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Chemical Abstract System
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Indiana Department of Environmental Management
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Method Detection Limit
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Motor Vehicle Emissions Simulator

MSA

Metropolitan Statistical Area

MSAT

Mobile Source Air Toxics
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NAAQS
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NATTS
National Toxics Trends Sites Network
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National Emissions Inventory

NESHAP 
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National Weather Service

PPRTV
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RAIMI 
Regional Air Impact Modeling Initiative

RfC 

Reference Concentration

SCC 

Source Classification Code

tpy 

tons per year

TRI 

Toxics Release Inventory

UATMP
Urban Air Toxics Monitoring Program

UCL 

Upper Confidence Limit of the Mean

μg/m3

Micrograms per cubic meters

URF 

Unit Risk Factor

U. S. 

United States

U.S. EPA 
United States Environmental Protection Agency

VFC

Virtual File Cabinet

VMT 

Vehicle Miles Traveled

VOC 

Volatile Organic Compounds

1. Executive Summary
The Indiana Department of Environmental Management (IDEM) conducted an assessment of air toxics in the highly industrialized and heavily traveled area of Lake and Porter counties.  The United States Environmental Protection Agency (U. S. EPA) identified this area as a potential high risk area via its 2005 National Air Toxic Assessment (NATA).  IDEM’s goal was to perform a detailed evaluation using methods specifically developed for evaluating air quality on a community-level scale.  IDEM evaluated ambient air monitoring data and performed air dispersion modeling of industrial and mobile sources (cars and trucks) within the study area to assess potential health risks.  
IDEM used the Regional Air Impact Modeling Initiative (RAIMI) to perform the modeling.  This model was developed by U.S. EPA specifically to evaluate air pollution impacts in communities such as the Indiana lakeshore area.  In order to perform dispersion modeling using RAIMI, IDEM gathered a detailed and refined inventory of emissions from industrial sources in the area.  IDEM’s emissions inventory for this study was more rigorous and detailed than what is normally used by the U. S. EPA.  A more refined emissions inventory and detailed modeling analysis tends to produce more accurate results than a nationwide-scale screening analysis.  
The refined air toxic emission data were sent to 77 permitted industrial sources in the lakeshore area for quality assurance review.  A total of 73 permitted sources responded confirming their emission information or providing corrections and documentation for changes.  Onroad mobile source emissions were also evaluated as part of the RAIMI modeling analysis.  Onroad mobile emissions were estimated by using annual average daily traffic count data from the Indiana Department of Transportation (INDOT) and output data from U. S. EPA’s Motor Vehicle Emissions Simulator (MOVES) model.  
Every census tract that was modeled had similar or lower cancer risks predicted by the RAIMI model than was predicted via the previous NATA assessments for emissions from permitted facilities.  Different emissions data were used for the NATA and the Lakeshore study; this may account for the differences between the assessments. The greatest level of cancer risk and non-cancer hazard is attributable to mobile sources.  However, both studies showed that off-property risk from some industrial permitted sources is above the typical additional cancer risk values in the area. IDEM is working with those permitted sources to evaluate opportunities for pollution prevention.    Existing and proposed U. S. EPA rules are expected to greatly reduce the risk and hazard from mobile and stationary permitted sources over time.  
IDEM evaluated air toxics monitoring information from five ambient air monitors in the area as well as from special use monitors for metals.  Air monitoring data were evaluated for the years 2009 through 2011 using U.S. EPA approved statistical methods and compared to U.S. EPA toxicological values. 
Results from the monitoring showed that levels of air toxics along the Indiana Lakeshore are comparable to those measured in other United States cities.  Pollutants that are commonly found in cities, referred to as urban air toxics, were at elevated but not alarming levels.  Many of the elevated pollutants are commonly associated with motor vehicle emissions, which include heavy duty diesel trucks.  Pollutants of concern identified by this study are formaldehyde, benzene, acrolein, and chromium compounds.
The results of the study indicate that air toxics concentrations and risk within the lakeshore area are not as high as reported by previous national scale screening analyses.  Air toxics concentrations are comparable to concentrations seen in other cities.  There is some increased risk associated with emissions from some industrial permitted sources and IDEM is working with those sources to identify pollution prevention opportunities.  The results also support the efforts being made to reduce emissions from mobile sources nationwide.
2. Overview
The Indiana Department of Environmental Management (IDEM) conducted an assessment of a highly industrialized and heavily traveled area of Lake and Porter counties in Indiana.  The goal of this assessment was to evaluate and depict potential risk associated with exposure to air toxics within northern Lake and Porter counties.  IDEM created an air toxics inventory for use in a community scale modeling project to determine the air toxics concentrations in the study area.  The assessment also evaluated existing monitoring data in the area.
The U. S. Environmental Protection Agency (U. S. EPA) identified this area as a potential area of high risk in their 2005 National Air Toxic Assessment (NATA).  Both Lake and Porter counties are listed in the top 10 of Indiana counties for cancer risk and non-cancer health effects.  
The first stage of this project was to complete and verify a refined air toxics emissions inventory for 77 permitted stationary sources in the lakeshore area.  This data is necessary for the air quality modeling analysis.  IDEM compiled this inventory using available U. S. EPA emission factors and calculations from valid air operating permits.  The inventory data was sent to each source for individual verification.  Seventy-three of the 77 permitted sources (95%) replied and verified their emissions with the best currently available data.  This data included emission release point parameters and locations, and annual emission rates.
Onroad mobile source emissions were evaluated as part of the modeling.  Onroad mobile source emissions were estimated by using annual average daily traffic count data from the Indiana Department of Transportation (INDOT) and output data from U. S. EPA’s Motor Vehicle Emissions Simulator (MOVES) model.  MOVES is the U.S. EPA’s state-of-the-art tool for estimating emissions from onroad mobile sources.
IDEM used the air toxics inventory data from stationary permitted sources and onroad mobile sources to conduct a community scale dispersion air quality analysis with Regional Air Impact Modeling Initiative (RAIMI).  RAIMI is software developed by the U. S. EPA Region 6, which combines Industrial Source Complex Short Term Version 3 (ISCST3) modeling outputs with a graphical program to estimate air inhalation impacts.
The existing air toxics monitoring and modeling data were used to complete the inhalation risk characterization. The total average modeled cancer risk for the analyzed receptors in the lakeshore study area was 17.3 additional lifetime cancer risk per million people.  The average additional lifetime cancer risk of the analyzed onroad mobile receptors was 18.6.  The permitted sources in the Lakeshore area averaged 4.6 additional lifetime cancer risk over the study area. The sources that contributed the most to  average additional cancer risk are BP North America, ArcelorMittal Burns Harbor, U. S. Steel Gary Works and NLMK-Indiana.  Benzene, formaldehyde and chromium compounds were the drivers of cancer risk and acrolein is the non-cancer hazard driver.
The total modeled non-cancer hazard for the study area was approximately 4.2. The average modeled onroad mobile non-cancer hazard was approximately 7.4.  For permitted sources, the average non-cancer hazard over the modeling study range was 0.26. BP North America, Dover Chemical and U. S. Steel Gary Works were the permitted sources that contributed the most to the non-cancer hazard. 
The monitoring data for all the monitors in the study area were analyzed to calculate the 95% Upper Confidence Limit of the mean (UCL) to estimate additional cancer risk and non-cancer hazards. For additional lifetime cancer risk, formaldehyde, benzene and chromium compounds represented the highest increased risk.  For non-cancer hazard, only acrolein was measured at a concentration indicating a hazard greater than 1.
The refined emissions inventory data combined with the community scale modeling analysis indicate more accurate local results than the 2005 NATA.  The coke oven emissions cancer risk was the primary driver in the 2005 NATA.  Using the method of speciating coke oven emissions to the individual air toxics and modeling emission release points over the entire area of the coke batteries produced lower cancer risk for the study area.   
3. Project Framework
The framework for the project is:

· Develop a detailed emissions inventory for the area for certain air toxics;

· Use existing monitoring data to determine levels of measured air toxic concentrations in the area;

· Use RAIMI to estimate air toxics concentrations; 

· Calculate the inhalation risk for air toxics;

· Cumulative cancer risk estimate

· Cumulative non-cancer hazard

· Compare model data to monitoring data and 2005 NATA;

· Communicate results derived from the study.

