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EXECUTIVE SUMMARY 
 
 
INTRODUCTION 
 
Biodiesel fuels have been investigated for a number of reasons, such as an extender for 
petroleum-based fuels derived from a domestic renewable energy source.  But lately the primary 
interest is the potential for a more environmentally benign fuel.  One potential benefit of 
biodiesel is that it can biologically degrade, making spills and leaks less of a concern. However, 
the potential for exhaust emission reductions and reductions in emissions toxicity are of the most 
interest.  Several studies have shown that large reductions in hydrocarbon, particulate, and 
carbon monoxide emissions are expected from its use either as a neat fuel or as a blend with 
petroleum-derived fuels. 
 
 
Objective 
 
The objective of Task 5 of the NREL Biodiesel Fuels Impacts of Air Quality and Human Health 
Study are to estimate the effects biodiesel fuel use in the South Coast (Los Angeles) Air Basin 
(SoCAB) of Southern California (SoCAB) would have on air toxics risk, exposure, and human 
health.  
 
 
CONCLUSIONS 
 
An analysis of engine test data has found that a 20%/80% biodiesel/standard diesel (B20) fuel 
reduces tailpipe diesel particulate matter (PM) emissions by approximately 9 percent and reduces 
the toxicity of the diesel PM by approximately 5 percent (Lindhjem and Pollack, 2000).  These 
effects were accounted for in air toxics modeling the South Coast Air Basin (SoCAB) region of 
Southern California for three emission scenarios: 
 

• Standard diesel emissions based on the EMFAC2000 mobile source emissions model; 
• 100% penetration of a B20 biodiesel fuel in the Heavy Duty Diesel Vehicle (HDDV) 

fleet; and 
• 50% penetration of a B20 biodiesel fuel in the HDDV fleet. 

 
The air toxics modeling accounted for diesel PM, four organic air toxics (benzene, 1, 3-
butadiene, formaldehyde, and acetaldehyde) and hexavalent chromium that, according to the 
South Coast Air Quality Management District (SCAQMD) Multiple Air Toxics and Exposure 
Study (MATES-II), accounts for over 90 percent of the risk associated with exposure to air toxic 
compounds in the SoCAB. 
 
The conclusions of the biodiesel impacts on exposure and human health study are as follows: 
 

• The use of a B20 fuel in the HDDV fleet is estimated to reduce the one in a million 
risk of premature death due to exposure to air toxics in the SoCAB by approximately 
2 and 5 percent for the 50% and 100% HDDV fleet penetration scenarios, 
respectively. 



 
 
 
 

ES-2 

• The use of the B20 biodiesel fuel in the HDDV fleet is estimate to reduce the 
potential for premature death in the SoCAB due to a long-term exposure to air toxics 
by approximately 2 percent for the 50% penetration scenario and by approximately 5-
6 percent for the 100% penetration scenario. 
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1.  INTRODUCTION 
 
 
BACKGROUND 
 
Biodiesel fuels have been investigated for a number of reasons, such as an extender for 
petroleum-based fuels derived from a domestic renewable energy source.  But lately the primary 
interest is the potential for a more environmentally benign fuel.  One potential benefit of 
biodiesel is that it can biologically degrade, making spills and leaks less of a concern. However, 
the potential for exhaust emission reductions and reductions in emissions toxicity are of the most 
interest.  Several studies have shown that large reductions in hydrocarbon, particulate, and 
carbon monoxide emissions are expected from its use either as a neat fuel or as a blend with 
petroleum-derived fuels. 
 
There have been several studies regarding the effects of biodiesel fuels on exhaust emissions of 
NOx, VOC, CO, and particulate matter (PM).  Almost all of these studies have examined 
emissions from heavy-duty diesel vehicle (HDDV) engines.  However, the effects of biodiesel 
use on ambient air quality have not been quantified.  Thus, the National Renewable Energy 
Laboratory (NREL) has retained ENVIRON International Corporation to estimate the air quality 
and resultant and health effect toxic impacts from the use of biodiesel fuels in several cities in 
the U.S. 
 
 
Effects of Biodiesel Fuel on Risk, Exposure, and Human Health 
 
Diesel Particulate Matter (PM) has been declared a toxic compound by the state of California.  
Analyses of diesel PM reveals that it contains toxic compounds that fall into a general category 
know as polyaromatic hydrocarbons (PAHs) and nitro-PAHs.  These compounds have been 
identified as causing cancer in humans when exposed to high concentrations over long time 
periods.  Under Task 1 of the NREL biodiesel impacts study, diesel and biodiesel engine 
emissions test data were analyzed for emissions effects and the presence of PAHs and nitro-
PAHs and it was found that not only did biodiesel fuels emit less diesel PM than standard diesel, 
but there were also less PAHs and nitro-PAHs in the biodiesel PM emissions (Lindhjem and 
Pollack, 2000).  Thus, use of biodiesel would not only reduce diesel PM emissions but also 
diesel PM toxicity so would result in lower air toxics risk and exposure than use of a standard 
diesel fuel. 
 
During April 1998 to March 1999, the South Coast Air Quality Management District 
(SCAQMD) conducted the second Multiple Air Toxics and Exposure Study (MATES-II) in the 
South Coast (Los Angeles) Air Basin (SoCAB) that consisted of air quality monitoring and 
modeling of air toxics and risk and exposure calculations.  MATES-II concluded that 70% of the 
risk of premature death due to exposure to air toxics in the SoCAB was due exposure to diesel 
PM.  Thus, the use of biodiesel fuel could have a beneficial effect on air toxics risk and 
exposure. 
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Purpose  
 
This document is the Task 5 Report for the NREL “Impacts of Biodiesel Fuels on Air Quality 
and Human Health “ study.  The objective of Task 5 is to estimate the effects of the use of 
biodiesel fuels on air toxics and resultant risk, exposure, and human health. Annual air toxics 
modeling of the South Coast (Los Angeles) Air Basin (SoCAB) region of Southern California 
was conducted for a standard diesel and two biodiesel fuel scenarios and the effects on risk and 
exposure were calculated. 
 
 
OVERVIEW OF APPROACH 
 
As part of the Multiple Air Toxics Exposure Study (MATES-II), the South Coast Air Quality 
Management District (SCAQMD) applied the UAM-Tox photochemical and air toxics grid 
model for a year (April 1998-March 1999).  Air toxic concentration estimates were obtained 
across the South Coast (Los Angeles) Air Basin (SoCAB) for approximately 50 toxic 
compounds.  The UAM-Tox used a 105 by 60 horizontal array of 2-km by 2-km grid cells to 
cover the SoCAB and five vertical layers up to a region top of 2-km above ground level (AGL). 
Hourly three-dimensional meteorological inputs were generated for April 1, 1998 through March 
31, 1999 using the CALMET diagnostic meteorological model and surface and upper-air 
meteorological observations.  The UAM-Tox emissions inventory inputs were generated by the 
SCAQMD for the expanded CB-IV chemical mechanism (TOX mechanism) that explicitly treats 
several organic air toxics including benzene, 1,3-butadiene, acetaldehyde, and formaldehyde 
 
To perform air toxics modeling of the SoCAB to assess the effects of biodiesel fuel use on 
human health, this study built off of a study for the Coordinating Research Council (CRC) and 
Department of Energy (DOE) through NREL Project A-42-2 “Air Toxics Modeling” 
(ENVIRON 2002).  The CRC/DOE air toxics modeling study developed a new CAMx air toxics 
modeling system and applied it to the SoCAB for the MATES-II annual period.   
 
