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DISCUSSION ITEMS:

Note: The following agenda items may be heard in a different order at the Board meeting.

Agenda Item #

10-9-1:

10-9-4:

10-8-3: .

10-9-5:

Public Meeting to Hear a Staff Presentation on the Draft Planned Air Pollution Research, :
Fiscal Year 2010-2011

Staff will present the portfolio of proposed research projects for FY 2010-2011. Research has
been selected to support the Board's decision-making, support effective implementation of our
regulatory programs, and address knowledge gaps critical to the Board's mission.

Public Meeting to Hear the 2010 Legislative Update

ARB Legislative Director and staff will present a review of legislation from the recently
concluded 2009-2010 legislative session.

Public Meeting to Update the Board on the Implementation of the AB 32 Scoping Plan

Staff will update the Board on implementation of the Scoping Plan measures and other
climate change program activities.

Public Meeting to Hear an Informational Update on Recent Federal and ARB Activities
to Support Development of More Stringent Greenhouse Gas Emission Standards for
Model Year 2017-2025 Passenger Vehicles

Staff will report on the recent publication of a Technical Assessment Report, jointly
prepared by ARB, U.S. EPA, and U.S. DOT, on greenhouse gas emission reduction
standards for model year 2017-2025 passenger vehicles and the related federal Notice
of Intent to conduct a rulemaking.
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10-9-2:;

10-9-3:

Public Hearing to Consider Proposed Amendments to the Airborne Toxic Control
Measure for Stationary Compression Ignition Engines

Staff will propose amendments to the Airborne Toxic Control Measture for Stationary
Compression Ignition Engines (ATCM) to more closely align the requirements in the ATCM with
those in the federal Standards of Performance for Stationary Compression-ignition Intemal
Combustion Engines that was promulgated on July 11, 2006, help clarify provisions in the
ATCM, address new information, and remove provisions rno longer needed.

Public Hearing to Consider Minor Amendments to the Periodic Smoke Inspection
Program in Response to the Inclusion of Diesel Vehicles in Smog Check (Assembly Bill
1488, Mendoza 2007)

Staff will present to the Board minor amendments to the Periodic Smoke Inspection Program
(PSIP) to mitigate the duplicative testing requirements resulting from the implementation of the

- statutory requirements of AB 1488 and the existing testing requirements of PSIP. This action
will eliminate duplicative emissions tests thereby lowering administrative costs to affected
California fleets with diesel vehicles.

CLOSED SESSION - LITIGATION

The Bo

ard will hold a closed session, as authorized by Government Code section 11126(e), to confer with,

and receive advice from, its legal counsel regarding the following pending or potential litigation:

Pacific Merchant Shipping Association v. Goldstene, U.S. District Court (E.D. Cal Fresno),
Case No. 2:09-CV-01151-MCE-EFB. ‘

American Trucking Associations, et al. v. U.S. Environmental Protection Agency, ef al., U.S.
Court of Appeals, District of Columbia Circuit, Case No. 09-1090.

POET, LLC, et al. v. Goldstene, et al., Superior Court of California (Fresno County), Case
No. 09CECG04850.

Rocky Mountain Farmers Union, et al. v. Goldstene, U.S. District Court (E.D. Cal. Fresno),
Case No. 1:09-cv-02234-LJO-DLB.

National Petrochemical & Refiners Association, et al. v. Goldstene, et al., U.S. District Court (E.D.
Cal. Fresno) Case No. 1:10-cv-00163-AWI-GSA.
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OPPORTUNITY FOR MEMBERS OF THE BOARD TO COMMENT ON MATTERS OF INTEREST

Board members may identify matters they would like to have noticed for consideration at future meetings
and comment on topics of interest; no formal action on these topics will be taken without further notice.

OPEN SESSION TO PROVIDE AN OPPORTUNITY FOR MEMBERS OF THE PUBLIC TO ADDRESS |
THE BOARD ON SUBJECT MATTERS WITHIN THE JURISDICTION OF THE BOARD

Although no formal Board action may be taken, the Board is affowing an opportunity fo interested
members of the public to address the Board on items of interest that are within the Board's
jurisdiction, but do not specifically appear on the agenda. Each person will be allowed a maximum
of three minutes to ensure that everyone has a chance to speak.

TO SUBMIT WRITTEN COMMENTS ON AN AGENDA ITEM IN ADVANCE OF THE MEETING GO TO:

http://www.arb.ca.gov/lispub/comm/bclist.php

IF YOU HAVE ANY QUESTIONS, PLEASE CONTACT THE CLERK OF THE BOARD:
OFFICE: (916) 322-5594
1001 | Street, Floor 23, Sacramento, California 95814
ARB Homepage: www.arb.ca.gov

SPECIAL ACCOMMODATION REQUEST

Special accommodation or language needs can be provided for any of the following:
* Aninterpreter to be available at the hearing; ,
« Documents made available in an alternate format (i.e., Braille, large print, etc.) or another
language;
e A disability-related reasonable accommodation.

To request these special accommodations or language needs, please contact the Clerk of the Board at
(916) 322-5594 or by facsimile at (916) 322-3928 as soon as possible, but no later than 10 business
days before the scheduled Board hearing. TTY/TDD/Speech to Speech users may dial 711 for the
California Relay Service.

Comodidad especial o necesidad de otro idioma puede ser proveido para alguna de las siguientes:
» Unintérprete que esté disponible en ia audiencia,;

« Documentos disponibles en un formato alterno (por decir, sistema Braille, o en impresién grande)
U otro idioma;

» Una acomodacién razonable relacionados con una incapacidad.

Para solicitar estas comodidades especiales o necesidades de otro idioma, por favor llame a la oficina
del Consejo al (916) 322-5594 o envie un fax a (916) 322-3928 lo mas pronto posible, pero no menos de
10 dias de trabajo antes del dia programado para la audiencia del Consejo. TTY/TDD/Personas que
necesiten este servicio pueden marcar el 711 para el Servicio de Retransmisién de Mensajes de
California.

SMOKING IS NOT PERMITTED AT MEETINGS OF THE CALIFORNIA AIR RESOURCES BOARD
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CALIFORNIA AIR RESOURCES BOARD

NOTICE OF PUBLIC MEETING TO CONSIDER THE APPROVAL OF A DRAFT
REPORT: PLANNED AIR POLLUTION RESEARCH, FISCAL YEAR 2010-2011

The Air Resources Board (ARB or Board) will conduct a public meeting at the time and
place noted below to consider a draft report, titled “Planned Air Pollution Research,
Fiscal Year 2010-2011." '

DATE: October 21, 2010
TIME: 9:00 a.m.

PLACE: California Environmental Protection Agency
Air Resources Board ‘
Byron Sher Auditorium
1001 | Street
Sacramento, California 95814

This item may be considered at a one-day meeting of the Board, which will commence
at 9:00 a.m., October 21, 2010. Please consult the agenda for the meeting, which will
be available at least 10 days before October 21, 2010.

The California Health and Safety Code (HSC), Sections 39700 and 39703, established
the Air Resources Board’s research program. It directed the Board to coordinate and
administer all air pollution research that is funded, to any extent, with State funds. To
facilitate this process, HSC Section 39705 directs the Board to appoint a Research
Screening Committee (RSC) to give advice and recommendations on all air pollution
research projects proposed for funding.

The proposed research projects were selected from more than 150 research ideas that
were submitted by the general public, business and academic communities, and ARB
staff in response to ARB’s public solicitation. All research ideas and technical
evaluations were provided to the RSC for review and comment. The RSC met on
September 9, 2010 to review and approve the final list of projects.

ARB staff will present a written draft report, Planned Air Pollution Research, Fiscal
Year 2010-2011, at the meeting. The report describes projected funding allocations
and proposed research projects, some recommended for funding and others
recommended if funding becomes available. After the staff presentation and public
testimony, the Board will vote on the draft plan.



Copies of the report may be obtained from ARB’s Public Information Office,

1001 | Street, First Floor, Environmental Services Center, Sacramento, California,
95814, (916) 322-2990, on September 21, 2010. The report may also be obtained from
ARB’s website at http://www.arb.ca.gov/research/aprfapr.htm.

Interested members of the public may also present comments orally or in writing at the
mesting and may be submitted by postal mail or by electronic submittal before the
meeting. To be considered by the Board, written comments submissions not physically
submitted at the meeting must be received no later than 12:00 noon, October 20, 2010,
and addressed to the following:

Postal mail: Clerk of the Board, Air Resources Board
1001 | Street, Sacramento, California 95814

Electronic submittal: http://www.arb.ca.gov/lispub/comm/bclist.php

Please note that under the California Public Records Act (Government Code

section 6250 et seq.), your written and oral comments, attachments, and associated

contact information (e.g., your address, phone, email, etc.) become part of the public
record and can be released to the public upon request. Additionally, this information
may become available via Google Yahoo, and any other search engines.

‘The Board requests, but does not require 20 copies of any written submission. Also,
ARB requests that written and e-mail statements be filed at least 10 days prior to the
meeting so that ARB staff and Board members have time to fully consider each
comment. Further inquiries regarding this matter should be directed to Susan Fischer,
Air Resources Engineer, (916) 324-0627, or Annmarie Rodgers, Manager of the
Climate Action & Research Planning Section (916) 323-1517.

SPECIAL ACCOMMODATION REQUEST

Special accommodation or language needs can be provided for any of the following:

» Aninterpreter to be available at the hearing;

« Documents made available inh an alternate format (i.e., Braille, Iarge print, etc.) or
another language;

« A disability-related reasonable accommodation.

