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1 Experiment 8 

1.1 PMF and ME-2 analysis 9 

The initial high-resolution OA data and error matrix ranging from m/z 12 to m/z 120 were put into the PMF analysis of this study, 10 

while the isotope ions and ions with the low signal-to-noise ratio (SNR < 0.2) were removed. Ions with weak SNR (0.2 < SNR < 2) 11 

and CO2
+ related ions (CO2

+, CO+, H2O+, HO+, O+) were downweighed by increasing the error with a factor of 2.23 (Zhang et al., 12 

2011; Ulbrich et al., 2009) 13 

At first, unconstrained source apportionment was conducted (Seed=1=10 or Fpeak 0-1) based on PMF Evaluation Tool (PET, version 14 

2.08) (Ulbrich et al., 2009). As the Q/Qexp decreases, no biomass burning factor was resolved in 3-4 factor solutions. However, 15 

biomass burning was indeed seen during the campaign. Biomass burning-related factor was resolved when 5-7 factors were chosen 16 

whereas this solution was not the best due to splitting OOA factors. Thus, ME-2 was applied here. Both HOA and BBOA were 17 

constrained in ambient only and ambient combined TD datasets using SoFi v6.81 with different α values from 0 to 1, where a value 18 

represents the constrained extent in the standard mass spectral profile (0 means strictly constrained, 1 means unconstrainted) (Zhang 19 

et al., 2011; Huang et al., 2014; Canonaco et al., 2013). As shown in Fig. S3, an obvious difference was found between time series 20 

from ambient and ambient combined TD datasets when 4 factors were chosen with a value=0, thus 4 factors with HOA and BBOA 21 

being constrained in ME2 here is not the best solution here. When 5 factors were chosen, a splitting of the HOA time series was 22 

found. The constrained HOA is very noisy and shows very low contributions to total OA (< 4 %). Meanwhile, the constrained HOA 23 

factor exhibits a very similar variation to the aged-HOA here (R=0.52), as shown in Fig. S4. Thus, we do not think the 5-factor 24 

solution with both HOA and BBOA being constrained is good as well. Instead, we only constrain BBOA without constraining HOA, 25 

since the aged-HOA can be resolved without being constrained. Here, the strong BBOA spectrum was obtained from Changdao 26 

campaign, which was conducted in a similar season and nearby location to Dongying study (Hu et al., 2013). Finally, the most 27 

environmentally meaningful solution of 4 factors with BBOA being constrained (a value=0) was chosen for the final solution. The 28 

correlations of four factors, namely BBOA, aged-HOA, transported-OOA, and background-OOA, with external tracers can be found 29 

in Fig. S5. 30 

To investigate the volatilities of different OA factors, ME-2 analysis was also applied to the OA matrix combined with ambient and 31 

TD measurements. As shown in Fig. S6, there is a good correlation between the ambient dataset and ambient + TD datasets. 32 

1.2 Calibrations of transmission and temperature of TD 33 

We used the formula proposed by Huffman et al. (2008) to calibrate the transmission and temperature of TD since their residence 34 

times are similar (about 21s). 35 
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TD Transmission = −0.00082 * Temp centerline, real + 0.98                                                          (1) 36 

Where TD transmission represents the aerosol mass ratio between TD and ambient lines due to particle loss. Temp centerline, real is the 37 

real centerline temperature, which was found to be about 17 % higher than the set temperature controlled by TD software (Temp TD-38 

set). The centerline temperature can be corrected with the following eq. (2):    39 

Temp centerline, real = 1.1732 * Temp TD-set − 7.7625                                                              （2） 40 

To compare the thermograms from different experiments with similar TD setup, each mass thermogram was fitted by the Hill’s 41 

Equation, a type of sigmoidal function, to obtain the T50 value, which is the temperature at which MFR = 0.50 (Kolesar et al., 2015; 42 