The MATES-II hourly CALMET meteorological inputs and UAM-Tox emission for April 1, 
1998 through March 31, 1999 were acquired from the SCAQMD.  The UAM-Tox model was 
also requested, but the SCAQMD responded that they could not provide the model as it is 
proprietary.  
 
The CALMET diagnostic meteorological model was run for the April 1998 – March 1999 year 
and a CALMET-CAMx converter program was used to convert the CALMET output to the 
meteorological variables and formats needed by CAMx.  CAMx was configured on the same 105 
by 60 2-km by 2-km horizontal grid as UAM-Tox.  CAMx was set up with 6 vertical layers of 
spatially and temporally constant thickness up to a region top of 2,000-m AGL.  The UAM-Tox 
TOX mechanism species emissions were combined to generate standard CB4 mechanism input.  
Air toxics compounds for the following species were extracted from the MATES-II emissions 
database for separate modeling: 
 

• Benzene 
• 1,3-Butadiene 
• Acetaldehyde 
• Formaldehyde 
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• Chromium 
• Hexavalent chromium 
• Diesel Particulate Matter 
• Elemental Carbon1 

 
According to the MATES-II report, these compounds contributed over 90% of the risk associated 
with air toxics in the SoCAB (SCAQMD, 2000).   
 
Note that elemental carbon (EC) and chromium are not air toxics, but are carried as a separate 
species to aid in the model performance evaluation. 
 
The CAMx reactive tracers (RTRAC) approach was used to simulate the fate and transport of air 
toxics in the SoCAB.  The reactive tracers operate in parallel to the host photochemical grid 
model extracting chemical transformation, decay, and deposition information for each toxic 
species from the host model (ENVIRON, 2002). 
 
The CAMx model was run for the April 1998 – March 1999 period and the modeled air toxics 
estimates were compared against the observed values from the MATES-II field study to assess 
model performance. 
 
The effects of a 100% and 50% penetration of a 20%/80% biodiesel/diesel fuel (B20) into the 
Heavy Duty Diesel Vehicle (HDDV) fleet on diesel PM emissions was implement in the 1997 
baseline emissions that were based on the EMFAC 2000 mobile source emissions model.  The 
effects of the B20 fuel use on the toxicity of the diesel PM was also accounted for in the risk and 
exposure calculations.  Finally, the risk and exposure from the use of standard diesel versus 
biodiesel was estimated for the SoCAB. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1  The species that comprise elemental carbon may consist of several carbon compounds and varies by    
measurement technique. 
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2.  DEVELOPMENT OF MODEL INPUTS 
 
 
Inputs for the Comprehensive Air-quality Model with extensions (CAMx, www.camx.com) air 
toxics modeling system were developed for the South Coast (Los Angeles) Air Basin (SoCAB) 
for the April 1, 1998 through March 31, 1999 annual modeling period.  The modeling database 
was built off of the 1998/1999 Multiple Air Toxics Exposure Study (MATES-II) that used the 
UAM-Tox model (SCAQMD, 1999).  CAMx uses mass conservative and mass consistent 
transport schemes and uses more and a different vertical layer system (constant above ground) 
than the UAM-Tox (spatially and temporally varying tied to the mixing), thus the MATES-II 
modeling databases could not be used directly so a new April 1998 – March 1999 annual 
modeling database had to be developed. 
 
 
MODELING DOMAIN 
 
CAMx was operated on the same 210-km by 120-km modeling domain that covered the SoCAB 
as used by the UAM-Tox model in MATES-II.  The horizontal grid consisted of an array of 105 
by 60 2-km by 2-km grid cells.  CAMx was operated with six vertical layers up to a 2,000-m 
above ground level (AGL) region top with vertical layer interface heights as follows (m AGL): 
 

• 0-m 
• 20-m 
• 100-m 
• 500-m 
• 1000-m 
• 1500-m 
• 2000-m 

 
 
METEOROLOGICAL INPUTS 
 
The CALMET meteorological model (Scire et al., 1999) was used to develop hourly three-
dimensional meteorological inputs for the SoCAB and the 1998/1999 year.  CALMET employs a 
diagnostic wind model (DWM) that uses surface and aloft meteorological observations and 
empirical algorithms to diagnose several wind flow features due to complex terrain, such as 
slope flows, blocking/deflection, channeling, etc.  Other meteorological variables, including 
temperatures, pressure, relative humidity, mixing heights, etc., are interpolated from the 
observations.  Since CALMET is a diagnostic meteorological model, the meteorological 
variables are not necessarily balanced by the governing equations of motion.  Any balance comes 
from the observed upper-air meteorological variables that are interpolated in CALMET. 
 
The CALMET input files for April 1998 through March 1999 and SoCAB were obtained from 
the SCAQMD.  These files included observations for approximately 90 surface meteorological 
sites and 4 to 11 upper-air meteorological observation sites.  Figure 2-1 displays the locations of 
these sites in the SoCAB. 

http://www.camx.com/
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The CALMET output was processed to the variables and formats needed by CAMx using the 
CALMET-CAMx converter program that was obtained from the California Air Resources Board 
(ARB).  A key input to CAMx is the vertical turbulent exchange coefficients or vertical diffusion 
coefficient (i.e., level of mixing).  The ARB CALMET-CAMx converter program used 
algorithms from the CALGRID photochemical grid model to define the vertical diffusivities.  A 
test run of CAMx for April 1998 was initiated and the model stopped after a few days with an 
error in the vertical transport step.  The problem was traced to the CALMET meteorological 
variables that were not in balance with each other.  These problems tended to occur at an upper-
air meteorological site where an incomplete hourly sounding was taken, such as a radar profiler 
that measured winds but not temperatures.  In this case, the temperatures at the site location are 
interpolated from other sites so were not necessarily in balance with the local radar profiler 
observed winds.  For hours in which the CALMET meteorological variables were so out of 
balance that the CAMx vertical transport algorithm failed to converge, the wind fields were 
replaced by interpolated ones from the previous and subsequent hours.  This resulted in a 
laborious process of running CALMET, running the CALMET-CAMx converter, and then 
running CAMx to identify problems in the meteorological fields that caused the model to abort.  
The problems in the meteorological fields would then be fixed using the procedures above and 
the process was repeated over again.  There were approximately 40 instances of this problem 
occurring throughout the April 1998 – March 1999 year (i.e. 40 hours out of 8700 hours/yr. or 
0.5% of the time). 
 
Note that although the interpolated wind fields fixed the cases when CALMET meteorological 
variables were so out of balance with each other that the CAMx vertical transport algorithm 
failed to converge, this occurrence points to fundamental problems in the CALMET 
meteorological fields when used with mass conservative and consistent models, such as CAMx.  
Although the model appears to be running, there will always be questions whether the CALMET 
wind fields adequately characterize transport due to their technical deficiencies.  It is highly 
recommended that future air toxics modeling of the SoCAB make use of a meteorological model 
that produces dynamically balanced fields such as the MM5 or RAMS prognostic meteorological 
models. 
 
 
AIR QUALITY DATA 
 
The MATES-II field study program collected up to 30 gaseous and particulate species at 10 fixed 
sites as follows (see Figure 2-2): 
 

• Burbank 
• Los Angeles 
• Huntington Park 
• Pico Rivera 
• Compton 
• Long Beach 
• Wilmington 
• Anaheim 
• Rubidoux 
• Fontana 
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The MATES-II period of interest was April 1998 through March 1999.  Collection of ambient 
data at all of the sites was terminated on March 31, 1999.  The starting dates varied by site: 6 
sites were started in April 1998, Rubidoux started in May 1998, Huntington Park started in June 
1998, and Wilmington and Compton started in July 1998. 
 
