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Text S1 Detailed description of the instruments

The ambient air was sampled and separated by a PMb» s sharp cut cyclone with a flow
rate of 16.7 L/min. Then, the air was drawn through the passageway between the inner
and outer Pyrex glass tubes in wet annular denuder (WAD) system. In WAD system,
gaseous samples were wetted with pure water and collected. Scrub and Impact Aerosol
Collector (SIC) was placed downstream of the WAD for collecting aerosol phase
samples. The gas and aerosol samples were subsequently injected into the ion
chromatography (ICS-5000+, Themo Scientific) for analysis of water-soluble inorganic
ions and small molecular organic acids after removing the insoluble species and bubbles.

The gas and particle-phase water-soluble organic carbon and water-soluble organic
nitrogen (WSOC/WSON) were simultaneous determined by using a TOC/TN analyzer
(TOC-L CPH, Shimadzu, Japan). The concentrations of WSOC were calculated as the
difference between water-soluble total carbon (WSTC) and water-soluble inorganic
carbon (WSIC). Similar, the concentrations of WSON were calculated as the difference
between water-soluble total nitrogen (WSTN) and water-soluble inorganic nitrogen
(WSIN).

Organic carbon (OC) and elemental carbon (EC) were determined by DRI Model 2015
Carbon Analyzer (Atmoslytic, Inc., Calabasas, USA) with IMPROVE A protocol (Chow
et al., 2007).

Text S2 Absorption spectra of water-soluble BrC analysis

The light absorption spectra of the water-soluble BrC was measured by a UV-vis
spectrometer (T6 New Century, Persee) over a wavelength range of 200 — 900 nm (Wu
et al., 2024). The light absorption coefficients (Absy, M m™!) of the water extracts was

calculated by eq (1).
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Abs;, = (4~ A700) = x In (10) (1)

where A, and 4700 represent the light absorption at the wavelengths of A and 700 nm
measured by the UV-vis spectrometer. V) refers to the volume of solvent extract. V, refers
to the sampling volume and / corresponds to the path length of the cell (1 cm).

The mass absorption coefficient (MACj, m? g !) of the extracts at the wavelength of A

can be quantified as eq (2)

__Abs)

MAC, o (2)

where M represent the concentration of WSOC.
The MAC of IMs standards in the water solvent at a wavelength of A can be calculated

as in Laskin et al (2015):
MAG;,="2="72n(10) 3)

where Ci (mg L) is the concentration of the i compound standards in the water solvent.
The light absorption contribution of IMs to BrC at a wavelength of A can be obtained

using eq (4):

_ MAE; ) xC;
Conty/gre =~ 4)
BrCA

where the Ci (ug m™) is the atmospheric concentration of i compound, and the Absg:c . is

the absorption coefficient of water-soluble BrC at a wavelength of A.

Text S3 Contribution of organic matter to aerosol liquid water content (ALWC)
Here we used the ALWC calculation method reported by Lv et al (2022b; 2022a). The

contribution of organic matter (OM) to ALWC (ALWC,r) were defined as the following

eq (3)

ALWCorg: LoMlpw Zors, (5)

1
Porg gg~1

where OM is the mass concentration of organics, pw is the density of water, porg is the
S2



48  density of OM (1.4 g cm ™). Kore is the hygroscopicity parameter of OM (0.06).
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Table S1. Relative abundances (%) of ammonium, nitrate, and sulfate in PM2 5 or PMjq

during dust storm periods in different regions of China.

Sampling site Sampling time NHs* NOs;~ SO Type Reference
Desert  lengger 03,2023 0.03 05 41 PM;o This study
region  uidimakan 04, 2008 i 03 42  PMys (Wuetal,2012)
Upwind  Xi’an 2017 03 09 1.8 TSP (Wuetal.,2019)
TCEION Wuhai 03,2021 04 07 11 PMys (Lietal,2023)
Downwind Shanghai 10,2019 38 10.1 64  PM,s (Wuetal., 2020)
region  gpanghai  03-04,2023 33 8.1 53  PMys This study

Table S2. Concentrations of water-soluble inorganic ions and organic acids in Shanghai

during spring of 2023.
Whole campaign  Dust storm  Haze event Clean period
I Gaseous pollutants
Formic acidg® (ug m ™) 32444 1.5+£2.6 1.3£1.0 34+6.7
Acetic acidg® (ug m™>) 1.2+23 0.9+2.0 0.5+0.4 1.3+28
NH; (ug m™) 49+1.6 51+1.6 4.0=£0.8 53+1.8
I Major components of PM> s

OC (ugC m™) 50427 6.0 5.0 57+1.9 3.8+32
WSOC,/OC 0.6+0.2 0.5+0.2 0.7+0.1 0.7+0.1
EC (ugC m™>) 1.1+0.6 0.7+04 1.1+£0.5 0.7+0.5
Formic acid,® (ug m ™) 02+0.1 0.1+0.1 0.3+0.1 0.2+0.1
Acetic acid,? (ug m™) 0.06 £ 0.04 0.04+0.04 0.1 £0.04 0.06 £ 0.04
Oxalic acidy* (ug m™) 03+03 02+03 05+04 0.3£0.2
Na*(ug m™) 02+03 0.4£0.1 0.1 +0.05 0.2+0.2
Mg* (ug m™) 0.08 £0.06 0.2+0.05 0.04 £0.01 0.1£0.02

“Formic acid, and acetic acid, are the gas-phase organics while formic acid,, acetic acid, and oxalic

acid, are the organics in PMzs.
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Figure S3. (a) Contributions of NH4NO3, (NH4)2SO4 and OM to ALWC in the haze
event (HE); (b) Particulate carboxylates as a function of TNHx in the haze event (HE).
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83  Figure S5. Partitioning coefficients of low molecular organic acids (formic and acetic
84  acids) versus PM2s during HE and DS periods.
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87  Figure S6. Size distribution of (a) oxalic acid, (b) pyruvic acid and (c) methanesulfonic
88 acid during the non-dust storm (NDS) and dust storm (DS) events in Shanghai. The
89  dashed lines and filled areas are the measured size distribution and fitting results,

90  respectively. Ciotal is the sum of concentration on all the 9-stages.
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Figure S7. The partitioning coefficients (F,) of WSOCs in the fine (<2.1um) and coarse
(>2.1pm) in the non-dust storm (NDS) and dust storm (DS) periods in Shanghai during
spring of 2023.
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Figure S8. Liner fit regression for the NH4" with (a) NO3™ and (b) oxalic acid in coarse
mode (>2.1 um) of particles in the non-dust storm (NDS) and dust storm (DS) periods in
Shanghai during spring of 2023.
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