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Methods Used to Calculate Emission Factors and Emissions Estimates 

 

Step 1.  Identification of PAH-relevant source category codes (SCCs), TOG speciation 

profiles and revisions to their mapping linkages. 

 

Each source (represented by an SCC) must be associated with a TOG speciation profile in 

this approach.  The number of available TOG speciation profiles, which are identified by 

4-digit codes, is far smaller than the number of SCCs.  610 TOG speciation profiles were 

used in this study; 567 were taken from a database of such profiles (SPECIATE3.2, file 

VKEYWORD, (1)) and 43 industry-average and generic profiles were taken from the 

Emissions Preprocessor System (2). The latter profiles are industry-average speciation 

profiles (numbered 9xxx) that had been included in SPECIATE up to and including 

SPECIATE 3.1 (1).  All of these profiles are in use by SMOKE to speciate TOG.  They 

were used in this work to minimize the number of SCCs being mapped to the overall-

average speciation profile that is used in the absence of other information. 

 

Cross-referencing information is required to map each SCC to an appropriate TOG 

speciation profile in order to convert the emissions of TOG to chemically-speciated 

emissions.  For this work, the cross-reference file used was Environment Canada’s 

existing mapping; the standard SMOKE v2.1 cross-reference file, which is independent 

of gas-phase chemical mechanism speciation.    
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In examining the existing SCC-to-TOG speciation profile cross-reference file, it was 

noted that the mappings for many SCCs (a) did not exist (in which case they would not 

contribute to SMOKE-processed emissions), (b) might not be best-suited to representing 

the emissions considered here, or (c) might be in error.  As such, the cross-reference file 

was revisited and 1,017 new assignments were created for those SCCs not assigned to 

any speciation profile in the original cross-reference. A further 2,971 SCC cross-

references were changed to TOG profiles deemed more appropriate than their original 

assignments.  For example, SCC 10300811 (commercial/institutional landfill gas external 

combustion boiler) was changed from a coal-firing profile (1178) to one associated with 

natural gas (0003).  Assigning SCCs to speciation profile 0000 (overall average) was 

avoided if possible; 2,412 of the 2,971 revised SCCs had originally been assigned to 

profile 0000.  

 

Finally, the original cross-referencing assignments were made based on non-PAH 

pollutants and, as such, groups of SCCs were mapped to speciation profiles regardless of 

their potential to emit PAHs.  For example, wastewater process drains associated with 

industrial operations using internal combustion engines (SCC 20282001) were mapped to 

the same speciation profile as the emissions from such engines themselves (SCC 

20100202) though only the latter would be expected to emit appreciable quantities of 

semivolatile PAHs to the atmosphere.   

 

According to the revised SCC-profile cross-reference, 3,186 SCCs in 64 of the 610 TOG 

profiles were expected to emit PAHs.  The latter expectation was based on the process 
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descriptions in the SMOKE list of SCCs (file SCCDESC) and included all combustion 

processes.  The SCCs associated with these 64 profiles were divided into two groups: the 

first for SCCs not expected to emit PAHs and the second for the rest.  The latter profiles 

were assigned classification numbers identical to the originals but with the suffix “b” 

added.  The component compounds and their relative amounts are identical in both 

versions of the speciation profiles except for the addition of the 6 PAHs in the “b” 

versions (see Steps 2 and 3 below).  The latter profiles are listed in Table S1.  

 

Step 2.  Compilation of PAH emission factors from the literature and linkage to PAH-

emitting SCCs.   

 

PAH emission factors were taken from available compilations (3,4) as well as being 

derived from an existing inventory for mobile sources (5).   For the particularly important 

metals industry source sector, only those emission factors associated with post-NESHAP 

(US EPA National Emission Standards for Hazardous Air Pollutants) controls were 

included if several choices were presented in (3). For stationary sources, PAH emission 

factors were defined as the mass of each PAH emitted per unit activity for each SCC (e.g. 

for coal burning, the mass of phenanthrene emitted per mass of coal burned). (3,4)  For 

mobile sources, PAH exhaust emission factors were defined as ratios of PAH to PM10 

emitted. (5)  These were differentiated by MOBILE6 vehicle types (6) which were 

converted to SCC form (7). 
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The compilation in this study led to a list of 470 SCCs for which at least one of the 6 

target PAHs had a reported emission factor.  However, that list included several SCCs for 

which multiple sets of factors were reported, and only 197 SCCs were unique; replicates 

were arithmetically averaged.  SCCs for which PAH emissions factors were available 

were associated with 33 of the 64 PAH-emitting speciation profiles (see rows of Table S1 

with no “Alternate” profile assigned, and Table S2 for a listing of the 197 unique SCCs).  

