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1.
INTRODUCTION

Hazardous air pollutants (HAPs), hereafter referred to as air toxics, that are regulated in the Clean Air Act under Section 112, include nearly 200 chemical species.  Over 100 of those air toxics are being considered by the U.S. Environmental Protection Agency (EPA) under the National Air Toxics Assessment (NATA).  Under CRC Project A-42-1, Atmospheric & Environmental Research, Inc. (AER) conducted a review of air toxics modeling (Seigneur et al., 2002). Some significant progress in air toxics modeling has been made over the past few years and it is, therefore, of interest to assess the current status of air toxics modeling.  In this report, we present an update on the current status of air toxics modeling, we discuss the existing challenges in air toxics modeling and we recommend some future approaches to address those challenges.

Air toxics involve a large number of chemical species that can be directly emitted into the atmosphere (primary air toxics), formed in the atmosphere (secondary air toxics) or both. Some air toxics are chemically non-reactive, whereas others are reactive and may decay slowly or rapidly. These different characteristics influence the relative importance of the processes that govern air toxics concentrations (i.e., emissions, transport, transformation and removal) and, consequently, affect the modeling approaches that are the most appropriate to simulate their concentrations.  For example, some air toxics such as mercury (Seigneur et al., 2004) have a long atmospheric residence time and, consequently, must be treated as global pollutants.  Other air toxics such as benzene and diesel particles have been shown through model simulations to have a significant regional component (on the order of 20% in urban areas) (Seigneur et al., 2002). Some air toxics that are emitted in significant quantities from isolated sources may have primarily local impacts.

We present in Section 2 a brief overview of the major air toxics modeling approaches and some recent results of model performance.  As mentioned above, some air toxics cover various geographical scales and modeling approaches must then combine regional and local scales.  We discuss in Section 3 three approaches that are currently used to combine regional and local modeling.  Recommendations for future improvements in air toxics modeling are provided in Section 4.

2. OVERVIEW OF AIR TOXICS MODELING APPROACHES


Different approaches are currently being used to model air toxics concentrations in the ambient atmosphere. We describe below the two major approaches used to model air toxics at local scales and regional scales. We focus on the models that are mostly in current use. Other models and more detailed descriptions of the models discussed below are available in the CRC Project A-42-1 report (Seigneur et al., 2002).

2.1
Local-scale Dispersion Models

2.1.1
Overview

Gaussian plume dispersion models are typically used to simulate the local impacts of point, area and line sources. Consequently, they have been used extensively in air toxics modeling to simulate the near-field impacts of emission sources such as point, area and mobile sources. The Gaussian plume dispersion models that have mostly been used include ISCLT, ISCST3, AERMOD and CALINE.  ISCLT is used, for example, in the EPA ASPEN model (http://www.epa.gov/ttn/atw/nata/aspen.html) and in the TRUE risk assessment model (Constantinou and Seigneur, 1993).  ISCST3 has been used, for example, in the SCAQMD MATES II program (http://www.aqmd.gov/matesiidf /matestoc.htm), in CRC Project A-42-2 (Environ, 2002), in a study conducted by the Minnesota Pollution Control Agency (Pratt et al., 2004) and in the Neighborhood Assessment Program (NAP) of the California Air Resources Board (ARB) (Sax and Isakov, 2003).  AERMOD was used in the ARB NAP, and CALINE has been used for local impacts of roadways.

