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1.1 Instrument
1.1.1 SPAMS

A high-resolution single particle aerosol mass spectrometer (HR-SPAMS, Hexin Analytical Instrument
Co., Ltd., China) was used to determine the size distribution and chemical composition of individual
particles in real time. Briefly, aerosol particles are drawn into the aerodynamic lens through a 0.1 mm
critical flow orifice. The accelerated particle beam passes through two consecutive laser beams (Nd: YAG
laser, 532 nm) successively and obtains its flight speed as well as vacuum aerodynamic diameter (D,,)
accordingly. Subsequently, particles with the specific velocity will precisely trigger the pulsed laser (Nd:
YAG laser, 266 nm) and the ion fragments produced by ionization are recorded by a time-of-flight mass
spectrometer. More detailed description of the traditional SPAMS is available in Li et al. (2011). HR-
SPAMS has a higher mass resolution and transport efficiency of particles compared to the traditional
SPAMS (Zhu et al., 2020).

1.1.2 DMA

A differential mobility analyzer (DMA, model 3085A, TSI Inc., USA) was used to select a particle
population with a narrow distribution of mobility diameters (D,,). Highly monodisperse particles with a
range of specific D,, are output by controlling the voltage in the DMA, while other particles are discarded
(Decarlo et al., 2004; Cotterell et al., 2020; Fuchs et al., 1965).

1.1.3 AAC

An aerodynamic aerosol classifier (AAC, Cambustion Ltd., UK) was deployed to select monodisperse
particles classified by their aerodynamic diameters (D,). Only particles in the narrower D, range will
follow the correct trajectory and flow through the AAC classifier influenced by both centrifugal and
dragging forces. Details on the principles of AAC can be found in Tavakoli and Olfert (2013).

1.2 Calculation of effective density

So far, three definitions of effective density (p.;) have been introduced in atmospheric science research
(Decarlo et al., 2004; Hand and Kreidenweis, 2002), one of which is defined as the ratio of vacuum

aerodynamic diameter to mobility diameter.

D,

Perf = DL: Po M

It can be used to calculate the p.; of particles captured by the DMA-SPAMS tandem system. Where py is
the standard density (1.0 g cm™). It is important to note that D,, measurements can easily resolve particles
with identical mobility but with different charges. Although the majority of size-selected particles exiting
the DMA contain +1 electrostatic charge, there is still a small fraction of particles containing more than
+1 charge. Based on this, particles with different charge numbers can be distinguished by different D,,

according to the following equation:
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where the DMA set voltage (V) and rod length (L), gas viscosity (), sheath flow (gs), inner and outer
radius (7; and 7;) of the DMA annular space are known. As described by Knutson and Whitby (1976), C.
is the Cunningham slip factor evaluated at a certain physical diameter (D,) and # is the number of charges
carried by the particles. D, will be equal to D,, when the number of charges on the particle is equal to

one while it will be greater than D,, for charges greater than one (Spencer et al., 2007).

Another approach to define the p.4 that can be adopted in the AAC-SPAMS tandem system is based on
the ratio of particle density (p,) and the particle dynamic shape factor (y,) as follows:

p

Perr = X_i ®)

Combined with the calculation of D,, proposed by Jimenez (2003) (Eq. (4)), pey can be obtained as

follows:
PpDre
D,, = —— 4
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where D,. represents the volume equivalent diameter. The method of deriving the particle effective
density with the support of D,. and D,, has been verified in detail in previous studies (Peng et al., 2021;
Su et al., 2021). The relationship between the D,, D,, and D,. can be stated by the following equation:

PpCc(Dye)
D,=D /— 6
a ve XtPoCc(Da) ( )
where y, represents the aerosol dynamic shape factor in the transition regime. Considering the

approximation between y; and y,, the D,. can be calculated by combining Eqgs. (5) and (6) as follows:
D3
Cc(Da)E = DyeCc(Dye) (N

Moreover, it’s necessary to dry the ambient aerosols before sampling, otherwise the evaporation of water
from the particles in the aerodynamic lens has the potential to cause measurement errors in D,, and pey
(Zelenyuk et al., 2006).