3.1 Study Area

The study area for this assessment included approximately 150 square miles of northern Lake and Porter counties located in the northwest corner of Indiana.  The study area is on the southern edge of Lake Michigan.  The study analyzed the area north of I-80/90/94 from Whiting to Porter.  Figure 3-1 shows the permitted sources and the approximate study area.
Figure 3‑1 Lakeshore Air Toxics Study Area and Permitted Source Locations
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4. Emissions Inventory 
IDEM developed an emission inventory for sources of air toxics in the study area for modeling purposes.  Information from each permitted source was taken from the Emissions Inventory Tracking System (EMITS) database.  This data contained emissions; stack release and throughput information reported by each permitted source from their annual emission statement.  Some permitted sources are not required to report air toxics emissions on their annual emissions statements, in these cases other available data were used to calculate the air toxics emissions.
For permitted sources with throughput information, U.S. EPA’s online Factor Information Retrieval (WebFIRE) service was used to obtain emission factors based on Source Classification Codes (SCC).  WebFIRE is U.S. EPA’s online emissions factor repository, retrieval, and development tool. The WebFIRE database contains U.S. EPA’s recommended emissions factors for criteria and hazardous air pollutants (HAPs) for industrial and non-industrial processes. In addition, WebFIRE contains the individual data values used to develop the recommended factors and other data submitted to U.S. EPA by federal, state, tribal, and local agencies; consultants; and industries. For each recommended emissions factor and individual data value, WebFIRE contains descriptive information such as industry and source category type, control device information, the pollutants emitted and supporting documentation.

Another data source for emission factors used in this study was U.S. EPA’s AP-42 Compilation of Air Pollution Emission Factors.  AP-42 has been published since 1972 as the primary compilation of U.S. EPA's emission factor information. It contains emission factors and process information for more than 200 air pollution source categories. A source category is a specific industry sector or group of similar emitting sources. The emission factors have been developed and compiled from source test data, material balance studies, and engineering estimates. The Fifth Edition of AP-42 was published in January 1995. Since then U.S. EPA has published supplements and updates to the fifteen chapters available in Volume I, Stationary Point and Area Sources.
The last resource for permitted sources’’ air toxics emissions information came from Indiana Department of Environmental Management (IDEM)’s operating permits and permit applications.  Data from applications was retrieved using the Virtual File Cabinet (VFC).  If the permitted source did not have any data in the EMITS database, the permitted source’s potential to emit calculations were taken from the most recent operating permit.  
Some permitted sources did not have speciated air toxics emissions data in the operating permit. For those permitted sources, the permit applications were searched for any air toxics data.  The emission factors from the applications were used to calculate the permitted source’s emissions based on available throughputs.
Seventy-seven permitted sources were sent air toxics inventory spreadsheets containing information for each emissions point based on Indiana’s EMITS database and operating permit.  Permitted Sources were given 60 days to verify or edit the existing information, and provide any missing data.  IDEM conducted a workshop at the Northwest Regional Offices in July 2012.  The workshop allowed permitted sources to receive help completing their emissions information requests.   Verified emissions data were returned by 95% of the permitted sources.  The estimated emissions from the verified data accounted for over 99.9% of known emissions from the study area. The other permitted source’s emissions were estimated from the existing data that IDEM obtained.  
Collectively 65 permitted sources reported 132 separate pollutants for a total of 1955 tons per year of air toxics from 930 different emission release points. Table 4.1 lists all the permitted sources that estimated emitting greater than 10 tons of air toxics per year (TPY). Table 4.2 lists the emitted air toxics reported by the permitted stationary sources and onroad mobile sources.
Table 4.1 Lakeshore Permitted Sources Emitting Greater than 10 Tons per Year of Air Toxics

	State Identification Number
	Company Name
	Estimated Total Emissions (TPY)

	127-00001
	ArcelorMittal Burns Harbor LLC
	580.48

	089-00121
	U. S. Steel Gary Works
	418.31

	089-00453
	BP Products North America
	279.34

	089-00382
	Indiana Harbor Coke Company
	158.39

	089-00112
	Carmeuse Lime, Inc.
	154.33

	089-00316
	ArcelorMittal USA, Inc.
	132.13

	089-00318
	ArcelorMittal Harbor West
	64.33

	127-00036
	NLMK-Indiana
	33.29

	127-00039
	Magnetics International, Inc.
	15.55

	089-00449
	Whiting Clean Energy, Inc.
	14.99

	127-00100
	MonoSol, LLC
	13.82

	127-00085
	American Iron Oxide Company
	10.55

	127-00046
	Tanco Terminals, Inc.
	10.10


Table 4.2 Lakeshore Emitted Air Toxics 

	Chemical Abstract Number
	Chemical Name
	Estimated Total Permitted Source Annual Emissions (TPY)
	Estimated Onroad Mobile Source Emissions (TPY)
	Total Emissions (TPY)

	71-43-2
	Benzene
	191.27
	331.32
	522.59

	50-00-0
	Formaldehyde
	56.05
	181.13
	237.18

	110-54-3
	Hexane
	115.49
	13.36
	128.85

	108-88-3
	Toluene
	52.77
	52.67
	105.44

	107-02-8
	Acrolein
	1.31
	28.03
	29.34

	7440-47-3
	Chromium compounds
	0.32
	0.01
	0.33


The chromium compound emissions estimates are often reported as total chromium which includes both the chromium (III) and chromium (VI) valence states. Chromium compounds are stable in the chromium (III) state and occur in nature in this state. The chromium (VI) state is the second most stable state. However, chromium (VI) rarely occurs naturally, but is produced from human sources.  Chromium (VI) is more toxic than the chromium (III) form because its oxidizing potential is high and it easily penetrates biological membranes. Chromium (VI) is unstable and can be reduced to chromium (III).  Chromium (VI) compounds inhaled at high doses have the potential to induce lung tumors in humans. However, at low levels of exposure chromium (VI) is reduced in human bodily fluids such as gastric juice, epithelial lining fluid of the respiratory tract, blood, and other fluids.
  The Unit Risk Factor (URF) and the Reference concentration (RfC) used for risk analyses were for the toxic chromium (VI). Chromium (VI) emissions were estimated using speciation factors for chromium compounds based on SCC codes used in the 2005 NATA.

