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Text S1. Calculation of light absorption and fluorescence parameters.

To characterize the optical and chemical properties of HULIS fractions, several
parameters were calculated, including specific UV absorbance at 254 nm (SUVA2s4),
the UV absorbance ratio between 250 and 365 nm (E2/E3), spectra slope ratios (Sr), the
absorption Angstrom exponent (AAE), and mass absorption efficiency (MAEjes),
fluorescence indices (FI), biological index (BIX), and humification degree (HIX).

SUVA»s4 represents the specific absorption at 254 nm, which is a measure of the
aromaticity of organic matters (Kothawala et al., 2012; Williams et al., 2010). E2/E3 is
the ratio of absorbance at 250 nm to that at 365 nm and indicates the relative abundance
of aromatic structures in humic matters (Peuravuori and Pihlaja, 1997). Sr is the
spectral slope ratio calculated within specific wavelength ranges (275-295 nm and 350—
400 nm) and provides information about the size and complexity of the organic matter
(Helms et al., 2008).

MAEz6s and AAE (fitted within the wavelength range of 330-400 nm) are used to
assess the light absorption efficiency and spectral dependence of the brown carbon,

which were generally calculated using the following equations:

A
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where A is the absorbance, A is the wavelength, C is the carbon content of HULIS, and
[ 1s the optical length (0.01 m).
The fluorescence index (FI), biological index (BIX), and humification index (HIX)

were calculated based on the EEM of the HULIS fractions. FI is calculated as the ratios



of the fluorescence intensity at excitation and emission wavelengths (Ex/Em) of
370/470 nm to that at 370/520 nm (McKnight et al., 2001). BIX is calculated as the
ratio of the intensity at Ex/Em of 310/380 nm to that at 310/430 nm (Huguet et al.,
2009). HIX is calculated as the ratio of the intensity at wavelengths of 255/434—480 nm
(average of the values on the line between 255/434 and 255/480 nm) to that at
255/300—344 nm (average of the values on the line between 255/300 and 255/344 nm)
(Zsolnay et al., 1999). These indices provide insights into the composition and
characteristics of the organic matter present in the HULIS fractions, particularly
regarding their fluorescence properties and the degree of biological and humic

transformation.



Fig. S1. The distribution of fire spots observed at sampling site during sampling period

(https://firms.modaps.eosdis.nasa.gov/map/).
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Fig. S2. Separation of size HULIS using ultrafiltration and solid phase extraction.
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Fig. S3. The normalized UV-vis spectra with TOC of bulk, HMW and LMW HULIS

from (a) summer and (b) winter aerosol samples.
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Fig. S4. Comparison of MAE3¢s vs. AAE for HULIS fractions in ambient aerosols in
this study to those of bulk HULIS reported in previous studies (Bao et al., 2022; Fan et
al., 2018; Fan et al., 2016; Hong et al., 2022; Huo et al., 2018; Liu et al., 2018; Ma et
al., 2019; Sun et al., 2021; Tang et al., 2020; Wu et al., 2018; Wu et al., 2020; Yuan et

al., 2021; Zhang et al., 2022).
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Fig. S5. Representative EEM contours of HMW and LMW HULIS from BB and

ambient aerosols.
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Fig. S6. The distributions of FRI-derived fluorophores within bulk and MW HULIS

fractions in summer and winter aerosols.



Table S1. Concentrations of NO2, SO; and O3 at the sampling site during summer and

winter.
Date NO; (ugm®) SO, (ugm?®) Oz (ugm?)
Summer
2021-07-25 7 10 80
2021-07-27 4 8 49
2021-07-29 5 9 73
2021-07-31 9 14 147
2021-08-02 14 14 136
2021-08-04 10 12 96
2021-08-06 12 13 108
2021-08-08 16 13 119
2021-08-10 20 14 178
2021-08-12 13 12 83
Mean 11.0 £5.0 11.9+2.2 106.9 +£38.8
Winter
2021-12-19 40 13 70
2021-12-21 60 16 90
2021-12-23 57 11 80
2021-12-25 16 4 62
2021-12-27 45 12 63
2021-12-29 42 14 50
2021-12-31 60 18 71
2022-01-02 67 18 70
2022-01-04 45 11 87
2022-01-06 30 8 70
Mean 46.2 £15.5 125+4.4 71.3+12.0

Table S2. Compound classes identified by elemental ratios (H/C and O/C).

