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The Coordinating Research Council (CRC) held its 9™ Mobile Source Air Toxics (MSAT) Workshop in
Sacramento, California, on February 4-6, 2019. The Workshop consisted of six oral sessions and one
poster session. It included 32 oral presentations and 6 poster presentations. These presentations
reviewed the current state-of-knowledge regarding MSAT emission measurements, emissions trends,
exposure assessments, air quality and modeling, as well as the effectiveness of regulatory control
measures. There were approximately 100 attendees.

This report provides brief overview highlights of each presentation, as well as more complete
presentation summaries. The summaries included here attempt to accurately reflect the information
presented at the Workshop, but do not represent the opinions of CRC, the Workshop organizers, or the
Workshop co-sponsors.



Abbreviations and Acronyms

1,3-BD 1,3-Butadiene

AB-617 California Assembly Bill 617 (2017)

AERMOD Atmospheric dispersion modeling system
AERR Air Emissions Reporting Rule

AC Air Conditioning

AMS Aerosol Mass Spectrometer

AOD Aerosol Optical Depth

AQMP Air Quality Management Plan

ARB (California) Air Resources Board

ATIC Air Toxics in Canada

AURAMS A Unified Regional Air quality Modeling System
AVs Autonomous Vehicles

BC Black Carbon

BCO Beneficial Cargo Owner

BEV Battery Electric Vehicle

BTEX Benzene, Toluene, Ethylbenzene, and Xylenes
CAAP Clean Air Action Plan

CALPUFF Dispersion model used in California

CAMX Comprehensive Air Quality Model with Extensions
CAP Criteria Air Pollutant

CAPP Community Air Protection Program

CAPS Center for Atmospheric Particle Studies

CAQl Cabin Air Quality Index

CARB California Air Resources Board

CEPA Canadian Environmental Protection Act

CFD Computational Fluid Dynamics

Cl Compression Ignition

CIMS Chemical lonization Mass Spectrometry
CMAQ Community Multi-Scale Air Quality Model
CMB Chemical Mass Balance

CcmMu Carnegie Mellon University

CNG Compressed Natural Gas

co Carbon Monoxide

CO; Carbon Dioxide

COA Cooking Organic Aerosol

COPD Chronic Obstructive Pulmonary Disease

CRC Coordinating Research Council

CRUISER Canadian Regional and Urban Inventory System for Environmental Research
CTAG Comprehensive Turbulent Aerosol dynamics and Gas chemistry (model)
DOC Diesel Oxidation Catalyst

DOE (U.S.) Department of Energy

DPF Diesel Particulate Filter

DPM Diesel Particulate Matter



E85
EC
ECA
ECCC
ED

EF

El

EIS

EJ
EMFAC
EPA
EV
FBMSM
FCEV
FMT
FRM
FTIR
FTP
GC-MS
GDI
GEM-MACH
GHG
Gl
GMC
GPS
GREET
GSP
GTA
HAP
HAPEM
HD
HDDV
HEI
HEV
HNCO
HOA
HOV
HVAC
ICE
ICPMS
IDW
I/M
ISR
ITS
LAD
LAX

Gasoline blend containing 85% ethanol
Elemental Carbon

Emission Control Area

Environment and Climate Change Canada
Emergency Department

Emission Factor

Electron Impact (ionization)

Emissions Inventory System

Environmental Justice

Mobile source emissions model used in California
(U.S.) Environmental Protection Agency
Electric Vehicle

Facility-Based Mobile Source Measures
Fuel Cell Electric Vehicle

Ft. McHenry Tunnel

Federal Reference Method

Fourier Transform Infra-Red (spectroscopy)
Federal Test Procedure

Gas Chromatography-Mass Spectrometry
Gasoline Direct Injection

Global Environmental Multiscale — Modeling Air quality and Chemistry
Greenhouse Gas

Green Infrastructure

Goods Movement Corridor

Global Positioning System

Greenhouse gases, Regulatory Emissions and Energy use in Transportation (model)
Gross State Product

Greater Toronto Area

Hazardous Air Pollutant

Hazardous Air Pollutant Exposure Model
Heavy-Duty

Heavy-Duty Diesel Vehicle

Health Effects Institute

Hybrid Electric Vehicle

Isocyanic acid (chemical formula)
Hydrocarbon Organic Aerosol

High Occupancy Vehicle

Heating, Ventilation, and Air Conditioning
Internal Combustion Engine

Inductively Coupled Plasma Mass Spectrometry
Inverse Distance Weighted (interpolation)
Inspection and Maintenance

Indirect Source Rule

Institute for Transportation Studies

Leaf Area Density

Los Angeles International Airport



LBNL
LCFS
LD

LDV
LEV
LNT
LPG
LSM
MACh
MATES
MISR
MOU
MOVES
MPFI
MPO
MSAT
N.O
NAAQS
NAPS
NASA
NATA
NATTS
NEI

NG
NGMC
NH;
NMHC
NMIM
NMNEHC
NMOG
NOx
NPRI
OF!

OA
OAQPS
oC
OEHHA
OFR
ORS
0S
PAH
PAM
PAMS
PFI
PHEV
PM

Lawrence Berkeley National Laboratory

Low Carbon Fuel Standards

Light-Duty

Light-Duty Vehicle

Low Emission Vehicle

Lean NOx Trap

Liquefied Petroleum Gas

Least Square Mean

Mobile Atmospheric Chamber

Multiple Air Toxics Exposure Study

Multi-angle Imaging Spectro Radiometer
Memoranda of Understanding

Motor Vehicle Emission Simulator (EPA vehicle emissions model)
Multi-Port Fuel Injection

Metropolitan Planning Organization

Mobile Source Air Toxic

Nitrous Oxide

National Ambient Air Quality Standard
(Canadian) National Air Pollution Surveillance
(U.S.) National Air and Space Administration
National-scale Air Toxics Assessment

National Air Toxics Test Site

National Emissions Inventory

Natural Gas

Non-Goods Movement Corridor

Ammonia

Non-Methane Hydrocarbon

(U.S.) National Mobile Inventory Model
Non-Methane Non-Ethane Hydrocarbon
Non-Methane Organic Gases

Oxides of nitrogen

(Canadian) National Pollutant Release Inventory
Ozone

Organic Aerosol

(EPA) Office of Air Quality Planning and Standards
Organic Carbon

(California) Office of Environmental Health Hazard Assessment
Oxidation Flow Reactor

Optical Remote Sensing

Oxidative Stress

Polycyclic Aromatic Hydrocarbon

Potential Aerosol Mass (reactor)
Photochemical Assessment Monitoring Station
Port Fuel Injection

Plug-in Hybrid Electric Vehicle

Particulate Matter



PM3s
PMCAMx-UF
PMF
PMI
PMT
PN
PNC
POA
POLA
POLB
PTE
RFG
RFS2
ROS
SCAQMD
SCC
SCR

Sl

SIP
SLT
SMOKE
SOA
SoCAB
SOx
Sov
SULEV
SvVOoC
TAC
TBSP
TEF
THC
TIGER
TNC
TOG
TWC
uDDS
UFP
UFPM
ULEV
uLsSD
VEER
VMT
VOC
WHO
WRF

Fine Particulate Matter (diameter < 2.5 um)
Variation of CAMx model focused on ultra-fine particles
Positive Matrix Factorization

Particulate Matter Index

Passenger Miles Traveled

Particle Number

Particle Number Concentration

Primary Organic Aerosol

Port of Los Angeles

Port of Long Beach

Potential to Emit

Reformulated Gasoline

Renewable Fuel Standard (Phase 2)
Reactive Oxygen Species

South Coast Air Quality Management District
Source Classification Code

Selective Catalytic Reduction

Spark Ignition

State Implementation Plan

State, Local and Tribal

Sparse Matrix Operator Kernel Emissions (modeling system)
Secondary Organic Aerosol

South Coast Air Basin

Oxides of sulfur

Single Occupancy Vehicle

Super Ultra-Low Emissions Vehicle
Semi-Volatile Organic Compound

Toxic Air Contaminant

Truck and Bus Surveillance Program
Toxicity Equivalency Factor

Total Hydrocarbons

Topologically Integrated Geographic Encoding and Referencing
Transportation Network Company

Total Organic Gas

Three-Way Catalyst

Urban Dynamometer Driving Cycle
Ultra-Fine Particle (PMo.1)

Ultra-Fine Particulate Matter

Ultra-Low Emissions Vehicle

Ultra Low Sulfur Diesel

Vehicle Emissions on Each Road

Vehicle Miles Traveled

Volatile Organic Compound

World Health Organization

Weather Research and Forecasting model



OVERVIEW OF THE 2019 MOBILE SOURCE AIR TOXICS (MSAT) WORKSHOP

Plenary Session. This session consisted of three presentations that introduced the topic of
MSATs, provided overviews of MSAT trends, identified on-going areas of concern, and summarized
relevant work that is underway. Dan Sperling (U.C. Davis) discussed three current automotive
revolutions - automation, sharing, and electrification - which are already causing disruptions within
several industries. Sperling argued that by effective integration of these three within the light-duty
vehicle (LDV) fleet, society could realize greater mobility with less emissions and congestion. The heavy-
duty vehicle (HDV) arena is also experiencing dramatic reductions of pollutant emissions, but with less
electrification. Automation of HDVs is developing, but is not expected to reduce vehicle miles traveled
(VMT). With reductions in tailpipe emissions occurring, brake and tire wear emissions are becoming
relatively more significant.

Kurt Kaperos (CARB) discussed a “4™" transportation revolution,” namely, a policy revolution. Both
criteria pollutants and MSAT pollutants have been reduced dramatically over the past 25 years, as have
the estimated cancer risks from air pollutant exposures in California. Nevertheless, areas of concern
remain, especially within disadvantaged communities. CARB has established the Community Air
Protection Program (CAPP) in response to California Assembly Bill 617 (AB 617), which requires
community-level air quality monitoring, with high spatial and temporal resolution. Based on this
monitoring, specific mitigation measures will be developed to reduce local-scale exposure to toxics.

Madeleine Strum (EPA) discussed development and updating of the National Emissions Inventory (NEI).
The next update, which is expected to be released in 2020, will be based on 2017 emissions data for
both criteria air pollutants and hazardous air pollutants (HAPs). NEI includes a comprehensive
assessment of all air pollutants, not just those from mobile sources. EPA has developed an interactive
web version of the NEI, which allows users to examine emissions trends of any pollutant by sector and
by geographic region.

Session 1: Regulatory Needs. This session included presentations by representatives of five
different regulatory agencies. The regulators were asked to discuss the MSAT issues of greatest concern
to them, regulatory approaches being used to address these concerns, specific work currently
underway, and additional work that is still needed. Molly Zawacki (EPA) highlighted the dramatic
nationwide reductions in MSAT emissions since 1990. According to the 2014 National-scale Air Toxics
Assessment (NATA), the average cancer risk from all air toxics is approximately 30 in 1 million, with
MSATSs contributing 18% of this risk. However, concerns about elevated risks remain in “near source”
environments. EPA is working to better characterize brake and tire wear emissions, and to understand
the impacts of mobile source emissions with respect to secondary organic aerosols (SOAs).

Jeremy Herbert (CARB) discussed the Community Air Protection Program (CAPP) that was initiated to
address the objectives of AB 617. The focus on community-level air pollution demands that monitoring
and modeling activities be conducted on much smaller scales than are typical for regional assessments.
This requires development of new methods and tools for data collection, analysis, and reporting.

