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Executive Summary

This report presents the Air Resource Board’s (ARB’s) Strategic Plan for Research (Plan) and will serve as the ARB’s roadmap for research funding from 2001 to 2010.  Specifically, the purpose of the Plan is to anticipate the research needs of the ARB’s regulatory programs and to identify key research activities that the ARB expects to pursue over the next ten years.

The Plan is designed to be flexible such that it generally focuses on identifying broad areas where research is needed rather than presenting developed research proposals.  The Plan will also aid the Board in its regulatory decision‑making, advance efforts to meet State Implementation Plan commitments, and facilitate improved coordination with other research organizations.  To develop the Plan, staff evaluated the ARB’s future regulatory commitments.  Specifically, as part of developing the Plan, staff drew from a broad spectrum of resources including experts throughout the ARB as well as those associated with other organizations.  Knowledge gaps were identified prompting a more focused investigation to determine whether sufficient work was being done by other organizations to fill the gaps.

As a result of our investigation, we identified broad regulatory priorities that are expected to dominate our focus over the next several years.  These regulatory priorities are to: reduce emissions and exposure to particulate matter; characterize and reduce community exposure to air pollutants; and to promote continued advancement and acceptance of near‑zero and zero emission technologies.  In short, it is anticipated that future research will primarily focus on supporting one or more of the above regulatory priorities.  A brief description of each of the above regulatory priorities is provided below:

Reduce emissions and exposure to particulate matter

Small particle pollution is an extremely serious health threat, posing much more of a danger to human health than present levels of other common air pollutants, such as ozone and carbon monoxide.  Control of particulate matter is especially challenging because there are many different particle sources in California.
Characterize and reduce community exposure to air pollutants

The association between air pollution and many adverse health effects is a serious concern and must be fully addressed.  The ARB must determine health impacts from exposures to ozone, toxic air contaminants, and other pollutants to Californians, especially sensitive populations and low‑income communities that experience a disproportionate burden of air pollution.  The ARB must also ensure that air pollution laws and regulations, and their benefits, are equitable to all.

Promote continued advancement and acceptance of zero and near‑zero emission technologies

New low‑ and zero‑emission technologies are vital to achieving clean air and meeting health‑based air‑quality goals.  The ARB continues to encourage and investigate the emergence of these technologies.

Though the aforementioned list represents major regulatory priorities, the ARB will continue to take steps to address other air quality issues of concern including regional haze and global warming.

To facilitate ease of use, this Plan organizes research needs according to four major categories: 1) Health and Welfare Effects; 2) Exposure Assessment; 3) Technology Advancement and Pollutant Prevention, and 4) Global Air Pollution.  These categories which are respectively addressed in Sections III, IV, V, and VI of this Plan were selected because they tend to represent the scope of research that we anticipate pursuing to support our regulatory priorities over the next decade.  Further, these categories represent the natural progression from identifying the effects associated with air pollution (i.e., Health and Welfare Effects), characterizing exposures (i.e., Exposure Assessment), to facilitating the application of effective exposure reduction strategies (i.e., Technology Advancement and Pollution Prevention).  The research needs corresponding to Global Air Pollution concerns are very broad and are contained in a separate category.  A brief description of the scope of future research needs for each of the above categories is discussed below.

Health and Welfare Effects

In the broadest possible sense, health and welfare effects research sponsored by ARB defines clean air targets for all Californians.  Research priorities need to support new regulatory requirements for ambient air quality standard setting for particulate matter, ozone, and nitrogen dioxide in particular.  The increasing emphasis by the Board on addressing local community and environmental justice concerns requires research on the impacts of air pollution on asthmatics, the elderly, and other vulnerable populations, as well as monitoring of community health and development of public health intervention techniques.  The Long‑term Research Program and Vulnerable Populations Research Program share three major goals: 1) define the chronic health effects associated with exposures to ambient air pollution; 2) determine who is most vulnerable to the effects of air pollution and how to better protect them; and 3) clarify the role of PM in causing a broad range of adverse health effects.

