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1. Site location
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Figure S1 Location of the sampling site and its surrounding area.

2. Aerosol mass spectrometer (AMS) measurement

In pToF mode, the instrument performs particle sizing based on particle time-of-flight with the aid
of a chopper and gives size-resolved chemical composition data in vacuum aerodynamic diameter (Dva)
(DeCarlo et al., 2004;DeCarlo et al., 2006). In V mode, the shorter traveling path for ions in the ion
time-of-flight (iToF) chamber gives a mass spectral resolving power of approximately 2000 and better
sensitivity. In W mode, the mass spectral resolving power is approximately 4000 but the signal-to-
noise ratio is lower. The instrument was operated alternately between the V+pToF combined mode and
the W mode for 5 minutes each. The sampling inlet was shared by a few instruments and an extra pump
was used to maintain the required flow rate (16.7 L/min) for the PM2 s size cut. A diffusion dryer (BMI,

San Francisco, CA) was placed before the inlet of the HR-ToF-AMS to remove particulate water.
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lonization efficiency (IE) calibrations were performed weekly using size-selected ammonium

nitrate particles (350 nm in mobility diameter, Dm). The flow rate of the inlet (~80 ml/min) and sizing

(using standard PSL particles, Duke Scientific, Palo Alto, CA) were calibrated before and after the

campaigns and negligible differences were observed. Frequent filtered periods (normally daily,

maximum in three days) by putting an HEPA filter in front of the instrument inlet were performed for

30 to 60 min (3 to 6 data points for each mode). The results from the filter periods serve two purposes.

First, the measured concentrations of all species in the “background” air can be used to calculate the

campaign detection limits (CDLs) (Figures S2 and S3). Second, the intensities of ions affected by

gaseous species (e.g., m/z 15, 16, 29, and 44) in the filter periods can be used to obtain more

representative coefficients in the fragmentation table, which are essential for assigning signal

intensities to particulate species. The correction factors (in addition to the original coefficients in the

default fragmentation table) are given in Table S1 for all four months. In addition, the contribution of

gaseous CO. to the variation in m/z 44 was corrected from the time-series of gaseous CO:

concentrations (an additional season-dependent dynamic CO2_factor in Table S1) according to

previous studies (Setyan et al., 2012;Collier and Zhang, 2013).
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Figure S2 Mass concentrations of sulfate (SO4), nitrate (NO3), ammonium (NH4), chloride (Chl), and
organics (Org) in the daily filter periods. In spring, one-hour filter periods were performed daily while
in other months 30 min filter periods were performed.
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Figure S3 Four-month campaign detection limits (CDLs) of all five species as estimated by 3 times
standard deviations of the concentration measured in filter periods.
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Figure S4 Measured vs predicted ammonium concentration in four seasons. Predicted ammonium
concentrations are calculated by NHsp = 18 x (2 X SO4,m/96 + NO3m/62 + Chln/35.5), where “p”

denotes “predicted” and “m” denotes “measured”.
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3. Modification to fragmentation table
Table S1 Additional coefficients used to correct the ion contributions to organic signals beyond the
default fragmentation table. CO,_factor is the correction factor of gaseous CO> contribution to m/z 44,
which was computed by the individual CO2 concentrations (matching with AMS time steps) divided
by the average CO> concentration in a monthly campaign.

m/z 15 m/z 16 m/z 29 m/z 44
201105, spring 0.87 1.06 0.80 0.90 x CO_factor
201109, summer | 0.90 1.11 0.77 0.85 x CO_factor
201111, autumn | 0.85 1.04 0.72 0.80 x CO_factor
201202, winter 0.79 1.04 0.64 0.70 x CO_factor