To request these special accommodations or language needs, please contact the Clerk
of the Board at (916) 322-5594 or by facsimile at 916) 322-3928 as soon as possible,
but no later than 10 business days before the scheduled Board hearing.
TTY/TDD/Speech to Speech users may dial 711 for the Califoria Relay Service.

Comodidad especial o necesidad de otro idioma puede ser proveido para alguna de las
sngwentes
Un intérprete que esté dlsponlble en la audiencia



« Documentos disponibles en un formato alterno (por decir, sistema Braille, o en
impresion grande) u otro idioma.
« Una acomodacion razonable relacionados con una incapacidad.

Para solicitar estas comodidades especiales o necesidades de ofro idioma, por favor.
llame a la oficina del Consejo al (916) 322-5594 o envie un fax a (916) 322-3928 lo
mas pronto posible, pero no menos de 10 dias de trabajo antes del dia programado
para la audiencia del Consejo. TTY/TDD/Personas que necesiten este servicio pueden
marcar el 711 para el Servicio de Retransmision de Mensajes de California.

CALIFORNIA AIR RESOURCES BOARD
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James N. Goldstene U g
Executive Officer
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The energy challenge facing California is real. Every Californian needs to take immediate action tc reduce
energy cConsumplion. For a list of simple ways you can reduce demand and cut your ensrgy cosls, see
our website at www.arb. ca.qov.
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The statements and conclusions in this paper are not necessarily those of
the California Air Resources Board. The mention of commercial products,
their source, or their use in connection with material reported is not to be
construed as either actual or implied endorsement of such products. To
obtain this document in an alternative format, please contact the Air
Resources Board Disability Coordinator at (916) 323-4916 or 7-1-1 for the
California Relay Service. This report is available for viewing or
downloading from the Air Resources Board's Internet site at
hitp:/Avww.arb.ca.goviresearch/apr/apr.htm.




Acknowledgments '
This report was prepared with the assistance and support of managers and staff from
the Research Division, Mobile Source Control Division, Monitoring and Laboratory
Division, Planning and Technical Support Division, Office of Climate Change, and
Stationary Source Division of the Air Resources Board. We would also like to
acknowledge the members of the academic community, government agencies, private
businesses, and the public who submitted research ideas.

Reviewed By:

Research Screening Committee
Harold Cota, Ph.D. (Chairman)
Dan Costa, Ph.D.

Irva Hertz-Picciotto, Ph.D.
Steven Japar, Ph.D.
Matthew Kahn, Ph.D.

Charles Kolstad, Ph.D.
Chung Liu, D.Env.
Rachel Morello-Frosch, Ph.D.
Suzanne Paulson, Ph.D.
Tracy Thatcher, Ph.D.
Forman Williams, Ph.D.

External Reviewers and Collaborators
Bay Area Air Quality Management District
California Department of Resources Recycling and Recovery
California Department of Transportation
California Energy Commission
California Public Utilities Commission
Coordinating Research Council
Health Effects Institute
National Oceanic and Atmospheric Administration
New York State Energy Research and Development Authority
Office of Environmental Health Hazard Assessment -
South Coast Air Quality Management District
United States Environmental Protection Agency




TABLE OF CONTENTS

SUMMARY ....ooocieener e s ccrimsesessee s e s senssassassseseassesnssamss sesanssesss assentinmssanssnssensnens sans iv
INTRODUCTION ...t imicmiinninnionisnssoncianisnsinssansesnssnnsannsssnsnsssnassns ssnesase nns snsassnansansens v
OVERVIEW OF RESEARCH AREAS......ccciiimrecriannsrecsamsanssmssasssssssssessssssssanssasssassasssas 1
* Health Effects aNd EXPOSUIE..........uresrerecensiessersssmssesessssssssssessssssesssssssasssesssssmsenssses 1
Emissions RedUCtioNS ... imsnmsncsnssossissasssenssaessssnsssnsssans 6
Climate Change, Energy Efficiency, and Conservation ..........cccrienereereensansnss 12
Economic Analysis ................................................................................................. 16
'Technology Research and Development ...........coccciecviennen. aseasseessisosrantonasnnsannrne 17
APPENDIX A: Health Effects and Exposure Concepts........cccocrvevincesnrcnnsanccas 19
APPENDIX B: Emissions Reductions Concepts.......c..ccercicnemmermmnsismonnississsses 44
APPENDIX C: Climate Change, Energy Efficiency, and Conservation ConceptTS_I'

APPENDIX D: Concepts Recommended for Technology Research and -

Development.......cccccmminiceinneminmnscennsseessissssesasassnsasisnsseranns 93



SUMMARY

This report presents the Air Resources Board’s planned air pollution research for the
fiscal year 2010-2011. Twenty-five projects that support the Air Resources Board's
programs are recommended for funding. An additional four projects are offered for
consideration, should additional resources become available. This research portfolio is
organized by key policy and regulatory drivers: Health Effects and Exposure; Emissions
Reductions; Climate Change, Energy Efficiency, and Conservation; Economic Analysis;
and Technology Research and Development. Issues related to agriculture and
environmental justices are integrated into several of these primary categories. ‘

This annual plan proposes research in the areas listed above, with a significant effort o
further inform health impacts of air pollution, develop technologies and behavioral
change strategies to reduce emissions of greenhouse gases, improve emission
inventories, characterize and assess the behavior of pollutants in the atmosphere, and
reduce emissions of conventional air pollutants and their precursors. The total budget
for projects recommended for funding is approximately $6.5 million.
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INTRODUCTION

The Air Resources Board (ARB or Board) sponsors a comprehensive program of
research addressing the causes, effects, and possible solutions to air pollution problems
in Caiifornia. This research program also provides support for establishing ambient air
quality standards. The Board’s research program was established by the Legislature in
1971 (Health and Safety Code Sections 39700 et seq.) o develop a better
understanding of air pollution in California, including air pollution's effects on health and
the environment, atmospheric chemistry and transport of pollutants, and inventory and
control of emissions. Several legislative mandates have expanded and further defined
the scope of the program in recent years. For example, ARB'’s growing research interest
in climate change issues is reflected by Assembly Bill 2991 (Nufiez, 2008), which
expanded membership of ARB's Research Screening Committee to include two experts
on climate change.

ARB's research portfolio comprises collaborative studies involving a variety of scientific
disciplines and approaches. Some of these studies are long-term and build on unique
data sets, while others address specific implementation or knowledge gaps as single
modules. ARB funds niche projects that provide crucial input to California’s air quality
regulatory programs and may be unlikely to receive support from other funding
agencies. fn many cases, ARB technical staff play an active role in the research that
extends far beyond contract management.

Objective of the Research Program. The goal of the research program is to provide

timely scientific and technical information that will help the Board and local air pollution

control districts to make sound policy decisions and effectively implement air pollution

control programs in California. Specifically, this plan supports ARB’s mission to protect

public health based on a sound scientific understanding of health effects and
exposures; continue developing and implementing strategies to reduce greenhouse gas

emissions and energy consumption; develop effective strategies to safeguard health

and welfare against adverse impacts of ambient air pollution; and support development

of technologies and non-technological strategies that address multiple priorities related .
to air quality.

Process for Developing this Research Plan. Every year the Board sends out a public
solicitation inviting and encouraging the public to contribute ideas for project
consideration. Members of the public, the academic community, and ARB staff submit
research ideas. To aid in the evaluation, the Board's Executive Officer has established
interagency committees, led by ARB staff, to review research ideas. These interagency
review teams comprised, in addition to ARB staff, experts from state agencies with
related research priorities and responsibilities as well as experts from other state, air
district, federal, and non-profit institutions with scientific research or regulatory authority
in areas of policy relevance to ARB. In respense to this year's solicitation, approximately
150 research ideas were submitted. Proposed projects were examined for relevance to
regulatory questions facing the Board, scientific and technical merit, and opportunities to
leverage State resources through co-funding. Proposals were modified as necessary to
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support ARB's goals. Reviewers then prioritized candidate projects with regard to
urgency, cost-effectiveness, and likelihood to succeed. The Board's scientific external
review committee, the Research Screening Committee (RSC), which was established
by Health and Safety Code Section 39705, reviews candidate projects. A list of projects
recommended for funding, as well as projects to consider pending availability of
resources is compiled based on discussions between interagency review committees,
feedback from ARB’s divisions, and comments from the RSC as well as an agricultural
stakeholder outreach working group. This list of recommended projects is submitted to
the Executive Research Review Committee, whose members are the Executive Officer,
his three deputies, and the Chief of the Research Division. The Executive Research
Review Committee reviews all of the proposed projects and modifies the draft list of
projects recommended for funding based on ARB’s most pressing policy and regulatory
needs. Finally, the RSC reviews the selected projects and recommends the Plan to the
Board.

Implementation of the Plan. The next step for research concepts approved in the plan
is their development into full research projects. The submission and selection of an idea
does not guarantee a resulting contract for the submitter. Rather, ARB is required to
consider public California universities for expertise to execute these projects. If the
universities do not possess the expertise, then a public solicitation is issued or a sole
source contract is awarded. A list serve distributes updates on research activities. To
subscribe to the list serve, please visit:

http:/iwww.arb.ca. qov/hstservlilstserv ind.php?listhname=research.