Laboratories at the SCAQMD and the California Air Resources Board (ARB) performed the 
analysis of the samples.  When a measured air toxic species was below the detection limit, it was 
set to half of the detection limit.  Note that the SCAQMD and ARB laboratories had different 
detection limits for some species. 
 
 
INITIAL AND BOUNDARY CONDITIONS 
 
The same initial concentrations and boundary conditions (IC/BC) as reported in the MATES-II 
UAM-Tox modeling was used for the CAMx/RTRAC air toxics modeling (SCAQMD, 1999).  
The air toxic boundary conditions used in this study are shown in Table 2-1. 
 

Table 2-1.  Initial and boundary conditions used 
for the CAMx/RTRAC air toxics modeling. 
 
Species 

IC/BC 
(µg/m3) 

Benzene 0.640 
1,3-Butadiene 0.008 
Acetaldehyde 1 0.008 
Formaldehyde 1 0.540 
Chromium 0.000041 
Hexavalent Chromium 8.2E-14 
Diesel Particulate Matter2 0.450 
Elemental Carbon 0.450 

1Primary and secondary acetaldehyde and formaldehyde were modeled as 
separate species with a zero IC/BC for the primary species and values in 
Table 2-1 for the secondary species. 
2Elemental Carbon (EC) is also called Light Absorbency Carbon (LAC) 
or Soot may consist of other compounds besides EC depending on the 
measurement technique utilized. 

 
 
For the photochemical host model, fairly clean initial and boundary conditions were used of 40 
ppb ozone, 1.5 ppb NOx, and approximately 30 ppbC VOC. 
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Figure 2-1.  Location of surface meteorological (red x), upper-air meteorological (blue diamonds), and precipitation (green boxes) 
sites in the SoCAB used for the April 1998 – March 1999 CALMET modeling. 
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Figure 2-2.  Location of the 10 MATES-II fixed sites air toxics samplers. 
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EMISSIONS 
 
The SCAQMD provided the MATES-II UAM-Tox hourly emissions files for the 98/99 year in 
two forms: 
 

• Gaseous species speciated for the UAM-Tox extended CB4 air toxics chemical 
mechanism (the TOX mechanism); and 

• Particulate Matter species that were separated into the fine (< 2.5 µm) and the coarse 
(2.5-10 µm) fractions. 

 
The gaseous TOX chemical mechanism emission species were mapped into the standard CB4 
mechanism species using the carbon bond mechanism mapping rules.  Selected air toxic 
compounds species were extracted from the gaseous and particulate MATES-II emissions 
databases for treatment by the CAMx reactive tracer modeling as follows: 
 

• BENZ – benzene 
• BUTA – 1,3-butadiene 
• PACET – primary acetaldehyde 
• PFORM – primary formaldehyde 
• CRC – chromium PM2.5 
• CRF – chromium PM2.5-10 
• CR6F – hexavalent chromium PM2.5 
• CR6C – hexavalent chromium PM2.5-10 
• DSLF – diesel particulate matter PM2.5-10 
• DSLC – diesel particulate matter PM2.5-10 
• ECF – elemental carbon PM2.5 
• ECC – elemental carbon PM2.5-10 

 
Note that when performing the CAMx reactive tracer simulation, two additional air toxic 
compound tracers are simulated and are tracked separately: 
 

• SACET – secondary acetaldehyde 
• SFORM – secondary formaldehyde 

 
In each grid cell and at each integration time step, the amount of acetaldehyde and formaldehyde 
that is formed by chemistry in the CAMx host photochemical grid model is added to the SACET 
and SFORM reactive tracer species.  Note that when tracking separate families of air toxics (e.g., 
mobile, point, and area source), the secondarily formed compounds are allocated to their own 
family (i.e., they are not attributed to any specific emissions source category or geographic 
region).  Details on the development of the CAMx RTRAC air toxics modeling capability can be 
found in the CRC/DOE Project A-42-2 Air Toxics Modeling final report (ENVIRON, 2002). 
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EMFAC2000 Emissions Update 
 
The MATES-II emissions data mobile source emissions estimates were based on the EMFAC7G 
mobile source emissions model.  More recently, the ARB has released the EMFAC2000 
emissions model that contains many updates and improvements.  The MATES-II EMFAC7G 
mobile source emission estimates were updated using EMFAC2000.  However, the DTIM2 
traffic output for the 1998/1999 year used to develop the MATES-II mobile source emissions 
were not available.  Thus, the MATES-II EMFAC7G mobile source emissions were updated to 
EMFAC2000 by applying a basin-wide adjustment to all on-road mobile source emissions using 
EMFAC2000 and EMFAC7G simulations for summer and winter periods.  For spring and fall, 
an average of the summer and winter adjustment factors were used.  Table 2-2 summarizes the 
EMFAC2000/EMFAC7G mobile source emissions adjustment factors that were used. 

 
Table 2-2.  Emissions adjustment factors used to update the MATES-II 
EMFAC7G on-road mobile source emissions to EMFAC2000 levels. 
Species Summer Winter Spring/Fall 
VOC 1.544 1.417 1.481 
NOx 1.260 1.374 1.317 
CO 1.937 1.465 1.701 
PM 1.081 1.081 1.081 

 
 
Emission Totals 
 
Table 2-3 summarizes the annual average emissions in the SoCAB for the air toxic compounds 
being modeled in this study.  Emission totals are presented for both the MATES-II emissions 
inventories based on EMFAC7G and the emissions updated to EMFAC2000.  The EMFAC2000 
emissions update increases the on-road mobile source contributions to all air toxics.  For 
example, the mobile source benzene contribution to total benzene emissions in the SoCAB is 
increased from 70% using EMFAC7G to 77% using EMFAC2000 due to the almost 50% higher 
VOC emissions in EMFAC2000 as compared to EMFAC7G (Table 2-2).  There were smaller 
changes in the PM species, with on-road mobile diesel PM emissions increasing by 
approximately 8% (Table 2-2) for a basin-wide increase of approximately 4% (Table 2-3). 
 
The host model CB4 photochemical emissions inventory inputs were also updated to 
EMFAC2000 using the adjustment factors listed in Table 2-2. 
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Table 2-3.  Summary of annual air toxics emission totals (lb/day) for the South Coast Air Basin 
(SoCAB) from MATES-II using EMFAC7G and updated using EMFAC2000. 
Pollutant On-Road Off-Road Point AB2588 Area Total 

MATES-II Emissions Based on EMFAC7G 
Benzene 21308.8 6338.1 245.7 267.4 2379.9 30540.0
1,3-Butadiene 3852.8 1557.0 9.7 2.0 369.9 5791.5
Acetaldehyde 5242.4 5403.1 45.8 57.1 185.2 10933.6
Formaldehyde 16270.2 15780.1 581.2 674.4 1075.4 34381.2
Chromium 2.3 2.6 5.0 2.2 291.1 303.3
Hexavalent Chromium 0.4 0.4 0.5 1.0 0.0 2.3
Diesel PM 23042.1 18249.6 0.0 5.4 806.0 42103.2
Elemental Carbon 26669.5 5586.6 762.9 0.0 25326.7 58345.6

Updated Emissions Using EMFAC2000 
Benzene 31547.7 6338.1 245.7 267.4 2379.9 40778.9
1,3-Butadiene 5704.1 1557.0 9.7 2.0 369.9 7642.8
Acetaldehyde 7761.4 5403.1 45.8 57.1 185.2 13452.6
Formaldehyde 24088.0 15780.1 581.2 674.4 1075.4 58469.2
Chromium 2.5 2.6 5.0 2.2 291.1 303.5
Hexavalent Chromium 0.4 0.4 0.5 1.0 0.0 2.3
Diesel PM 24908.5 18249.6 0.0 5.4 806.0 43969.6
Elemental Carbon 28829.7 5586.6 762.9 0.0 25326.7 60505.8
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3. AIR TOXICS MODELING MODEL PERFORMANCE 
EVALUATION USING THE MATES-II DATABASE 