Emissions from onroad mobile sources were estimated using the output from a MOVES modeling run and annual average daily vehicle traffic counts from INDOT. The model is based on analyses of millions of emission test results and considerable advances in the U. S. EPA’s understanding of vehicle emissions. Compared to previous tools, MOVES incorporates the latest emissions data, more sophisticated calculation algorithms, increased user flexibility, new software design, and significant new capabilities.
IDEM obtained the output files through INDOT and their consultant for a daily ozone season emissions analysis.  The volatile organic compound (VOC) emissions were averaged over the entire day and all speed categories.  The emissions were based on passenger vehicles and commercial vehicles. The output data did not specify fuel type; so it was assumed that all passenger vehicles were gas and all commercial vehicles were diesel.  Air toxics speciation factors from MOVES2010b: Additional Toxics Added to MOVES estimated pollutant specific emissions.
  Road type data was used to determine separate emission averages for restricted (interstates) and unrestricted (other roadways) routes.  MOVES databases also estimated the 2010 fleet age for passenger and commercial vehicles.  For purposes of this analysis, only running exhaust emissions were estimated.  This method underestimates the total mobile source contribution because evaporative, off-road and rail emissions were not included. 
INDOT’s traffic count data are divided between total vehicle count and commercial vehicle count.  Emission estimates for each roadway were based on the amount of vehicle miles traveled (VMT) between counting stations.  Figure 4-1 shows the 2010 annual average daily vehicle traffic map.

Figure 4‑1 2010 Annual Average Daily Traffic Counts
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IDEM estimated 687.5 tons of air toxics emitted by onroad mobile sources in the study area.  The study area included restricted route interstates I-65, I-80/94 and I-90.  Unrestricted routes included U. S. Highways 12, 20 and 41; and Indiana State Roads 49, 51, 53, 149, 312 and 912.  Table 4.3 shows the calculated total pollutant specific onroad mobile emissions over 10 tons per year.
Table 4.3 Lakeshore Onroad Mobile Air Toxics

	Chemical Abstract Number
	Chemical Name
	Estimated Total Onroad mobile Emissions (TPY)

	71-43-2
	Benzene
	331.32

	50-00-0
	Formaldehyde
	181.13

	108-88-3
	Toluene
	52.67

	1330-20-7
	Xylene
	42.88

	107-02-8
	Acrolein
	28.03

	110-54-3
	Hexane
	13.36

	100-41-4
	Ethylbenzene
	11.76

	540-84-1
	2,2,4-trimethylpentane
	10.40


5. Modeling
The Lakeshore air toxics analysis was completed using RAIMI.  RAIMI evaluated the potential for health impacts resulting from exposure to multiple contaminants emitted from multiple sources, at a community level of resolution. 
RAIMI is software developed by the U. S. EPA Region 6. The software combines Industrial Source Complex Short Term Version 3 (ISCST3) modeling outputs with a graphical program to estimate air inhalation impacts.  This software is the preferred tool used by IDEM to conduct community scale risk assessment.  RAIMI uses pre-processors to adjust meteorological and terrain conditions for site-specific analysis.
  A version of RAIMI that includes the U. S. EPA approved dispersion model AERMOD was recently developed; however, this version was released after IDEM had completed the modeling.

The modeling analysis used five years of meteorological data.  Five years of meteorological data are used to help ensure that all possible weather conditions are considered. The modeling analysis was conducted with surface air data from the South Bend, IN airport and upper air data from Peoria, IL.  The data were from the years 1986 to 1990.  The meteorological data are comparable in wind speed and direction with more current data. 
Figure 5-1 compares the wind conditions from the 1986-1990 data used in modeling and 2006-2010 National Weather Service (NWS) data by use of wind roses. A wind rose is a graphic tool used by meteorologists to give a succinct view of how wind speed and direction are typically distributed at a particular location.  The overall average wind speed was less than 0.3 miles per hour different for the two data sets. 
Figure 5‑1 South Bend 1986-1990 Wind Rose Compared to 2006-2010 Wind Rose
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Building downwash effects were not considered for the analysis.  There are too many buildings in the area to include them; in many cases, the data were not available.  
Receptors were automatically placed throughout the study area by RAIMI.  Receptors are the location the air quality model estimates the concentration.   Some of these receptors were located in areas inaccessible to the general public including restricted access permitted source property and roadways.
All analyses used a standardized one gram per second (g/sec) emissions rate.  This allows for quick evaluation of multiple pollutants with a single modeling analysis.  The resulting output produced pollutant specific concentrations for each emission release point based on the emission data.
Three permitted sources in the study area produce coke for their operations.  The coke oven modeling applied a buoyancy height factor over the top of the batteries.  The modeling also separated the batteries into 14 stacks as opposed to a single emissions release point.  This methodology was from the Risk Assessment Document for Coke Oven MACT Residual Risk.