Emanuelsson et al., 2013).  43 

𝑀𝑀𝑀𝑀𝑀𝑀(𝑇𝑇) = 𝑀𝑀𝑀𝑀𝑀𝑀𝑚𝑚𝑚𝑚𝑚𝑚 + (𝑀𝑀𝑀𝑀𝑀𝑀𝑚𝑚𝑚𝑚𝑚𝑚−𝑀𝑀𝑀𝑀𝑀𝑀𝑚𝑚𝑚𝑚𝑚𝑚

1+(𝑇𝑇50𝑇𝑇 )𝑆𝑆𝑀𝑀𝑀𝑀𝑀𝑀
)                                                                    （3） 44 

where MFRmin and MFRmax are the MFR values at the highest and lowest temperatures, SMFR is the slope representing the steepness 45 

of the curve of MFR.  46 

1.3 Predictions of glass transition temperature and viscosity of organic aerosols 47 

The glass transition temperature (Tg) represents the temperature where phase transition occurs between semisolid and glassy 48 

states. Tg of organic aerosols can be estimated based on the volatility distributions, as shown in Eq. (4): 49 

 Tg,i = 289.10 − 16.5 × log10�Ci0� − 0.29 × �log10�Ci0��
2 + 3.23 × log10�Ci0� × (O: C)                            （4） 50 

where Ci
0 is saturation vapor pressure (C*, unit: µg m−3) at 298 K and O:C is determined by the A-A method (Unit: dimensionless). 51 

Then the Tg of organic aerosols (Tg,org) under dry conditions can be calculated by a simplified Gordon–Taylor equation assuming 52 

the Gordon–Taylor constant (kGT) =1 as shown in Eq. (5), where ωi is the fraction of particulate organic aerosols per volatility bin 53 

(Dette et al., 2014). 54 

Tg,org = ∑ ωiTg,ii                                                                                         (5) 55 

In addition, Gordon–Taylor equation is also used to calculate Tg of organic-water (Tg,ωorg) mixture at a given RH by assuming 56 

kGT=2.5. 57 

Tg,ωorg =
�1−ωorg�Tg,w+

1
kGT

ωorgTg,org

�1−ωorg�+
1

kGT
ωorg

                                                                         (6) 58 

http://dict.youdao.com/w/dimensionless/#keyfrom=E2Ctranslation
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Tg,w represents the glass transition temperature of the water, generally 136 K (Koop et al., 2011). ωorg (ωorg=mOA/mOA+mH2O) is the 59 

mass fraction of organic species (mOA) and water (mH2O) in the particle phase. The total mass concentration of water can be 60 

determined by effective hygroscopicity parameters of organics κorg ( κorg= 2.10 (± 0.07) × f44 − 0.11 (± 0.01) ), where f44 is the 61 

fraction of m/z 44 signal in total organic signals (Mei et al., 2013). 62 

mH2O = κorgρwmorg

ρorg( 1
aw

−1)
                                                                                     (7) 63 

The density of organic aerosols (ρorg) and the water (ρw) in this study were estimated to be 1.44 g cm−3 (Kuwata et al., 2012) and 1g 64 

cm−3, respectively. aw represents water activity, which is calculated by aw = RH/100. 65 

Then we can calculate temperature-dependent viscosity (η) by the modified Vogel-Tammann-Fulcher (VTF) equation (Eq. (8)). 66 

 η = η∞e
T0D
T−T0                                                                                       (8)  67 

where η∞ =10−5 Pa s, 𝑇𝑇0 = 39.17 𝑇𝑇𝑔𝑔,𝜔𝜔𝜔𝜔𝜔𝜔𝜔𝜔

𝐷𝐷+39.17
. D is the fragility parameter usually assumed to be 10 (Derieux et al., 2018).  68 

The timescale of particle diffusion is characterized by mixing time (τmix) according to Eq. (9), where dp is the particle diameter (dp 69 

of ambient OA is about 550 nm, which is assumed 200 nm here for comparison with other studies conveniently (Xu et al., 2021; Li 70 

et al., 2020; Evoy et al., 2019)), and the bulk diffusion coefficient Db is calculated from the predicted viscosity by the fractional 71 

Stokes-Einstein relation, as shown in Eq. (10) (Xu et al., 2021; Evoy et al., 2019; Li et al., 2020).  72 