 
 
This section presents the results for the CAMx annual air toxics model base case simulation of 
the MATES-II April 1998 through March 1999 year and the model performance evaluation.  
Results are presented for the CAMx air toxics base case simulation using EMFAC2000 mobile 
source emissions and standard diesel fuel.  The CAMx air toxics modeling results were evaluated 
against the measured air toxic compound concentrations at the 10 MATES-II monitoring sites 
(Figure 1-2) for the following species: 
 

• Benzene; 
• 1,3-Butadiene 
• Acetaldehyde; 
• Formaldehyde; 
• Chromium;  
• Hexavalent chromium; and 
• Elemental carbon1 

 
Note that elemental carbon (EC) is not an air toxic compound but is used as a surrogate to assist 
in the evaluation of the modeling system for diesel particulate matter.  A large fraction of diesel 
particulate matter (PM) is emitted as EC (64% according to the MATES-II report, SCAQMD 
2000).  Gray estimates that 67% of the EC in the SoCAB come from diesel emissions.  Thus, the 
EC evaluation is used as a surrogate to provide an indication of the performance of the modeling 
system for diesel PM.  Since diesel PM consists of several different components that cannot be 
measured separately in the atmosphere, it cannot be separately evaluated.  However, it should be 
pointed out that gasoline combustion, vegetative burning, charboiling, and other sources also 
emit EC (see Table 2-3).  Thus, EC is not a unique tracer species for diesel combustion.  
Therefore, care should be taken in using the EC performance as a quantitative measure of the 
model’s ability to simulate diesel PM. 
 
Model performance statistics were calculated for the seven air toxic pollutants listed above.  
Currently there are no model performance goals or objectives for air toxic species.  The EPA 
UATMG Houston and Phoenix air toxic modeling demonstration studies exhibited fairly poor 
model performance (EPA, 1999).  Whereas, the performance of the MATES-II UAM-Tox 
modeling ranged from fair to poor (SCAQMD, 2000).  The following model performance 
measures were calculated in this study using the 24-hour average MATES-II observation 
database: 
 

Number of Predicted/Observed Pairs: The number of predicted and observed pairs 
matched by time (day) and location (10 MATES-II) sites provide a measure of the 
robustness of the model performance statistics. 
 
Average Predicted and Observed: A comparison of the average predicted and observed 
values provides a measure of how well the model agrees with the observations on 
average. 
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Bias, Gross Error, and Root Mean Squared Error (RMSE): The bias, gross error, and 
RMSE are the average signed and unsigned (absolute value) difference and the square 
root of the square of the average difference in the predicted and observed concentrations 
in terms of µg/m3 (or ng/m3 for chromium and hexavalent chromium). 
 
Fractional Bias and Error: The fractional bias and error are presented in terms of percent 
and are the bias and gross error of the predicted and observed concentrations normalized 
by the average of the predicted and observed values. 
 
Normalized Bias and Error: The normalized bias and error are also presented in terms of 
percent and are the bias and gross error normalized by the observed value. 

 
In calculating these performance statistics, no concentration thresholds were used (i.e., all 
predicted and observed pairs were used).  Note that EPA has published ozone model 
performance goals for the normalized bias (≤ ± 15%) and gross error (≤ 35%) (EPA, 1991).  
However, the EPA ozone performance measures use an observed cutoff level that is typically 60 
ppb to avoid dividing by an observed concentration near zero.  As many of the air toxics 
compound measurements are near or close to the detection limit, then the normalized and 
fractional bias measures are going to exhibit much higher percentage differences than seen for 
ozone.  Thus, we place more emphasis on the absolute measures of model performance (e.g., bias 
and gross error) and visual aids (e.g., scatter plots) and less on statistical measures that divide by 
a concentration (i.e., the fractional and normalized measures). 
 
Although there are no performance goals for air toxics modeling, Seigneur, Lohman, and Pun 
(2002) performed a critical review of air toxics modeling and noted uncertainties in the 
individual air toxics VOC species on the order of a factor of 2 or 3. 
 
 
MODEL PERFORMANCE EVALUATION 
 
Summary model performance statistics for each of the seven evaluation species are shown in 
Tables 3-1 through 3-7.  Note that for the PM species (chromium, hexavalent chromium, and 
elemental carbon), only the fine component of the PM (PM2.5) was compared with the observed 
fine components because there were no observations available for the coarse (PM2.5-10) 
components of the species in the MATES-II observational database. 
 
 
Benzene 
 
Also shown in Figure 3-1 is a solid line representing the 1:1 line of perfect agreement and dotted 
lines representing agreement within a factor of two.  Figure 3-1 displays a scatter plot of 24-hour 
average predicted and observed benzene concentrations for the CAMx air toxics modeling 
system of the MATES-II annual period.  The average model benzene estimates are 
approximately 55% greater than the observed value.  Most of the predicted and observed 24-hour 
benzene pairs are within a factor of 2 of each other and they are almost always within a factor of 
3.  The model predictions are loosely correlated with the observations with an r-squared value of 
0.24. 



 
 
 
 
 

3-3 

 
Table 3-1.  Summary model performance evaluation 
statistics for benzene (predicted minus observed,  
positive bias implies overprediction). 

CAMx 
EMFAC2000 

N 499
Average Observed (µg/m3) 3.5793
Average Predicted (µg/m3) 5.5540
Bias (µg/m3) 1.9747
Gross Error (µg/m3) 2.8501
RMSE(µg/m3) 3.7184
Fractional Bias (%) 51.6827
Fractional Error (%) 66.5515
Normalized Bias (%) 133.0869
Normalized Error (%) 144.8457
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Figure 3-1.  Scatter plot of predicted and observed 24-hour benzene concentrations (µg/m3) with 
solid 1:1 line and dotted lines representing envelope of within a factor of 2.
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1,3-Butadiene 
 
The model underestimates the observed average 1,3-butadiene concentrations by approximately 
40% with an average observed value of approximately 1 µg/m3 and an average predicted value of 
approximately 0.6 µg/m3.  The model fails to estimate the very highest observed 1,3-butadiene 
values > 3 µg/m3 as the model predictions are always under 3 µg/m3 (see Figure 3-2).  This may 
be partly due to source-receptor impacts that are subgrid-scale to the 2-km grid resolution used in 
this study.  The CAMx air toxics modeling system subgrid-scale point source module was not 
used in this application since the focus was on diesel PM impacts that are more regional in 
nature.  In any event, the model predictions are well within the uncertainties of a factor of 2-3 
reported by Seigneur and co-workers (2002). 
 

Table 3-2.  Summary model performance evaluation 
statistics for 1,3-butadiene (predicted minus observed, 
positive bias implies overprediction). 

CAMx 
EMFAC2000 

N 499
Average Observed (µg/m3) 0.9987
Average Predicted (µg/m3) 0.6081
Bias (µg/m3) -0.3906
Gross Error (µg/m3) 0.5983
RMSE(µg/m3) 0.9602
Fractional Bias (%) -30.0836
Fractional Error (%) 71.5459
Normalized Bias (%) 12.5738
Normalized Error (%) 80.1203
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Figure 3-2.  Scatter plot of predicted and observed 24-hour 1,3-butadiene concentrations (µg/m3) 

with solid 1:1 line and dotted lines representing envelope of within a factor of 2. 
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Acetaldehyde 
 
The model overestimates the average observed acetaldehyde concentration (3.0 µg/m3) by 
approximately 80 percent (5.6 µg/m3).  A majority of the observed 24-hour acetaldehyde 
concentrations are reproduced to within a factor of 2 (Figure 3-3).  This is in contrast to the 
MATES-II UAM-Tox modeling that underestimated most of the observed acetaldehyde 
concentrations by over a factor of 2 (SCAQMD, 2000; ENVIRON, 2002).  It is interesting to 
note that most of the CAMx acetaldehyde estimates are above 2 µg/m3, whereas there are 
numerous observed values below 2µg/m3 (Figure 3-3).  The reasons for this are unclear as the 
boundary conditions are well below 2 µg/m3  (see Table 2-1). 
 

