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Supplemental Text 

PMF Methods 

Positive Matrix Factorization (PMF) is a multivariate factor analysis tool that decomposes a matrix 

of speciated sample data into a factor contribution matrices and a factor profile matrices. The goal of 

PMF is to identify the number of factors p, the species profile f of each source, and the source 

contribution g to each sample that solves the chemical mass balance between measured species 

concentrations (xij) and source profiles (Equation (S1) below): 

௜௝ݔ = ෍݃௜௞ ௞݂௝ + ݁௜௝௣
௞ୀଵ  (S1) 

where eij is the residual for each sample/species. 

The method is summarized briefly here and described in more detail elsewhere [1,2]. PMF uses a 

constraint that no sample can have a significantly negative source contributions. Each sample data 

point is weighted with a user-provided uncertainty associated with the sample concentration. PMF then 

attempts to minimize the objective function Q (Equation (S2) below) based upon the estimated or 

adjusted sample uncertainties uij. ܳ =෍෍ቈݔ௜௝ − ∑ ݃௜௞ ௞݂௝௣௞ୀଵߤ௜௝ ቉ଶ௠
௝ୀଵ

௡
௜ୀଵ  (S2) 
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In this analysis, source apportionment was conducted using EPA PMF 5.0 [3] which utilizes the 

multilinear engine (ME-2) to solve Equation (S2). New features of EPA PMF 5.0 include two 

additional error estimation methods for factor solutions and the ability to use constraints for source 

contributions and profiles [3,4]. Twenty-four hour, speciated PM2.5 data as part of the CSN/STN for 

Deer Park, TX and Aldine, TX were retrieved from the EPA’s Air Quality System (AQS) Database for 

the years 2003–2006. EPA PMF requires both a concentration and uncertainty data files as input. A 

total of 20 species were included for the Deer Park site and 18 species for the Aldine site. It should be 

noted that for the Aldine site the nitrate data was not available and pyrolytic carbon (OP) was not used 

as almost 50% of the data were either missing or below detection. The uncertainty values were 

calculated using Equation (S3) as described in [5].  ܷܰܥ௜௝ = ௜௝3ܮܦܯ + ௝݇ ∗  ௜௝ (S3)ݔ

where MDL is the method detection limit, xij is the concentration of species j measured for sample i, 

and kj is fraction estimated for each species j using uncertainty versus concentration plots. Missing data 

was replaced using the median value as the concentration and 4 times the median as the uncertainty [6]. 

A complete summary of species and settings used in PMF for each site is summarized in Table 1 as 

recommended by [4]. Factor solutions were evaluated using the bootstrap (BS) and displacement 

(DISP) error estimation tools in EPA PMF. For each site, 100 bootstraps were run using a random seed 

and minimum correlation value of 0.6 for all species at both sites. All strong species were included in 

the DISP run for each site. No constraints were applied to the data sets. 

PMF Results 

A six factor solution was determined for the Deer Park CSN site: diesel (5.4% by mass), secondary 

nitrate (11.4%), secondary sulfate (42.4%), gasoline (8.2%), biomass burning (19.5%), and soil 

(13.1%). The gasoline profile contained elevated amounts of OC (OC1 through OC4) and EC as well as 

components associated with tire wear, brake wear, and road dust (e.g., Zn, Pb, and Cu). The diesel 

profile contained high levels of EC and OP in addition to road dust and brake wear signatures  

(e.g., Al, Cu, Fe, and Mn). A six factor solution was determined for the Aldine STN site: gasoline 

(25% by mass), Zn-rich (0.6%), soil (12.2%), secondary sulfate (38.6%), diesel (7.7%), and biomass 

burning (16.0%). This gasoline profile contained high levels of OC (OC1 through OC4) and EC as 

well as components associated with road dust and brake wear (e.g., Ca, Cu, and Pb). The diesel profile 

contained high levels of EC along with components associated with brake wear and road dust  

(e.g., Al, Cu, Fe and Mn). The bootstrap and displacement error estimation results suggested that the 

factor solutions are feasible for both sites. PMF run diagnostics for Deer Park and Aldine are reported 

in the supplement (Table S1) as recommended by [4]. 
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Table S1. Species and settings used in PMF analysis. 

Site Deer Park, TX (2003–2006) Aldine, TX (2003–2006) 

N Samples 318 358 

Strong Species 
Br, Ca, Fe, Mn, Si, Zn, K, NH4, SO4, 

EC 

Br, Ca, Fe, Mn, Si, Zn, NH4, SO4, 

EC, OC1, OC2, OC3, OC4 

Weak Species 
Mass (total variable), Al, Cu, Pb, Se, 

OC1, OC2, OC3, OC4, OP 

Mass (total variable), Al, Cu, Pb, Se, 

K 

Sample Dates Removed  

16 January 2005(Measured mass >25% 

below reconstructed mass *) 

13 October 2005 (High Zn) 

4 July 2006 (High K due to fireworks) 

1 January 2004, 5 July 2004, 26 

December 2004, 1 January 2005, and 

4 July 2006 (High K due to fireworks) 

24 October 2006 (High Br) 

28 August 2003, 9 May 2004,  

14 December 2004, 3 February 2005 

(Measured mass >25% below 

reconstructed mass *) 

Number of Factors 6 6 

Robust Mode Yes Yes 

Number of BS 100 100 

Minimum correlation value for 

BS 
0.6 0.6 

Species included in DISP All strong species All strong species 

* Reconstructed Mass = (2.14 × Si) + (1.4 × Ca) + (1.43 × Fe) + (1.2 × K) + (1.24 × Zn) + (1.8 × Cl) +  

(1.38 × SO4) + (1.29 × NO3) + (1.8 × OC) + EC. 
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Figure S1. Annual on-road mobile source emissions in Atlanta, Denver, and Houston. 

 

Figure S2. NEI 08 CO Emission Estimates for Tier 1 Source Sectors in (A) Atlanta;  

(B) Denver; and (C) Houston. 
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Figure S2. Cont. 

 

Figure S3. NEI 08 NOx Emission Estimates for Tier 1 Source Sectors in Atlanta, Denver, 

and Houston. 
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