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Table S1: Summary of the sampling periods, the number of hit particles, the average mass concentrations of

NR-PM; and eBC, and the average absorption Angstrom exponent (AAE) for different particle size-selection

periods.
Duration MASS NR-PM; (ng m?)  eBC (ng m?) AAE
D»=200nm 1.21-2.2 320093 23.93 2.12 1.40
D»=250nm 2.2-2.5 37498 2.46 0.36 1.49
D»=300nm 2.5-2.8 32909 2.85 0.46 1.48
D»=150nm 2.8-2.10 46651 10.69 1.80 1.48
D.~=300nm 2.11-3.1 322415 8.70 1.16 1.37

Table S2: Description of the different particle classes and summary of the characteristic peaks.

Description of different classes Characteristic peaks

pure-EC Ctn=1,23...

(Xie et al., 2020; Liu et al., 2019)

EC internally mixed with nitrate and sulfate (EC-NS) 46[NO,]", 62[NO;] and Ci

(Chen et al., 2020; Dall'osto and Harrison, 2012)

K rich EC, internally mixed with nitrate (KEC-N) 39[K]", 46[NO,], 62[NO;]” and CE

(Lietal., 2014; Healy et al., 2013)

K and Na rich EC, internally mixed with nitrate 39[K]", 23[Na]’, 46[NO.]", 62[NOs]™ and
(KNaEC-N) ct

(Li et al., 2018; Toner et al., 2008)

46[NO.] ", 62[NOs], 97[HSO4]", CE and

OC peaks (including 27[C,H3]", 37[CsH]Y,
43[C,H;0]", 50[C4H2]", 51[C4H3]"...)

(Sun et al., 2022a; Sun et al., 2022b; Xie et al., 2020)

ECOC internally mixed with nitrate and sulfate
(ECOC-NS)

K rich ECOC, internally mixed with nitrate and sulfate ~ 39[K]*, 46[NO:]", 62[NOs]~, 97[HSO4],
(KECOC-NS) CE and OC peaks

(Moffet et al., 2008; Zhang et al., 2008)

K rich ECOC, internally mixed with cyanide 39[K]*, 26[CN], 42[CNO]J", C¥ and OC
(KECOC-CN) peaks

(Lu et al., 2017; Pratt et al., 2009)

K and Na rich ECOC, internally mixed with nitrate and 39[K]*, 23[Na]*, 46[NOz], 62[NOs] ",
sulfate (KNaECOC-NS) 97[HSO4]", CE and OC peaks

(Li et al., 2014; Gard et al., 1998)




K rich ECOC, internally mixed with nitrate, sulfate ~ 39[K]*, 18[NH4]", 46[NO,]", 62[NOs],
and ammonium (KAECOC-NS) 97[HSO4]", Ci and OC peaks

(Zhong et al., 2022; Gross et al., 2000)

K rich OC, internally mixed with nitrate (KOC-N) 39[K], 46[NO:], 62[NOs]” and OC peaks

(Bietal.,2011)

K rich OC, internally mixed with nitrate and sulfate ~ 39[K]", 46[NO,]", 62[NOs]", 97[HSO4]"
(KOC-NS) and OC peaks

(Spencer et al., 2007; Bi et al., 2011)
39[K]", 58[CsHsN]*, 59[C3HoNT",
46[NO,]", 62[NOs]", 97[HSO4]” and OC
peaks
(Chen et al., 2019; Angelino et al., 2001; Cheng et al., 2018)

K rich organic amine, internally mixed with nitrate and
sulfate (K-Amine-NS)

K rich particles from biomass combustion (Biomass- 39[K]*, 45[CHO:] ", 59[C,H30,],
K) 71[C3H30] and 73[C3Hs0,]"

(Hatch et al., 2014; Silva et al., 1999; Guazzotti et al., 2003)

152[C12Hs]", 165[CisHo]*, 178[C14Hio]",

High-molecular-weight organic matter (HOM) 189[CysHs ]
15119] ...

(Zhang et al., 2022; Drewnick et al., 2008; Toner et al., 2006)

K rich particles, internally mixed with nitrate (K-N) 39[K]*, 46[NO,] and 62[NOs]”

(Dall'osto et al., 2008)

K and Na rich particles, internally mixed with nitrate

(KNa-N) 39[K]", 23[Na]’, 46[NO,]" and 62[NOs]"

(Guo et al., 2010)

Fe rich particles (rich-Fe) 56[Fe]" and 54[Fe]"

(Wang et al., 2016; Zhang et al., 2014; Furutani et al., 2011)

Table S3: Correlation analysis between the number concentration of each particle type and the mass

concentration of the chemical components measured by HR-ToF-AMS. Higher similarities are marked with

%*

FFBBOA COA OOAl1 OOA2 aqOOA Org SOs NO3 NHs Chl

pure-EC 0.25 0.47 0.20 -0.03 0.04 0.23 0.01 0.14 0.11 0.24
EC-NS 0.15 0.17 0.75% 0.81%* 0.71%* 0.76 0.74 0.82 0.82 0.56
KEC-N 0.32 0.27 0.85% 0.79* 0.77* 0.85 0.80 0.87 0.88 0.80*
KNaEC-N 0.74* 0.56 0.69 0.25 0.41 0.67 0.35 0.54 0.50 0.74*