IDEM used the method applied in the Southwest Indianapolis Air Toxics to incorporate onroad mobile sources into the modeling.
  This method modeled the onroad mobile sources as point sources with a theoretical stack located along the roadway at 100 meter intervals.  One theoretical stack is for passenger vehicles, a separate stack is for commercial vehicles.  The Lakeshore air toxics study included 4912 individual vehicle stacks.
6. Ambient Air Monitoring for Air Toxics
There are five active ambient air toxics monitors in the study area.  These monitors were used for the risk characterization.  The monitors are located in East Chicago, Gary, Hammond, Ogden Dunes and Whiting.  The metals monitors were located at Gary and Hammond. IDEM routinely measures the levels of criteria pollutants in the air within the study area.  However, IDEM did not conduct a risk assessment for criteria pollutants. There are federal health-based standards for criteria air pollutants and compliance with these standards is ensured through the Clean Air Act. Measured air concentrations in the study area currently meet all applicable National Ambient Air Quality Standards (NAAQS). Lead, also a criteria pollutant, was only analyzed as a toxic pollutant. Figure 6-1 shows the location of the ambient air toxics monitors in the study area.
Figure 6‑1 Lakeshore Ambient Air Toxic Monitors
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Ambient air monitoring data most accurately represents a limited area near the monitor location.  All monitors for air toxics sample every sixth day. Therefore, five monitoring locations by themselves are not sufficient to accurately characterize air toxic concentrations throughout the entire study area, however, results from the monitors will provide exposure concentrations with a great deal of confidence at the monitoring locations.  Additionally, dispersion modeling is used to supplement the monitoring data to perform a risk characterization for the entire study area.  The combination of monitoring and modeling increases the confidence that the risk characterization is representative of the entire study area.  
The ambient air monitoring results were analyzed using U.S. EPA recommended statistical methods.  Three years of monitoring data from 2009-2011 was analyzed.  IDEM evaluated the data so that a 95% upper confidence limit of the mean (UCL) could be determined.  A 95% UCL represents a value which one can be 95% confident that the true mean of the population is below that value.  
Ambient air toxics monitoring results were also compared to data from Indianapolis and other selected monitors throughout the United States.  These monitors were chosen based on characteristics from the 2010 National Monitoring Program Annual Report (UATMP, NATTS, CSATAM) Volume 1: Main.
 Each monitor’s characteristics are listed in Table 2.2 of the report.  Monitors located in areas with similar population and air toxics emissions data to the Lakeshore area were chosen for comparison. 
Graph 6-1 shows the 95% UCL for selected chemicals in the study area and at similar monitors nationwide.  Graph 6-2 shows the exposure concentration from metals monitoring. 
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7. Risk Characterization
The term “risk characterization” has many different meanings and can include projects of wide variability in depth and scope.  The tools and resources available to IDEM limit the scale and scope of the risk characterization that IDEM can produce.  This risk characterization was designed to answer questions about the types, amounts, and potential health risks posed by air toxics in the study area.  This risk characterization focused on two toxic endpoints for each pollutant, cancer risk and non-cancer health effects from inhalation exposure over a lifetime (70 years).   A primary function of the risk characterization is to put into context the concentration of each of the pollutants to which the public is exposed taking into account the toxicity of the different pollutants.  This characterization can then be used to make decisions about whether additional resources should be dedicated to reduce emissions and risk.  
The risk characterization, while a useful tool, is not a statement of “actual risk” that the population faces but rather an estimate of high-end potential risk.  It is not the goal of IDEM to identify the cause of any observed health effects in the area through this study.  The “actual risk” that individuals face for the two identified endpoints is a complex combination of many factors, including genetic predisposition, diet, lifestyle choices, and environmental contribution.   It is outside the scope of this study to determine what this complex combination of factors is for every person who lives in the study area.  IDEM makes certain assumptions that will result in an estimate of high-end potential risk posed by the pollutants in the ambient air.  The assumptions made will be presented with the risk characterization results and covered in detail in the discussion of uncertainty in the final risk characterization section of the report. 
Any risk value produced will be the result of the assumptions and inputs used to derive the value.  It is important to note that the “risk” for a single location can be calculated with a multitude of different assumptions.  A risk estimate can be calculated assuming all worst case conditions, assumptions of average conditions, or the assumption of best case conditions (lower bound).  The agency examined possibilities ranging from an upper bound estimate of reasonable worst case conditions to an estimate using a central tendency for factors such as exposure and toxicity when making assumptions.  Examining a number of different combinations of factors will provide an understanding as to which factors are the most important in contributing to risk in the community.  Calculated risk values will be presented with the assumptions used to derive those values when the values are presented.  
IDEM used U.S. EPA methods and toxicological information from reliable sources when calculating potential cancer risk estimates.  Potential lifetime cancer risk estimates are obtained by multiplying upper-bound exposure concentrations by cancer slope factors.  The resulting calculations give a number that is expressed using the term “lifetime cancer cases per number of people.”  U.S. EPA uses a range between one in a million and one hundred in a million (1 to 100) when evaluating whether the estimated risk is at a level where action should be taken.  Generally, U.S. EPA considers lifetime cancer risk estimates over one hundred in a million to be at levels where action or more investigation is required.  Lifetime cancer risks that fall between the one in a million and 100 in a million range generate decisions and actions taking into account the assumptions used to determine the estimate.  Lifetime cancer risk estimates below one in a million are usually considered not to require further action. 
IDEM evaluates chronic (lifetime) non-cancer hazard assuming a threshold for each pollutant at which a health effect can be observed.  That is, it assumes safe exposure to the pollutant up to a certain level before it is possible to experience a health effect from breathing the pollutant.  IDEM uses health protective assumptions by taking into account people who might be more sensitive to the pollutants.  Non-cancer hazard is a ratio that divides an exposure concentration by the reference concentration (RfC). A non-cancer hazard under 1.0 is commonly recognized to be below the health-protective level.  Non-cancer hazards over 1.0 indicate that further investigation may be necessary and does not necessarily mean that health effects are expected.  Given the many health-protective assumptions used in the evaluation, most non-cancer hazards over 1.0 are still unlikely to be associated with observable adverse health effects. 
For the purposes of this study, IDEM only considered annual emission rates. Hourly emission rates are not readily available to properly characterize all permitted sources in the area.  Therefore,  IDEM did not evaluate acute or short term effects.  

IDEM used risk characterization methodology based on U.S. EPA approved methodologies.  Specifically, U.S. EPA’s Air Toxics Risk Assessment Reference Library Volumes 1, 2, and 3,
 were used. 
Dose-response assessment involves describing the quantitative relationship between the amount of exposure to a substance and the extent of toxic injury.  Data is derived from animal studies or, less frequently, from studies in exposed human populations. There may be many different dose-response relationships for a substance if it produces different toxic effects under different conditions of exposure. The risks from exposure to a substance cannot be ascertained with any degree of confidence unless dose-response relations are quantified, even if the substance is known to be toxic. U.S. EPA’s Integrated Risk information System (IRIS) was developed as a tool to provide hazard identification and dose-response assessment information. The best available dose-response values will be used from the following databases:
· Integrated Risk Information System (IRIS)

· Agency for Toxic Substances and Disease Registry (ATSDR)

· Health Effects Assessment Summary Tables (HEAST)

· California Environmental Protection Agency Air Resource Board (CARB)

· International Agency for Research on Cancer (IARC)

· Provisional Peer Reviewed Toxicity Values for Superfund (PPRTV)

· U. S. EPA Regions 3, 6, 9

The dose-response toxicity values from these databases are based upon health protective assumptions.
8. Risk Characterization Results
8.1 Cancer Results

The modeling analysis results estimated that onroad mobile sources are the greatest contributor to additional lifetime cancer risks for the area.  The total average modeled cancer risk for all the sources and receptors in the lakeshore area was 17.3 additional lifetime cancer risk per million people.  Due to the size of the study area, it was not possible to model and analyze all of the area at a high resolution.  The study concentrated on the areas nearest the release points of emissions.  The highest individual risk receptors were located either directly on roadways or permitted source restricted access properties.  The risk to the general public is expected to be lower over the publically accessible portions of the study area than on the roadways or permitted source restricted access properties.  Figure 8-1 shows the modeled total additional lifetime cancer risk for the area.  Major permitted source properties are indicated by the blue crosshatching on the map.    IDEM considers these areas as inaccessible to the general public.  All other areas are considered to be accessible to the general public.  Modeled receptors were located based on proximity to sources and major roadways.  This results in some areas not being represented by modeled results.   These areas (shown in grey in Figure 8-1) are far enough away from modeled sources and roadways that IDEM assumes the additional lifetime cancer risk to be less than 10 per million people.

Figure 8‑1 Modeled Total Additional Lifetime Cancer Risk per Million People
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The modeled additional lifetime cancer risk from onroad mobile sources is the greatest in the study area.  Due to the large number of total onroad mobile receptors, the analysis was limited to the receptors with a lifetime additional cancer risk exceeding 1 additional cancer per million people cases or a non-cancer hazard greater than 1.  The average additional lifetime cancer risk of these onroad mobile receptors was 18.6 per million people.  Benzene and formaldehyde are the two pollutants with the highest modeled additional lifetime cancer risk.  Some receptors were located directly on roadways near a vehicle emission release point and are not considered to be an area where the public has access.   Modeling has shown that the additional lifetime cancer risk from onroad mobile sources disperses to low levels very quickly as it gets further away from the release point.  The receptor next to the maximum impact receptor had an estimated additional lifetime cancer risk that was 98.5% lower at 70 meters away. At 500 meters away from the maximum impact receptor, the estimated additional lifetime cancer risk had decreased by over 99%.  Figure 8-2 shows the modeled additional lifetime cancer risk per million people from onroad mobile sources on the major roadways in the area.