τmix = 𝑑𝑑𝑝𝑝2

4π2𝐷𝐷𝑏𝑏
                                                                                           (9) 73 

𝐷𝐷𝑏𝑏 = Dc(ηc
η

)ξ                                                                                          (10) 74 

in which ξ is an empirical fit parameter and we used 0.93 here, ηc is the crossover viscosity and we used 10−3 Pa s here. Dc is the 75 

crossover diffusion coefficient where the fractional Stokes-Einstein (Eq. (10)) and the Stokes-Einstein (Eq. (11)) predict the same 76 

diffusion coefficient (Evoy et al., 2019). In the Stokes-Einstein equation, k, and RH are Boltzmann constant and diffusing radius 77 

respectively, T and η represent temperature and viscosity in ambient air. 78 

D𝑐𝑐 = 𝑘𝑘𝑘𝑘
6πηRH

                                                                                            (11) 79 

2 Results 80 
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2.1 Inorganic nitrate and organic nitrate 81 

During the calibration, the NOx ratio (NO2
+/NO+) of standard ammonium nitrate particles (RNH4NO3) was measured with an 82 

average result of 0.28 (Fig. S7a). The NO2
+/NO+ ratio of organic nitrate (RONO2) was estimated by dividing RNH4NO3 by a factor of 83 

2.75 proposed by Day et al. (2022), thus the RONO2 ratio in this study is 0.1. The fraction of organic nitrate and inorganic nitrate 84 

can be estimated based on the following equations (Farmer et al., 2010): 85 

𝑓𝑓RONO2 = (𝑅𝑅𝑎𝑎𝑎𝑎𝑎𝑎−RNH4NO3)(1+𝑅𝑅ONO2)
(𝑅𝑅ONO2−RNH4NO3)(1+𝑅𝑅𝑎𝑎𝑎𝑎𝑎𝑎)

                                                                         (12) 86 

𝑓𝑓RONO2 = 1 (𝑓𝑓RONO2 > 1)                                                                                (13)  87 

𝑓𝑓NH4NO3 =1−𝑓𝑓RONO2 (0 < 𝑓𝑓RONO2 < 1)                                                                     (14) 88 

𝑓𝑓NH4NO3 =1 (𝑓𝑓RONO2 < 0)                                                                                (15) 89 
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Table S1. Introduction on instruments for VOC, criteria regular gases and black carbon (BC) 

Species Instruments Mode Time resolution 

Volatile organic compounds 

(VOCs) 
on-line GC-FID  1 hour 

NOx Chemiluminescence NO-NO2-NOx Analyzer Thermo 42i 1 min 

SO2 Pulsed Fluorescence SO2 Analyzer Thermo 43i 1 min 

CO Trace Level Enhanced CO Analyzer Thermo 48i 1 min  

O3 Ozone Monitor Thermo 49i 1 min 

BC 7-band Aethalometer Magee AE31 5 min 

 

 



10 
 

Table S2. Summary of fractions of ELVOC, LVOC and S/IVOC of OA, the residence time (RT) of TD as well as the O:C of aerosols. 

Anthropogenic ELVOC LVOC S/IVOC O:C RT(s) References 

Beijing  (winter) 0.12 0.21 0.67 0.34 10 (Xu et al., 2021) 

Gucheng (winter) 0.1 0.25 0.65 0.4 10 (Xu et al., 2021) 

Beijing  (summer) 0.13 0.235 0.635 0.53 7.4 (Xu et al., 2021) 

Mexico City (spring) 0.27 0.31 0.42 0.52 21.2 (Cappa and Jimenez, 2010) 

Athens  (winter) 0.3 0.33 0.37 0.32 28 (Louvaris et al., 2017)  

Paris    (summer)  0.25 0.38 0.37 0.49 50 (Paciga et al., 2016)  

Paris    (winter)  0.3 0.29 0.41  50 (Paciga et al., 2016)  

Dongying (spring) 0.52 0.26 0.22 0.85 20.2 This study  

Biogenic ELVOC LVOC S/IVOC O:C RT(s) References 

United State (summer) 0.41 0.43 0.16 0.98 10-15 (Hu et al., 2016) 

Amazon  0.52 0.37 0.11 
  

(Hu et al., 2016) 
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Table S3. Summary of fractions of ELVOC, LVOC and S/IVOC of FFOA, the residence time (RT) of TD as well as the O:C of aerosols. 