Table 3-3.  Summary model performance evaluation 
statistics for acetaldehyde (predicted minus observed,  
positive bias implies overprediction). 

CAMx 
EMFAC2000 

N 490
Average Observed (µg/m3) 3.0470
Average Predicted (µg/m3) 5.5758
Bias (µg/m3) 2.5287
Gross Error (µg/m3) 2.9601
RMSE(µg/m3) 3.9127
Fractional Bias (%) 63.0566
Fractional Error (%) 71.8629
Normalized Bias (%) 328.8876
Normalized Error (%) 336.0885
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Figure 3-3.  Scatter plot of predicted and observed 24-hour acetaldehyde concentrations (µg/m3) 
with solid 1:1 line and dotted lines representing envelope of within a factor of 2. 
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Formaldehyde 
 
The model simulation exhibits an overprediction tendency of the average observed formaldehyde 
of approximately 90% (Table 3-4).  As was seen for acetaldehyde, the CAMx simulation 
formaldehyde estimates appear to not go below approximately 2 µg/m3 (Figure 3-4).  It should be 
noted that formaldehyde and acetaldehyde are “lumped species” in the CB4 chemical mechanism 
so include other compounds besides pure formaldehyde and acetaldehyde.  It should also be 
noted that these are also difficult species to measure and some measurement techniques will be 
incomplete.  Thus, we would expect the model to overestimate the observed formaldehyde and 
acetaldehyde. 

 
Table 3-4.  Summary model performance evaluation 
statistics for formaldehyde (predicted minus observed, 
positive bias implies overprediction). 

CAMx 
EMFAC2000 

N 502
Average Observed (µg/m3) 4.8413
Average Predicted (µg/m3) 9.1052
Bias (µg/m3) 4.2639
Gross Error (µg/m3) 5.2589
RMSE(µg/m3) 6.9849
Fractional Bias (%) 60.5307
Fractional Error (%) 75.2718
Normalized Bias (%) 576.5912
Normalized Error (%) 588.2816
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Figure 3-4.  Scatter plot of predicted and observed 24-hour formaldehyde concentrations (µg/m3) 

with solid 1:1 line and dotted lines representing envelope of within a factor of 2. 
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Chromium PM2.5 
 
The model estimates much higher average fine particulate chromium values than observed.  As 
seen in the scatter plot in Figure 3-5, there are numerous observed PM2.5 chromium values near 
zero that have been set to half the detection limit when it was below the instrument detection 
limit.  Note that because of their low concentrations, chromium and hexavalent chromium results 
are presented in terms of nanograms per cubic meter (ng/m3) rather than the usual micrograms 
per cubic meter (µg/m3) that is used for the other species (1000 ng/m3 = 1 µg/m3). The CAMx 
estimated average chromium concentration (12.5 ng/m3) is approximately 2.5 times the average 
observed value (see Table 3-5). Clearly the overprediction tendency is partly an emissions and/or 
measurement issue; subgrid-scale processes may also be involved.  Although the CAMx air 
toxics modeling system model performance is poor, the CAMx overprediction (factor of 2.5) is 
not as severe as seen in the MATES-II UAM-Tox modeling (factor of 4.5) for chromium PM2.5 
(SCAQMD, 2000; ENVIRON, 2002). 
 

Table 3-5.  Summary model performance evaluation 
statistics for chromium PM2.5 (predicted minus observed, 
positive bias implies overprediction). 

CAMx 
EMFAC2000 

N 429
Average Observed (ng/m3) 4.8157
Average Predicted (ng/m3) 12.5488
Bias (ng/m3) 7.7331
Gross Error (ng/m3) 9.7548
RMSE(ng/m3) 12.7754
Fractional Bias (%) 88.0641
Fractional Error (%) 110.8636
Normalized Bias (%) 620.7668
Normalized Error (%) 637.1380
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Figure 3-5.  Scatter plot of predicted and observed 24-hour chromium concentrations (µg/m3) 
with solid 1:1 line and dotted lines representing envelope of within a factor of 2. 
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Hexavalent Chromium 
 
The model also overestimates hexavalent chromium (CrVI).  For CrVI, the SCAQMD and ARB 
laboratory equipment had two different detection limits that are readily apparent in the scatter 
plot as vertical lines in Figure 3-6.  As shown in Table 3-6, the average observed CrVI (0.18 
ng/m3) is overestimated by the CAMx air toxics modeling system by a factor of 2 (0.39 ng/m3). 
Note that this compares with a factor of 4 average overprediction tendency by the UAM-Tox in 
the MATES-II modeling (SCAAQMD, 2000; ENVIRON, 2002). 
 

Table 3-6.  Summary model performance evaluation 
statistics for Hexavalent Chromium PM2.5 (predicted  
minus observed, positive bias implies overprediction). 

CAMx 
EMFAC2000 

N 486
Average Observed (ng/m3) 0.1807
Average Predicted (ng/m3) 0.3874
Bias (ng/m3) 0.2067
Gross Error (ng/m3) 0.2944
RMSE(ng/m3) 0.5162
Fractional Bias (%) 34.1689
Fractional Error (%) 79.4204
Normalized Bias (%) 202.9212
Normalized Error (%) 234.8527
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Figure 3-6.  Scatter plot of predicted and observed 24-hour hexavalent chromium concentrations 
(µg/m3) with solid 1:1 line and dotted lines representing envelope of within a factor of 2. 
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Elemental Carbon 
 
The evaluation of elemental carbon (EC) is presented as a surrogate for diesel particles.  
However, not all EC is due to diesel combustion and not all diesel particles are EC, so the 
evaluation link between EC and diesel particles is purely qualitative.  Furthermore, the species 
that make up elemental carbon may consist of other compounds and varies by measurement 
technique. 
 
The model exhibits fairly good model performance for EC, overpredicting the average observed 
EC value (3.4 µg/m3) by approximately 0.5 µg/m3 (16%) (Table 3-7).  The model performance 
for EC is better than for the other species examined with fractional bias of about 14% (CAMx).  
As seen in the scatter plot in Figure 3-7, the model reproduces most of the 24-hour EC 
observations to within a factor of 2 and the model estimates are loosely correlated with the 
observations (r2 = 0.31). 
  

Table 3-7.  Summary model performance evaluation 
statistics for Elemental Carbon PM2.5 (predicted minus observed, 
positive bias implies overprediction). 

CAMx 
EMFAC2000 

N 426
Average Observed (µg/m3) 3.3912
Average Predicted (µg/m3) 3.9496
Bias (µg/m3) 0.5584
Gross Error (µg/m3) 1.7332
RMSE(µg/m3) 2.3485
Fractional Bias (%) 14.4090
Fractional Error (%) 48.3003
Normalized Bias (%) 42.1979
Normalized Error (%) 68.5887
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Figure 3-7.  Scatter plot of predicted and observed 24-hour elemental carbon concentrations 
(µg/m3) with solid 1:1 line and dotted lines representing envelope of within a factor of 2. 
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SPATIAL DISTRIBUTION OF AIR TOXIC CONCENTRATIONS 
 
The spatial distributions of the estimated air toxic concentrations were examined for each of the 
species to obtain insight to the source regions and impact areas. The annual average spatial 
distribution of each air toxics species is presented in Appendix A. 
 
