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Table S1. Comparison of the average O/C, H/C, and OM/OC ratios of total OA and the four OA

factors identified from PMF analysis calculated using the Aiken-Ambient method (Aiken et al.,

2008) and the improved Canagaratna-Ambient method (Canagaratna et al., 2015).

Species Ratio Aiken-Ambient Canagaratna-
Ambient
OA o/C 0.38 0.49
H/C 1.52 1.67
OM/OC 1.66 1.82
HOA o/C 0.11 0.15
H/C 1.85 2.00
OM/OC 1.31 1.37
COA o/C 0.15 0.19
H/C 1.68 1.83
OM/OC 1.34 1.41
SVOOA o/C 0.33 0.44
H/C 1.55 1.73
OM/OC 1.58 1.74
LVOOA o/C 0.51 0.91
H/C 1.41 1.46
OM/OC 1.84 2.36

Table S2. Comparison of aerosol properties and meteorological parameters at different stages

during haze period.

Overall S1 S2 S3 S4
Average non-refractory
submicrometer
particulate matter (NR- 22.1 9.0 41.2 37.7 13.0
PM1) mass concentration
(ug m?) (Average )
RH(%) / Temp(°C) 62/19 96/16 78/18 67/21 48/23
WS(m/s) 1.7 3.0 2.2 1.4 1.7
Trace gas conc.(CO ) 555 134/ 048/4.0/39/ 0.55/4.8/32/ 0.62/6.1/37/ 0.39/4.5/28.7
(ppm) and /SO2/ NO2
29 15 39 35 /33
Os/(ppb))

PM, particulate matter; NR-PM;, non-refractory submicrometer particulate matter; RH, relative humidity
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Figure S1. Wind Rose plots for every hour colored by wind speed. Radial scales correspond to the

frequency.
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Figure S3. (a) Time series of total particulate matter (PM1), scanning mobility particle sizer
(SMPS) volume concentrations ; (b) Time series of the organic aerosol density estimated using the

method reported in Kuwata et al. (2012)
porg = [12 + 1+(H/C) + 16+(O/C)]/ [7 + 5+(H/C) + 4.15+(0/C)]

and bulk aerosol density estimated from the measured chemical composition, known inorganic
species density and the organic density estimated above (Zhang et al., 2005). () Scatter plot of the
total PM1 mass (NR-PM plus BC) versus SMPS volume, where the NR-PM1 mass concentrations
have been determined using the composition-dependent collection efficiencies; (d) histogram of

organic aerosol density (average = 1.21 g cm™) and bulk aerosol density (average = 1.5 g cm™).
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Figure S5. Summary of the key diagnostic plots of the chosen 6-factor solution (4 OA factor
solution) from PMF analysis of the organic aerosol fraction: () Q/Qexp as a function of the number
of factors (p) explored in PMF analysis, with the best solution denoted by the open orange circle.
Plots b-i are for the chosen solution set, containing 4 factors: (b) Q/Qexp as a function of fPeak; (C)
mass fractional contribution to the total mass of each of the PMF factors, including the residual (in
purple), as a function of fPeak; (d) Pearson’s r correlation coefficient values for correlations among
the time series and mass spectra of the PMF factors. Here, 1 = NOs, 2 = SO4, 3 = LV-O0A, 4 =
SV-00A, 5 = COA, 6 = HOA; (e) box and whiskers plot showing the distributions of scaled
residuals for each m/z; (f) time series of the measured mass and the reconstructed mass from the
sum of the 6 factors; (g) time series of the variations in the residual (= measured — reconstructed)

of the fit; (h) the Q/Qexp for each point in time; (i) the Q/Qexp values for each fragment ion.
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and signals from inorganic included PMF analysis: (a)(b) High resolution mass spectra and time
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categories (CxHy ", CxHyO", CxHyO2", CxHyN," and CxHyO.Sq").From the top, HOA, COA, SV-

OOA and LV-OOA.
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Figure S15. Mass fractional contribution of the factors (four OA factors + two inorganic factors)
from PMF analysis to various ions that are relevant to each significant tracer.
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Figure S17. Scatter plots of factors and relevant tracer ions colored by measurement date.
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Figure S18. Triangular plots of (&) -fa4 versus fa3 and (b) fas versus feo (c) f55.004 sub versus fs7,
00a sub for the five OA factors and all of the measured OA data (dots), colored by the time of the
day. fa3,f44, and feo are the ratios of the organic signal at m/z =43, 44, and 60 to the total organic
signal in the component mass spectrum, respectively. fss 00a sub and fss,004 sub are the ratios of
the organic signal at m/z 55, 57 after subtracting the contributions from SV-OOA and LV-OOA
(e.g., fs5,00A sub = M/Z 55- M/z55sv-00a - M/Z55Lv-00a ; f57,00A sub = M/Z 57- M/z 57sv-00a - M/z 57Lv-
00A)

20



428
429

430

431

432

433

434

435

436

437

438

439

440

441

442

443
444
445

446

447

448

449

LV-OOA (ug/m’)
N SN (@] oo
I 11 1 I 11 1 I 11 1 I 11 1 I 11 1

o

@ =032 .
Slope = 0.067 #0008 *

L
n° o o° 3 .
o ESBUZOM ::' o] AT
£
(0]

5/11/2016 +4° T
- 0 e
4/21/2036° L L 38 -

PP
3

20 40 60 80 100
Oy (ppb)

o

B e
o o N

N

SV-00A (ug/im’)
(0]

o N

-
o

fet

o

(b) *=0.01

Slope =0.012 + 0.003

5/31/2016.% 2
L4 »
5/11/2016,2% % , ** e s

2 0
4121/20161, « *y 2°

O (ppb)

Figure S19. Scatter plots of (2) LV-OOA vs. Ox; (b) SV-OOA vs Ox over the entire period in the
spring. Note that organic dominant period (5/20, 17:00 - 5/24, 0:00) are excluded. All scatter
plots are colored by measurement date.
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Figure S20. Overview of the temporal variations of submicron aerosols at the Korea Institute of

Science and Technology (KIST) in SMA from May 19 to May 25 including organic dominant
period colored by yellow (May 20, 17:00-May 24:0:00): (a) Time series of ambient air
temperature (T), relative humidity (RH), and precipitation (Precip.); (b) Time series of wind
direction (WD), with colors showing different wind speeds (WS); () Time series of CO and

SOz2; (d) Time series of O3, and NO2; (e) Time series of total particulate matter (PM1), scanning

mobility particle sizer (SMPS) volume concentrations and also shown are the 24 h averaged
PM:+BC with bars. (f) Time series of the organic (Org.), nitrate (NO3"), sulfate (SO4>) ,

ammonium (NH4") and BC aerosols; (g) Time series of the mass fractional contribution of

organic aerosols (Org.), nitrate (NO3"), sulfate (SO4%"), ammonium (NH4"), chloride (CI), and BC

to total PM together with isoprene and toluene time series; (h) Time series of each factor
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(Canagaratna et al., 2015).
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Figure S21. Long range transportation of plums from China to Korea during Haze period. Plots

are from MODIS, terra.
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Figure S22. Two cluster solution of backtrajectroy analysis during haze period from (5/24 7:00-

6/2 24:00). The trajectories were released at half of the mixing height at the KIST (latitude:
37.60N; longitude: 127.05E) and the average arriving height for the back trajectories for this
study was approximately 181 m.
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Figure S23. Scatterplots between nitrate vs. RH during haze period.
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