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Abstract

Emissions from passenger cars, buses, commercial trucks, and motoopgrked on highways, streets,

and roads are major contributors to air pollution. Research led by the United States Environmental
Protection Agency (U.S. EPA) identified more than 1000 air toxic compounds in exhaust and evaporative
emissions from omoadmobile sources. Under a federal mandate, the U.S. EPA is obligated to regulate
the emissions of 187 pollutants, known as Hazardous Air Pollutants (HAPS) or air toxics. HAPs emitted
from mobile sources are called Mobile Source Air Toxics (MSATs). Conmgmwithin a subgroup of

these MSATs are identified by the U.S. EPA as being carcinogens. Additionally, MSATs cause
noncanceserious health effects such as tumor formation, cardiovascular disease, damage to the immune

system, neurological disorders, reguctive disorders, and respiratory problems.

The U.S. EPA estimates approximately half of the cancer risk from air toxics is attributed to mobile
sources, whereas, 74 %mncancehealth impacts from air toxics are a result of exposure to emissions

from mobile sources.

The quantification of these risk risks associated with MSATs remains limited to date. Only 20 of the
MSATs have ambient air quality standards to protect human health. This work presents a novel and
validated approach to quantifid myriad health risks associated withroad mobile emissions. This
approach is introduced in the form of a pipelined analysis process, which may be employed in existing

and new road projects.

The result of this research is a new approach to providdategs and risk analysts a more detailed

awareness of the health impacts of these MSATSs in current and future contexts.

A distinguished feature between this framework and conventional analysis is providing the handshake
between the different models thangrate the eroad mobile source emission inventories, conduct the
air dispersion modeling, and run the risk engine to calculate the risk estimates. Furthermore, this
framework will overcome existing limitations such as roadway geometry characteripadifierent

models.
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Chapter 1: INTRODUCTION

1.1 Scope of Research

In 2012, the World Health Organization (WH@Yorld Health Organization, 201&pstimates that global
premature death as a result of air pollution exposure is broken down into:

1 72 % due to disease and strokes.
1 14 % due to chronic obstructive pulmonary disease or acute lower respiratory infections.
1 14 % due to lung cancer.

Major soures of air pollution include biogenic sources, products of combustion and incomplete
combustion, fugitive emissions, and mobile sources. Mobile sources include cars, buses, trucks,
commercial marine vessels, railroads, agricultural equipment, and recatagiguipment. Mobile
sources consist of two major subcategoriesr@at mobile sources, which are the focus of this research
and nomroad mobile sources. Mobile sources emit more than 1000 chemicals into the atmosphere

(United Sates Environmental Protection Agency, 2006)

The scope of this research is to develop a novel methodology to evaluate human health impacts from
traffic emissions and resolve current limitations. These emissions, also referred to as Mobile Source Air
Toxics (MSATS), are currently the biggest air pollution health issue in North America and Europe. The
research includes a case study with a modeled versus measured analysis to validate the proposed
approach. Moreover, pesgviewed models and proven techtogies are employed to advance the
understanding of evaluating health impacts, as a result of exposure to MSATs. The outcome is a
streamlined MSATs methodology for conducting human health risk assessments. Finally, this

methodology can assist policgakers in making decisions on the basis of science.
1.2 Research Objective

The objective of this research is to develop and validate a new methodology to evaluate human health
impacts from exposure to mobile source air toxics (MSATHS)is is a challenging rearch since it must
integrate multdisciplinary fields including the estimation of mobile source emissions of over a thousand
air toxics, the atmospheric dispersion of these toxics, the fate and transport of chemicals through various

media, the assessmaitthe dose on humans, and its final combined toxicological risks.



1.3 Thesis Outline

This thesis is divided into six chapterBhe chaptersare outlined as follows:
Chapter I Introduction.

Chapter 2 Methodology.

Chapter 3 Chemicals of Potentialoncern.

Chapter 4 Multi-pathway Fateandtransport Risk Assessment.

= =4 =4 =4 =4

Chapter 5 Analysis of Results and Validation.

1 Chapter @ Conclusion, Uncertainty Analysis, and Future Work.
1.4 Literature Review
1.4.1MPCA Statewide Cumulative Risk Study

The MinnesotdPollution Control Agency (MPCA), conducted a statewide screening level human health

risk assessment of all inventoried emission sources located in Minnesota. The MPCA conducted the
cumulative risk study in accordance with the methodologies and scienaénednin the 2005 U.S. EPA

Human Health Risk Assessment Protocol (HHRAB)S. Environmental Protection Agency, 2005)

MPCA contracted with Lakes Environmental Software, to design and develop-afstaescience tool

that automated the emission inventory, air dispersion modeling, and risk assessment. The tool,
MNRI SKs, i ncorporates the U.S. (UbttdAShates EhEehMental ai r o
Protection Agency, 201%nd risk assessment protocols outlined in the HHRAP to predict cancer risk and
noncancer hazard indices. In conclusion, the study provided evidence of the viability of this advanced
human health risk assessment system, and its approach, for condugixsgrdde analyses of air toxics

health effects.

As a result of this study, a collection of peeviewed articles were publishéldratt, Dymond, Ellickson,
& The”, 2012) and confirmed the necessity of evaluating emissimr brroad sources and how they
contribute to adverse health effects resulting from acute and / or chronic exposure. MPCA continues to

conduct updated risk assessments for the entire state every three years.

Regulatory benefits of investing in a stafethe-science cumulative human health risk assessment

modeling system include the ability to:



1. Identify likely health outcomes in the population including asthma rates, cancers, and other
expected disease outcomeshis information can be cross correlatwdh epidemiology data
(e.g., hospital admissions) to further prioritize prevention, intervention and treatment strategies.

2. Develop effective risk communication strategies and informative educational programs based on

cumulative health study results.

3. Quarnify and compare potential health risks based on evaluation of actual, allowable, and

maximum emissions limits.
1.4.2Regional Air Modeling Initiative (RAIMI) T U.S. EPA Region 6

The Regional Air Impact Modeling Initiative (RAIMI) is a suite of integrated safeatools developed by

the U.S. EPA Region 6 Compliance Assurance and Enforcement Division. The Rédiytam and
modeling tools were developed to conduct community wide cumulative air dispersion and human health
risk assessment modeling for hundredsiofaics being emitted from thousands of air pollution sources.
Human health risk assessment modeling includes evaluation of chronic cancer risk and noncancer hazard
as well as short term acute exposure. Exposure pathways include direct inhalaticutgobel imdirect
pathways including water, plant, and animal tissue ingestion. The first RAIMI pilot study was conducted
in Harris County Texas, which includes the Houston Ship Channel industrial corridor. The RAIMI tool is
limited to calculating point aurce data only. For onroad sources, ambient air concentrations were
estimated for six hazardous air pollutants (HAPS) in a study area containing four air monitoring stations.
The Human Exposure Model (HEB) is the model used to estimate emissions foanoad sources.

The RAIMI program was designed to manage the large data sets associated with community wide
modeling studies and is ideally suited to calculate cumulative risks while also identifying contributing

emission sources, pollutants, and expeswathways driving risk estimates.
1.5 Framework

This framework will serve as the groundwork for conducting Apdthway risk assessments due to
mobile source air toxics exposure. The framework consists of the following components as shown in

Figure 1:

1. Generating the emissions inventory forraad sources in a readable format by the air dispersion
model ¢.g., AERMOD).



2. Conducting the air dispersion and deposition modeling for thead sources to estimate the
downwind ambient air concentrations angalgtion fluxes.

3. Calculation of the fate and transport of MSATS in other megl@, (soil, air, beef, dairy, poultry,
etc.).

4. Estimation of exposure scenarios.

5. Estimation of risks via each exposure pathway for each modeled source and.MSAT

Fleet Vehicle miles traveled

Emissions

Data Fate and ~

Terrain Land use, Land cover Meteorology

Figurel: Human Health Risk Assessment Flowchart

The framework builds upon principles outlined in the U.S. EPA Human Health Risk Assessment Protocol
(HHRAP) (U.S. Environmental Protection Agency, 2005} is important to note that availability and
completeness of eroad emissions data is of key importance to assess human health risk associated with
onroad emissions exposure.

1.6 Mobile Source Air Toxics (MSATS)

The Clean Air Act Amendment of 199@nited States Environmental Protection Agency, 19904

federal law that requires the United States Environmental Protection Agency to regulate the emissions of
187 air toxicUnited States Environmental Protect Agency, 2005) Air toxics emitted from omoad

sources such as highway vehicles and-mo@ad equipment like farm tractors and road graders are called
Mobile Source Air Toxics (MSATSs). The research focuses on MS&iitted from orroad sourcesA
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percentage of MSAJare found in fuels and emitted by-omad sources into the atmosphere because of
fuel evaporation or when unburned fuel passes through the enginma@®aources also emit MSA®s

a consequence of incomplete combustion of fuelsm@ byproduct of combustion (i.e., secondary
combustion products). Another significant source of emission, is the secondary formation of M@AT

to reaction of primary compounds in the atmosph&erréa, et al., 2010) Furthermore, engine and
brake wear, abrasiand corrosion ofehicle components, and, impurities in oil or gasoline generate a
significant amount of metal MSATs. The U.S. EPA identified 9 compounds emitted from mobile
sources, 8 of which are from the 1&if toxics list, in addition to diesel particulate matter as large
contributors to overall risk in the 2011 National Air Toxics Assessment (NA{WYited States
Environmental Protection Agency, 201IJhese compounds ale3-Butadiene AcetaldehydeAcrolein,
Benzene Ethyl benzengFormaldehydeNaphthalengPolycyclic Organic Matterand Diesel Exhaust
Particles also known as Diesel Particulate Matter (DPM). The Federal Highway Adminiqtratitid)
(Federal Highway Administration, 201 &)lassifies the forestated air toxics as priority mobile source air
toxics, meaning they are considered high priority, the viipreébrityo is used in the sense of being the
most important, and the designatioas legal implications for reporting and inclusion in studies. These
MSATSs present the greatest threat to public health as per the 2011 NATA. Health problems include
cancer and noncanckealthrisks like immune system and nervous system problemsciéXofor mobile
source air toxics are limited in scope and incomprehensive when compared to criteria air pollutants
regulations (i.e., NAAQS}United States Environmental Protection Agency, 19@@d many of these
MSATSs are pesistent. Moreover, MSA3J concentrations are amplified as they move from one trophic
level to the next.

In this research, we use the following terms interchangeably: MSBOPG, and Chemicals. For the
air concentrations modeled versus monitored armlgglidation study), wanodeledthe following
MSATSs: Benzene 1,3-Butadiene Formaldehydge Toluene, andXylene since we had monitored and

modeled data for erpad vehicle emissions as shown in Figure 2.
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Figure2: BenzeneEmissionsData at Saint Palil Ramsey Health Centéir Monitoring Station

Figure 2 shows theublicly availableBenzenedata, the site contains information about the modeled
Benzeneconcentrations, monitoreBenzeneconcentrations, and the -voad sourcesontribution to the
receptor.

In the cumulative risk analysis, the study focused and analyzed MSATs summarized in Table 1. As per
the 2011 NATA Benzends designated as regional cancer risk drit@rmaldehydeés a national cancer

risk driver, andl,3-Butadieneand hexavalent chromium are national cancer risk contributors.

U.S. EPA classifiedndeno(1,2,&d)pyreneas probable human carcinogen aBdnzo(a)pyreneas

carcinogenic to humar{gnited States Environmental Protection Aggeni2018)



Table1l: MSATsIncluded in the Cumulative Risk Analysis

Benzene 71-43-2 1 Vapor
Formaldehyde 50-00-0 1 Vapor
1,3-Butadiene 106-99-0 1 Vapor

Hexavalent Chromium | 18540 0 Particle
Indeno(1,2,%d)pyrene 193 3| 0.005 Particle
Benzo(a)pyrene 50 32 0294 29.4 %V, 70.6 % PB

1.7 Models for the Validation Study
The following sections describe the models included in this analysis:
1. U.S. EPA MOVES® Estimates emissions for @nad mobile sources.
2. AERMODd Regulatory steadgtate plume model for air dispersion modeling.

3. Risk Engine (IRAPh View)d Calculates risk value®f multiple MSATs, from multiple onroad

sources, at multiple exposure locations.
1.7.10n-Road Mobile Source Emission Inventory

Uu. sS. EPAG6s Motor Vehicle Emissions Simulator Mo d
inventory. The MOVES model estimates #maission factors and emissions inventories for the following
pollutants: Particulate Matter (RMand PMs), Nitrous Oxides, Carbon Monoxide, Greenhouse Gases,
Metals, and MSATSs, which are the focus for this work. MOVES is capable of modeling continuous
releases of mobile source air toxics with over 50 different exhaust and evaporative species. Moreover, the
model, accounts for various fuel types (e.g., Diesel, Gasoline, Ethanol fuel blend of 85 % (E85)) used by
a range of mobile sources such as cawseb, motorcycles, and haul trucks. Furthermore, the model
includes different emission rates for each combination of sources, age groups, and operating modes and it
accurately reflects the various vehicle operating processes, such as running exhaestsenamning
exhaust, cold start or extended idle, and provides estimates of bulk emissions or emission rates. The
modeler enters theehicle activity data into MOVES as a series of link drive schedules to represent each
segments of cruise, deceleratidagie and acceleration of a congested intersection. The 2014 version of
the MOVES model (MOVES2014) is the preferred model and U.S. EPA requires all transportation

1: Fraction ofMSAT air concentration in vapor phase



conformity analyses be modeled using MOVES2QW4ited States Envimmental Protection Agency,
2017)

This is the first step in the risk assessment, as the mobile sources inventory constitutes the feedstock to
the air dispersion model.

1.7.2Air Dispersion and Deposition Modeling

Before conducting any human health resksessment, it is very important to understand the fate and
transport of MSATS, this is done using air dispersion modeling (ADM). Air dispersion modeling is a
computer simulation that expresses the relationship between the various variables of a system in
mathematical terms. Air dispersion models predict the downwind concentrations of a source, provided,
the model is fed with sufficient data such as source characteristics (location, source release parameters,
etc.), meteorological conditions, and terrdata. Furthermore, air dispersion modeling, helps us better

understand how pollutants amplify existing conditions.

Air dispersion modeling is used to provide fine spatial resolution of emission allocation, determine

mobile source emission contributionsaimbient air quality, and verify emission inventory.

Air dispersion models estimate the air concentrations and deposition rates ofsM$Adse dispersion
models also estimate the impact of chemical partitioning into vegetation, soil, and water boldias s

lakes, rivers, and wetlands.