Research Budget. The twenty-five recommended projects total approximately
$6.5 million. An additional four projects totaling approximately $1.3 million may be
considered if additional resources become available. Allocations for the projects
recommended for funding are distributed among key research areas as follows:

RESEARCH CATEGORY BUDGET
Health Effects and Exposure $1,519,439
Emissions Reductions $2.853,000
Climate Change, Energy Efficiency & Conservation $1,315,000
Economic Analysis | $480,000
Technology Research & Development : $376,000
TOTAL $6,543,439

Interagency Coordination. The Research Division works with other California
government agencies to ensure that projects are non-duplicative, to identify
opportunities to leverage resources, and to maximize the utility of research results. To
foster coordination, staff at different agencies share information and solicit input from
other agencies at all stages of the research process, including proposal review, updates
on research progress, and final reports. Furthermore, the Climate Action Team has

Vi
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established a Research Subgroup to coordinate the State's climate change research.
Starting in fall 2010, this Subgroup will hold annual meetings where State Agency
research staff will display the products of research projects, summarize their on-going
and planned research activities, and identify opportunities for collaboration. The CAT
Research Working Group also maintains a database of State-funded climate change
research. ARB, in collaboration with the California Council of Science and Technology,
is compiling a database of climate change research in California's public and private
universities, national laboratories, and State agencies. This publicly available tool is
designed to help the State identify intellectual resources, in the form of principal
investigators, ongoing or complete research, and databases, that can facilitate cost-
effective attainment of climate change goals.

Project Co-Sponsorships. ARB is continually seeking co-funding opportunities and
other ways to leverage the State’s research dollars. This effort allows the ARB to be
part of projects and studies that may otherwise lie beyond the state’s fiscal reach. ARB
has successfully worked with other research organizations and has participated in multi-
miilion-dollar collaborations. '

Summaries of Past Research. Projects completed since the beginning of 1989 are
summarized in the Research Division's publication, Air Poliution Research, available at
www.arb.ca.gov/research/api/past/past.htm. Research Division's final reports are
available at the same web site.

Organization of the Research Plan.

This research plan is organized according to key research categories that support the
Board’s mission: Heaith Effects and Exposure; Emissions Reductions; Climate Change,
Energy Efficiency, and Conservation; Economic Analysis; and Technology Research
and Development; with issues related to agriculture and environmental justice
integrated into several of these primary categories. For each research area, an
overview indicates primary policy drivers, links to ARB's mission, ongoing research
efforts in the area, and research and knowledge gaps that need to be addressed. These
contextual overviews are followed by the projects recommended for funding as well as
those that may be considered if additional funds become available.

The proposed research projects are not intended to be exhaustive or exclusive.

Unanticipated opportunities, unique or innovative study approaches, or urgency may
lead to consideration of other projects.

vii
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OVERVIEWS OF RESEARCH AREAS

Health Effects and Exposure

Context

The health impacts of particulate matter (PM) air pollution have been confirmed by
extensive studies conducted at many universities and institutions world-wide. The
United States Environmental Protection Agency (U.S. EPA} recently released a
comprehensive review of the scientific literature on the health and welfare impacts of
particulate matter. That review included consideration of hundreds of epidemiological,
toxicologicai and human exposure studies, and it concluded that there is a causal
relationship between long-term PM2.5 exposure and mortality and for cardiovascular
effects. The U.S. EPA further concluded that there is a likely causal relationship
between long-term PM2.5 exposure and respiratory effects. Although the ARB has
made considerable progress in reducing PM emissions from motor vehicles and other
sources, and consequently reducing the level of adverse health effects of PM, the
burden of PM exposure remains particularly acute, in part because California is home to
two of the worst non-attainment areas in the U.S. with regard to federal 2006 PM2.5
standards.

Substantial progress has been made in understanding the mechanisms of PM toxicity,
as well as the magnitude of the associated mortality risk. However, ARB must continue
to improve its understanding of the specific components and sources of PM that are
responsible for health burdens, as well as illuminate the mechanisms that cause
adverse health impacts, particularly in vulnerable populations. This improved
understanding will foster development of increasingly targeted and cost-effective
regulations. '

ARPB’s health and exposure research also targets indoor air quality because the indoor
concentration of many air pollutants exceeds that of the outdoor levels, often elevating
Californians’ exposures to unhealthful levels of those pollutants. Previously, ARB’s
indoor air quality research focused on gaining a better understanding of indoor sources
and exposures (especially for toxic air contaminants), the relationship between indoor
and outdoor air pollution, and how building factors affect indoor pollutant concentrations
and exposures. Current and planned research is focused on improved indoor source
emission measurement techniques and the effectiveness of various mitigation
approaches for reducing indoor concentrations and exposures. ARB's 2005 Report fo
the Legislature: Indoor Air Quality in California identified high priority indoor source
categories requiring mitigation, including indoor air cleaning devices that emit large
quantities of ozone, and building materials that produce high levels of formaldehyde and
other volatile organic compounds (VOCs) indoors. ARB’s picneering research provided
the key information that identified the need for recent regulation of these sources, but
additional information is needed. For example, new technologies in indoor air cleaning
devices require more sophisticated emissions measurement and mitigation techniques.
Thus, a top priority is measuring pollutant emissions from indoor sources and
investigating strategies for reducing individuals' levels of exposure to those pollutants.

Policy Drivers.
+ The Children’s Environmental Health Protection Act (SB 25, Escutia, 1999)

1
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« Reviewing and evaluating Ambient Air Quality Standards (Title 17 of the California
Health & Safety Code, Section 39606)

» Diesel Risk Reduction Plan

+ Regulation of Ozone Emissions from Indoor Air Cleaning Devices (California Health
& Safety Code, Sections 41985 et seq.)

Research Themes

« Particulate matter toxicity. Public health risk from air poliution is dominated by
exposure to PM. Much progress has been made over the last decade documenting
the serious nature of the health risk from exposure to particles; now, research is
needed to determine the relative toxicity of the components of the mixture of ambient
particles. Furthermore, the biological mechanism of toxicity, which is just now
coming to light, needs to be investigated. Research on the characteristics of
particles, such as size, chemical composition, and interaction with other pollutants,
are crucial in designing smarter, more targeted regulations, while providing adequate
protection of public health and the environment.

« Vuinerable populations. As part of its mission, ARB investigates the heaith effects of
air pollution in support of ambient air quality standards that are adopted to protect
the health of all Californians, including sensitive sub-groups and those living in
disadvantaged communities. Sensitive sub-groups of interest include children, the -
elderly, and those with chronic health conditions, such as asthma, cardiovascular

~ and pulmoenary disease.

« Indoor air quality. A top priority is measuring pollutant emissions from indoor sources
and investigating strategies for reducing individuals' levels of exposure to those
poliutants.

Recommended for Funding

Particulate Matter Toxicity
Season- and location-specific systemic health effects of ambient PM
Problem: A diverse and increasingly sophisticated body of epidemiologic evidence
associates environmental particulate matter with asthma as well as cardiovascular
morbidity and mortality, but less is known regarding the biological mechanisms as well
as the specific PM components that are responsible for ill health. Most studies focus on
urban particle sources and do not distinguish between regional differences in particle
composition and potential pulmonary or systemic health outcomes. Stronger support for
source-apportioned regulation depends on correlating source specific compaosition with
health effects.
Objective: This project will use a mouse model to correlate PM composition, season,
and location (urban versus rural) with biologic markers relevant to cardiovascular
disease. Results will provide a biological link between epidemiologic studies and a
principal health outcome of PM exposure, and will provide critical information on toxicity
of PM from different sources that will help to inform future source-specific regulations.
Proposed funding level: $266,298

Biological activity of near-freeway particulate and gases
Problem: Epidemiological studies have shown associations between exposure to near
roadway air poflutants and morality and other adverse heaith outcomes, and a large

2
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number of in vitro and animal studies have shown that particulate matter has pro-
oxidant activity relevant to the pathogenesis of these conditions. However, no study has
examined how changes in the proximity to major roadways may impact the biological
activity of particles. This project addresses that missing link and is an opportunity to
identify the components of traffic-related pollutants potentially responsible for adverse
health effects.

Objective: This proposed roadway gradient study will evaluate the seasonal and spatial
variation in both gas and particle phase air poliutants. To link the physical/chemical
characteristics of pollutants to biological activity, investigators will use state-of-the-art
cellular assays to examine the role of chemical composition in determining the pro-
oxidant, ‘electrophilic, allergic, and inflammatory activity of ambient aerosols. Findings
will promote our understanding of the causal relationship between exposure and health
outcomes as well as clarify the spatial pattern of risk, and may guide development of
regulatory and public health policy.

Proposed funding level: $300,000

Vuinerable Populations
Risk of pediatric asthma morbidity from multipollutant exposures .
Problem: Asthma morbidity has been associated with fluctuations in daily
concentrations of ambient air pollution, most strikingly with traffic-related air pollutants.
However, the combined importance of local exposure to traffic-related ultrafine particles
and regional exposure to ozone, as well as organic components of PM2.5, is largely
unknown. This lack of information is due to the difficulty in estimating the exposure
profiles of individuals at risk. _
Objective: Investigators will use PM concentrations predicted by regional air quality
models to study the relationship of asthma morbidity in over 7,500 children to exposure
to primary organic aerosol (POA), which is directly emitted from sources, and secondary
organic aerosol (SOA), which forms in the atmosphere from precursor emissions. The
findings from this research will clarify the roles that components of complex urban air
pollution play in producing adverse asthma outcomes in children.
Proposed funding level: $285,000

Investigation of persistent immune effects of acute PM exposure during early life
and development of a biomarker for lung function decline

Problem: Although epidemiological studies suggest that there are life-long impacts of
childhood air pollution exposures, the biologic mechanisms that mediate reduced lung
function growth are not fully understood, and the phenomenon is difficult fo study due to
a lack of minimally invasive biomarkers. In addition to compromising lung development,
preliminary data suggest that childhood exposures to air poliution may alter immune
system development. The relationship between lung function growth and immune
system development may offer a minimally invasive means of monitoring impacts of
childhood air pollution exposures. :

