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Table S1. Overview of the studies using Aerodyne AMS in China. The list is based on the sampling date.

Sampling Location Sampling Instrument Mass PM; Organic Elemental Ratio References
Site period Loading Composition Components
(g m™)
Lanzhou 36.1N, Jul. 12— HR-ToF- 24.5 Organics HOA (16%), HOA (O/C:0.10, H/C: 1.84,  This study
(Urban site)  103.9E Aug. 7, AMS (47%), COA (24%), N/C:0.015, OM/OC: 1.31)
2012 Sulfate SV-O0A COA (O/C: 0.10, H/C: 1.69,

(16%), (27%), LV-  N/C: 0.001, OM/OC: 1.28)

Nitrate OOA (32%) SV-OOA (0O/C: 0.28, H/C:

(10%), 1.34, N/C: 0.015, OM/OC:

Ammonium 1.78)

(11%), LV-OOA (O/C: 0.68, H/C:

Chloride 1.30, N/C: 0.016, OM/OC:

(4%), 2.03)

BC (12%)
Beijing Jul. 9-21, Q-AMS 80440.6  Organics HOA (40%), (Sunetal.,
(Urban site) 2006 (35%), SV-O0A 2010)

Sulfate (20%), LV-

(25%), OOA (40%)

Nitrate

(22%),

Ammonium

(16%),

Chloride

(1.4%)
Back- 113.03E, Jul. 12— Q-AMS 30.0 Organics HOA (34%), (Xiao et
Garden 23.49N 30, 2006 (44%), SV-O0A al., 2011)
(Urban Sulfate (28%), LV-
downwind (38%), OOA (38%)
site) Nitrate (5%),

Ammonium

(12%),

Chloride



Beijing
(Urban
downwind
site)
Beijing
(Urban site)

Beijing
(Urban site)

Kaiping
(Urban
downwind
site)

Shenzhen
(Urban site)

39.5N,
116.3E

116.33E,
39.99N

113.9E,
22.6N

Aug. 15—
Sep. 10,
2006

Jun. 5—
Sep. 22,
2008
Jul. 24—
Sept. 20,
2008

Oct. 12—
Nov. 18,
2008

Oct. 25—
Dec. 2,
2009

Q-AMS

Q-AMS

HR-ToF-
AMS

HR-ToF-
AMS

HR-ToF-
AMS

~2-100

63.1
(2.47—
356)

33.1
(2.4-150)

44.5434.0
(3.0-219)

(1%)

Organics
(37.9%),
Sulfate
(26.7%),
Ammonium
(15.9%),
Nitrate
(15.8%), BC
(3.1%),
Chloride
(0.87%).
Organics
(34%),
Sulfate
(34%),
Ammonium
(14%),
Nitrate
(10.7%),
Chloride
(1.1%),

BC (6.7).
Organics
(39.7%),
Sulfate

HOA
(18.1%),
COA
(24.4%), SV~
OOA
(23.7%),
LV-O0A
(33.7%)

BBOA
(24.5%),
SV-O0A
(35.8%),
LV-OOA
(39.6%)

HOA
(29.5%)
BBOA

HOA (O/C: 0.17, H/C: 1.58,
N/C: 0.02, OM/OC: 1.38)
COA (O/C: 0.11, H/C: 1.73,
N/C: 0.012, OM/OC: 1.30)
SV_OOA (O/C: 0.47, HIC:
1.33, N/C: 0.033, OM/OC:
1.78)

LV_OOA (O/C: 0.48, H/C:
1.38, N/C: 0.011, OM/OC:
1.78)

BBOA (O/C: 0.26, H/C:
1.62, N/C: 0.06, OM/OC:
1.55)

SV-00A (O/C: 0.39, H/C:
1.48, N/C: 0.01, OM/OC:
1.65)

LV-OOA (O/C: 0.64, HIC:
1.30, N/C: 0.02, OM/OC:
1.99)

HOA (O/C: 0.11, H/C: 1.70,
N/C: 0.01, OM/OC: 1.3)
BBOA (O/C: 0.32, H/C:

(Takegawa
etal.,
2009)

(Zhang et
al., 2011)

(Huang et
al., 2010)

(Huang et
al., 2011)

(He et al.,
2011)



Shanghai 121.90E,
(Urbansite) 31.38N
Jiaxing 120.8E,
(Urban 30.8N
downwind

site)

Jiaxing 120.8E,
(Urban 30.8N
downwind

site)

May 15—
Jun. 10,
2010

Jun. 29—
Jul. 15,
2010

Dec. 11—
23, 2010

HR-ToF-
AMS

HR-ToF-
AMS

HR-ToF-
AMS

29.2
(5.5-155)

