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S1. PMF model 

PMF is a new analytical method based on factor analysis. It decomposes a matrix of speciated 
sample data with multiple samples and species into two matrices: factor contributions 𝐺(𝑖 × 𝑘) 
and factor profiles 𝐹(𝑘 × 𝑗), a residual matrix. 

𝑋௜௝ = ∑ 𝐺௜௞௣௞ୀଵ 𝐹௞௝ + 𝐸௜௝  
(2) 

Here, 𝑋௜௝ is the concentration of the 𝑗th element in the 𝑖th sample, 𝐹௞௝ represents the content 
of the 𝑘th element in the 𝑗th source, 𝐺௜௞ represents the relative contribution of the 𝑘th source to 
the 𝑖th sample, and 𝐸௜௝ represents the residual between the measured mass concentration of the 𝑖𝑗th sample and its analytical value, and 𝑝 is the number of sources. 

PMF defines the sum of sample residuals 𝐸௜௝  and the input uncertainty 𝑢௜௝  as objective 
function 𝑄, and the minimization of objective function 𝑄 is the optimal solution of the model: 

𝑄 = ෍ ෍ ቈ𝑋௜௝ − ∑ 𝐺௜௞𝐹௞௝௣௞ୀଵ𝑢௜௝ ቉௠
௝ୀଵ

௡
௜ୀଵ  

(

（3）

Where 𝑢௜௝ is the “uncertainty” of the 𝑗th element in the 𝑖th sample. 

The EPA PMF 5.0 model was used for source apportionment of PM2.5 in Lanzhou. There were 

four data sets: the data of day and night in winter and summer respectively. Every data set was run 

numerous times to determine the range within which the objective function Q-values remained 



approximately constant. Five to seven factors were run with different F-peak values to determine 

the optimal number of source factors, and a final six factors solution were the optimal solutions for 

daytime and nighttime during winter and summer respectively. 

The model can weight each individual data point and give each data point a suitable amount of 

uncertainty. When the element concentration is lower than or equal to the corresponding method 

detection limit (MDL), the uncertainty calculation formula is: 𝑈௜௝ = 5/6 × 𝑀𝐷𝐿                  (4) 

Otherwise, the calculation formula is: 𝑈௜௝ = ඥ(𝑒𝑟𝑟𝑜𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 × 𝑐)ଶ + 𝑀𝐷𝐿ଶ         (5) 

where the error fraction is the relative standard deviation, C is the concentration of the chemical 

element, and MDL is the method detection limit. 

S1.1 PMF source apportionment during winter daytime 

There we using concentrations of PM2.5, Na+, NH4
+, K+, Mg2+, Ca2+, Cl-, NO3

-, SO4
2-, OC, EC 

Ca, Fe, K, Ti, Ba, Mn, Sr, Cd, Se, Pb, Cu, Zn, As, Ni, Co, Cr and V species in the 50 total samples.  

The species PM2.5 were clarified as “total variable”, The species OC, EC, Cl-, NO3
-, SO4

2-, Na+, 

NH4
+, K+, Ca, Ti, V, Mn, Fe, Co, Sr, Ba, Pb, Ni, Cu and As were clarified as “strong variables”; The 

species Mg2+ and Ca2+ were clarified as “weak variables”; The species K, Cr and Se were clarified 

as “bad variables”. 

Table S1 Summary of PMF and error estimation diagnostics during winter daytime. 

Diagnostic 3 factor 4 factor 5 factor 6factor 

Qrobust 9181.76 6726.9 5354.6 4616.33 

Qtrue 13307.7 8944.1 6833.62 5603.61 

Qrobust/Qexpected 15.208800 11.180062 9.425683 8.620938 

DISP% dQ <0.1% <0.1% <0.1% <0.1% 

DISP swaps 0 0 0 0 

 

BS 
Mapping 

Salt lake Coal 
combustion 

Vehicle 
emission 

SNA Soil dust Industry 
 

Unmapped 

Factor 1 84 1 0 1 4 2 0 
Factor 2 5 68 2 3 8 6 0 



Factor 3 1 2 73 1 12 3 0 
Factor 4 11 0 0 60 16 3 0 
Factor 5 1 0 0 0 90 1 0 
Factor 6 0 1 0 6 3 86 2 

 

 

Figure S1 Plot of predicted mass results from the PMF model against observed mass results of 

PM2.5 during winter daytime. 

S1.2 PMF source apportionment during winter nighttime 

There we using concentrations of PM2.5, Na+, NH4
+, K+, Mg2+, Ca2+, Cl-, NO3

-, SO4
2-, OC, EC Ca, 

Fe, K, Ti, Ba, Mn, Sr, Cd, Se, Pb, Cu, Zn, As, Ni, Co, Cr and V species in the 49 total samples. The 

species PM2.5 were clarified as “total variable”, The species OC, EC, Cl-, NO3
-, SO4

2-, Na+, NH4
+, 

Mg2+, Ca2+, Ca, Ti, V, Cr, Mn, Fe, Co, Zn, As, Se, Cd and Pb were clarified as “strong variables”; 

The species K+, Ni, Cu and K were clarified as “weak variables”; The species Sr and Ba were 

clarified as “bad variables”. 