Air pollution effects on ecosystems are chronic in nature, typically occurring over one or more decades.  Research needs include assessing long‑term impacts of ozone and nitrogen‑derived compounds to mid‑elevation forests and watersheds, nitrogen deposition to high‑elevation lakes, and the overarching impacts of global climate change.  While the primary goal of air pollution control is to protect public health, the public recognizes air pollution by its associated haze and judges the success of pollution control programs on perceived reduction of that haze.  Considerable new research will be needed to provide the information to prepare a Regional Haze State Implementation Plan (SIP) required by new federal regulations.

Exposure Assessment

Research on tools to better characterize exposure to air pollution is needed.  For example, current air quality data is not sufficient for fully characterizing exposures at the community or neighborhood scale.  These efforts include studies to better characterize children’s exposure to toxic as well as criteria air pollutants.  Tools that help to better characterize exposures will help to ensure that resources to reduce emissions focus on addressing the exposures of greatest concern.  Another important area of research includes efforts to improve tools to quantify emissions from a broad spectrum of stationary as well as mobile sources.  Research is also needed to assist with better understanding the chemical and physical transformations that occur to substances that enter the atmosphere.     

Further research is also needed to better assess personal as well as indoor exposure to air pollution.  The associated research needs include better characterizing children’s exposure to air pollution including the contribution of sources to those exposures in homes, schools, vehicles, and other environments.   Another area where research is needed concerns evaluating the impact that new formulations of consumer products as well as new building materials have on reducing indoor exposures.

Technology Advancement and Pollution Prevention

Innovative efforts to reduce or eliminate air emissions from existing as well as new sources will continue to play a crucial role in our efforts to achieve healthy air quality for all Californians.  As such, the ARB plans to continue research efforts that facilitate the development, demonstration, and commercialization of zero and near-zero emission technologies for new as well as existing emission sources.  Technologies that reduce or eliminate emissions of criteria as well as toxic pollutants will continue to represent one of ARB’s highest priorities.  Research under this category includes studies that help to promote the development of lower emitting internal combustion engines, the advancement of near-zero emission technologies such as fuel cells, as well as low and non-volatile organic solvents.

As part of these efforts, the ARB will closely coordinate with a broad spectrum of stakeholders to ensure that technologies to reduce or eliminate air emissions do not lead to adverse impacts on other environmental media. 

Global Air Pollution

Changes in global climate, in response to an increase in greenhouse gases, are expected to create regional changes in temperature, humidity, and precipitation.  Research is needed to determine the impact of these changes on regional air quality and, in turn, existing and future control strategies.  On occasion, dust and other pollutants are transported from Asia and the Saharan Desert and contribute to regional background levels of PM and ozone.  Investigations are needed to study the effect of increasing industrialization of Asia and desertification on PM and ozone control needs in California.

Because the nature of environmental protection is complex and involves many disciplines, we realize that the Plan must be flexible enough to adapt to changes in regulatory priorities, new advances in scientific information, and the identification of new environmental concerns.  Therefore, it is our intention to adjust research activities as new or more accurate information manifests.  The Plan will be updated at least every five years.  

This Plan combines the ARB’s current vision, mission, goals, and strategies for reducing air pollutants into an integrated program to support and refine its actions.  As such, this Plan will enhance the ARB’s relationships with stakeholders by encouraging the formation of partnerships and strategic alliances to find synergies, and to leverage and enhance resources.  Further, this Plan will help to ensure that the ARB continues its tradition of environmental leadership by conducting relevant research of the highest scientific quality that serves as the foundation for effective regulatory decisions.

Introduction

The Air Resource Board’s (ARB’s) Strategic Plan for Research (Plan) will serve as the ARB’s roadmap for research funding from 2001 to 2010.

Purpose of the Plan

Because of the complex nature of both California’s air pollution problem and its solution, research is a vital part of the ARB’s mission to protect California’s public health, welfare, and ecological resources.  However, research into these complex problems typically requires a number of years to produce answers.  Thus, ARB’s needs would best be met if research could be undertaken with an eye to the Board’s future priorities.  A Strategic Plan for Research, based on the ARB’s regulatory priorities for the next decade, would provide direction for ARB’s research programs and allow the needed information to be available to the Board in a timely fashion.