32.9
(4.6-104)

41.9
(5.8-160)

(24.5%),
Ammonium
(10.2%),
Nitrate
(10.0%),
Chloride
(1.6%),
BC (14%).
Organics
(28.7%),
Sulfate
(33.3%),
Nitrate
(16.3%),
Ammonium
(13.4%),
Chloride
(1.6%),
BC (6.7%)
Organics
(32.1%),
Sulfate
(25.2%),
Nitrate
(18.0%),
Ammonium
(12.6%),
Chloride
(3%),

BC (9.1%)
Organics
(30.3%),
Sulfate
(17.0%),

(24.1%)
SV-O0A
(27.6%)
LV-O0A
(18.8%)

HOA (24%),
SV-O0A
(46.8%),
LV-OOA
(29.2%).

HOA
(31.7%)
OOA

(68.3%)

HOA
(39.7%),
BBOA

(30.1%),

1.47, N/C: 0.06, OM/OC:
1.62)

SV-OOA (O/C: 0.45, H/C:
1.45, N/C: 0.02, OM/OC:
1.75)

LV-OOA (O/C: 0.59, H/C:
1.26, N/C: 0.03, OM/OC:
1.92)

HOA (O/C: 0.16, H/C: 1.7,
N/C: 0.01, OM/OC: 1.38)
SV-00A (O/C: 0.35,
H/C:1.48, N/C: 0.02,
OM/OC: 1.61)

LV-OOA (O/C: 0.65, HIC:
1.49, N/C: 0.02, OM/OC:
2.02)

HOA (O/C: 0.13, H/C: 1.77,
N/C: 0.01, OM/OC: 1.38)
OOA (O/C: 0.41, HIC: 1.47,
N/C: 0.02, OM/OC: 1.70)

HOA (O/C: 0.11, H/C: 1.85,
N/C: 0.02, OM/OC: 1.32)
BBOA (O/C: 0.27, H/C:
1.51, N/C: 0.03, OM/OC:

(Huang et
al., 2012)

(Huang et
al., 2013)

(Huang et
al., 2013)



Changdao 37.99N, Mar. 21—
(Urban 120.70E  Apr. 24,
downwind 2011
site)
Hongkong 22.3N, Apr. 26—
(Urban 114 .3E Jun. 1,
downwind 2011
site)
Beijing 39.98N,  Jun. 26—
(Urbansite) 116.37E  Aug. 28,
2011

HR-ToF-
AMS

HR-ToF-
AMS

ACSM

47436

14.549.7

50 (30)

Nitrate
(17.8%),
Ammonium
(11.6%),
Chloride
(6.5%),

BC (16.9%)
Organics
(30%),
Sulfate
(19%),
Nitrate
(28%),
Ammonium
(14.7%),
Chloride
(3.0%), BC
(5.6%)

Organics
(28.2%),
Sulfate
(51.0%),
Nitrate
(4.1%),
Ammonium
(16.4%),
Chloride
(0.3%)
Organics
(40%),
Sulfate
(18%),
Nitrate

OOA
(30.2%),

HOA (23%),
SV-O0A
(24%), LV-
OOA (44%),
CCOA (9%)

HOA (23.2),
SV-00A
(22.6%),
LV-OOA
(54.2%)

HOA (36%)
OOA (64%)

1.93)
OO0A (O/C: 0.59, H/C: 1.29,
N/C: 0.03, OM/OC: 1.93)

HOA (O/C: 0.34, HIC:
1.52,, N/C: 0.01, OM/OC:
1.56)

CCOA (O/C: 0.17 H/C:
1.40,, N/C: 0.016, OM/OC:
1.37)

SV-0OO0A (O/C: 0.62, H/C:
1.33, N/C: 0.041, OM/OC:
1.99)

LV-OO0A (O/C: 0.78, H/C:
1.27, N/C: 0.016, OM/OC:
2.17)

HOA (O/C: 0.15, H/C: 1.71,
N/C: 0.006, OM/OC: 1.36)
SV-0OO0A (O/C: 0.16, H/C:
1.59, N/C: 0.009, OM/OC:
1.36

LV-OOA (O/C: 0.80, H/C:
1.21, N/C: 0.018, OM/OC:
2.20)

(Hu etal.,
2013)

(Lee etal.,
2013)

(Sunetal.,
2012)



(25%),

Ammonium

(16%),

Chloride

(1%)
Beijing 39.98N, Nov.21- ACSM 66.8455 Organics HOA (Sunetal.,
(Urbansite) 116.37E  Jan. 20, (52%), (17%) 2013)

2011/2012 Sulfate COA

(14%), (19%)