4. Non-refractory PM1 measured by AMS in Asia
Table S2 Summary of AMS measurements in Asia.

. . . . . Inorganics Organics Elemental analysis :
Location Acronym Sampling period Characteristic Sulfate Nitrate Ammonium | POAP | GOA? oCo HCe Reference AMS
ground 6.08+1.80 | 231+1.45 | 2.03+1.30 7.13+3.88 - -
<100 m 3.01+2.08 | 0.97+0.75 | 1.32+0.34 4.46 £2.70 - -
Eastern Asia Apr., 2001 100-1000m | 249+1.74 | 1.13+0.54 | 1.06+0.48 6.06 +3.78 - - (Bahreini et al., 2003) 1)
1000-3000m | 2.34+261 | 055+0.50 | 1.58+1.20 3.65 +2.47 — —
> 3000 m 141+1.11 041 3.38 2.62+2.36 - -
Jeju Island, Korea JIK Apr., 2001 remote 3.09+174 | 051+055 | 1.48+1.45 3.49+3.14 — — (Topping et al., 2004) (1)
Fukue, Japan FKJ Mar. and Apr., 2003 remote 4.80 0.56 1.57 5.03 — - (Takami et al., 2005) 1)
Okinawa, Japan Mar., 2005 remote 6.37 +£4.30 - 1.25+0.94 2.16 +1.60 - - (Takami et al., 2007) (1)
Wakayama, Japan Aug., 2010 forest 1.6 — 0.5 1.8 — - (Han et al., 2014) 3)
Changdao, China CDC Mar. — Apr., 2011 receptor 83+7.3 12.2+12.0 6.5+6.0 44 | 94 0.59+0.10 | 1.33+0.07 (Hu et al., 2013) 3)
rural/SE-south 13.4+8.6 13+14 41+27 128+7.8 - —
. . rural/southwest | 10.1+3.8 1.0+£0.5 3315 15.7+6.3 - — .
Qingyuan, China QYC Jul., 2006 ruralinorth | 148496 | 18+20 | 52%39 18.7+10.9 - - (Xiao et al., 2011) @
rural/east 47+37 14+18 20+18 7.3+53 - -
Kaiping, China KPC Oct. — Nov., 2008 rural 11.1 35 4.6 27 | 85 0.47 +0.07 | 1.48+0.08 (Huang et al., 2011) 3)
Yufa, China YFC Aug. — Sep., 2006 suburban 8.20+7.46 | 288+251 | 4.07+3.23 10.83+7.79 - - (Gunthe et al., 2011) (1)
Jiaxing, China JXC Junbeciu;.(,)lzglo suburban gi 32 j; gg ;5 — — (Huang et al., 2013) ®3)
May, 2011 74+45 06+0.7 2314 0.8 32 0.38+0.11 | 1.35+0.11
. Sep., 2011 8.7+38 04+04 24+1.0 0.7 34 052+0.12 | 1.36+0.11 .
Hong Kong, China | HKC NoF\)/., 2011 suburban 71%37 | 07%05 | 21%11 | 08 | 52 | 042008 | 1.39%0.07 This study ®
Feb., 2012 6.2+32 16+14 24+12 1.0 4.1 0.43+0.07 | 1.40+0.06
Heshan, China HSC Nov., 2010 urban outflow 10.0 6.2 4.6 5.6 11.8 040+0.06 | 1.49+0.07 (Gong et al., 2012) (3)
Feb., 2003 2.53¢ 3.187 2.247 6.73%° - -
|.7A .2 . 4.7 X 2.3 . 2.7 . 8.9 _ _
Tokyo, Japan TKJ ézp_ - Oucgt 28(())3:; urban ig%‘lﬁ) 18% 12%?7) 75 17;%53 — — (Takegawa et al., 2006) )
Jan. — Feb., 2004 1.72% 2.85¢ 2.339 5.8%% - -
Beijing, China BJC Jul., 2006 urban 20.3+11.6 | 17.3+13.2 131+7.4 11.0 17.1 - - (Sun et al.,, 2010) (1)
Beijing, China BJC Jul. — Sep., 2008 urban 16.8 10.0 10.0 10.2 13.7 - - (Huang et al., 2010) (3)
Shenzhen, China SzZC Oct. — Dec., 2009 urban 10.9 4.5 4.5 8.2 9.5 0.30 £ 0.06 1.63 (He et al., 2011) (3)
Shanghai, China SHC May - Jun., 2010 urban 9.7 4.8 3.9 2.0 6.4 0.31 1.64 (Huang et al., 2012) (3)
Tianjin, China TJC Sep., 2010 urban 14.4 16.2 13.6 15.7 - — (Zhang et al., 2012) (2)
Beijing, China BJC Jun. — Aug., 2011 urban 9.0 12.4 8.0 71 | 127 - - (Sunetal, 2012) (4)
. Sep., 2011 1.75+0.85 | 0.62+0.27 | 1.07+0.63 470+1.81 - -
Gwangju, Korea GK De?:., 2011 urban 190+057 | 245+1.03 | 1.70+067 | 631%1.77 - - (Park etal., 2012) @
Beijing, China BJC Nov., 2011 — Jan., 2012 urban 9.3 10.9 8.6 23.7 10.7 — — (Sun et al., 2013) (4)
Beijing, China BIC Jignzgé%iggﬁ:ﬁgﬂ urban 33;2 le'i 115i1 251'?2 336.22 034+008 | 144+005 | (zhangetal,2014) | (3)

2. Acronyms of the sampling locations used in Figure 2. ®: Primary organic aerosols (POA) include one or more of hydrocarbon-like organic aerosols (HOA), cooking organic aerosols (COA), biomass burning
organic aerosols (BBOA), and coal-combustion organic aerosols (CCOA); ©: Oxygenated organic aerosols (OOA) include either OOA | and OOA I or low-volatility oxygenated organic aerosols (LVOOA) and
semi-volatile oxygenated organic aerosols (SVOOA); “: oxygen-to-carbon atomic ratio (O:C); & hydrogen-to-carbon atomic ratio (H:C); ©: Type of AMS, (1) is Quadrople AMS (Q-AMS), (2) is compact Time-of
-Flight AMS (c-ToF-AMS), (3) is High-Resolution Time-of-Flight AMS (HR-ToF-AMS), (4) is Aerosol Chemical Speciation Monitor (ACSM).
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5. PMF diagnostics and evaluation

Figures S5 to S8 are the diagnostic plots for the PMF (with HR data) solutions with the original

7 or 8 factors for the four campaigns. Panels (a) and (b) are Q/Qexp Values as functions of factor number

and fPeak value, respectively. Panel (c) is the mass fraction of each factor (with factor number of 7 or

8) as a function of fPeak value. Panel (d) is the correlation coefficient (R) of time series (tseries) and

mass spectra (profile) for each factor pair (e.g., 1_2 represents factors 1 and 2 etc.). Panel (e) shows

the measured total organic concentration and the “reconstructed” total organic concentration by all the

factors (with factor number of 7 or 8). The “residual” organic concentration is the difference of the

two, as shown in Panel (f). Panels (g) and (h) are the Q/Qexp values for the time series and mass spectra,

respectively. Panel (i) is the box-whisker plot for the scaled residual for the mass spectra. To assess the

uncertainty of the factor time series and mass spectra, bootstrapping was performed for 100 runs with

the chosen factor number, and it is shown with the average time series and mass spectral profile with

one standard deviation in Figure S9.

Figures S10-S17 show the evaluation plots for both the original factor number (7 or 8) and the

combined factors (4 factor), with concentration time series plotted with external tracer components

(left column), high resolution mass spectra with elemental analysis results (second column), and

correlation with “standard” mass spectra (second last column for UMR mass spectra and last column

for HR mass spectra). Factor combination was done by evaluating the original factors to see whether

they have similar concentration time series with the external tracer species or similar mass spectral



profile with the “standard” mass spectra. If so, the factors were combined to a single factor representing

the overall feature of the new factor. Concentration time series combination is a simple summation of

each sub-factors. Mass spectral combination is the average mass spectrum of the sub-factors. Table S3

shows the improvements of correlations in concentration time series of the combined factors with those

of the external tracer species and in mass spectra with the “standard” spectra.



2

Q/f Qexp

Mass frac.