Figure 8‑2 Modeled Onroad Mobile Source Additional Lifetime Cancer Risk per Million People
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The additional lifetime cancer risk from permitted sources in the Lakeshore area averaged 4.6.  This includes receptors that are located on major permitted sources’ properties.  The sources with the greatest average additional lifetime cancer risk are BP North America, ArcelorMittal Burns Harbor, U. S. Steel Gary Works and NLMK-Indiana.  Table 8.1 lists the average additional lifetime cancer risk from these sources.
Table 8.1 Lakeshore Permitted Sources with Highest Average Modeled Additional Lifetime Cancer Cases per Million People
	State Identification Number
	Company Name
	Average Modeled Additional Lifetime Cancer Cases

	089-00453
	BP Products North America
	4.3

	127-00001
	ArcelorMittal Burns Harbor LLC
	3.1

	089-00121
	U. S. Steel Gary Works
	2.0

	127-00036
	NLMK-Indiana
	1.0


The pollutant with the highest modeled additional lifetime cancer risk from permitted sources is chromium compounds.  The modeled additional lifetime cancer risk for chromium is based upon speciation percentages of chromium compounds emissions to estimate the percentage of chromium (VI).  The cancer URF for chromium compounds used in this analysis was the chromium (VI) risk factor.
Figure 8-3 shows the permitted sources additional lifetime cancer risks per million people.
Figure 8‑3 Modeled Permitted Source Additional Lifetime Cancer Risk per Million People
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8.2 Non-cancer Hazard
The total modeled non-cancer hazard for the study area was 4.2. The highest non-cancer hazards were due to onroad mobile emissions.  Due to the large number of receptors, only receptors with non-cancer hazards greater than 0.5 for stationary permitted sources and 1.0 for onroad mobile sources were analyzed.  Figure 8-4 shows the total modeled non-cancer hazard over the study area.
Figure 8‑4 Modeled Total Non-cancer Hazard 
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The average modeled onroad mobile non-cancer hazard was approximately 7.4.  The main pollutant responsible for the non-cancer hazard was acrolein.  Figure 8-5 shows the modeled non-cancer hazard from onroad mobile sources.
Figure 8‑5 Modeled Onroad Mobile Source Non-cancer Hazard
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For permitted sources, the average non-cancer hazard over the modeling study range was 0.26. BP North America, Dover Chemical and U. S. Steel Gary Works were the sources that contributed the most to the non-cancer hazard.  Chlorine and acrolein were the highest contributing pollutants to the non-cancer hazard.  Figure 8-6 shows the mapped non-cancer hazard for permitted sources in the study area.

Figure 8‑6 Modeled Permitted Source Non-cancer Hazard 

[image: image12.png]12

49

12
49
20 l
A 149
I

Mapped By: 0 2.5 5 10 Miles <1 No Data
E. Bailey, Office of Air Quality ( { { { [ { { { | 1-10 N
Date:5/1/2013 10 -50 y

o [ T T T T T T T | 50 - 100 W1 rE
Map Projection: UTM Zone 16 N . 1
Map Datum: NAD83 0 2.5 5 10 Kilometers 100 - 1,000 S

> 1,000





8.3 Ambient Air Toxics Monitoring Results
The monitoring data for all the ambient air toxics monitors in the study area were analyzed to calculate the 95% UCL of the mean to estimate additional lifetime cancer risk and non-cancer hazards. For additional lifetime cancer risk, formaldehyde, benzene and chromium compounds represented the highest increased risk.  Table 8.2 shows the additional lifetime cancer risk per million people from specific air toxics monitored in the study area.
Table 8.2 Monitored Specific Air Toxics Additional Lifetime Cancer Risk per Million People
	Chemical Abstract Number
	Chemical Name
	Gary
	East Chicago
	Whiting
	Hammond
	Ogden Dunes

	106-99-0
	1,3-Butadiene
	2.4
	4.4
	3.1
	23
	1.6

	106-46-7
	1,4-Dichlorobenzene
	1.8
	1.7
	3.6
	2.6
	2.0

	123-91-1
	1,4-Dioxane
	1.4
	0.73
	0.26
	0.52
	0.27

	75-07-0
	Acetaldehyde
	3.0
	
	
	
	

	7440-38-2
	Arsenic PM2.5 LC
	5.0
	
	
	5.5
	

	71-43-2
	Benzene
	26
	6.6
	5.3
	9.0
	4.2

	7440-43-9
	Cadmium PM2.5 LC
	4.8
	
	
	6.4
	

	56-23-5
	Carbon tetrachloride
	8.9
	8.8
	8.8
	8.5
	8.9

	67-66-3
	Chloroform
	0.48
	1.6
	0.96
	1.2
	1.5

	7440-47-3
	Chromium PM2.5 LC
	22
	
	
	28
	

	106-93-4
	Ethylene dibromide
	3.6
	
	
	
	

	50-00-0
	Formaldehyde
	36
	
	
	
	

	87-68-3
	Hexachlorobutadiene
	1.7
	0.94
	0.58
	1.8
	0.59

	127-18-4
	Tetrachloroethylene
	0.30
	0.65
	1.8
	0.80
	0.36


For non-cancer hazard, only acrolein’s monitored concentration was greater than 1. Acrolein is a common pollutant found in many urban areas.  It is most commonly associated with the burning of organic materials and motor vehicles emissions.  It can also be formed in the air when pollutants react with sunlight and other chemicals.  Animal studies have shown that breathing acrolein may cause irritation to the nasal cavity and can damage the lining of the lungs.

Comparable monitors were located in Indianapolis; the Tampa/St. Petersburg area of Florida; Rochester and Tonawanda, New York; Oklahoma City and Tulsa, Oklahoma; and Richmond, Virginia. 
Table 8.3 shows the cumulative non-cancer hazard and additional life time cancer risk for all the Lakeshore ambient air toxics monitors along with the comparable ambient air toxics monitors nationwide. 
Table 8.3 Cumulative Non-cancer Hazard and Additional Lifetime Cancer Risk per Million People based on Ambient Air Toxics Monitors
	Monitor Site
	Cumulative Non-cancer Hazard
	Cumulative Non-cancer Hazard without Acrolein
	Cumulative Additional Lifetime Cancer Risk