While the Board’s research program is unique in its focus on California’s air pollution problems, the ARB’s research interests overlap those of many other governmental, industry, and public funding organizations.  Thus, the Plan will help these organizations to identify research areas of mutual interest and potential co-funding opportunities.  Implementing the Plan will help ensure that limited resources are used efficiently and that the resulting research efforts will effectively serve the needs of the ARB and others.

To make effective decisions about air pollution research requires a comprehensive look at the interrelationships among air pollution issues.  The ARB recognizes that pollution problems are not exclusive in and of themselves.  The interaction of impacts on community health and the environment must be fully understood to assess the effectiveness and feasibility of air pollution regulations.  Although the Plan has identified three main areas of focus, the ARB’s regulatory priorities are woven throughout this document and are reflected in all areas of research.  The three main research priorities of ARB’s Plan reflect an integrated approach to research.  They are:

· Characterize and reduce community exposure to air pollutants.

· Reduce emissions and exposure to particulate matter.

· Promote continued advancement and acceptance of zero and near-zero emission technologies.

Other important areas of focus that are integrated into these priorities include investigation toward the reduction of regional haze and ozone levels.  The Plan addresses each of these areas in more detail.  For the purpose of this Plan, the above three research priorities are organized according to the following headings: Health and Welfare Effects, Exposure Assessment, and Technology Advancement and Pollution Prevention.  We believe these areas encompass the comprehensive mission of air pollution research.

Current Process

The ARB’s research program currently totals a little more than $8 million.  To administer this budget, the Research Division establishes an annual plan, which details specific research projects.  Contracts are initiated with private entities, universities, and governmental agencies, whose scientists carry out most of the projects.  The annual plan serves as a short-term road map for the upcoming fiscal year.

The ARB’s nine-member Research Screening Committee (RSC) was established by the Legislature in 1975 (HSC 39705) to provide technical expertise and external review for Research Division projects, as well as the Annual Plan.  The RSC provides critical technical evaluations and makes appropriate funding recommendations to the Board.  The committee is comprised of experts in various air pollution disciplines and assists the Board in managing a technically sound research program.

By outlining the Board’s long-term goals, the short-term efforts will become more refined. With the implementation of this Plan, we hope to make the annual process more effective and focused.

History

The ARB research program was established at $3 million by the Legislature in 1971, as an integral part of a broad-based statewide effort to combat air pollution and protect and enhance the ambient air quality of California.  The program is mandated to coordinate and collect the research data needed to develop a better understanding of the aspects of air pollution.  In recent years, several legislative mandates have expanded and further defined the scope of the program.  However, although the budget has increased with specific programs, the total discretionary budget has not kept pace with inflation.  Annual funds are allocated based on the ARB’s immediate priority.  The distribution of the 2000/01 budget is represented in Figure 1.

Once of the specific additions, is a program that receives $1 million annually to assist in the development, demonstration, and commercialization of broad-based technologies designed to reduce air pollution within the state, as well as create jobs within the related industries.  Since 1994, the Innovative Clean Air Technologies (ICAT) program has provided over $3.5 million in co-funding for these types of projects.  The development and commercialization of new and improved clean air technologies will help California meet its clean air goals while stimulating the economy and offering new opportunities to associated industries.
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Since its inception and under the leadership of Dr. John Holmes, ARB’s Research Program has been an international leader in the fight against air pollution.  The breadth of the program has spanned health effects, ecosystem impacts, emissions inventory, atmospheric chemistry, transport and deposition, personal exposure, indoor air pollutants, control technology, and economic assessment.  It has produced over 600 final research reports, thousands of peer‑reviewed publications, and countless impacts on California’s air pollution control policies.  The sound scientific results produced by the ARB’s Research Program have been crucial in enabling the Board to make credible decisions and implement policies that adequately protect public health.  Some historic accomplishments during Dr. Holmes’ tenure that have made significant impacts on the air pollution community are highlighted below.