Air dispersion and deposition modeling conducted for this analysis was done using the U.S. EPA
preferred model for air dispersion modeling for rélid applications, AERMOD (version16216r), and

follows the proceduresecommended by the U.S. EPA to conduct human health risk assessment.
AERMOD is a steadgtate Gaussian plume air dispersion model. Figure 3 shows a schematic of the

Gaussian plume.
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Figure3: Schematic Representation@&ussian Plume

The model calculates concentrations based upon the mathematical principles of plume rise, atmospheric
dispersion of buoyant (or neutralbuoyant) effluent, turbulence theory, and Gaussian distribution
(Vesilind, Peice, & Weiner, 2013as presented in (Equation 1). The output concentrations are the result

of the model 6s <calcul ations which vary depending

parameters, meteorology, terrain, and more.
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uaverage wind speed in meters per second
= standard deviation of the plume in the vy
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Turbulence parameterization is based on the M@bokhov similarity theory. The model heavily relies
on surface weather observations to create vertical profiles of temperature, temperature gradient, wind

speed, wind direction, and turbulent velocitieshi@a atmospheric boundary layer. This process is handled



in the U.S. EPA AERMET model, the meteorological preprocessor that generates AERMOD
meteorological data files.

Links and roadway segments are terms used interchangeably in this framework anéd 8iw®s avhere
similar vehicular activity occurs. Vehicle activity over the length of the links vary due to acceleration,

deceleration, cruising and / or idling. Links classify into two types:
1. Running Links such as ramps, intersections, andffoeehighways.

2. Off-Network Links such as locations that include extended idling and / or running emissions like

parking facilities, and transit facilities.

For the 47 links we modeled, we conducted the air dispersion modeling usikbpitteed Emission
Conceptof afi g e n MEATca® demonstrated iRigure 4, known as the Unit Emission Rate, a term
coined by Professor TH@&he' & Weeks, 2007)

Unitized Emission Concept

Non-linear Process (NL)

® 0"
° @

Concentration = Emission Rate * (NL)
Figure4: Unitized Emission Concept

The MSATS specific emissiomates are multiplied by the appropriate air modeling parameter outside the
air dispersion model (i.elRAP-h View). IRAP-h View (Lakes Environmental Software, 20i8}he

GUI for conducting the muHlpathway human health riskssessment based on the U.S. EPA Human
Health Risk Assessment Protocol (HHRAPB)S. Environmental Protection Agency, 2005)

Unit emission rate serves two purposes:
1. Minimize calculations imprecision by low emissions values.
2. Eliminate multiple dispersion runs for each modeled MSAT.

10



To put it more simply, this saves the modeler from having to generate a model run for each MSAT for
IRAP-h View, which would be painful for a vehicle that emits more than one MSAT into the

environment.
A more detailed description of how we modeled the links will followhapter 2.

Many factors contribute to the complexity of this modeling process, such as secondary formation of
MSATs in the atmosphere likacetaldehydeand FormaldehydgCorréa, et al., 2010mechanical and
thermal induced turbulence, transformation of roadway segments to spatially aware sources for input in
the air dispersion model, and uncertainties in the MSATs emission inventories due to chaegitiggp

conditions, higher evaporative losses in warm weather, and changing warm up and idle cycles.

Another challenge identified in this segment of the research is the averaging of mobile source air toxics;
criteria pollutants have set ambient air quyationcentration standards as per the National Ambient Air
Quiality Standards (NAAQS)United States Environmental Protection Agency, 19 wever, MSATs

lack these defined health safety lev@federd Highway Administration, 2016)esulting in a subjective
evaluation of how bad they are. As per the HHRAPS. Environmental Protection Agency, 2005)
recommendations, we modeled fehdur andannual air concentratiorier vapor, particle, and particle

bound chemical phases resulting fromroad sources.
1.7.3Human Health Risk Assessment Protocol

The U.S. EPA OSW Human Health Risk Assessment Protocol (HHRIBF. Environmental Protection
Agency, 2005was developed as a national guidance for the U.S. EPA and its authorized states on how to
perform human health risk assessments at hazardous waste combustion facilities. The purpose of a
human health riskssessment is to use existing information to estimate the risk to human health (cancer
risks and noncancer hazards) resulting from emissions of hazardous waste combustion units. The
document was finalized in September 2015 and was assigned the follbwhgEPA publication

number, EPA53(R-05-006.

Even though the HHRAP was developed for combustion facilities, it includes methodologies, equations,
and procedures for emissions source parameterization, air dispersion and deposition modeling, and
equationsand recommended default variable values for estimating media concentrations for assessment of

air toxics exposure.

The research adapted, extended, and applied the HHRAP in evaluating health risks due ® MSAT

exposure.
11



1.7.4Human Health Risk Assessment

Mobile source air toxics do not have established National Ambient Air Quality Standards to protect
human health, these standards cover mostly criteria pollutants: Nitrogen dioxide, Sulfur dioxide, Carbon
monoxide, Ozone, Lead, and Particulate Matter ;PAd PMs). Many of the MSATs are orders of

magnitude more toxic than the regulated criteria pollutants and bioaccumulate in the food chain.

MSATSs such as Benzo(a)pyrene dndeno(1,2,&d)pyrenedeposit in the environment, where humans

are exposed via indirepathways further contributing to risk already caused by inhalation exposure.

Numerous peereviewed studies have clearly demonstrated the largest urban contributor to air quality

human health impacts are mobile source emisgrst, Dymond, Ellickson, & The”, 2012)

A risk assessment is necessary when the following factors are present:
1. An event where there is a likelihood of release of contaminants of potential concern.
2. Presence of human and ecological receptors.
3. Existing pathways for human exposure to COPC.

Such assessments, commonly, employ conservative (ease) assumptions that produce amplified risk

esti mat es, this d o e sworidt conditiens,ebaits does i répresent everésenmated r e a |
exposure conditins. If the risk results are within the permissible limit, then there is no need for
corrective action. On the other hand, if the assessment outcome is not within the permissible limit, it is
imperative to go back to the underlying assumptions to bettderstand the risk driver and propose

abatement measures.

Onroad sources release COPCs into the environment where people live, go to school, and work through
vehicles tailpipe, evaporative emissions (fuel in tank, fuel lines, and fittings), engipdisileaked onto
heated parts of the engine, and products of wear and tear such as tire wear and metallic components from

the brakes (brake pads and rotors).

A study conducted in 2001 by the American Housing Survey estimates over 35 million peopksative n
(i.e., within 91 meter of a-tane roadmobile source emissior{§nited States Environmental Protection
Agency, 2007)

Humans are exposed to these chemicals via multiple pathways (routes) such as inhalation, ingestion of

produce, beef, pork, and poultry, or through dermal absorption. Risk reduttmgnhalation (direct

12



pathway) is known as inhalation risk. COPCs such as dioxins and {lreRese, 2009ransferred via
indirect pathways hee a higher risk than the direct pathway risk by orders of magnitude.

Human health risk assessments are clunky and cumbersome. Risk assessments incorporate conservative
approaches due to the presence of data gaps. Also, the mechanism of human expl3Aies s very
convoluted, this is mainly due to the complex MSAmixtures which contain other pollutants which

results in unknown MSAJ contributingto the deterioration of human health.

Our aim is to conduct the risk assessment following the methddslagtlined in the Human Health

Risk Assessment Protocol for Hazardous Waste Combustion Facilities (HHRIAR) Environmental
Protection Agency, 2005) HHRAP is a guidance for conducting mipithway, sitespecific human

health risk assessments on stationary combustion sources such as incinerators, furnaces, exeept for on

road sources.

The equations, methodologies, and science for source parameterization, air dispersion / deposition
modeling, and media concentrations ir tHHRAP will be custonrtailored to ouresearchin evaluating

risk due to MSATSs exposure.
The HHRAP implements and incorporates other U.S. EPA guidance resources like:

1. Integrated Risk Information System (IRI8)nited States Envimmmental Protection Agency,
2018)

2. Exposure factors handbo@United States Environmental Protection Agency, 2011)

3. Methodology for assessing health risks associated with multiple pathways of exposure to

combustor emissions.

In conclusion, the HHRAP summarizes the procedures, equations, parameter values, and inputs required

to perform risk evaluations, and addresses issues identified while conducting risk assessments.
Air dispersion modeling estimates concentrations andsiiémo fluxes of MSATs. The resultant files,

1-hour and annual averages are known as AERMOD plot files. The AERMOD pilot files serve as input
data for the risk engine. IRAR View software is the risk engine used in this framework. The science

used in the risk engine adheres to the methodologies presented in the HHRAP.

IRAP-h View calculates the risk values (cancisks and noncancehazardsnumerical estimates) for
multiple MSATSs, from multiple road segments, at multiple exposure locations. Tlastatas the final

step in our proposed methodology.
13



1.8 Area of Study

The location of the high traffic roadway segments analyzed is the Inte3sttand -94/US 10 in Saint

Paul junction Figure 5.Figure 5 was generated by enabling the Google Mapsctiaffier. In 2011,
annual average daily traffic (AADT) exceeded 183,000 vehicles (Minnesota Department of
TransportationfMinnesota Department of Transportation, 2018he studied roadway segment is in the

Ramsey CountyMinnesota

The reason for selecting these segments is because they rank among the highest AADT in the Ramsey
county and due to the presence of readway air monitoring stations (Saint PduRamsey Health

Center) within the project ared he Saint Pdli Ramsey Health Center air monitoring station is located

at Universal Transverse Mercator (UTM) Easting: 492230.00 m, Northing: 4977478.00 m, and zone 15.

The modeled versus measured section of this framework provides detailed information about the air

monitoring station and the mobile source air toxics measured at that location.

PAYNE -4PHALEN]

) Naﬁ&w‘al
@ and'Recre:
7

7/

Figure5: Traffic ConditionsShown in Areaof Study
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1.9 Transportation Air Quality System (TRAQS)

The Transportation Air Quality System (TRAQS) is an opeunrce software designed to conduct mobile

air quality assessments.

TRAQS is designed to automate the modeling process and minimize any

limitations of these standalone models by seamlessly integrating both MOVES and AERMOD into a

userfriendly and intuitve Graphical User Interface (GUI). Figure 6 visualizes how a modeler can easily

enter traffic data such as number of vehicles for each the 16 modeled scenarios.

Future work in the

pipeline includes the development of a wWesed (cloud solution) roadwaggments risk assessment

module for TRAQS to ensure the modeling community have the tools and expertise necessary to quantify

exposure to mobile source air toxics.

TRAQS.

The author participated in the development and validation of
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Figure6: TRAQST Traffic Data Entry
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1.10National Ambient Air Quality Standards (NAAQS)

The Clean Air Act (CAA) of 1970, a federal law passed by the senate and house of representatives of the
United States, requires the U.S. EPA tostahdards for air pollutants known to cause health problems
and damage to the environment. The federal law included six criteria air pollutants with primary and
secondary standar@¥nited States Environmental Protection Agency/9 The primary standards are

set to provide public health protection and the secondary standards provide public welfare protection.
The current NAAQS includes 12 different standards for 7 pollutants, these pollutants are: carbon
monoxide, lead, tiogen dioxide, ozone, particulate matter 10 micrometers or less in aerodynamic
diameter, particulate matter 2.5 micrometers or less in aerodynamic diameter, and sulfur dioxide. The
amended 1990 Clean Air Act requires the U.S. EPA to regulate the emissfian additional 187
pollutants, known as Hazardous Air Pollutants (HAPs) or air tolitsited States Environmental
Protection Agency, 2005) Only 20 mobile source air toxics, a subgroup of the 187 pollutants, have
establibied ambient air quality standards to protect human health. 9 mobile source air toxics are classified
are priority pollutants, these MSATs drg-Butadiene AcetaldehydeAcrolein, BenzengEthyl benzeng
FormaldehydeNaphthalengPolycyclic Organic Matte andDieselParticulateMatter (Federal Highway
Administration, 2016)
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Chapter 2 METHODOLOGY

2.1 Methodology Overview

The proposed methodology estimates the impacts from road emissions on human health. The approach
goesone step further than current practices. The steps in the methodology are:

1. Estimate emissions from vehicles on road.
2. Compute the transport of these pollutants away from the roads towards human receptors.

3. Assess critical air concentrations of the MSATS®his is where current practices stop.

4. Conduct a multpathway fateandtransport analysis of the MSATSs.

5. Assess the total dose from direct inhalation and indirect pathways to human.

6. Determine the total cumulative human health impact based on the $tfo&&s
2.2 0n-road Emissions

Onroad sources are ubiquitous and abundant. The mobile source air toxics emitted from atbdtke on
sources accumulate and their harmful effects are magnified. Studies have shown that emission exposure
has led to increased morhidand mortality rates for drivers and people living near congested roadways
(Zhang & Batterman, 2013)

Onroad emissions contribute greatly to emissions inventory. Direct emissions frooadrsources
contributed to 10 % omajor sources of 2011 air toxics emissions in Minneglliainesota Pollution
Control Agency, 20163s shown irFigure 7 and this is approximately equivalent to 17,700 tons. -Light
duty gasoline trucks are the major contributirghe total mobile source air toxics emissions in 2011,

representing about 54 % of total emissions for that catéitinnesota Pollution Control Agency, 2016)

Onroad emissions must be estimated based on a series of fadtorss . EPA6s MOVES2014
software generates the-omad emissions. MOVES uses a different emissions rate for each combination

of source, vehicle age group, and operating mode. The model takes into account a broad array of input
such as vehicle kilmeters traveled, vehicle types on the link during the specified modeling period,
meteorological data, vehicle type / fuel combination, source type population, vehicle age distribution, and

so on. Based on the usgecified inputs, the MOVES model perfarmalculations that simulate the
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various vehicle emission processes and generates the results in the form of emission rates or total

emissions.
43%
22%
11% 10% 10%
[
Biogenic Nonpoint Non-road Fire On-road Point

Figure7: Major Sources of 2011 Air Toxics Emissions in Minnesota
2.3 Modeling Road Segments (Sources)

The U.S. EPA has ruled that AERMOD is the preferred model feroad sourcegUnited States

Environmental Protection Agency, 201@&)is preferred status comes as a result of:
1. Availability of modeled versumeasured studies.
2. AERMOD is a welldocumented model.
3. Availability of test datasets for model evaluation.