 
Benzene 
 
The spatial distribution of the CAMx estimated annual benzene concentrations clearly follow the 
major roadways in the SoCAB (Appendix A).  The maximum benzene concentration of 1.1 ppb 
(0.0011 ppm) occurs in downtown Los Angeles at the confluence of the 5, 10, 60, and 110 
freeways.  From downtown Los Angeles, there are high estimated benzene concentrations 
heading directly west toward the coast following the 10 freeway to Santa Monica.  South of 
Santa Monica is a more isolated benzene maximum that is centered over the LAX airport.  
Heading east from downtown Los Angeles, freeways 10 and 60 are clearly evident in the 
benzene concentration patterns as the two freeways come together in Riverside.  There are also 
estimated elevated benzene concentrations in northern Orange County centered over Anaheim 
and then a trail heading east from Anaheim following freeway 91 to Riverside.  The fact that the 
estimated benzene concentrations follow the major roadways is not surprising given that almost 
80% of the benzene emissions in the SoCAB are attributable to on-road mobile sources (see 
Table 2-3). 
 
 
1,3-Butadiene 
 
Although on-road mobile sources also dominate the 1,3-butadiene emissions in the SoCAB, 
contributing approximately 75% (See Table 2-3), the spatial patterns of the 1,3-butadiene 
concentration estimates are very different from benzene.  The major feature of the CAMx 
estimated annual distribution of 1,3-butadiene concentrations is the presence of a blob of highest 
1,3-butdiene concentrations centered over the LAX airport where annual average concentrations 
approaching 0.5 ppb occur.  Although elevated 1,3-butadiene concentrations are seen over 
downtown Los Angeles and Anaheim, the peaks appear to be under 0.15 ppb and are much lower 
than the elevated blob over LAX of 0.25-0.50 ppb.  When using a lower scale in the spatial plot 
(not shown), the roadways begin to appear in the 1,3-butadiene concentration distribution, but 
the presence of the LAX airport is still the dominant feature.  The reasons why LAX is so 
dominant in the 1,3-butadiene concentrations distributions are unclear but are believed to be due 
to the following: 
 

• Highly concentrated emissions of 1,3-butadiene from on-road and non-road (e.g., 
aircraft) sources; 

• Coastal environment with very little vertical and horizontal mixing that limits the 
dispersal of pollutants;  

• A highly reactive compound that decays quickly so is not transported far; and 
• Relatively lower photochemical oxidants on the coast as compared the interior of the 

domain that result in slower 1,3-butadiene decay rates at LAX compared to further 
inland. 
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Acetaldehyde 
 
Appendix A contains spatial plots of primarily emitted and secondarily formed annual average 
acetaldehyde concentrations.  Primary acetaldehyde concentrations have two major hot spots 
where annual average concentrations exceed 1 ppb: the LAX airport on the west coast near El 
Segundo; and the Ports of Long Beach and Los Angeles down by Long Beach.  Over the rest of 
the SoCAB, the primary acetaldehyde concentrations are 0.5 ppb or less. 
 
The spatial distribution of secondary acetaldehyde concentrations is very different from primary 
acetaldehyde.  Secondary acetaldehyde increases in concentrations going inland from west to 
east across the domain and peaking at 1-2 ppb in the Riverside/Ontario area and in the San 
Gabriel Mountains north of Glendora.  Not surprisingly, the pattern of secondary acetaldehyde is 
somewhat similar to what is sometimes seen for ozone, another secondary pollutant.  Appendix 
A also has ratios of the annual average primary to total acetaldehyde concentrations.  Except for 
the LAX airport and port area near Long Beach, secondary acetaldehyde accounts for over 70 
percent of the total acetaldehyde concentration.  Eliminating LAX, the Port, and the downtown 
centers of Los Angeles and some of the other major cities, secondary acetaldehyde contributes 
90 percent or more to the total acetaldehyde concentrations over a majority of the SoCAB. 
 
 
Formaldehyde 
 
LAX and the Port area are also two hot spots for primary formaldehyde concentrations where 
annual average concentrations of 3-8 ppb are estimated to occur (Appendix A).  The city centers 
of Los Angeles and Anaheim are also clearly evident in the annual average primary 
formaldehyde spatial distribution. The gradient of secondary formaldehyde concentrations going 
west to east is not as pronounced as seen for acetaldehyde.  The peak formaldehyde over the San 
Gabriel Mountains north of Glendora appears to be higher than over the Riverside/Ontario area, 
whereas for secondary acetaldehyde the reverse was true.  This is believed to be due to the higher 
formaldehyde yields from biogenic VOC emissions (i.e., isoprene) that are more prevalent in the 
San Gabriel Mountains. 
 
The amount of primary formaldehyde to total formaldehyde is greater than seen for 
acetaldehyde.  This is mainly because there are 4 times as much primary formaldehyde emissions 
as primary acetaldehyde emissions (see Table 2-3). 
 
Primary formaldehyde accounts for over 60 percent of the total formaldehyde over the LAX 
airport and Port regions.  Away from those areas in the populated regions of the basin, primary 
formaldehyde accounts for 25-50% and secondary formaldehyde accounts for 50-75% of the 
total formaldehyde.  Secondary formaldehyde dominates the total formaldehyde concentrations 
in the more rural and remote areas of the SoCAB. 
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Chromium 
 
Spatial maps of annual average fine and coarse PM chromium concentrations are contained in 
Appendix A.  The distribution of the chromium appears to follow the roadways.  The coarse 
mode chromium appears to be higher than the fine mode with very high concentrations out in the 
Riverside/Ontario/San Bernardino areas, whereas the fine mode has higher concentrations in the 
downtown Los Angeles area.  The reasons for these differences in the spatial distribution of fine 
versus coarse model chromium estimates are unclear as only model-ready gridded emissions 
were provided so we cannot go back to the raw emissions data to identify the source categories 
that cause these differences.  However, we do know that, as currently formulated, the fate of 
whether chromium resides in the fine or coarse mode is based on how it is split in the emissions 
inventory.  The current implementation of chromium in CAMx does not allow the particles to 
grow and transfer from the fine to coarse modes or vice versa.  The relatively high amounts of 
coarse mode chromium estimates raises questions regarding the adequacy of the MATES-II 
procedures to measure just the fine mode of this species. 
 
 
Hexavalent Chromium 
 
The spatial distribution of hexavalent chromium (CrVI) is very spotty and not at all related to the 
distributions of roadways in the SoCAB.  There appears to be six isolated fine mode CrVI hot 
spots, five in Los Angeles and one in San Bernardino County.  However, there appears to be 
many more (> 20) coarse mode CrVI hot spot locations.  The coarse mode CrVI estimates are 
much greater than the fine mode CrVI estimates over most of the domain.  Again, these results 
raise questions regarding the MATES-II approach to just make fine mode measurements to 
evaluate the model for a species that resides mainly in the coarse mode.  If another air toxic 
sampling study is conducted in the SoCAB, resources should be allocated to measure coarse 
mode chromium and CrVI. 
 