Objective: The proposed study will investigate the impact of environmental air pollutant
exposure on immune system development and lung function growth in a cohort of
rhesus monkeys that were born at the California National Primate Research Center, just
prior to significant PM exposure from the Trinity and Humboldt County wildfires in July
2008. These fires led to air pollution levels significantly above ambient air quality
standards that lasted for several weeks, which coincided with a period of rapid lung
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growth in the exposed animals. The similarities between humans and rhesus monkeys
in lung and immune system growth and development coupled with the cohort's
inadvertent exposure to high levels of air pollution during a critical developmental period
provides a unique opportunity to probe the mechanisms by which air pollution influences
lung and immune system growth and development in children. The endpoints to be
studied require minimally invasive procedures, and include lung function tests and blood
draws that will provide the information needed while not harming the subject animals.
Proposed funding level: $268,141

Indoor Air Quality
Evaluation of secondary pollutant emissions from portable air cleaners
Problem: Although ARB is implementing a regulation to limit ozone emissions from
portable indoor air cleaners such as electrostatic precipitators (ESPs), ionizers and
ozone generators (OGs), some of these devices, including newer technology air
" cleaners designed to produce less ozone, may also cause the production of
formaldehyde and other pollutants through their operation or from reaction of their
emissions with other constituents of indoor air. Thus, the current regulation to limit
ozone emissions from portable indoor air cleaners may not suffice to safeguard indoor
air quality.
Objective: This research will evaluate the emission of indoor pollutants by devices
commercialized as portable air cleaners in California, with emphasis on a new
generation of equipment integrating several technologies that include photocatalytic
oxidation. Both primary emissions and those formed by reaction in the indoor
environment will be determined in realistic indoor conditions, to assess the potential for
exposure and possible health risks. Results will help the State assist the public in
making informed decisions when purchasing and using these devices, and may help
determine whether such emissions require regulation.
Proposed funding level: $400,000

Recommended if Additional Funding Available

Particulate Mafter Toxicity
Toxicity of fresh and aged semi-volatile PM
Problem: Many Californians live in nonattainment areas for PM2.5, and the contribution
of aged pollution emissions from sources such as motor vehicles is significant to PM
concentrations. However, less is known about the toxicity of aged emissions than is
known for fresh tailpipe emissions. Within seconds of leaving the tailpipe, there are
dramatic changes in gas-particle partitioning of semivolatile organic materials. These
changes transform aerosol mass and chemical composition, but more importantly, they
considerably alter the toxicity of the emissions.
Objective: The proposed two-phase research study will investigate the toxicity of fresh
and aged motor vehicle emissions. This project will provide needed information on the
atmospheric evolution of fresh -vehicular emissions and their physico-chemical
characteristics, transformation, and resulting toxicity. This knowledge will be vital in the
development of cost-effective strategies to protect the public from toxic sources.
Proposed funding level: $300 000
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, Vuinerable Populations

Traffic-related poliution, DNA methylation and asthma in children living near sea
ports

Problem: Asthma has a strong genetic basis, and genetic variants contribute to increase
asthma susceptibility to exposures from traffic-related pollution. A growing body of
evidence also suggests an epigenetic component in asthma susceptibility: air pollution
may alter gene expression through effects on DNA methylation.

Objective: The proposed study will use a novel approach to generate new data that will
improve understanding of the linkages among traffic-related pollution, DNA methylation
and asthma progression in children. Results will also shed light on the impact of -
reductions in traffic-related poliution in the vicinity of the part of Long Beach due to
ARB's implementation of the Goods Movement Emission Reduction Program on asthma
progression and important epigenetic influences on asthma progression.

Proposed funding level: $550,000

Indoor Air Quality
Zero-energy air purification materials to reduce the exposure of Californians to
harmful air poliutants
Problem: Ozone is both a health-damaging air pollutant and a driver of indoor chemistry
that leads to the formation of oxidized reaction products, some of which are toxic or
irritating. Indoor exposures are also responsible for 70% of cumulative exposure to a
wide range of organic hazardous air pollutants (typically volatile organic compounds or
VOCs). Indoor controls are a potential, but largely unexplored, strategy to reduce
population exposures to ozone and its reaction products, as well as to organic
hazardous air pollutants.
Obiective: This study will explore the use of zero energy air purification building
materials (e.g., wall materials) for substantially reducing population exposures to ozone,
ozone reaction products, and organic hazardous air pollutants. If successful, this novel
approach to exposure reduction could substantially reduce people’s exposures from
both indoor and outdoor emissions, when source controls do not exist or are insufficient
to reduce poliutant levels below levels of health concern.
Proposed funding level: $254,205
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Emissions Reductions

Context

Over the past four decades, ARB's emissions reductions strategies have yielded many
improvements in air quality. For example, since the 1970's, aggregate taiipipe
emissions of CO from on-road vehicles have been reduced by nearly 90%, and
emissions of NOx have been reduced by nearly one-halif, despite substantial population
growth and a more than doubling of vehicle-miles-travelled. However, California's
topography and meteorology, compounded by continued population growth and a
warming climate, render it vulnerable to poor air quality. Much of the State still struggles
to meet air quality standards for ozone and particular matter (PM). Attaining air quality
standards that protect public health rests on the best possible science to guide
effective planning and implementation of emissions reductions strategies.
In particular, meeting the U.S. EPA’s current PM2.5 standards will require that
the State’s planning and implementation strategies are informed by accurate emissions
inventories and partitioning models of primary PM as well as improved models of
secondary aerosol formation processes and transport dynamics.

Policy Drivers

* Development of emission targets and State Implementation Plans for ozone.

+ Development of emission targets and State Implementation Plans for PM.

¢ Improved inventory estimates of conventional air pollutants and greenhouse gases
(GHG). :

Research Themes

o Agricufture: Criteria pollutant and GHG emissions from several agricultural sources,
such as VOC emissions from dairy silages and nitrous oxide from manure
management, need to be developed or refined to support decision-making by the
Board. Research projects will be crafted to support improvements to the inventory as
well as identification and development of best practices for reducing emissions.

o Vehicular emissions reductions: Near-term emissions reductions with the current
vehicle fleet are possible through improved operations and management. These
strategies will complement existing rules requiring progressively cleaner heavy-duty
diesel engines for the California fleet, and will reduce emissions of greenhouse
gases as well as conserve energy.

o Afmospheric chemistry: Continued progress in reducing Californians’ exposures to
air pollution requires resolving the chemical and physical mechanisms responsible
for transformation of emissions to ambient concentrations. Priority research gaps
include investigation of atmospheric chemistry of particles, including mechanisms for
formation of reactive oxygen species, aerosol partitioning and implications for PM
concentrations, and quantifying the ammonia siip and eventual by-products
associated with selective catalytic reduction for NOx control;

e Emissions inventory: To optimize the development of cost-effective strategies for
protecting public health, emissions inventories must be complete, up-to-date, and
accurate. Current research needs include refinement of the emissions inventory
associated with vehicular sulfate emissions, in-use tailpipe PM emissions, and
organic aerosols; as well as improving ARB'’s source apportionment of the methane
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emissions inventory. Due to its relatively short atmospheric lifetime coupled with
strong climate forcing properties, ARB recognizes the potential for cost-effective,
near-term, substantial climate benefits from reducing methane emissions.

e CalNex: In the summer of 2010, a large-scale multi-agency field study was
conducted in California to better understand the emissions, transport, and
transformation of conventional and climate change air pollutants. To leverage the
results of this field work for maximum policy benefit requires a timely analysis and
synthesis of the very large dataset collected.

Recommended for Funding

Agriculture
Characterization and mitigation of volatile organic compound emissions from
dairy silage sources -
Problem: Dairies are a major source of volatile organic compound (VOC) emissions in
California and published studies suggest dairy cow feed or silage is an important factor
in these emissions. However, the impact of silage on the magnitude and nature of VOC
emissions is not well understood.
Obijectives: This project will: (1) characterize silage production and management
practices in California dairies; (2) evaluate effects of different ensilage practices on VOC
emissions; (3) determine the potential for producing VOC's (in particular alcohol and
aldehydes) emissions from different silages; and (4) delineate “best practices” for
reducing or preventing the generation of alcohols and aldehydes during the ensiling
process and consequently reducing their emissions.
Proposed funding level: $300,000

Developing, validating and implementing a process modeling system for
California agriculture greenhouse gas inventories

Problem: Despite their significant contribution to livestock GHG emissions, nitrous oxide
(N20) emissions were excluded from the California Climate Action Registry’s (CCAR’s)
livestock project reporting protocol, which was developed to support manure
management, one of ARB’s AB32 Early Action measures. CCAR anticipates expanding
the protocol to include GHG reductions beyond methane capture and destruction from
biogas systems.

Objectives: Project objectives include: (1) expansion of existing field measurements of
N2O emissions from major sources in California’s dairies, (2) further testing of UCD’s
Manure-DNDC model to quantify model uncertainties, (3) assessment using full process
model versus detailed, regional/soil specific emission factors for estimating both
baseline and project N,O emissions from manure management, and (4) work with
CCAR, ARB, Western United Dairymen, Sustainable Conservation, the San Joaquin
Valley Air Pollution Centrol District, and an advisory panel to deliver an updated
livestock reporting protocol.

