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Section S1 CE selection of the Tof-ACSM

The selection of collection efficiency (CE) was based on previous observation conducted in
the South China Sea using the Tof~ACSM (Sun et al., 2023). We primarily considered the
influence of two factors: aerosol acidity and the impact of nitrate. The calculation was performed
using the following formula (Middlebrook et al., 2012):
Effect of high ammonium nitrate fraction (ANMF):

Nogx(g)

ANMEF = SO2~+NO3 +Cl~+NH] +0Organics ()
CEqse avmr = 0.0833 + 0.9167 x ANMF )
CEdry,ANMF = maX(O.S, CEest,ANMF) (3)
Effect of acidity:

NHfmeasurd _ _NHI/lfj (4)
NHY predicted <2X(Sg§ H%)*(%))

CEost qcidity = 1 — 0.73 (jf”mi") )

4 predicted
CEq4ry aciairy = Max(0.5, CEegt aciaic) (6)

As shown in Fig. S1, the ANNF is higher in winter compared to summer, although the impacts
are not highly pronounced. On the other hand, the effect of aerosol acidity is more significant in
summer and relatively lower in winter. Taking into account these factors and referring to Crenn et
al. (2015), we employed temporal-varying CEary.acigic according to eq. (6) in this study, as shown in
Fig. S3.

In addition, the SMPS data was used to compared with ACSM data in order to verify the CE
value. An average particle density (p) of 1.5 g cm™ was assumed to convert the PNSD data obtained

from the SMPS into mass concentrations (Geller et al., 2006) according to Eq. (7) and Eq. (8):

av _ E 3 dN
dlogDp T 6 P dlogDp (7)
Dpmax av
Msyps = [, dlogDp )

Dpmin ! dlogbp
where Mgwps is the mass concentration from SMPS, Dy min and Dy max refer to the minimum and
maximum particle sizes scanned by the SMPS. dN/dlogDp and dV/dlogDp are particle number size
distribution and particle volume size distribution which could be measured by SMPS.

Overall, the mass concentration time series measured by the ACSM and SMPS showed strong

correlations, with correlation coefficients of 0.84 and 0.93 for summer and winter, respectively.
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However, before May 27 (prior to the onset of the summer monsoon), when air masses
predominantly originating from Luzon in the Philippines were observed, SMPS-derived values
consistently exceeded those measured by the ACSM. According to Chao et al. (2022), the summer
monsoon onset occurred during the sixth pentad of May, which was approximately represented as
May 27 for simplicity here. This discrepancy may be attributed to the ACSM's inability to detect
certain refractory materials.

To further investigate this discrepancy, we compared black carbon concentrations during two
distinct periods, utilizing measurements from the Aethalometer (model AE33). The differences in
BC concentration between these periods were minor (0.67 g m-3 vs 0.48 g m-3), insufficient to
account for the observed discrepancy between the SMPS-derived mass concentration and ACSM
mass concentration. It is noteworthy that the AE33 might underestimate BC concentrations during
May 5 to 27, owing to the lower detection efficiency for smaller black carbon particles (< 200 nm)
relative to larger ones (Nakayama et al., 2010; Drinovec et al., 2015). Prior to May 27, the South
China Sea region was predominantly influenced by air masses originating from Luzon. The particle
size distribution centered a size range of 50-150 nm (Fig. 2al in the manuscript), aligning with the
particle size distribution of black carbon from urban emissions reported in Schwarz et al. (2008). It
implies that the black carbon might distribute at a relatively small particle size range, which could
not fully be detected by the AE33, potentially contributing to the discrepancy between the SMPS-
derived and ACSM-measured mass concentrations.

Additionally, we analyzed data from another campaign conducted over the South China Sea in
June 2022. During this campaign, a typhoon (Chaba) altered local circulation patterns, leading to
the transport of substantial pollutants from the Indochinese Peninsula to the ocean after June 28th
(Fig. S19). Under these conditions, the mass concentrations measured by the SMPS were again
consistently higher than those measured by the ACSM (Fig. S20), suggesting that the small size
black carbon particle could be the primary factor underlying the mass discrepancy.

A review of the literature indicates that discrepancies between SMPS and AMS (or ACSM)
measurements have been observed at other locations as well (Sun et al., 2016; Wang et al., 2016;
Kuang et al., 2020). When a CE of 0.5 was applied, the correlation coefficient for summer slightly

increased from 0.84 to 0.85, though the overall difference remained negligible. Additionally,



84  differences in measurement ranges and methodologies between the SMPS and ACSM are likely

85  contributing factors to these discrepancies.
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Table S1. The D5 of different species in external scheme.

Dso (nm) 0.1% SS 0.2% SS 0.4% SS 0.7% SS
Sulfate 143 90 57 39
Seasalt 109 69 43 30
Nitrate 135 85 53 37
Organic 242 192 152 126
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Figure S1. The definition of South China Sea from U.S. Energy Information Administration
(https://www.eia.gov/international/analysis/regions-of-interest/South_China_Sea) and the
yellow dash line and text were described the definition of northern and remote South China
Sea according to other researches (Atwood et al., 2017; Liang et al., 2021; Zhu et al., 2012)

(a); The cruises of these study (b).
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Figure S17. The fitting result in “Internal-mixed” scheme according to CCN closure method.
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173 Figure S18. The fitting result in “External-mixed” scheme according to CCN closure method.
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