4. Sulfur hexafluoridetracer studies demonstrated that AERMOD outperformed CALINE3 and
CALINEA4.

Extensive data analysis focusing on the highest concentrations and numerous model performance studies
concluded that AERMOD is the best performing model foraad source application®nited States
EnvironmentaProtection Agency, 2016)

Goodpractice modeling protocols recommend classifying the road itself as the emission source rather
than tracking individual vehiclg®nited States Environmental Protection Agency, 2015)

TheHaul Road Workgroup Final Repdqitnited States Environmental Protection Agency, 20a8g of
the first published documents of its kind to recommend how to model roads (in this case unpaved ones

but roads nonetheless) Haecome the de facto standard for source characterization.
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The procedure to convert the roadway segments into AERMOD emission sources is outlinddainl the
Road Workgroup Final RepaftUnited States Environmental Protection Agerity]2)

2.40n-road Emissions Estimation

Methods used to estimate emissions frorraad sources vary. For example, older methods included
calculating emissions by multiplying the activity rate (i.e., vehicle kilometers traveled) and the emission
factor together. The emission factors are available in Volume Il 4th edition ef2A®nited States
Environmental Protection Agency, 1985Progress in science and technology led to the inception of
computer models, which automateadaeliminated the tedious hand calculations. The MOBILE model
(United States Environmental Protection Agenegp first introduced in 1978 and was superseded by the
Motor Vehicle Emission Simulator (MOVES) in 2004. Feniye states require the use of the
MOVES2014 model to estimate emissions fromroad mobile sources, while California uses the
EMFAC2014 model(California Air Resources Board, 2014)The U.S. EPA has yet to approve
EMFAC2017. EMFAC2017 was released by the California Air Resources Board in December 2017.
This framework can use either model. However, our case study employs the MOVES model.

Mobile sources are divided into two categories:
1. Onroad mobile sources.
2. Nonroad mobilesources.

Non-road mobile sources include farm tractors, road graders, aircrafts, locomotives, and other categories.
The focus of this work is Orpad mobile sources. @oad mobile sources are categorized into the

groups summarized in Table 2.
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Table2: Onroad Mobile Sources Categories

Motorcycle
Passenger Car
Passenger Truck
Light Commercial Truck
Intercity Bus
Transit Bus
School Bus
Refuse Truck
Single Unit Shorhaul Truck
Single UnitLong-haul Truck
Motor Home
Combination Shorhaul Truck
Combination Longhaul Truck

The MOVES model contains default databases for each county in the United States to perform the
emission calculation. Nevertheless, input requirements vary depeaditige scope of the project,
whether modeling a county or performing a more refined analysisRigectLevel PM s Conformity
Analysis.

For transportation conformity analyses, thedelemeeds to supply extensive projsgiecific inputs such

as vehtle age distribution, meteorological data, fuel data (fuel usage and fuel formulation), operating
mode data, regulatory control programs, vehicle fleet characteristics, temporal distributions, and roadway
segments data. Segment data include road lengtth,wehicle counts, and road gradient.

Table 3 below, presents vehicle activity occurring on roadway segment and its recommended application.

Table3: VehicleActivity in MOVES with Respective Application

(MODEType  appleatn

Operating Emission estimates are based on the duration the source spends in various ope
Mode modes such as accelerating, cruising, or idling.
Average o . .
Speed Emission estimates are based on default drive cycles.
Link Drive . : - .
Schedules Emissionestimates are based on uspecified drive cycles.
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One significant difference between MOVES and its predecessor is the reliance on operating modes to
calculate emissions. MOBILE models were based on aggregate driving cycles and only took into

consideration the differences in average speeds. MOVES can model conventional and alternative fuels
such as gasoline, diesel, compressed natural gas, liquid petroleum gas, ethanol fuel blend of 85 %, and

electricity. Furthermore, MOVES includes a biiitfuel wizard to create custom fuels.

MOVES estimates emissions from the following processes: running exhaust, start exhaust, extended idle,
evaporative emissions (permeation, vapor venting, liquid leaks), refueling (vapor loss, spillage),
crankcase exhatjdire wear, and brake weaMOVES2014 was used to prepare theroad emissions.

The emissions modeling was setto aligis. EPASG6s 2011 Nat i on a(UniteH Btatsss i o n s
Environmental Protection Agency, 2011Emissions for the individual high traffic sources were back
calculated from county total emi ssi ons. Then, ea

highway emissions based on its relative annual average daily traffic andchagpercerdge.

Calculations are repeated for gasoline and diesel emissions. The algorithm for calcutatiad mobile

source emissions is shown in Figure 8.

VKTon a segment(average daily traffic per km) = Segment length (km) = AADT

#segments in County

County VKT = Z (segment VKT)
n=1
#segments in Block Group
Block Group VKTtotal = Z (segment VKT)
n=1
But also:
#high traffic sources in Block Group
Block Group VKTtotal = Block Group VKTIOW uq4tfic segments + Z (high traffic source VKT)

E]
I
=y

Thus
VKT high traffic source = Source length (100 m for most) « AADTon the segment in which the source is located

Therefore:

#high traf fic sources in Block Group
Block Group VKTIoW ,4¢fic segments = Block Group VKTtotal — Z (high traffic source VKT)
n=1

County Emissions = VKT on the volume source
County VKT

Emissions from each source on a high traf fic segment =

Figure8: Algorithm for Calculating OARoad Mobile Source Emissions
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The main assumption of the algorithm is emissions are proportional to vehicle kilometers traveled (VKT).

We analyzed omoad emissions data obtained from the Minnesota Pollution Control Agency (MPCA).
The logic behind using readyade emissions is becauMPCA has monitoring and modeled data sets,

which are utilized in our modeled versus measured study.

In practice, an ideal method would be to calculate the emissions for each high traffic segment using
MOVES emission factors and the individual road segmérs annu al average daily
ensure road segments with similar traffic are assigned similar emissions, which is closer tocldeal

scenario.

In conclusion, orroad emissions inventories are very important in trend analysis, reguiatpagct

assessments, and human health risk exposure modeling.
2.5 Air Dispersion and Deposition Modeling

Air dispersion and deposition modeling in this research was performed using AERMOD (Version 16216r)
(United States Environmentatd®ection Agency, 2015)Version 16216r is the latest U.S. EPA preferred
model for air dispersion modeling for ndald impacts which, per U.S. regulations translate to 50
kilometers from the source. The AERMOD model follows the procedures recuechdy the U.S.

EPA to conduct human health risk assessment as per the Human Health Risk Assessmen{UW&tocol
Environmental Protection Agency, 2005)

AERMOD calculates concentrations at ewvepurce combination for every hour processed using

advanced variables to parameterize the atmospheric conditions at each hour.
The AERMOD modeling system includes the following preprocessors:
1. AERMET (which calls ARMINUTE and AERSURFACE) for processing meteorological data.

2. AERMAP (used to import terrain elevations).
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AERMOD performs better than its predecessor, Industrial Source Complex Short Term Vétsnited
States Environmental Rextion Agency, 2002) This improvement is because of the new and improved
algorithms incorporated into AERMOD.

These improvements are a result of new and improved algorithmged States Environmental
Protection Agency, 20D for:

1. Plume rise and buoyancy.
2. Computation of vertical profiles of wind.
3. Improved approach for characterizing the fundamental boundary layer parameters.

The air dispersion modeling for this framework was performed using AERMOD View 9.5, from Lakes

EnvironmentalLakes Environmental Software, 2018)
2.6 Sources Parameterization

The roadway segments in this framework are modeled ea sources. The rationale behind
characterizing the eroad sources as area sources is:

1. As per the U.S. EPA guidance fAWhen modeling ro
that area sources may be easier to characterize correctly comparednie walurces. It is
acceptable to use either area or volume sources to simulate roadways in AERWBles
may want to be particularly mindful (Uoittd maki nc
States Environmental Protectidigency, 2015)

2. Area sources are not subject to exclusion zoeglusion zones are the region ((2.15 * Sigma
Yiiia) + 1 meter)) from the center of the volume source. Where Sigma Y is the initial lateral
dimension. In the exclusion zone, thmuscereceptor calculations are not made, and this may

lead to aberrant results. Figure 9 illustrates the exclusion zones in volume sources.

3. Area sources create a uniform emission characterization of a roadway, whereas volume sources
dondét b e cexspasedfartapag.y ar
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Exclusion zones in volume sources

Roadway segment
width

-

S - -

L pe—

Exclusion zones = ((2.15 * Sigma Y;,ia1) + 1 meter)) from the center of the volume source

Figure9: Exclusion Zone in Volume Sources

Table 4 presents the key advantages and disadvantages of area and volume sources.

Table4: Advantages and Disadvantages of Area and VolBmeces

Can place receptors within the ar Contains meander algorithm

source
Explicitly simulate a uniform -
S . A volume source mimics an initia
Advantages emission density across i .
well-mixed plume
roadway

Avoids the needto determine
Sigma Y values

Does not have the plume mean( Concentrations are not calculat
algorithm in a volume source exclusion zon

Faster run time than area source

Disadvantages
Longer run times =

The meander algorithm is a fundamental parthef AERMOD model point source calculationst
accounts for the perturbations of the plume in thetsnb step periods. It applies to all rarea source
types,(e.g.,volume sourcés
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For roadway segments, the general guidance from the U.S.-&Ri8h is specific to haul roads but
applied more liberally by the modeling communiig to use either area or volume sources. More
information about the advantages and disadvantages of each source is found in Table 4. This guidance,
known-better as theHaul Road Workgroup Final ReporfUnited States Environmental Protection
Agency, 2012 the most widehused reference for characterizing mobile sources within the confines of
AERMOD. The report includes a sensitivity analysis comparing the modeled results when roadway
segments were characterized as volume and area sources. Moreovereptine provides
recommendations for entering roadway segment emissions into AERMOD. In summary, the modeling

basics are:

1. The length of the source is equal to the length of the roadway segment (aspect ratio in AERMOD
extended to 100:1 before warningssued).

2. Plume Height is based on multiplying the vehicle height (not the height at which emissions
escape the vehicle) by a factor of 1.7. This accounts for additional turbulence caused by vehicle

movement.
3. The release height is equal to the plume height multiplied by 0.5.

4. Plume Width calculations are dependent on the number of lanes, if the road is single lane, then
the modeler adds 6 meters to the width of the vehicle. For-&atweoroad, the entire widtf the
road is used plus 6 meters. THaul Road Workgroup Final Repadst available at the following
webpage:

https://www3.epa.gov/ttn/scramfrorts/Haul Road Workgrotiinal Report Package
20120302.pdf

2.7 Unitized Emission Rate

The air dispersion modeling was performed using the Unitized Emission Concdptgoan MBATC 0

A unit emission is defined as 1 gram of MSA%econd. This unitized ession concept is built on the
fundamentals that for an individual -0oad source, the air concentration levels and deposition fluxes are
linearly correlated with the emission rate of theroad source. To put it simply, this means increasing
emissions fom the orroad source by two times, will result in an increase of the concentration at the
receptor by two times. The unit emission rate serves two purposes: minimize calculations imprecision by

low emissions values and eliminate multiple dispersion fomthe vast number of MSAST
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The concentrations and deposition fluxes forrasd sources modeled using the unitized emission rate
concept can be obtained by multiplying the MSAT specific emission rates and the unit emission results
together.

For anon-road source that emits multiple MSATS, a single air dispersion run is sufficient.
2.8 Meteorological Data

AERMET, AERMODG6s meteorological preprocess-or, f o
daily upper air soundings for use in the AERMOD air qualigpersion model. AERMET has two input

pathways for reading surfatevel variables: Surface and Onsitelhe former reads hourly surface
observations via existing archival file formats compiled and published by data repositories such as the
National Ceters for Environmental Information (NCEI). The latter pernmitedeles to input data

observed at custom measurement equipment from stiefeekeas well as variables recorded at heights

above ground. Onsite datagiven priority in AERMET as they are @ismed to represent conditions at

the point of releaseAERMET generates two files:

1. Surfacé Contains hourly boundary layer parameter estimates.

2. Profiled Contains multipldevel observations of wind speed and direction, temperature, and
fluctuating componets of the wind.

The meteorological data used in this framework is collected from the Minnd&gmhs Paul

International Airport station.

The surface parameters (Surface Roughness, Albedo, and Bowen ratio) entered in AERMET were

determined for the prog location and not the measurement site (Minnea@édist Paul International

Airport station). Using surface parameters at the measurement sites is not optimal, experience and
research conducted by Professor Thé has proved modeled results improveslisdoem parameters are

used at the source location. Furthermore, the plume is subjected to mixing caused by shear, affected by
local surface roughness, and impacted by local convective circulation, caused by local albedo and Bowen

ratio.
2.9 Human Health Risk Model

The human health risk model demonstrates the migration of mobile source air toxics (MSATS) through
various media such as air, soil, and water. The model then describes the movement of MSATs from

water into fish and from soil into vegetables, graind forage and then into farm animals tissue where
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they are consumed by humans. The air concentration is modeled for evaluation of direct inhalation risk of
MSATSs. For some air toxics, the risk from indirect exposure pathways is greater than themiskéct
exposure pathways. For example, the indirect risk from dioxin and f([Defigose, 2009¢an be more

than 100 times greater than the direct risk (irgalation risk).

The direct and indirect risks can be quaatfiinto health risks for both cancer effect and noncancer
health effects.The main reference that outlines the fate and transport of mobile source air toxics in the
environment is thdJ.S. EPA OSW Human Health Risk Assessment Prot@ddb. Environmental
Protection Agency, 2005)

2.10Software Used for Modeling
The software used in establishing this framework are summarized below in Table 5.

Table5: Software Used for Framework

Modeling Task Software LicenseFee

Estimates emissions for enad mobile source U.S. MOVES2014 Freely available from U.S. EP.
Air dispersion modeling AERMOD View 9.5 $1,599.00
Multi-pathway human health risk assessmer IRAP-h View $4,895.00
Total US$ $6,494.00
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Chapter 3: CHEMICALS OF POTENTIAL CONCERN

3.1 Overview

Mobile Source Air Toxics (MSATS) are generally emitted in smaller quantities than criteria pollutants but
are known to cause cancer, developmental effects, reproductive dysfunctions, neurological disorders,
inheritable gene mutations, or other chronicadly acutely toxic effects in humans with sufficient
exposure. The list of 187 HAPs, in Section 112 (b) of the US 1990 Clean Air Act Amendments (CAAA),
includes the following MSATs:Benzene 1,3-Butadiene Acetaldehyde Acrolein, Ethyl benzeng
FormaldehydeandPolycyclic Organic Matter

Diesel Particulate Matter (DPM), an MSAT not included in the list of 187 HAPs is identified as the
primary cancer risk of all MSATSs in the South Coast Air BgSiouth Coast Air Quality Management
District, 2000) Numerous peeteviewed studies and systematic reviews show the strong correlation
between being close to a roadway and the increased risk of adverse health efigtisiasizedist of

these studies includedbelow:
1. Johns Hopkins 8dyd Links traffic / curbside concentrations with cancer causing MSATS.