Total Organics (pg/m )

[}
=

o
=

4.5 : : : : 2.38 7 )

4.0 -8~ QforfPeak 0 2,373 i i

35 \ Current Soliunon C,%a 26 3 ~Qforp7 /

3.0 : = e :H\ Current Solution

5 — = “2353 :

23 -~ B R o = SIS & NP

2.0 T B T o o o o e e S e e LI R e
L 3 P (ﬁum*t?er onac‘[grs) 8 10 -10 03 ﬂgégk 0-5 L0

(d)

@ Residual osd . e
@ Factor! w7 1.5 1.6 5'6
@ Factor2 - 043 ‘.c - P A
@ Factor3 2 i 2F '. % iy M
@ Factord ; 0.0 —2%14 . .\!..7 4'&!..
@ Factors o et ==
Factorf 0.4 B 356 1‘!3
Factor? " TITTTITTIT ||||||u-ﬁ'l'l'l'§_%|| TITTTTITTI[TITTITITIT
2
0.0 0.2 q{?pmﬁlo'sé 0.8 1.0
(e)
20 3 :
15 E Measured Total Spec Signal
E { — Reconst Total Spec Signal
L S T I S S
5 é YU (S, (e (S || (NS N AU U (N
0 T T T 1 T | T T 1 T T LA e R B T T LI | T T T T T < -= T T T T T T T | T
5/1/2011 SHIQ%III_ UTC + 8 hr 5/21/2011 5/31/2011

2

2

2

2

T(Resid /6 1/Qup E(Resid /6 )/Quyp

Scaled Residual

369) 5/1/2011 5/11/2011 5/21/2011 5/31/2011
HKT: UTC + 8 hr

Q/Qeyp for time series

T Tt [T fr T rrfrrrtrrrrrrrfrrrrrtrrrrrrr-rrrJrr-r -1t -r rrrrrrrrrf[-r

5/1/2011 5/11/2011 5/21/2011 5/31/2011
HKT: UTC + 8 hr
Q/Qqyp for mass spectra

20

10

0
20 40 60 80 mz 100 120 140 160

i)

20 3 Box-whislfer plot of scalled residual fpr mass spectra

10 3 - ' ' ' '

03

103

20 *—+rrrrrrrrrrrrreO T T T T T T T T T T
20 40 60 80 /z 100 120 140 160

Figure S5 Diagnostic plot for 201105, spring.

10



A W N P

j<+)
2

G

=

1.6 3 - Qfor fPeak 0 0-84 3 Qforp T
3] E -
. 14 _\\ Current Solution :_0'83 E Cu?rreﬁt Solution
5 E 50.82 3 -
12 5 3 7
o 3] 3 \—4 : -
& 1.0 N &0-813 H\._._,_;_Hxﬂ
E b : 0.80 4 :
0.8 - E :
| 0.19%+—T—r—TrTT 1T T T 7T T T T 1T T
2 - -
b2 3 P (ﬁumbjer onac‘[grs) 8 10 Lo 0-3 ﬂ';)égk 0-5 1.0
(c) (d)
0.0 m Residual 1.0 5 ;
g 0.2 @ Factorl ,, (.83
g o Factor2 @ E iy
= 04 @ Factor3 5 0'65 & - “-'5:5
% 0.6 @ Factord & 0-45 "_'52‘.]-
Z 0.8 @ Factor5 5 0.2 % * Sy
i Factort 0.0; 1,-,- T
1.0 - - e Factor? TITTTTTT |r#_4||| TR
3995399, goooSs55S 00 02 QA op6 08 10
E @
& . :
= 5 E Measured Total Spec Signal
7 12 _: — Reconst Total Spec Signal @]
cén 8-: _____________
5 4 1 b M Ad o i a b kY B
:g0-|||||:||i|||||||||||.|||.-"'rﬂ-r"r"'|'"1'\.-'1"r|-|||||||||||||||:||||||--"
7 7 7 21/7 67
= 9/6/2011 9/11/2011 I—]K'[?/Tﬁqjcqi-léhr 9/21/2011 9/26/2011
{f)
-~ 1.0 .
= YResid = measured — reconstructed
=4 E
N']..O = L il Bl el el kel Rl Bk Bl el el Bl Rl Hell Aol Mol ekl el Rkl [l Rl el Bl Rl el Bl el Bkl Al el el el Rl el Rl Kol Bkl kel Bl [l Al B Al Rl el ekl el Rkl Bkl el B Il Mol el bl Il
230(9) 9/6/2011 9/11/2011 9/16/2011 9/21/2011 9/26/2011
o 7] HKT: UTC + 8 hr
w:;‘ 20 | _
g o] Q/Qeyp for time series
E i
P\T:]’ 0 " A ity paatile e i o~ S S TR T Tp——
g 20" 9/6/2011 9/11/2011 9/16/2011 9/21/2011 9/26/2011
o HKT: UTC + 8 hr
“o
e
"z
3
&
-l
20 40 60 80 100 120 140 160
m/z
— (i)
g 20 3 Box-whisker plot of scaled residual for mass spectra
= 104 i
o E
& OWMMM“WWW——
2 103
g 3
c/J-ZO-IIIIII||IIIIIII||IIII rrrrrrrimta rrrrrrrimta rrrrrrriria LOSL L L DL L L L L L L L L L L
20 40 60 80 100 120 140 160
m/z

Figure S7 Diagnostic plot for 201109, summer.

11



A W N -

(@) (b)
N

2 . . .
2.8 -8 QforfPeak 0 1883 - Qforp8
g ] Current Solution &1 36 E Current Solution P
g ] — SLA T e
] — 1.82 3
1.6 : 1.80 1t
! 3 P (ﬁum*t?er onac‘[grs) 8 10 -10 03 ﬂgégk 0-5 1.0
0.0 (c) m Residual @
0 - esidual T . .
. SEEEEETT | Factort » 0.8 : :
E o Factor2 @ 04 3 3:‘:6 .
= @ Factor3 5 U.4] i %
% @ Factor4d E ] 2.3.1 g‘t. 457 .EH‘%
@ Factors ; 0.0 = = ‘
= ~ 3 1‘% E
Factorg E - — 3 :
FaCtOr? -0.4 TITTITTIT[TITITITITITITITTIOITT |||||||||‘ ]
1 Factor8 5 _
0.0 0.2 q{?proﬁl%sé 0.8 1.0

[

(=]
D
—

NETTTIITTT I

=7 Measured Total Spec Signal
— Reconst Total Spec Signal

|

—

S b D LA

El--i----------l---u---------i---------.---------i-----

10/31/2011 11/10/2011 ]]!]ﬁ?/'%'l'b+8hr 11/30/2011 12/10/2011

Total Organics (pg/m )

®

ZResid = measured — reconstructed

']..0||||||||||||||||||||||||||||||||||||||||||||||||

30 10/31/2011 11/10/2011 11/20/2011 11/30/2011 12/10/2011
HKT: UTC + 8 hr

2

Q/ngp for time series

2

10/31/2011 11/10/2011 11/20/20 11/30/2011 12/10/2011

h)

2

Qerxp for mass spectra

2

T(Resid /6 1/Qup E(Resid /6 )/Quyp

2 i
20 40 60 80 mz 100 120 140 160
(i)
= 207 : ;
= 3 Box-whisker plot of scaled residual for mass spectra
% 10 E : : : :
S 3
= O:l#ﬁm—_ —
E 3
= -103
3 3
c/:-ZO-IIIIII||IIIIIII|IIIII rrrrrrrimta rrrrrrrimta rrrrrrriria TITTTITTTITJTTITTITTITTI T TITT
20 40 60 80 100 120 140 160
m'z

Figure S7 Diagnostic plot for 201111, autumn.