ECOC-NS 0.44 0.14 0.29 0.14 0.27 0.32 0.36 0.25 0.29 0.36

KECOC-NS 0.78* 0.60 0.63 0.31 0.48 0.69 0.45 0.52 0.51 0.67
KECOC-CN 0.27 0.14 -0.09 -0.08 0.13 0.05 0.08 -0.04 0 0.18
KNaECOC-NS  0.80* 0.55 0.70%* 0.23 0.41 0.67 0.40 0.51 0.49 0.70*
KAECOC-NS 0.27 0.17 0.77* 0.76* 0.79* 0.79 0.85 0.80 0.84 0.67
KOC-N 0.70%* 0.67 0.33 0.06 0.22 0.45 0.12 0.24 0.21 0.45
KOC-NS 0.69 0.72* 0.66 0.31 0.49 0.73 0.47 0.55 0.54 0.71%*
K-Amine-NS 0.01 0.03 0.55 0.83* 0.66 0.63 0.69 0.71 0.73 0.45
Biomass-K 0.55 0.73* 0.26 0.12 0.03 0.32 -0.04 0.09 0.06 0.32
HOM 0.47 0.03 -0.07 -0.09 0.11 0.05 0.08 -0.04 -0.01 0.19
K-N 0.62 0.51 0.82% 0.61 0.74* 0.89 0.75 0.79 0.81 0.86*
KNa-N 0.63 0.52 0.54 0.22 0.40 0.58 0.32 0.42 0.40 0.58
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Figure S1: Schematic diagram of the experimental system.
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Figure S2: Scatter plots of the (a) total particle counts and (b) EC-containing particle counts captured by
SPAMS versus the mass concentration of NR-PM1 and eBC measured by AMS and AE33.
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Figure S3: Average mass spectra of each subclass of particles.
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Figure S4: The (a) digital mass spectra of all particles throughout the campaign (where the ion heights in the
spectrum represent their proportions and the colors represent the range of peak area intensities), and (b) the
differences in the average mass spectra of particles during the Olympic Winter Games and non- Olympic

Winter Games periods.

(a) @0 ol 15| P 093 18 18 | @m0 04 | @ 18
s 8 092 16 16 8 0.35 16
s 145 y 091 14 i 28 ) i
. 5 E 14 E 0.9 12 12 . B E L E 12
| 8 o & o ooy Wt
o
e 125 2 0587 08 g ® 02 o7} o
12 0386 04 3 015 4
085 02 2
3,
AAE eBC (ugm ") Baps 370nmerc (Mm ) NR-PM; (ug m ")
550 120 80
® 120 50 | @ 50 | & 70
50 100 60
100 400 80 40 50
E 80 350
X 0 300 ° 60 50 r 3
e - 50 & 2 2
20 150 20 10 10
Total-EC - Total-OC Biomass-K Total-IA
? 25 @1 ;g @ 35 | @ 50 | @1 20| @ 250
30 .
4 25 i ‘ 30 25 01 S ‘ 18 4 200
S/ i|NE3 2 i i ilhs:
. i "." 15 ol v 1 ¢ v fg ® i ® 100
05 10 5 80 50
pure-EC EC-NS KEC-N KNaEC-N ECOC-NS KECOC-NS
®0. 16 10
s ” 1l % so | & 1% ol e 50 | ®dpe g
A 12 |/ Qe 40 Y 14 50 40 °4 7
- M ! 0 E a5 ls £ 40 - E 30 g
® s 20 ® 83 ® ~ gg L 20 ® 4
4 10 02 10 10 :
KECOC-CN KNaECOC-NS KAECOC-NS KOC-N KOC-NS K-Amine-NS
b oo | & 0 | & 25 e * 6 % 18
50 2 . 6w
40 gl |18 15 g N 4 gl [18
30 N 10 14
™ = [ 10 3 4 v 3 o
2 - 13
10 9 5 1 2 “ 12
11
K-N KNa-N Metals rich-Fe Peak Area (nitrate/sulfat PeakArea(EC/OC)




b
(b) 09 3 20 Q.s o gg
089 25 .8 035

0.88 ’ 15 4 03 25
o7 ——=p———Fl| 2 £ - £l | o5 20
086 . 15 ° 10 ’ 02 15
085 - 1 A 5 015 0

0.84 05 0.1 °

3
eBC (ugm ) Babs 370nm grc (MM’ ) babs,370nm 8rc/Pabs 3700m NR-PM; (ug m ")
80 140
600 160 1% 70 120
140 140 &

s £ 1% 1% 50 |y ' @S £ ;go

00 400 80 80 40 £ 60

300 50 80 30 40

100 200 40 40 20 20

s 100 20 20 10
Total-EC Total-ECOC Total-OC Biomass-K Total-IA
' 10 200 100 £ * 140 300
s 150 20 40 3 120 250
100

5 E 6 60 E 30 80 E| 200
< . 4 100 40 d 20 60 g I
2 50 20 10 40 N 100

20 50

pure-EC EC-NS KEC-N KNaEC-N ECOC-NS KECOC-NS

18 60 120 70 45
16 \ 50 100) 60 60 E1]
14 50 50 30
el| [ 12 el| |40 gg " gl| |40 25
’ 8 QLre 30 w0 30 ™ 30 2
6 . 20 20 20 10

3 10 20 10 10 5

KECOC-CN KNaECOC-NS KAECOC-NS KOC-N KOC-NS K-Amine-NS
100 35 120 90 1% &a. 24
80 30 100 70 8 S'L 22
E 60 E ;g 8o % E s 4 E ?3
60 4

> 40 ® 15 P o 4 3 - 18
20 10 2 20 2 12

10 1

&
K-N KNa-N Metals rich-Fe Peak Area (nitrate/sulfate) PeakArea(EC/OC)

Figure S5: Bivariate polar plots of different types of particles and other parameters during (a) Olympic
Winter Games and (b) non-Olympic Winter Games.
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Figure S6: Distributions of effective density of particles for different periods (a). The left y—axis is applied to
the column diagram as well as OWG and now periods, and the right y—axis is applied to the Gaussian fitting

curves for each size-resolution period. And variations of effective density as a function of Dy, (b).
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