Ambient    ELVOC    LVOC S/IVOC O:C RT(s) References 

Beijing HOA  (summer) 0.14 0.11 0.75 0.17    7.4 (Xu et al., 2021) 

Beijing FFOA  (winter) 0.05 0.25 0.7 0.1    10 (Xu et al., 2021) 

Gucheng HOA  (winter) 0.09 0.23 0.68 0.12    10 (Xu et al., 2021) 

Gucheng CCOA (winter) 0.1 0.28 0.62 0.18    10 (Xu et al., 2021) 

Mexico City    (spring) 0.13 0.27 0.6 0.2    21.2 (Xu et al., 2021) 

Paris          (winter)  0.11 0.29 0.6 0.1    50 (Paciga et al., 2016) 

Paris         (summer) 0.13 0.24 0.63 0.21    50 (Paciga et al., 2016) 

Athens        (winter)  0.3 0.42 0.28 0.1    28 (Louvaris et al., 2017) 

Dongying     (spring) 0.44 0.2 0.37 0.55    20.2 This study 

Laboratory ELVOC LVOC S/IVOC O:C    RT(s) References 

Diesel POA 0 0.03 0.97     56 (May et al., 2013a) 

Diesel  0 0.02 0.98     16 (Grieshop et al., 2009b) 

Diesel  0 0.09 0.91     16 (Grieshop et al., 2009a) 

Traffic tunnel POA 0 0.12 0.88     10.6 (Li et al., 2016) 

Gasoline POA 0 0.27 0.73     56 (May et al., 2013b) 
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Table S4. Summary of fractions of ELVOC, LVOC and S/IVOC of BBOA, the residence time (RT) of TD as well as the O:C of aerosols. 

Ambient ELVOC LVOC S/IVOC O:C RT(s) References 

Gucheng  (winter) 0 0.48 0.52 0.21 10 (Xu et al., 2021) 

Mexico City (spring) 0.04 0.27 0.69 0.38 21.2 (Cappa and Jimenez, 2010) 

Athens    (winter) 0.09 0.39 0.52 0.27 28 (Louvaris et al., 2017) 

Dongying  (spring) 0.51 0.38 0.11 0.37 20.2 (Sato et al., 2018) 

Paris   (winter) 0.19 0.3 0.51 0.1 50 (Paciga et al., 2016) 

Laboratory ELVOC LVOC S/IVOC O:C RT(s) References 

Wood smoke  0 0.05 0.95 
 

16 (Grieshop et al., 2009b) 

Wood smoke  0 0 1 
 

16 (Grieshop et al., 2009a) 

BBOA 0 0.2 0.8  56 (May et al., 2013c) 
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Table S5. Summary of fractions of ELVOC, LVOC and S/IVOC of OOA, the residence time (RT) of TD as well as the O:C of aerosols. 

Anthropogenic ELVOC LVOC S/IVOC O:C RT(s) References 

Ambient       

Beijing OPOA      (winter) 0 0.32 0.68 0.34 10 (Xu et al., 2021) 

Gucheng SOA      (winter) 0 0.31 0.69 0.63 10 (Xu et al., 2021) 

Beijing LO-OOA    (winter) 0 0.36 0.64 0.68 10 (Xu et al., 2021) 

Beijing LO-OOA   (summer) 0 0.27 0.73 0.76 7.4 (Xu et al., 2021) 

Beijing MO-OOA   (winter) 0 0.4 0.6 0.86 10 (Xu et al., 2021) 

Beijing MO-OOA   (summer) 0 0.38 0.62 1.3 7.4 (Xu et al., 2021) 

Mexico City SV-OOA (spring) 0.16 0.40 0.43 0.66 21.2 (Cappa and Jimenez, 2010) 