2.1.2
Recent model performance evaluations

Pratt et al. (2004) applied ISCST3 to simulate the ambient atmospheric concentrations of nine VOC in the Minneapolis-Saint Paul, MN area. The VOC included benzene, chloroform, ethylbenzene, dichloromethane, styrene, tetrachloroethylene, toluene, tricholoroethylene and xylenes.  The model simulation results were compared with measurements conducted over 48-hour periods at 23 locations in three community areas (Phillips, East Saint Paul and Battle Creek) during spring, summer and fall of 1999.  Emission sources comprised mainly area and mobile sources.  All sources were modeled with ISCST3 using point sources or area sources based on the census tract.  Background concentrations were used for five VOC (chloroform, dichloromethane, tetrachloroethylene, trichloroethylene and xylenes); no background concentration was used for benzene because the available data (dated 1985) were considered to be out of date considering the decrease in benzene emissions over the past years.   Meteorological data from the metropolitan airport were used.  The model simulation results were within a factor of two of the measurements (matched in space and time) on average.  Model performance was best for pollutants emitted mostly from mobile sources (benzene, ethylbenzene, toluene and xylenes) and poorest for pollutants emitted mostly from area sources.  The temporal variability of the air toxics concentrations was poorly simulated because the emission inventory was based on annual average values.  The authors made the following recommendations to improve model performance: (1) treat mobile sources on major highways as line sources rather than area sources, (2) improve the emission inventory (better localization of the sources and better quantification of the emissions).  The measurement sites were considered to be within less than one hour of travel time from the major sources, and the authors concluded that chemical decay of the reactive pollutants was unlikely to significantly affect model performance.

Wheeler et al. (2004) applied ISCST3 to three cities (Detroit, MI; Seattle, WA and Cedar Rapids, IA) for six VOC (acetaldehyde, benzene, 1,3-butadiene, formaldehyde, methylene chloride and tetrachloroethylene) and seven metals (arsenic, beryllium, cadmium, chromium, lead, manganese and nickel).  Point sources were explicitly modeled, whereas area and line sources were treated as area sources with a 1 km resolution.  Overall, model performance was better for the VOC than for the particulate metallic species.   Benzene, 1,3-butadiene and tetrachloroethylene were overpredicted in Detroit and Seattle and underpredicted in Cedar Rapids.  Methylene chloride was underpredicted in Detroit and Seattle but fairly well predicted in Cedar Rapids.  Acetaldehyde and formaldehyde were underpredicted in some locations (Seattle for acetaldehyde, Detroit and Cedar Rapids for formaldehyde) when only the primary component was considered.  When the EPA default approach was used to account for the formation of aldehydes from the oxidation of other VOC (multiplying the primary ambient concentrations by 10), the aldehyde concentrations were predicted within 35% in Cedar Rapids but were significantly overpredicted in Detroit and Seattle.  The trace metals were generally underpredicted except cadmium for which there was reasonable agreement between modeled and measured values.  Air toxics concentrations were significantly underestimated in Cedar Rapids.  The authors suggested that these underpredictions may be due to an insufficient resolution of the spatial variability of the emissions and that a finer spatial resolution of the emission inventory would be needed to improve model performance.  The authors concluded that the underestimation of the model for methylene chloride and most metals (except cadmium) were due primarily to underestimations of the emissions; they recommended that the emission inventories be improved with more priority being given to those species that drive the health risk (e.g., arsenic).  The lack of data to determine the regional background concentrations was also a source of uncertainty that could be minimized by using a regional model to estimate those regional contributions.  The authors pointed out that there is nevertheless a need for additional data required to evaluate the regional models.
2.1.3
Potential limitations