The procedure followed for the remaining 31 profiles is discussed below in Step 5. 

 

Step 3. Procedures for inferring missing emission factors from available data.   

 

An average ratio of isomer pair emission factors was calculated based on the emission 

factors associated with SCCs within a profile for which both isomers had been reported 

individually.  Missing values, or the split for co-reported values, were estimated based on 

this ratio.  Average mass fractions of the isomer pairs were also calculated for each 

speciation profile and used to estimate missing values when neither isomer was reported.  

The estimated emission factors for the pairs were then split according to the average ratio 

of isomers for the profile in question.  If profile-specific average values could not be 

calculated (e.g., only one SCC in a profile and one of the isomer pairs was not reported), 

the overall average (all SCCs) was used.  A numerical example for a hypothetical profile 

is shown in Figure S1.  Variability associated with the emission factors aggregated by 

speciation profile is presented in Table S3. 
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Step 4.  Conversion of emission factors to TOG units.    

 

For stationary sources, a separate compilation of TOG emission factors was conducted.  

Most TOG emission factors were obtained from FIRE 6.25 (4) and AP 42 (8) with the 

exception of cigarette smoke (9).  Many fuel-related emissions were reported on an 

energy basis (e.g. per kJ fuel input) and fuel heating values necessary for converting these 

emissions to a TOG basis were taken from AP 42 (7).  In some cases, TOG data were not 

reported but data were available for VOC (volatile organic compounds).  In such cases, 

conversions between total VOC and TOG emissions were conducted using conversion 

factors compiled by US EPA. (10). 

 

PAH emission factors for on-road mobile sources were reported on a PM10 basis.  By 

using 1999 NEI information for vehicle-miles-traveled by vehicle class as well as TOG 

and PM emissions, the PAH/PM10 ratios were converted to PAH/TOG values on a 

vehicle-miles-traveled-weighted basis according to vehicle class.  VOC values for aircraft 

were calculated on a LTO basis (landing and take-off cycle) (11) and converted to TOG 

emission factors using the US EPA conversion file (10).  

 

Step 5.  Weighting the emissions factors within a speciation profile by binational total 

TOG emissions.   

 

Some PAH emission factors for the different SCCs associated with a given speciation 

profile varied by orders of magnitude, arithmetic averaging was not deemed to be 
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appropriate.  Rather, each factor within a profile was weighted by its SCC’s TOG 

emissions relative to the total TOG emitted by all the SCCs mapped to that profile.  Net 

TOG emissions by SCC across both countries were used for this purpose, and were 

determined from VOC emissions available for Canada and the US for the years 2000 and 

2001, respectively (12, 13). 

 

PAH emission factors were only available for 33 of the 64 speciation profiles determined 

to represent processes emitting the target PAHs.  For the remaining 31 profiles with no 

PAH emission factors, alternate factors were assigned based on one of the 33 profiles for 

which information was available and judged to be most similar.  These alternate 

assignments are listed in Table S1.  
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TABLE S1: Speciation Profiles associated with PAH Emissions and Alternate Profile 
Assignments 
   
Profile Profile Name Alternate 
   
0000b Over All Average   
   
0001b External Combustion Boiler - Residual Oil   
   
0002b External Combustion Boiler - Distillate Oil   
   
0003b External Combustion Boiler - Natural Gas   
   
0004b External Combustion Boiler - Refinery Gas   
   
0005b External Combustion Boiler - Coke Oven Gas   
   
0007b Natural Gas Turbine   
   
0008b Reciprocating Diesel Fuel Engine   
   
0009b Reciprocating Distillate Oil Engine  0008b 
   
0011b By Product Coke Oven Stack Gas   
   
0012b Blast Furnace Ore Charging and Agglomerate Charging  0016b 
   
0013b Iron Sintering  0016b 
   
0014b Open Hearth Furnace With Oxygen Lance  0016b 
   
0016b Basic Oxygen Furnace   
   
0023b Asphalt Roofing - Spraying  1007b 
   
0024b Asphalt Roofing Tar Kettle  1007b 
   
0025b Asphaltic Concrete - Natural Gas Rotary Dryer   
   
0026b Asphaltic Concrete - In Place Road Asphalt  1007b 
   
0029b Refinery Fluid Catalytic Cracker   
   
0051b Flares - Natural Gas  0003b 
   
0079b Chemical Manufacturing - Flares  0003b 
   
0121b Open Burning Dump - Landscape/Pruning   
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TABLE S1 (cont’d) 
   
