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Text S1. Analysis of carbon content

The concentration of WSOC was quantified using a TOC analyzer (Vario TOC cube; Elementar).
AIl WSOC concentrations were blank corrected. The concentration of OC in MSOC was calculated as
the difference between the OC and WSOC concentrations. The calculation assumed that all water-
insoluble organic carbon in the aerosols can be extracted with methanol (Cheng et al., 2016). Chen et
al. (2019) reported that only a small amount of organic carbon (OC, 6%) were extracted with DCM
after water and methanol extraction, thus we assumed that methanol can extract the majority of the

extractable OC in the aerosols.

Text S2. Analysis of UV-visible Absorption spectra

Absorption Angstrdm exponent (AAE) represents the wavelength dependence of absorption is
calculated according to following formula (Fan et al., 2018):
A=K o 144 (1)
Here, A is the measured absorbance, and K is constant. 330 nm to 400 nm is selected for fitting
AAE value.
Light absorption coefficient (Abs,, Mm™) can be calculated using the following formula (Yan et
al., 2015):

_ (AA—A700)><V1XG.X1H (10)
Vaxaqxl

AbS/l

2)
Here, A, is the value of light absorption at the given wavelength given by the spectrophotometer;
V; and a, is the volume of ultra-pure deionized water or methanol for extraction and area of the

extracted filter; Va is the volume of sampling air; [ is the optical path length.

Mass absorption efficiency (MAE, m?> g'! C) can be obtained as follows (Cheng et al., 2011):

Abs),

l 3

Here, C; (ug C/m3) is the concentration of WSOC and MSOC after conversion to the

MAE, =

atmosphere. Moreover, the pH was measured for all samples within the range of 5—7, generally thought
it didn’t affect the absorbance according to prior study (Chen et al., 2016a).

To understand the importance of BrC in radiative forcing, its relative light absorption contribution
to total aerosols was estimated by assuming that BrC and BC externally mixed in aerosols (Cheng et
al., 2011). The relative contribution of each aerosol extract to the total light-absorption by the organics
and EC was assessed. The total light-absorptions of the different aerosol extracts and EC were
calculated from the MAEs of the organics and EC and their atmospheric concentrations using the

following equation:
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Abs) rorar = Xi MAE; ; - C; + MAE) p¢ - Cic “)

where C; is the concentration of the organics in extract i (i.e., WSOC, and MSOC) when they

were in the atmosphere (ug C m>). The concentrations of Cgc were measured by thermal-optical (or

thermal) method is typically used as BC (Cheng et al., 2011). The MAE of EC in the range of 250—

700 were calculated, and MAE in the aerosols is expressed as a function of AAE (Chen et al,
2016a;Lee et al., 2014;Andreae and Gelencsér, 2006):

MAE; = a- A~44E (5)

where a is a constant that is related to the light-absorptivity; the AAE values and MAE of EC at

550 nm assumed to be 1 and 7.5 m? g’!, respectively (Bond and Bergstrom, 2006). And the variability

of MAE and AAE is considered as 6.3—8.7 and 0.8—1.4, respectively (C. Liu et al., 2018;Chen et al.,

2016a;Bond and Bergstrom, 2006).