One potential limitation of local dispersion models may be their inputs (i.e., emissions, source characteristics and meteorology).  The uncertainties associated with the emissions may dominate the uncertainties associated with the modeling results. For example, emissions were identified as the largest source of uncertainty for local air toxics impacts in the ARB NAP (Sax and Isakov, 2003).  The meteorology, spatial distribution of sources and the model formulation (user’s selection of model parameters) also contributed to the uncertainty in air toxics concentrations but they were not as important as the emissions.  ENSR (2003) came to a similar conclusion in their sensitivity analysis of ISCST3 and AERMOD for the Houston area.  They found that the simulated benzene concentrations differed between the two models by about 35% on average. AERMOD predicted concentrations that were more than 50% lower than those predicted by ISCST3 for area sources; for point sources, AERMOD predicted concentrations lower by 10% on average than those predicted by ISCST3.  On the other hand, uncertainties in the emissions were estimated to lead to uncertainties in the predicted concentrations of a factor of 2.6 (for AERMOD) to 2.8 (for ISCST3).  The source of the meteorological data (Hobby airport versus Houston intercontinental airport) showed little effect on the predicted concentrations.    Pratt et al. (2004) mentioned that using line sources for major highways could improve model performance at near-road sites, and Wheeler et al. (2004) recommended a finer spatial resolution for the Cedar Rapids emission inventory.  In that respect, one should mention that in its ASPEN application, ISC-LT represents all air toxics area and mobile sources within a census tract as a pseudo-point source that is located at the centroid of that census tract (EPA, 2000).  (For the calculation of population exposure within a census tract due to area and mobile sources located within that census tract, five point sources are used to represent those area and mobile sources if the census tract has an effective radius greater than 300 m; if the census tract has an effective radius smaller than 300 m, the impact of the area and mobile sources located within the census tract is neglected.) This approach is an approximation of the actual spatial distribution of line, area and point sources and ASPEN should, therefore, be considered as a screening model for population exposure. In summary, the magnitude of the air toxics emissions (and, to a lesser extent, their spatial distribution) is currently the major source of uncertainty in the local modeling of air toxics.
Gaussian plume dispersion models such as ISC and AERMOD involve the assumption of steady-state meteorology.  This assumption is appropriate for short periods (e.g., one hour) over which the meteorology can be considered constant.  However, over longer periods, wind speed, wind direction, atmospheric stability and mixing height may vary and affect the transport and dispersion of the air toxics.  In such cases, puff models that take into account the transient character of the meteorology such as AVACTA (Zannetti, 1986) or SCICHEM (Karamchandani et al., 2000) are more appropriate.  The peer-review group of the ARB NAP recommended that the results of steady-state Gaussian plume model simulations be compared with those of transient puff model simulations to assess the uncertainty associated with the steady-state assumption.
2.2
3-D Grid-based Eulerian Models

2.2.1
Overview

Three-dimensional grid-based Eulerian models have been used extensively to simulate air toxics concentrations at global, continental, regional and urban scales. Some examples of 3-D Eulerian models that have been used recently to simulate air toxics concentrations in the United States include CMAQ, CAMx, UAM-TOX and REMSAD.

CMAQ has been applied to the herbicide atrazine by EPA (Cooter and Hutzell, 2002, Cooter et al., 2002), to benzene and diesel particles by AER under CRC Project A-42-1 (Seigneur et al., 2002, 2003), to mercury by EPA (Bullock and Brehme, 2002) and recently to 20 VOC air toxics by EPA (Luecken and Hutzell, 2004a, 2004b; Ching et al., 2004b).

CAMx has been applied under CRC Project A-42-2 to seven air toxics in the Los Angeles basin using the MATES II data and a SCOS episode.  UAM-TOX has been applied by the South Coast Air Quality Management District (SCAQMD) to the MATES-II data.

REMSAD includes in its formulation some treatment for several air pollutants such as particulate matter (PM) and mercury.  It has been applied by EPA recently to mercury over the contiguous United States.

2.2.2 
Model performance evaluations

Model performance has been evaluated for several of those applications, and we present below summaries of some performance evaluations that have been published.

The performance evaluation of CMAQ for atrazine was conducted using weekly air and rainfall concentrations along the Mississippi River and the shores of Lake Michigan (Cooter et al., 2002).  The modeling domain covered the United States and southern Canada east of the Rocky Mountains with a 36 km horizontal resolution.  The modeling period extended from April 1 to July 18, 1995.  The modeling results agreed well with a previous estimate of annual deposition to Lake Michigan (within 10% for wet deposition). The model overestimated the ambient gas-phase concentrations and underestimated the particulate-phase concentrations in the weekly samples.  The uncertainties in the model predictions were attributed to emission estimates, simulated precipitation and the spatial resolution of the model.

