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Text S1. Source Apportionment of OA

Here, the positive matrix factorization (PMF) and multilinear engine (ME2) were
implemented on the OA data measured by ToF-ACSM to determine the numbers and
types of OA source factors (Paatero 1999; Paatero and Tapper 1994). The optimal
number was selected by the discrimination of the tracers and the spectrum pattern of
each source. Hydrocarbon-like OA (HOA) was dominated by alkyl ions with prominent
ion fragments at CnH*2n-1 and CnH*2n+1 (M/z 41, 43, 55, 57, 69, 71, 83, and 85) in the
spectra (Elser et al., 2016). Biomass-burning OA (BBOA) was identified by significant
contributions from m/z 60 (C2H40,") and m/z 73 (CsHs0."), they were the fragments
of levoglucosan and mannosan emitted from incomplete biomass burning (Alfarra et
al., 2007). Coal-combustion OA (CCOA) was characterized by unsaturated
hydrocarbon ion fragments such as PAH-related ion fragments (i.e., m/z 77, 91, 115)
(Sun et al., 2016). Oxygenated OA (OOA) was distinguished by the prominent signal
of m/z 43 (C2H30") and m/z 44 (CO2") (Ng et al., 2011). Aqueous-phase oxidized OA
(agSOA) also had high correlation with m/z 43 and m/z 44, while it might show a
significantly higher m/z 29 (CHO") signal than other OA factors (Zhao et al., 2019;
Zhong et al., 2021).

We performed the free PMF runs from 3 to 6 factors. Q/Qexp result showed that
N =5 could be a reasonable result. Though BBOA and CCOA were separated, there
was still a mix among POA factors, such as cooking-related OA (COA) might mix with
HOA. Therefore, we tried to constrain COA by using different COA profiles in ME-2
to identify if COA factor could be resolved from the OA sources. HOA was constrained
by using the profile from Ng et al. (2011), and COA was tried to constrain by Elser et
al. (2016). However, a large amount of blank values were shown, indicating COA was

absent during the campaign. Here, BBOA and CCOA were constrained by using the
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BBOA profile of Zhong et al. (2020) and CCOA profile of Wang et al. (2017),
respectively.

The restriction method ME2 was used to minimize PMF rotational ambiguity by
the a-values from 0 to 1 with a step of 0.1 based on the reasonable result of PMF
solutions, when HOA and CCOA were freely combined by 11 a value variables. The
signal of m/z 60 was minimized in HOA, and the average fractional contribution of m/z
60 during the campaign (0.0103) was the maximal threshold to minimize the mix of
BBOA from HOA. When the a-values were set from 0 to 1, the HOA fractional
contribution was varied from 0.0067 to 0.0189, therefore the HOA solutions with a-
values from 0.7 to 1 were deleted. Moreover, the CCOA solutions with a-values from
0.7 to 1 also be eliminated based on the estimating optimal a-values method. Overall,
20 PMF solutions were retained and the average value was the final result as shown in

Fig. S3.
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Text S2. Estimation of Primary and Secondary BrC Absorption

Aerosol light absorption (Absy) is caused by BC (Absypc), primary BrC
(AbsyBrc,pri), and secondary BrC (Absj,Brc,sec). The Absy prcsec Value was estimated by a
minimum R-squared (MRS) method at each wavelength developed from the BC-tracer
method (Wang et al., 2019; Wu et al., 2016):

AbS)\,BrC =AbSA,BrC,pri+Abs)\,BrC,sec (S1)

Abs) gr
Abs)\,BrC,sec=AbS)\,BrC_ (%)pri xXBC (S2)

where BC is the mass concentration (ug m°); (Absypic/BC)pri is the ratio of Absy gic to
BC mass concentration in primary emissions (m 2 g1). The BC mass concentration and
Abs), Bic,sec Values caused by SOA were independent (Shrivastava et al., 2017).

Here, a series of arbitrary values for (Absy,sic/BC)pri from 0 to 40 in increments of
0.01 was used to calculate a set of Abs; prcsec Values at each wavelength. A coefficient
of determination (R?) for the relationship between Abs)picsee and BC mass
concentration was derived. Detailed information on the method and validation of this
approach could be found in Wu et al. (2024). Fig. S5 showed the series of R? values
plotted against the assumed values of (Abs)ic/BC)pi. As BC and Absgrc,sec, Were
independent, the target value of (Abs) p:c/BC)pri corresponded with the minimum R?
(AbsyBrcsec, BC) was chosen to analyse at each wavelength. The bias of MRS result
was < 23% when the measurement uncertainty was within 20% (Wu et al., 2016). The
negative estimated Absg:csec,. Values were set to zero, and the corresponding Absg:c pri

was taken as the observed Absg:c.
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Text S3. Assessment of a Multiple Linear Regression Method

In this study, the estimate of Abs; s for each OA component, obtained through
the multiple linear regression (MLR) method reconstruction, was evaluated by the
normalized mean bias (NMB), root mean square error (RMSE), and index of agreement

(IOA). These parameters were calculated as follows (Li et al., 2011):

Tty (Pi=0;
NMBzﬁ (S5)
1
1 272
RMSE= [ Z1, (O (36)
N, (Pi-0)°
10A=1— — 2= =% (S7)

N, (IP;-0l+10;-0)°
where P; and O; were the Abs sc estimated by MLR method and measured by AE33,
respectively; N was the total number of predictions used for comparison; O denoted
the average of the observed Absj:c. The IOA ranged from O to 1, with 1 indicating
perfect agreement of Abs) s:c between the MLR reconstruction and AE33 measurement.

During the campaign, the NMB values of Absi.s:c were 11.8%, 32.0%, 26.6%,
25.3%, and 13.3% at 370, 470, 520, 590, and 660 nm, respectively. Meanwhile, the
RMSE values of Abs) g:c were 13.5, 7.5, 4.7, 3.1, and 1.7 Mm ™!, respectively. The IOA
values at each wavelength (0.99-1.00) were higher than 0.95. Additionally, as shown
in Fig. S7, the Absy src values estimated by MLR method showed the best correlations
(* =0.86,0.84,0.78, 0.61, 0.54, respectively, p < 0.001) with those measured by AE33
at 370, 470, 520, 590, and 660 nm, respectively. The slopes of these relationships
between Abs) sic measured by AE33 and estimated by MLR method were 0.81, 0.96,

0.78, 0.61, and 0.54, respectively.
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