Figure S12 showed the relative contributions of each of the aerosol extracts to the total light
absorption of the aerosols. In the low-UV region (250-300 nm), the light absorption of WSOC and
MSOC fractions was higher than that of BC. At 250 nm, the light absorption of extracted BrC is as
large as 35 Mm!, which is 1.5 times higher than the BC, and decreased to 19 Mm™! at 300 nm with
comparable values to the light absorption by BC. Although the significant UV absorption at
wavelengths below 300 nm may not be important for the transfer of total solar radiation in the
troposphere, the presence of light-absorbing organic aerosols may cause a reduction in UV photolysis
and the near-surface ozone mixing ratios (Barnard et al., 2008). By contrast, the total light absorption
by WSOC and MSOC is only 7.3 Mm™ at 365 nm, accounting for an average of 28% of total light
absorption. C. Xie et al. (2019) observed higher contributions of BrC to the total absorption at 370 nm
at ground level and 260m, on average accounting for 46% and 48%, respectively. In the visible region
(400—600 nm), the extracted BrC contributed from an average of 21% of total absorption at 400 nm to
8.0% at 500 nm to below 4.0% at 600 nm and decreased continuously toward longer wavelengths.
Hoffer et al. (2006) estimated that the contribution of HULIS to light absorption was only a few percent
in Amazonia biomass burning aerosols at 532 nm and 35%—-50% at 300 nm. Wu et al. (2019) reported
water-soluble BrC contributed 25.3% of total light absorption at 300 nm by aerosols from Godavari,
which was lower than our result (35%=+11%). However, it should be noted that the measured absorption
of BrC in extracts may be underestimated by a factor of about 2 than that in ambient conditions due to
incomplete extraction of OC by solvents and size-dependent absorption properties of organic aerosol
(Shetty et al., 2019;Liu et al., 2013). Although a large amount of BrC were extracted by ultra-pure
deionized water, and then methanol, there were non- and low-polar compounds that could not extracted

by the two solvents, such as aliphatic hydrocarbon structures, phthalate esters, and some polycyclic

S3



77
78

79
80
81
82
83
84

85

86

87

88

89

90
91

92

93

94
95
96
97
98

99
100
101
102
103
104
105

106

aromatic hydrocarbons (Q. Chen et al., 2017). Thus, the actual absorption contribution of BrC in

ambient conditions may be higher than the estimate of this study.

Generally, the AAE of BC particles is widely accepted to be 1.0, and this value was applied to
calculate the MAE of BC in this study. However, a previous study reported BC AAE is not 1.0, even
when BC is assumed to have small sizes and a wavelength-independent refractive index (C. Liu et al.,
2018), and vary from 0.8 to 1.4. The MAEsso, pc is 7.5 m? g at 550 nm for uncoated particles referring
to previous study and the standard deviation is 1.5 m? g'!(Bond and Bergstrom, 2006), which is used
to calculate the MAE of BC at a different wavelength. Thus, the uncertainty of light absorption of BC
in the studied wavelength of 250—-700 nm was calculated from 13% to 44%.

Text S3. Quantifying spectral similarity

The Tucker congruence coefficient (TCC) is used for identifying similar spectra (Murphy et al.,
2014), which increase its sensitivity to shape differences and peak shifts (Wiinsch et al., 2019).

TCC (x,y) = fzxf;yz (6)

Where x and y are loading of two factors with identical x-axis-scale. TCCs are calculated for
emission and excitation spectra (TCCe and TCCem) to form the overall TCCemxex. TCC which is higher
than 0.95 means high similarity.

Text S4. Quality control

In this study, the relative standard deviation of WSOC concentration of parallel experiments of
ambient particle samples based on method and instrument were 2.8% and 0.3%—4.6%. The error of
WSOC concentration in five blank samples was 8.3%. The error of OC with value of 5.5% is presented
in previous study (Wang et al., 2020). Thus, the calculated error of MSOC concentration is 10%. We

corrected the procedural blank concentrations of WSOC concentration.

