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Summary highlights from the 2017 Coordinating Research Council’s 

(CRC) Mobile Source Air Toxics (MSAT) Workshop, which was held 

February 13-15, 2017, at the CalEPA Headquarters in Sacramento, CA.
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The eighth in a biennial series of CRC MSAT workshops,
which started in 2002, the 2017 workshop brought together
interested parties to review the status and current knowledge
regarding mobile source air toxics. The overarching themes
of the workshop were the ongoing trend of reduced vehicle
emissions, and the improving air quality in urban areas in
North America. One plenary and five technical sessions 
covered regulatory needs, measurement and modeling of 
vehicle emissions, air quality and exposure measurements, 
air quality and exposure modeling, and accountability. The
workshop featured 30 oral presentations and 10 posters 
with more than 100 participants. The agenda, final report,
and presentations are available on the CRC website
(http://www.crcao.org).

Plenary Session
Achievements have been made and challenges remain 
regarding MSAT emissions, modeling, and monitoring. Directly
emitted MSATs have been decreasing in urban areas (see
Figures 1 and 2). Measurement methods and analysis 
approaches have improved. However, improvements are still
needed for several model inputs, such as vehicle activity data,
age distributions, boundary conditions and hemispheric 
modeling, and source attribution. Studies show that exposure

to MSATs in the United States is linked to adverse health 
effects. Improvements in ambient air quality over the last 
several decades have led to improved health outcomes. 
Additional reductions in exposure can be achieved through
mitigation strategies. Studies underway to determine possible
methods for mitigation include co-optimization of fuel 
properties and engine performance, and minimization of 
vehicle cold start emissions. 

Regulatory Needs
MSATs from on-road and off-road mobile sources are large
contributors to the overall risks according to the U.S. Environ-
mental Protection Agency’s (EPA) 2011 National Air Toxics
Assessment (NATA). Concentrations of toxics are elevated
above local background levels near major roads, ports, and
other transportation centers. As standards phase-in and fleet
turn-over continues, many regulatory programs continue to
reduce MSATs. Examples of EPA programs include Tier 3
Light-Duty Vehicle and Fuel Standards, MSAT2 Fuel and
Light-Duty Vehicle Standards, and several diesel programs.

To achieve California’s air quality goals, the California Air 
Resources Board (CARB) is actively pursuing both research
and regulatory development to capitalize on emission 
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Figure 1. Nationwide MSAT emissions.
Note: Based on 2014 NEI version 1, the on-road emission contributions to formaldehyde and benzene estimations are shown
in the top row; changes in emissions of formaldehyde and benzene from 2011 to 2014 are shown in the bottom row.
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reduction opportunities in the heavy-duty (HD) sector. In the
South Coast Air Quality Management District (SCAQMD),
diesel particulate exposure has been substantially reduced,
but is still the major contributor to air toxics risk, particularly 
near ports and transportation corridors.

In Canada, emissions regulations are in place for most on-road
and off-road vehicles and engines. Despite this, emissions
continue to grow from other sectors. The Canadian govern-
ment is considering further actions to address air quality 
issues. Environment and Climate Change Canada (ECCC)
will continue to coordinate with EPA and other agencies 
as appropriate.

Emission Measurements and Modeling
Measurement of vehicle emissions and their potential health
impacts were discussed. EPA observed substantial differences
in volatile organic compound (VOC) emissions among three
modern vehicles tested in the laboratory. Total MSAT emissions
were consistently one third of total speciated VOC emissions
under each test condition. Future EPA work will include
studying the impact of cold ambient temperatures (20 °F) on
speciated emissions of gasoline direct injection vehicles.

On-road emission tests show that toxic gas emissions from
2007 and 2010 model-year HD diesel vehicles are reduced
and near the detection limit of the measurement equipment.
Diesel engine emissions contribute to primary and secondary
isocyanic acid in urban areas, but concentrations are very low

and are unlikely to be a significant health concern. Additionally,
biological assay testing of particulate matter from new vehicle
technologies and fuels did not raise any concerns.

Regarding MSAT modeling, EPA and ECCC provided new
information. In the off-road air toxics segment of EPA’s mobile
source emission model, MOVES2014a, the incorporation of
updated data increased the inventory for most gaseous haz-
ardous air pollutants. ECCC determined that mobile monitoring
is a promising tool for air quality model evaluation, and to
quantify the different scales and components contributing to
urban air pollutant levels and sub-grid variability.

Air Quality and Exposure Measurements
Two off-road emissions studies were described; one from 
marine vessels and one from airports. A remote-sensing pilot
study has been performed to detect and quantify stack emis-
sions from individual marine vessels at Southern California
ports. The system was able to categorize emissions from 
individual ships, and showed that smaller harbor craft vessels
contributed significantly to the total emissions. Next, air quality
impacts will be modeled based on the data from ship emissions
and shore based sources. Air pollution impacts from aviation
emissions were studied near Logan International Airport, in
Boston, MA. Noticeable impacts were detected at residences
and other sites located up to 7 km downwind of the airport.