Nitrate CCOA

(16%), (33%)

Ammonium  OOA

(13%), (31%)

Chloride

(5%)




Table S2 Comparison between the detection limits (DLs) of HR-ToF-AMS measurements in
different studies

Avg. time Organics Sulfate Nitrate Ammonium Chloride References

min ({Th) m_3)
25 0.066 0.008 0.0054 0.008 0.013 This study
1 0.022 0.0052 0.0029 0.038 0.012 (DeCarlo et al., 2006)
5 0.057 0.005 0.004 0.023 0.005 (Sunetal., 2011)
25 0.075 0.011 0.018 0.01 0.017 (Setyan et al., 2012)
5 0.06 0.011 0.008 0.03 0.012 (Ge et al., 2012)
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Fig. S1. 3-hour internal wind rose plot in Lanzhou during summer 2012,
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Fig. S2. The estimated anthropogenic SO2 emissions in 2006 for part of China (Zhang et
6 al., 2009)
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Fig. S3. 3-factor solution performed by PMF on organic high resolution mass spectra.

g 0/C =0.08
H/IC =171

6 N/C = 0.001

4 — OM/OC = 1.25

2 —

O —

g 0/C=0.15

6 HIC = 1.75

a N/C = 0.010

OM/OC =1.36

2 —
O —

10 0/C =0.30
8 HIC = 1.33
6 N/C = 0.013

OM/OC =1.53

% of total
5
|

O/C=0.20
H/C =1.63
N/C = 0.025
OM/OC =1.43

O —
20 0/C=0.83
o] Oy G0 CH0: T Gons
1(5) — CiHyN, OM/OC = 2.21
0 — auf T T T T T T T T
10 20 30 40 50 60 70 80 90 100 110 120
m/z (amu)

20

15 Factor5
10

5 I

0

10

8 Factord
6 actor:
4

2 " J
0

8

6 Factor3
4 actor.
2

0
3.0
2.0 Factor2
1.0 ,
0.0 i

6

4 Factorl
2 uﬁN
0

7/14  7/717 7/20 7/23 7/26 7/29 8/1 84 8/7
Date (BJT)

Fig. S4. 5-factor solution performed by PMF on organic high resolution mass spectra.



0O N O U1 B WN

- 2.0 (a) | -~ QforFPEAK 0.8]| 3 0.690 —(b) - QforP4
Best Solution 50.685 — Best Solution
- 30.680 —
‘o)-0o—0—0—o O 0.675
: ST T T 5 0.670
OOO""""0‘0665""'.?.""'
' 1 2 b3 LleSt 6 (IZ) 8 ' -1.0 0.0 1.0
umber of Factors FPEAK
C .
y 1.0 ( j\l ...R-eS|druaI .8 %g _(d)
c 0.8 o V.0 7
L 0.6 » 0.6 ot3
0 04 o L. — 2 4 +
a £0.2 1 = qt2
S 0.2 0.0 — Lt 34
0.0 0.2 —+_34—F+—+—
_ Pt SR R A D ) 00 02‘ _04 06 08 10
S -(é)' U EPEAK R, Mass Spectra
S 24
g _
o A R R A
(]
c_ou -2 | Boxes are +/- 25% of points
~—~~ U)
‘?E 10 20 30 40 50 60m/z70 80 90 100 110 120
=) 50 —() | '©  Measured Total Mass
— 40 = - —— Reconstructed Total Mass
< S T TSI
o : | | ‘
U C‘?’\ \ ) .
8 E | | I- | T | T ‘ T | T | T T T ]
g = ~ Residual (= measured - reconstructed)
chs 0 1 s | /
s o-1.0 LIS B B B B B B e m e B i
g E] Q/Qexp contribution for each time step
o 2T A
'g 1 e IR
E % 0 + : + : + : + : T + T T M + : + : + T T
w o 4 — T71147/16 7/18 7/20 7/22 7/24 7/26 7/28 7/30 8/1 8/3 8/5 8/7
o 3 — 0] Date (BJT)
N\b Q/Qexp contyipution for each fragment ion
%
(&)
c
W 10 20 30 40 50 60 , 70 80 90 100 110

m/z

Fig. S5. Summary of key diagnostic plots of the PMF results: (a) Q/Qex, as a function of number
of factors (p) selected for PMF analysis. For the best solution (4-factor solution): (b) Q/Qex, as a
function of FPEAK, (c) fractions of OA factors vs. FPEAK, (d) correlations among PMF factors,
(e) the box and whiskers plot showing the distributions of scaled residuals for each m/z, (f) time
series of the measured organic mass and the reconstructed organic mass (COA + HOA + SV-
OOA + LV-O0A), (g) variations of the residual (=measured — reconstructed) of the fit, (h) the
Q/Qexp for each point in time, and (i) the Q/Qe, values for each ion.