The value of absorbance of WSOC for field blank samples at 365 nm was 0.00063, and that of
MSOC was lower than method detection limit (MDL). MDL was calculated based on the average of
three blank samples at 365 nm adding the three times standard deviation, with values of 0.00057 and
0.00014 for WSOC and MSOC, respectively. The standard deviation of three-group parallel
experiments of absorbance at 250-700nm were 0.00015+0.00013, 0.0095+0.0091, and
0.00002+0.00002. Further, no obvious peak was found in the fluorescence spectrum of field blank

samples. The fluorescence spectrum of samples was measured with their absorbance lower than 1.
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107  Table S1 The average meteorological data (mean=S. D.) in different seasons over Bangkok in Thailand from January
108 2016 to January 2017.
Month Temperature (° F)  Humidity (%) Wind Speed (mph) Pressure
Pre-hot season Jan.—Feb. 82+45.0 67+11 6.2+1.9 30+0.067
Hot season Mar.—May. 89+2.5 68+7.3 8.8+1.4 30+0.12
Monsoon Jan, and Oct. 84+2.2 81+8.2 6.2£1.6 30+0.059
Cool season Nov. —Jan. 83+2.4 70+£8.1 6.0£1.4 30+0.058
109
110  Table S2 Fluorescent components identified by parallel factor analysis (PARAFAC) in water-soluble organic carbon
111 (WSOC) and methanol-soluble organic carbon (MSOC) in aerosol samples over Bangkok, Thailand (85-model), and
112 their Tucker congruence coefficient (TCC) values with components of 145-model containing ambient aerosol samples
113 and source samples.
Components Excitation Emission Assignment according to 145-model TCC References
(85-model) maxima (nm)  maxima (nm) previous studies components  values
P1 290 356 Protein-like fluorophore 145M-P3 0.94 (Qin etal.,
2018;Fan et
al., 2016)
P2 <250/308 415 Humic-like substances 145M-P1 0.97 (H. Chen et
al.,
2017;Stedmon
and Markager,
2005;Wu et
al., 2019)
P3 254/356 443 The fluorescence of aqueous 145M-P6 0.90 (Gao and
reactions of hydroxyacetone Zhang,
with glycine, or humic-like 2018;Chen et
substances al., 2003)
P4 257/386 513 Humic-like substances 145M-P5 0.96 (H. Chen et
al.,
2017;Stedmon
and Markager,
2005;Wu et
al., 2019)
P5 <250 383 145M-P4 0.97
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P6 <250/332 392 N-containing SOA species, 145M-P7 0.97 (Babar et al.,
pyridoxine, or humic-like 2017;Pohlker
substances etal.,
2012;Chen et
al., 2003)
P7 278 310 Tyrosine-like fluorophore, 145M-P8 0.90 (Chen et al.,
non-N-containing species 2016b;Zhou
etal., 2019)
Cl <250 434 Fulvic acid-like substances 145M-C1 0.99 (Chen et al.,
2003)
C2 <250 383 Fulvic acid-like substances 145M-C3 0.99 (Chen et al.,
2003)
C3 287 351 145M-C2 0.97
C4 260 513 145M-C4 0.97
C5 <250 360 145M-C5 0.93
Cé6 275 306 Tyrosine-like fluorophore 145M-C7 0.98 (Stedmon and
Markager,
2005)
114
115  Table S3 Comparisons of light absorption of aerosol samples from Bangkok with the other studies.
Samples Sites Fraction AAE MAEsss (m> g' C)  References
Water-soluble BrC 5.1+0.68 0.83+0.25
TSP Thailand Methanol-soluble This study
5.24+0.94 0.26+0.12
BrC
0.59 + 0.16 in the
monsoon season (Wuetal.,
PMio Nepal Water-soluble BrC
1.05 £ 0.21 in the pre- 2019)
monsoon season
5.30+0.44 in
1.54 £ 0.16 in winter
winter (Yan et al.,
PM2s Beijing Water-soluble BrC . ]
5.83+£0.511n 0.73+0.151n 2015)
summer summer
(J. Liu et
TSP Guangzhou Water-soluble BrC 5.33+0.71 0.81+0.16
al., 2018)
1.7940.24 in winter (Cheng et
PMas Beijing Water-soluble BrC
0.71+0.20 in summer  al., 2011)
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116