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: (pgm?)  eBC (pg m™) AAE

Dm=200nm 1.21-2.2 320093 23.93 2.12 1.40
Dr=250nm 22-25 37498 2.46 0.36 1.49
Dr=300nm 2.5-2.8 32909 2.85 0.46 1.48
Dr=150nm 2.8-2.10 46651 10.69 1.80 1.48

a=300nm 2.10-3.1 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=1,2,3...

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

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

(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 C

(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) Cx

(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,H5017", 50[CsH2]", S1[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) CZ and OC peaks

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

K rich ECOC, internally mixed with cyanide  39[K]*, 26[CN]", 42[CNO]", 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[NO:] ", 62[NO;],
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]", I8[NH4]", 46[NO:]", 62[NOs],
and ammonium (KAECOC-NS) 97[HSO4]", C£ 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[C5HsNT*, S9[CsHoNT",

K rich organic amine, internally mixed with nitrate and 46[NO-]", 62[NOs], 97[HSOs] and OC

sulfate (K-Amine-NS) peaks

(Chen et al., 2019; Angelino et al., 2001; Cheng et al., 2018)
K rich particles from biomass combustion (Biomass- 39[K]", 45[CHO:] ", 59[C,H;0,],
K) 71[CsH30] ™ 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[CysHo]*
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: A summary of particle types and number of particles captured per day for the OWG and
nOWG periods.

Classification of particles OWG nOWG OWG (per day) nOWG (per day)
pure-EC 1155 2162 68 94
Total-EC EC-NS 8845 39761 520 1729
KEC-N 4947 21303 291 926
KNaEC-N 7039 14037 414 610
ECOC-NS 50382 58108 2964 2526
KECOC-CN 3602 4891 212 213
Total-ECOC  KECOC-NS 60631 109959 3567 4781
KNaECOC-NS 13725 22096 807 961
KAECOC-NS 662 23314 39 1014
KOC-N 13078 25298 769 1100
Total-OC KOC-NS 12242 18998 720 826
K-Amine-NS 1219 6446 72 280
Total-IA K-N 11561 24385 680 1060
KNa-N 6215 9693 366 421
Biomass-K 41627 54526 2449 2371
HOM 16610 24388 977 1060
Metals rich-Fe 1474 14088 87 613
other 3542 7245 208 315

Table S4: 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
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are marked with *.

FFBBOA COA OOAl OOA2 agqOOA Org SOs NO; 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 0.41 067 035 054 0.50  0.74*
ECOC-NS 0.44 0.14 0.29 0.14 0.27 032 036 025 029 036
KECOC-NS 0.78* 0.60 0.63 0.31 0.48 069 045 052 051  0.67
KECOC-CN 0.27 0.14 -0.09 -0.08 0.13 005 008 -004 0 0.18
KNaECOC-NS  0.80% 0.55 0.70* 0.23 0.41 067 040 051 049  0.70%
KAECOC-NS 027 0.17 0.77* 0.76* 0.79* 079 085  0.80 084  0.67
KOC-N 0.70* 0.67 0.33 0.06 0.22 0.45 0.12 0.24 0.21 045
KOC-NS 0.69 0.72* 0.66 0.31 0.49 073 047 0.5 0.54  0.71*
K-Amine-NS 0.01 0.03 0.55 0.83* 0.66 063 069 071 073 045
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: Scatter plots of the (a) total particle counts and (b) EC-containing particle counts
captured by SPAMS versus the mass concentrations of NR-PM: and eBC measured by AMS and

AE33.
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Figure S2: Average mass spectra of each subclass of particles.
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Figure S3: 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.
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Figure S4: Bivariate polar plots of different types of particles and other parameters during (a)
Olympic Winter Games and (b) non-Olympic Winter Games. The color bars in the bivariate polar
plots for the seven major and fifteen minor classes of particles (Table 1), eBC and NR-PM1, and

Dabs;37onm,erc correspond to the particle counts, mass concentrations, and absorption coefficients,

respectively.
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Figure S5: 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 Dva (b).
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