CMAQ model performance was evaluated for benzene using a 5-day episode over the northeastern United States (Seigneur et al., 2003). The modeling domain with 12 km resolution covered most of the midwestern and eastern United States whereas the nested 4 km resolution domain covered part of the northeastern United States including Washington, D.C. and New York.  Model performance was evaluated using 24-hour average benzene concentrations (67 samples over the 12 km domain and 35 samples over the 4 km domain).  For the 12 km domain, the mean normalized error and bias were 53% and 8%, respectively, the fractional error and bias were 0.53 and -0.14, respectively, and the coefficient of correlation (r) was 0.19.  For the 4 km domain, the mean normalized error and bias were 64% and 40%, respectively, the fractional error and bias were 0.46 and 0.14, respectively, and the coefficient of correlation (r) was 0.50.  Thus, only 25% of the variance in the 24-hour average benzene concentrations over the 4 km domain was explained by the model.

CMAQ is currently being applied to the contiguous United States with a 36 km resolution for 20 VOC air toxics using two different chemical mechanisms, CBM-IV and SAPRC99 (Luecken and Hutzell, 2004a, 2004b).  Model performance results have not yet been published.

CAMx and UAM-TOX were evaluated for air toxics in the Los Angeles basin using 24-hour average data from the MATES-II program (Environ, 2002).  Seven air toxics were considered: benzene, 1,3-butadiene, acetaldehyde, formaldehyde, chromium, hexavalent chromium and elemental carbon. The performance evaluation was limited to mean values (mean bias, mean error and the ratio of the mean observed and measured values).  CAMx overpredicted all air toxics except 1,3-butadiene.  The mean simulated values were within a factor of two of the mean measured values except for chromium.  The best agreement was obtained for elemental carbon.  The large overprediction of chromium concentrations could result from the fact that the measurements only reported PM2.5 concentrations and that a significant fraction of chromium could be present in the coarse PM fraction.  UAM-TOX overpredicted chromium and elemental carbon, and underpredicted the four VOC.  UAM-TOX performed better than CAMx for benzene, 1,3-butadiene and formaldehyde; CAMx performed better than UAM-TOX for chromium; performance was mixed for acetaldehyde (UAM-TOX showed less error but CAMx showed less bias) and it was comparable for elemental carbon.  CAMx was also qualitatively evaluated with data from the South Coast Ozone Study (SCOS); only time series of some VOC concentrations (benzene, formaldehyde and acetaldehyde) were presented and no statistical performance evaluation was conducted.  Two gas-phase chemical kinetic mechanisms were used in CAMx for the SCOS application: CBM-IV and SAPRC99.  No noticeable difference was obtained for benzene since it is relatively unreactive; however, significant differences (e.g., about a factor of two for some periods) were obtained for aldehydes between these two mechanisms.  These results provide a measure of the uncertainty associated with the formulation of the gas-phase chemistry for reactive VOC.  Environ cited the following sources of uncertainties: the emission inventories, the simulated meteorological fields (generated using CALMET) and the PM size fraction for chromium (see the discussion of model performance for chromium above).

CAMx was also applied in combination with ISCST3 for some areas of the Los Angeles basin.  For benzene, formaldehyde and acetaldehyde, the use of ISC for local impacts showed little influence on the results because the concentrations of those air toxics were dominated by the regional background.  It is possible that modeling freeway emissions with a local dispersion model would have provided a different conclusion (i.e., a larger impact of the near-source emissions).

CMAQ has been applied to mercury for two episodes (April 5 to May 2, 1995 and June 20 to July 18, 1995) over the eastern United States (Bullock and Brehme, 2002).  Model performance was evaluated with mercury wet deposition data from the Mercury Deposition Network (MDN).  CMAQ overestimated wet deposition for both episodes with a correlation coefficient of 0.66 for the spring episode and 0.33 for the summer episode.  Uncertainties in the simulated precipitation fields were cited as a major source of error for the model predictions particularly for the summer episode.  REMSAD has been applied to mercury and model performance has typically been evaluated for wet deposition.  However, the results from the most recent performance evaluation have not been formally published.  Another mercury model, TEAM, has been applied by AER; a correlation coefficient of 0.7 was obtained for annual wet deposition of mercury over North America (Seigneur et al., 2004).  An intercomparison of 3-D regional models of atmospheric mercury is currently taking place that involves CMAQ, REMSAD, TEAM and possibly CAMx.  The results of this forthcoming model intercomparison will provide some quantitative assessment of the uncertainties associated with various model formulations.