per Million People

	East Chicago, IN
	110
	0.16
	27

	Gary, IN
	71
	0.70
	119

	Hammond, IN
	84
	0.62
	89

	Ogden Dunes, IN
	66
	0.09
	20

	Whiting, IN
	81
	0.13
	26

	Indianapolis, IN
	86
	0.69
	121

	Tulsa, OK
	131
	0.66
	119

	Tulsa, OK
	81
	0.59
	92

	Oklahoma City, OK
	73
	0.68
	110

	Midwest City, OK
	120
	0.47
	72

	Pinellas Park, FL
	12
	0.37
	104

	Plant City, FL
	11
	0.49
	102

	St. Pete, FL
	15
	0.32
	61

	Rochester, NY
	13
	0.32
	74

	Tonawanda, NY
	14
	0.31
	52

	Richmond, VA
	28
	0.48
	153


A direct comparison of all ambient air toxics monitors is difficult since not all monitors analyze the same air toxics.  The lowest cancer risks were from the monitors that did not analyze for metals or formaldehyde. 
For specific air toxics, the Hammond monitor is the highest for 1,3-butadiene.  The next closest monitor to that is in Oklahoma City.  Oil and gas facilities are located near both monitors.
For benzene, the Gary monitor measures the highest additional lifetime cancer risk with Tulsa, OK and Tonawanda, NY monitors in the same range. Refineries and coke batteries are similar industries in the areas.
Acrolein concentrations at Indiana’s monitors were similar to the monitors in Oklahoma.  The monitors in other states had significantly lower acrolein concentrations.  Acrolein was the only air toxic with a non-cancer hazard greater than 1 at all monitors. 
Acrolein has recently become a national concern after U.S. EPA’s School Air Toxics program monitored concentrations above the health protective level around many of the schools which it monitored. Current evidence indicates that new procedures may need to be developed in order to better quantify acrolein concentrations in monitoring data. Current methods appear to bias results high so actual acrolein concentrations are likely lower than those recorded.
The rest of the air toxics measured across the country are comparable to the Lakeshore monitors. 
9. Monitoring to Modeling Comparison
Model to monitoring comparisons are completed to assess if there are any potential gaps with the emissions and modeling data.  However, there are important considerations to take into account when comparing model to monitoring data.  The monitoring data will account for impacts from all sources both inside and outside the study area where as the modeling is limited by the data inputs.  The monitoring data also only represents the air monitored on those days in which a sample was taken where as the model looks at the air every day for five years.
The model to monitoring analysis compares the receptor closest to the monitor to the monitoring data.  Not all pollutants were analyzed at each monitor, for those pollutants, the average of the available Lakeshore area monitors was used.  A background concentration was added to account for sources that were not analyzed.  The background concentration included area, nonroad mobile, background concentration and secondary formation for each pollutant. The data was taken from the 2005 NATA census tract data where each monitor was located.  Comparisons were done at each of the 5 monitors in the study area.  All concentrations are in micrograms per cubic meter (μg/m3).  The ratio was calculated by dividing the model concentration by the monitored concentration.  Ratios greater than 1 are modeled over estimations; ratios under 1 are modeled under estimations. U. S. EPA considers modeled to monitored ratios from 0.33 to 3 as acceptable and from 0.5 to 2 to be good model to monitor agreement. Tables 9.1 through 9.5 show the comparisons.
Table 9.1 Gary Modeled to Monitored Ratio
	Chemical Name
	Gary Modeled Point Source Concentration
(μg/m3)  
	Gary Modeled Onroad Mobile Concentration (μg/m3)  
	Estimated Modeled and Background Concentration (μg/m3)
	Gary Monitored Concentration (μg/m3)
	Model to Monitor 

Ratio

	Acetaldehyde
	
	0.006
	1.6
	1.4
	1.16

	Acrolein
	
	0.026
	0.051
	1.4
	0.04

	Benzene
	0.25
	0.31
	0.96
	3.3
	0.29

	Chromium compounds
	1.0E-03
	8.1E-06
	1.3E-03
	1.9E-03
	0.70

	Formaldehyde
	
	0.17
	1.8
	2.8
	0.66


Table 9.2 Hammond Modeled to Monitored Ratio
	Chemical Name
	Hammond Modeled Point Source Concentration
(μg/m3)  
	Hammond Modeled Onroad Mobile Concentration
(μg/m3)
	Estimated Modeled and Background Concentration
(μg/m3)
	Hammond Monitored Concentration
(μg/m3)
	Model to Monitor 

Ratio

	Acetaldehyde
	
	0.004
	1.8
	1.4
	1.29

	Acrolein
	
	0.019
	0.051
	1.7
	0.03

	Benzene
	0.22
	0.22
	0.90
	1.2
	0.75

	Chromium compounds
	2.6E-05
	5.9E-06
	4.5E-04
	2.4E-03
	0.19

	Formaldehyde
	
	0.12
	2.0
	2.8
	0.72


Table 9.3 Whiting Modeled to Monitored Ratio
	Chemical Name
	Whiting Modeled Point Source Concentration (μg/m3)
	Whiting Modeled Onroad Mobile Concentration (μg/m3)
	Estimated Modeled and Background Concentration
(μg/m3)
	Whiting Monitored Concentration (μg/m3)
	Model to Monitor 

Ratio

	Acetaldehyde
	
	0.003
	1.8
	1.4
	1.29

	Acrolein
	
	0.014
	0.049
	1.6
	0.03

	Benzene
	0.032
	0.17
	0.64
	0.68
	0.95

	Chromium compounds
	8.8E-06
	4.4E-06
	4.3E-04
	2.4E-03
	0.18

	Formaldehyde
	
	0.091
	1.9
	2.8
	0.70


Table 9.4 East Chicago Modeled to Monitored Ratio
	Chemical Name
	East Chicago Modeled Point Source Concentration (μg/m3)
	East Chicago Modeled Onroad Mobile Concentration (μg/m3) 
	Estimated Modeled and Background Concentration (μg/m3)
	East Chicago Monitored Concentration (μg/m3)
	Model to Monitor 

Ratio

	Acetaldehyde
	
	0.006
	1.8
	1.4
	1.29

	Acrolein
	
	0.025
	0.061
	2.2
	0.03

	Benzene
	0.16
	0.30
	0.92
	0.84
	1.10

	Chromium compounds
	1.5E-04
	7.9E-06
	4.9E-04
	2.4E-03
	0.21

	Formaldehyde
	
	0.16
	2.1
	2.8
	0.73


Table 9.5 Ogden Dunes Modeled to Monitored Ratio
	Chemical Name
	Ogden Dunes Modeled Point Source Concentration (μg/m3)
	Ogden Dunes Modeled Onroad Mobile Concentration (μg/m3)
	Estimated Modeled and Background Concentration (μg/m3)
	Ogden Dunes Monitored Concentration (μg/m3)
	Model to Monitor 

Ratio

	Acetaldehyde
	
	0.001
	1.6
	1.4
	1.17

	Acrolein
	
	0.004
	0.027
	1.3
	0.02

	Benzene
	0.15
	0.043
	0.45
	0.54
	0.83

	Chromium compounds
	8.7E-05
	1.1E-06
	4.1E-04
	2.4E-03
	0.17

	Formaldehyde
	
	0.024
	1.7
	2.8
	0.62


For these air toxics, acetaldehyde, benzene and chromium have similar modeled and monitored values, while acrolein and formaldehyde modeled concentrations are significantly lower than the monitored values.  
10. Modeling to NATA Comparison
In 2011, the U. S. EPA released the most recent National Air Toxic Assessment (NATA).
 The 2005 NATA was a national scale model that estimated cancer and noncancer health effects for each census tract.  The results of this assessment showed that the Lakeshore area should have a more refined analysis.  The coordinates of each RAIMI modeling receptor were placed in the census tract and averaged to compare to the results from the NATA.  The average RAIMI modeled additional lifetime cancer risk and non-cancer hazard for this comparison were calculated using only receptors that were located in 2005 NATA census tracts.   Table 10.1 shows the average modeled total, point source and onroad cancer risk and non-cancer hazard compared to the 2005 NATA.
Table 10.1 Modeled to 2005 NATA Comparison

	Source


	Average
RAIMI Modeled Additional Lifetime Cancer Risk
	2005 NATA Estimated Additional Lifetime Cancer Risk
	Additional Lifetime Cancer Risk Difference
	Average RAIMI Modeled Non-cancer Hazard
	2005 NATA Estimated Non-cancer Hazard
	Non-cancer Hazard Difference