Phil Martien (BAAQMD) discussed work being done in response to AB 617 in Richmond and West
Oakland. Work in West Oakland is more advanced, due to a long history of community involvement in
air quality issues in this area. Fine-scale air quality modeling is being done to identify (and visualize)
spatial and temporal patterns of black carbon (BC), PM3s, and other toxics in the community. Source
apportionment and application of cancer risk factors will be done, to provide understandable results
that can be used in community discussions about potential mitigation measures.



lan MacMillan (SCAQMD) explained how local air quality regulatory agencies are authorized to regulate
mobile source emissions from indirect sources, which are defined as facilities that attract mobile source
activity. The SCAQMD is now beginning to apply indirect source rules (ISRs) to reduce emissions from
warehouse facilities and railyards. While focused primarily on NOx emissions for ozone attainment
reasons, these ISRs also address MSATs — especially diesel particulate matter (DPM).

Alberto Ayala (SMAQMD) emphasized that while the evolution of new fuels, vehicle technologies, and
emissions control systems has greatly reduced criteria pollutants, the impacts on MSAT emissions are
less well understood. Furthermore, long-term impacts of recently-introduced technologies — such as
gasoline direct injection (GDI) and selective catalytic reduction (SCR) are still uncertain. Given the new
emphasis on “hyper-local scale” for public health protection, continued study of MSATSs is warranted.

Session 2. Measurement and Modeling of Vehicle Emission MSATSs. This session included seven
presentations from researchers who are actively involved in the measurement and/or modeling of MSAT
emissions from a variety of vehicular sources. These researchers addressed the characterization and
quantification of MSATs from modern vehicles, the effectiveness of emissions control systems, and
recommendations of additional work that is needed. Ingrid George (EPA) characterized volatile and
semi-volatile organic compound (VOC and SVOC) emissions from three modern, GDI-equipped light-duty
vehicles (LDVs) when driven over dynamometer cycles at testing temperatures of 20 and 72 °F.
Emissions were much higher when the vehicles were tested at low temperature, but only during the first
two minutes of cold start operation. Because the atmospheric fate of VOCs and SVOCs depends upon
their volatility, EPA is now exploring methods to determine “volatility-based emission rates” that could
be used in air quality models.

Anirban Roy (Univ. of Houston) also presented emissions results from dynamometer testing of LDVs
under different operating temperatures. A fleet of six model year 2010 vehicles was tested at 0, 20, and
75 °F. As expected, total emissions decreased dramatically as the testing temperature increased,
although the extent of this decrease varied among the individual VOC species measured. In all cases, the
sum of the 14 toxic species measured was found to comprise 17-30% of total exhaust VOC emissions.

Georgios Karavalakis (U.C. Riverside/CE-CERT) discussed a dynamometer study that investigated the
effects of gasoline composition on MSAT emissions from five GDI vehicles. Eight test fuels were used,
which differed in aromatics and ethanol contents. Fleet-wide formaldehyde and BTEX emissions were
primarily dependent upon fuel aromatics level, while acetaldehyde emissions were primarily dependent
upon fuel ethanol content. Fuel effects on secondary organic aerosol (SOA) formation were examined
using smog chamber experiments. High aromatics fuels produced higher levels of aerosols. This effect
was reinforced when using high ethanol levels in fuels having high particulate matter index (PMI) levels.

Cody Howard (CARB) discussed the development and use of a HD chassis dynamometer as part of
CARB’s Truck and Bus Surveillance Program (TBSP). Although this program is meant to support in-use
compliance of criteria pollutant emissions, the existence of specialized instrumentation at the
dynamometer facility also enables measurement of various MSAT species. Since 2016, this facility has
tested 45 vehicles, representing 22 modern engine families. Measured in-use PM emissions are
generally below regulatory limits, whereas measured NOx emissions occasionally exceed these limits.

Andrey Khlystov (DRI) reported on real-world measurements of MSATS (and other pollutants) from
vehicles driving through a roadway tunnel in Baltimore, MD in 2015. The bore configurations and traffic
management at the tunnel enabled LD and HD vehicles to be distinguished. Ultrafine particle (UFP)
counts were much higher in winter, which was attributed to greater nucleation of SVOCs at lower



temperatures. PM,s mass emission rates were also higher in the winter, partly due to the presence of
de-icing salts. Comparing these 2015 emission rates with those measured in the same tunnel in 1992
confirmed the dramatic overall reductions of both criteria pollutants and MSATSs over this time period.

Heejung Jung (CARB) described experimental work to define and measure a cabin air quality index
(CAQ) for different vehicles. This effort is driven by the realization that many people’s highest exposure
to PM, UFP, and other MSATSs occurs while they are traveling on roadways. CAQl is the ratio of a given
pollutant’s inside concentration to outside concentration, as measured over a prescribed time period
and on-road driving cycle. A vehicle’s HVAC system significantly affects the CAQ|, as its use determines
the infiltration of outside air. A tradeoff exists between controlling PM and CO; within the cabin, as
greater air recirculation and reduced infiltration contribute to buildup of CO, generated by respiration.

John Liggio (ECCC) discussed real-world measurements of isocyanic acid (HNCO) and hydrogen cyanide
(HCN) on roadways throughout the Toronto area. Measurements were made using a high resolution
time-of-flight chemical ionization mass spectrometer (HR-TOF-CIMS) in a mobile lab. Concentrations of
HNCO were higher in the summer vs. winter, possibly due to secondary atmospheric formation during
summer conditions. Concentrations of HCN were also higher in the summer, possibly due to long-range
transport of wildfire emissions. Using background subtraction techniques, fuel-specific emission rates of
HNCO and HCN were measured. While these emissions rates had highly skewed distributions, the
median values for HNCO and HCN were approximately 2 mg/kg fuel and 0.5 mg/kg fuel, respectively.

Session 3. Air Quality and Exposure Measurements of MSATSs. This session included six
presentations from researchers who are studying air quality and exposure measurements of MSATSs.
These researchers were asked to address topics such as MSAT exposures near roadways and other hot
spots, the contributions of non-road mobile sources to total MSAT exposures, and atmospheric
transformation of MSATs. Hyung Joo Lee (CARB) presented an overview of satellite applications being
used to support various CARB programs. Measurements of aerosol optical depth (AOD) are being used
to infer PM3s concentrations. These measurements — when combined with ground-based PM3s monitor
data, meteorological information, and emissions data — are being used to develop 1-km resolution maps
of annual PM3 s concentrations throughout the State. Despite known limitations of satellite remote
sensing, these approaches are regarded as useful tools to identify hot spots, fill-in gaps within existing
monitoring networks, and track long-term progress in meeting air quality goals.

Albert Presto (Carnegie Mellon Univ.) described experimental work conducted in Pittsburgh, PA and
Oakland, CA to investigate the causes of variability in fine PM concentrations within urban areas. Using
an aerosol mass spectrometer (AMS) within a mobile laboratory, spatial patterns of PM compositional
information were obtained. It was shown that these fine particles were externally mixed, meaning that
separate particles could be identified originating from traffic, cooking, and background sources. Using
positive matrix factorization (PMF) analysis, aerosols from traffic-related sources and food cooking
activities were shown to be major contributors to the spatial variability of PM concentrations.

Andrew Grieshop (NC State Univ.) described a near-roadway experimental program to investigate
seasonal differences in organic aerosol concentrations. By simultaneous sampling upwind and
downwind of an interstate highway in Durham, NC, it was shown that traffic-related fine particle
numbers and particle mass were 2-3 times higher in the winter. This was attributed to temperature-
driven changes in partitioning of SVOCs between gas-phase and particle-phase. Also, the SOA formation
potential of near-roadway ambient samples was estimated using an oxidation flow reactor (OFR). SOA
formation potential was 3-5 times higher in the summer, due to the presence of more biogenic VOCs.



Ken Davidson (EPA) discussed several examples of research done to investigate the effectiveness of
noise barriers and vegetative barriers in reducing PM concentrations near roadways. Many factors
having an influence — including plant species, size, spacing, wind speed, and others. EPA has utilized this
information to update the atmospheric dispersion modeling system, AERMOD, which will allow users to
better estimate the impacts of roadside barriers on pollutant dispersion near roadways.

Thomas Kirchstetter (U.C. Berkeley) described an intensive black carbon (BC) monitoring study
conducted in West Oakland, CA during the summer of 2017. Hourly measurements were made by 100
low-cost, portable sensors deployed throughout the study area. Over the course of the 100-day
sampling campaign, 75% of the portable sensors measured higher BC concentrations than the central
regulatory air quality monitor, with the highest concentrations being seen near the Port of Oakland.

Joshua Apte (Univ. of Texas) presented air quality information obtained by repeatedly driving an
instrumented Google Street View car throughout communities in the San Francisco Bay Area. High time
resolution (1-Hz) measurements of NO, NO,, BC, and UFP counts were obtained, which allowed for
generation of pollutant maps having spatial resolution of about 30 m. This information enabled ready
identification of pollutant hot spots within the communities.

Session 4. Air Quality and Exposure Modeling of MSATSs. This session included seven
presentations from researchers who are involved in modeling exposure to MSATS. Ted Palma (EPA)
began by providing an overview of the National Air Toxic Assessment (NATA). This assessment combines
detailed emissions data, atmospheric fate and transport modeling, exposure modeling, and health risk
criteria to estimate cancer (and non-cancer) risks associated with inhalation of outdoor air toxics. NATA
is updated approximately every 3 years. The current assessment, which is based on 2014 emissions data,
presents estimates of ambient and exposure concentrations for 180 toxics, reported at the census tract
level. The national average cancer risk for total air toxics is estimated to be 30-in-1 million, while the
onroad and nonroad risks are approximately 4-in 1 million and 2-in-1 million, respectively.

Elisabeth Galarneau (ECCC) described an air quality modeling study conducted in the Toronto area to
investigate the contribution of mobile sources to total benzene and PAH concentrations. Chemical
transport modeling simulations were conducted both with and without mobile source emissions being
included. Results indicated that mobile source contributions to both benzene and PAHs are substantial,
and are probably higher than indicated from national-scale emissions inventories.

Spyros Pandis (Carnegie Mellon Univ.) discussed chemical transport modeling systems and their use to
investigate the contribution of mobile sources to UFPs in urban and regional locations. By including
condensation/evaporation behaviors of organic aerosol components, the PMCAMx-UF model is now
better able to simulate the size and mass distributions of UFP in the atmosphere. Reasonable agreement
between modeled and measured results was demonstrated during experimental measurement
campaigns in Europe and North America. It was also shown that gasoline vehicle emissions contributed
most significantly to the smallest UFP size fraction — namely, particles of 10 nm and below.

Michael Kleeman (U.C. Davis) described regional chemical transport air quality modeling of UFP
throughout the State of California. The SAPRC11 chemical mechanism was used, along with emissions
data from CARB’s EMFAC2014 emissions model, to simulate hourly PM,s and PMg.1 concentrations, with
4-km resolution, over the period of 2000 to 2016. UFP mass concentrations were highest in the Los
Angeles, Sacramento, and Central Valley areas. Source apportionment analyses showed a decline in
mobile source contributions, and an increase in cooking emissions over this time period.



Shuming Du (CARB) discussed air quality modeling being conducted in the Sacramento Valley region in
an effort to identify communities that are most impacted by toxic air contaminants (TACs). Because of
its inert nature, on-road DPM was modeled as a line source using a dispersion model applied to
individual traffic links. Other TACs, including toxic VOCs and PM s, were modeled using CMAQ, a
photochemical grid model. By combining these modeling approaches, traffic corridors were shown to be
areas of high TAC concentration, and localized hot spots were identified within specific communities.