12



A W N -

(@ L)
243 N aa -+ Qforp7 [T
o 1773 \ -~ Q for fPeak 0 o Current Solution y
i Current Solution 3‘3_1-55
Q 2_0: \\ ! Qf ] /
< 1.8 i </1.54 g SO
1.6 3 + T e
3 T I R oo o o o o o e e e e e e LN R
! 3 P (ﬁum*t?er onac‘[grs) 8§ 9 10 -10 03 ﬂgégk 0-5 1.0
(c) _ (d)
0.0 | Residual 7
;0.2 @ Factor1 » 0.84 i
E 0'; @ Factor2 @ ] % .
= 0. @ Factord 5 0.4 ! = 3
% 06 FHWW @ Factord a 00; .’535. & P .,
@ Factor 5 0. = "'-Pz_'_'_
= 08 Factorf = ] 4@ 14 3% ;%‘%
]..0 FaCtorT -IIIIIIIII II|1.?III IIIIIIIII|IIIIIIIII IIII_III4'I.I.
'z:In:ISc:IScIic:Iu:I: E’ Eﬁdddddddd 0.0 0.2 (i{ proﬁl%s 0.8 1.0
“g
é_“ 12 e) Measured Total Spec Signal
— ] — Reconst Total Spec Signal
g .
|
o 3
Y 2 2 ) 2 ) ) 2 e, 2 ) 2 )
= 1/21/2012 1/31/2012 I—]KT':!{PIZCO-}-‘S br 2/20/2012 3/1/2012
()
1.0

ZResid = measured — reconstructed

o

w'1.0'|||||I|||||||||I|||||||||l|||||||||l|||||||
301/71/{7017 1/31/2012 2/10/2012 2/20/2012 3/1/2012
5 ) HKT: UTC + 8 hr

o g

wg 20 Q/Qexp for time senies

210

&

5 0 T T T ma e SR T
2401/21f2012 1/31/2012 2/10/2012 2/20/2012 3/1/2012
C'/ﬁ' h) HKT 8 hr

=30 Q/Qexp for mass spectra

NQ 20

=

z 10

&

1

20 40 60 80 100 120 140 160
m/7
_ 0
g I Box-whisker plot of scaled residual for mass spectra
= 104 . ; ; ;
&0 Jun
3 E
= 103
g 3
c/J-ZO-IIIIII||IIIIIII|IIIII rrrrrrrriT rrrrrrrrT rrrrrrrrrT TITTTITTTITJTTITTITTITTI T TITT
20 40 60 80 100 120 140 160
m/z

Figure S8 Diagnostic plot for 201202, winter.

13



O 00 N O U1 A W N -

N N NN NNRRRRRR R R R R
U B W N R O LOOWWNO WU DM WN R O

@ Profie_7_Avg
| Profie_Factor_7

o b o o
E & =

5]

Fractional signal

=]
=]

.10§(a-3)
084
064
044

o R [

163(a-2)

Figure S9 Example of bootstrapping plot (201105, spring). “Profile x Avg” is the average with standard deviation (from 100 bootstrapping runs)
of the mass spectra for each Factor (x represents Factor 1 to 7). “Profile Factor x’

“TSeries_Factor x” is the time series of concentration of each Factor x, while “Tseries x Avg” is the concentration time series with standard

deviation (from 100 bootstrapping runs).

@ Profie_6_Avg
| Profile_Factor &

@ Profie_5_Avg
| Profile_Factor_§

100

ofile_4_Avg
| Profile_Factor_4

T, TQ_& i T,T.&?

@ Profie_3_Avg
| Profile_Factor_3

LX) P

@ Profie_2_Avg
| Profile_Factor_2

@ Profie_1_vg
| Profile_Factor_1

m/z

60

14

Congentration of factors (pg/m’)

(b-7) —+ TSeries_Factor_7
6 — Tseries_7_Avg

—— TSeries_Factor_6
— Tseries 6_Avg

by
T

T

—— TSeries_Factor 5
— Tseries 5_Avg

(SRS}

—— TSeries_Factor_4

— Tseries 4 Avg

—+ TSeries_Factor_3

— Tseries_3_Avg

1.5
1.0
0.5
0.0+
(b-2)
—— TSeries_Factor_2
15 — Tseries_2_Avg

s —— TSeries_Factor_1
— Tseries_1_Avg

5/1/2011

5/11/2011
HKT: UTC + 8 hr

5/21/2011 5/31/2011

9

represents the stick mass spectra for each Factor Xx.



O 00 N O 1 A W N B

e
= O

_—— Time series of factors Time series of extemal data
1 Cx 1 CH 1 CHO1 | CHOgtt 1| CHN | CHOIN CHOgtIN 1 CS | HO

oo O Meanoffactors ¢ e @ Mean of extemal data - - - - 1:1 line
(7-4) Fa=079 (7-b) 79 (7-d)
N 0.5 = 160 08 OMIOC 127 ER ol &
6 oo (1)0 120 06 OIC: 009 HIC: 167 _RUC _g»gﬁi Rue g
4 ) 12:00 80 04 : 0.006; S/C: 0.001 e
2H 40 02 e
) AR st M s o T A 8 () 00
(6-4) =049 6-H) 69
6 : X 10 L e
af Kﬂfwﬁ 1 ® Ryc =048
0 T 1200 A [ gl
(5-a) Re=037 (5-b)
20 025 4 3 OMIOC: 142
15l 0.00 3 ég OIC 016 HIC 1.71
1.0} 12:00 2 - NIC: 0.05;5/C-0.003_
05 1 o o &
.-%‘0_0 0 s 00 ;l
& g 8
= e
= B= &
g g.g“.lﬂ ¢ OM/OC: 125 g
8 .069,,;_8% OIC: 008 HIC: 1L 3
kS 040204 oi
g 025202 =
= 002 200 =
=3 B =11}
= o o
§ E =
£ - g
S = (3-b) =
4 = 10 OM/OC: 161 2 F
3 =~ 08 OfC: 037, H/C: 117 &
3 % N/C: 0.01; S/C: 0,001
1 7]
0 00