Profile Profile Name Alternate 
   
0122b Bar Screen Waste Incinerator   
   
0195b Residential Fuel - Natural Gas   
   
0217b Coke Oven Blast Furnace Gas  0005b 
   
0230b Fixed Roof Tank - Hexane  0000b 
   
0274b Automobile Tire Production  0000b 
   
0307b Miscellaneous Burning - Forest Fires   
   
0333b Lithography - Inking and Drying-Direct Fired Dryer  0000b 
   
1001b Internal Combustion Engine - Natural Gas  0003b 
   
1002b Chemical Manufacturing - Carbon Black Production   
   
1007b Mineral Products - Asphaltic Concrete   
   
1032b Aldehydes Production - Acrolein - Distillation System  0000b 
   
1036b Secondary Aluminum - Pouring and Casting  9010b 
   
1085b External Combustion Boiler - Coal-Slurry Fired  1185b 
   
1089b Secondary Metal Production - Gray Iron Foundries - Pouring/Casting   
   
1097b Aircraft Landing/Takeoff (LTO) - Military   
   
1098b Aircraft Landing/Takeoff (LTO) - Commercial   
   
1099b Aircraft Landing/Takeoff (LTO) - General Aviation  1098b 
   
1101b Light Duty Gasoline Vehicles - 46 Car Study   
   
1167b Residential Wood Combustion   
   
1178b Coal-Fired Boiler - Electric Generation   
   
1185b Coal-Fired Boiler - Industrial   
   
1186b Heavy Duty Gasoline Trucks   
   
1188b Fermentation Processes  0000b 
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TABLE S1 (cont’d) 
   
Profile Profile Name Alternate 
   
1189b Pulp and Paper Industry - Plywood Veneer Dryer  9013b 
   
1194b Autobody Repair  0000b 
   
1201b Light-Duty Diesel Vehicles   
   
1202b Primary Aluminum Production   
   
2422b Commercial/Industrial Dry Cleaners  0000b 
   
2466b Industrial Point Source, Fabricated Metal Products - 1993  9010b 
   
9001b External Combustion Boilers - Industrial - Average   
   
9003b Industrial Processes - Average  0000b 
   
9004b Chemical Manufacturing - Average  0000b 
   
9006b Synthetic Organic Fiber Production - Average   
   
9008b Food and Agriculture - Average   
   
9009b Primary Metal Production - Average  1202b 
   
9010b Secondary Metal Production - Average   
   
9011b Mineral Products - Average  0000b 
   
9012b Petroleum Industry - Average  0029b 
   
9013b Pulp and Paper Industry - Average   
   
9014b Rubber and Miscellaneous Plastics Prod. - Average  0000b 
   
9016b Textile Products - Average  0000b 
   
9021b Surface Coating Operations – Average  0000b 
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TABLE S3: Variability in Aggregated Emission Factors by Speciation Profile 

 
Speciation 
Profile # 

# Contributing 
SCCs1 

% Missing 
Isomers2 Relative Standard Deviation in Raw EFs (PAH/TOG) 