2. The Journal of the American Medical Association Séudiynks soot in diesel particulate matter

to lung cancer and cardiopulmonary disease.

3. Denver Studg Children living near congestedatways are at great risk of developing leukemia

and other forms of cancer.

The 3 studies above are referenced in the fAHiIi ghwa
in 2004 (Sierra Club, 2004) The Sierra Club ian environmental group, founded in 1892 in the United
States. The main purpose of the group is to protect the environment.

In the risk assessment field, MSATs are referred to as chemicals of potential concern (COPC) and the
COPC term is used throughouteththesis to reference MSATs. The following terms are used
interchangeable in this framework: MSHTCOPG, chemicals, and pollutants.

Assessing risk from mobile source air toxics is different from the standard risk assessment performed at
superfund sitesnergy recovery sites, or renewable energy power plants, because the concentration and
deposition fluxes of mobile source air toxics are calculated using models in place of collecting samples
from the studied sites. Risk modeling is quick and inexpenaing a modeler can model for dogation
with all chemicals of potential concern in question.
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The main component of mobile source air toxics assessment is modeling the fate and transport of mobile
source air toxics in the environment. Then, the madiegsribe the movement of mobile source air toxics

from soil into produce, grain, and forage and then into farm animals where they are consumed by humans.
3.2 Priority MSATs

The Clean Air Act listed 187 chemicals as air toxics, the act requires the United &taironmental
protection agency to regulate the air toxics in phases. The air toxics program has two phases, technology
based and riskased. O#oad sources are omnipresent and emit many air toxic compounds. A number
of these compounds are consilehigh priority because they increase the burden of chronic and acute
disease§CDC, 2017) The wordf p r i dsruset i dhe sense of being the most important, and the
designation has legal implications for reporting anduision in studies. The U.S. EPA identified nine
priority mobile source air toxics: nesromatic carbonylsHormaldehydgAcetaldehyde andAcrolein),
1,3-Butadiene Benzene Ethyl benzengediesel particulate matteNaphthalengandPolycyclic Organic
Matter. These priority MSATs are among the national and regiecele cancer risk drivers or
contributors and nehazard contributors from the 2011 NATA. The list of priority MSATS is subject to
change and may be amended with future U.S. EPA mandates.

3.3 Origin and Formation

Mobile source air toxics (MSATS) can exist in the vapor phase, particle phase, or as a complex mixture
with a portion of the vapor condensed onto the surface of the particulates. After emission, some MSATs
undergo reactions in the atsphere resulting in the formation of other MSATs of complex chemical
structure and unknown toxicity endpoir(tdEl, 2007) Mobile source air toxics are introduced to the
environment via multiple routes.Benzeneis formed dueto incomplete gasoline and diesel fuel
combustion. In addition to incomplete combusti@enzeneescapes to the environment due to
evaporative emissions which include permeation, vapor venting or liquid leaks and due to refueling
emissions such as vapask or spillage. Evaporative and refueling emissions contribute significantly to
atmospheriBenzeneconcentrations. Carbonyls such@maldehydeAcetaldehydeand unsaturated
carbonyls likeAcrolein are formed due to incomplete combustion of fuels td&econdary processes
occurring in the atmosphere such as photochemical reactions of volatile organic compounds also
contribute to increasingcetaldehydeambient concentration@<imbrough, Palma, & Baldauf, 2014)

Motor velicles contribute to 4 % of the nationwidEormaldehyde emissions (United States
Environmental Protection Agency, 2014nd 14 % ofAcrolein nationwide emissions is from vehicle

exhaus{Kimbrough, Palma& Baldauf, 2014) In addition to the said MSATS, other sources of air toxics
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included emitted oils, burned or unburned via ¢ixbaust. Finally, omoad sources emit metal mobile
source air toxics as a result of vehicle wear and tear, mechaeieabdation of catalysts, and impurities

found in oil or fuels.
3.4 Integrated Risk Information System (IRIS)

The U.S. EPA maintains the Integrated Risk Information System (IRISifed States Environmental
Protection Agency, 2018an electronic database that contains information on human health effects from
exposure to various chemicals of potential concern in the environment. IRIS contains information on
individual chemicals, with detailed and thorough quantitative informationinhalation reference
concentrations for chronic nararcinogenic effects and oral reference doses. The oral reference dose is
an estimate with associated uncertainties of a daily exposure to sensitive receptors like the human
population, that is likelyto cause harm during a lifetime. The database contains information on oral
cancer slope factors and inhalation unit risks for potential health effects of exposure to carcinogenic
chemicals. In this framework, IRIS is the main reference for cancer andnuancassessments for the
mobile source air toxics. Table 22 summarizes the main toxityesused in the risk assessment.

3.5 National Air Toxics Assessment (NATA)

The national air toxics assessment is a nationwide risk assessment. The NATA provajeshatof the

outdoor air quality and risks associated with exposure to air toxics. The assessment is conducted by the
U.S. EPA. The goal of NATA is to identify air toxics which are of greatest potential concern in terms of
contribution to population sk. In this framework, we reference the 2011 NATWnited States
Environmental Protection Agency, 2011)The NATA focuses on risk resulting from inhalation of
emitted air toxics and does not consider indirect pathways asukl of exposure other than inhalation

(i.e., ingestion exposure pathwayResults from the NATA help in prioritizing pollutants and emission

sources and identify hotspots of interest for detailed analyses.

The U.S. EPA identified 9 compounds emittednfi mobile sources, 8 of which are from the 187 air
toxics list, in addition to diesel particulate matter as large contributors to overall risk in the 2011 National
Air Toxics Assessment (NATA).

The 2011 NATA risk results are summarized below:

1 Nationalcancer risk drived FormaldehydeRisk exceeds 10 in a million for 25 million people.
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1 Regional cancer risk driveds BenzengChloroprene, Coke Oven Emissions: Risk exceeds 1 in a

million for 1 million people or risk exceeds 100 in a million for 10,000 people

1 National cancer risk contributér 1,3-Butadiene Acetaldehyde Carbon tetrachloride,
Hexavalent ChromiumEzthyl benzengNaphthaleneRisk exceeds 1 in a million for 25 million
people.

1 Regional cancer risk contributérl,3-Dichloropropene, 1/ DichloroBenzene Arsenic
compounds, Ethylene oxide, Nickel compounds, Polycyclic aromatic hydrocaialgchclic

Organic MatterRisk exceeds 1 in a million for 1 million people.
9 National noncancer hazard driveéysAcrolein, Chlorine, Diesel PM.
1 Regional noncaneehazard driver§ Hexamethylene diisocyanate.
3.6 Epidemiological Studies

A growing number of epidemiological studies show that air toxics emitted frenoazh sources are
statistically associated with adverse health effect. Human population working, livitiggioding school

close to major roadways have shown to exhibit adverse health effects like respiratory effects, premature
mortality, childhood cancer or neurological effe¢téited States Environmental Protection Agency,
2007)

In the past 20 years, more than 30 studies on MSATSs exposure and health impacts were fubliskded
States Environmental Protection Agency, 2007The studies include human epidemiology and animal
toxicology experimerst The federal highway administration (FHWA) supported and initiated several

epidemiological studies.
These studies are listed below:

1. The National Near Roadway MSAT Std@lySAT and mobile source PM in Las Vegas,
Nevada and Detroit, Michigan study.

2. Diesel Emissiorts Diesel Emissions and Lung Cancer study.
3. Mobile Source Air Toxic Hot Spét Camden, New Jersey and Buffalo Peace Bridge Study.
4. Air Toxics Assessment in North Denver.

5. Particulate matter study in Kansas City.
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The FHWA site has detailed informatti on the listed studies:
https://www.fhwa.dot.gov/environMent/air quality/air toxics/policy and gquidance/msat/page04.cfm

3.7 Weight-of-evidence Cacer Classification

The U.S. EPA published the first set of guidelines for carcinogen risk assessment in 1986 and this is the
outcome of two decades of research and scientific experience. The science behind risk assessment and

toxicity testing isconstantly evolving and as a result, the U.S. EPA updated the guidance in 2005.

In the process of hazard identification of carcinogens; human data, animal data, and supporting evidence
are used together synergistically to characterize the wefghtidene (WOE) regarding the agent's

potential as a human carcinogen.

Thecurrent guidelines finalized in 2005, recommend expressing weigh¢vidence bynarrative
statementsn preference of only hierarchical categories, and expressing them separately for the oral and
inhalation routegUnited States Environmental Protection Agency, 2005)

Figure 10 summarizes the gener al categories recog
CarcinogerRisk Assessment.

Chemicals of potential concern classified as Group A and B carcinogens or (Carcinogenic to Humans or
Likely to be Carcinogegito Humans) are generally evaluated as carcinogens.

U.S. EPA 2005 U.S. EPA 1986

Carcinogenic to Humans Group A: (Carcinogenic to Humans)
Likely to be Carcinogenic to Humans Group B: (Probably Carcinogenic to Humans)
Suggestive Evidence of Carcinogenic Potential Group C: (Possibly Carcinogenic to Humans)

Inadequate Information to Assess Carcinogenic Potential |Group D: (Not Classifiable as to Human Carcinogenicity)

Not Likely to be Carcinogenic to Humans Group E: (Evidence of Non-carcinogenicity for Humans)

Figure1O: Guidelines forICarcinogerRisk Assessment
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3.8 MSATs included in Cumulative Risk Analysis

The cumulative risk analysis section includlesfollowing MSATs: BenzeneFormaldehydeHexavalent
Chromium, 1,3-Butadiene Indeno(1,2,&d)pyrene, and Benzo(a)pyrene. Each chemical has a CAS
registry number. The CAS registry number is a unigue numerical identifier for chemical substances. This
section summarizes the toxicitsalues for each MSAT.The information presented in this section is

obtained from the Integrated Risk Information System (IRIS).

3.8.1Benzene
1 CAS: 71432
1 Molecular weight: 78.114 gmol

1 2D Structure:

S

Figurell: 2D Structure oBenzene

9 Cancer Assessment:

Table6: Cancer Assessment fBenzene

A (Human carcinogen) Guidelines for Carcinogen Risk Assessment
Known / likely human carcinoge Proposedsuidelines for Carcinogen Risk Assessm

9 Tumor Sites:

Table7: Tumor Sites

Quantitative Estimate of Carcinogenic Risk from Oral Exposur Hematologic Leukemia

Quantitative Estimate of Carcinogenic Rfsim Inhalation Exposur¢ Hematologic| Leukemia
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f Noncancer Assessment:

Table8: Noncancer Assessment fBenzene

Reference Dose for Oral Immune Decreased Medium
Exposure lymphocyte count

Reference Concentration for Inhalatio Immune Decreased Medium
Exposure lymphocyte count

3.8.2Formaldehyde
1 CAS: 5600-0
1 Molecular weight: 30.026 gmol

1 2D Structure:

Fe

Figurel2 2D Structure ofFormaldehyde

 Cancer Assessment:

Table9: Cancer Assessment fBormaldehyde

B1 (Probable human carcinogebased on limited evidence of = Guidelines for Carcinogen Ris
carcinogenicity in humans) Assessment

9 TumorSites:

Table10: Tumor Sites

Quantitative Estimate of Carcinogenic Risk from Respiratory = Squamous cell carcino
Inhalation Exposure
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f Noncancer Assessment:

Tablell: NoncanceAssessment foFormaldehyde

Reference Dose for Oral Urinary, Reduced weight gain, Medium
Exposure Gastrointestinal, Other histopathology in rats
3.8.31,3-Butadiene
1 CAS: 106990
1 Molecular weight: 54.092 gmol

1 2D Structure:

Figurel3: 2D Structure ofl,3-Butadiene

 Cancer Assessment:

Tablel2: CancerAssessment fak,3-Butadiene

Carcinogenic to human RevisedDraft Guidelines for Carcinogen Risk Assessm

9 Tumor Sites:

Table13; Tumor Sites

Quantitative Estimate of Carcinogenic Risk from Inhalation Expo Hematologic Leukemia
 Noncancer Assessment:

Tablel1l4: NoncanceAssessment fdk,3-Butadiene

Reference Concentration for Inhalation Reproductive Ovarian Medium
Exposure atrophy
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3.8.4Hexavalent Chromium
T CAS: 18540 29 9
1 Molecular weight51.996 ¢ mol

 Cancer Assessment:

Tablel5: Cancer Assessment for Hexavalent Chromium

A (Human carcinogen) (Inhalation route) Guidelines for Carcinogen Risk Assessmer

D (Not classifiable as to human carcinogenicity) (O  Guidelines for Carcinogen Risk Assessmer

route)

Carcinogenic potential cannot be determined (Or Proposed Guidelines for Carcinogen Risk
route) Assessment

Known / likely human carcinogen (Inhalatiooute) Proposed Guidelines for Carcinogen Risk

Assessment
9 Tumor Sites:

Table16: Tumor Sites

Tumor Type

Quantitative Estimate of Carcinogenic Risk from Inhalation Expo Respiratory Lung cancer
f NoncancelAssessment:

Table17: NoncanceAssessment for Hexavalent Chromium

Reference Concentration for ~ Respiratory Nasal septum atrophy Low
Inhalation Exposure

Reference Concentration for|  Respiratory Lactate dehydrogenase in Medium
Inhalation Exposure bronchioalveolar lavage fluid

3.8.5Indeno(1,2,3cd)pyrene
M1 CAS: 193395
1 Molecular weight: 276.338 gmol

T 2D Structure:



()
B

Figurel4: 2D Structure of Indeno(1,2;8d)pyrene

 Cancer Assessment:

Table18: Cancer Assessment for Indeno(1;2d3pyrene

B2 (Probable human carcinogebased on sufficient evidence of Guidelines for Carcinogen Risl
carcinogenicity in animals) Assessment

f Noncancer Assessment:

TheReference Dose for Oral Exposure (RED)dReference Concentration for Inhalation Exposure (RfC)
werenot assessed under the IRIS progra®ince neither the RfD nor the RfC were assessed under

the IRIS program, no hazard quotients were calculated.
3.8.6Benzo(a)pyrene

1 CAS: 50328

1 Molecular weight: 252.316 gmol

1 2D Structure:

9
J
&

Figurel5: 2D Structure of Benzo(a)pyrene

T Cancer Assessment:

Table19: CancerAssessment for Benzo(a)pyrene
Carcinogenic to human Guidelines for Carcinogen Risk Assessm
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 Tumor Sites:

Table20: Tumor Sites

Quantitative Estimate of Gastrointestinal Forestomach, esophagus, tongue, and lar
Carcinogenic Risk from Oral tumors
Exposure
Quantitative Estimate of Gastrointestinal, Squamous cell neoplasia in the larynx,
Carcinogenic Risk from Respiratory pharynx, trachea, nasal cavity, esophagt
Inhalation Exposure and forestomach

f Noncancer Assessment:

Table21: NoncanceAssessment for Benzo(a)pyrene

Reference Dose fa@dral Exposure Developmental Neurobehavioral Medium
changes
Reference Concentration for Inhalatii  Developmental Decreased embryo /| Medium
Exposure fetal survival
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3.9 Toxicity Assessment

The correlation between exposure to a chemical of poteatiedern and the probability and magnitude of
developing an adverse health effect is estimated using a toxicity assessment. Toxicity values such as
oral reference dos€RfD), cancer slope factofCSF), reference concentratio(RfC), unit risk factor

(URF), and acute inhalation exposure criteri@AIEC) are extracted from studies and experiments
conducted on laboratory animals and human epidemiological studies. Toxicity values are very important
in estimating the quantitative risk related to MSATs exposamd the potential for adverse health

impacts. The toxicity values used in the risk calculations for this framework are defined in Table 22.
The toxicity variables used to evaluate MSATSs are summarized in Table 23.