Species H/C o/C
Lipids-like 1.5<H/C<2.0 0<0/C<0.3
Protein/amino sugars 1.5<H/C<2.2 0.3<0/C=<0.67
Carbohydrates 1.5<H/C<2.4 0.67<0/C<1.2
Unsaturated hydrocarbons 0.7<H/C<1.0 0<0/C<0.1
Lignins 0.7<H/C<1.5 0.1<0/C<0.67
Condensed aromatics 0.2<H/C<0.7 0<0/C<0.67
Tannins 0.5<H/C<1.5 0.67<0/C<1.2




Table S3. The average values of intensity-weighted molecular weights (MW), elemental ratios, double bond equivalents (DBE), modified

aromaticity index (Almod) and carbon oxidation state (OSC) of unique categories of molecular compounds within each MW HULIS fractions.

Categories of molecular
MWw H/Cw O/Cw N/Cw S/Cw O/Nw O/Sw OM/OCw DBEw DBE/Cw DBE-Ow Almodw OSCw

compounds
Summer HMW HULIS Lipids-like 311 1.8 0.2 0.1 0.0 15 0.0 15 31 0.2 -04 0.1 -14
Protein/amino sugars 255 18 0.5 0.1 0.0 2.8 0.4 2.0 2.7 0.3 -2.5 0.0 -0.8
Carbohydrates 216 1.8 0.9 0.1 0.1 23 3.0 2.7 1.8 0.3 -4.3 0.0 0.0
Unsaturated hydrocarbons 226 0.7 0.1 0.0 0.1 0.0 1.0 13 10.0 0.7 9.0 0.7 -0.6
Lignins 255 1.2 0.4 0.1 0.0 2.0 0.2 1.9 6.0 0.5 1.3 0.5 -0.4
Condensed aromatics 222 0.6 0.2 0.1 0.1 0.9 0.5 1.7 9.6 0.9 7.0 0.9 -0.1
Tannins 228 12 0.8 0.3 0.1 2.9 24 2.7 4.9 0.7 -1.1 0.3 0.5
LMW HULIS  Lipids-like 467 1.7 0.2 0.0 0.0 5.3 5.3 1.6 4.8 0.2 -1.0 0.0 -1.3
Protein/amino sugars 344 1.7 0.6 0.0 0.1 0.1 5.3 2.0 3.2 0.2 -4.5 0.0 -0.6
Carbohydrates 308 1.7 0.8 0.0 0.1 1.2 7.1 25 2.7 0.3 -5.6 0.0 -0.1
Unsaturated hydrocarbons 0 0 0 0 0 0 0 0 0 0 0 0 0
Lignins 342 1.3 0.5 0.0 0.0 0.4 0.3 1.9 6.5 0.4 -1.8 0.2 -0.2
Condensed aromatics 192 0.6 0.6 0.0 0.0 0.0 0.3 1.9 7.1 0.9 2.0 0.9 0.6
Tannins 300 1.2 0.8 0.0 0.0 0.8 1.0 2.2 5.4 0.5 -3.6 0.1 0.4
Winter HMW HULIS Lipids-like 314 1.8 0.2 0.1 0.1 1.6 0.2 1.6 3.0 0.2 0.2 0.0 -1.5
Protein/amino sugars 208 18 0.5 0.1 0.0 0.8 0.5 2.0 2.1 0.3 -2.4 0.0 -0.7
Carbohydrates 215 2.0 0.9 0.1 0.0 1.9 0.0 24 1.3 0.2 -5.3 0.0 -0.2
Unsaturated hydrocarbons 0 0 0 0 0 0 0 0 0 0 0 0 0
Lignins 222 11 0.4 0.2 0.0 15 0.1 1.8 6.8 0.7 2.9 0.7 -0.3

Condensed aromatics 219 0.6 0.3 0.0 0.0 1.3 0.1 15 9.6 0.8 6.1 0.8 -0.1



Tannins 187 1.0 0.8 0.2 0.0 3.0 0.1 25 51 0.8 -0.1 0.7 0.7
LMW HULIS  Lipids-like 308 1.7 0.2 0.1 0.0 0.9 0.3 1.6 4.5 0.3 15 0.1 -1.3
Protein/amino sugars 282 18 0.5 0.0 0.1 0.6 3.6 2.0 2.1 0.2 -3.9 0.0 -0.8
Carbohydrates 270 1.8 0.8 0.0 0.1 2.6 7.1 2.6 2.0 0.2 -5.2 0.0 -0.2
Unsaturated hydrocarbons 0 0 0 0 0 0 0 0 0 0 0 0 0
Lignins 281 12 0.5 0.0 0.0 11 0.2 19 6.4 0.5 0.2 0.3 -0.2
Condensed aromatics 180 0.6 0.5 0.3 0.0 0.4 0.0 2.0 7.4 1.0 3.7 18 0.4
Tannins 238 11 0.8 0.0 0.0 04 0.1 2.2 5.3 0.6 -1.9 0.3 0.5
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