Jenny Melgo (CARB) described the methodology being used to estimate Vehicle-related Emissions on
Each Roadway (VEER). Emissions data from CARB’s EMFAC-2017 model were combined with vehicle
activity data into a topologically-integrated geographic encoding and referencing (TIGER) census
roadway network. This enables determination of separate LDV and HDV emissions on each roadway link.
When applied to the West Oakland community, this approach showed that HDVs dominated total NOx
and exhaust PM emissions, while LDVs dominated TOG, ROG, CO, and most toxic pollutants.

Max Zhang (Cornell Univ.) explained the use of a computational fluid dynamics (CFD) based model that
couples near roadway dispersion with chemical/physical transformation of pollutants to evaluate
possible approaches of mitigating near-roadway PM exposures. Results show that proper design of
barriers is important in determining overall effectiveness. The combination of an inexpensive solid fence
with a vegetative barrier offers a cost-effective solution in some cases.

Session 5. Accountability. This session included four presentations that addressed the issue of
accountability. In particular, the speakers were asked to present information regarding the effectiveness
of control measures that have already been adopted to reduce MSAT, and discuss how to assess the
effectiveness of future regulations. Rob Harley (U.C. Berkeley) began by discussing the in-use
performance of emissions control systems of HD trucks operating on California freeways. Results from
four sampling campaigns spanning 2010 to 2018 showed consistent and dramatic reductions in fuel-
based BC and NOx emission rates. On a g/bhp-hr basis, these results showed that average PM emission
rates were reduced by 79% over this period. However, the average PM emission rate of the 2018 fleet
still exceeded the 0.01 g/bhp-hr goal of the California Truck and Bus rules.

Tim Wallington (Ford Motor Co.) presented a broad overview of vehicle emission trends and urban air
quality over the past several decades. Improvements in automotive emissions control systems over this
time have provided large reductions in criteria pollutants (CO, HC, and NOXx), with similar reductions in
MSATs. On-road, remote sensing campaigns have shown 7% per annum reductions in LD vehicle
emissions of CO, HC and NOx between 1997 and 2014. Similar reductions in ambient concentrations of
CO, benzene, and other mobile source related VOCs have been documented in the Los Angeles area.

lan MacMillan (SCAQMD) described numerous activities undertaken to verify that air toxics are being
reduced within the SoCAB. A long-standing ambient monitoring program has recently been enhanced by
establishment of a network of 8 toxics monitoring sites. From such monitoring data, SCAQMD has
determined that the total air toxics cancer risk (excluding DPM) in the SoCAB has been reduced by 75-
85% over the past 25 years. In addition, SCAQMD has conducted a series of Multiple Air Toxics Exposure
Studies (MATES) over this time period, which have shown similar reductions in DPM.

Ying-Ying Meng (UCLA) described a retrospective cohort health study involving 23,000 California
Medicaid participants having asthma and/or COPD, to assess the health outcomes of California’s
recently enacted Goods Movement regulations. For a six-year period, study participants were tracked
with respect to hospital and emergency room visits. It was found that participants living in defined
Goods Movement Corridors (GMCs) experienced greater reductions in pollutant levels and emergency
room visits than those living outside the GMCs.



SUMMARIES OF INDIVIDUAL PRESENTATIONS

Plenary Session

Three Revolutions of Transport — Impacts on MSATs: Dan Sperling, U.C. Davis

Sperling began with a description of recent transportation trends in the U.S., pointing out that we’re
headed in the wrong direction — based on several metrics. For example, public transit services account
for <2% of total passenger miles traveled (PMT), high occupancy vehicle (HOV) lanes are largely
ineffective, single occupancy vehicle (SOV) use and total vehicle miles traveled (VMT) are increasing, and
congestion is worsening. Furthermore, our “car-centric monoculture” is extremely expensive and
resource intensive based on road
infrastructure costs, personal costs, oil

Electrification + Automation + Pooling/Sharing

If integrated: less VMT, GHGs, cost, pollution + more mobility

consumption, and contribution to climate If not integrated: more VMT, GHGs, cost

change. Sperling argued that by integrating

three automotive revolutions — automation, - Automated
/D\ (connected)

sharing, and electrification — society could
realize greater mobility, but with less vehicle
use and emissions. This concept is illustrated
in the figure shown here.
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These 3 revolutions will be disruptive to transit companies, the oil industry, automobile manufacturers,
insurers, vehicle service providers, and many other groups. A major disruption has already occurred to
conventional taxi services, which have lost half their market to transportation network companies
(TNCs), such as Uber and Lyft, over the past 6 years. Sperling stated that electric vehicles (EVs) will
eventually dominate the light-duty vehicle (LDV) market — it’s just a matter of time. The auto industry is
ready with EV technology and the policymakers have already identified numerous commitments and
incentives. One remaining emissions issue of concern involves brake and tire wear. CARB has estimated
that due to dramatic reduction in fleet-wide tailpipe emissions, PM, s emissions from tire and brake
wear now exceed tailpipe PMs.

Sperling also believes that autonomous vehicles (AVs) will eventually dominate, but unless they are
pooled, this will lead to increased VMT and congestion. Expecting travelers to embrace pooling and
relinquishing private ownership seems unlikely, unless vehicles are redesigned for privacy and security,
large incentives are introduced for pooling, and large disincentives are introduced for single-occupant
vehicles (SOVs).

In the heavy-duty vehicle (HDV) arena, the situation is different. Criteria pollutant emissions are
decreasing rapidly due to fleet turnover and greater penetration of engines meeting the 2010 standards
for NOx and PM emissions. Heavy-duty EVs have not yet become significant, but are expected to find
uses in local delivery services, warehouse operations, and ports. Eventual implementation of
automation is not expected to reduce VMT. According to Sperling, the overall strategy to reduce criteria,
toxic, and GHG emissions should include the following elements:

e More electrification for both cars and trucks

e More mobility choices — such as micro-mobility, micro-transit, ride hailing, and car sharing
e Better linkages between transit and private-mobility services

e More incentives for pooling and disincentives for SOVs



Reducing Mobile Air Toxics in California: Kurt Karperos, CARB

Continuing with the theme of the previous speaker, Karperos began by mentioning a “4™" transportation
revolution” — namely, a policy revolution. In California, a number of air quality goals and climate goals
are being addressed simultaneously, with many of these also having impacts on MSATs. Over the past 25
years, average exposure to MSATSs has declined .
dramatically, despite increases in California’s : _ California Population, Gross State Product (GSP),
Diesel Cancer Risk, Diesel Vehicle-Miles-Traveled (VMT)
population, Gross State Product (GSP), and VMT
(see chart). During this time period, estimates of
increased cancer risk from MSAT exposure have
decreased from over 1500 per million residents to
approximately 400 per million. About half of the
remaining increased risk is attributed to diesel
particulate matter (DPM), with the rest attributed
to benzene, formaldehyde, acetaldehyde, and 1,3-
butadiene (1,3-BD). However, these risks are not - -100%
spatially uniform, as enhanced risks persist in
locations near heavy traffic and in environmental
justice (EJ) communities.
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California has numerous programs in place to promote zero emission and near-zero emission
transportation. Currently, the statewide light-duty vehicle (LDV) population is approximately 25 million
vehicles, with nearly all containing internal combustion engines (ICEs). By 2050, California is projected to
have 35 million vehicles, with only about 1/3 of them being ICEs and hybrid electric vehicles (HEVs); the
remainder being plug-in hybrid electric vehicles (PHEVs), battery electric vehicles (BEVs), and fuel cell
electric vehicles (FCEVs). In the HDV arena, CARB'’s goal is to continue reducing DPM while enabling
efficient goods movement. The focus of regulatory activity is shifting from regional and sector-based
efforts to local and facility-based locations. On average, HDVs are becoming much cleaner, although
problems remain with an increasingly small number of high emitting vehicles. With both LD and HD
vehicles, non-tailpipe PM; s emissions result from brake and tire wear. Although these emissions are not
well characterized at present, their mass is now believed to exceed the mass of tailpipe PM,s emissions.

CARB has now established the Community Air Protection Program (CAPP) in response to California’s
Assembly Bill 617 (AB-617), which was passed in 2017. This program requires air quality monitoring
(including for air toxics) at much higher spatial and temporal resolution than has previously been done.
The first 10 communities, which cover a range of emissions sources and geographic diversity, have been
selected for detailed monitoring. The knowledge gained from this monitoring will be used to develop
community-scale mitigation measures to reduce exposures to air toxics.

Overview of Mobile Source Emissions in the National Emissions Inventory (NEI) and Modeling
Platform: Madeleine Strum, EPA, Office of Air Quality Planning and Standards

Strum presented a summary of the processes used to develop the National Emissions Inventory (NEI), as
well as the purposes for which this inventory is used. The NEI is meant to provide detailed estimates of
air emissions, including both criteria air pollutants (CAPs) and hazardous air pollutants (HAPs). These
emissions originate from sources categorized as natural, area, mobile, and stationary. With respect to
MSATSs, the most relevant sources include onroad and nonroad mobile sources, as well as ports,
railyards, and marine vessels. Development of the full NEl is on a 3-year cycle, with the current NEI being



based on 2014 emissions. The next NEI, to be released in 2020, will be based on 2017 emissions. The NEI
has multiple uses, including providing inputs to air quality modeling, supporting regulations of National
Ambient Air Quality Standards (NAAQS), enabling production of trends reports and analyses, satisfying
requirements for international agreements, and various research and education uses.

Participating with EPA to provide the basic emissions data are numerous state, local, and tribal (SLT)
organizations. These data are compiled, categorized, and processed using various models (including
meteorological models and mobile source emissions models) to provide county-level pollutant results
that can be disaggregated by source groups. Annual U.S. emissions of MSATSs from the 2014 NEI are
shown in the chart. In terms of total mass, the BTEX (benzene, toluene, ethylbenzene, and xylenes)
emissions dominate. Total 600,000
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accessible at an EPA
website: https://gispub.epa.gov/neireport/2014/. Query tools are available, allowing the user to select
emissions of any pollutant by sector and by geographic region (county, state, or national). Strum
provided a few examples of using these interactive data exploration tools to display bar graphs showing
pollutant emissions trends (from 2002 to 2014) and maps showing geographic distributions of emissions
for a given year. The 2017 NEI that is now being developed will include several improvements to the
inventory and modeling methods. Release of the 2017 NEI is expected in 2020.

Session 1. Regulatory Needs

MSATSs — Regulatory Perspectives and Research Needs: Molly Zawacki; EPA, Office of Transportation
and Air Quality

EPA defines MSATs as compounds emitted by mobile sources (onroad, nonroad, ports, railyards, marine,
etc.) that have the potential for serious adverse health
effects (both cancer and non-cancer). Zawacki began by
describing the significant downward trend in total mass
of MSAT emissions over the past few decades. The chart
shown here — taken from the 2014 Urban Air Toxic
Strategy Report to Congress — indicates a 50% reduction
between 1990 and 2008, and projects another 50%
reduction by 2030. These reductions are attributed to a
wide range of policies, regulations, and control
measures that have been implemented over the years.

Mobile Source Air Toxics Emissions (does
not include diesel PM)
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EPA’s National-scale Air Toxics Assessment (NATA) utilizes MSAT emissions data, along with other
information, to estimate human health risks associated with these emissions. According to the 2014
NATA, the nationwide average cancer risk from air toxics is 30 in 1 million, with mobile sources
contributing about 18% of this. Nevertheless, mobile source emissions, including MSATs, remain a public



https://gispub.epa.gov/neireport/2014/

health concern, particularly in locations with closer proximity to concentrated sources, such as ports,
railyards, and near heavy roadway traffic. EPA has conducted (and continues to conduct) a number of
studies to better understand the air quality impacts of these “near-source” environments, and to
develop strategies for mitigating adverse impacts.