The toxicity values used in the calcidens for this study are selected from references following the U.S.
EPA-approved hierarcifUnited States Environmental Protection Agency, 2003The tiers are listed
below:

1. U.S. EPA Integrated Information System.
2. U.S. EPA Provisional Peeeviewed Toxicity Values.

3. U.S. EPA and notd.S. EPA sources, with priority to recent and publicly available sources with
proper citation.

As for the acute values, the hierarchy is listed b€ldws. Envionmental Protection Agency, 2005)
1. Cal/EPA Acute RELs.
2. Acute Inhalation Exposure Guidelines (AEG)L
3. Level 1 Emergency Planning guidelines (ERPG
4. Temporary Emergency Exposure Limits (TEEL
5. Acute Inhalation Exposure Guidelines (AEGL

Hierarchical approaches are needed because acute criteria values ares@@R€, and no single

organization or method has developed acute criteria values or benchmarks for all the COPC:s.
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Table22: Toxicity Values Definition

Oral Reference Dose
(RfD)

Oral Cancer Slope
Factor (CSF)

Reference
Concentration (RfC)

Unit Risk Factor
(URF)

Acute Inhalation
Exposure Criteria
(AIEC)

Estimate (with uncertainty spanning perhaps an order of magnitude) of ¢
exposure to the human population (including sensitive subgroups) tl

likely to be without an appreciable risk of deleterious effects during a lifet

Value used to evaluate potential carcinogenic health effects resulting

long-term oral exposure to COPC.

Value used to evaluate potential noncarcinogenic health effects resulting

long-term inhalatiorexposure to COPC.
The uppetbound excess lifetime cancer risk estimated to result
continuous exposure to an agent at a concentratios@f in®in air.

Value used to evaluatghortterm or acute effects from direct inhalation

vapor phase and particle phase COPCs.

Table23: Summary of Chemical Specific

Benzene
Formaldehyde
1,3-Butadiene

71-43-2 4.00E03 5.50E02 3.00E02 | 7.80E06 | 1.30E+00
50-00-0 2.00E01 1.30E05 9.80E03 | 1.30E05 | 9.40E02
106:99-0 NA 3.40E+00 & 2.00E03 | 5.88E05 6.60E01

Hexavalent Chromium 1 8 54 0 | 3.00E03 0.00E+00 | 8.00E06 | 1.20E02 3.00E04
Indeno(1,2,&d)pyrene| 193-39-5 NA 7.30E01 NA 1.10E04 | 5.00E01

Benzo(a)pyrene

50-32-8 3.00E04 7.30E+00 | 2.00E06 | 1.10E03 6.00E01
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Table24: Cancer AssessmenExtrapolation Method

Benzene

Formaldehyde

1,3-Butadiene

Hexavalent
Chromium

Indeno(1,2,3cd)
pyrene

Benzo(a)pyrene

Linear
extrapolation of
human
occupational date
Not Assessed
under the IRIS
Program

Information
reviewed but
value not
estimated

Information
reviewed but
value not
estimated

Not assessed
under the IRIS
Program
Time-to-tumor
doseresponse
model with linear
extrapolation
from the POD
(BMDL 10tED)
associated with
10% extra
cancer risk

Low-dose linearity
utilizing maximum
likelihood estimates

Linearized
multistage
procedure,
additional risk
Linear extrapolation
from LECy; (0.254
ppm); LEG:
derived from linear
relative rate model
(RR =1+ (B)(x))
using lifetable
analysis with
leukemia incidence
data; an adjustment
factor of 2 was
applied

Multistage, extra
risk

Not assessed undel
the IRIS Program

Time-to-tumor
doseresponse
model with linear
extrapolation from
the POD

(BMCL 10HEeD)
associated with 10
% extra cancer risk

2The Toxicological Review of each MSAT is availabletdtps://www.epa.gov/iris
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The extrapolation methods summarized in Table 24 are important as these methods affect the uncertainty
which plays a key role in risk interpretation and risk management options. Also, because of the lack of
adequate human data to estimate risk, numedchésiogic extrapolations are conducted. Furthermore,
extrapolation methods prevent underestimation of risk.

Table 25 contains a summary of the D&smsponsdermsused in the aforementioned extrapolation

methods.
Table25: DoseRespons®ictionary

LowestObservedAdverseEffect Level. Lowest dose at which significant adverse effect
are observed.
No-ObservedAdverseEffect Level. Highest dose at which no significant adverse effec

are observed.

Benchmark DoseAn exposure to a low dose of a substance that is linked with a {a® (1
%) risk of adverse health effects, or the dose associated with a specific biological effe

Same as above (for inhaled substances).

Statistical loweiconfidence limit (usually 9%6) on the BMD.

The first adverse effect or its known precursor that occurs to the most sensitive specit
the dose rate of an agent increases.

Point of departure (The desesponse point that marks theginning of a low dose
extrapolation.

Exposure concentration corresponding to th&®@Bwer bound on the ECO1.
Human equivalent dose or concentration.

Dose associated with 26 response.

The following doses: NOAEL, LOAEL, BMDLand LEDpare used as points of departure for decision

making purposes in risk assessments.
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T Importance information about the toxicity values used in this framework:

1. The AIEC values forl,3-Butadieneand Hexavalent Chromium were extracted from Cal / EPA
Acute RELs as per the recommended hierarchical appr@adh Environmental Protection
Agency, 2005) The Hexavalent Chromium value was not available in HHRAP databameskec
this MSAT is not associated with combustion which is the basis of the HHRAP.

2. For Benzo(a)pyrene, we extracted the RfC and RfD values from the U.S. EPAURIit8d
States Environmental Protection Agency, 2018he lowest alues of each set were selected,
because it is recommended to take the more conservative approach when faced with multiple
values.

3. Benzo(a)pyrene is identified as mutagenic by the U.S. EPA in the regional screening levels tables
(United States Environmental Protection Agency, 201Earlylife exposure to carcinogenic
MSATs such as Benzo(a)pyrene with a mutagenic mode of action may result in a greater
contribution to cancers appearing later in ({énited States Environmental Protection Agency,
2007) To account for MSATSs identified as mutagenic,-dgpendent adjustment factors are
applied to the oral and inhalation slope factors evaluated over a lifetime exposure.

4. Benzo(a)pyrene is highlypophilic (Gerde, et al., 19979nd therefore would propagate through
the animal tissue pathways.
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Chapter 4. MULTI -PATHWAY FATE -AND-TRANSPORT RISK
ASSESSMENT

4.1 Overview

Mobile source air toxics risk assessment is a qualitative and quantitative evaluation of the risk posed to
human health by the actual or potential presence of air toxics emitted fromadmobile sources. The

process of thenobile source air toxicswlti-pathway fateandtransport risk assessment is summarized in

Figure 16. Our research adapted, extended, and applied the U.S. EPA Human Health Risk Assessment
Protocol in the determination of potential adverse health risks from exposure to MSATs. Current
practices donot go beyond assessing critical air
takes a giant leap forward and estimates the total cumulative human health risk posed by the aggregated
exposures of onoad mobile sources. The risk emgiused in this framework is IRARP View (Lakes

Environmental Software, 2018)

On-road Mobile
Source
Characterization

Air Dispersion Exposure
and Deposition Scenario
Modeling Selection

Estimating
Media
Concentrations

Quantifying
Exposure

Characterizing
Risk and Hazard

Interpreting
Uncertainty

Figure16: MSATs Human Health Risk Assessment Process
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4.2 Risk Modeling

IRAP-h View is the graphical user interface for daoting a comprehensive mufiathway human health
risk assessment based on the U.S. EPA Human Health Risk Assessment Protocol (HHFSAP)
Environmental Protection Agency, 2005Jhe software estimates the risk to humanthgakncerrisks

and noncancer hazards) resulting from emissions-ob@th mobile sources.

The air dispersion modeling was performed using the U.S. EPA preferred air dispersion model,
AERMOD. AERMOD View, a graphical user interface for the AERMOD moaels utilized for

vi sualization of modeled dat a. We wutilized the i
modelers to setup the project in adherence to the HHRAP guidelines. AERMOD gendratesathd

annual average grousiével pollutant conagtrations and annual average deposition rates. The input and

output files prepared during the model run were processed in a format compatible with the risk engine,
IRAP-h View.

In our risk modelingthe focus was on the mobile source air toxics (MSAsishmarized in Table 26.

The Fv parameteris the fraction of MSAT air concentration in vapor phase. The MSATS originating

from onrroad sources disseminate and deposit into the environment as either vapor, particle, or particle
bound phases. Air dispeosshn model i ng conducted with AERMOD Vie
concentrations and deposition fluxes for vapor phase MSATS, particle phase MSATSs, andljmartidle

MSATS.

Table26: Modeled Mobile Source Air Toxics

Benzene 1 Vapor
Formaldehyde 1 Vapor
1,3-Butadiene 1 Vapor

Hexavalent Chromium 0 Particle
Indeno(1,2,3cd)pyrene  0.005 Particle
Benzo(a)pyrene 0.294 29.4 % V,70.6 % PB
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The chemical phases are described in the HHRAB. Environmental Protection Agency, 20@5d are
categorized as follows:

1. Highly volatile organic MSATSs occur only in the vapor phase (Fv = 1.0).

2. Most metals and organic MSATSs with very low volatility (fraction of MSAT in vapor phase, Fv

less than 0.05) occur particles.

3. The remaining organic MSATs occur with a portion of the vapor condensed onto the surface of

particulates (i.e. particlbound).

The Fv values for the MSAsTpresented in Tabl@6 are available in HHRAP Appendix-A. The

emissions phase assumption was determined from the Fv value in agreement with the HHRAP guidelines.
Air dispersion and deposition modeling in AERMOD was perfatine3 modes:

1. Vapor phase.

2. Particle phase.

3. Particlebound phase.
Running AERMOD in 3 modes generates the following plot files:

1. Vapor phase output: air concentration, dry deposition rate, and wet deposition rate.

2. Particle phase output: air concentration, dry deposition rate, and wet deposition rate.

3. Particlebound output: air concentration, dry deposition rate, and wet deposition rate.

MSAT-specific parameters such as diffusivity in air, diffusivity in waterf @aicular resistance, and
Henrydéds Law Constant are required to model vapor
values required to model the vapor phase dispersion and deposition are available in the U.S. EPA
Deposition Parameterizations doem(United States Environmental Protection Agency, 2002)

As for modeling the particle and partiddeund phases dispersion and deposition, the modeler needs to
provide particle size distributions for particles originatingirthe oaroad sources. The fate of particles
is determined by the particle size. Larger particles deposit closer to-tbassource, whereas, smaller

particles remain suspended in the air for prolonged periods.
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The rate at which dry and wet remoyar o cesses deposit particles
particle size and particle dens{lynited States Environmental Protection Agency, 2004)e AERMOD
model uses the matssed particle size distribution &pportion the mass of particle phase MSATs

according to particle segUnited States Environmental Protection Agency, 2004)

Finally, when modeling MSATs particleound dispersion and deposition, the AERMOD model
calculates tharea available for MSATSs to condense onto the surface of particles. The AERMOD model
uses the surface arbased particle size distribution to apportion the mass of particle bound MSATs

according to patrticle size.

The AERMOD air parameters output isskd on unitized modeling and is summarized in Figure 17.

Emission Phase| AERMOD Output Type Description of Highest Unitized

1 |Vapor Phase  |Concentration Hourly air concentration from vapor phase

onto

Vapor Phase

Concentration

Annual average air concentration from vapor phase

Vapor Phase

Dry Deposition

Annual dry deposition rate from vapor phase

Vapor Phase

Wet Deposition

Annual wet deposition rate from vapor phase

Particle Phase

Concentration

Hourly air concentration from particle phase

Particle Phase

Concentration

Annual air concentration from particle phase

Particle Phase

Dry Deposition

Annual dry deposition rate from particle phase

Particle Phase

Wet Deposition

Annual wet deposition rate from particle phase

Particle-Bound

Concentration

Hourly air concentration from particle-bound

10

Particle-Bound

Concentration

Annual air concentration from particle-bound

11

Particle-Bound

Dry Deposition

Annual dry deposition rate from particle-bound

12

Particle-Bound

Wet Deposition

Annual wet deposition rate from particle-bound

Figurel7. AERMOD Risk Mode Air Parameter Output

Air dispersion modeling is not sufficient to determine the adverse health effects associated with MSATSs
exposure, many ohe mobile source air toxics reach humans by indirect pathwaysr(halation). A

case in point, is through the deposition of M&Ahto soil, impacting produce. Above ground produce

is impacted by the following possible mechanisms: direct depositipartitles, vapor transfer, and root

uptake. Human health is ultimately affected due to the consumption of the contaminated produce.
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The main novelty of this framework is performing a mphithway fateandtransport analysis of the
MSATSs and the assessmef the total cumulative risk.