2.2.3
Potential limitations

The spatial resolution of the grid is the major limitation of 3-D grid-based models for assessing the local impacts of air toxics.  Several approaches have been used to address this limitation; they are discussed in the following section.

The uncertainties associated with the precipitation fields can adversely affect model performance for wet deposition of toxic compounds such as mercury.

Uncertainties associated with emissions can adversely affect model performance for some air toxics (e.g., chromium in the MATES-II applications of CAMx and UAM-TOX).

3.
REGIONAL/LOCAL MODELING

As mentioned in Section 1, some air toxics will have primarily local impacts, whereas others may have regional or even global impacts. It is, therefore, essential to be able to address those various spatial scales in modeling studies of air toxics. Three major approaches currently exist to combine the regional and local aspects of air toxics modeling: 
· separate 3-D regional modeling and local plume modeling

· 3-D regional modeling with sub-grid scale variability

· 3-D regional modeling with sub-grid scale modeling of selected sources

3.1 Separate 3-D Regional Modeling and Local Plume Modeling

Figure 3-1a depicts the overall concept of this approach, where the 3-D model is run independently of the local plume dispersion model. The 3-D grid-based model provides the regional background concentrations, and the local plume dispersion model provides the air toxics concentrations due to local emission sources. Then, the results of both model simulations are combined to provide the total ambient air toxics concentrations. It is, therefore, essential to ensure that there is no double-counting of air toxics emissions between the 3-D grid-based model and the plume model. This approach is rather straightforward for inert pollutants because their emissions can be distributed between the 3-D grid model (regional emissions) and the plume model (local emissions), and the results of the two model simulations are simply added. For reactive pollutants, the emissions of local sources that are included in the local plume model must also be included in the grid-based model to ensure that the regional chemistry is correctly simulated. It is, therefore, necessary to devise a way to avoid double-counting the corresponding concentrations when combining the results of both models.  One possible approach is to use tracers in the 3-D grid model to track the air toxics that are also treated in the local dispersion model; thus, those air toxics are involved in the chemistry of the
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Figure 3-1. Schematic descriptions of three regional/local modeling approaches (a) separate 3-D regional model and local plume model, (b) 3-D regional model with sub-grid variability, (c) 3-D regional model with sub-grid scale treatment of selected sources
grid model but can be subtracted when the results of the grid model and local dispersion model are combined, thereby avoiding any double-counting.  This tracer approach has been proposed by ARB for its Neighborhood Assessment Program (NAP).

3.2 3-D Regional Modeling with Sub-grid Spatial Variability

Figure 3-1b depicts the overall concept of this approach.  It has been developed and implemented for Philadelphia and Houston by Ching and co-workers at EPA (Ching et al., 2003; Ching et al., 2004a, 2004b).  Since the 3-D grid model cannot resolve all the spatial variability of air toxics concentrations due to its limited spatial resolution, some parameterization of the sub-grid spatial variability is used to represent the non-resolved spatial variability.  In recent implementations, the sub-grid spatial variability was estimated by using a smaller grid-size (e.g., 1.33 km) and comparing the results with those obtained with a coarser grid size (e.g., 4 km).  The spatial variability within a 4 km grid cell was then obtained from the 9 corresponding 1.3 km grid cells.  The sub-grid spatial variability depends on the air toxics and varies with time and location and probability distribution functions can be developed to represent this sub-grid spatial variability.  Clearly, a smaller grid size will minimize the extent of sub-grid spatial variability needed.

Another interesting aspect of those applications of CMAQ to air toxics modeling is the treatment of the effect of urban structures on the flow fields in urban areas.  The associated meteorological model MM5 was modified to account for the effect of buildings on wind flow and turbulence with an urban canopy parameterization at 1 km resolution (Dupont et al., 2004).