Proposed funding level: $300,000
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Vehicular Emissions Reductions
Investigation of Combined Aerodynamic Modifications to Reduce Emissions from
the Current Heavy Duty Fieet
Problem: ARB's recently adopted tractor-trailer GHG rule requires that new and existing
long-haul box-type trailers, as well as the tractors that pull them, be equipped with U.S.
EPA Smartway-approved aerodynamic technology. However, little work has been done
to investigate and quantify the benefits from combinations of muitiple devices used
simultaneously..
Objective: The proposed research will develop an evaluation protocol as well as test
aerodynamic devices in muitiple combinations on multiple platforms for increased
reductions of greenhouse gases from on-highway trucks. Research results research will
support innovative GHG emissions reductions and fuel-saving strategies that could be
implemented with California’s current heavy duty fleet.
Proposed funding level: $300,000

Atmospheric Chemistry
Probing the intrinsic ability of particles to generate reactive oxygen species
Problem: Oxidative stress caused by reactive oxygen species (ROS) is a leading
hypothesis for the mechanism by which particulate pollution contributes to a range of
illnesses, including asthma and cardiovascular mortality. ROS are generated within the
body in response to inhalation of PM, but the “exogenous” ability of the particles
themselves to generate ROS may also be important.
Objectives: This research will: (1) determine the strength of reactive oxygen species
(ROS) production intrinsic in ambient particles, (2) probe sources and relative strengths
of ROS production via (speciated) transition metals and quincnes, (3) probe the balance
between H,0O, and OH and the underlying mechanism(s) of ROS generation, and 4)
clarify the sources of quinones in particles. :
Proposed funding level: $260,000

Understanding primary organic aerosol volatility at atmospherically realistic
concentrations for SIP analysis

Problem: Details of primary organic aerosol partitioning must be understood to predict
the benefits of emissions control programs contained in the SIP as well as the impact of
climate change on atmospheric organic aerosol pollution. Recent emissions tests have
determined that primary organic aerosol generated from combustion sources behaves
like a series of seml—volat:le compounds when particulate phase concentrations range
between 100 pg/m® and 10,000 pg/m®.

Objective: The study will identify the dominant partitioning mechanism for primary
organic aerosol emitted from diesel-powered and gasollne-powered vehicles at
atmospherically realistic concentrations in the ranging from & to 30 pg/m?. Results will
provide input for regional airshed models that seek to predict changes to ambient
organic aerosol concentrations in the presence of emissions control programs and/or
climate change.

Proposed funding level: $300,000
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Quantification of ammonia slip from SCR-equipped vehicles and estimation of
secondary aerosol formation potential

Problem: As technologies such as Selective Catalytic Reduction (SCR) are developed
to control conventional air pollutant emissions, care must be taken that operation of the
new technologies does not produce new emissions that exacerbate air quality. SCR is
becoming common for controlling oxides of nitrogen (NOx) emissions from diesel
vehicles. Excess ammonia that does not react with NOx, called “ammonia slip”, is
emitted in the atmosphere. Atmospheric ammonia is very reactive, causing the
formation of ammonium sulfate ((NH4)2S04) and ammonium bisulfate (NHsHSO4), two
of the most significant types of PM in California. Ammonia slip can also react with NOx
to form ammonium nitrate if the SCR catalyst efficiency decreases after prolonged
usage. In addition, ammonia in other forms such as free ammonia, ammonia salt, PM
generated from ammonia salt, and secondary organic aerosol in the atmosphere are
serious health and environmental hazards.

Objective: This investigation will quantify ammonia slip emitted from two SCR-equipped
light duty vehicles operating at high, low, and transient modes; and investigate the
correlation between ammonia slip and its effect on PM formation as well as PM mass
emissions.

Proposed funding levei: $140,000

Development of innovative instrumentation to enable investigation of the
relationship between SO; and sulfate

Problem: Sulfur is an important component of combustion and lubricant-derived
particles. Sulfate Jevels in vehicle exhaust particulates can be readily measured, but it is
important to understand the relative contribution between combustion and oil-derived
particles and conversion rates of sulfur dioxide (SO,) to sulfate (SO,). Current
instruments are not capable of measuring the very low suifate concentrations typical of
new vehicles. Detection limits in the parts per billion range are needed to measure the
SO, contribution from current and future model year vehicles.

Objective: The objective of this research is to construct, test and provide to ARB a
differential optical absorption spectrometer (DOAS) that can measure down to 10 ppbV
in real time and determine a mass balance between SO and sulfate. Training for ARB’s
technical staff will alsc be provided as part of this program so they can run this state-of-
the-art instrument independently.

Proposed funding level: $90,000

Development of a high quality proportional gravimetric PM system for in-use
emissions measurements at low emissions levels

Problem: As vehicular PM emissions continue to be reduced, it is increasingly difficult to
reliably measure in-use PM emissions, and protocols based on particle number or
portable emissions measurement systems (PEMS) have not been satisfactory for
gauging PM mass emissions rates. For example, comparisons of PEMS-based PM
measurements to gravimetric reference methods reveal significant disparities, with
deviations on the order of 100%. This poor correlation does not indicate faulty real-time
instruments, but is the result of different measurement principles.

Objective: This research will develop and evaluate a new gravimetric-based system
designed specifically for in-use conditions including on-highway, marine, and non-road
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applications. The system will satisfy ARB's need for in-use PM measurements that are
collected with PEMS but comparable to gravimetric reference methods.
Proposed funding level: $300,000 -

Extended analysis of the CARES aerosol chemistry data to characterize the
sources and processes of organic fine particulate matter

Problem: Although organic aerosol represents a major mass fraction of fine particies in
California, the ability of current air quality models to simulate ambient organic aerosol
concentrations is limited by poor characterization of organic aerosol sources, formation
mechanisms, and evolution processes. In particular, mechanisms by which organic
aerosol is formed in the atmosphere requires clarification to improve model
performance.

Objective: ARB funding will leverage a Department of Energy-funded project (aerosol
characterization during CARES) to allow for advanced analyses to characterize the
sources, formation, and atmospheric evolution of organic aerosol based on field data
from the Sacramento and foothills region.

Proposed funding level: $155,000

Emissions Inventory

Methane source apportionment with stable isotope tracing
~ Problem: Methane is a powerful greenhouse gas with a global warming potential -
roughly 25 times that of CO, but a substantially shorter atmospheric lifetime, on the
order of decades. Reducing methane emissions in a cost-effective way requires
understanding how much is produced by different sources such as petroleum
production, landfills, wastewater treatment, and agricultural fields and livestock.
Objective: This project will enhance ARB’s methane monitoring network by using stable
isotopes of methane to differentiate emission sources, thereby facilitating source
apportionment. Research results will help prioritize, achieve, and verify methane
emissions reductions. Proposed funding level: $128,000

Improving California’s GHG emission inventory through ground-referenced
remote sensing of fossil fuel industry emissions, and biological methane and
carbon dioxide emissions

Problem: Methane's radiative properties and relatively short atmospheric residence time
suggest that climate benefits of methane emissions reductions can be more cost-
effective than CO; emissions reductions. However, effective regulation is hampered by
discrepancies between top-down (or atmospheric inversion) and bottom-up (inventory)
approaches for methane budget estimation; these discrepancies suggest emission
inventory underestimation. Uncertainties in industrial emissions of methane from the
fossil fuel industry, as well as substantial seasonal, spatial, and diurnal variability in
biological methane emissions, warrant further investigation.

Objective: The study will leverage a successful NASA-funded satellite-based effort
using a ground-based sensor to derive an improved estimate for emissions from
terrestrial and marine fossil fuel production facilities, refineries, and biological sources
using a combination of remote sensing and ground reference measurements.

Proposed funding level: $330,000 ‘
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CalNex: Field Research fo Inform Policy

Synthesis of policy-relevant findings from the CalNex 2010 field study

Problem: The field phase of the joint ARB-NOAA CalNex 2010 field study, which
leveraged vast scientific and intellectual resources to gather hitherto unavailable data
that illuminate atmospheric processes and emissions relevant to air quality and climate
change, was completed during the summer of 2010. It is important to now ensure that
the results of that study are made fully available to California policy makers who must
deal with air quality and climate change issues. The fieldwork was planned to address a
number of scientific questions that were formulated to guide the study pianning. The
questions address many s$pecific and general science needs that are required to
improve policy responses to air quality and climate change issues.

Obijective: The goal of the proposed work is to synthesize the results of ongoing, multi-
agency, highly leveraged CalNex 2010 analyses to answer an array of science
questions that directly support air quality policy, planning, and implementation. Results
will be delivered in a timely fashion and in a form most useful to policy makers.
Proposed funding level: $250,000 |
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Climate Change, Energy Efficiency and Conservation

Context

California’s legislative policy and executive orders have established significant energy
and environmental initiatives related to climate change. The state is widely recognized
for innovations in the utility sector and building efficiency. For example, Executive Order
8-20-04 related to state building energy efficiency requires 20% reductions in grid-
based electricity purchases for state-owned buildings by 2015. More recently, SB 1368
(Perata, 2006) mandated a greenhouse gas (GHG) emissions portfolio standard for
baseload electricity generation.

California has led the nation with respect to tailpipe emissions reductions of criteria
poliutants for four decades, and with the passage of AB 1493 (Pavley) in 2002 the state
expanded its successful emissions reduction programs to include vehicular emissions of
GHGs. The Low Carbon Fuel Standard introduced by Executive Order S-1-07 and
adopted by the Air Resources Board as an AB 32 Discrete Early Action in June 2007
represents another approach to reducing vehicular tailpipe GHG emissions by reducing
the carbon content of fuels.

Legislative efforts to support scientific, administrative, legal, and technical dimensions of
climate policy date back to 1988, when the California Energy Commission (CEC) was
charged with the task of studying the effects of climate change on California. Since year
2000, when SB 1771 (Sher) established the California Climate Action Registry as a
nonprofit that records and registers voluntary emissions reductions, SB 527 (Sher,
2001) and SB 812 (Sher, 2002) have broadened the technical scope and refined
administrative aspects of emissions reporting and reduction protocols. More recently,
AB 32 tasked ARB with the duty of reducing the state’s GHG emissions to 1990 levels,
and E-S-05 set a goal of 80% emissions reductions of GHG pollutants by 2050.

