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Text S1. Separation of three types of WSOM 31 

Three types of WSOM were separated using a multi-step solid phase extraction 32 

procedure with Oasis hydrophilic-lipophilic balance (HLB) column (3 cc, 60 mg). The 33 

detailed extraction production can be found in previous studies (Chen et al., 2016a; 34 

Chen et al., 2016b; Mukherjee et al., 2020; Zhang et al., 2022c). Briefly, a quartz filter 35 

membrane with a certain area to collect PM2.5 was used for ultrasonic extraction with 6 36 

mL ultra-pure water for 30 min, and then filtered with a 0.45μm Teflon syringe to collect 37 

filtrate, namely WSOM. The pH of WSOM was adjusted to 7 with 0.01 M NaOH, 38 

passed through an HLB column (60 mg), and the residual solution was washed with 1 39 

mL of deionized water. HULIS-n was obtained by eluting the adsorbent with 2 mL 40 

methanol solution containing 2% ammonia, the extract was completely dried with 41 

nitrogen stream and redissolved with 1 mL ultra-pure water. The effluent from the 42 

previous step was collected and the pH was adjusted to 2 with 1 M HCl. It was passed 43 

through another pre-activated HLB column followed by the addition of 1 ml of 0.01 M 44 

HCl to the column. The adsorbed material on the column was eluted with 2 ml methanol 45 

to obtain HULIS-a. The waste water from the previous step is collected in a glass bottle. 46 

Due to the adsorption mechanism of the HLB column, this component contains high 47 

levels of polar substances and is known as HP-WSOM. Freeze dry and dissolve in 1ml 48 

ultra-pure water. 49 
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Text S2. Calculation of light absorption and radiative forcing 66 

The coefficients characterizing the absorption characteristics of the three types of 67 

WSOM are calculated as follows: 68 

 𝑏𝑎𝑏𝑠−𝜆 = (𝐴𝜆 − 𝐴700) ×
𝑉1

𝑉𝑎×𝐿
× ln(10), (1) 69 

 𝐸𝐹 𝑜𝑓 𝑏𝑎𝑏𝑠−𝜆 =
𝑏𝑎𝑏𝑠−𝜆

𝑚
, (2) 70 

where A700 is the absorbance of the sample at 700 nm, which is used to correct the 71 

baseline deviation, V1 is the ultrapure water used to extract the sample, Va is the 72 

atmospheric sampling volume corresponding to the sample, L is the optical path length 73 

of the cuvette (1 m), m is the mass of fuel (kg), and K is a constant. 74 

The mass absorption efficiency at 365 nm (MAE365) can be used to characterize 75 

the light absorption capacity of three types of WSOM: 76 

 𝑀𝐴𝐸𝜆 =
𝑏𝑎𝑏𝑠−𝜆

𝐶𝐻𝑈𝐿𝐼𝑆
 (3) 77 

where babs-λ is the absorption coefficient of the corresponding wavelength and 78 

CHULIS is the concentration of three WSOM (µg/m3). 79 

Simple forcing efficiency (SFE, W/g) represents the energy per unit mass of 80 

aerosol species perturbed by the atmosphere (Bond and Bergstrom, 2006; Choudhary 81 

et al., 2021; Lei et al., 2018). The SFE calculation process for the three types of WSOM 82 

is as follows: 83 

 
𝑑𝑆𝐹𝐸𝑊𝑆𝑂𝑀

𝑑𝜆
= −

1

4

𝑑𝑆(𝜆)

𝑑𝜆
𝜏𝑎𝑡𝑚

2 (1 − 𝐹𝑐) ∙ [2(1 − 𝑎𝑠)2𝛽(𝜆) ∙ 𝑀𝑆𝐸𝑝(𝜆) − 4𝑎𝑠 ∙ 𝑀𝐴𝐸𝑝(𝜆)] (4) 84 

Where 
𝑑𝑆(𝜆)

𝑑𝜆
 represents the solar spectral irradiance (W/m2/nm) retrieved in the 85 

Air Mass 1 Global Horizon (AM1GH) solar irradiance model (Levinson et al., 2010), 86 

𝜏𝑎𝑡𝑚  is the atmospheric transmittance of 0.79, 𝐹𝑐  is the cloud fraction of 0.6, 𝛼𝑠 is 87 

the surface albedo of 0.19, β is the backward scattering fraction, and MSEp and MAEp 88 

represent the scattering and absorption efficiency per unit mass of the measured aerosol 89 

particles, respectively, in m2/g (Nakayama et al., 2013; Peng et al., 2022). 𝛽(𝜆) is the 90 

backscattering fraction estimated using the quadratic polynomial:  91 

 𝛽 = 0.0817 + 1.8495𝑏 − 2.9682𝑏2 (5) 92 

 𝑏 =
1−𝑔2

2𝑔
[

1

√1+𝑔2 −
1

1+𝑔
] (6) 93 



Where g and b are referred to as the asymmetric parameter and the ratio of the 94 

backscattering coefficient to the total scattering coefficient, respectively.  95 

In this study, considering only absorption, we performed Mie calculations at 280-96 

700 nm and 280-400 nm every 1 nm to provide MAE, thus simplifying Eq. (5) to: 97 

 
𝑑𝑆𝐹𝐸𝑊𝑆𝑂𝑀

𝑑𝜆
=

𝑑𝑆(𝜆)

𝑑𝜆
𝜏𝑎𝑡𝑚

2 (1 − 𝐹𝑐) ∙ [𝑎𝑠 ∙ 𝑀𝐴𝐸𝑝(𝜆)] (7) 98 
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Table S1. Uncertainty ranges and coefficients of variation for different pollutants in 118 

emission estimates. 119 

Pollutant Uncertainty 

HULIS-n -52.9%-303% 

HULIS-a -65.7%-319% 

HP-WSOM -54.7%-290% 

 120 



Table S2. The EF, MAE365, EF of babs-365 and EF of OP of HULIS-n, HULIS-a, and HP-WSOM from coal heating and cooking combustion. 

Sample 

Coal for heating Coal for cooking 

EF MAE365 
EF of babs-

365 
EF of OP EF MAE365 

EF of babs-

365 
EF of OP 

g/kg m2/g m2/kg (AU s-1g-1)/kg g/kg m2/g m2/kg (AU s-1g-1)/kg 

HULIS-n 0.34±0.14 1.69±0.07 22.43±11.42 0.12±0.04 0.17±0.18 1.94±1.18 8.95±5.56 0.16±0.11 

HULIS-a 0.51±0.39 0.80±0.15 14.66±9.82 0.04±0.01 0.11±0.09 4.17±3.38 11.57±1.07 0.23±0.21 

HP-WSOM 0.05±0.03 6.12±0.74 11.87±9.42 0.54±0.13 0.03±0.01 5.59±0.52 6.94±1.21 0.41±0.05 



 

Figure S1. The FT-IR spectra of HULIS-n (a), HULIS-a (b), and HP-WSOM (c) produced by the combustion of yak dung and sheep dung.  
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Figure S2. The radiation effects of HULIS-n, HULIS-a and HP-WSOM in the range of 280-700 nm from the burning of yak dung and sheep dung 

on the QTP.
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Figure S3. The oxidation potential density of HULIS-n, HULIS-a and HP-WSOM from yak dung and sheep dung burning on the QTP. 

 