Zawacki discussed two on-going areas related to mobile source emissions: (1) secondary organic
aerosols (SOA) and (2) brake and tire wear. Formation of SOA from mobile source precursor emissions is
complex, and varies with atmospheric and meteorological conditions. Furthermore, the precursor
emissions vary with fuel composition, engine technology, and emissions aftertreatment systems. SOA
formation also varies between urban and rural areas, due to differences in pollutant aging and NOx
availability. EPA has demonstrated that under certain conditions, the mass of SOA produced from LD
vehicle exhaust exceeds the mass of primary PM emissions.

Due to the dramatic reduction in vehicle tailpipe emissions in recent decades, emissions of brake and
tire wear now represent a much larger fraction of total mobile source emissions. Impacts of these
emissions are expected to be highest in near-road environments, possibly near roadway intersections
and exit ramps, rather than straight highway segments. Literature studies indicate that metals and
organics from brake materials may have toxicity concerns. Current research needs include developing
reliable and consistent methods to sample and characterize the emissions, and capturing real-world
activity to better estimate emission rates under a range of conditions. This area is further complicated
by the evolving technologies of brake pad composition, tire composition, and increased use of
regenerative braking.

Refining Technical Analyses Tools to Support AB617 Community Air Protection Program: Jeremy
Herbert; CARB

Herbert began by explaining the motivation for California Assembly Bill 617 (AB 617) and CARB’s
Community Air Protection Program (CAPP), which was formed to implement AB 617. Historically, CARB’s
focus has been on regional and statewide air quality. This has resulted in dramatic improvement in air
quality throughout the state. Nevertheless, disadvantaged communities have continued to experience
poorer air quality than other communities. Thus, AB 617 focusses on the community level, rather than
the regional level. CARB has already selected the first 10 locations for community-scale monitoring and
emissions reduction programs. These initial communities will serve as models for similar actions in other
areas. The goal is to identify
mitigation efforts that go beyond Commun ity Focused Actions
existing State and regional programs
to provide pollutant reductions that
are most suitable for each
community. These efforts, which
involve active participation by local
air quality districts, as well as the
community residents themselves, are
summarized in the Community Life
Cycle chart shown here.
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To support the goals of AB 617,
numerous improvements in data collection, analysis, and reporting must be developed and
implemented. Air quality monitoring data must be collected at much higher spatial and temporal



resolution than has been required in the past. In addition to the use of traditional monitoring methods,
development of many low-cost sensors will be utilized, as well as mobile monitoring and use of satellite
sensing techniques. CARB is also developing a web portal to house the vast amounts of community
monitoring data that will be collected. This data portal, called AQ-View, is designed to address the data
needs of all clients — including CARB staff, local air quality districts, EPA, academic researchers, and the
community itself.

To understand MSATSs (and other air pollutants) at a community scale, CARB is developing microscale
modeling approaches, which introduce additional data requirements and challenges. As part of the
granular emissions inventory to support microscale modeling, CARB is developing a Vehicle Emissions on
Each Road (VEER) approach. This microscale modeling will also be used to determine source attribution
for specific pollutants. As a complement to the microscale air quality modeling, receptor-based source
attribution will be conducted using chemical mass balance (CMB) and positive matrix factorization (PMF)
techniques.

Applications of AB 617: A Community Emission Reduction Program and a Community Air Monitoring
Program in the San Francisco Bay Area: Phil Martien; BAAQMD

Martien discussed AB 617 from the perspective of an air district that is implementing the program. The
Bay Area Air Quality Management District (BAAQMD) is one of 35 air districts in California; it’s
jurisdiction includes 9 counties of the San Francisco Bay Area. The BAAQMD has identified two
communities for initial focus under AB 617: Richmond and West Oakland. In Richmond, community
monitoring plans will be developed; in West Oakland, a community emissions reduction program will be
undertaken. Work in Richmond is hampered by difficulties in adequately engaging the local community
through formation of steering/planning committees that are needed to design an acceptable monitoring
plan. This is particularly challenging in view of the aggressive timeline specified in AB 617.

In contrast, the West Oakland Action Plan has strong participation by community partners — many of
whom have decades of experience in this type of work through previous surveys and monitoring studies
conducted in this area. Detailed air quality modeling is being performed to understand spatial and
temporal patterns of PM s, black carbon (BC), and other toxic air contaminants. Regional-scale
modeling of the entire Bay Area is being conducted using the Community Multi-pollutant Air Quality
(CMAQ) model on a 1-km grid. Community-scale dispersion modeling (using AERMOD) is then applied to
the West Oakland community, using
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locations close to the port. This modeling is not yet complete, as contributions from some emissions
sources are not included. Once complete, the final model results will inform discussions regarding
mitigation measures to consider, and the setting of targets and tracking metrics to achieved the desired
air quality improvements.

Reducing Emission Impacts from Freight through Indirect Source Rules: lan MacMillan; SCAQMD

The South Coast Air Quality Management District (SCAQMD) has jurisdiction over a 4-county area in
Southern California that has over 16 million residents and contains about 28,000 permitted emission
sources. As a local air agency, SCAQMD has limited authority to regulate mobile source emissions.
However, the federal Clean Air Act does grant local agencies the authority to regulate emissions from
indirect sources of mobile emissions, Reducing Emission Impacts from Freight Through
which are defined as facilities that attract Indirect Source Rules

mobile sources. As shown in the figure,
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The SCAQMD is beginning to exercise its
authority to regulate indirect sources, and has included five Facility-Based Mobile Source Measures
(FBMSMs) in their 2016 Air Quality Management Plan (AQMP). While the primary goal of these FBMSMs
is to reduce NOx emissions to meet federal ozone standards, the Indirect Source Rules (ISRs) also
address MSATs — especially diesel particulate matter (DPM). The SCAQMD is now actively developing
ISRs for warehouses and railyards, while continuing to investigate the need for ISRs for other sources.
MacMillan discussed some of the complications involved in establishing ISRs for the warehouse industry
—including issues of facility ownership and contractual relationships. He also mentioned the interaction
between these ISRs and AB 617 activities, pointing out that the three “Year 1 communities” in Southern
California selected for special attention under AB 617 contain railyards, ports, and warehouses. In total,

the SCAQMD territory contains approximately 4,800 warehouses of size greater than 50,000 square feet,
and about 200 warehouses of size greater than 500,000 square feet.

Railyard &

MSATSs — Regulatory Perspectives and Research Needs — from a Stand-in and Veteran in the Business:
Alberto Ayala; Sacramento Metropolitan Air Quality Management District (SMAQMD)

Avyala began by pointing out that in the U.S. (and
California), the transportation sector has become

Transportation sector consumption by fuel type
quadrillion British thermal units

the largest contributor of GHG emissions. Yet, 30 2017
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vehicular emissions — especially criteria pollutant
emissions — are declining as fuels, engines, and
emissions control systems continue to evolve. With 20
the gradual introduction of these new technologies,
it is important to study their impacts with respect
to MSAT emissions. For example, although use of 10
plug-in hybrid electric vehicles (PHEVs) may provide
large CO; reductions, their MSAT emissions under
various operating conditions remain poorly
understood. Similarly, Ayala argued that the MSAT
research community needed to continue their
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focus on understanding long-term impacts of recently introduced technologies such as GDI in the LDV
fleet and SCR/DPF in the HDV fleet.

The recent emissions scandals involving several automakers have focused attention on the real-world
performance of vehicles, and how in-use emissions can be much higher than certification level
emissions. This concern coincides with California’s heightened interest in community-level air pollution.
Ayala stated that with introduction of AB 617, there is now a new paradigm for public health protection,
with the emphasis on a “hyper-local scale.” [One of the ten first-year AB 617 communities selected for
intensive monitoring is within the Sacramento Metropolitan Area. Ayala cautioned that the transition
away from fossil-fuel combustion for mobility is likely to be long and slow, as evidenced by the fuel
projections shown in the chart. During this transition time, it is important to develop and maintain a
sound understanding of MSATSs, so that informed policies can be developed to protect public health.

Session 2. Measurement and Modeling of Vehicle Emission MSATSs

Cold Temperature Effects on Speciated MSAT Emissions from Three Modern GDI Light-Duty Vehicles:
Ingrid George; EPA, Office of Research and Development

George described an experimental test program in which emissions of volatile organic compounds
(VOCs) and semi-volatile organic compounds (SVOCs) were measured from three modern gasoline direct
injection (GDI) vehicles operating under cold (20 °F) and warm (72 °F) conditions. While still relatively
new, introduction of GDI engine technology into commercial application has been very rapid, with over
one-half of new LDVs now having this technology. To date, most emissions studies involving GDI engines
have focused on PM emissions, which are problematic for this technology. In this EPA study, however,
researchers focused on speciated measurements of VOC and SVOC emissions, to investigate the MSAT
emissions from GDI vehicles under different ambient temperatures. Laboratory testing was conducted
on a 48-inch roll chassis dynamometer housed in a climate-controlled chamber. The test cycle consisted
of a standard 3-phase Federal Test Procedure (FTP) followed by a supplemental FTP (also called the
US06 cycle), which better represents aggressive, high-speed driving conditions. Two commercially
available E10 gasolines were used: a summer grade for the 72 °F testing and a winter grade for the 20 °F
testing. s
FTPL —yx

—— FTP driving cycle

As illustrated in the figure shown here
(which portrays real-time NMHC emissions
concentration during Phase 1 of the FTP
cycle), emissions were much higher under
cold-temperature operation. Once the
vehicle was warmed up (after about 2
minutes of the FTP Phase 1 cycle, and all of
the FTP Phase 2 cycle and US06 cycle), there
were relatively small emissions differences
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operation.

Speciated VOC and SVOC measurements showed differences among the three test vehicles in terms of
total emission rates, composition of the emissions, and effects of temperature upon emissions. For
example, Vehicle 2 showed VOC and SVOC increases by factors of 6-8 when going from warm to cold
testing conditions, whereas Vehicles 1 and 3 showed increases by factors of 20-30 from warm to cold.
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The VOC compositions largely consisted of the expected fuel-related emissions species including
alkanes, alkenes, carbonyls, BTEX, other aromatics, and ethanol. The SVOC compositions consisted
primarily of 2-ring aromatics (naphthalenes) and 3-ring aromatics (PAHs). Because the behavior of these
organic emission species in the atmosphere varies with their volatility, EPA is now exploring methods to
determine “volatility-based emission rates” that could be used in air quality models. One scheme being
considered would sub-divide the organic emissions into 4 categories: VOCs, IVOCs, SVOCs, and LVOCs;
corresponding to high, intermediate, semi, and low volatility species, respectively.

Effect of Ambient Temperature and Driving Conditions on Toxics Speciation from Present Day Light-
Duty E10 Gasoline Exhaust: Anirban Roy; Univ. of Houston

Roy presented additional data analysis and interpretation of information generated from a laboratory
vehicle emissions testing program conducted with EPA a few years ago [see Roy et al., ES&T 50, 6565-
6573 (2016)]. In this program, six model year 2010 LDVs — all equipped with multi-point fuel injection
(MPFI1) and having mileage accumulation of 22,000 — 38,000 miles — were tested on a chassis
dynamometer under three temperature conditions (0, 20, and 75 °F). Winter and summer blends of E10
gasoline were used for the cold and warm testing conditions, respectively, with the fuels being matched
with respect to benzene, total aromatics, and total olefin content. The laboratory test driving conditions
included a standard, 3-phase FTP cycle and a US06 cycle. Using a variety of emissions speciation
techniques, 161 individual VOC species were quantified, including 14 toxic species.