Table S2 Summary of PMF and error estimation diagnostics during winter nighttime. 

Diagnostic 3 factor 4 factor 5 factor 6factor 

Qrobust 10696.3 8117.09 6240.7 4755.91 

Qtrue 5993.5 12744.8 7755 5616.71 

Qrobust/Qexpected 18.74970627 17.482578 11.85779858 9.700708 

DISP% dQ <0.1% <0.1% <0.1% <0.1% 

DISP swaps 0 0 0 0 

 



BS 
Mapping 

Salt lake Coal 
combustion 

Vehicle 
emission 

SNA Soil dust Industry 
 

Unmapped 

Factor 1 82 0 0 0 0 0 18 
Factor 2 0 82 0 0 0 0 18 
Factor 3 0 0 80 2 0 0 18 
Factor 4 0 2 0 80 0 0 18 
Factor 5 0 0 0 0 82 0 18 
Factor 6 0 0 0 0 0 82 18 

 

Figure S2 Plot of predicted mass results from the PMF model against observed mass results of 

PM2.5 during winter nighttime. 

S1.3 PMF source apportionment during summer daytime 

There we using concentrations of PM2.5, Na+, NH4
+, K+, Mg2+, Ca2+, Cl-, NO3

-, SO4
2-, OC, EC 

Ca, Fe, K, Ti, Ba, Mn, Sr, Cd, Se, Pb, Cu, Zn, As, Ni, Co, Cr and V species in the 30 total samples. 

The species PM2.5 were clarified as “total variable”, The species OC, EC, Cl-, SO4
2-, Na+, NH4

+, K+, 

Mg2+, Ca, Ti, Mn, Fe, Co, Ni, Cu, As, Sr, Ba, were clarified as “strong variables”; The species V, 

Cr, Se, Zn, Cd and K were clarified as “weak variables”; The species NO3
-, Ca2+ and Pb were 

clarified as “bad variables”. 

Table S3 Summary of PMF and error estimation diagnostics during summer daytime. 

Diagnostic 3 factor 4 factor 5 factor 6 factor 

Qrobust 4434.63 3091.8 2411.54 1770.02 

Qtrue 6675.4 4022.8 2869.54 1976.14 

Qrobust/Qexpected 20.22848511 16.027011 12.697079 11.35713 

DISP% dQ <0.1% <0.1% <0.1% <0.1% 



DISP swaps 0 0 0 0 

 

BS 
Mapping 

Salt lake Coal 
combustion 

Vehicle 
emission 

SNA Soil dust Industry 
 

Unmapped 

Factor 1 99 0 1 0 0 0 0 
Factor 2 2 92 0 0 0 5 1 
Factor 3 12 0 86 0 0 2 0 
Factor 4 0 0 0 100 0 0 0 
Factor 5 11 0 5 1 59 3 21 
Factor 6 0 0 0 0 0 100 0 

 

 
Figure S3 Plot of predicted mass results from the PMF model against observed mass results of 

PM2.5 during summer daytime. 

S1.4 PMF source apportionment during summer nighttime 

There we using concentrations of PM2.5, Na+, NH4
+, K+, Mg2+, Ca2+, Cl-, NO3

-, SO4
2-, OC, EC 

Ca, Fe, K, Ti, Ba, Mn, Sr, Cd, Se, Pb, Cu, Zn, As, Ni, Co, Cr and V species in the 30 total samples. 

The species PM2.5 were clarified as “total variable”, The species NH4
+, NO3

-, OC, EC, SO4
2-, K+, Ti,  

Mn, Fe, Co, Ni, Cu, Zn, As,  Sr, Ba,  were clarified as “strong variables”; The species Pb, K, Se, 

V, Cr, Cl-,Na+,Ca2+, Ca and Cd were clarified as “weak variables”; The species Mg2+ was clarified 

as “bad variables”. 



Table S4 Summary of PMF and error estimation diagnostics during summer nighttime. 

Diagnostic 3 factor 4 factor 5 factor 6factor 

Qrobust 4624 3591.4 2644.9 2005.6 

Qtrue 7228 5090.2 3506.4 2300.97 

Qrobust/Qexpected 23.09249115 17.482578 16.308837 13.86127 

DISP% dQ <0.1% <0.1% <0.1% <0.1% 

DISP swaps 0 0 0 0 

 

BS 
Mapping 

Salt lake Coal 
combustion 

Vehicle 
emission 

SNA Soil dust Industry 
 

Unmapped 

Factor 1 59 3 2 3 11 6 2 
Factor 2 1 81 0 2 2 0 0 
Factor 3 0 1 79 2 1 1 2 
Factor 4 5 1 0 71 5 1 3 
Factor 5 1 1 0 1 76 4 3 
Factor 6 0 1 0 0 3 81 1 

 

 

Figure S4 Plot of predicted mass results from the PMF model against observed mass results of 

PM2.5 during summer nighttime. 

 

 