California’s continued leadership in building energy efficiency, reducing transportation-
related emissions, and conserving as well as greening its electricity resources require
continued research to aid development and evaluation of voluntary strategies in the
residential and building sectors.

Policy Drivers _

» SB 375 (Steinberg), Sustainable Communities Strategy (2008). Requires regional
planning to incorporate land-use and related strategies fo reduce GHG emissions
from automobiles and light trucks.

+ SB 97 (Dutton), CEQA: Greenhouse gas emissions (2007). incorporate guidelines
for GHG emissions impacts info CEQA.

» AB 32 {Nuriez), California Global Warming Solutions Act of 2006. Reduce
greenhouse gas emissions to 1990 baseline by 2020.

« SB 1368 (Perata), Electricity: emissions of greenhouse gases (2006). Establish
greenhouse gas emission performance standard for baseload generation.

+ AB 1925 (Blakeslee), Carbon sequestration (2008). /dentify technical readiness and
barriers fo geologic carbon sequestration.
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e AB 1493 (Pavley), Vehicular emissions: greenhouse gases (2002). Regulate
greenhouse gas emissions from cars and light trucks, incentivizing earlier actions
through the Califormia Climate Action Registry.

Executive Order S-3-05 establishing greenhouse gas emissions reductions targets.
S-20-04, State building energy conservation. Requires reductions in electricity
purchases for state-owned buildings. .

e« SB 1771 (Sher), Greenhouse gas emission reductions: climate change (2000).
Establishes the California Climate Action Registry as a nonprofit that records and
registers voluntary emissions reductions

e AB 1440 (Sher), Statewide emissions inventory and climate study (1988). Directed
CEC to assess global warming impacts on California’s energy supply and demand,
economy, environment, agriculture, and water supplies, to recommend measures for
avoiding, reducing, and addressing impacts; and to develop a slatewide GHG
inventory.

Research Themes

e Built Environment: A large portion of the State’s energy consumption is associated
with the built environment, for example, electricity and natural gas usage in buildings
as well as transportation patterns incurred by land-use decisions. Forward-thinking
research investigating this sector will help ARB lighten the energy demand and the
carbon footprint of California’s built environment, where decisions made today will
impact emissions for decades to come.

» Voluntary Emissions Reductions Strategies: As articulated in the AB 32 Scoping
Plan, the State’s success in meeting its climate goals will depend in part on
voluntary emissions reductions. Identification and characterization of potential GHG
emission reduction strategies will help provide Californians with the resources they
need to reduce their GHG emissions through cost-effective and substantive
voluntary efforts.

Recommended for Funding

Built Environment
Developing databases to estimate California-specific climate forcing benefits of
.cool roofs
Problem: Solar-reflective cool roofs decrease air conditioning load, thereby saving
electricity and reducing CO, emissions. By reflecting sunlight back into space, cool
roofs can have an additional cooling effect. However, limited information on the spatial
resolution of albedo and lack of site-specific urban attributes limit our ability to assess
the benefits of widespread deployment of cool roofs and pavements and the extent to
which roofs and pavements can be made more reflective.
Obijectives: To support an accurate assessment of the climate benefits of cool roofs and
cool pavements in California, this research will provide a database of spatiaily resolved
urban attributes coupled to satellite data portraying irradiance and albedo. Results from
this effort will support quantification of climate impacts of cool surfaces as well as life
cycle cost analyses used to guide California building energy efficiency standards
(Title 24) as well as criteria used by the California Department of Transportation,
county, and lecal municipalities to select paving materials.
Proposed funding level: $250,000
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The role of land use planning in reducing residential energy consumption and
. GHG emissions

Problem: Approximately 20% of California's household GHG emissions are related to
heating and cooling needs, which are partly a function of house size and orientation,
and are therefore strongly tied to land use planning decisions. The few academic
studies that have examined residential energy use as a function of urban form indicate
that residents living in high density urban centers emit 20 to 50 percent fewer
greenhouse gases from heating and electricity usage than residents of low density
suburbs. However, these studies have relied upon data sets created by national energy
agencies, rather than more disaggregated state- or local-scale data that more
accurately reflects local climatic conditions in California.

Objective: This research will: 1) investigate the relationship between land use pianning
factors and residential energy use in California’s various climate zones, while controlling
for other factors; and 2) develop a spreadsheet modeling tool that analyzes residential
energy use within California climate zones as a function of land use planning factors.
Findings will directly support achievement of AB 32's Green Building Strategy as well as
complement an existing ARB-funded project to.delineate the relationship of land use
planning variables to vehicle miles traveled (VMT) and transportation energy
consumption, ultimately supporting a variety of local and regional planning processes.
Proposed funding level: $100,000

Development and evaluation of energy-efficient approaches to keeping building
occupants cool using room air motion

Problem: A significant portion of California’s residential and commercial energy demand -
is devoted to keeping building occupants comfortable in warmer areas of the state, and
the demand for thermal comfort will increase as climate change gains momentum.
Moving air through low-power fans or using natural ventilation are strategies for
achieving thermal comfort without increasing compressor-based cooling. Foimer
heating and air conditioning standards, which were changed based on findings that
large majorities of office occupants prefer increased air movement, discouraged
exploration of these cost-saving strategies that address the need to adapt to, as well as
mitigate, climate change.

Objective: The project will enable strategies to reduce compressor-based cooling in
office buildings through the use of fan-powered air movement by: 1) testing
combinations of nozzles and propeller fans mounted on or in office furniture, partitions,
and ceiling panels; 2) characterizing the physiological cooling effect for these
combinations and quantifying how much the ambient indoor temperature range can be
expanded; 3) testing human subjects to quantify their comfort and satisfaction under
long-term and short-term transient exposures; and 4) preparing a report for designers,
owners, and manufacturers of interiors and furniture systems

Proposed funding level: $150,000

Using feedback from commercial buildings to support energy-conserving
behavior at work and at home

Problem: In 2006, energy use in California’s residential buildings resulted in 34 million
metric tons (MMT) of greenhouse gas emissions, while energy use in commercial
buildings resulted in 14 MMT of GHG emissions. Occupant behavior is an important
determinant of energy use, but little information is available to help the State leverage
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occupant behavior for GHG reductions in the commercial realm. This research will look
at a single method involving feedback to reduce both residential and commercial GHG
emissions.

Objective: The project will foster reduced energy consumption in the building sector by:
1) identifying the kinds of energy conservation-related information most likely to
influence different segments of the workforce; 2) quantifying the degree to which this
information affects energy-conserving beliefs and behaviors at work and at home; and
3) quantifying the GHG reduction potential associated with the stated behaviors.
Deliverables include a tool to support reduced energy use and GHG emissions
mitigation in the commercial building sector.

Proposed funding level: $185,000

Voluntary Emissions Reductions
Reducing energy use through optimized communication of real-time residential
energy usage information '
Problem: Although recent studies estimate that behavioral changes can reduce
residential energy consumption in California by between 22 and 30 percent over the
next 5 to 8 years, it remains unclear how consumers respond to different presentations
of information intended to prompt them to voluntarily reduce their electricity
consumption. Most previous studies involve small samples of homes in Europe; some
studies have even shown that providing consumers with more information results in an
increase in electricity usage.
Obijective: This project will investigate how to encourage energy conservation through
strategic presentation of electricity usage information to residential consumers. Several
interventions based on increased feedback (information) to customers will be
investigated to explore the roles of private and public information, social norms, social
status effects, and existing preconceptions about electricity usage. This research is
particularly timely, as a number of California’s utilities are installing Smart Grid systems
with possible real time consumer feedback.
Proposed funding level: $330,000

Monitoring and evaluating behavioral change strategies that incorporate the
CoolCalifornia.org resource developed by ARB

Problem: Social psychologists suggest that information alone does not suffice to prompt
behavioral change. Rather, it is critical to tailor messages to appeal to the values,
habits, abilities, worldviews, and social and economic constraints of target audiences;
and to leverage social motivations for behavioral change. For example, encouraging
individuals to make public commitments, fostering group identification and developing
competitions have all been shown to be effective strategies to enable behavioral
change.

QObjective: This investigation will provide the State with empirical evidence from a
California-based study to help identify ways to encourage the public to adopt climate-
friendly behaviors. Specifically, this work will: 1) assess total greenhouse gas emissions
reduced via the CoolCalifornia and CoolClimate projects; 2) illuminate how new
information tools can be most effectively used by the State to encourage more
sustainable behavior, and 3) compare the behavioral changes induced by different
community-based greenhouse gas reduction programs in California.

Proposed funding level: $300,000
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Economic Analysis

Direction of Proposed Research ‘

Economic impact assessments of air pollution control on California business enterprises
and individuals are a key component of ARB’s decision-making process, which seeks
cost-effective regulatory and non-regulatory measures to attain its goals and protect
public heaith. A number of modeling tools have been developed for economic analysis
on statewide climate change and air pollution control policies. Continued evolution of
economic modeling and assessment tools will help illuminate bottom-line costs
associated with the abatement of air pollution, the ability of small and large firms to pay
those costs as well as any penalties that might be involved in noncompliance, and the
most cost-effective strategies for simultaneously achieving environmental goals and
protecting California’s economy.

During FY 2010-2011, ARB will invite an economics fellow to help advance the State's
capacity to model impacts of air quality regulations on California’'s economy and
welfare. In collaboration with expert economics modelers and economists familiar with
California’s regulatory landscape, the fellow will delineate critical research gaps and
priorities that need to be addressed to advance our ability to forecast near- and long-
term impacts of environmental regulatory and non-regulatory strategies on California’s -
economy. Based on the outcome of this collaboration, ARB will solicit research
proposals to address the most critical research gaps.