OM/OC: 221
OfC: 081; H/C: 122
N/C: 0.0Z; S/C: 0.0001

20 40 60 8¢ 100
Fractional signal in standard spectra (log)

HKT:-UTC+ 8 hr

Figure S10 Original 7-factor solution for 201105, spring. X-a: concentration time series of each Factor
X. The inserts of panels x-a are the diurnal patterns of each Factor. x-b: high-resolution mass spectra
of each factor with elemental analysis results (OM/OC is organic matter to organic carbon ratio, O/C
IS oxygen-to-carbon atomic ratio, H/C is hydrogen-to-carbon atomic ratio, N/C is nitrogen-to-carbon
atomic ratio, and S/C is sulfur-to-carbon atomic ratio). x-c: correlation of unit-mass-resolution mass
spectra of each Factor with standard unit-mass-resolution mass spectra. x-d: correlation of high-
resolution mass spectra of each Factor with standard high-resolution mass spectra. Rpr is the Pearson’s
R, Ruc is the un-centered R for whole mass spectra, and Ruc™* is the un-centered R for ions with m/z
> 44,

15



a U~ W NP

_ Time series of factors | Time senes of external data
I Cx 1 CH 1 CHO1 1 CHOgt1 1 CHN 1 CHOIN CHOgtiN 1 CS 1 HO
O O O Meanoffactors ¢ e @ Mean of extemnal data - --- 1:1 line
4-a =0.79 4b
10+ Bl 10 160 08 "

; 0.0 . 0 120 .06

6 T 12:00 0.09, H/C: 1.67

1 - 80 04 0.006; S/C: 0.001

2 40 02

OLFFI'I‘ITFT‘I_rrTrTT]’T'(TrI'Tl|'|[| T |:'0 _00

282885

Concentration of factors (ug/ms)
(''e) BEp TEUILNXS JO UCTIEIUA0UDD

12 (1-a) Rpe=0.75 40
3 ! E 3 30
- 20
4 10
0 N - N N 0
Oy
c-,\\ ‘)\\\ ‘)\W\ 6\")\

HKT: UTC+ 8 hr

(3-b)

(2-b)

OM/OC: 1.47
O/C: 0.23; HIC: 1.
N/C: 0.02; S/C: 0.00

l%ignal in factor spec '

11d

g g g ggimlegl o oo i

Fractio

(1-b)

OM/OC: 2.08
O/C: 0.68; F/C: 1.13
NIC: 0.06; S/C- 0.001

20 10 60 80

100 gryctional signal in standard spectra (log)

Figure S11 Combined 4-factor solution for 201105, spring. See caption of Figure S10 for detailed

explanation of the legends.

16



“u A W N -

_—— Time series of factors [ | Time senies of extemal data
I Cx | CH 1 CHO1 | CHOgt1 | CHN | CHOIN CHOgtiN | CS |1 HO

o o O Meanoffactors ¢ @ @ Mean of extemal data - --- 1:1 line
G Ry =0.83 s 10
£ = - OMIOC: 1.49
3 F 8(5) B 10 g 40 8% O/C: 0.25; HIC: 1.67
2t ’ 12:00 %8 04 N/C: 0.011; S/C- 0.001
il o @
0 AR A )T TILTTOAN, 00
1060 Rp, =054 (6-b) (6-c) (6-d)
N T o S LR
6 0.0 12-00 N 20 08
3 ) 1.0 .04
2 L .
0 00 00

(5-b)
8 08 OM/OC: 1.50
6 06 O/C: 0.27; HIC: 146
4 01 N/C: 0.011; SAC: 0.0001
2 Ve 02 &b
e 0 X g 00 é
) g g
S g 3
~ 2 o,
o
g gg (4-b) o
: OMIOC: 1.29 2
& 9.,?.:6& O/C: 0.11; HIC: 169,
8 3501 ol
-;% S §_8%.. T e e @ ks
o
5 g E
i S
s:: Py
O 30E o OMIOC: 1.80 g g0 ;B9 :
b I ; R . (3 —
0= 06 O/C: 042, H/C: 1361, | DC Taht) R"C'gga‘?w‘“;’
. 04 NIC: 0.11; S/C: 0.004 et T
10 0 o
00 00

) (1-2) Re=051 30 (1-b)
; - OM/OC: 2.32
20 %mg 20 %(5) OFC: 0.78; HIC: 1.44
}(5) T 12-00 10 N/C: 0.13; S/C: 0.001
03 10 o5
09 3 DD DN 0 00 _
\b\‘\ \\\\ \b\\ W\\\ r\?\\ 20 40 60 80 100 ) ] )
9 o> o> b o Fractional signal in standard spectra (log)

HKT:UTC+ 8 hr

Figure S12 Original 7-factor solution for 201109, summer. See caption of Figure S10 for detailed
explanation of the legends.

17



“u A W N B

_ Time series of factors | Time senies of extemal data
I Cx 1 CH 1 CHO1 1 CHOgt1 1 CHN 1 CHOIN CHOgtiN 1 CS 1 HO
0] (RP‘ O Meanoffactors ® @ @ Mean of extemnal data - - - - 1:1 line
1 (4-a) =0.83 10 (4-b) (4<)
osk 18 50
I 4 40 08
0.0 0 OM/OC: 1.49
12:00 30 06 OIC: 0.25; HIC: 1.67
N/C: 0.011; S/C: 0.001
20 04
1 L 10 02
1] -1—|—|—.-.......1-.-.—.—.........—1—'-0 00
(3-a) Ra=0.89 3-b)
6 05 @ﬁ” 12 10 _
i 08 : )
4 0.0 ) _089 06 O/C: 0.11; H/C: 1.69@0,
g B - NIC: 0.007; SIC: 0.0088
‘B a 0
3, 2 045 2
= 8502 3
go 005 5,00 5
& 9.,‘% &
‘e 1 %5 @b i
§ gz E
= 3 EE.OS
g = 06 OM/OC: 1.74 %i
B g O/C: 0.42; T/C- 1.38
§ 2 & 04 N/C: 0.046; SIiC: 0.00'@
—_~ (=]
9 =
(&) 1 2 02 §
0 0 =
5 (1-a) Rer=0.65 1 30 (1-b)
1 10 20
OM/OC: 2.26
3 0.0 12-:00 0 2005 0/C: 0.79; HIC: 1.30
2 10 N/C: 0.08; S/C: 0.001
10
1 05
N o
& N N N 20 40 60 80 100
© q\‘\\ q\\b\ q“\\ @"b\

HKT: UTC+ 8 hr

Figure S13 Combined 4-factor solution
explanation of the legends.