The risk computation process is described below:

1. AERMOD produces 2 plot files;-thiour and annual, and a risk input file for each source. The
annual average values are used to estimate the potential for adverseffeetithfrom chronic
exposure and the maximurrhbur values are generated to estimate the health effects from acute

exposure. The AERMOD output is based on unitized modeling as described in section 2.7.
2. The batcher program is used to perform multiple rhogtes automatically.

3. The Air-2-Risk program compiles all the sources with their sospeific and pathwagpecific
contour plot files (based on unitized air modeling data for particle, pabticlad, and vapor
phase).

4. The output from the Ai2-Risk program is imported into IRAR View.

5. Once imported into IRAMP View, the appropriate air modeling phases are applied to the
MSATSs based on their physicochemical properties (raction of MSAT air concentration in
vapor phase).

6. MSAT-specific emisgins are added in IRAR View.
7. The MSATsconcentrations and risk impacts are calculated.

The risk results computation process is illustrated in Figure 18.

Air

Dispersion Risk Mode Batcher i) Air-2-Risk IRAP-h View

Modeling

Plot Files

Figure18: Risk Results Computation Process

IRAP-h View does not account for background concentrations. The HHRAP. Environmental
Protection Agency, 2005)nethods account for exposure to background concentrations in how the
regulatory target levels are applied whiate believed to be conservative enough to account for the

influence of background exposures.

IRAP-h View is the only system to encapsulate all the complexities of the HHRAP.
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4.3 Exposure Scenarios

Exposure scenarios serve to define the combination of exppstinevays and exposure parameters
applied to complete the risk and hazard calculations. For the purposes of this study exposure scenarios
include the resident adult, resident child, farmer adult, farmer child, fisher adult, and fisher child
scenarios. Tale 27 summarizes the human receptor populations and exposure pathways evaluated in this
framework. In addition to the mentioned scenarios, we also evaluated the acute receptor scenario.

The acute receptor scenario evaluates dkomt :hour maximum M@TSs air concentrations. This

scenario only applies to the inhalation of vapors and particulates.

Table27: Evaluated Human Exposure Scenarios

Adult Child Adult Child Adult Child
I I I I I

Z nwmwzZzz2— —
Z nwmwzZzz2— —

Z nwnmwZzZ2— —
Z nwnmzZz2z2— —

The characters in Table 27 denote the following:

1 I: Pathway included in exposure scenario.
1 N: Pathway not included in exposure scenario.
1 S: Sitespecific exposure setting characteristics.

The drinking water pathway was not evaluated in this framework because it relies on the impracticable

assumption that the source of all drinking water is untreated surface water.
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4.3.1Sensitive Receptors

We identified the sensitive receptors, synonymous with risk receptors, using the risk receptor
identification tool in IRAPh View software. The tool shown in Figure 19, identifies the grid notes with

the maximum value for each air parameter summarizedgaré-17. This approach ensures that the
maximum risk locations area selected for analysis, reducing the addition of inessential risk receptors, and
minimizing computational time. Figure 20 displays the identified risk receptor and their location in the
project domain.

QogliscaREQULS

OBNGIHFN A& ¥ ¥
Yrecton m)

Figure19: Risk Receptor Identification Tool

It comes as no surprise the sensitive receptors locations are near the sources with the highest emission
rates. When conducting mufiathway human health risk assessments, it is imperative to include

additional sensitive receptors such as schools, gaygis, nursing homes, and health care facilities.

For this study, we selected Saint Pailamsey Health Center as a sensitive receptor.
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Sensmve Receptors Locatlons

Saint Paul - Ramsey Health Center 492230.04 4977478.54
Sensitive Receptor 1 49216791 4977485.5
Sensitive Receptor 2 492567.91 4977785.5
Sensitive Receptor 3 491967.91 4977385.5

Figure20: Sensitive Receptors Locations

4.4 Estimating Media Concentration

Estimating medi@oncentrations includes the calculation of:

1.

2.

3.

4.

Air Concentrations in Air for Direct Inhalation.
Concentrations in Soil.
Concentrations in Produce.

Concentrations in Meats and Eggs.

Details regarding the equations and recommended default variable valuesstifoating media

concentrations (e.g., air, soil, produce) are not duplicated in this thesis but can be found in Chapter 5 and

Appendix B of the U.S. EPA Human Health Risk Assessment Protocol. The COPC concentrations are

estimated based on the COBgEcifc emission rates and the unitized ambient air concentrations and

deposition fluxes computed using AERMOD.
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4.5 Quantifying Exposure

This part of the assessment describes the factors to be evaluated in quantifying exposure in each of the
evaluated exposurscenarios described in section 4.3 of this framework. The calculation of specific

exposure rates for each chemical of potential concern for each exposure pathway includes:
1. Estimated COPC media concentrations.
2. Exposure Frequency (EF).
3. Exposure Duration (EP
4. Averaging Time (AT).
5. Receptor Body Weight.
4.5.1Exposure Frequency (EF)

The main assumption for the exposure frequency is that the receptors in each evaluated exposure scenario
are assumed to be exposed to all the exposure scepadific exposure pathwaggl00 hoursper year
(350 days)(U.S. Environmental Protection Agency, 2005)his is based on a conservative estimate that

all receptors spend a minimum of two weeks at a location other than the exposure scenario location.

4.5.2Exposure Duration (ED)

The time span that a receptor is expos@da specific exposure pathway is defined as the exposure
duration. After an emission source stops emitting, the receptor is no longer exposed to COPCs via the
direct inhalation exposure pathway, however, the receptor is still exposed via the ingdpestre

pathways for as long as the receptor continues to be in the assessment area. The exposure duration values

recommended by the U.S. EPA are summarized in Table 28.
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Table28: Exposure Duration Values

Recommended Exposure Scenario Receptc Value (Years) Source
Resident Child 6
Resident Adult 30 Human
Fisher Adult 30 Health Risk
Fisher Child 6 Assessment
Farmer Adult 40 Protocol
Farmer Child 6

4.5.3Averaging Time (AT)

The U.S. EPA Human Health Risk Assessment Protocol recommends that averaging time for

noncarcinogenic pollutants is thexposure duration in_yearsmultiplied by 365 days however, for

carcinogenic pollutants, the effect of which may have long latency periods; the recommended averaging
time is 70 years. The averaging times for noncarcinogenic pollutants and carcinogenic pollutants are
consistent with the mechanism of actifor each of the health effects endpoints which vary from one
COPC to anotherThe carcinogenic pollutants averaging time is built on the basic assumption that a high
dose received by a receptor over a shorter period is comparable to a correspondivgplepread over a
lifetime of the receptor.

4.5.4Receptor Body Weight

The average body weight values used in this framework are 70 kilogt&mgpoundsjor an adult and
15 kilogramg(33 poundsfor a child. These are the U.S. EPA Human Health Risk Assessment Protocol
recommended values.

4.6 Risk Characterization Methodology

The risk assessment modeling was performed based on the U.S. EPA Human Health Risk Assessment
Protocol (HHRAP)(U.S. Environmental Protection Agency, 2009jhe HHRAP provides guidance on
how to conduct air dispersion modeling and perform rpathway fateandtransport risk assessments.

Moreover, the HHRAP includes guidance on calculation ofeansks and noncancer health effects.

The HHRAP includes appendices, containing MS#pEcific fate, transport, and health benchmarks; as

well as equations for estimating media concentrations and cancer and noncancer health effects.
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4.6.1Quantitatively Estimating Cancer Risk
This section describes the equations and risk methodologies used to calculate cancer risk.
4.6.1.1Inhalation Cancer Risk

The equation for calculating inhalation risk is presented in (Equation 2).
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4.6.1.2Cancer Risk from Indirect Exposure Pathways

The equation for calculating cancer risk from indirect exposure pathways is presented in (Equation 4).

F++ {Ha

rrorda Ea. 4
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Where:
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4.6.1.3Total Cancer Risk

The equation used to calculate the total cancer risk at receptors that are exposed to multiple chemicals of

potential concern within an individual exposure pathway is presented in (Equation 5).

F+'%+
41 GMAIT
FF" iFm

# Al DE@EAA & E 0ifor a specific exposure pathway

4.6.1.4Cumulative Cancer Risk

The equation used to calculate the cumulative cancer risk from multiple exposure pathways is presented
in (Equation 6). The cumulative cancer risk posed to a sensitive receptor is the sum of total risks from

each individual exposure pathw

Cumulative = - »YEB r+- rm >y E Eq.6
Where:
FO D0 M+ wk o iy by

# 01 Ol AGEDEK@EEI IOl Ok®DIA®AOGLE xAUO
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4.6.2Quantitatively Estimating Noncancer Hazard
This section describes the equations and risk methodologies used to calculate noncancer effects.
4.6.2.1Inhalation Hazard Quotient

The equation for calculating inhalatibazard quotient is presented in (Equation 7).

8
Ul T EEEE oy Eq.7
Where,
BE F3 T
TF = " fdvat» a0
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4.6.2.2Noncancer health effects associated with indirect exposure

The calculation for noncancer health effects associated with indirect exposure to chemicals of potential

concern is presented in (Equation 9).

1k Ea.9
Where:
7 I

(AUAGDA OBATED®I AOO
=rrm

|

1 O A OALCHII wmw
10

2 A EA ATTAMMAT QOFSOET 1
4.6.2.3Hazard Index

The equation used to calculate the total chronic hazard linked to exposure to all chemicals of potential
concern through a single exposure pathway is presented in (Equ@)iand is known as the Hazard
index. The main assumption of this method is that healticesfef the different chemicals are additive.

7k Ba e Eq. 10
Where:
it
(AUEDOAARE b A AAEvpE MDA O0L x AU
ol

( AUAOA OEKD OB
4.6.2.4Cumulative Hazard Index

The equation used to calculate the hazard a receptor might be exposed to chemicals of potential concern
associated with noncancer health effects through more than one exposure pathway, and fronoraultiple

road sources is presented in (Equation 11) and is known as the cumulative hazard index. A sensitive

receptorés cumul ative hazard is the sum of hazard
Cumulatives; £ Bg E Eq. 11
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Where:
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4.6.3Noncancer Hazard (Acute Inhalation)

1

The equation for calculating acuhort termjnhalation hazard quotient is presented in (Equation 12).
a1 8
= o ppet B Ea.12
Where:
I A ORDAU ANOA OAED EAITTABEINAT EOCI AOO

PO <m
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4.7 Cancer and Norcancer Numeric Target Levels

To quantify potential health risks, target levels are commonly established bggtiatory agency to
gauge the magnitude of risk which in turn influences decisions regarding the management of risk. The

definitions of Cancer risk, Na@mancer hazard, and the numeric target levels for each are summarized in
Tables 29 and 30.

Table29: Cancer and NarancerHazardDefinitions

Definition
The probability of an individual developing cancer as result of exposure
MSAT concentration. For example, a risk1d-05 is interpreted to mean that :
individual has up to a one in 100,000 chances of developing cancer durini
lifetime from the exposure being evaluated.
The potential for developing noncancer health effects. A hazard is |
probability but, rather a compari s
exposure relative to standard exposure level. The standard exposure leve
includes the reference concentration (RfC) which is an estimated
concentration on MSAT in air, the exposure to which over a specific expo
duration poses no appreciable risk of adverse health effects, even to se

populations.

For this study and based on the U.S. EPA Region 6 Addelidnited States€nvironmental Protection
Agency, 1998)the risk thresholds numeric target values set in HRARew are summarized in Table 30.
After the risk modeling is complete, the final risk and hazard values will be displayed in red if they
exceed the definettreshold. If the final risk and hazard values are lower than the defined threshold, the

value will be displayed in blue.

The values used in IRAR View are the recommended values published in the U.S. EPA Region 6
Addendum (authors of the U.S. EFAiman Health Risk Assessment Protocdt this framework these
values will be referred to 4$.S. EPAHHRAP target levels.
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Table30: Numeric Target Levels

Description Value Source

Cancer Risk Threshold 1.00E05

U.S. EPA Regio® (HHRAP
Hazard Quotient Threshol  0.25 giord ( )

The numeric risk values are not a discrete indicator of observed harmful effects. If the modeled risk
values fall within the ranges in Table 30, it might be concluded, without further analysis, that a proposed
action does not present an unacceptable tigdwever, a calculated risk value that exceeds the targets in
Table 30, would not indicate that the proposed action is not safe or that it presents an unacceptable risk.
Rather, a risk calculation that exceeds the target values triggers further consideration of the underlying
scientific basis and uncertainties associated thie risk calculation.

60



Chapter 5: ANALYSIS OF RESULTS AND VALIDATION

This chapter presents and discusses the risk results generated using the described methodologies in
Chapter 2. Risk results are a statistically derived probability that an adverse health effect will happen at a
defined exposure level. A case study isdute validate the modeled air dispersion results with actual
measured results at the Saint PAlRamsey Health Center air monitoring station in Minnesota. This
serves as the modeled versus measured study to see the effectiveness of the generated results
addressing thscope of researdh Chapter 1.

5.1 Air Monitoring

Air monitoring stations are the golden standard for acquiring detailed information about air quality at a
specific location. Measured ambient air concentrations from these stationsatat ipiwalidating how

air dispersion models perform in studies, known as modeled versus measured analyses. Moreover, the
measured air concentrations are used in estimating residential adult and residential child inhalation cancer

risk and noncancer haz:.
5.2 Saint Pauli Ramsey Health Center Monitoring Site

The neatroad air monitoring data used in this framework for the validation study is from the Saiiit Paul
Ramsey Health Center Monitoring Site in Saint Paul, Minnesota. The station is locgtddvgt

Easting: 492230.00 m, Northing: 4977478.00 m, and zone Tfte main monitoring objective of the

station is to record air toxics measurements. The station base elevation is 251 meters, above sea level,
and the monitors are positioned on the north sidbebuilding approximately 60 meters south of the |

94 corridor and interchange with3bE (Figures 21). The station measures the following pollutants:
PM.s PMyo, metals,Carbon monoxideCarbonyls,Ozone, Sulfur dioxideNitrogen oxidesAsbestos,
andVolatile organic compound#linnesota Pollution Control Agency, 2015)
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Figure2l: Saint Paul Ramsey Health Center Monitoring Site

The air monitoring station is denoted by a red star in Figure 21. The yellow pins in Figure 21 represent
the evaluated eroad mobile sources in the case study.

Figure 22a illustrates the proximity of the air monitoring station from the roadway eealuat this
study. The monitoring equipment is displayed in Figurd 22
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(b)

Figure22: Saint Paul Ramsey Health Center Monitoring Equipment
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5.3Roadway Segments

The 47 road segments modeled in this validation exercise are mzgeigas high traffic roadway
segments. As mentioned earlier in section 1.7 (Area of Study), these roadway segments rank among the
highest annual average daily traffic (AADT) in the Ramsey County, Minnesota. Table 31 summarizes the
AADT and the correspating number of roadway segments modeled. The roadway segments represent

the modeled sources, and the total number of sources modeled are 47.