Paris OOA        (summer) 0.3 0.25 0.45  50 (Paciga et al., 2016) 

Paris OOA         (winter) 0.3 0.25 0.45 1.12 50 (Paciga et al., 2016) 

Athens OOA       (winter) 0.42 0.29 0.29 0.5 28 (Louvaris et al., 2017) 

Transported-OOA   (spring) 0.69 0.19 0.12 1.02 20.2 This study 

Background-OOA   (spring) 0.56 0.22 0.22 1.1 20.2 This study 

Mexico City LV-OOA (spring) 0.34 0.37 0.29 0.77 21.2 (Cappa and Jimenez, 2010) 

Laboratory       

1,3,5-TMB+OH dry 0.01 0.1 0.88  13 (Sato et al., 2019) 

1,3,5-TMB+OH dry  (aging) 0.04 0.2 0.76  13 (Sato et al., 2019) 

pentadecane-SOA 0.04 0.54 0.42 0.53 15 (Faulhaber et al., 2009) 

Biogenic ELVOC LVOC S/IVOC O:C RT(s) References 

Ambient       

IEPOX-SOA US 0.6 0.37 0.03 0.51 10-15 (Hu et al., 2016) 

IEPOX-SOA Amazon 0.54 0.44 0.02 0.74 10-15 (Hu et al., 2016) 

Laboratory       

a-Pinene Ozonolysis 0.005 0.14 0.85  13 (Sato et al., 2018) 

a-Pinene Ozonolysis  (dry) 0.005 0.18 0.82  13 (Sato et al., 2018) 
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a-pinene (low OHexp) 0.21 0.72 0.09   (Ylisirniö et al., 2020) 
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Figure S1. Brief schematic plot of sampling line in this campaign. 

 
Figure S2. (a) Time series of total mass concentration of AMS (including equivalent BC from AE31) and SMPS in this campaign; (b) The 

scatter plot of calculated mass concentrations from AMS vs. mass from SMPS. 

 
Figure S3 Comparison of OA factors variations between ambient (red) and ambient + TD (grey) resolved by ME-2 when constraining 

both HOA and BBOA and selecting 4 factors. 
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Figure S4. Spectrum and time series of 5 factors when constraining both HOA and BBOA. The constrained-HOA show good correlation 

with aged HOA 

 
Figure S5. Pearson correlation coefficients for BBOA, aged HOA, transported-OOA and background-OOA versus species listed in x-axis. 

Negative values are not shown here. 
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Figure S6. Comparison of OA factors and spectra between ambient (red) and ambient + TD (grey) resolved by ME-2. 

 
Figure S7. (a) Time series of the ratio of NO2+/NO+ for ambient nitrate (Rambient), pure ammonium nitrate (RNH4NO3) and organic nitrate 

particles (RONO2); (b) Time series of organic and inorganic nitrate based on the ratios of NO2+/NO+ (Farmer et al., 2010; Day et al., 2021). 

 
Figure S8. (a) Map of fire points in NCP during polluted period obtained by the Fire Information for Resource Management System 

(FIRMS) (https://firms.modaps.eosdis.nasa.gov/map); (b) Time series of fire points (left axis), mass concentrations of BBOA (per 

second and per day) and K+. 

https://firms.modaps.eosdis.nasa.gov/map
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`  
Figure S9. Scatter plots of (a) f44 vs f60 and (b) f44 vs f43, color-coded by the fraction of BBOA and OOA respectively. According to Cubison 

et al. (2011), the brown triangle (a) is the biomass burning-influence area and the grey dashed line is the background value of f60 (=0.003) 

in non-biomass burning influenced areas. The black triangle in (b) represents OA oxidation area developed by Ng et al.(Ng et al., 2010). 

  
Figure S10. Average diurnal variations of meteorological parameters, OA factors and tracers in the entire study. 

 

Figure S11. Variations in ratios of SO+/SO42-, SO2+/ SO42-, SO3+/ SO42-, HSO3+/ SO42-, H2SO4+/ SO42-. 