 
Diesel Particles 
 
The estimated diesel particle concentrations reside almost completely within the fine PM mode 
(Appendix A).  There are high estimated concentrations of diesel PM due to emissions from the 
Ports of Long Beach and Los Angeles, downtown Los Angeles, Anaheim, and areas in the 
Ontario/Riverside/San Bernardino area.  The major roadways are evident in the diesel particle 
concentration estimates.  However, by far the largest source region is the Port area near Long 
Beach where annual average concentrations in excess of 2 µg/m3 stretch from the port area to the 
west out to sea.  The marine vessels, loading/unloading apparatus, and trucking equipment all 
contribute to these high diesel PM concentrations.  Again, since only fully merged emissions 
were available, the relative contributions of these sources to the total diesel PM in the port area 
could not be obtained, but we suspect marine vessels to be a major contributor. 
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“Elemental” Carbon 
 
“Elemental” Carbon (EC) is also mainly in the fine PM mode.  The spatial distributions of 
estimated annual average fine EC concentrations consist of five major elevated EC regions 
superimposed on top of elevated EC concentrations that follow the roadway distribution.  The 
five elevated EC regions are as follows: 
 

• The port area near Long Beach, where the EC is likely primarily due to the diesel 
engines in the marine vessels and support equipment; 

• Downtown Los Angeles where the high EC concentrations are likely due to motor 
vehicle emissions from the confluence of several freeways and congestion; 

• An area up in the San Gabriel Mountains that we suspect may be due to forest fires; 
• Around Ontario; and 
• Around San Bernardino. 

 
Although there is lots of motor vehicle traffic at these latter two high EC concentration locations, 
it is unclear why the annual average at these two locations are higher than other major cities 
(e.g., Anaheim).  It maybe due to a combination of high emissions, prevailing westerly winds 
from upwind source regions, and stagnation.  Vegetative burning (wild fires) may also have 
played a role in these two high EC locations. 
 
The spatial distribution of the coarse EC estimates is quite different and lower than the fine EC 
estimates.  With one notable exception, the distribution of elevated coarse EC follows the 
roadways.  The exception is a bull’s eye annual average coarse EC approaching 2 µg/m3 that 
appears to occur in Upland on freeway 10 just northwest of Ontario.  As only model-ready 
emissions files were provided by the SCAQMD, we could not investigate the details as to what 
in the emissions is causing this coarse EC spike at this location. 
 
 
SUMMARY OF MODEL PERFORMANCE 
 
The CAMx air toxics modeling system exhibited some skill in estimating the MATES-II benzene 
observations.  The differences in the model estimates and observations were well below the 
uncertainties in the emissions inventory and measurements. 
 
The model exhibited an underprediction tendency for 1,3-butadiene and never estimated a 24-
hour 1,3-butadiene concentration > 2 µg/m3, whereas there were over 50 observed occurrences 
throughout the modeling year. 
 
The CAMx reproduced the average observed acetaldehyde concentrations to within a factor of 2 
with an overprediction tendency.  This compares with the MATES-II UAM-Tox underprediction 
tendency on average by a factor of 3 (SCAQMD, 2000).  Given that CAMx and UAM-Tox used 
basically the same chemical mechanism (CB4) and emissions, the reasons for the large 
differences in the CAMx and UAM-Tox acetaldehyde predictions are not known.  The observed 
average formaldehyde is reproduced to within a factor of 2 with the model exhibiting an ~80% 
overprediction tendency.  
 



 
 
 
 
 

3-20 

For fine particulate chromium and hexavalent chromium (CrVI), the model severely 
overestimates the observed concentrations.  The CAMx average overprediction tendency for 
chromium and CrVI is by a factor of approximately 2.5 and 2, respectively.  This compares to 
the MATES-II UAM-Tox overprediction by a factor of 4.5 and 4, respectively (SCAQMD 2000; 
ENVIRON 2002).  
 
The model exhibits much more skill in estimating the observed elemental carbon (EC) 
concentrations with a bias that is within 16% of the average observed value. EC performance is 
used as a surrogate for model performance for diesel PM.  It is fortunate that the model’s best 
model performance is for EC, which suggests the model diesel PM performance may be 
adequate which is the air pollutant we are most interested in for this study. 
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4. EFFECTS OF BIODIESEL FUELS ON RISK AND EXPOSURE 

 
 
The CAMx air toxics modeling system was exercised for the April 1998 through March 1999 
annual MATES-II period for three emission scenarios as follows:  
 

• Standard diesel base case using EMFAC2000 mobile source emissions; 
• 50% penetration in the HDDV fleet of an 20%/80% biodiesel/diesel (B20) fuel; and 
• 100% penetration in the HDDV fleet of a B20 biodiesel fuel. 

 
Under Task 1 of the NREL Biodiesel Air Quality and Human Health Impacts Study, Heavy Duty 
Diesel Vehicle (HDDV) engine test data were analyzed to determine the average effects a B20 
and B100 fuel will have on tailpipe NOx, VOC, CO, and PM emissions and the toxicity of the 
diesel particulate matter (PM).  The following results were found in regards to the diesel PM 
emissions from HDDV engines using a 100% biodiesel fuel (B100) and 20%/80% 
biodiesel/diesel (B20) fuel versus a standard petroleum based diesel fuel (Lindhjem and Pollack, 
2000): 
 

• PM emissions from HDDVs using a B20 fuel were –8.9% those of standard diesel 
(i.e., 8.9 percent lower); 

• PM emissions from HDDVs using a B100 fuel were –55.3% those of standard diesel 
(i.e., 55.3 percent lower); 

• PM emissions from HDDVs using a B20 fuel had –5% the toxicity of standard diesel 
(i.e., 5 percent lower); and  

• PM emissions from HDDVs using a B100 fuel had –25% the toxicity of standard 
diesel (i.e., 25 percent lower). 

 
The resultant diesel particulate matter emissions in the SoCAB for the three emission scenarios 
are given in Table 4-1.  The 8.9 percent reduction in diesel PM from HDDVs for the 100% B20 
penetration scenario results in a total reduction in diesel PM across the SoCAB of 4.7 percent.  
This is due to the fact that HDDV’s are estimated to contribute a little over half (52%) of the 
diesel PM in the SoCAB.  Similarly, the approximately 4.4 percent reduction in HDDV diesel 
PM from the 50% B20 penetration scenario results in a SoCAB-wide reduction in diesel PM of 
2.4 percent. 
 
Table 4-1.  Diesel particulate matter emissions in SoCAB modeling domain for the three 
emission scenarios (lb/day). 

100% B20 Biodiesel 50% B20 Biodiesel Source 
Category 

Standard 
Diesel (lb/day) (lb/day) (%) (lb/day) (%) 

HDDV 23239.6 21171.3 (-8.9) 22205.4 (-4.4)
Other On-Road 1668.9 1668.9 (0.0) 1668.9 (0.0)
Other Diesel 19061.1 19061.1 (0.0) 19061.1 (0.0)
  Total 43969.6 41901.3 (-4.7) 42935.4 (-2.4)
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RISK CALCULATION AND EXPOSURE MODELING 
 
The MATES-II study used species-dependent unit risk factors (URFs) that are applied to the 
annual average air toxics concentrations and summed to estimate the one in a million risk of 
premature death due to long-term exposure to air toxics.  MATES-II calculated monitored and 
modeled risk at the 10 MATES-II monitoring sites and averaged them to obtain the SoCAB 
basin-wide risk estimate.  The URFs used in the MATES-II study that are also used in this study 
are as follows: 

 
• Benzene:     2.9 x 10-5 (µg/m3)-1 
• 1,3-Butadiene:    1.7 x 10-4 (µg/m3)-1    
• Acetaldehyde:    2.7 x 10-6 (µg/m3)-1   
• Formaldehyde:    6.0 x 10-6 (µg/m3)-1   
•  Standard Diesel Particles:   3.0 x 10-4 (µg/m3)-1 

• B20 Diesel Particles:   2.85 x 10-4 (µg/m3)-1 
 

 
In MATES-II, risk was calculated in terms of outdoor exposures.  That is, the long-term rate of 
cancer incidence due to exposure to air toxics assumed that a person was outdoors 24 hours/day 
365 days/year.  The exposure to air toxics is going to vary greatly indoors versus outdoors by 
pollutant.  For example, there are indoor sources of formaldehyde that increase indoor exposure 
to that pollutant.  On the other hand, diesel PM will be greater outdoors than indoors and greater 
still on and near major roadways.  Thus, use of solely outdoor exposures will overstate the 
human health benefits of biodiesel fuel use. 
 