In the present study, Roy utilized bootstrap and Monte Carlo statistical techniques to determine fleet-
average emission rates of the individual toxic emissions species, and to investigate the effects of testing
temperature and driving cycle upon these emission rates. As shown in the figure, total toxics emission
rates decreased
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sharper decrease with
increasing temperature than did oxygenated species (formaldehyde, acetaldehyde, and acrolein). Also,
toxic emissions were much higher from the FTP cycle compared to the US06 cycle. This is due to the
cold-start phase of the FTP, which generates much higher emission rates, whereas the US06 cycle begins
with a warmed-up engine. The relative amounts of toxics vs. non-toxics in the fleet-wide exhaust
emissions varied somewhat (but inconsistently) with testing temperature and driving cycle, although the
sum of the 14 toxic species comprised 17-30% of total exhaust VOC mass in all cases.

Effect of Aromatics and Ethanol Concentration on MSAT and Secondary Organic Aerosol Production
from a GDI Vehicle: Georgios Karavalakis; U.C. Riverside/CE-CERT

Due to their higher efficiency and other performance advantages, GDI vehicles are increasingly
penetrating the U.S. LDV fleet. However, a recognized problem with GDI vehicles is their tendency to
emit more PM emissions than PFl vehicles. In this experimental study, CE-CERT examined the fuel effects
(particularly aromatics content and ethanol content) on PM and MSAT emissions from a test fleet of five
GDI vehicles. A matrix of 8 test fuels was used, in which the aromatics content was either 20 or 30 vol.%,
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and the ethanol content was 0, 10, 15, or 20 vol.%. The benzene levels were fairly constant in all fuels, at
0.5 - 0.6 vol.%, while the concentrations of higher aromatic species varied among the fuels. The PMI
values of the gasolines varied from 1.6 to 2.3. Each vehicle was tested two or more times with each fuel,
in a randomized testing sequence, using the LA92 driving cycle. Besides the normal criteria pollutants,
various MSATs were measured, including BTEX, 1,3-BD, formaldehyde, and acetaldehyde. Mixed model
procedures were used to determine least square mean (LSM) results for each pollutant on each fuel.
Karavalakis presented a series of graphical displays showing the MSAT results from this vehicle/fuel
testing matrix. While the results were not entirely consistent, and some were not statistically significant,

the following trends were noted:

e Formaldehyde emissions were primarily dependent upon fuel aromatics level, with ethanol

content playing a secondary role

e Acetaldehyde emissions were primarily dependent upon ethanol content, with aromatics

content playing a secondary role

e Benzene emissions were dependent upon the fuel aromatics level
e There were no strong fuel effects for 1,3-BD emissions, although they tended to be higher with

higher aromatic content

e Emissions of toluene, ethylbenzene, and xylenes all varied with fuel aromatics level

To investigate the effect of these fuel changes upon formation of SOA, one of the vehicles (2017 Ford

Fusion) was selected for additional testing. During each
LA92 test, the tailpipe exhaust from this vehicle was
routed into U.C. Riverside’s 30 m* Mobile Atmospheric
Chamber (MACh), where it was aged for 8 hours while
being irradiated with UV light in a manner that simulated
atmospheric conditions. The mass and composition of the
tailpipe aerosol mixture were determined before and after
irradiation. Prior to irradiation, the aerosol consisted
primarily of black carbon (BC), with a smaller organic
carbon (OC) component. Higher aromatic fuels produced
higher aerosol emission rates, with an ethanol reinforcing
effect being seen with the high PMI fuels. After irradiation,
considerably higher aerosol levels were observed, with the
increases due to formation of SOA and secondary
inorganic aerosol (primarily ammonium nitrate). As shown
in the figure, increased SOA was related to the fuels’ PMI
values. An ethanol reinforcing effect was also seen with
the high PMI fuels, but not with the low PMI fuels.

Composition after Irradiation Experiments
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MSAT Emissions Measured during Heavy-Duty Chassis Dynamometer Testing as Part of the Truck and

Bus Surveillance Program: Cody Howard, CARB

Due to concerns about adverse health effects of criteria and non-criteria pollutant emissions, CARB has
aggressively tightened emission standards that apply to heavy-duty diesel vehicles (HDDVs). As shown in
the figure, since 1987 the standards for HC, NOx, and PM have been reduced by 89%, 97%, and 98%,
respectively. While emissions from this sector are decreasing, HDDVs are still responsible for 25% of
total NOx and 19% of total PM,.s emissions in California (2019 estimates).
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In 2016, CARB initiated the Truck and Bus

Surveillance Program (TBSP) to support the in-use Heavy-Duty Truck Emission Standards
compliance program for criteria pollutants. In
addition, the TBSP is used to determine emission 1987 [ 139/bhe- 2010 He:olteiones
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factors for non-criteria pollutants under various
operating conditions, which is necessary for
inventory development. The TBSP is supported by a
chassis dynamometer facility that is used to test
HDDVs over several prescribed driving cycles.
Besides the usual integrated emissions sampling and
measurement systems used for CO, HC, NOx and PM emissions, this facility is equipped with several
non-standard instruments for measuring MSATs and other species of interest. For example, Fourier
Transform Infrared (FTIR) spectroscopy is used to measure individual nitrogen species (NO, NO3, NH3,
HCN, and N,0) and oxygenated organics (formaldehyde, acetaldehyde, formic acid, and others), while
various particle sizing and counting techniques are used to characterize PM emissions.

" HC reduced 89% |
NO, reduced 7%
PM reduced 98% |

Since its inception in 2016, this TBSP dynamometer facility has been used to test 45 vehicles,
representing 22 engine families of model year 2010 to 2016. Howard showed fleet-wide emissions
results for many pollutant species, as well as results disaggregated by model year. Overall, this testing
program has provided a wide range of results. In some instances — especially for NOx — brake-specific
emission factors have exceeded regulatory limits, while gravimetric PM emissions have generally been
below the limits. It was also noted that emissions performance appeared to be related to the
temperature of the vehicle’s aftertreatment system.

Light- and Heavy-Duty Vehicle Emissions in the Ft. McHenry Tunnel: A Summary of Winter- and
Summer-Time: Andrey Khlystov; DRI

Khlystov described an on-road vehicle emissions study conducted at the Ft. McHenry Tunnel (FMT)
located on Highway [-95 in Baltimore, MD. This tunnel, which handles approximately 55,000
vehicles/day, is configured with divided bores, enabling determination of separate emission rates for LD
and HD vehicles. One-week sampling campaigns were conducted in the winter (Feb.) and summer (Aug.)
of 2015. A variety of sampling equipment was deployed to determine emission rates (calculated on a
fuel carbon basis) of criteria pollutants (CO, NOx, PM), carbonyls, speciated VOCs and PAHs, OC/EC,
elements, and ions.

Khylostov presented numerous graphical depictions of results, showing comparisons between LD and
HD fleets, between winter and summer seasons, and between the current study and previous tunnel
studies. Temperature differences
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winter, ultrafine particle (UFP) counts
were about an order of magnitude higher
than in the summer, while the particle
sizes were smaller. These trends were
attributed to enhanced nucleation at
lower temperatures. PM3s mass and v !
composition also varied seasonally. As 1D HD
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shown in the figure, PM,s emission rates were higher for HD compared to LD vehicles, and were higher
in the winter compared to summer. Much of the seasonal difference is attributed to use of deicing salts
in the winter. PAH emissions were higher from HD vehicles, and were dominated by the smaller, 2-3 ring
species. The partitioning of PAH between gas- and particle-phases shifts increasingly to the particle
phase with increasing molecular weight of the PAH. Khylostov also showed that the standard method for
calculating toxicity equivalency factors (TEFs), which only measures 16 PAH compounds within the
particle phase, significantly underestimates the values that would be calculated by including additional
PAH compounds in both the gas- and particle-phases.

Comparing these 2015 emissions results to similar measurements made in the same tunnel in 1992, and
to previous measurements made in other tunnels, indicates that most pollutants — including MSATs —
have declined substantially over the past few decades. This is true for both LD and HD vehicles. Finally,
comparing the 2015 tunnel results to emission factors predicted by EPA’s MOVES2014 mobile emissions
model showed reasonable agreement for most pollutants, although the model tended to overestimate
PAH emissions, particularly in vehicle mixes having a high fraction of HD vehicles.

Development of a Standard Testing Method for Vehicle Cabin Air Quality Index: Heejung Jung; CARB

For many people, their highest exposure to PM, ultrafine particles (UFP), and other MSATSs occurs while
traveling on roadways — as either a driver or passenger. Existing vehicles utilize a variety of hardware
and control logic within their heating, ventilation, and air conditioning (HVAC) system to mitigate poor
air quality within the vehicle’s cabin. For example, all vehicles allow intake of fresh air into the cabin, or
recirculation of cabin air. Also, the types of filtration systems used to purify intake air vary among
vehicle manufacturers. At present, there is no accepted standard way to evaluate or rank the cabin air
quality performance of different vehicles, but Jung proposed development of a cabin air quality index
(CAQl) for this purpose.

CAQl is defined as the ratio of inside/outside concentrations cAQl
of a given air pollutant integrated over a period of time.
Standard test methods to evaluate the CAQI of different
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pollutants of interest, while driving over a 30-min. urban traffic route. The figure shown here illustrates
the effects of activating the vehicle’s AC and recirculation functions. This also shows the inherent
tradeoff between controlling CO; and PM within the cabin. Use of the HVAC system to minimize
infiltration of outside air is effective in reducing particle pollution, but causes buildup of CO,
concentrations resulting from human respiration. Thus far, Jung has conducted dynamic driving tests
with 8 different vehicles, and determined the CAQI values for CO; and the three PM metrics. He plans to
expand the database to include a broader range of vehicles, and to make the database available to
vehicle manufacturers and the public.
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Elucidating Real-World Vehicle Emission Factors from Mobile Measurements over a Large
Metropolitan Region: A Focus on Isocyanic Acid (HNCO) and Hydrogen Cyanide (HCN): John Liggio;
Environment and Climate Change Canada (ECCC)

Both isocyanic acid (HNCO) and hydrogen cyanide (HCN) are highly toxic gases that have been measured
in the atmosphere. Known sources include cigarette smoke, coal combustion, biomass burning, and
vehicle exhaust. To date, all vehicular emission rates of these species have been based on dynamometer
testing. The study presented by Liggio is the first to estimate emission factors from vehicles during real-
world operation. To do this, ECCC deployed a mobile laboratory, equipped with a suite of gaseous and
particulate instruments. A high resolution time-of-flight chemical ionization mass spectrometer (HR-
TOF-CIMS) was used to measure both HNCO and HCN while driving throughout the greater Toronto area
(GTA). Two 30-day sampling campaigns were conducted in 2015, to capture winter and summer
seasons. During these driving episodes, the real-time instruments produced signal peaks as plumes of
vehicle emissions were intercepted. As

shown in the figure, these peaks had ‘
contributions from background sources as
well as from local vehicle plumes. Emission
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Measured concentrations of HNCO were higher in the summer than in the winter, with most of the
difference being attributed to higher summer background levels. It is hypothesized that secondary
formation of HNCO occurs during the summer, which contributes to these higher background levels.
After removing the background contributions, similar emission factor distributions were seen during
both summer and winter. The median of the distributions was approximately 2 mg/kg of fuel, which is
about twice as high as values reported from dynamometer studies of LD gasoline vehicles. (The on-road
fleet observed by ECCC was comprised of >95% LD gasoline vehicles.)

