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ToF-ACSM data analysis

The chemical characterization of NR-PM1 was obtained by a time-of-flight aerosol chemical speciation monitor (ToF-ACSM.
Aerodyne Research Inc.) in 1-minute time resolution. A full description of the instrument can be found in Fréhlich et al. (2013).
Similarly to the SP-AMS, it is composed of an aerodynamic lens that focuses the particle beam and directs it through three
vacuum chambers, the last one being a detection chamber in which particles are vaporized by impaction on a Tungsten
vaporizer heated at 600 °C and then ionized by electron impact (70 eV). Particles are then detected by the time of flight mass
spectrometer. The ToF-ACSM data were processed by the Tofware (v3.2.4, Tofwerk AG, Thun, Switzerland). The ionization
efficiency (IE) of nitrate and relative ionization efficiency (RIE) of ammonium and sulfate were calibrated before and after the
measurement. The calculated and default RIE values of NO;™ (1.1), SO4* (0.46), CI- (1.3), Org (1.4), and NH4" (3.14) were
used to quantify NR-PM1.

Size distribution of rBC and associated coating materials

Figure S11 presents the size distributions of rBC and the major species of NR-PMcouting (i.€., OA, NO5", and SO4*). rBC mass
peaked at around 180 nm, and its concentration gradually decreased as a function of particle size. In this work, the majority of
rBC-containing particle was emitted by local combination sources without substantial degree of atmospheric aging, which is
supported by the results of source apportionment analysis (see Section 3.3-3.5) that ~81% of rBC was emitted from local traffic
and industrial emissions. Bimodal distribution was clearly observed for OA, and the intensities of peaks at ~200 nm and 465
nm are comparable. This implies that OA in NR-PM_oaing Were influenced significantly by both primary and secondary sources,
which is consistent with the results of source apportionment analysis that ~41% and 49% of OA in NR-PMcoaing Was due to
local primary emissions and SOA, respectively. NO5", and SO4* peaked between 500 and 600 nm, suggesting that most of
these IA species were associated with more aged rBC-containing particles. Nevertheless, a weaker peak of NO5", and SO4> at
~200 nm highlights that these IA might condense on freshly emitted rBC in a relatively short time scale when they were locally
formed via photochemistry. The details of source apportionment results based on different PMF scenarios will be discussed in
Section 3.3.

The size distributions of some fragment ions, including m/z 43, 44, 55, 57, and 60, are shown in Fig. S10b, and most of them
also had bimodal distributions. Signals of m/z 43, 55, and 57 could be significantly contributed by both CxHy" and CyH,0,"
fragments from OA, but their relative contributions across different particle size cannot be resolved by the unit mass resolution
(UMR) data. Although m/z 60 can be mainly contributed by Cs" from rBC and C,H40," from OA (i.e., the biomass burning
tracer organic fragment), the size distribution of rBC, m/z 39 (K*) and m/z 213 (K3SO4") (Fig. S10b-c) suggests that biomass
burning-influenced rBC-containing particles observed in this work had relatively large particle size and C;H40," is likely the
key contributor to the m/z 60 signals within the larger size range.

ToF-ACSM PMF analysis

PMF analysis of OA measured by ACSM was performed by the Source Finder (SoFi, version 8) and ME-2 solver as described
previously (Canonaco et al., 2013). Up to 10-factor solution was evaluated following the same approach as for SP-AMS PMF.
A 4-factor solution was selected (referred as PMFacsm, Fig. S13). The four factors include HOA, cooking-related OA (COA),
BBOA, and OOA. The subscript of ACSM indicates the PMF factors (i.e., HOAcsm) identified by ACSM measurements in
the subsequent discussion. The mass spectral profiles, diurnal patterns, NWR plots, and PSCF plots of these four factors are
reported in Fig. S13.

Coating Thickness Estimation

Assuming the particles are spherical, the coating thickness of rBC-containing particles were estimated using the following
equation. The relative density of OA and BC used in the estimation were 1.2 and 1.8 (E1 Mais et al., 2023; Fan et al., 2020),
respectively.
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where t;oq¢ is the coating thickness, 7,4, is the particle radius, pcore and peoqe are the density of rBC and OA, respectively,
R is the OA-to-rBC ratio (Org/rBC).

The estimations of coating thickness at different particle sizes (100, 300 and 600 nm) are summarized in Table S2 as
illustration. For example, an Org/BC ratio of 1 for a 100 nm particle will result in an estimated coating thickness of 13.2 nm,
contributing to 26.3% of the overall particle diameter. The percentage contribution of coating to the overall particle diameter
is a function of Org/rBC ratio at a given particle size. It is important to note that bare/fresh BC particles (i.e., low Org/rBC
ratio), they are likely to be more fractal (Wang et al., 2021) which would lead to overestimation of the coating thickness.



Table S1. Detection limit for metal and metal ions.

Metal/metal salt Na* K* Rb* V' Nit Ks3SO4*

Detection limit (Hz) 733 4036 052 050 0.35 0.23

Campaign average (Hz) 26.70 50020 1.85 1.74 0.64 5.16

Table S2. Coating thickness calculation for different particle sizes and Org/rBC ratios.