3.3 3-D Regional Modeling with Sub-grid Scale Modeling of Selected Sources

Figure 3-1c depicts the overall concept of this approach, where emissions from local sources are treated with a local dispersion model that is imbedded within the 3-D grid model.  This approach has been used to simulate the emissions from large point sources (e.g., Karamchandani et al., 2002; Godowitch, 2004).  It can be extended to other type of sources such as line sources (e.g., roadways) and area sources.  The advantage of this approach is that it treats regional and local sources within the same modeling system (i.e., no issue of double-counting emissions), and it correctly treats the local sources with a local dispersion model (plume or puff model).  The sub-grid scale modeling approach will need to be extended to treat line sources for roadway emissions.  For air toxics modeling, it will also be necessary to output the concentrations at specific receptor points within the grid system (in earlier applications of this technique, only the concentrations resolved by the grid have been output; however, the local dispersion model carries the information needed to calculate point concentrations).  The sub-grid scale modeling approach based on puffs is likely to be more flexible for air toxics applications that will involve many different sources with overlapping areas of impacts than an approach based on plumes (the puff modeling approach can handle overlapping plumes and wind shear by merging and splitting of the puffs).  The major challenge will be to keep the computational burden within manageable limits by carefully selecting the number of puffs needed to represent the major sources with sufficient accuracy.

4.
RECOMMENDATIONS

Our recommendations fall into the following categories:

· Combining regional and local models

· Improving model inputs

· Evaluating model performance

· Treating uncertainties

· Treating indoor exposure

· Analyzing day-of-the-week differences in air toxics concentrations

4.1
Combining Regional and Local Models

As discussed above, a correct appraisal of many air toxics will require a combination of regional and local scale modeling.  We presented in Section 4 three different approaches to address this multi-scale problem.  These three different approaches are not mutually exclusive and can be collectively exhaustive.

The 3-D grid modeling approach with sub-grid spatial variability is designed mostly to address population exposure by taking into account the fact that air toxics concentrations within an area defined by the spatial grid resolution are not uniform.  Since population activity patterns are typically defined at the cohort level, they also include some variability (i.e., an uncertainty that cannot be resolved).  Therefore, this modeling approach appears to be quite compatible with population exposure modeling.

The other two approaches combine a 3-D grid model with local plume/puff models.  The approach that uses these two types of models separately and then recombines their results to calculate the sum of regional and local concentrations can potentially be computationally more efficient, particularly if the air toxics are treated as chemically inert in the local-scale modeling.  The approach that uses the local-scale model imbedded within the 3-D model offers a more accurate formulation of the multi-scale problem and also allows a better treatment for chemically reactive air toxics. Its computational limitations could, however, prevent its application to a very large number of sources.  Consequently, a possible overall approach could be to use the former approach as a screening tool and the second, more accurate approach as a tool concentrating on the air toxics sources and receptor areas of most interest or air toxics.

4.2
Improving Model Inputs

Several air toxics modeling studies concluded that the major contribution to the uncertainty (or error) in the model simulation results originated from the model inputs rather than from the model formulation (Sax and Isakov, 2003; ENSR, 2003; Pratt et al., 2004; Wheeler et al., 2004).  It will, therefore, be important to improve those model inputs in order to improve model performance.  In particular, we recommend improving air toxics emission inventories because emission inventories were cited as a major source of uncertainty in several studies (Environ, 2002; ENSR, 2003; Sax and Isakov, 2003; Pratt et al., 2004; Wheeler et al., 2004).  Such improvements should occur in the overall quantification of air toxics emissions but also in their temporal and spatial distribution and, for particulate-bound air toxics, in the particle size distribution of the air toxics (PM2.5 versus coarse PM10).  Using local meteorology can also be important in areas where local meteorology can vary significantly (e.g., areas with complex terrain, coastal areas, urban canyons).