	Total
	19.2
	21.4
	-2.2
	5.5
	0.66
	4.9

	Onroad
	18.4
	6.7
	11.7
	6.5
	0.44
	6.1

	Point Source
	3.1
	18.9
	-15.8
	0.20
	0.29
	-0.09


The comparison between modeled data and monitored data for specific air toxics was conducted by taking the average of all the modeled receptor points over the study area, adding the other concentrations from the 2005 NATA and comparing with the average of the 5 ambient air toxics monitors located in the Lakeshore area.  The IDEM modeling analysis only took into account point source and onroad mobile sources.  The 2005 NATA also estimated area and nonroad sources as well as background concentrations and secondary formation of chemicals in the atmosphere that IDEM did not include. Table 10.2 shows the difference between the modeled and monitored concentrations.  All concentrations are in micrograms per cubic meter (μg/m3).
Table 10.2 Average Modeled to Monitored Comparison
	Chemical Name
	Average RAIMI Modeled Point Source Concentration (μg/m3)
	Average RAIMI Modeled Onroad Mobile Concentration(μg/m3)
	Estimated RAIMI Modeled and NATA Background Concentration(μg/m3)
	Average Monitored Concentration(μg/m3)
	Model to Monitor 

Ratio

	Acetaldehyde
	
	0.018
	1.7
	1.4
	1.21

	Acrolein
	0.025
	0.098
	0.15
	1.6
	0.09

	Arsenic
	0.0001
	
	0.0010
	0.0013
	0.77

	Benzene
	0.17
	1.21
	1.8
	1.3
	1.38

	Cadmium
	0.0001
	
	0.0002
	0.0031
	0.06

	Chloroform
	0.013
	
	0.10
	0.05
	2.0

	Chromium
	0.0008
	0.0000
	0.0012
	0.0022
	0.55

	Ethyl Benzene
	0.17
	0.035
	0.24
	0.16
	1.5

	Formaldehyde
	0.0092
	0.67
	2.4
	2.8
	0.86

	Lead
	0.16
	
	0.16
	0.046
	3.48

	Nickel
	0.0032
	0.0000
	0.0033
	0.0007
	4.71

	Toluene
	
	1.0
	0.99
	1.4
	0.71


There are some challenges in comparing the averaged modeled data to the averaged monitored data.  The first challenge is the number of data points.  For modeling, there are thousands of data points as opposed to only five monitors.  Also, not all pollutants are monitored at all five monitors.  The modeling data points may also be biased on the higher end due to the overwhelming number of receptors.  Analyzing the whole area was beyond the capability of the database conducting the final calculations.  The receptors that were analyzed were selected due to higher concentrations and proximity to emission sources.  This may be the reason the lead and nickel average source concentrations are higher than the monitored average.  With more receptors analyzed, the average lead and nickel concentrations maybe much lower.
The average point source cancer risk is well below the 2005 NATA estimates.  The onroad mobile source cancer risk and non-cancer hazard are much above the 2005 NATA estimates.  Table 10.3 shows the difference between the modeled concentration and the 2005 NATA estimated concentration for selected pollutants.
Table 10.3 Modeled Point Source Pollutant to 2005 NATA Comparison

	Chemical Abstract Number
	Chemical Name
	Average RAIMI Modeled Point Source Concentration
(μg/m3)
	2005 NATA Point Source Estimated Concentration (μg/m3)
	Difference (μg/m3)

	107-02-8
	Acrolein
	0.026
	0.000
	0.025

	107-13-1
	Acrylonitrile
	0.004
	0.000
	0.004

	7440-38-2
	Arsenic
	0.00011
	0.000024
	0.000084

	71-43-2
	Benzene
	0.18
	0.032
	0.143

	7440-43-9
	Cadmium
	0.00011
	0.00011
	0

	7782-50-5
	Chlorine
	0.20
	0.003
	0.20

	67-66-3
	Chloroform
	0.013
	0.000
	0.013

	7440-47-3
	Chromium
	0.001
	0.001
	0

	100-41-4
	Ethyl Benzene
	0.17
	0.013
	0.16

	50-00-0
	Formaldehyde
	0.009
	0.004
	0.005

	7439-92-1
	Lead
	0.16
	0.002
	0.16

	7440-02-0
	Nickel
	0.003
	0.001
	0.002


The main pollutant driver for the 2005 NATA was coke oven emissions.  The Lakeshore study analyzed coke oven emissions using the same method used in IDEM’s Indianapolis Public School 21 Air Toxics Study.
  Instead of using the combined coke oven emissions, this method speciates the individual chemical components of coke oven emissions and analyzes them separately.  This method allows IDEM to calculate specific air toxics emissions from coke ovens. Coke oven emissions were the cancer risk driver for the 2005 NATA.
Table 10.4 shows the onroad mobile comparison between the modeling and the 2005 NATA.

Table 10.4 Modeled Onroad Pollutant to 2005 NATA Comparison

	Chemical Abstract Number
	Chemical Name
	Average Onroad Concentration (μg/m3)
	2005 NATA Onroad Estimated Concentration (μg/m3) 
	Difference (μg/m3)