Research funding allocation: $480,000

Policy Drivers

California’s Global Warming Solutions Act of 2006 (AB 32)

AB 32 Scoping Plan

Early Action regulatory measures

EO S-3-05 establishing GHG reduction targets for 2020 and 2050
Diesel Risk Reduction Plan

Toxic and criteria pollutant reductions

Research Themes

e Forecasting Models. Evaluate economic forecasting models and methods that can
help establish business-as-usual future baselines and corresponding GHG, toxic,
and criteria pollutant emission levels.

o Macroeconomic Impacts. ldentify and characterize macroeconomic impacts on
multiple industries and sectors within California.

o Assessment of Long-term Economic Impacts. Assist in evaluating GHG economic
impacts in California using new modeling techniques beyond the 2020 timeframe.
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Technology Research and Development

Context

ARB's technology-forcing regulations, particularly theose related to tailpipe and
crankcase emissions from motor vehicles, have resulted in innovative technology
development, and ARB continues to fund research to investigate and promote the
understanding, advancement, development, and improvement of technology-based
solutions for achieving zero or near-zero emissions from all manmade sources of air
pollution in California. ARB also supports research to improve air pollutant and/or
greenhouse gas monitoring and emission measurements. These research activities are
designed to support regulatory strategies that reduce source-specific emissions as a
means of mitigating exposures to air pollution, particularly among sensitive groups or
communities that may bear a disproportionate share of air pollution exposure.

Policy Drivers
+ Mobile source control
» Mobile source emissions monitoring

Research Themes

» Small Off-Road Engines: Development and dissemination of zero-emission small
(less than 25 hp) off-road equipment will help the State reduce emissions from such
applications as landscape maintenance, which accounts for significant criteria
pollutant as well as GHG emissions.

» Improved Monitoring Tools: Enhance. ARB's ability to cost-effectively monitor
ambient concentrations of and exposures to health-damaging air pollutants.

Recommended for Fun-ding

Small Off-Road Engines
Zero on-site pollution for portable power applications including generators and
lawnmowers
Problem: The vast majority of California’s professional landscapers use exclusively
gasoline fueled lawnmowers, which are a significant source of pollution and exposures.
Even the most advanced battery technology is not capable of providing a reasonable
solution for professional landscape crews and the bulk of small gasoline engine users.
Small gasoline engines are a strong contender for early fuel cell adoption as they are
highly polluting, have poor energy efficiency, and may potentially be serviced with
existing distribution channels. ,
Obijective: The proposed research will research the necessary components and control
systems to support a sodium silicide fueled lawnmower. A prototype will be deveioped
to look and feel like a professional product, suitable to serve as the template for larger-
scale production. Research will focus on successful reaction control, thermal
management, and fuel cell systems integration.
Proposed funding level: $376,000
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Recommended if Additional Funds Available

Improved Monitoring Tools
An improved particle concentrator for inhalation studies
Problem: Numerous epidemiological studies associate high particle concentration with a
range of pulmonary, cardiovascular and systemic health effects, yet toxicological
support for these findings requires further animal studies. Exposing laboratory animals
to concentrated ambient particles to elicit health effects requires a particle concentrator,
but currently available concentrators are insufficiently steady with time and overly
sensitive to ambient temperature, relative humidity, and particle concentration.
Objective: The objective is to develop a particle concentrator that, in terms of its
concentration factor, is nearly insensitive to ambient conditions and can operate for long
periods of time with minimal or no attendance. This reliable, stable particle concentrator
will enable improved particle toxicity studies to support establishment of PM standards.
- Proposed funding level: $150,000
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APPENDIX A: Concepts Recommended for
Health Effects and Exposure
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TITLE: Season- and location-specific systemic health effects of ambient
particulate matter '

PROBLEM: A diverse and increasingly sophisticated body of epidemiologic evidence
associates environmental particulate matter (PM) with both asthma and cardiovascular
morbidity and mortality in exposed populations. Most studies focus on the source of
urban particles rather than regional differences in particle composition and their
potential pulmonary or systemic health effects. Plausible biologic associations between
PM exposure and systemic cardiovascular effects remain unclear. An ongoing problem
for regulatory agencies is determining what source or component(s) of particulate
matter is responsible for health effects. California’s San Joaquin Valley is a unique
geographic location with high particulate matter burdens that combine both urban, traffic
corridor, and agricultural sources. While regulatory action levels for PM are currently
based on mass concentrations, there is interest at both the State and federal level
regarding the relative toxicity of PM from different sources. The information obtained
from this project should help elucidate the relative contribution of particles of different
composition in the health effects associated with PM exposure.

PREVIOUS WORK: Ongoing ARB funded work by the investigators demonstrates that
platelet activation is a sensitive marker in mice exposed to concentrated ambient PM in
the San Joaquin Valley. They found a seasonal effect on systemic cytokines, as winter
rural Concentrated Ambient Air Particular Matter (CAPs) exposures result in significantly
greater systemic pro-inflammatory responses. Laser capture mRNA analysis of
pulmonary airways, blood vessels, and parenchyma demonstrates that there are no
changes in expression in any of those tissues in summer urban CAPs exposures, yet
winter urban CAPs exposures show clear patterns of mRNA upregulation, indicative of a
general increase in xenobiotic metabolism as well as a pro-inflammatory and pro-
coagulant response. These data, in combination with in vitro laboratory studies suggest .
that PM inhalation activates monocytes and platelets in the pulmonary
microvasculature, laying the foundation for a systemic cardiovascular response.
Theories advanced to explain the mechanism of particle-induced disease emphasize
ROS generation catalyzed by transition metals, yet research by these investigators and
others suggests that bacterial derived endotoxin may also drive inflammatory
responses. The investigators’ in vitro data shows that selective portions of these
responses can be abrogated by endotoxin binding, antioxidant supplementation, metal
chelation, or inhibition of the PAH induced Aryl Hydrocarbon Response Element (ARE).
Responses differ based on location; rural site responses appear more endotoxin driven
while urban responses are uniquely inhibited by pretreatment with transition metal
chelators. Finally, they have demonstrated that intratracheal instillation of collected
ambient particles to mice results in a systemic platelet activation response similar to that
characterized in field exposures. : '

OBJECTIVE: The following hypothesis will be tested: Regional and seasonal
differences in composition of environmental particulate matter from the San Joaquin
Valley influence the nature and extent of systemic pro-inflammatory and pro-coagulant
responses.
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Specific Aim 1: Compare the influence of location-specific ambient particle composition
on pro-inflammatory cytokine secretion patterns and platelet activation in mice given
intratracheal instillations of collected particles.

Specific Aim_2: Determine the relative contributions of transition metal related ROS
generation, PAH compounds and endotoxin on the generation of systemic pro-
coagulant and inflammatory responses in mice given intra-tracheal instillations of
collected particies.

DISCUSSION: The investigators propose to compare in vivo responses of mice to site
and season specific samples in context of their elemental and organic chemical
analysis. They will use intra-tracheal instillations of PM to compare airway, pulmonary
vascular and alveolar expression of genes associated with endothelial, platelet and
monocyte activation, expression of proinflammatory cytokines and pro-coagulant
molecules in the systemic circulation and systemic platelet activation.

Approach: Each experiment will compare 6 mice given intratracheal instiiations of
collected ambient PM at a total dose equal to the calculated cumulative dose in a
representative 2 week CAPs exposure. Previous studies have shown that groups of 6
mice are sufficient to detect significant differences between group responses. Control
mice receive saline extracts from clean collection filters. Endpoints to be evaluated are
1) gene expression of Reactive Organic Species (ROS), PAH and inflammatory
response elements in airways, vessels and parenchyma, 2) Expression of a panel of 36
inflammatory mediators in the lung and plasma, and 3) Markers of platelet activation
including the presence of microaggregates, microvesicle formation, alterations in
integrin expression, and secretion of alpha and lysosomal granule components. Plasma
fibrininogen levels, an acute phase protein and pro-coagulant protein wili also be
determined.

From the resuits of studies comparing summer and winter PM collected from urban and
rural Fresno, the investigators propose to select two samples, based on the most
divergent composition and inflammatory responses, to evaluate the relative contribution
of particle components to systemic responses. They will pre-incubate PM with the
endotoxin binding antibictic polymixin B or the metal chelator desferoxamine maleate to
determine the relative biologic importance of each in induction of inflammatory
responses. To evaluate the relative importance of PAH components, they will compare
responses to whole PM with responses to PM previously extracted with hexane.

Results of animal studies will be correlated with summary compositional analysis data.
They will use a multiple regression approach to develop correlation coefficients for the
percentage change in each biologic endpoint with the percentage of elemental carbon,
percentage of organic carbon, mass conceniration of transition metals and mass
concentration of PAH in samples from each source.

BENEFITS: Regulation of environmental PM is currenily based on size and mass.
Stronger support for source-apportioned regulation depends on correlating source
specific composition with health effects. While not directly apportioning composition to
sources, this project will correlate composition, season, and location with biologic
markers relevant to cardiovascular disease. Results will provide a biological link
between epidemiologic studies and a principal health outcome of PM exposure. It is
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entirely possible that rural source PM acts through different mechanisms than PM from
urban sources. If true, this would have great significance for regulatory and healith
monitoring activities.

CO-FUNDING: This project would be a logical extension of the investigators’ currently
funded work. It is only possible because they have a well-characterized collection of
season and location specific ambient particles from the San Joaquin Valley (in
collaboration with the Kleeman Lab) and have previously established that their results
with ‘intra-tracheal instillations recapitulate those with CAPs exposures. This project will
complement human exposure and CAPs exposures proposed in the SAHRC EPA
program renewal.