10



A W N

. 12048) — PM, (NR-PM, + BC) PM; vs. SMPS Volume: a0 w
m -
‘g 100 — SMPS Valume I =058 40 g %
g 80 Slope = 2.27, 30 "w
= &0 o =
D 40 H 20 3, ¢
= w =
< 2 0= 3

i
il i

B
YgBoipiap

#'q Bolpanp

¢ 'I"'.I'. I-"I. b i ol il R (il I ' ¥ 0

T2 T4 THA6 718 T/20 7/22 7/24 7126 7/28 7/30 81 8/3 8/5 8/7
2012 Date (BJT: UTC+8)

Fig. S6. Comparisons between (a) PM; mass concentrations (NR-PM; + BC) and particle volumes
from the SMPS by assuming spherical particles, (b) particle volume distributions by the SMPS
and (c) mass-based sized distributions by the AMS.

11



o~

+

o 06
0.8 CeHyy" CeHys' C/Hy5" CgHis
1.0 1
0. 8 — CO, +
C3H30;

JH \ |
Ejﬁ_ Wl I‘ e I‘”
0.6- CaHls
.||“I||.HM|J|.’.‘I|. | IIH-’IM“
0.8
o 0.6 (d) C:H0;" C4H402+ CsH 502

| " .|HU'|H _-
061 ©
e
it N ||l

1.0 *
0, CXHyN / 3H3O HsO CeH100

1.0+

(b)
0.2
0.0 |||’ |HH ||”H

SV._00A Cszo CaHo\ o CaHy’ CaH 50" CeH4 CGH o'

10
0.2
1 10 20 30 40 50 60 70 80 90 100 110 120

| |J|..|||HH||”IM \ HHHMHMH‘“ ...H\\
i
e I T T o e el lumh..|J

2 Fig. S7. Correlations of each OA component with ions colored by four ion categories. The ions
3 that show strong correlations with individual OA components are marked by their formulas.

12



(b) (©)

] 2
0.12 43 1 R =0.95
0.10 23
_0.10 - ]
§ 3 0.08 5437
£0.08 N ]
X w B
v 9 0.06
20.06 a ]
2 2 0.04]
5 0.04 £
o & ]
0.02 0.02
0.00 i 0.00
0.00 0.02 0.04 0.06 0.08 0.10 0.00 0.02 0.04 0.06 0.08 0.10 0.00 0.02 0.04 0.06 0.08 0.10
d Lanzhou HOA Lanzhou HOA Lanzhou HOA
e
@ 43 ©) 0.12 (f) 41

R®=0.73 R=0.82

©

=}

X

oy

o.

&

®
o
X
oy
S

55

Barcelona COA
(o2
o
New York COA
Manchester COA

0 20 40 60 gpeg? 0 20 40 60 goyg® 0 20 40 60 goug?
Lanzhou COA : Lanzhou COA
© . (i)

R®=0.94 1R*=0.93

41.0391

o

o

@
1

Paris COA
o
o
o
Fresno COA
Beijing COA
o
o
(2]

°

o

=
o
=)
i

0.02

0.00 48

0 20 40 60 gguqp° 0 20 40 60 gguqp° 0 20 40 60 goyig?
Lanzhou COA Lanzhou COA Lanzhou COA

0) - (k)

R’ =068 JRr*=073

©
o
o

©
=}
>
b vy by by by g gy
o
N}
=}

O,
o
o
©

18 44

Standard SV-OOA
n
N
Standard LV_OOA
o o
e =
o o
Barcelona SV_OOA

o
=}
R

o.oo B 0.00 B e R
0 20 40 60 gouqg 000 004 008 012 0.16 0 2 4 6 8
Lanzhou SV-O0OA Lanzhou LV-OOA Lanzhou SV_OOA
(m) Q e
4 #8908 2 43.0184 2
1RrR*=098 R®=0.85 R*=0.99
15 14
< ] < 42m098¢
S ] o} g 12
O‘ ] O‘ O‘ 10
Z 104 7 2
g ] X X
s ] § $
3 7] z z
B
0 5 10 15 0 2 4 6 8 0 4 8 12 16
Lanzhou LV_OOA Lanzhou SV_OOA Lanzhou LV_OOA

13



Fig. S8. Scatter plots of mass spectra of OA components in Lanzhou study with referenced
spectra determined from other studies (details in the main text).
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Fig. S12. (a) Time series of PAHs and COA, and (b) scatter plots of PAHs with COA. The data
points are colored by measurement time.
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