Table31: Numberof Roadway Segments Modelaad CorrespondindADT

T N ey S

183,520 3
150,784 8
143,840 9
134,912 11
74,400 5
56,544 11

One major impediment in quantifying health impacts fromraad emissions is roadway geometry
characterization. The MOVES model, used for estimating emissions frooadrsources is geospatially
unaware. To put it more simply, the MOVES model sees tadg with same vehicle volumes in two
different geolocations with different weather conditions as one and the same.

Air dispersion models like AERMOD, require precise coordinates (e.g., Universal Transverse Mercator)
to accurately model the dispersionaf toxics from mobile sources. Data in the coordinate system is

used to characterize terrain, receptors, and mobile sources (modeled as area sources).
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Figure 23 illustrates the road geometry characterization difference between the mobile emistmn
and the air dispersion models. Furthermore, the methodology to characterize the road segments in the

emission models is different from the one in the air dispersion models.

MU HETHHH

Figure23: DifferenceBetweenModels

In Figure23, the lefthand side illustratiofi 1reépresents a road in the mobile emissions realm, and how

it is only characterized by vehicular activity (queuing links, acceleration links, and cruising links), with no
consideration of precise coordinates.

Alterndively, the righthand side illustratioii2d renders the road as a set of precise coordinates within a
known datum (e.g., World Geodetic System 1984 or North American Datum 1983).
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Figures 24 and 25 illustrate how the road segments are spdaéithed in the air dispersion model using
area sources.

Figure 24 shows the project area with the base map overlay enabled and how the road segments are

properly aligned with the air dispersion emission sources (red dotted lines representing area sources).

X-Direction [m]
360 380 400 420

Y-Direction [m]

Figure24: Roadway Segments Divided Based on Geometry and Vehicle Volumes
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Figure 25 displays the area sources with the base map overlay inactive.
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Figure25: Roadway Segments Divided BasguGeanetry Withouta Base Map
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5.4 Sources Parameterization and Project Setup

This section details the inputs and model setup and includes information on source characterization,
AERMOD model options and settings, modeled mobile source air toxics, meteorological data, terrain, and

risk grid setup.
5.4.1Source Characterization

The roadvay segments in this framework are modeled as area sources (See more details in section 2.6),
the 47 roadway segments correspond to 47 area sources along the lf@6Estatel 194/US 10 in the

Saint Paul junction (See Figure 26). The area sources aeseaed by the red shading in Figure 26.

Figure26: Area of Study Interstate35E and 194/US 10 in Saint Padunction
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5.4.2AERMOD Model Options and Settings

The model input parameters for the 47 roadway sources in AERM©®8ummarized in Table 32.

Table32 AERMOD Model Options and Settings

Non-Regulatory Default Options Selected
Model Options FASTAREA, AREADPLT
Adjusted Friction Velocity

Calculation Type Concentration, TotdDeposition, Dry Deposition, and Wet Deposition
1 gram of MSAT/ secondUnitized)

Dispersion

- Rural
Coefficient

MSATSs See Section 5.4.3 for details
A\l REEe S 1-hour, Annual

Building
Not evaluated. Area sources are not part of the building downwash consideratio
Downwash

See Section 5.4.6 for details

. 2011 hourly met datis employed for the final assessment ofroad mobile
Met Data Files o _
emissions impact
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The geolocations of the avad sources are expressed in thmversal Transverse Mercatooordinates
system and are summarized in Table 33. This project is located at UTM Zone 15 T, the letter T is the
latitude band. The base elevation values are leadm by the AERMAP preprocessor within the
AERMOD modeling systerfUnited States Environmental Protection Agency, 2015)

Table33: Source Location

S'A(;rjrie eIeraastﬁ)n % i
meter meter meter
1 238.89 491144.23 4976404.75
2 237.65 491218.46| 4976471.68
3 237.46 491289.17| 4976542.77
4 238.76 491356.42 4976616.48
5 241.8 491424.11 4976690.37
6 240.85 491493.15 4976762.5
7 241 491565.35 4976831.51
8 240.54 491638.07] 4976900.15
9 240.06 491708.64 4976970.94
10 239.2 491775.19 4977048.11
11 244.13 491818.73 4977135.26
12 268.85 491145.27| 4977392.96
13 267.56 491242.65 4977390.26
14 266.43 491345.16| 4977387.3
15 263.15 491446.08 4977383.2
16 259.46 491544.27 4977371.62
17 240.75 492756.45 4978284.52
18 236.42 492753.62 4978186.87
19 238.19 492748.41 4978084.64
20 237.23 492741.15 4977985.03
21 228.86 492713.69 4977889.51
22 232.21 493082.64 4977512.46
23 232.38 492996.05 4977560.03
24 232.84 492920.48 4977622.55
25 241.78 492248.95 4977521.64
26 262.56 491640.66| 4977347.37
27 257.96 491732.09 4977306.99
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Base
S'A(;rfrie elevation S i
meter meter meter
28 252.3 491829.48 4977288.41
29 239.4 492329.02 4977581.51
30 250.21 491858.22 4977227.65
31 234.03 492836.99 4977680.8
32 241.03 492164.43 4977463.34
33 238.26 492408.77| 4977637.88
34 239.94 492453.49 4977659.3
35 234.26 492660.12 4977808.84
36 235.74 492741.35 4977713.56
37 240.78 492546.53 4977696.16
38 237.41 492644.39 4977713.48
39 234.29 492577.28 4977749.9
40 236.32 492493.68 4977694.56
41 241.59 491910.09 4977312.89
42 237.56 491927.83 4977299.2
43 240.42 492138.78 4977446.34
44 239.04 491994.09 4977363.94
45 240.41 492012.34 4977351.8
46 241.53 492081.98 4977411.18
47 241.28 492093.16| 4977413.92

5.4.3Modeled Mobile Source Air Toxics

The mobile source air toxics modeled for the air concentrations modeled versus monitored analysis

(validation study) includeBenzene 1,3-Butadiene Formaldehydge Toluene, and Xylene.

For the

cumulative risk modeling, we included the following MSABenzene Formaldehydel,3-Butadiene

hexavalent chromium/|ndeno(1,2,&d)pyrene, andBenzo(a)pyrene The motivation behind this

selection is explaineith Sectionl.5.
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5.4.4Meteorological Data

The meteorological data used in this framework is collected from the Minnd&gmhs Paul
International Airport station. The distance between the station and the validation site is 12.7 kilometers.
The surface statiodetails are summarized below in Table 34.

Figure 27 displays a wind rose plot generated using WRPLOT Yfimw Lakes EnvironmentgLakes
Environmental Software, 2018)The wind rose illustrates the frequency of occurrenceindsvin each

of the specified wind direction sectors and wind speed classes at the Minfigzginti®aul International
Airport station. Wind roses are useful because they provide the probability of downwind impacts. The
station receives prevailing windsom the southeast.Wind speed and directionariability heavily
influence transport of traffic-related air toxis and thus exposure. Studies foundthe average
concentration®f mobile source air toxics a neighborhood decreased as wind speeds increased. This is
mainly due to horizontal dilution and vertical dilution, which is a function of mixing layer hétgmt,

Lee, Woo, & Bae, 2015)

Table34: Surface Station Details

Name MINNEAPOLIS ST PAUL INTERNATIONAL AIRPORT, MN US
Network:ID GHCND: USW00014922

UTM Easting | 481922.53

UTM Northing | 4969989.91

Elevation 265.8 m

Data Coverage | 100%
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WIND SPEED
(m/s)

>=11.10
8.80 - 11.10
5.70 - 8.80

[ |
[ |
I 360-570
]
1]

2.10-3.60
0.50-2.10
Calms: 0.61%

Figure27: Wind Rose Plofor the Minneapoli$ Saint Paulnt'l Airport Meteorological Station, 2011

Total Mo. of Hours: ar6l
Average Wind Speed: 4.09 m's
Calm Records: 23
Calm Winds Frequency: 0.61%
Crata Availability: 99.04%
Incomplete/Missing Records: 14
Total Records Used: 8745

Figure28: Station Data Quality

Figure 28 shows the data quality of the Minneap8ant Paul International Airport meteorological
station. Calm is a record reflected with a wind speed of @t@mhsecondand a wind direction of 0

degrees.
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5.4.5Terrain

The project areis relatively flat. The average elevation of the state of Minnesota is 236 meters above sea
level, and the overaltate elevation ranges from 183 to over 700 megfdESTSTATE, 2016) The
elevation profile in Figure 29 was extracted from Google Earth. The flat project area and the distance
from coastal areas make the AERMOD model the best candidate to model such conditions. This is
because AERMOD uses steastate conditions throingut the modeling domain and will not resolve
subdomain features like sea breeze. The project cgytdlow arrow in Figure 29)s locatedat
Universal Transverse Mercator (UTM) Easting: 492230.00 m, Northing: 4977478.00 m, and zone 15.
The numbers othe elevation profile in Figure 29 correspond to the following elevations in meters:

1. 227
2. 236
3. 243

4. 251

5. 260

Figure29: ProjectArea Elevation Profile
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The terrain data used in this study is produced by the United States Geologiegl @SGS)YUnited

States Geological Survey, 2015Fhe USGS NED GeoTIFF files, originate from the National Elevation
Dataset. This format is recommended by the U.S. EPA for regulatory purposes. The AERMAP model
executal® supports the USGS NED GeoTIFF files and generates terrain information for the project area.
In addition, AERMAP generates the height scale and base elevation for both the receptors anabithe on

sources.

5.4.6Risk Grid Setup

The risk grid setup for the ailispersion and deposition modeling performed in this framework is defined
according to thd).S. EPA Human Health Risk Assessment Protgtb5. Environmental Protection
Agency, 2005) The risk grid is a group of discrete Gein receptors, where human health impacts are
computed. The risk grid is square in shape and the origin is at the center of the project domain. This grid
is composed of two tiers, in the first tier the spacing between the receptors is 100 meteessaadritl

tier spacing is 500 meters. In the air dispersion modeling realm, a receptor is defined as a specific
location where the concentration is calculated at the ground level as opposed to some height above the
ground. AERMAP, the model preprocessor handling terrain elevations, processes receptors and
sources to interpolate the elevations at each receptor point and format these in a way that can be absorbed
by AERMOD. Figure 30 shows the layout of the risk grid in the modeling software grapbkaral u

interface.
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Figure30: Risk Grid

5.5 Validation Study

This section includes the modeled versus measured study air concentrating results. After, we completed

the air dispersion modeling, we compared the results (modeled results) with the actual monitored results

at the nearoad air monitoring station, SaiRauli Ramsey Health Center Monitoring Site. Comparing

modeled and measured concentrations is an elemental step in evaluating how the model is performing.

The use of data from an air monitoring station to evaluate the model is known as validatiomoflghe

where the model is run and calibrated using measured data.

| i b Ahastisiaw iterative process

oric a

Calibration is employed to reduce uncertainty and improve model performance.

,3Butadiene Formaldényde Toluene, and Xylene.

We modeled the following MSATsBenzene 1

Figure 31 shows the results of the study.
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Parameter Benzene | 1,3 - Butadiene | Formaldehyde | Toluene | Xylenes
MPCA modeled (pg/m3) 1.37 0.20 0.94 5.03 3.18
Monitored (pg/ms3) 0.71 0.14 2.200 1.600 0.77
Research Group modeled Conc. (pg/ms3) 0.64 0.08 0.69 2.58 1.69
4 N
MPCA: Modeled / Monitored 1.93 1.41 0.42 3.14 4.13
Research Group: Modeled / Monitored 0.91 0.60 0.32 1.61 2.19
\ /

Figure31 Validation Study Results

In Figure 31, the parameters represent the following:

1. MPCA modeled:Modeled concentrations performed by Minnesota Pollut@ontrol Agency
(MPCA).

2. Monitored:Observed concentrations at Saint PalRamsey Health Center Monitoring Site.
3. Research Group Modeled Conglodeled concentrations performed by the author of the thesis.
4. MPCA: Modeled / MonitoredThe ratio of the MPCAnodeled to observed concentrations.

5. Research Group: Modeled / Monitoréithe ratio of the concentrations modeled by the author to

the observed concentrations at Saint PaRamsey Health Center Monitoring Site.

The ratios presented in Figure 31 confornthwihe ofterquoted factor of two accuracya ratio

recognized in the air dispersion modeling field. The studies of model accuracy are discussed in greater
det ai | in Section 9 of the Appendi x W fiReva si on
Preferred General Purpose (Flat and Complex Terrain) Dispersion Model and Other Revisions; Final

R u | (gnited States Environmental Protection Agency, 2005)
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The modeled versus measured study was reproduced independentdgrapared well with the MPCA
study. A validated framework like this will be a great contribution to the assessment of the adverse

impacts of toxic vehicle emissions.
5.6 Risk and Hazard Characterization

This section presents the risk and hazard characterization and the risk results. This section is broken

down into the following subsections:
Risk and Hazard Estimates
MSATSs Evaluated
Scenarios

Pathways

= =4 =4 -4 -2

Sensitive Receptor Locations
9 Chronic Cancer, Gbnic Norcancer Hazard, and Acute Hazard
5.6.1Risk and Hazard Estimates

Risk, in terms of exposure to air emissions, is the probability that a human receptor will develop cancer,
based on the unique set of exposure pathways, resulting dose and toxicity imssuaqgplied. As a
probability, a risk of 1 x 18is interpreted to mean that an individual has up to a one in 100,000 chances

of developing cancer during their lifetime. From equation 4, the cancer risk is equivalent to lifetime
average daily dose (mMgk g day) mul t i pdpéciéicdcanbey slopehfaetGmgSkAGT d Ay )

The lifetime average daily dose (LADD) equals the product of the dose, exposure duration, and exposure
frequency divided by the averaging time. Greater detail is found Section 4.6.1 (Quantitatively Estimating
Cancer Risk). In contrast, Hazard is the ptité for developing noncancer health effects as a result of

the exposure being evaluated. Hazard is calculated as a comparison of calculated human exposure levels
with the applicablepertinent toxicity benchmark for noncarcinogenic health endpoiftee hazard

guotient is the ratio of the average dailydoseflkhgy day) t o t (mg/krge fdéarydnce dose

5.6.2MSATs Evaluated

The MSATs evaluated in this framework aBenzene Formaldehyde 1,3-Butadiene Hexavalent

chromium,Indeno(1,2,3d)pyreneandBenzo(a)pyrene
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5.6.3Scenarios

The human receptor population evaluated in this framework include the following scenarios:
Resident Adult

Resident Child

Farmer Adult

Farmer Child

Fisher Adult

=A =/ =4 =4 =4 =2

Fisher Child

The exposure scenarios as recommended by the Human Health Risk Assessment Protocol (HHRAP)
(U.S. Environmental Protection Agency, 2006y the human health risk assessment framework are

summarized in Table 27.