Research shows roadside vegetation can reduce downwind
pollutant concentrations. The higher, thicker and denser the

Figure 2. California statewide MSAT emissions (1990–2012).
Note: Statewide trends show ambient air toxics decreasing, while population, and gasoline and diesel vehicle miles 
traveled (VMT) have been increasing. Source: Propper et al. Ambient and Emission Trends of Toxic Air Contaminants in
California; Environ. Sci. Technol. 2015, 49, 11329-11339.



vegetation, the greater the downwind pollution reduction.
Multiple measurements indicate that under daytime conditions
and moderate wind speeds, adding vegetation to solid barriers
provides a clear benefit.

SCAQMD is working to provide Southern California commu-
nities with the knowledge necessary to select, use, and main-
tain low-cost air quality sensors and to correctly interpret the
collected data. Additionally, experiments were performed to
better understand the most important factors that influence
in-commute exposure to traffic emissions. Exposures for 
commuters by bus, light rail, train, walking, biking, and driving
were determined. Guidance and strategies to reduce in-
commute exposures are being developed.

Air Quality and Exposure Modeling
National lifetime cancer risks from air toxics are estimated 
by the 2011 NATA to be approximately 40-in-1 million, with
mobile sources comprising approximately 25 percent of this
risk. The dominant pollutants responsible for this cancer 
risk on the national level continue to be formaldehyde and
acetaldehyde (largely secondary, from photochemical activity),

and benzene (from on-road mobile activity). Point sources
drive estimated cancer risks in some local-scale areas. Public
release of the 2014 NATA is expected in spring 2018.

A study in California showed strong spatial heterogeneity in
concentrations among fine particulate matter (PM) components
and sources. The spatial representativeness varies strongly
among PM components, with secondary components (e.g.,
nitrate, ammonium, etc.) having more uniform spatial distri-
butions than primary components, such as elemental carbon
and primary organic aerosol. The spatial representativeness
also varies strongly among seasons and emissions sources.

Toxic VOCs across Canada were studied to determine multi-
year trends, and support regional air quality modeling and
source apportionment. In major cities across Canada, 40 to
60 percent of benzene was attributed to mobile sources.
However, the model predicted lower mobile source contribu-
tions for benzene in rural locations in the Canadian prairies,
where oil and gas sources dominate. For formaldehyde and 
acetaldehyde, in winter, all three source groups—mobile,
point, and secondary—are important for Canadian cities. For
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Figure 3. Example of a light-duty vehicle emission standard program.
Note: Over time, emission standards have decreased, while the requirement for vehicle full useful life has increased.

Results suggest that goods move-

ment regulations implemented in

2006 by CARB are achieving the

desired results.
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summer in urban locations, secondary production dominates
and can be from anthropogenic or biogenic precursor VOCs.
Poor model performance for acrolein and 1,3-butadiene 
prevented robust conclusions about their source contributions.

Accountability
A chain of accountability provides a useful construct to 
assess the effectiveness of regulatory actions. Links between
regulations and emissions are difficult to quantify. On balance,
the U.S. Clean Air Act regulations have had tremendously
beneficial impacts in the United States. Light-duty vehicle
programs, for example, have led to large reductions in 
emissions of nitrogen oxides and VOCs, and HD diesel 
programs have led to reduced PM emissions (see Figure 3).

Results suggest that goods movement regulations imple-
mented in 2006 by CARB are achieving the desired results.
After controlling for traffic density on highways and connecting
roadways, cargo volumes in the ports, meteorological conditions
and season of sampling, reductions of pollutant concentrations
in goods movement corridors from the pre-policy period to
the post-policy period were greater than corresponding 
reductions in background control areas. Trucks at the Port of
Oakland were modernized rapidly due to the CARB drayage
truck regulation. Use of diesel particulate filters on these

trucks is universal, and selective catalytic reduction is used 
on approximately 25 percent of them. Large changes in fleet-
wide emission factors (g/kg fuel) were observed from 2009
to 2015 with black carbon, particulate matter, and nitrogen
oxides emissions decreasing by approximately 70 percent.

Reductions in air pollution in Southern California are associated
with measurable improvements in children’s health. However,
the national ambient air quality standards for PM and ozone
have not yet been achieved everywhere in the United States.
More work is needed to reduce emissions while population
and vehicle miles traveled continue to increase.

Summary
There is an ongoing trend of reduced on-road vehicle emis-
sions and improving air quality in urban areas throughout
the United States and Canada. Cleaner fuels and vehicle
emission controls have reduced the emissions and ambient
concentrations of MSAT substantially over the past several
decades. The trend of decreased emissions is expected to
continue as older vehicles are replaced with newer vehicles
having more modern emission controls. Meanwhile, non-road
emissions are being studied, and consumer friendly information
to mitigate exposure to MSATs is being developed. em
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