4.3
Evaluating Model Performance

Most air toxics modeling studies mentioned above included some model performance evaluation against available ambient data.  Such model performance evaluations will be needed prior to the use of air toxics models for regulatory or policy applications.  It should be noted that air toxics data available to conduct such model performance evaluations are currently insufficient.  For example, several VOC are measured through the PAMS network; however, this network only operates during the ozone season and does not always report aldehydes because they require a different sampling procedure due to their high reactivity.  Also, many air toxics sampling protocols use long time-averaging periods (24- or 48-hour average) that do not allow evaluation of the short-range temporal variability of air toxic concentrations.  Population activity patterns typically have a temporal resolution of an hour or less (Seigneur, 1994).  Accordingly, exposure models use a temporal resolution on the order of 1 hour (e.g., REHEX) to 3 hours (e.g., ASPEN).  Consequently, it is desirable to evaluate the ability of air toxics models to reproduce temporal profiles with such a fine temporal resolution.  Such evaluations will require hourly air toxics data that are currently rather sparse.

4.4
Treating Uncertainties

Assessing uncertainties is an integral part of the health risk assessment process (NRC, 1994).  It is, therefore, desirable to incorporate some treatment of uncertainties in air toxics modeling.  Uncertainties fall into two major categories: epistemic and aleatory. Epistemic uncertainties are those uncertainties that can be reduced by collecting additional information (e.g., more measurements of emission rates). Aleatory uncertainties are those uncertainties that result from the randomness of some processes (e.g., atmospheric turbulence, population activity patterns); those uncertainties are generally referred to as variability.  Sax and Isakov (2003) have provided a comprehensive treatment of uncertainties for a local air toxics modeling study.  We recommend that uncertainties be addressed in air toxics modeling and that epistemic uncertainties and variability be treated separately so that their relative contributions to the uncertainty in the model simulation results can be assessed.

4.5
Treating Indoor Exposure

The applications of air toxics models described above have focused primarily on the calculation of air toxics outdoor concentrations.  Several presentations made at the recent CRC Mobile Source Air Toxics Workshop (December 1-2, 2004) demonstrated the importance of taking indoor exposure into account.  Indoor concentrations can be lower due to filtering of the outdoor air intake and scavenging of air toxics on surfaces; on the other hand, some air toxics can be generated by indoor sources (e.g., benzene, formaldehyde).  Under CRC Project A-42-1, we calculated that benzene and diesel particle emissions could be significantly different indoor and outdoor.  Benzene concentrations were calculated to be lower (by 10% on average in homes and offices, but by only 2% in cars) or greater (up to a factor of 2-3 if indoor sources are present).  Diesel concentrations were calculated to be lower by 10 to 80%.  It is, therefore, essential to take indoor exposure into account when estimating population to air toxics.

4.6
Analyzing Day-of-the-week Differences in Air Toxics Concentrations

The exposure of the population depends on air toxics concentrations and activity patterns.  Since activity patterns differ significantly between weekdays and weekends, it is essential to identify whether significant differences exist in air toxics concentrations between weekdays and weekends.  In an earlier study (CRC Project A-42-1), AER conducted a modeling study of two air toxics relevant to mobile sources: benzene and diesel particles (Seigneur et al., 2003).    The emission inventories for benzene and diesel particles reflected to some extent the differences between weekdays and weekends (as obtained from the U.S. EPA inventory data).  However, those weekday/weekend differences appeared to be small when compared to other information such as air toxics data from the Los Angeles basin (Blanchard and Tanenbaum, 2003; Austin, 2003).  There may be differences in the weekday/weekend variability in air toxics emissions across the United States and, therefore, further analysis appears warranted to identify the actual weekday/weekend variability.  In the next phase of this project, we will conduct a study of the day-of-the-week behavior of air toxics concentrations using available ambient data and air quality modeling results.  We will focus on three air toxics: benzene, 1,3-butadiene and formaldehyde.  We will analyze concentration data for three urban areas across the United States (to be selected in concert with CRC) and we will conduct a day-of-the-week analysis with those data.  We will also conduct air quality model simulations with CMAQ to investigate whether day-of-the-week differences observed in the ambient concentrations can be reproduced with the weekday/weekend differences used in the EPA emission inventories.  If warranted, we will recommend changes in the EPA inventories. 
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