5.6.4Pathways

The routes of exposure evaluated in this framework are shown in Figure 32.

The exposure scenario accounts for the combination of exposure pathways that a receptor may be exposed
to Mobile Source Air Toxics (MSATS) in the environment. Dermal exposureSA™ in the soil was

not included in the risk calculations because of the insignificant contribution of the dermal exposure route

to overall risk(U.S. Environmental Protection Agency, 2005)
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Exposure Pathways Symbol

Inhalation of Vapors and Particulates h
Incidental Ingestion of Soil Rt
Ingestion of Homegrown Produce iﬁ

Ingestion of Homegrown Beef

Ingestion of Milk from Homegrown Cows

Ingestion of Eggs from Homegrown Chickens

Ingestion of Homegrown Pork

Ingestion of Homegrown Chicken y
a%
L 1
”~y

Figure32 Routes of Exposure

5.6.5Sensitive Receptor Locations

The receptor |l ocations for the risk analysis were

in IRAP-h View. These locations are the grid nodes where the unitized air toxic concentrations a

deposition fluxes were maximized. Table 35 summarizes the sensitive receptors identified in the study.

Table35: Sensitive Receptor Locations (UTM Coordinate System)

Saint Paul Ramsey Health Center 492230.04  4977478.54

Sensitive Receptor 1 492167.91 4977485.5
Sensitive Receptor 2 492567.91 4977785.5
Sensitive Receptor 3 491967.91 4977385.5
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5.6.6Chronic Cancer, Chronic Noncancer Hazard

The following sectiors present the results of the quantitative risk assessment and the air concentration
contours. The risk results include the evaluation of potential excess lifetime cancer risks (ELCRs) and
noncancethazardsestimated for each receptor population, for combiMSATs and overall exposure
pathways.

The U.S. EPA finds ELCRs less than 1.60&and noncancer hazard indices of less than 0.25 acceptable
(value was modified to account for life style and background concentrations). For each mobile source air

toxic ewluated in this framework, the following information is displayed:
I Unitized contour.
1 MSAT-specific risk summary at Saint PalRamsey Health Center.

9 Total cancer risk broken down by source contribution foréls&entscenario.
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5.6.7IRAP-h View Importing Source Coordinates

In the AERMOD modeling system, the X and Y coordinates (UTM Coordinate System) for the vertex of
the area source occur in the southwest quadrant of the source, howeveih MRA®R imports the
southwest vertices of the area smmiand NOT the centroid. This results in shifting the visual reference
location of the sources by 50 meters in Google Earth (GE). Results of the modeling aralysis
affectedby this shift. Figures 33 and 34 show this shithe shifted sources arepresented by the three

orangeboxed regionén Figure 34.
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Figure33: AERMOD Graphical User Interface

82



5.6.7.1Benzene

® \( L% @ Risk Receptors
Googlé 1RGN @ Area Sources

Figure35: Benzené Total / Air Conc.i Vapor Phase (Unitized)
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In Figure 35, the red dots represent the area sourceasddmmobile sources), and the blue dots are the
risk receptors (sensitive receptors) summarized in Table 35. The red arrow shows the Saint Paul
Ramsey Health Center risk receptor. Figure 35 shihw results for the unitizé8ienzend Total / Air

ConciVapor Phase. The maxi muw/gat.r concentration is

Resident Adult | Resident Child | Farmer Adult | Farmer Child Fisher Child

Risk Receptor: Saint Paul - Ramsey Health Center
Cancer 2.079E-06 4.158E-07 2.772E-06 4.158E-07 2.079E-06 4.158E-07
Hazard 2.073E-02 2.073E-02 2.073E-02 2.073E-02 2.073E-02 2.073E-02

Figure36: Benzend Risk Summary

The risk results in Figure 36 are colmded, the blue color indites the risk is below thd.S. EPA
HHRAP target levelswhereas, the red indicates, the risk number exceeds. heEPAHHRAP target

levelsallowed threshold. Theancerrisk resultsand noncancer hazartts Benzeneare below the target
levels.
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Figure37: Total Cancer Risk by Source at Saint RaRamsey Health Center
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Figure 37 shows the contribution of each source to the total overall cancer risk for the adult and child
scenarios. This is consistent with the fact 8wairces that emit more, contribute more to the overall risk
at a specific location. The risk for the adult and child scenarios is not additive.

5.6.7.2Formaldehyde

S @ Risk Receptors
Google Earth L JEERLIEES

Figure38 Formaldehydé Total / Air Conc.i Vapor Phase (Unitized)

Figure 38 shows the results for the unitiZzéakmaldehyde’ Total / Air Conc.1 Vapor Phase. The

maxi mum air concestigmati on is 1090. 7

Resident Adult | Resident Child | Farmer Adult MMM

Risk Receptor: Saint Paul - Ramsey Health Center
Cancer 3.687E-06 7.374E-07 4.916E-06 7.375E-07 3.687E-06 7.374E-07
Hazard 6.800E-02 6.837E-02 6.810E-02 6.855E-02 6.800E-02 6.837E-02

Figure39: Formaldehydé& Risk Summary

The cancer risk and noncancer hazegdults forFormaldehydet the Saint PaulRamsey Health Center
are all below thé).S. EPAHHRAP target levels.
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Figure4(Q: Total Cancer Risk by Source at Saint RdRamsey Health Center

Figure 40 shows the contribution of each source toFtrenaldehydeotal overall cancer risk for the

adult and child scenarios.

5.6.7.31,3-Butadiene
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Figure4l: 1,3-Butadiend Total / Air Conc.i Vapor Phase (Unitized)
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Figure 41 shows the results for the unitidze@Butadiend Total / Air Conc.i Vapor Phase. The

maxi mum air concesdigmati on is 1102. 9

Resident Adult | Resident Child | Farmer Adult MM

Risk Receptor: Saint Paul - Ramsey Health Center
Cancer 2.043E-06 4.087E-07 2.725E-06 4.087E-07 2.043E-06 4.087E-07
Hazard 4.054E-02 4.054E-02 4.054E-02 4.054E-02 4.054E-02 4.054E-02

Figure42 1,3-Butadiené Risk Summary

As shown in Figure 42, the cana#sk and noncancehazardresults forl,3-Butadieneat the Saint Paul
Ramsey Health Center are all below th&. EPAHHRAP target levels
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Figure43: Total Cancer Risk by Source at Saint PaRamsey Health Center

Figure 43 shows the contribution of each mobile source t@,8:Butadienetotal overall cancer risk for
the adult and child scenarios.
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5.6.7.4Hexavalent Chromium

Figure44: Hexavalent Chromiurn Total / Air Conc.i Particle Phase (titized)

Figure 44 shows the results for the unitized Hexavalent Chromitiotal / Air Conc.i Particle Phase.
The maximum air cormtgemdtration is 1093.7 =€g

Resident Adult | Resident Child | Farmer Adult Fisher Child

Risk Receptor: Saint Paul - Ramsey Health Center
Cancer 4.574E-09 9.147E-10 6.098E-09 9.147E-10 4.574E-09 9.147E-10
Hazard 1.112E-04 1.113E-04 1.116E-04 1.119E-04 1.112E-04 1.113E-04

Figure45: Hexavalent Chromiurm Risk Summary

Figure 45 summarizes the risk results for Hexavalent Chromium. Altdheer risk and noncancer
hazardresults at the Saint PauRamsey Health Center are below th&. EPAHHRAP target levels
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Figure46: Total Cancer Rlsby Source at Saint PauRamsey Health Center

Figure 46 shows the contribution of each mobile source to the Hexavalent Chromium total overall cancer

risk for the adult and child scenarios.

5.6.7.5Indeno(1,2,3cd)pyrene
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Figure47: Indeno(1,2,3d)pyrend Total / Air Conc.i Particle Phase (Unitized)
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Figure 47 shows the results for the unitized Indeno(@)Byrenei Total / Air Conc.i Particle Phase.
The maximum air cormtgemdtration is 1093.6 =€g

Resident Adult | Resident Child | Farmer Adult | Farmer Child Fisher Child

Risk Receptor: Saint Paul - Ramsey Health Center
Cancer 2.621E-08 9.122E-09 7.777E-07 1.695E-07 2.621E-08 9.122E-09
Hazard - - - - - -

Figure48: Indeno(1,2,&d)pyrend Risk Summary

As shown in Figure 48, theancerrisk results at the Saint PauRamsey Health Center are below the

U.S. EPAHHRAP target levels As neither the RfD nor the RfC were assessed under the IRIS program,
hazard quotients were not calculated Indeno(1,2,3&d)pyrene. Indeno(1,2,3d)pyrene is a common

ri sk driver, however, thatdés from | arge combust.

emissions, the expected risk ranges from 1-008o0 1.@E-09.
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Figure49: Inhalation Cancer Risk by Source at Saint P&Amsey Health Center

Figure 49 shows the contribution of eachroad mobile source to the Indeno(1;2@pyrene inhalation

cancer risk.
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5.6.7.6Benzo(a)pyrene
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Figure50: Benzo(a)pyrené Total / Air Conc.i Particle Bound (Unitized)

Figure 50 shows the results for the unitiehzo(a)pyrené Total / Air Conc.i Particle Bound Phase.
The maxi mum air cosigmntration is 1092 e¢g

Resident Adult | Resident Child | Farmer Adult MMM

Risk Receptor: Saint Paul - Ramsey Health Center
Cancer 6.468E-07 2.478E-07 1.656E-04 3.554E-05 6.468E-07 2.478E-07
Hazard 2.816E-01 2.823E-01 4.135E-01 4.703E-01 2.816E-01 2.823E-01

Figure51 Benzo(a)pyrené Risk Summary

As shown in Figure 51, theancerrisk results at the Saint PauRamsey Health Center exceed thé.
EPA HHRAP target level$or the farmer scenario (adult and child). Tencancehazardlevelsfor all
scenarios exceeds theS. EPAHHRAP target levels Early-life exposure to carcinogeninobile source
air toxicswith a mutagenic mode of actidike Benzo(a)pyrenenay result in a greater contribution to

cancers appearing later in life
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To account for this, ageependent adjustment factors (ADAFs) developed by the U.S. EPA are applied to
the oral and inhalation slope factors Benzo(a)pyrene
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Figure52: Inhalation Cancer Risk by Source at Saint P&Amsey Health Center

Figure 52 shows the contribution of each of the 47romu mobile source to thBenzo(a)pyrene

inhalation cancer risk.
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5.6.8Acute Hazard

Maximum ZXhour air concentrations generated using the AERMOD model are used to estimate the
potential for noncancer human health effects resulting from $bort exposure to pollutants via the
inhalation pathway. The-our air concentrations are compared to acute inhalation exposure criteria
(AIEC) to estimate the acute exposure potential. Aibearchical approach used to select the appropriate
AIEC values are summarized in Section 3.9 (Toxicity Assessment). Table 36 provides a summary of the

acute hazard quotients calculated for the MSATSs included in the risk assessment.

Table36: Acute Health Hazards (Unitless)

Acute Inhalation
Benzene 1.59E02
Formaldehyde 2.25E01
1,3-Butadiene 4.08E03
Hexavalent Chromium 9.81E05
Indeno(1,2,3cd)pyrene 2.03E05

Benzo(a)pyrene 3.05E05
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Chapter 6: CONCLUSION, UNCERTAINTY ANALYSIS, AND FUTURE
WORK

This chapterprovides the results of the cumulative risk study, uncertainty analysis, conclusion, and

finally, recommendations for future research.

6.1 Cumulative Risk

Cumulative risk is the set ofsk present from theombined exposure to a variety of agemrggregate
exposure describes that exposure from all sources of akhgeskts. Cumulative risk is analogous with a
human receptor breathing various mobile source air toxics (MSATS) over a lifetime exposure, in our case,
being exposed to the modeled MSABenzene Formaldehydel,3-Butadiene Hexavalent chromium,

Indeno(1,2,d)pyraene, andBenzo(a)pyrene

The cumulative risk resultsancer and hazarfpr each of the considered MSATs were generdigd

finding thesummation ofisk (cancerisk andnoncancehazard)at each of the four sensitive receptors.

The cumulative risk resdlt excess lifetime cancer risks, and noncancer hazard indices are presented
below.
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6.1.1Cumulative Risk (Cancer)

Excess Lifetime Cancer Risks (across all pathways)

Resident Farmer Fisher

Sensitive Receptor / Exposure

Scenarics Adult Child Adult Child Adult Child

Saint Paul - Ramsey Health Center 8.49E-06 1.82E-06 1.77E-04 3.73E-05 8.49E-06 1.82E-06

Sensitive Receptor 1 9.41E-06 2.03E-06 1.97E-04 4.14E-05 9.41E-06 2.03E-06
Sensitive Receptor 2 7.50E-06 1.61E-06 1.56E-04 3.29E-05 7.50E-06 1.61E-06
Sensitive Receptor 3 7.89E-06 1.69E-06 1.64E-04 3.45E-05 7.89E-06 1.69E-06

Region 6 Target Levels

Figure53: Excess Lifetime Cancer Risks (across all pathways)

Figure 53 shows the cumulative cancer risk across all pgthvirhe cancer probabilities for the farmer
scenario (adult and child) exceed teS. EPA HHRAP target levels at all sensitive receptor$he

farmer is assumed to be exposed to mobile source air toxics through the following exposure pathways:
1. Directinhalation of vapors and particulates
2. Incidental ingestion of sail
3. Ingestion of homegrown produce
4. Ingestion of homegrown beef
5. Ingestion of milk from homegrown cows
6. Ingestion of homegrown chicken
7. Ingestion of eggs from homegrown chickens
8. Ingestion olhomegrown pork

Below are the individual air toxics excess lifetime cancer risks.
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6.1.1.1BenzeneExcess LifetimeCancer Risks

Figure54: BenzeneExcess Lifetime Cancer Risks (across all pathways)

6.1.1.2Formaldehyde Excess LifetimeCancer Risks

Figure55: Formaldehydd=xcess Lifetime Cancer Risks (across all pathways)
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