   PHEN ANTH FLRT PYR BaA CHRY 

0001b 19 41.3 3.45 3.48 2.83 2.96 3.25 3.25 

0002b 6 50.0 2.05 2.00 1.58 1.59 1.59 1.59 

0003b 11 45.1 3.04 3.07 2.48 1.60 1.66 1.65 

0004b 2 66.7 0.14 0.14 0.22 0.22 0.16 0.16 

0005b 1 83.3 - - - - - - 

0007b 5 38.1 2.20 2.20 2.18 2.19 2.21 2.21 

0008b 7 31.7 1.16 0.89 0.82 0.91 0.86 1.85 

0011b 6 0.0 2.26 2.26 2.26 2.26 2.26 2.26 

0016b 5 50.0 1.57 1.57 1.62 1.62 1.52 1.58 

0025b 9 13.9 0.66 0.93 2.06 1.96 0.83 0.95 

0029b 2 46.7 1.06 1.00 0.52 1.30 1.15 1.15 

0051b 1 25.0 - - - - - - 

0121b 4 46.7 0.99 0.99 1.02 0.97 0.95 0.95 

0122b 10 28.2 2.81 3.01 2.09 2.06 2.49 2.31 

0195b 2 33.3 0.96 0.96 1.26 1.23 1.08 1.02 

0307b 1 0.0 - - - - - - 

1002b 4 23.8 1.34 1.34 1.41 1.31 1.21 1.22 

1007b 6 51.7 1.34 1.33 1.36 1.36 1.61 1.61 

1089b 1 50.0 - - - - - - 

1097b 1 0.0 - - - - - - 

1098b 1 0.0 - - - - - - 

1101b 5 0.0 0.57 0.57 0.57 0.57 0.57 0.57 

1167b 25 18.1 1.42 0.35 0.98 0.64 2.20 1.13 

1178b 12 17.5 2.54 2.55 2.56 2.51 2.34 2.34 

1185b 25 19.4 4.23 4.25 3.93 4.14 4.41 2.94 

1186b 1 0.0 - - - - - - 

1201b 3 0.0 0.79 0.56 0.81 0.78 0.13 0.67 

1202b 5 14.4 1.46 1.43 1.59 1.61 1.68 1.50 

9001b 4 34.4 0.75 0.91 1.83 1.92 1.98 1.97 

9006b 1 33.3 - - - - - - 

9008b 4 77.7 1.99 1.99 1.99 1.99 2.00 2.00 

9010b 2 33.3 1.41 1.41 1.41 1.41 1.41 1.41 

9013b 6 33.3 1.36 1.43 1.03 1.04 1.13 1.28 

 
1 Some SCCs had more than one set of reported emission factors. 2 Unreported isomers out of total possible reported isomers (6 x # 
non-unique SCCs reporting at least one isomer emission factor) 
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TABLE S5: Comparison of Σ6PAH Emission Factors (mass Σ6PAH/mass TOG) between 
US NEI and this study 
   

Σ6PAH EF 
Source 
Type 

Speciation 
Profile NEI this study 

this 
study/NEI 

>10x 
difference 

      
Point 0001b 1.92E-04 4.59E-04 2.39E+00  
      
 0002b 2.77E-04 1.95E-03 7.05E+00  
      
 0003b 3.73E-05 2.94E-06 7.88E-02 * 
      
 0004b 3.91E-05 3.21E-03 8.21E+01 * 
      
 0005b 8.34E-06 7.13E-04 8.55E+01 * 
      
 0007b 2.94E-06 3.13E-04 1.06E+02 * 
      
 0008b 1.58E-04 1.77E-04 1.12E+00  
      
 0011b 2.69E-04 1.82E-03 6.76E+00  
      
 0014b 2.28E-08 1.27E-01 5.57E+06 * 
      
 0016b 9.83E-01 1.27E-01 1.30E-01  
      
 0025b 1.24E-04 3.27E-03 2.63E+01 * 
      
 0026b 2.19E-07 4.85E-03 2.21E+04 * 
      
 0029b 3.67E-05 2.32E-05 6.31E-01  
      
 0051b 6.09E-06 2.94E-06 4.82E-01  
      
 0079b 2.71E-05 2.94E-06 1.09E-01  
      
 0122b 1.56E-03 1.10E-03 7.06E-01  
      
 0333b 4.31E-10 1.67E-03 3.88E+06 * 
      
 1001b 8.73E-08 2.94E-06 3.37E+01 * 
      
 1007b 9.69E-06 4.85E-03 5.00E+02 * 
      
 1036b 1.57E-08 5.27E-01 3.35E+07 * 
      
 1089b 1.24E-05 1.44E-04 1.16E+01 * 
      
 1097b 3.00E-06 5.97E-05 1.99E+01 * 
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TABLE S5 (cont’d) 
      