	75-07-0
	Acetaldehyde
	0.018
	0.12
	-0.10

	107-02-8
	Acrolein
	0.098
	0.007
	0.09

	71-43-2
	Benzene
	1.2
	0.21
	0.99

	7440-47-3
	Chromium
	3.1E-05
	3.1 E-05
	0

	100-41-4
	Ethyl Benzene
	0.035
	0.091
	-0.056

	50-00-0
	Formaldehyde
	0.67
	0.15
	0.52

	91-20-3
	Naphthalene
	0.005
	0.019
	-0.014

	7440-02-0
	Nickel
	1.8E-05
	2.3E-05
	-5.0E-06

	108-88-3
	Toluene
	0.10
	0.61
	-0.51


Benzene and formaldehyde are the main cancer drivers for onroad mobile emissions.  The Lakeshore average concentration is significantly higher than the 2005 NATA concentration.  For non-cancer hazard, acrolein is also higher than the 2005 NATA.  The 2005 NATA reports one number for each census tract based on the average of smaller census blocks.  There are significantly fewer points to average to estimate the census tract number.  The Lakeshore analysis may have thousands of receptors in each census tract and some of those receptors are biased high due to their relative location to an emission release point.  Due to the overwhelming number of data points, only higher concentration onroad mobile receptors were analyzed.  This will also cause higher results for the Lakeshore study.  The 2005 NATA bases the onroad mobile emissions on a countywide emissions number and then allocates the emissions based on population.  IDEM based the emissions on actual traffic count data.  These factors may explain why the Lakeshore onroad mobile cancer risk and non-cancer hazard are higher than the 2005 NATA.
11. Limitations and Uncertainties
There are limitations and uncertainties for every risk characterization.  These limitations must be accounted for in order to better understand and communicate the results.  For this study, the biggest limitation was the size of the data set and the storage capacity of the database conducting the calculations.  The largest uncertainties included in this study involve the use of toxicity factors which are calculated to be health protective.
The unit risk factor for cancer and the reference concentration for non-cancer effects are both designed to be health protective for sensitive populations.  The RfC for each pollutant may have a health protective factor based on uncertainties of the studies used to derive their estimate.  The URF are based on the upper bound estimate of lifetime exposure. The risk characterization calculations are based on an individual breathing the exact same air for 24 hours a day, seven days a week and 52 weeks a year for 70 years.  IDEM uses these health protective assumptions to ensure that the general public is not exposed to concentrations above what has been estimated.
The chromium compound emissions estimates are often reported as total chromium which includes both the chromium (III) and chromium (VI) valence states. The Unit Risk Factor (URF) and the Reference concentration (RfC) used for risk analyses were for the toxic chromium (VI). Chromium (VI) emissions were estimated using speciation factors for chromium compounds based on SCC codes used in the 2005 NATA.
 The chromium (VI) speciation factors averaged about 3% of total chromium emissions.  
Between the point source and onroad mobile sources there were over 5,800 separate emissions points.  RAIMI models each point at the unitized 1 g/sec emission rate.  The MySQL Version 5.1 database then calculates the estimated concentration per each pollutant from the existing inventory. A fine receptor grid to cover the area for all the sources would take approximately 600,000 receptors.  The number of possible data points for the study could be over 60 trillion.  
To overcome the limitations of the database multiple modeling runs were conducted for both point and onroad mobile sources. Even with multiple runs, it was not possible to analyze the entire study area.  Also due to the size of the smaller modeling runs still being larger than the capacity of the database, not all receptors could be analyzed.  In some runs the analysis was limited to the receptors and pollutants that had potential to cause chronic health effects.  This limitation caused the average results to be biased high.  
RAIMI was developed when ISCST3 was the U. S. EPA approved air quality dispersion model.  Now the approved dispersion mode is AERMOD.   During this study, The Wisconsin Department of Natural Resources developed new code language to incorporate AERMOD into RAIMI.  IDEM decided it was not feasible to change the model in the middle of the study.  The pre-processors of RAIMI analyze meteorological and terrain data similar to AERMOD. The biggest difference is that AERMOD uses different meteorological data.  The wind roses of the two meteorological data sets are very similar.  ISCST3 is more conservative or health protective that AERMOD. 
Using the 95% UCL also provides the monitoring results data with a health protective bias. The technical definition of a 95% UCL is “a number that one can be 95% confident that the true mean (average) concentration of the population is below that value.” A slightly simpler definition is that it is a level that we are confident is health protective when we use it to calculate risks and hazards. The purpose of the 95% UCL is to take an average calculated from a sample of possible sampling days and convert it to a number that represents a health protective estimate of the average concentration on all possible sampling days.
 
12. Next Steps and Future Considerations
In order to control emissions from onroad mobile sources, The U. S. EPA enacted the Mobile Source Air Toxics (MSAT) rule.
  This rule lowers the annual average gasoline benzene content standard and adopts new standards to reduce non-methane hydrocarbons exhaust emissions.  The benefits of this program will reduce MSAT by 330,000 tons in 2030, including 61,000 tons of benzene.  New vehicles will emit 45% percent less benzene and gasoline will have 38% less benzene overall.  The hydrocarbon reduction will reduce VOC emissions by over 1 million tons by 2030.  

With each passing year, as newer vehicles replace older vehicles, the onroad mobile source fleet transitions into lower MSAT emitting vehicles.  MOVES2010b: Additional Toxics Added to MOVES, separated emission factors for passenger vehicles by the 2003 model year.  For diesel trucks the emission factors were separated by the 2007 model year.  The Lakeshore study used 2010 annual average daily traffic data to estimate the onroad mobile source emissions.  According to the MOVES default age distribution, in just three years the number of passenger vehicles that emit less MSAT has risen by 20%.  The number of cleaner diesel trucks has risen by 16%.
U. S. EPA has recently published its proposed Tier 3 motor vehicle emissions and fuel standards.
  This proposal would reduce tail pipe emissions of non-methane organic gases and nitrogen oxides by 80% over today’s standards and a 70% reduction of particulate matter emissions.  If enacted these rules would take effect in 2017.
Permitted sources in the Lakeshore area are also working to lower their toxic emissions.  BP North America has modified its process units to produce fuel that conforms to the MSAT rules and adding fenceline monitoring equipment.
  U. S. Steel Gary Works is in the process of installing new equipment to produce metallurgic coke to fuel their steel making process.
  The new non-recovery coke batteries will reduce air toxics by eliminating emissions associated with the recovery, separation and storage of by-products produced during the coking procedure.  The new equipment also contains an afterburner to ensure complete combustion of process gases. The new batteries also eliminate fugitive leaks by operating under negative pressure, emissions are captured and controlled by control equipment.
NATA is a national scale assessment that highlights areas of the United States that may need further evaluation.  The 2005 NATA results, the most recently completed assessment, indicated that the Lakeshore area needed a more thorough air toxics analysis.  As of now, there are no published plans to conduct another NATA.  This means that IDEM will need to be better aware of future areas of concern.  To accomplish this IDEM will need readily available emissions data and better tools to conduct the assessments.
For the Lakeshore Air Toxics Study, significant time and effort was dedicated to compiling the air toxics inventory.  IDEM compiled existing stationary source data, worked with the stationary sources to verify the air toxics inventory and internal quality assured the data for accuracy.  Having an existing verified air toxics inventory for all of Indiana would allow future assessments to be completed quicker.

A critical tool for IDEM’s risk characterization efforts, RAIMI, was developed in 2007.  The first step to improving this tool would be to incorporate AERMOD as the dispersion model.  The next improvement would need to be in the database.  For an ideal analysis, all the modeling and calculation would be conducted in a single analysis instead of being divided into multiple analyses as was required for the Lakeshore study.  The limitations of the database produced gaps in the results that prevented IDEM from having a complete picture of the study area.
More monitoring information would be the next tool to improve IDEM’s understanding of the air toxic data.  Formaldehyde, acetaldehyde and chromium compounds were all air toxics that were drivers for cancer risks.  Carbonyl (acetaldehyde and formaldehyde) and metals monitoring was not available for all five monitors in the Lakeshore area.  Including these monitoring methods would be beneficial for IDEM.

13. Conclusions
The Lakeshore Air Toxics Study results produced a more accurate local assessment of the cancer risk and non-cancer hazard than the U.S. EPA’s 2005 National Air Toxics Assessment (NATA).  Every modeled census tract had similar to lower cancer risks than the NATA for permitted stationary sources.  Different emissions data were used for the NATA and the Lakeshore study; this may cause differences in the assessments. Even with the reduced risk estimates a few permitted sources contribute to off-property risk levels that are in the acceptable range but are higher than surrounding areas. IDEM will work with those permitted sources to evaluate opportunities for pollution prevention.  The refined treatment of coke oven emissions and a more refined and current emissions inventory were factors in the cancer risk estimation being lower than previous estimates.  
The greatest level of cancer risk and non-cancer hazard is attributable to onroad mobile sources.  The use of the modeling methodology and more detailed area-specific onroad mobile data resulted in mobile sources accounting for greater cancer risk and non-cancer hazard than NATA estimated.   Existing and proposed U. S. EPA rules are expected to greatly reduce the risk and hazard from both onroad mobile and stationary permitted sources over time.  IDEM’s evaluation of comparable ambient air toxics monitoring data available nationwide show the Lakeshore area has similar air toxic concentrations as those measured elsewhere.
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