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■ Text S1. Correction of Aethalometer™ Absorption

Filter-based light absorption techniques suffer from shadowing and filter matrix scattering 

artifacts.1 The seven-wavelength Aethalometer™ (Model AE33, Magee Scientific, Berkeley, 

CA, USA) applies a two-parallel spot measurement technology to avoid the shadowing effect, 

and a manufacturer default factor (known as the “C-value”) of 1.57 can be used to compensate 

for the matrix scattering effects caused by tetrafluoroethylene (TFE)-coated glass filters 

(Pallflex “Fiber-film” T60A20).2 However, the C-value is not constant, and therefore, a 

photoacoustic extinctiometer (PAX) operating at λ = 532 nm was installed in parallel with the 

AE33 to derive a site-specific C-value. The PAX measures light scattering and absorption 

coefficients simultaneously using a built-in wide-angle-integrating reciprocal nephelometer 

and a photoacoustic device, respectively. Ammonium sulfate particles were used to calibrate 

light scattering for the PAX and fullerene soot for the absorption coefficients. More detailed 

information regarding the PAX calibration procedures may be found in Wang et al.3 A scatter 

plot of AE33 versus PAX absorption coefficients is shown in Figure S1. The AE33 absorption 

coefficient was higher than the PAX absorption by a factor of 2.6, which is comparable to 

values found in previous studies (1.2–2.1).4–6 Therefore, the C-value of 4.1 (= 2.6 × 1.57) was 

used for correcting the filter matrix scatterings effect of the Aethalometer™ absorption in this 

study. It should be noted that C-values may be dependent upon wavelength and chemical-

composition,7 and our single correction factor may underestimate the light absorption 

coefficients at λ = 370 and 470 nm but overestimate those at λ = 590 and 660 nm.
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Figure S1. Scatter plot showing the relationship between aerosol light absorption measured by 

seven-wavelength Aethalometer™ (Model AE33) and photoacoustic extinctiometer (PAX).

■ Text S2. Source Apportionment of Organic Aerosol (OA)

The mass spectra detected by the quadruple aerosol chemical speciation monitor (Q-ACSM) 

were analyzed using the Multilinear Engine (ME-2) algorithm8 implemented with the toolkit 

SoFi (Source Finder)9 to resolve the OA sources. Detailed information on the ME-2 analyses 

is given elsewhere.9–11 Briefly, a solution was first obtained by unconstrained positive matrix 

factorization (PMF)12 to determine the potential numbers and types of factors. Subsequently, 

mass spectra that were obtained from previous field or laboratory measurements are introduced 

as reference spectra to constrain one or more of the solution spectra. This constraint is achieved 

by setting a-values over a range from 0 to 1 in the ME-2 solver. The a-values represent the 

extent to which the reference profiles are allowed to vary; for example, 0.1 represents a 
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maximum of ±10% variability of each m/z signal. To eliminate the influences of the 

naphthalene internal standard signal at m/z 127–129 and the low signal-to-noise (S/N) ratios of 

larger ions, only m/z < 120 were considered in this study. The organic and the organic error 

matrices used as inputs were automatically derived from the Q-ACSM data analysis software. 

Data points with a low S/N (< 0.2) were discarded, and those with S/N from 0.2–2 were down-

weighted by a factor of 2. The unconstrained PMF runs showed that the most physically 

interpretable profiles were found with a four-factor solution, i.e., hydrocarbon-like OA (HOA), 

biomass burning OA (BBOA), coal combustion OA (CCOA), and oxygenated OA (OOA). 

However, mixing was obvious in the mass spectra for BBOA and CCOA, and to account for 

this, reference profiles of BBOA and CCOA obtained from winter Beijing10 were introduced 

to constrain these two factors by varying the a-value from 0 to 0.5 (with a 0.1 step). The other 

factors were left free. The final mass spectral profiles and time series of the mass concentrations 

of the four OA factors are shown in Figure S2.
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Figure S2. (left panel) Mass spectra of hydrocarbon-like OA (HOA), biomass burning OA 

(BBOA), coal combustion OA (CCOA), and oxygenated OA (OOA); and (right panel) the 

corresponding time series of mass concentrations for the OA factors.

■ Text S3. Calculation of Black Carbon (BC) Mass Concentrations

Daily PM1 quartz-fiber filters (QM/A; Oregon, USA) were collected simultaneously with 

the AE33 Aethalometer™ measurements from 09:00 local time to 09:00 the next day using a 

mini-volume air sampler (Airmetrics, Oregon, USA) at a flow rate of 5 L min-1. Elemental 

carbon (EC) collected on each filter was analyzed by a Desert Research Institute (DRI) Model 

2001 thermal/optical carbon analyzer (Atmoslytic Inc., Calabasa, CA, USA).13 A default BC 

mass absorption cross section (MACBC, m2 g-1) can be used for the AE33 to obtain the BC 

loadings; however, the MACBC is site-dependent because of the variability in BC particle size, 

morphology, and mixing state.14,15 Therefore, daily EC loadings were used to obtain a 

representative MACBC for Xianghe. As shown in Figure S3, daily aerosol light absorption 

measured by AE33 at λ = 880 nm (Abs(880)) showed a strong correlation (R2 = 0.87, p < 0.01) 

with EC mass concentrations. The slope of 4.8 m2 g-1 is comparable with the results of a study 

of Yang et al. at Xianghe during the springtime (5.9 m2 g-1),16 and that value was in this study 

used to retrieve the mass concentrations of BC.
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Figure S3. Scatter plot of aerosol light absorption at wavelength of 880 nm (Abs(880)) versus 

elemental carbon (EC) mass concentrations during the campaign.

■ Text S4. Calculation of Brown Carbon (BrC) Absorption

The wavelength dependence of aerosol light absorption (Abs(λ)) can be characterized by the 

absorption Ångström exponent (AAE):17

(S1)Abs(λ) = K × λ ―AAE

where K is a constant related to the aerosol mass concentration. Previous studies have 

suggested that AAE = 1 indicates the dominance of BC aerosol while AAE > 1 suggests the 

presence of non-BC materials, such as BrC aerosol.17


