified from PMF analysis calculated using the Aiken-Ambient method (Aiken et al., 2008) and 53 

the improved Canagaratna-Ambient method (Canagaratna et al., 2015). 54 

 55 

Species  Ratio Aiken-Ambient Canagaratna-
Ambient 

OA O/C 0.29 0.37 
H/C 1.62 1.79 
OM/OC 1.54 1.67 

HOA O/C 0.05 0.06 
H/C 2.04 2.21 
OM/OC 1.24 1.27 

COA O/C 0.11 0.14 
H/C 1.76 1.89 
OM/OC 1.30 1.36 

BBOA O/C 0.26 0.34 
H/C 1.56 1.74 
OM/OC 1.49 1.61 

SVOOA O/C 0.43 0.56 
H/C 1.70 1.90 
OM/OC 1.74 1.94 

LVOOA O/C 0.52 0.68 
H/C 1.42 1.61 
OM/OC 1.84 2.07 

56 
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Figure S2. Summary of the key diagnostic plots of the chosen 5-factor solution from PMF analysis 79 

of the organic aerosol fraction: (a) Q/Qexp as a function of the number of factors (p) explored in 80 

PMF analysis, with the best solution denoted by the open orange circle. Plots b-i are for the chosen 81 

solution set, containing 5 factors: (b) Q/Qexp as a function of fPeak; (c) mass fractional contribution 82 

to the total OA mass of each of the PMF factors, including the residual (in black), as a function of 83 

fPeak; (d) Pearson’s r correlation coefficient values for correlations among the time series and 84 

mass spectra of the PMF factors. Here, 1 = LV-OOA, 2 SV-OOA, 3 = BBOA, 4 = HOA, 5 = COA; 85 

(e) box and whiskers plot showing the distributions of scaled residuals for each m/z; (f) time series 86 

of the measured organic mass and the reconstructed organic mass from the sum of the five OA 87 

factors; (g) time series of the variations in the residual (= measured – reconstructed) of the fit; (h) 88 

the Q/Qexp for each point in time; (i) the Q/Qexp values for each fragment ion.  89 
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Figure S3. Overview of two other solution sets from PMF analysis: (a)(b) High resolution mass 114 

spectra and time series of the different OA factors from the 4-factor solution; (c)(d) High resolution 115 

mass spectra and time series of the different OA factors from the 6-factor solution. The mass 116 

spectra are colored by different ion families and the time series are colored by possible factor 117 

sources (grey = HOA, blue = COA, brown = BBOA, pink = OOA). See Sect. 2.3.2 in the main 118 

manuscript for a discussion on these solution sets. 119 
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 150 

Figure S4.   Hourly averaged mass-based size distributions of (a) nitrate and (b) sulfate during 151 
the entire period. Hour shown at legend indicate the diurnal hour of the day. 152 
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Figure S5. Correlations between five OA factors and HRMS ions that are segregated into five 172 

categories (CxHy
+, CxHyO+, CxHyO2

+, CxHyNp
+ and CxHyOzSq

+). 173 
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Figure S6. Mass fractional contribution of the five OA factors from PMF analysis to various ions 179 

that are relevant to COA tracers. 180 
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 181 

Figure S7. (a) Average mass fractional contributions of seven ion families to each of the OA 182 

factors and (b) Average mass fractional contributions of five OA factors to 4 each ion families 183 
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Figure S8. Scatterplot between inorganic compounds: (a) sulfate (b) nitrate which can be formed 215 

by aqueous phase reaction under high RH versus RH; and (c) SV-OOA and (d) LV-OOA which 216 

OA source that can be formed secondarily under high RH. 217 
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Figure S9. Triangular plots of (a)  f44 versus f43 and (b) f44 versus  f60 (c) f55,OOA sub versus  f57, OOA 242 

sub for the five OA factors and all of the measured OA data (dots), colored by the time of the day. 243 
f43, f44, and f60 are the ratios of the organic signal at m/z = 43, 44, and 60 to the total organic signal 244 
in the component mass spectrum, respectively. f55,OOA sub  and  f55,OOA sub are the ratios of the 245 
organic signal at m/z 55, 57 after subtracting the contributions from SV-OOA and LV-OOA 246 
(e.g., f55,OOA sub = m/z 55- m/z55SV-OOA - m/z55LV-OOA ; f57,OOA sub = m/z 57- m/z 57SV-OOA - m/z 57LV-247 
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 262 

Figure S10. Average diurnal profiles for weekdays (Tuesday to Friday) and weekends (Sunday) 263 
for the PM1 species measured by the aerosol mass spectrometer (AMS) and multi angle 264 
absorption photometer (MAAP) (top row), the five OA factors identified from the PMF analysis 265 
(second row from the top), various gas phase species (middle row), and various meteorological 266 
parameters (bottom row). In this Figure, weekdays were considered to be from Tuesday to 267 
Friday, and weekends were only with Sunday. The exclusion of Monday and Saturday was to 268 
reduce potential carryover effect as some species, such as nitrate, is possibly influenced by 269 
emissions from the previous day (e.g., NOx). For comparisons, the results from the classification 270 
of weekdays as Monday to Friday and weekends as Saturday and Sunday are reported in Fig. 271 
S11.  272 

 273 

 274 

4

3

2

1

0

C
o

n
c.

 (
µ

g
/m

3
)

0 8 16 24

BC

15

10

5

0
0 8 16 24

Org

12

10

8

6

4

2

0

0 8 16 24

NO3
-

4

3

2

1

0
0 8 16 24

SVOOA

5

4

3

2

1

0 8 16 24

LVOOA

80

60

40

20

0

R
H

 (
%

)

0 8 16 24

-10

-5

0

5

T
e

m
p

e
ra

tu
re

 (
° 

C
)

0 8 16 24

2.5

2.0

1.5

1.0

0.5

0.0

W
in

d
 S

p
e

e
d

 (
m

/s
)

0 8 16 24

300

200

100

0

W
in

d
 d

ir
e

ct
io

n
 (

°)

0 8 16 24

 Weekday_mean
 Weekend_mean

9

8

7

6

5

4

S
O

2
 (

p
p

b
)

0 8 16 24

SO2

6

4

2

0

0 8 16 24

BBOA

0.5

0.4

0.3

0.2

0.1

0.0
0 8 16 24

Cl-

5

4

3

2

1

0

0 8 16 24

NH4
+

25

20

15

10

5

0

O
3

 (
p

p
b

)

0 8 16 24

O3

4

3

2

1

0
0 8 16 24

SO4
2-

60

40

20

0

N
O

2
 (

p
p

b
)

0 8 16 24

NO2

6

4

2

0

C
o

n
c.

 (
µ

g
/m

3
)

0 8 16 24

HOA

10

8

6

4

2

0

0 8 16 24

COA

1.5

1.0

0.5

0.0

C
O

 (
p

p
m

)

0 8 16

CO



15 
 

 275 

 276 

 277 

 278 

 279 

 280 

 281 

 282 

 283 

 284 

 285 

 286 

 287 

Figure S11.  Average diurnal profiles for weekdays (Monday to Friday) and weekends (Saturday, 288 

Sunday) for the PM1 species measured by the aerosol mass spectrometer (AMS) and multi angle 289 

absorption photometer (MAAP) (top row), the five OA factors identified from the PMF analysis 290 

(second row from the top), various gas phase species (middle row), and various meteorological 291 

parameters (bottom row). 292 
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 312 

Figure S12.  96 hour back trajectories of air masses arriving at KIST every hour shown on the 313 

map for each cluster. 314 
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