Measured concentrations of HCN were also higher in the summer than in the winter. Much (but not all)
of this difference was attributed to higher summer background levels, possibly due to long-range
transport of wildfire emissions. However, even after correcting for background, the distribution of
summer concentrations was higher than winter concentrations. Reasons for the higher summer
concentrations are unknown. When expressed on an emission factor basis, a median value for the HCN
distribution was about 0.5 mg/kg of fuel. Literature values for LD gasoline vehicles cover a very wide
range, but are generally much higher than this median value. Liggio also presented data showing that as
with other exhaust pollutants (e.g., BC, benzene, NOx), the distributions of HNCO and HCN emission
rates over the vehicle fleet was quite skewed, with a small fraction of vehicles being responsible for the
majority of emissions. As expected, it was also shown that the measured concentrations of HNCO and
HCN correlated with traffic density.

Session 3. Air Quality and Exposure Measurements of MSATSs

Satellite Applications to Support CARB’s Programs: Hyung Joo Lee; CARB

Lee began by summarizing the criteria and other pollutants that can be estimated using satellite data.
Satellite measurements provide wide spatial coverage in a consistent and cost-effective way. However,
there are temporal limitations, as orbiting satellites provide a snapshot in time. In addition,
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measurement of many pollutants requires cloud-free daytime conditions. Furthermore, for some
pollutants (such as ozone) it is difficult to determine ground-level concentrations from the columnar
satellite measurements. Nevertheless, satellite measurements can
provide a powerful complement to ground-based measurements.

An example was discussed regarding how CARB is utilizing NASA
satellite data to develop high-resolution PM 5 estimates throughout
California. Satellite-based aerosol optical depth (AOD) measurements
are used to infer particle abundance in the atmosphere, with ground-
based PM,s monitors being used for calibration. These data are
combined with meteorological information and various emissions
proxies (based on land use parameters) in a modeling application that
provides 1-km resolution of PM3s concentrations throughout the
state. This information is output in the form of high resolution maps,

[ Air Basin

such as that shown here, which displays annual average PM. s ¥z & concerirmion fugrmi)
. . High: 153
concentrations at a community level. ., 00

CARB is now also utilizing NASA’s MISR (Multi-angle Imaging Note: Prefiminary results. Work in progress (2019)
SpectroRadiometer) data to estimate the compositional makeup of PM;s, with a 4.4 km resolution. In
particular, concentrations of nitrate, sulfate, organic carbon (OC) and elemental carbon (EC) have been
investigated. All four of these constituents show dramatic reductions over the past 15 years, confirming
the effectiveness of emission controls implemented during this period. CARB plans to expand their use
of satellite data in the future, and utilize the next-generation of imaging technology, which will provide
greater spatial and temporal resolution. Satellite remote sensing is now regarded as a powerful tool for
identifying pollutant hot spots, filling-in gaps around ground-based monitoring networks, and tracking
progress with respect to AB 617 and other legal requirements.

Spatial Variations of Mobile Source Impacts on Urban Particulate Matter Determined by Mobile
Aerosol Mass Spectrometry: Albert Presto; Carnegie Mellon University

Presto described an experimental study conducted to investigate the factors responsible for variation in
PM concentrations that exist within urban areas. Intensive sampling was conducted by repeatedly
driving a mobile laboratory throughout the streets of Pittsburgh, PA and Oakland, CA. This mobile
laboratory was equipped with various high temporal resolution instruments to investigate spatial
variations in PM mass, particle numbers, and particle composition. A continuously operating aerosol
mass spectrometer (AMS) was used to measure the PM constituents of organics, sulfate, nitrate, and
ammonium. Sampling was conducted in both traffic rich areas and restaurant rich areas.

Positive matrix factorization (PMF) was used to
apportion the measured PM to either traffic or Secondary Components Q;a;"\1
cooking emission sources. Traffic-related PM was — —
positively correlated to the geographic co-variants
of vehicle miles traveled (VMT), while cooking PM
was positively correlated to both restaurant count
and VMT. Based on this analysis, Presto showed
that in Pittsburgh, the combination of traffic and
cooking emissions led to an increase in total PM;
concentrations of about 2 pg/m3. As shown in the

Low source
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High source
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Traffic
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figure, this 2 pg/m? increment occurs during both summer and winter periods, although the total PM;
concentrations were much lower during winter, due to a reduction of secondary PM sources. (Similar
results were observed in Oakland.) From this work, it was concluded that local emission of organic
aerosols and black carbon are the major causes of PM spatial variation within urban areas, and that
cooking and traffic emissions are the major sources that drive this variability. Finally, it was concluded
that in these urban areas, particles are externally mixed, meaning that separate particles exist from
traffic, cooking, and background sources.

Seasonally Varying Primary Emissions and Secondary Organic Aerosol Formation Potential Measured
in Near-Highway Air: Andrew Grieshop; North Carolina State University

Grieshop discussed a field experimental program conducted to study the seasonal variation of organic
aerosol (OA) collected near an interstate highway, 1-40, in Durham, NC. Measurements at a background
site located upwind of the highway were used to correct measurements made at the downwind
monitoring site. As shown in the figure, ultrafine particle number and mass (expressed on the basis of
fuel carbon consumed) were found to be 2-3 times higher in winter compared to summer. This
difference was attributed to

Particle number Particle mass
temperature-driven changes in the (10-400 nim} (10-400 nm)
partitioning of semi-volatile organic 20x0”° o
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compounds (SVOC) between the gas-
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phase and particle-phase. With lower ® 10 g %
wintertime temperatures, more of the ;?_g 0s % 10
SVOC emissions condensed into EL 00 é . £ . é
particles, thereby contributing to higher Summer Winter Summer Winter
particle mass and number counts. *Emission factor estimation via carbon balance method on downwind data

Besides this primary organic aerosol (POA), Grieshop investigated the occurrence of secondary organic
aerosol (SOA) at the same roadside monitoring site. An oxidation flow reactor (OFR) was used to create
photochemical oxidation conditions (including OH radicals and light irradiation), thereby enabling an
indirect measure of SOA formation from ambient samples passing through the reactor. After exiting the
OFR, aerosol samples were characterized with respect to particle mass, particle number, and chemical
composition. Comparing these measurements with those from simultaneous ambient samples not
passing through the OFR, gives an estimate of the SOA formation potential of the sample. Results
showed that SOA formation was 3-5 times higher in the summer than in the winter. This could not be
attributed to changes in traffic or composition, which were quite similar in both seasons. Instead, these
seasonal differences are largely attributed to the much higher levels of biogenic VOCs during the
summer. These biogenic VOCs are also transformed into SOA particles within the OFR, adding to the SOA
formed from vehicle-related emissions. Grieshop concluded that even though vehicles contribute
substantial SOA formation during both seasons, biogenic emissions dominate the observed seasonality
in SOA formation potential.

The Effect of Noise Barriers and Roadside Vegetation on Near-Road Air Quality: Ken Davidson; EPA

Davidson began by discussing health concerns of people living, working, or going to school at locations
near highways or other large transportation facilities. He pointed out that in the U.S., over 50 million
people live within 100 m of a highway, and over 4 million children attend schools within 150 m of a
highway. Because of these concerns, EPA (and others) have been studying the use of roadside barriers
to mitigate near-road pollutant exposures to PM. Use of roadside vegetation and noise barriers are
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attractive because they offer immediate and cost-effective benefits, as opposed to changes in emissions
standards that take a long time to implement, or planning/zoning/development changes that often
entail large investments. In addition, roadside vegetation provides several other community and
environmental benefits, including improvements with respect to noise, stormwater runoff, heat island
effects, carbon sequestration, aesthetics, property values, and community livability. Based on years of
study, EPA has developed a good understanding of what

types of roadside barrier features provide the greatest 12
effectiveness in reducing PM exposures. As shown in the
figure, smaller size PM have higher removal rates (lower
penetration), and overall particle removal is greater with
reduced wind speed. Other important factors include the

plant type and physical characteristics of the vegetative 04
barrier. In some situations, the combination of a solid 0‘122.6 dp(nm} 1620'142.6 & (] 0
noise barrier and a vegetative barrier may be more -- 4

effective than either barrier alone.
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Davidson also discussed the monitoring that was conducted before and after installation of roadside
vegetative projects in Oakland, CA and Detroit, MI. Based on field experimental data from projects such
as these, combined with wind tunnel laboratory experiments, EPA is updating the atmospheric
dispersion modeling system, AERMOD, which will allow users to better estimate the impacts of roadside
barriers on pollutant dispersion near roadways. EPA also maintains a website on near-road issues,
including mitigation with vegetation (http://epa.gov/otag/nearroadway.htm), and they have issued
guidance about how to reduce near-road pollutant exposures at schools.

A Network of 100 Black Carbon Sensors for 100 Days of Air Quality Monitoring in West Oakland,
California: Thomas Kirchstetter; U.C. Berkeley

Kirchstetter described the development and deployment of a portable, low-cost sensor for black carbon
(BC). As with established, commercial instruments, the operating principal of the portable sensor
involves use of a filter-based light absorption photometer. Considerable laboratory and field testing was
conducted to demonstrate good precision and agreement with commercial BC instruments. In the field,
these sensors provide 1-hr measurements of BC concentration, expressed as pg/m?. However, for long-
term operation, they require a manual filter change every few days.

In the summer of 2017, a network of 100 portable BC sensors was deployed throughout West Oakland,
CA, to provide a spatially and temporally
detailed understanding of BC concentrations

Site/Central Monitor Study-Average BC Concn Ratio

L. . . . == O <10
within the community. As shown in the figure, 9 ® 10.15
most sensors were located within residential @ 15-20
neighborhoods, although a few were located : 2222

along the Port of Oakland boundary and at
upwind locations. Measurement results from
each sensor were expressed as a ratio to the
value measured by the central regulatory
monitoring site (shown as a star in the figure).
Over the course of the 100-day intensive
monitoring period, 75% of the portable
sensors measured higher BC concentrations
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than the central site. Spatial and temporal patterns of BC concentrations were largely driven by truck
activity within and nearby the community. Many of the highest concentrations were observed along the
Port of Oakland boundary, and near designated truck routes around the community. Elevated BC levels
were also observed during weekdays, compared to weekends. The dataset generated by this “100 x 100
West Oakland Community Air Quality Study” is now available for further analysis and use by researchers,
regulators, and other interested parties.

High Resolution Mapping of Urban Air Quality using Google Street View Cars: Joshua Apte; Univ. Texas

Apte summarized results from an extensive mobile air pollution measurement campaign conducted in
the San Francisco Bay Area between May 2015 and December 2017. Two instrumented Google Street
View cars were repeatedly driven over specified roadway networks — mostly during daytime hours on
weekdays. High resolution (~1 Hz) measurements were made of NO, NO;, BC and ultrafine particle
number. As shown in the figure, repeated drives over the same road segments gave relatively stable
median values of pollutant concentrations with a spatial resolution of about 30 m. Consistent spatial
patterns were observed from day-to-day, enabling ready identification of “hot spot” locations and/or
specific sources. In many locations, the spatial patterns for all four measured pollutants were similar,
suggesting that they all originate from the same sources, namely traffic.

Apte also discussed comparisons among
complementary intensive monitoring Repeated drives — stable medians
approaches, as applied to the West Oakland
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area. These included the mobile AMS ) . * % Repeated sampling
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measurements [described earlier in this o 50 R Lot
. z anvamedm 35BS 8 $u . consistent spatial
session by Albert Presto of CMU] and the N . v LA S Y patterns
network of 100 BC samplers [described earlier |+ 0 @ & Example transect (240 m):

in this session by Thomas Kirchstetter of U.C.
Berkeley], in addition to the Google Street
View car measurements. It was emphasized
that a more complete picture of neighborhood
pollution patterns can be obtained by
combining the strengths of the different
measurement approaches. In particular, the
fixed monitors can capture temporal patterns
missed by the mobile data, such as nighttime and weekends. However, the mobile monitoring can fill in
data gaps that exist even in a very dense fixed sensor network. Finally, compositional data generated by
the mobile AMS monitoring provides insight into the emission sources responsible for the observed
spatial variability.