117
118
119

(Chen et

PM2s Water-soluble BrC 0.76
al., 2018)
(M. Xie et
PM2>s Southeastern US Water-soluble BrC 0.2940.13
al., 2019)
4.00-4.44 in Deihi 2.24-2.49 in Deihi
(Dasari et
PMa2s South Asia Water-soluble BrC  5.11-6.68 in BCOB 1.35-1.45 in BCOB 1. 2019)
al.,
6.63-7.13 in MCOH 0.31-0.52 in MCOH
(Mo et al,,
PMas Beijing Water-soluble BrC 5.27+0.81 1.05+0.32
2018)
Simulated biomass (Fan et al.,
PM2s Water-soluble BrC 7.40-9.03 0.86-1.23
burning 2018)
Simulated biomass (Park and
PM2s Water-soluble BrC 0.76-1.44
burning Yu, 2016)
Simulated biomass
_ Water-soluble BrC 7.1£1.6 1.6 £0.55
burning
Simulated anthracite
Water-soluble BrC 1.3+0.34
combustion
(Tang et al.,
Vehicle emission Water-soluble BrC 0.71 £0.30
2020b;Tang
TSP Simulated biomass Methanol-soluble
23+1.1 et al.,
burning BrC
2020a)
Simulated anthracite Methanol-soluble
0.88+0.74
combustion BrC
Methanol-soluble
Vehicle emission BrC 0.26 = 0.09
r

Table S4 Summary of multiple linear regression results between light absorption at 365 nm (Absses, Mm™!) of water-

soluble BrC and its individual fluorescent chromophore identified by parallel factor analysis in aerosol samples over

Bangkok.
Unstandardized coefficients Standardized t-STAT p-Value
Model coefficients
B Standard error Beta
Regression 1: n=85, R? = 0.994, Adjust R?> = 0.994, error=0.38295
P4 component 0.923 0.008 0.997 117.85 0.000
Regression 2: n=85, R? = 0.994, Adjust R> = 0.994, error=0.37123
P4 component 0.898 0.013 0.97 71.382  0.000
P2 component 0.02 0.008 0.034 2.515 0.014

S7



Regression 3: n=85, R?> = 0.995. Adjust R? = 0.995. error=0.36385

P4 component 0.765 0.065 0.826 11.767 0

P2 component 0.051 0.017 0.088 3.033 0.003
P7 component 0.091 0.044 0.107 2.088  0.04
Regression 4: =85, R2=0.995, Adjust R> = 0.995, error=0.35652

P4 component 0.979 0.121 1.057 8.104 0
P2 component 0.041 0.017 0.071 2399 0.019
P7 component 0.14 0.049 0.165 2.875  0.005
P3 component -0.164 0.079 -0.275 -2.089 0.04

120  Note: Pre multiple linear regression (MLR), curve estimation was conducted to estimate the possible correlations
121  between the dependent and independent variables. Statistical parameters were computed as the goodness-of-fit
122 indicators including adjusted R?, t-STAT (ratio of coefficient to standard error), p-value (target < 0.05). For the
123 independent variables with significant correlations with the dependent variable (p-value < 0.05), or with positive
124 contributions to the independence, Absses, they will be retained in the statistical model as the efficiency factors to the
125  Absses. To simplify the model, non-significant independences, as well as constant, were gradually removed.

126

127  Table S5 Summary of multiple linear regression results between light absorption at 365 nm (Abs3es, Mm™') of
128  methanol-soluble BrC and its individual fluorescent chromophore identified by parallel factor analysis in aerosol

129  samples over Bangkok.

Unstandardized coefficients Standardized t-STAT p-Value
Model coefficients
B Standard error Beta

Regression 1: =85, R? = 0.945, Adjust R? = 0.944, error=0.33609

C4 component 0.238 0.006 0.972 37.738 0.000

Regression 2: n=85, R? = 0.957, Adjust R?> = 0.956, error=0.29861

C4 component 0.489 0.052 1.998 9.317 0.000

C1 component -0.119 0.025 -1.032 -4.811 0.000
130
131
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Figure S1. Location of sampling site at the faculty of the environment of Kasetsart University in Bangkok, Thailand.