Fractional signal in standard spectra (log)

for 201109, summer. See caption of Figure S10 for detailed

18



_— Time senes of factors [ | Time series of extemal data
I Cx 1 CH 1 CHO1 | CHOgt1 1 CHN 1 CHO1N CHOgtiN 1 CS 1 HO
o O O Meanoffactors ¢ @ o Mean of extemal data - - -- 1:1 line

8a) Sens064 5 (8-b) OMOC: 1.27
6 :g I s S | a 28 :82 O/C: 0.08; HIC: 1.76
; : 12-00 %ﬁ o 0.009; S/C: 0.0005
L e e e i 00

b

OM/OC: 1.67
O/C: 0.31; HIC: 1.61
N/C: 0.104; S/C- 0.002

o i D ) R

12 65) OM/OC: 1.74
O/C: 0.41; HIC: 1.41
N/C: 0.059; S/C- 0.002

a i
«220 48 G-b) OM/OC: 1.62 =4
15 38 82 O/C: 037 HIC: 1.36 &
Mo 23 04 N/C: 0.006; S/C: u.ooE
i sieh :
= -
g =5 g
& % &
kS 25 £
g
“% 4 ;:Bg, g o D OMIOC: 1.67 'g) (to . @d P
B 3 a ""8% OIC: 0.41; FIC: 1388 | U -4 =y
34 28 N/C: 0.005; S/C- 0.0(@ i
O 0 = 00 §
~ [

(-5 OM/OC: 2.03

15 OFC: 0.65; HIC: 1.20
10 N/C: 0.049; S/C- 0.001
05

00

2-b)

(=1 P Y-

(1-b) (1-c) (1-d)
OM/OC:2.18 . o
%(5) O/C: 0.78; HIC: 1.16 E{m :»%Z Ruc:v; '
‘10 NIC: 0.036; SIC: 00006 | iy cad E
ot VWL R il il
N N N N "
n}\\ & q9\\ r,,b\\ N 20 40 60 80 100 po 0 sipnal in standard spectra(log)
HKT: UTC+ 8

2 Figure S14 Original 8-factor solution for 201111, autumn. See caption of Figure S10 for detailed
3 explanation of the legends.

19



A W N -

—_— Time senes of factors [ | Time series of external data

I Cx 1 CH I CHO1 1 CHOgt1t 1 CHN 1 CHO1IN CHOgtiN 1 CS 1 HO
o O O Meanoffactors ¢ e @ Mean of extemnal data - - - - 1:1 line
(4-a) (4-b) (4<) (4-d)
of Rpgz 4 0 * - :
[ 0.0 tl_l_l_l_lj 0 06
4r 12:00 30
N 420 04
110 02
OT_['I"f rerrrerrrrrrrr ']'_I_l_l_l_r_l_l'lo _m
g (3-a) Be—0.81 (3-b) .
r - o 10 &
o 6 .120 —
= 2 08 OM/OC: 1.28 B
~ (] O/C: 0. ;H.’C: X
g 4 08 ‘E_i- _x 0.10; 1 6308’3‘
o
& = o
oiE :
& 0 008,500 &
ks a o
o 58 =
5 i £
= < ﬁ)
B B :
=] ]
5 g OM/OC: 1.65 'TE’
& O/C:0.36, F/C: 1.44 &
8 N/C: 0.038; S/C: 0.00F

Fra

(ne) gy
2g8e8S

(1-b)
1 16
12 OM/OC: 1.97
6 OIC: 0.60; H/C- 1.27
4 08 N/C: 0.048; S/C: 0.001
2 04
AR x'"'\'"'o 00 '
{,)\\\ & {\9\ Q\ m\ 20 40 60 B0 100 L onalsignalin standard spectra (log)
Q A
N
HKT- U?c + sh w7

Figure S15 Combined 4-factor solution for 201111, autumn. See caption of Figure S10 for detailed
explanation of the legends.

20



I Cx 1
o O O

(=] - Y- ]

o0 Rvg_gor;ﬁ

10 100
5 i 380

CH

12:00

4(5-:1) RP6_5'50
3
2
1 -
w0

Y
\\‘\

.\\"3

5 3a) Rer=038 i 12

3 - ) 8 m
% 1 Ri7]
! 0 00

K\

"\}l\

Time senies of factors
I CHO1 | CHOgt1 |

|
CHN

Meanoffactors ¢ @ o

(6-b)

23288

(5-b)

(4-b)

(3-b)

NG %
> e
S

HKT:UTC+ 8 hr

Time series of extemal data

CHO1N CHOgtIN | CS |

Mean of extemal data - - - - 1:1 line

OM/OC: 1.30
OfC: 0.12; H/C: 1.66
N/C: 0.007; S/C- 0.0002

:
,:%
:

OM/OC: 1.83
OfC: 0.53; H/C: 1.28
N/C: 0.014; S/C: 0.00°

rrfactor spectra (log)

1

OM/OC: 149
OfC: 0.21; HC: 1.53
N/C: 0.059; S/C: 0.006

OM/OC: 2.15
OfC: 0.76; HIC: 1.17
N/C: 0.030; S/C: 0.001

80

100 Fractional signal in standard spectra (log)

Figure S16 Original 7-factor solution for 201202, winter. See caption of Figure S10 for detailed
explanation of the legends.