- 35 passes over 1 year

- Each road segment (30 m)
has ~100 observations

- Median NO (blue bars)
rises and falls by ~4x

- Precision of median:
+ 20%

Session 4. Air Quality and Exposure Modeling of MSATs

The National Air Toxics Assessment (NATA) — Mobile Source Overview: Ted Palma; EPA, Air Quality
Planning and Standards

Palma explained that NATA is a risk assessment that combines a detailed emissions inventory,
atmospheric fate and transport modeling, exposure modeling, and health risk criteria to characterize the
potential risks associated with inhalation of outdoor air toxics. NATA is updated periodically to reflect
the latest emissions estimates and to incorporate improved modeling approaches. The current NATA,
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which represents the 6" assessment by EPA, is based on 2014 emissions information. This assessment
provides estimates of ambient and exposure concentrations for 180 air toxics, reported at the census
tract level.

Palma pointed out several limitations of NATA, and of the methodologies used to conduct the risk
assessments. For example, NATA is intended as a screening tool to help identify which pollutants and
areas of the country are of greatest concern, and where additional investigations should be conducted.
NATA should not be used to pinpoint risks or exposures at specific locations, to develop risk reduction
plans or regulations, or to control
specific sources or pollutants. Also, 2014 NATA analytical steps
results from the current NATA should
not be compared directly with
previous NATA results, due to
changes in emissions as well as
changes in modeling, emissions

processing techniques, and 2014 NElincludes Uses models Includes an Census tractdevel
meteorology over time. A high-level tér:rm o pric i i ek acarthis
overview of the analytical steps in togenis). li'n:bt :“wltdrr' e
developing the 2014 NATA is Eﬁnlu ":{'l rstionwide. :;:;;;:ﬁ:;

summarized in the figure shown here. mattar (DEM)- kit

NATA concentration and risk results are broken down into 38 source groups, with 10 groups for onroad
mobile sources and 13 groups for nonroad mobile sources. According to the 2014 NATA, the national
average cancer risk for air toxics is estimated to be 30-in-1 million. The risks attributed to onroad and
nonroad mobile sources are 4-in-1 million and 2-in-1 million, respectively. Thus, most of the total air
toxics cancer risk does not come from mobile sources. Together, formaldehyde and acetaldehyde
contribute about one-half of the total risk. While these aldehydes have mobile source contributions, the
majority of these species originates from secondary formation. Only about 1% of census tracts have
estimated cancer risks that exceed 100-in-1 million, which is a level of increased concern. However, the
relatively high risks in these areas are primarily driven by emissions from stationary facilities, not by
mobile sources. More information about NATA, including a mapping application to display results for
specific geographic locations, is available on the web at https://www.epa.gov/nata.

Vehicle Exhaust Contributions to Benzene and PAHs in Urban Air: Elisabeth Galarneau, Environment
and Climate Change Canada (ECCC)

Air toxics in Canada are managed under the Canadian Environmental Protection Act (CEPA). More
recently (2009) the Air Toxics in Canada
(ATIC) Project was established to prioritize

Hamilton Windsor
specific toxics based on population i e
exposures relative to health guidelines — i T
similar to the U.S. NATA. The ATIC Project i § m
has shown widespread exceedances of ?if E
guideline values for benzene and e ol M. P o J\—
benzo[a]pyrene (B[a]P). For example, the PP FSFFSEIFEE N FEPEDSPFEFSPFEES

figure included here shows that ambient
concentrations of B[a]P in two Canadian
cities have exceeded the relevant
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guideline for many years. The large reduction in B[a]P concentration in Hamilton between 1990 and
2000 is attributed to emissions controls implemented by specific industries in the area.

Galarneau described a regional air quality modeling effort conducted by ECCC to investigate the mobile
source contributions of benzene and 7 PAHs in urban areas. The GEM-MACH model was run over a high-
resolution domain (2.5-km grid spacing) centered over Toronto. Two 3-month periods in 2009 were
modeled to investigate both spring/summer and fall/winter conditions. During both periods, the impacts
of on-road mobile sources were estimated by running paired simulations with these emissions on and
off. The chemical transport modeling system that was used simulated atmospheric chemical processes,
which revealed seasonal differences in concentrations and profiles of the PAHs resulting from mobile
sources. The vehicular contribution to total PAH concentrations was higher in winter, when less
atmospheric chemistry is occurring. In addition, it was shown that the partitioning of individual PAH
compounds into gas- and particle-phases varied seasonally, due to different ambient temperatures.
While the overall results from this modeling study are complex and variable with respect to time and
location, it is clear that mobile source contributions to ambient benzene and PAH levels in urban areas
are substantial. Furthermore, it appears that the relative contributions of these urban mobile sources
are higher than indicated from national-scale inventories.

Chemical Transport Modeling to Investigate the Mobile Source Contribution of Ultrafine Particles in
Urban and Regional Scales: Spyros Pandis, Carnegie Mellon Univ.

Pandis summarized several challenges related to simulating the concentration and size distributions of
ultrafine particles (UFP) in the atmosphere. These include the need to consider a large range of time-
and spatial scales, complex chemical compositions, and numerous dynamic processes. Over the past
decade, Pandis and his collaborators have developed and improved a chemical transport model, called
PMCAMx-UF, which is designed to simulate UFP —including both number and mass distributions. As a
recent enhancement to this model, condensation/evaporation behaviors of organic aerosol components
are now incorporated. With this addition, organic particulate emissions from various sources can be
treated as reactive semi-volatiles.

Pandis presented examples of experimental programs in the U.S. and Europe in which PMCAMXx-UF
predicted mass and number distributions were compared with measurements. The aerosol simulations
included 43 size fractions, from 1 nm to 40 um. European measurement campaigns conducted in 2012-
2013 included both ground-based and aloft measurements provided by an instrumented Zeppelin.
Overall agreement between measured and simulated results was reasonably good. The model was able
to correctly simulate the occurrence of UFP

“bursts” arising from nucleation processes Sources of primary pa rticle number
involving sulfuric acid, ammonia, and water. concentrations in Pittsburgh
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urban areas are attributed (in part) to nucleation of gaseous precursors, which largely originate from
transportation-related emissions sources. These processes are particularly dominant during
photochemically active periods. As shown in the figure, simulations of the Pittsburgh PA area showed
that gasoline vehicle emissions contribute most significantly to the smallest aerosol particles, but their
contribution decreases with increasing particle size. Based on numerous studies, Pandis concluded that
the mass of PMo.1 appears to be a reasonable surrogate of particle numbers of 50 nm (N50).

Long-Term Trends in Ambient Ultrafine Particle Concentrations from Mobile Sources in California:
Michael Kleeman; U.C. Davis

Kleeman discussed modeling efforts to investigate PM,s and ultrafine PM (PMg.1) concentrations
throughout the State of California over the period of 2000 to 2016. The UCD/CIT regional chemical
transport air quality model with SAPRC11 chemistry was utilized, with 4-km spatial resolution and hourly
time resolution. Numerous updates to model inputs and operations were incorporated to improve the
reliability of model outputs. For example, the EMFAC2014 emissions model was used to simulate mobile
source emissions over the 17-year period. Also, emissions from aircraft and natural gas sources were
explicitly represented, biomass combustion emissions (both residential and wildfires) were updated, an
improved biogenic emissions model was used, and several other enhancements were included. Based
upon compositional information of the simulated PM,s and PMg.1, source apportionment was
conducted.
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Modeling results showed that UFP mass
concentrations are highest in the Los
Angeles, Sacramento, and Central Valley
regions. Major sources contributing to UFP
numbers are wood smoke (especially in
Sacramento and the Central Valley), food erosne

cooking, and vehicle sources. Mobile source Gasoline W Diesel & Woodsmoke = Coking ® Arplane  Nan-residential Natural Gas W Other
contributions were disaggregated by on-
road and off-road applications for both
gasoline and diesel engines. While
significant (particularly near roadways),
these mobile sources do not dominate UFP oo o

on a regional basis. Secondary organic w00 Sasoline W BiseT B Woodsmoke W Cooking W Alrpians ~ Non-esidential matural Gas B Gther
aerosols (SOA) originating from
anthropogenic sources (especially gasoline
vehicles) are also important contributors to
UFP. As shown in the figure, simulated
PM s have declined over the past 17 years,
and the source contributions have changed,
with mobile sources decreasing and cooking sources increasing on a relative basis. The high resolution
modeling results from Kleeman’s work are now being used in epidemiology studies to help identify
health effects associated with different metrics of UFP.
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AB 617: Modeling of On-Road Diesel PM Impacts: Shuming Du; CARB

Passage of AB 617 requires identification of communities in California that are most impacted by toxic
air contaminants (TACs) and criteria pollutants, so that specific, effective mitigation measures can be
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developed. To address this need, CARB is conducting modeling research that will enable determination
of TAC levels throughout the state at a much finer spatial scale than has previously been possible. One
TAC of particular interest is diesel particulate matter (DPM), as it is believed to be responsible for a
significant fraction of the excess cancer risk associated with TACs. The work described by Du emphasized
on-road DPM, which comprises about one-half of total DPM in California, and which occurs closer to
communities than other sources of PM.

Du described air quality modeling within the Sacramento Valley domain in northern California. A
combination of modeling systems was used to represent different pollutants. Due to its inert nature,
DPM was modeled using the CALPUFF dispersion modeling system. On-road DPM was treated as line
sources from individual traffic links throughout the modeling domain. Off-road and area-wide DPM were
modeled as sources at the centroids of 1-km grid cells. Heavy metal TACs, also being inert pollutants,
were modeled by CALPUFF in the same way as DPM. However, other TACs, including toxic VOCs and

PM s (both primary and secondary) were modeled using CMAQ, a photochemical grid model, with a 4-
km grid size. With such a high level of spatial resolution, pollutant concentrations simulated by the
combined modeling systems were determined at over 50,000 receptor locations, defined as census
block centroids. Du presented several maps displaying the modeling results for DPM concentrations
within the entire Sacramento Valley domain, as well fine structure within the City of Sacramento. As
shown in the figure presented here, the spatial detail provided by this modeling clearly highlights the
major transportation corridors as areas

DP 0 o atlo acramento Area and
of high DPM concentration, but also 5 4 4 h-ares
ShOWS flner StrUCtures enabllng gnﬂhﬂl Av‘eraAge DPM Cencentration Annual Average DPM Cencentration
identification of localized “hot spots” O o Emisions oadiose Emasons.

within the City of Sacramento. Clearly,
the level of DPM pollution varies from
one community to another. This level of
detail is lost when using modeling
approaches that aggregate emissions to
grid cells of just a few kilometers, such as
aggregating by census tracts. CARB
intends to extend this modeling effort to
identify additional hot spots with respect LeC X km) LCC X tkm)
to other TACs.