COST: $266,298
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TITLE: Biological activity associated with near-freeway particles and gases

PROBLEM: Epidemiological studies have shown associations between residential
exposure to near roadway air pollutants and mortality and exacerbation of diseases,
including wheeze and asthma, reduced lung function, and chronic obstructive
pulmonary disease. A large number of in vitro and animal studies have shown that
- diesel and ambient particulate matter have pro-oxidant activity relevant to the
pathogenesis of these conditions. in addition, the pattern of near roadway exposures to
ultrafine particulate matter and other traffic-related pollutants has been shown to
correspond to the near-roadway residential distance gradient in the prevalence of
asthma in southern California.™ It is therefore surprising that there has been no
previous study examining biologically-relevant activity associated with long-term
collections of ambient air at multiple locations in the impact zone downwind of major
roadways. Such roadway gradient studies would provide an opportunity to elucidate the
biologic mechanisms causing the health effects and to identify the components of
ambient traffic-related pollution potentially responsible for these effects.

The investigators propose to examine the spatial gradient in the biological activity of
chronic exposure to particle and vapor phase pollutants relevant to asthma
‘pathogenesis upwind and downwind from a major truck and automobile corridor in Los
Angeles, and to correlate these findings to relevant composition of the aerosol. Pro-
oxidant, electrophilic, inflammatory, and allergic properties of particles and/or vapors will
be measured in vitro, using standard and novel assays. In addition, they will examine
adaptive (protective) cellular responses. Relevant snze-distr:buted chemical composition
and vapaors will also be measured.

PREVIOUS WORK: The University of Southern California (USC) and the University of
_California, Los Angeles (UCLA) investigators have recently adapted instrumentation to
collect size-resolved PM (coarse, fine, quasi-ultrafine} at low flow rates to allow multiple
2-week integrated samples that can be composited to estimate seasonal average
exposures. They have also adapted standard assays for measuring pro-oxidant,
inflammatory, electrophilic and allergic properties in these particles. In addition, they
have developed assays to evaluate a common susceptibility (present in 40 percent of
the population) associated with knocking down the protective enzyme GSTM1 using
small inhibitory RNA.

In previous studies of Los Angeles Basin air samples, the investigators demonstrated
that vapor-phase pollutants are responsible for most of the electrophilic activity (which
inactivated proteins by forming rrreversuble covalent bonds) while the particle phase that
exhibits far greater redox activity.” Therefore, both gas and particle phase pollutants
need to be collected to evaluate the full complement of health impacts of air pollution.
Furthermore, electrophiles in the vapors have been shown to activate the Nrf2-based
anhox:dant response element to increase expression of protective downstream
proteins.® Concurrently, an inflammatory response, mediated by the MAP kinase
pathway, occurs at comparable exposure concentrations. Thus, the investigators’
results show that both vapor and particulate phase pollutants play important roles in the
health effects of air pollutants and that protective effects at ambient levels may be
offsetting some or sometimes all of the infllammatory and oxidative stress reactions.
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Therefore, the ratio of adaptive-to-inflammatory responses to a given concentration of
pollutants may determine the extent of adverse health effects.

OBJECTIVE: The study's objective is to evaluate the seasonal and spatial variation in
pollutants and in ambient air biological activity upwind and at 5 locations downwind from
the I-5 freeway. Investigators will examine the distance decay in PM0.2, PM2.5 and
PM10-2.5 mass and composition, including model pro-oxidant and electraphilic species,
which they expect will vary in the vapor and particle phase and by particle size and
composition. They also will examine the role of chemical composition in determining the
pro-oxidant, electrophilic, allergic, and inflammatory activity of ambient aerosols. Spatial
variation in the protective antioxidant responses is unknown, but they hypothesize that
vapor electrophilic activity will induce greater protective antioxidant response. They also
hypothesize that reduction in cellular GSTM1 activity will result in greater oxidative .
stress.

DISCUSSION: PM will be collected at logarithmically-spaced distances downwind from
the freeway for two, two-week periods (a total of four weeks in the summer and four in
the winter) and will be composited by season. PM mass in each size fraction will be
determined gravimetrically. Metals, elemental carbon and organic carbon (as described
above) in each PM size cut will be measured using standard methods.

The concentration of pro-oxidants and electrophiles in each sample will be determined
by the dithiothreitol (DTT)-based redox assay and the glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) assay, respectively. The actions of the samples on the
inflammatory and adaptive transcription factors will be determined in a mouse
macrophage cell line (Raw 246.7) using immunoblot procedures to estimate levels of
AP-1, NFkappaB and Nrf2 following exposure.

Pro-inflammatory effects will be assessed by measuring cytokine response (IL-8 ;GM-
CSF;IL-1B) and phase Ii enzyme expression (GSTM1, GSTP1, HO-1 and NQOH1) in
primary human airway epithelial cells that are GSTM1 positive. These assays will be
repeated after inhibiting GSTM1 with siRNA. TNFa; IL-6; MIP-2; and nitric oxide
response will be measured in mouse alveolar macrophage cell line MH-S, because it is
not possible to obtain sufficient cells from humans. Allergic effects will be assessed by
measurement of IgE release in human peripheral blood mononuclear cells and of
hexosaminidase in the rat basophil cell line RBL-SX38.

Correlations of freeway distance, particle and vapor composition with various biological
activity indicators will be examined. Metals will be grouped based on their source
specificity, e.g., Cu, Sb in coarse and fine particulate suggestive of brake wear. The
relationship of pro-oxidant and electrophilic species with inflammatory and allergic
responses and with assays of oxidative stress will be examined. The relationship of
electrophilic species to adaptive response and the moduiating effect of these responses
on harmful responses will also be assessed.

BENEFITS: This project is an opportunity to develop and test a new approach for

studying near roadway air pollution effects, to examine mechanisms of the health
effects of traffic emissions, and to identify the components of traffic-related pollutants
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potentially responsible for these effects. Demonstrable gradients that the investigators
hypothesize will exist would provide strong biological plausibility to the epidemiclogical
findings and reduce the uncertainty both in the causal relationship and in the spatial
pattern of risk. Together, these findings could provide important information to guide the
development of better regulatory and public health policy. Scientific uncertainty to the
causal relationship expressed in a recent influential review of the literature” is a
limitation to development of policy, such as the California requirement that schools be
located 500 feet from freeways. Greater precision of the gradient of biological effects
would help develop more precise buffers. These methods also offer possible alternative
approaches to exposure assessment in population studies of chronic health effects of
air poilution.

CO-FUNDING: USC and UCLA own all equipment necessary to perform this study. Co-
funding with the SCAQMD and NIH will be pursued.

COST: $300,000 (oniginal concept requested $453,000)
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TITLE: Risk of pediatric asthma morbidity from multipollutant exposures

PROBLEM: Asthma morbidity (including hospital admissions) has been associated with
daily concentrations of ambient air pollution (PM2.5 and Ozone in particular)' and with
traffic-related air pollutants near the home.? However, there is a lack of data on the
importance of local exposure to traffic-related ultrafine particles (UFP, <0.1 ym) and its
relationship to regional exposure to PM2.5 and Ozone organic components. In
particular, little is known about the health effects of two important classes of particles in
California, namely: ‘
1} Primary organic aerosols (POA) directly emitted from combustion sources; and
2) Secondary organic aerosols (SOA), which are largely photochemically-produced.

These particle types have different spatial and temporal variability and they are thus
minimally correlated in California.** The organic component mix and size distribution
differs as well, with POA being the predominant mass fraction in near-roadway UFP and
SOA comprising a large part of accumulation mode particles (0.1-2.5 pm). Furthermore,
POA components are more hydrophobic, and SOA components are more hydrophilic.
These characteristics will likely determine their toxicity and differential effects in the
airways. Furthermore, unregulated UFP may be more toxic than other size fractions
because of number concentrations and surface area are magnitudes higher than larger
particles, which dominate PM mass. Finally, studies reporting associations of ambient
PM2.5 mass with asthma outcomes have been important to the regulatory protection of
susceptible populations of children, but effect magnitudes may have been
underestimated or obscured since a large fraction of the PM mass is biologically
inactive while a variable and often small fraction has the potential to induce oxidative
stress and inflammation.’

PREVIOUS WORK: Dr. Delfino and colleagues recently reported positive associations
of recurrent episodes of asthma requiring hospital care with chronic exposure to traffic-
related air pollution exposures (NOx and CO) near 2,768 subject residences in Orange
County.? Exposures were estimated with CALINE4 dispersion models. Associations
were stronger for females and infants but not significantly. The investigators concluded
that traffic-related air pollution adversely affects asthma severity.

The proposed study greatly advances this previous research by: 1} assessing acute
exposure-response relationships for each hospital encounter; 2) adding estimated
residential exposure to POA, SOA and UFP; and 3) nearly tripling the sample size. The
proposed study will leverage co-funded efforts to predict size-resolved PM exposures
with high temporal-spatial resolution, and to establish a dataset of subjects with
addresses linked to all asthma hospital encounters (>10,000 emergency department
visits and hospital admissions).

In another study,® Dr. Delfino and colleagues followed 60 elderly subjects with weekly
repeated measures of airway inflammation estimated from the fractional concentration
of nitric oxide (NO) in exhaled air. Particulate air pollutants were measured daily in the
outdoor home environment of the subjects’ retirement communities. The investigators
collected PM<0.25 pm (PM0.25), made aqueous extracts of the PM0.25 filters, and
assayed extracts for chemical tracers of POA and SOA. They also estimated primary
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