· The ARB was the first organization in the world to establish Ambient Air Quality Standards for air pollutants.  In order to protect public health, California has set standards that are, in some cases, more protective (i.e., ozone and particulate matter) or apply to pollutants (i.e., hydrogen sulfide and sulfates) not covered by federal standards.  The Research Program conducted the health studies necessary to provide recommendations on the appropriate levels for the standards and to support the Board’s decisions to implement those levels.

· The Research Program supported the control of nitrogen oxides (NOX) as the means to reduce California’s ozone and particulate matter pollution.  Three decades ago, the ARB was the first agency in the world to implement stringent NOX control of motor vehicles and stationary sources.  In the last decade, the effectiveness of this strategy was recognized by the National Academy of Sciences, and has been implemented by the United States Environmental Protection Agency (U.S. EPA) and air pollution control agencies worldwide.

· The Children’s Health Study is a ten‑year epidemiological study on the effects of multi‑pollutant exposures on the respiratory health and lung growth of nearly 5,200 children from 12 communities in southern California.  It continues to be the only study of its kind in the world and has established links between long‑term air pollution exposures and retarded lung function growth, asthma development, and school absenteeism.  This program is particularly innovative in that it is continually updated to include state‑of‑the‑science technologies and address new concerns surfacing as a result of the project.  For example, the Research Program recently established the only long‑term monitoring network of ultrafine (PM<0.1(m) particle number in the world to address project issues concerning traffic‑related pollutants.

Teaming up with other research organizations has provided the pathway for some historical accomplishments that have made significant contributions to the understanding and control of air pollution.  Some of these accomplishments are highlighted below.

· The ARB Research Program was the first in the world to conduct field studies of air pollution formation and transport for the development and testing of air quality simulation models.  The 1972‑73 Aerosol Characterization Experiment (ACHEX), 1987 Southern California Air Quality Study (SCAQS), and 1997 Southern California Ozone Study (SCOS97‑NARSTO) were all cooperative air quality studies that enhanced our understanding of the relationships between emissions and the spatial and temporal distributions of pollutants.  Key participants included the South Coast Air Quality Management District, other local air pollution districts, the U.S. EPA, and the Coordinating Research Council.  These studies helped to insure that California’s air quality management strategies are based on the best possible science.

· In collaboration with the U.S. EPA, ARB’s Indoor and Personal Exposure Assessment Program determined that Californians spend most of their time indoors and are, therefore, at risk from exposure to residential indoor levels of particles and air toxics that are much greater than outdoor levels.  These increased levels are due, primarily, to emissions from indoor building materials, carpets, and consumer products.  The world’s first comprehensive study of exposures to particles showed the daytime personal exposures exceeded indoor and outdoor concentrations by up to 50 percent.  Recent research indicates that this is likely due to people’s close proximity to sources and activities that generate airborne particles – such as tobacco smoking, cooking, wood‑burning, and house cleaning – as they go about their normal activities.  The innovative research of this program continues with the world’s first comprehensive studies of children’s exposures to air pollutants in portable classrooms and school buses, currently in progress.

In addition to cooperative efforts with other agencies and organizations, the ARB continues to move forward in its own efforts to understand and control California’s air pollution problems.  The following are examples of projects the ARB is currently sponsoring, that, we believe, will continue to further the understanding of air pollution’s impacts on our health and environment.

· Characterizing the Range of Children's Pollutant Exposures During School Bus Commutes – The objective of this study is to characterize children’s exposure to bus-related pollutants while riding on school buses, waiting at bus stops, or waiting near idling buses during after-school loading.  The results of this study will be used by ARB staff to better estimate children's exposure to diesel exhaust particles and other bus-related pollutants, and to determine what fraction of children's total exposure is attributable to school bus-related activity.