We reviewed available literature to identify indoor/outdoor ratios that could be applied to 
estimate the exposure of people to outdoor air toxics.  The only pollutant that was characterized 
sufficiently well was diesel particles, which according to MATES-II accounted for 70% of the 
risk in the SoCAB. 
 
Using work as reported by Hayes and co-workers (1994) we developed indoor/outdoor ratios by 
month and time of day that represented the following factors: 
 

• Indoor at home; 
• Indoor at work; 
• Outdoors; and 
• In a car. 

 
The resultant annual average indoor/outdoor ratio was 0.59, which agreed fairly well with the 
Hayes and co-workers (1994) 0.55 for adults and 0.60 for children annual indoor/outdoor ratio 
factors. 
 
Exposure was then calculated several different ways as follows: 
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• 10 site average using annual average concentrations (the MATES-II approach) and no 
indoor/outdoor ratio; 

• 10 site average using annual average concentrations and constant annual (0.59) 
indoor/outdoor ratio; and 

• 10 site average using hourly concentrations and hourly indoor/outdoor ratio. 
 
The results of these risk calculations for the standard diesel with and without accounting for 
indoor/outdoor effects are displayed in Table 4-2. When accounting for indoor/outdoor effects on 
diesel particles only, the estimated risk is reduced by approximately one-third.  Note that there is 
little difference (within 2%) in the calculated risk whether a composite annual average 
indoor/outdoor factor is used or if hourly values are applied to the hourly air toxics 
concentrations. 
 
Table 4-3 compares the calculated risk in terms of a one in million risk of premature deaths due 
to exposure to air toxics for the standard diesel and 100% and 50% penetration of a B20 
biodiesel fuel into the HDDV fleet emission scenarios.  A 50% penetration of B20 in the HDDV 
fleet is estimated to reduce the one in a million risk of premature death due to exposure to air 
toxics by approximately 2 percent.  A 100% penetration of a B20 fuel in the HDDV fleet is 
estimate to reduce the air toxics risk by approximately 5-6 percent. 
 
 
Table 4-2.  Average risk (out of a million) of premature death due to exposure to air toxics in the 
SoCAB for the standard diesel scenario calculated with no indoor/outdoor (I/O) effects and 
accounting for indoor/outdoor effects on an annual average and hourly basis. 
 

Scenario 
Risk 

(Number in a million) 
Percent different from no 

indoor/outdoor ratio. 
No Indoor/Outdoor Effects 1,950  
Annual Indoor/Outdoor Ratio 1,284 -34.1 
Hourly Indoor/Outdoor Ratios 1,257 -35.5 

 
 
 
Table 4-3. Average risk (out of a million) of premature death due to exposure to air toxics for 
the standard diesel, 50% penetration of B20 in the HDDV fleet, and 100% penetration of B20 in 
the SoCAB in the HDDV fleet scenarios calculated with no indoor/outdoor (I/O) effects and 
accounting for indoor/outdoor effects on an annual average and hourly basis. 

50% B20 Fuel 100% B20 Fuel 
Scenario 

Std Diesel 
Risk Risk (%) Risk (%) 

No I/O Effects 1,950 1,910 (-2.1) 1,835 (-5.9) 
Annual I/O Effects 1,284 1,261 (-1.8) 1,216 (-5.3) 
Hourly I/O Effects 1,257 1,235 (-1.8) 1,191 (-5.3) 
 
 
Figure 4-1 displays the spatial distribution of annual risk for the standard diesel scenario with 
and without accounting for indoor/outdoor effects.  The highest risks occur in Los Angeles 
County with large areas of risk exceeding 2,000 in a million (Figure 4-1a).  When indoor/outdoor 
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effects are accounted for there are only two isolated areas with risk exceeding 2,000 in a million, 
downtown Los Angeles and the port area near Long Beach.  The risk at the location of the 
maximum risk (port area) without indoor/outdoor effects (4,519 in a million) is reduced 
approximately 40% when indoor/outdoor effects are accounted for (2,776 and 2,703 in a million) 
applying indoor/outdoor effects on an annual versus hourly basis, respectively. 
 
Combining the risk factors with population gives the exposure to air toxics.  In MATES-II, the 
average risk and exposure across the SoCAB was estimated by applying the 10-site average risk 
to the basin-wide population of 14,404,993 people.  Thus, the same approach is adopted here to 
estimate the changes in exposure due to use of biodiesel versus standard diesel fuels in the 
HDDV fleet.  The exposure results for the standard diesel and two biodiesel fuel scenarios and 
the percent change in exposure due to use of a biodiesel fuel are shown in Table 4-4.  The 50% 
penetration of a B20 biodiesel fuel into the HDDV fleet is estimated to reduce the exposure by 
2.1 percent (no I/O effects) to 1.8 percent (with I/O effects).  A 100% penetration of a B20 
biodiesel fuel in the HDDV fleet is estimated to reduce exposure due to long-term exposure to air 
toxics by 5-6 percent 
 
Table 4-4. SoCAB-wide exposure (one in a million risk times population) to air toxics for the 
standard diesel, 50% penetration of B20 in the HDDV fleet, and 100% penetration in the HDDV 
fleet scenarios calculated with no indoor/outdoor (I/O) effects and accounting for indoor/outdoor 
effects on an annual average and hourly. 

50% B20 Fuel 100% B20 Fuel 
Scenario 

Std Diesel 
Exposure Exposure %Difference Exposure %Difference

No I/O Effects 28,090 27,514 2.1% 26,433 5.9% 
Annual I/O Effects 18,496 18,165 1.8% 17,516 5.3% 
Hourly I/O Effects 18,107 17,790 1.8% 17,156 5.3% 
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Figure 4-1a.  Spatial distribution of estimated risk (out of a million) for the standard diesel 
scenario not accounting for indoor/outdoor effects. 
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Figure 4-1b.  Spatial distribution of estimated risk (out of a million) for the standard diesel 
scenario accounting for indoor/outdoor effects on an annual basis. 
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Figure 4-1c.  Spatial distribution of estimated risk (out of a million) for the standard diesel 
scenario accounting for indoor/outdoor effects on an hourly basis. 
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APPENDIX A 
 

Spatial Distribution of Annual Average Concentrations  
Estimated by CAMx/EMFAC2000 for: 

 
Benzene (ppm) 
1,3-Butadiene (ppm) 
Primary Acetaldehyde (ppm) 
Secondary Acetaldehyde (ppm) 
Primary Formaldehyde (ppm) 
Secondary Formaldehyde (ppm) 
Ratio of Primary to Total Acetaldehyde 
Ratio of Primary to Total Formaldehyde 
Chromium PM2.5 (µg/m3) 
Chromium PM2.5-10 (µg/m3) 
Hexavalent Chromium PM2.5 (µg/m3) 
Hexavalent Chromium PM2.5-10 (µg/m3) 
Diesel PM2.5 (µg/m3) 
Diesel PM2.5-10 (µg/m3) 
“Elemental” Carbon PM2.5 (µg/m3) 
“Elemental” Carbon PM2.5-10 (µg/m3) 
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