21



—_— Time senies of factors m
I Cx I CH 1| CHO1 1 CHOgi1 1 CHN
o o O Meanoffactors ¢ e @
20(9 "3 110 100 108
15 g-g & ] . 80 .08
1.0 T 12:00 60 .06
3 140 04
05§ 20 .2
0_0 TP er T P C T T T T rTTITre F"l’rﬂ‘rl'rl'r!o _m

(3-b)

1

282885
28288

uoyBquasucsy

axs a{o.

(2-b)

ractional signa

Concentration of factors (ug/ms)

oy

g2 8 8¢®

(1-b)

BEER &

NG v
\\‘\ Q\\

NI

HKT: UTC+ 8 hr

bW
RS 20
> P

Time series of external data
I CHO1N CHOgtIN 1 CS 1
Mean of extemal data - - - - 1:1 line

(4<)

OM/OC: 1.53
O/C: 0.27, HIC: 1.48
N/C: 0.038; S/C: 0.

signal in factor spec

Fractio

(1-¢)

Ryc=

O/C: 0.63; F/C: 1.25 £
N/C: 0.024; S/C: 0.001 e
el

L Riye =095

e
’
OM/OC: 1.98 %ﬁ? :
o
y

Figure S17 Combined 4-factor solution for 201202, winter. See caption of Figure S10 for detailed

explanation of the legends.

22



Table S3 Summary of correlation coefficients of time series (TS) with external data and mass spectra (MS) with those in the literature. UMR is for unit-mass-resolution
spectra and HR is for high-resolution mass spectra. Fx (x = 1 to 8) is the Factor number. “3ions” means the three ions (CsHgO", C4H;,0%, and C,H;,07) used as
tracers for COA. NOx is NO + NO-. Rpr is the Pearson’s R, Ruc is the un-centered R for whole mass spectra, and Ruc™ is the un-centered R for ions with m/z > 44.

Color code Rer <0.4 0.4<<0.6 0.6<<0.8 >0.8 Color code Ruc Ruc™* <0.7 0.7<<0.8 0.8<<0.9 >0.9
Season Factor TS Rer Factor TS Rpr  Factor MS UMR HR Factor MS UMR HR
Ruc Ruc™ Ruc uc™M Ruc Ruc™ Ruc  Ruc™
F1 S04  0.68 F1 S04 0.75 F1 LVOOA 0.99 0.98 0.98 0.95 F1 LVOOA 0.98 0.98 0.95 0.85
F2 S04 0.71 F2 NO3 059 F2 LVOOA 0.96 0.96 0.85 0.63 F2 SVOOA 0.96 0.99 0.79 0.87
F3 NO3 -0.16 F3 COA 3ions 0.86 F3 SVOOA 0093 0.93 0.76 0.76 F3 COA 0.97 0.98 0.83 0.90
Spring, 201105 F4 3ions 0.86 Fa NOXx 0.79 F4 COA 0.97 0.98 0.83 0.90 F4 HOA 0.96 0.99 0.92 0.99
F5 NO3 0.37 F5 SVOOA 0.84 0.99 0.61 0.94
F6 NO3 0.49 F6 SVOOA 0.88 0.97 0.65 0.79
F7  NOx 0.79 F7 HOA 096 0.99 0.92 0.99
F1 S04 051 F1 S04 0.65 F1 LVOOA 0.96 0.89 0.93 0.53 F1 LVOOA  0.97 0.95 0.95 0.78
F2 S04  0.39 F2 NO3 0.76  F2 LVOOA 0.97 0.98 0.95 0.94 F2 SVOOA 0.96 0.98 0.88 0.77
F3 NO3 024 F3 COA 3ions 0.89 F3 SVOOA 0.94 0.94 0.78 0.64 F3 COA 0.98 0.99 0.84 0.92
Summer, 201109 F4  3ions 0.89 F4 NOx 083 F4 COA 098 0.99 0.84 0.92 F4 HOA 0.82 0.99 0.72 0.98
F5 NO3 0.89 F5 SVOOA 0098 0.97 0.87 0.79
F6 NO3 054 F6 SVOOA 0.89 0.93 0.85 0.66
F7 NOx 0.83 F7 HOA 082 0.99 0.72 0.98
F1 S04  0.76 F1 S04 0.80 F1 LVOOA 097 0.98 0.96 0.91 F1 LVOOA 0.98 0.96 0.95 0.80
F2 3ions 0.81 F2 NO3 072 F2 COA 098 0.99 0.85 0.92 F2 SVOOA 0.96 0.95 0.89 0.75
F3 S04 0.49 F3 COA 3ions 081 F3 LVOOA 0.97 0.90 0.95 0.78 F3 COA 0.98 0.99 0.95 0.92
Autumn, 201111 F4 NO3 0.67 F4 NOXx 0.64 F4 SVOOA 0.96 0.93 0.83 0.64 F4 HOA 0.99 0.99 0.96 0.98
F5 NO3 -0.04 F5 SVOOA 0.94 0.92 0.84 0.69
F6 S04  0.46 F6 LVOOA 096 0.91 0.92 0.65
F7  NO3 0.10 F7 SVOOA 0.93 0.95 0.89 0.81
F8 NOx 0.64 F8 HOA 099 0.99 0.96 0.98
F1 S04  0.65 F1 S04 0.80 F1 LVOOA 0.97 0.98 0.96 0.97 F1 LVOOA  0.99 0.95 0.98 0.92
F2 NO3 0.26 F2 NO3 055 F2 SVOOA 0.90 0.93 0.81 0.83 F2 SVOOA 0.96 0.96 0.88 0.82
F3 NO3 0.38 F3 COA 3ions 0.87 F3 SVOOA 0.97 0.98 0.88 0.79 F3 COA 0.98 0.99 0.90 0.92
Winter, 201202 F4 SO4 -0.06 F4 NOx 056 F4 LVOOA 0.97 0.91 0.96 0.89 F4 HOA 0.99 0.99 0.96 0.98
F5 S04  0.50 F5 LVOOA 0.99 0.91 0.99 0.79
F6 3ions 0.87 F6 COA 098 0.99 0.90 0.92
F7  NOx 0.6 F7 HOA 099 0.99 0.96 0.98
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1

Table S4 Elemental analysis for the four factors in four seasons.