Σ6PAH EF 
Source 
Type 

Speciation 
Profile NEI this study 

this 
study/NEI 

>10x 
difference 

      
 1101b 7.14E-07 7.57E-05 1.06E+02 * 
      
 1167b 1.34E-04 3.33E-04 2.49E+00  
      
 1178b 7.84E-05 7.59E-04 9.68E+00  
      
 1185b 6.37E-04 3.49E-02 5.48E+01 * 
      
 1189b 2.09E-10 8.94E-04 4.28E+06 * 
      
 1202b 3.96E-02 7.16E-01 1.81E+01 * 
      
 9001b 2.65E-04 1.80E-02 6.78E+01 * 
      
 9008b 8.62E-05 8.32E-05 9.65E-01  
      
 9009b 5.53E-07 7.16E-01 1.30E+06 * 
      
 9010b 2.58E-01 5.27E-01 2.04E+00  
      
 9011b 8.87E-06 1.67E-03 1.88E+02 * 
      
 9013b 3.01E-04 8.94E-04 2.97E+00  
      
Nonpoint 0001b 7.87E-03 4.59E-04 5.83E-02 * 
      
 0002b 8.86E-05 1.95E-03 2.20E+01 * 
      
 0003b 5.23E-06 2.94E-06 5.62E-01  
      
 0009b 6.02E-05 1.77E-04 2.94E+00  
      
 0121b 2.60E-05 2.34E-03 9.02E+01 * 
      
 0122b 2.01E-04 1.10E-03 5.45E+00  
      
 0195b 1.30E-05 3.44E-05 2.64E+00  
      
 1001b 4.51E-07 2.94E-06 6.52E+00  
      
 1167b 4.49E-04 3.33E-04 7.42E-01  
      
 1185b 1.19E-04 3.49E-02 2.92E+02 * 
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TABLE S5 (cont’d) 

Σ6PAH EF 
Source 
Type 

Speciation 
Profile NEI this study 

this 
study/NEI 

>10x 
difference 

      
Nonpoint 9008b 5.23E-03 8.32E-05 1.59E-02 * 
(cont’d)      
Onroad 1101b 4.43E-05 7.57E-05 1.71E+00  
      
 1186b 3.15E-04 6.48E-04 2.06E+00  
      
 1201b 1.17E-04 6.23E-04 5.31E+00  
      
Nonroad 0009b 1.15E-03 1.77E-04 1.54E-01  
      
 1097b 1.16E-06 5.97E-05 5.17E+01 * 
      
 1098b 3.59E-04 2.91E-05 8.11E-02 * 
      
 1099b 1.20E-02 2.91E-05 2.41E-03 * 
      
 1101b 3.43E-05 7.57E-05 2.21E+00  
      
 1186b 4.35E-05 6.48E-04 1.49E+01 * 
      
 1201b 2.55E-04 6.23E-04 2.44E+00  
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FIGURE S1: Sample Calculation of Emission Factors for a Hypothetical Speciation Profile 
 
Hypothetical Profile XXXXb Having Three SCCs Reporting Semivolatile PAH Emission Factors

Reported PAH Emission Factor (Mg PAH/Mg TOG)
SCC PHEN ANTH FLRT PYR BaA CHRY 6PAH
X1 0.00250 0.00160 0.00080 0.00090 0.00020 0.00010 0.00610
X2 0.00590 0.00060 nr 0.00120 0.00050 0.00060 na
X3 0.00310 0.00050 0.00100 0.00110 nr nr na

Isomer Ratios
SCC ANTH/PHEN PYR/FLRT CHRY/BaA
X1 0.64000 1.12500 0.50000
X2 0.10169 na 1.20000
X3 0.16129 1.10000 na
average 0.30100 1.11250 0.85000

Isomer Pair Mass Fractions
SCC PHEN+ANTH FLRT+PYR BaA+CHRY
X1 0.67213 0.27869 0.04918
X2 na na na
X3 na na na
average 0.67213 0.27869 0.04918

Missing Value Estimate Calculations

1. Estimate FLRT EF for SCC X2
Average Isomer Ratio is pyr/flrt = 1.1125
FLRT = PYR/1.1125 = 0.0012/1.1125 = 0.0011

2. Estimate BaA + CHRY for SCC X3
Average Isomer Pair Mass Fraction of BaA+CHRY = 0.04918
Sum of PHEN+ANTH+FLRT+PYR = 0.0057
BaA+CHRY = 0.0003

3. Split BaA and CHRY for SCC X3
Average isomer ratio is CHRY/BaA = 0.85
BaA = 0.00016
CHRY = 0.00014

Final EFs Incl. Estimated Values
SCC PHEN ANTH FLRT PYR BaA CHRY 6PAH
X1 0.00250 0.00160 0.00080 0.00090 0.00020 0.00010 0.00610
X2 0.00590 0.00060 0.00110 0.00120 0.00050 0.00060 0.00990
X3 0.00310 0.00050 0.00100 0.00110 0.00016 0.00014 0.00600

TOG Emissions (Mg/yr)
SCC TOG
X1 50000
X2 100000
X3 45000

TOG-Weighted EFs for Profile XXXXb
Profile PHEN ANTH FLRT PYR BaA CHRY 6PAH
XXXXb 0.00438 0.00083 0.00100 0.00110 0.00034 0.00037 0.00803
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