· Development and Application of an Ambient Aerosol Concentrator and Exposure Facility: The Conduct of Inhalation Studies to Assess the Health Effects of Particulate Matter in the Los Angeles Basin – The objective of this project is to develop and implement a fully transportable exposure facility, capable of collecting concentrated coarse, fine, and ultrafine ambient particles from different sites in the Los Angeles air basin.  The information provided by this project will assist the ARB in reviewing ambient air quality standards for public health risks associated with airborne PM, specifically PM10.

· Heterogeneous NOX Chemistry in Polluted Urban Atmospheres: Implications for the Formation of Particles and Ozone and Control Strategy Development – The objective of this project is to investigate certain key issues regarding heterogeneous nitrogen chemistry, such as whether ammonium nitrate in particles undergoes a similar reaction, what is the effect of sulfuric acid, and whether nitrous acid also reacts with surface nitric acid.  The resulting data will be used to generate a comprehensive chemical mechanism for the heterogeneous reactions of NOx in water, which will, in turn, be incorporated into a box model.  The information gained in this project will improve our understanding of the reactions critical to accurately predicting the effect of NOx controls on PM and ozone levels.

Summary

It is crucial for a research program to provide sound scientific results.  This enables the Board to make credible decisions and implement policies that adequately protect public health.  By developing this Plan, and basing it on California’s highest priority air pollution issues, the ARB can allocate resources appropriately.  We intend to share our plan with other Divisions within the ARB to prevent duplication of effort, and encourage collaboration with other research organizations to better leverage California’s research dollars.

Anticipated Needs of ARB’s Regulatory Programs for 2001 to 2010

The ARB’s mission is to promote and protect public health, welfare, and ecological resources through the effective and efficient reduction of air pollutants, while recognizing and considering the effects on the economy of the state.  The Research Division implements this mission by the highest quality scientific information possible for actions to protect the health of the people and the environment of California from the effects of air pollution.  Developing a world-class air quality program means achieving and surpassing federally imposed air pollution goals and standards, while ensuring that California’s air pollution regulatory decisions protect and enhance the natural environment and our communities.  Air quality is often taken for granted and its impact on our quality of life is often overlooked.  As a result, a significant amount of our daily activities create unintended consequences on the air we breathe.  This reality has imposed tremendous responsibilities on the ARB.

The ARB’s Research Program enhances the Board’s understanding of the effects of air pollution on human health and the environment.  It assists the Board in developing scientific tools for predicting and assessing impacts of air pollutants and provides the Board with information to develop and implement essential regulations.  In fact, the Board’s projected regulatory efforts have been a fundamental motivation for the development of this Plan.  It is these responsibilities and goals, and the plans and standards that define them, that drive our research priorities.  Those plans and standards are described below.

Ambient Air Quality Standards

The federal Clean Air Act requires that the U.S. EPA set national ambient air quality standards.  But it permits states to adopt additional or more protective air quality standards, if needed.  The standards are set at levels designed to protect public health, including the health of "sensitive" populations, such as asthmatics, children, and the elderly.  The ARB is the state agency that establishes California’s ambient air quality standards.  Under the requirements of the Children’s Environmental Health Protection Act (Senate Bill [SB] 25, Escutia, 1999), the ARB is investigating whether the current California standards adequately protect the public’s health, especially children.

Clean Air Plan

This plan will define a comprehensive set of strategies that the ARB will pursue to reduce emissions that contribute to ozone (the main component of smog), inhalable particles, carbon monoxide, and multiple air toxics (e.g., diesel particles, asbestos, chrome, and benzene).  These strategies are needed to protect public health and the environment, as well as to fulfill the ARB’s prior commitments and statutory directives.

State Implementation Plans (SIPs)

The federal Clean Air Act (CAA) establishes planning requirements for those areas where ozone concentrations routinely exceed the National and Ambient Air Quality Standards (NAAQS).  The CAA requires these “nonattainment” areas to adopt and implement State Implementation Plans (SIPs) that demonstrate how each area will attain the standards by specified dates.  SIPS must also establish rate-of-progress milestones and demonstrate how the attainment strategy meets those interim year targets as well.  The plans are subject to review and approval by the U.S. EPA.  The provisions and commitments in a U.S. EPA-approved SIP are federally enforceable.  The CAA also allows interested parties to sue U.S EPA, the state, or local agencies to compel implementation of an approved SIP.