The basemap was drawn by ArcGIS software (ESRI Inc. California, USA). The satellite image at the center was

derived from Google Maps (Image © Google Maps 2019).
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Figure S2. Sum of squared error of excitation and emission wavelength for 2-9 PARAFAC model in the WSOC in

aerosol samples from Bangkok (n=85).
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146 Figure S4. Sum of squared error of excitation and emission wavelength for 2-9 PARAFAC model in the MSOC

147  fraction in aerosol samples from Bangkok (n=85).
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153  Figure S6. The eight fluorescent components of the WSOC (a, 145-model, 145M-P1-8) and seven fluorescent
154  components of the MSOC (b, 145-model, 145M-C1-8), respectively, identified by the PARAFAC method in aerosol
155  samples from Bangkok, Thailand, and source samples (n=145).
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157  Figure S7. Evaluation of fluorescence emission and excitation spectrum similarity of 85-model with 145-model by

158  Tucker congruence coefficient (TCC).
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Figure S9. Hierarchical cluster analysis based on the relative contributions of PARAFAC-derived components (145-model, 145M-P1-8) in the WSOC. The sample

IDs correspond to different types of aerosols as follows: ID 1-33: aerosol samples from simulated biomass burning; ID 34-50: aerosol samples from simulated coal

combustion; ID 51-58: aerosol samples collected in the tunnel; ID 59—-60: aerosol samples from vehicle exhaust.
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Figure S10. Hierarchical cluster analysis based on the relative contributions of PARAFAC-derived components (145-model, 145M-C1-7) in the MSOC. The sample
IDs correspond to different types of aerosols as follows: ID 1-33: aerosol samples from simulated biomass burning; ID 34-50: aerosol samples from simulated coal
S15

combustion; ID 51-58: aerosol samples collected in the tunnel; ID 59-60: aerosol samples from vehicle exhaust.

170
171
172
173



174
175

176
177
178
179

180
181
182

@ 30 ®  Abssgs ° (b) s ®  Absys
T 254——Slope=1.1, R?=0.95, p<0.060 ~  |—Slope=0.36, R*=0.75, p<0.000
= e = 61
E 201 s °
_én“ 15+ 5’ 44
g 10 :
] p
0+ T r r r r 0- :
0 5 10 15 20 25 30 0 20
WSOC (ug m™) MSOC (pg m™)
80 80
©) e OC (d) e OC
~ 701 o EC ~ 91 ¢ EC
£ 60; Slope=1.67, R?=0.93, p<0.000 g 601  Slope=2.0, R?=0.89, p<0.000
i:{f 50+ Slope=0.09, R*=0.56, p<0.000 ¢ i:? 501 Slope=0.12, R?=0.69, p<0.000 ¢
40 401
& ® 2 )
o] 30+ o o] 30+ @
= ¥ | = e @ (]
S 20, S 207 023
S 10 S 10 o
0 eee © N 0- scsi00] e ©
0 5 10 15 20 25 30 0 2 4 6 8 1012 14 16 18 20
WSOC (ug m>) MSOC (ug m”)

Figure S11. Scatter plots of Abs3ss (Mm ) of water-soluble BrC versus WSOC (ug C m™) (a) and Abssss (Mm™ ') of
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191  Figure S14. Factor profiles resolved by positive matrix factorization mode. The bars represent the concentrations of
192 species and the dots represent the contributions of species appointed to the factors. The run method was detailly
193  described elsewhere (Wang et al., 2020).
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Figure S17. The spatial distribution of active fire spots from January 2016 to January 2017 over Thailand, which was
downloaded from Moderate Resolution Imaging Spectroradiometer (MODIS) provided by NASA’s Fire Information
for Resource Management System (FIRMS).
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