Characterizing Mobile Source Activity and Emissions at the Community-Scale to Support AB 617
Implementation: Jenny Melgo; CARB

Melgo described the methodology CARB is developing to estimate Vehicle-related Emissions on Each
Roadway (VEER). The need for such high spatial resolution is driven by AB 617, which requires a
community-level focus on air pollutants and their potentially disproportionate impacts. Use of vehicle
activity data from Metropolitan Planning Organizations (MPOs) is not sufficient, as such data are
collected and utilized for transportation planning purposes, but do not represent the real-world
roadway network. Therefore, CARB has developed a topologically-integrated geographic encoding and
referencing (TIGER) census roadway network. This network provides a detailed, real-world
representation of roadways, which can be aligned with other geographical data sources. Vehicle
emission information from CARB’s EMFAC-2017 model and MPO vehicle activity data are then combined
into the TIGER roadway network, and are spatially allocated by VMT for both LD and HD vehicles. The
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road types are grouped into three categories: major roads, major arterials, and minor arterials. Vehicle
criteria pollutant emissions are estimated by applying county-level aggregated emission factors and
vehicle fleet information to the spatially-allocated VMT on each roadway link. Vehicle TAC emissions are
estimated by applying CARB’s chemical speciation profiles to the total organic gas (TOG) and PM
emissions estimated for each link.

Melgo presented results from this
spatial allocation method as applied
to the community of West Oakland.

Toxic Pollutant Relative Emissions

Color-coded maps were used to ~ Relative Toxics Emission Contribution by Vehicle Category
illustrate the separate contributions bt

. . Light Dul
of LDVs and HDVs to NOx emissions oy

on each roadway link within the
community. HDVs dominate total
NOx and exhaust PM emissions, while
LDVs dominate total SOx, TOG, ROG, i
and CO emissions. As shown in the & & -?f€ é,,é“" & & s & af g“g g §&
figure, LDVs also dominate most toxic
pollutant emissions. CARB is planning
to expand and improve the VEER approach by conducting an on-road mobile source data collection
campaign in West Oakland to better characterize the actual vehicle fleet composition and activity
patterns.
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Science-Driven Transportation Green Infrastructure Designs: Max Zhang; Cornell University

Zhang discussed work being done to integrate fundamental sciences in a way that provides actionable
information that a community can use to mitigate near-roadway pollution problems. The
Comprehensive Turbulent Aerosol
dynamics and Gas chemistry
(CTAG) model has been
developed for this purpose. CTAG
is a computational fluid dynamics
(CFD) based model that couples
near roadway dispersion with
chemical/physical transformation
of air pollutants. A diagram
illustrating the modeled flows
near a roadway are shown in the
figure.
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This work has shown that proper design of near roadway barriers is important in determining the
barriers’ effectiveness. For example, a vegetative barrier having high leaf area density (LAD) is more
effective than one with low LAD in promoting vertical mixing and in enhancing dry deposition of
pollutants. Also, combination of a solid sound wall with a vegetative barrier appears to be more
effective than either barrier alone. However, these combinations can be very expensive to implement.
Zhang’s modeling has shown that substituting an inexpensive solid fence in place of a sound wall is a
more cost-effective mitigation approach when coupled with a vegetative barrier.
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Session 5. Accountability

In-Use Performance and Durability of Particle Filters on Heavy-Duty Diesel Trucks: Rob Harley; U.C.
Berkeley

Harley summarized results from a series of in-use vehicle emissions sampling campaigns conducted in
the San Francisco Bay Area over the past decade. The focus was on measurement of BC and NOx
emissions from HD trucks as they approached the Caldecott Tunnel on Highway 24. Harley’s team used a
mobile laboratory to sample and characterize the exhaust plumes from ~1000 trucks in each of four
years: 2010, 2014, 2015, and 2018. Based on license plate information, the researchers were able to
identify the model year and engine technology of each truck. CO, concentrations were also measured in
each exhaust plume, enabling calculation of emission rates on a fuel-specific basis of g pollutant per kg
of fuel burned. While engine exhaust emissions standards are expressed in units of g/bhp-hr, it is
possible to translate this to approximate values of g/kg fuel.

Distributions of BC emission measurements

obtained in the four sampling campaigns are Black Carbon Emission Factors
shown in the figure. Clear reductions in By Calendar Year
emission rates are seen with time. Compared to 100 - :
. » 2010 Fleat (15% DPFF, 2% SCR)
the fleet measured in 2010, the 2018 fleet = 2014 Fieet (72% DPF, 33% SCR)
L. 2015 Fleat (80% DPF, 46% SCR) ’,
average PM emission rates were reduced by 79 10 || »2018 Fles (91% OPF, 59% SCRY s

+ 5%, while NOx was reduced by 58 + 4%. = - 4
However, the 2018 fleet-average BC emission é : /
rate was still well above the stated goal of the “ /
California Truck and Bus rule that the in-use

0.1 All engines to emit
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standard for HD engines; it translates to an "1 1 Clmulative Probability (%)

approximate value of 0.05 g BC/kg fuel.) In fact,

the average measured BC emission rate was 3.2 times the goal of 0.01 g/bhp-hr. One reason for these
emissions being higher than expected is the presence of some trucks that are not yet equipped with
DPFs.

Examining the breakdown of the 2018 fleet by technology type showed that older vehicles (1965-2003
MY) without DPFs had average BC emission rates in excess of 1.0 g/kg fuel. BC emission rates were
sequentially lower for 2004-2006 MY vehicles without DPFs, 1994-2006 MY vehicles with retrofit DPFs,
2007-2009 MY vehicles with factory-installed DPFs, and 2010-2018 MY vehicles with both SCR and DPFs.
NOx emissions showed similar trends and magnitudes of reduction over these technology types.
Emissions of NO, were higher from the 1994-2006 trucks with retrofit DPFs and the 2007-2009 trucks
with factory-installed DPFs than from the older, pre-2007 vehicles that had no DPFs. These elevated NO,
levels in the DPF-equipped trucks are attributed to oxidation of NO to NO,, which is used to regenerate
the DPFs. However, the most recent technology trucks (2010+ MY) that are equipped with both SCR and
DPFs do not show elevated emissions of NO,.

Progress and Challenges in Reducing Mobile Source Air Toxics Emissions: Tim Wallington; Ford Motor
Company

Wallington presented a broad overview of vehicle emission trends and air quality metrics over the past
several decades. The Clean Air Act Amendments defined a list of 187 HAPs of concern on the basis of

27



their potential adverse health and/or
environmental effects. In 2000, EPA 10 100 10
designated a subset of 21 HAPs as being i
MSATs. This action was the impetus for CRC
to begin its series of bi-annual MSAT
Workshops. These 21 MSATs include VOCs,
particulate material, and metals. Wallington
also summarized the automotive
technologies being used to reduce vehicle
emissions. As shown in the figure, the 3- 0.01 = — 01 — o= —
Engine Tailpipe Engine Tailpipe Engine Tailpipe
way catalyst deployed on modern gasoline out out out

vehicles is extremely effective in reducing Three way catalysts offer effective control of HC, CO,
engine-out emissions of THC, CO, and NOXx. and NOx emissions from gasoline vehicles

Diesel PM is effectively trapped by DPFs, and diesel NOx is reduced by either lean NOx (LNT) traps or
selective catalytic reduction (SCR). These gasoline and diesel vehicle aftertreatment systems are
effective in reducing all pollutants — including MSATSs. The rate of MSAT emission reductions over the
past few decades has mirrored the rate of total vehicle emissions reduction.

01

o

Emissions (g/mile)

On-road, remote sensing measurements have shown annual reduction rates of about 7% for CO, NOx,
and HC emissions from LD gasoline vehicles from 1997 to 2014. At the same time, ambient
concentrations of pollutants in the U.S. have been reduced dramatically. Data from Los Angeles was
presented, showing approximately 8% per annum reduction in ambient concentrations of CO, benzene,
toluene, and several other VOCs over the period of 1960-2010. Wallington showed that air quality
throughout the U.S. has improved significantly over this period, as documented by routine ambient
monitoring of O3, SO3, Pb, CO, NO3, PM1o, PM35, and benzene. Based on application of EPA’s
MOVES2014 mobile emissions model, MSAT emissions are projected to continue their decline into the
future — as far out as 2050. Given the tremendous success in reducing MSAT emissions in the U.S.,
despite large increases in VMT, Wallington posed the question of “how low should we go?”

Mobile Source Air Toxics in the South Coast Air Quality Management District: /an MacMillan; SCAQMD

MacMillan summarized various activities undertaken by the SCAQMD to address the issue of
accountability on air toxics. This includes a long-standing program of monitoring ambient pollutants at
numerous sites throughout the South Coast Air Basin (SOCAB). More recently, SCAQMD has established
a network of 8 toxics monitoring sites, with 4 of
these being located near roadways to better
capture toxics associated with vehicular traffic.
Based on these long-term measurement programs,
it is clear that significant reductions in air toxics
have occurred over the past 25 years. When
excluding the contribution of diesel PM, the air
toxics cancer risk in SOCAB has been reduced by
75-85%. More recent measurements (2016-2018)
have shown that levels of BC and ultrafine
particles (UFP) are higher at near roadway 0
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shown in the figure, this recent inclusion of near-roadway measurements has caused a slight uptick in
the PM3s annual average design value for SoCAB.

Besides routine monitoring, SCAQMD conducts various forms of specialized measurement programs. For
example, optical remote sensing (ORS) has been used to measure fugitive emissions from refineries and
ship emissions near ports. Aircraft-based measurements, mobile laboratory sampling, and dense
networks of inexpensive sensors have been used to create detailed air toxics maps throughout
communities. Many of these specialized measurement techniques have been deployed as part of
SCAQMD’s periodic Multiple Air Toxics Exposure Study (MATES). The MATES-IV study (2012-2013) found
that DPM contributed ~70% of total air pollution cancer risk throughout the SoCAB. Since that time,
emission levels of DPM have declined substantially, with further reductions expected into the future.
The MATES-V study, which is currently underway, will re-examine this issue.

Goods Movement Actions and Improvements in Air Quality and Health Outcomes Among California
Medicaid Enrollees: Ying-Ying Meng; UCLA

Meng described a study to investigate health benefits resulting from implementation of regulations to
reduce emissions from ports and goods movement corridors in California. This was a retrospective
cohort study involving 23,000 California Medicaid beneficiaries located in the Bay Area, Central Valley,
and Southern California. The program participants, all of whom had asthma and/or chronic obstructive
pulmonary disease (COPD) — were enrolled in the Medicaid fee-for-service program for the entire six
years of the study (Sept. 2004 to Aug. 2010). California’s Goods Movement emissions reduction rules
were enacted in 2006. Thus, continuous medical and pharmacy claim data for the study cohort were
available for several years before and after implementation of the regulations.

The study population was divided into three areas by Trajectory of NO2 by Corridors for all patients
residence location: (1) goods movement corridors (GMCs: 2607 5
port areas and locations within 500m of truck-permitted
freeways); (2) non-goods movement corridors (NGMCs:
locations within 500m of truck-prohibited freeways); and (3)
control areas (locations outside of GMCs and NGMCs). The
health outcomes that were measured included emergency
room (ER) visits and hospital admissions. To assess
environmental exposures, statewide land use regression
models were used, along with annual measurement data ;
from monitoring networks for NO; and PM,s. Due to a ~———
variety of policies and technology improvements (besides the 180 . . . . ‘
Goods Movement rules), air quality in California improved 405 2H6 2007Year2°°3 20
throughout the entire 6-year study. The reductions in NO; are . GMC.Cl — CTRL.GI — Poliey O
illustrated in the figure shown here. However, study - GMC - CTRL  —+ Policy
participants living in the GMC areas realized greater NO;
reductions than those living in the control areas. This is indicated by the difference between the red and
blue lines in the figure. (A similar reduction in PM,.s was observed in the GMCs.) Based on various
statistical analyses, it was concluded that the Good Movement rules were responsible for significant
reductions in ED visits by both asthma and COPD enrollees.
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