HOA COA SVOOA LVOOA
OM/OC O/C H/IC N/C |OM/OC O/C H/IC N/C |[OM/OC O/C H/IC N/C |OM/OC O/C HI/IC NIC
Spr., 201105 | 1.27 0.09 167 001 [ 125 0.08 174 0.01 147 023 146 0.02 208 0.68 113 0.06
Sum.,, 201109| 149 025 167 001 | 129 011 169 0.01 1.74 042 138 0.05 226 079 130 0.08
Aut, 201111 | 127 0.08 1.76 0.01 [ 128 010 169 0.01 165 036 144 0.04 197 060 127 0.05
Win., 201202 | 128 0.09 1.77 0.01 | 130 012 166 0.01 153 027 148 0.04 198 063 125 0.02
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6. Back trajectory analysis evaluation

The clustering of trajectories is based on the total spatial variance (TSV) method (Draxler et al.,

2012). This method minimizes the intra-cluster differences among trajectories while maximizing the

inter-cluster differences.

In the clustering process, the spatial variance (SV, the squared distances between the endpoints of

the cluster’s component trajectories and the mean of the trajectories in that cluster), the cluster spatial

variance (CSV, the sum of the SVs of all trajectories within the cluster), and the total spatial variance

(TSV, the sum of the CSVs for all clusters) are calculated.

Initially, both CSV and TSV are zero, with each trajectory being defined to be a cluster, which

means that there are N trajectories and N clusters. The clustering involves combination of two clusters

with the lowest increase in TSV. In the first iteration, the two clusters that result in the lowest increase

in TSV are combined. Then, the number of clusters reduced to N-1, with one cluster consisting of two

trajectories and the others consisting of one. The process continues until the last two clusters are

merged, resulting in N trajectories in one cluster.

In the first few iterations, the TSV increases dramatically, then gradually levels off and lifts again

by the end of calculation. The final increase happens when disparate clusters start to be merged,

indicating that the paired clusters are no longer similar. The ideal final number of clusters is just before

the inflection point where the final rise occurs.
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Figure S18 Total spatial variance (TSV) as a function of number of clusters for (a) 300 m and (b)
arrival heights.

Figure S18 shows the changes in total spatial variance (TSV) as a function of number of clusters
for 300 m arrival height (left) and for 500 m arrival height (right). For both case, the changes in TSV
decreased substantially from 4 to 6 cluster solutions. Therefore, solutions (shown in Figure S19) with
4,5, and 6 clusters for both arrival heights were obtained and subject to further evaluation.

Species concentrations of distinct sources as indicators of (a) transported species (sulfate and
LVOOA) and (b) locally emitted species (HOA and COA) were used for the evaluation. The
concentrations of these four species in each cluster are plotted in box-whisker plots as shown in Figures
S20 and S21 for 300 m and 500 m arrival height, respectively. The evaluation rationale is as follows:

(1) a larger number of clusters can potentially provide more detailed information and should be
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attempted; (2) too many clusters may be purely mathematical and make little physical sense, thus

should be avoided if it is the case; (3) transported species with anthropogenic origins should be

associated with long trajectories from the continent; (4) locally emitted species should be associated

with short trajectories with calm wind. The optimal number of clusters balancing points (1) and (2) is

chosen with an evaluation of points (3) and (4) for the same arrival height. A similar evaluation using

points (3) and (4) is employed to choose a final solution from the optimal solutions at each arrival

height.

As shown in Figure S19 (a) to (c), going from the 4-cluster solution to the 5-cluster solution splits

Cluster 2 in the 4-cluster solution into Clusters 2 and 5 in the 5-cluster solution, while going from the

5-cluster solution to the 6-cluster solution splits Cluster 3 into Clusters 3 and 5 in the 6-cluster solution.

In Figure S20, the split of Cluster 2 in the 4-cluster solution into Cluster 2 and 5 in the 5-cluster solution

leads to slightly higher SO4 and LVOOA in Cluster 5 than in Cluster 2 in the 5-cluster solution, while

to substantially lower HOA and COA in Cluster 5 than in Cluster 2 in the 5-cluster solution. This

observation suggests that a split of the otherwise lumped Cluster 2 in the 4-cluster solution can provide

consistent interpretation of regional and local pollutants. One the other hand, from panels (b) to panels

(c) in Figure S20, the split of Cluster 3 in the 5-cluster solution into Clusters 3 and 5 in the 6-cluster

solution does not lead to such consistency. In the 6-cluster solution, SO4 in Cluster 3 is higher than in

Cluster 5 (c-1), while LVOOA in Cluster 3 is lower than in Cluster 5 (c-2). Similarly, HOA in Cluster

3 is higher than in Cluster 5 (c-3), while COA in Cluster 3 is lower than in Cluster 5 (c-4). This
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observation suggests that going from 5-cluster solution to 6-cluster solution does not provide additional

information that is consistent with the tracer species concentrations.

As shown in Figure S19 (d) to (f), going from the 4-cluster solution to the 5-cluster solution splits

Cluster 1 in the 4-cluster solution into Clusters 1 and 2 in the 5-cluster solution, while going from the

5-cluster solution to the 6-cluster solution splits Cluster 2 into Clusters 2 and 3 in the 6-cluster solution.

In Figure S21, the split of Cluster 1 in the 4-cluster solution to Clusters 1 and 2 in the 5-cluster solution

leads to lower concentrations in Cluster 1 and higher concentrations in Cluster 2 for all four species,

indicating consistency. On the other hand, the split of Cluster 2 in the 5-cluster solution to Clusters 2

and 3 does not lead to such a consistency. SO4 concentration in Cluster 2 is lower than in Cluster 3,

while LVOOA in Cluster 2 is higher than in Cluster 3 in the 6-cluster solution. The effect is less

pronounced for HOA but HOA in Cluster 2 is slightly higher than in Cluster 3, while COA in Cluster

2 is much higher than in Cluster 3 in the 6-cluster solution. Therefore, going from 5-cluster solution to

6-cluster solution does not provide consistent interpretation of the tracer species concentrations.

5-cluster solutions from both the arrival heights seems reasonable. The major difference between

these two solutions is that the solution from arrival height of 300 m has a short trajectory (Cluster 3)

representing the air mass circulating the Pearl River Delta (PRD) region (Figure S19-b, which cannot

be captured by setting the arrival height of 500 m (Figure S19-e). Therefore, we choose the 5-cluster

solution with arrival height of 300 m for the analysis to reflect the impact of the nearby PRD region.
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