Particle size (nm) Org/rBC Coating thickness (nm) Coating thickness (%)

100 0.1 23 4.6%
100 1 13.2 26.3%
100 10 30.2 60.3%
300 0.1 6.8 4.6%
300 1 39.5 26.3%
300 10 90.5 60.3%
600 0.1 13.7 4.6%
600 1 79.0 26.3%
600 10 180.9 60.3%




Table S3. The Org/rBC ratios for factors identified by PMFpyasc-4, PMFmetar-7 and PMFays

PM Fiases PMF metar7 PMFaus
HOA 6.6 113 13.9
rBC-rich* 0.1 0.1 0.1
LO-00A 61.0 17.8 18.3
MO-00A 6.8 9.4 7.4
I0A* NA 0.2 0.2
BBOA NA 2.8 3.7
A-BBOA NA 2.8 6.9
Night-IA- NA NA 23
BBOA

*All CO*, CO;" and C30," signals are considered as rBC mass as rBC-rich and IOA are largely dominated by rBC mass.



Table S4. Mass spectra and time series correlations of PMFpasc.4 factors against to those from PMF netal-4 and PMFjji4.

Mass spectra correlations with PMFpase-4 (Rmz)  Time series correlations (Rts) with PMFbpase-4

PMF factors HOA rBC-rich LO-OOA MO-OOA HOA rBC-rich LO-OOA MO-0O0A
HOA metal-4 1.00 0.38 0.40 0.24 0.96 0.78 0.52 0.07
rBC-rich metar-4 0.41 1.00 0.44 0.77 0.78 0.94 0.45 0.04
LO-OOA metal-4 0.34 0.54 0.98 0.89 0.42 0.38 0.97 0.70
MO-OOA metars  0.25 0.80 0.75 1.00 0.03 0.00 0.47 0.97
HOA an-4 1.00 0.44 0.41 0.28 1.00 0.79 0.52 0.07
rBC-rich an-4 0.43 1.00 0.46 0.78 0.71 0.98 0.37 0.01
LO-OOA an-4 0.35 0.56 0.98 0.89 0.45 0.41 0.99 0.66
MO-0OOA a4 0.25 0.79 0.77 1.00 0.03 -0.01 0.48 0.98




Table S5. Mass spectra and time series correlations of PMF 1.7 factors against to those from PMF petat-4.

Mass spectra correlations (Rm/z)

PMF solution HOA rBC-rich LO-O0A MO-00A 10A A-BBOA BBOA
Slope 1.06 0.84 0.48 0.31 0.79 0.47 0.54
HOA
R 0.99 0.35 0.50 0.24 0.48 0.28 0.50
Slope 0.14 1.05 0.09 0.17 0.71 0.30 0.37
rBC-rich
R 0.24 1.00 0.17 0.34 0.98 0.42 0.80
Slope 0.50 0.80 0.93 1.08 0.68 0.69 0.67
LO-00A
R 0.34 0.29 0.94 0.94 0.35 0.37 0.55
Slope 0.35 1.23 0.56 0.86 0.91 1.24 0.88
MO-0O0A
R 0.25 0.54 0.60 0.84 0.57 0.83 0.88

Time series correlations (Rts)

PMF solution HOA rBC-rich LO-O0A MO-00A 10A A-BBOA BBOA
Slope 0.46 0.63 0.23 0.21 0.22 0.07 0.14
HOA
R 0.99 0.71 0.58 0.10 0.68 0.05 0.27
Slope 0.27 0.50 0.15 0.15 0.13 0.05 0.10
rBC-rich
R 0.77 0.97 0.49 0.07 0.61 0.03 0.23
Slope 0.31 0.48 0.32 0.51 0.16 0.12 0.22
LO-00A
R 0.40 0.32 0.92 0.78 0.36 0.48 0.61
Slope 0.14 0.25 0.14 0.49 0.07 0.14 0.21
MO-0O0A
R 0.01 -0.03 0.30 0.94 0.06 0.92 0.80




Table S6. Mass spectra and time series correlations of PMF g factors against to those from PMFj.4.

Mass spectra correlations (Rm/z)

PMF solution HOA rBC-rich LO-O0OA MO-OOA I0A A-BBOA BBOA N]lfll;gf:r

Slope 1.04 0.43 0.40 0.29 0.47 0.29 0.43 0.35
HOA

R 0.97 0.16 0.42 0.24 0.26 0.13 0.38 0.24

Slope 0.36 1.45 0.34 0.52 1.08 0.68 0.72 0.61
rBC-rich

R 0.35 0.75 0.43 0.62 0.79 0.48 0.85 0.60

Slope 0.49 0.44 0.93 0.98 0.43 0.49 0.56 0.58
LO-00A

R 0.33 0.13 0.96 0.88 0.18 0.22 0.43 0.38

Slope 0.31 0.44 0.65 0.91 0.42 1.08 0.70 0.61
MO-00A

R 0.19 0.15 0.69 0.88 0.20 0.61 0.62 0.44

Time series correlations (Rts)
. . Night-IA-
PMF solution HOA rBC-rich LO-O0OA MO-OOA I0A A-BBOA BBOA BBOA

Slope 0.41 0.50 0.22 0.17 0.21 0.03 0.11 0.10
HOA

R 0.99 0.69 0.58 0.06 0.68 0.06 0.28 0.09

Slope 0.29 0.50 0.17 0.15 0.15 0.04 0.10 0.10
rBC-rich

R 0.70 0.96 0.43 0.01 0.53 0.06 0.23 0.10

Slope 0.29 0.40 0.33 0.44 0.16 0.06 0.19 0.11
LO-00A

R 0.43 0.32 0.94 0.68 0.36 0.44 0.67 0.21

Slope 0.12 0.20 0.14 0.49 0.07 0.08 0.19 0.10
MO-00A

R -0.01 -0.04 0.28 0.96 0.07 0.88 0.86 0.26
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FIRMS

Fire Information for Resource Management System

Singapore

Figure S4. Regional fire counts from 2022/01/22-2022/01/29 (red dots in the map, https://firms.modaps.eosdis.nasa.gov/map/).
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