HEALTH AND WELFARE EFFECTS

A major research priority for ARB is to establish clean air targets protective of health for all Californians, especially vulnerable populations and low-income communities, and for sensitive ecosystems.  The knowledge gained will help establish ambient air quality standards and effective public health intervention programs.

California Ambient Air Quality Standards

Introduction: California law states that the ARB shall “”adopt standards of ambient air quality...in consideration of the public health, safety, and welfare” (Health and Safety Code, Section 39606[a][2]).  Staff from the ARB and the Office of Environmental Health Hazard Assessment (OEHHA), as well as the Air Quality Advisory Committee (AQAC), an independent advisory panel, make recommendations to the Board on proposed regulatory levels, based on health and air quality research.  To date, the Board has set AAQSs for eight pollutants.  The Board is also required to regularly review all existing health‑based ambient air quality standards to determine whether, based on public health, scientific literature, and exposure pattern data, the standards adequately protect the health of the public, including infants and children, with an adequate margin of safety.  If, in light of the current health‑based findings, the standards are no longer adequate, the Board must make recommendations for revising those standards.  The ARB needs to set research priorities that will provide state‑of‑the‑science justification to support those changes necessary to protect public health.

Background: The federal Clean Air Act requires that the U.S. EPA set national ambient air quality standards.  It also permits states to adopt additional or more protective air quality standards.  The Board has set California ambient air quality standards for eight pollutants.  To protect public health, California has set standards that are, in some cases, more restrictive or that apply to pollutants not covered by federal standards.  Currently, California's standards for two pollutants, ozone and particulate matter of 10 microns in diameter or less (PM10) are more protective than federal standards.  Two pollutants, hydrogen sulfide and sulfates, are not covered by national standards.

The Children’s Environmental Health Protection Act (Senate Bill 25, Escutia, 1999) requires the ARB and OEHHA to review all health‑based California ambient air quality standards for their adequacy to protect the public, especially infants and children.  In December 2000, the ARB approved a report with the staff’s findings of their initial review.  The report found that the standards for PM10 and sulfates, ozone, and nitrogen dioxide might not be adequate at their present levels to protect public health.  Health effects might occur in infants, children and other potentially susceptible subgroups exposed to these pollutants at or near levels corresponding to current standards.  The report is available at www.arb.ca.gov/ch/ceh/ceh.htm.  The standard with the highest priority for review is PM10 and sulfates.  The Board has scheduled this review for the April 2002 board meeting.  The review and revision of the standards for ozone and nitrogen dioxide will follow in years 2003 and 2004.  Review of all the health‑based standards will occur on a regular basis.

Ongoing Research: The ARB is currently sponsoring seven health research projects.  The information from these studies and projects will be used in the development and evaluation of ambient air quality standards.  In addition, the ARB is supporting research of two long‑term and vulnerable population studies that will also be supportive in the development of standards.  The health research studies are:

· The effects of smoke from burning vegetative residues on airway inflammation and pulmonary function in healthy, asthmatic and allergic individuals.  UC San Francisco. 97‑322.  The overall goal of this project is to investigate the acute effects of inhaled particles and gases from burning rice straw on human respiratory health.  There are three specific aims to the project:  (1) to determine the effect of an acute exposure to rice straw smoke at two different concentrations on airway inflammation and pulmonary function.  (2) To determine the effect of total rice straw smoke dose (single vs. multi‑day) on airway inflammation and pulmonary function.  (3) To determine the effect of asthma and allergy status on the airway inflammatory and pulmonary function responses to rice straw smoke exposure.  The project addresses health impacts of an important air pollution issue in the Sacramento Valley area.

· Mechanisms of particulate toxicity: health effects in susceptible humans.  UC San Francisco. 99‑314.  This project is designed to determine the effect of (1) particle‑only, and particle‑ozone combination inhalation, (2) the size of inhaled particles, and (3) the dose of inhaled particles on airway inflammation (airway cell distribution, proteins, anti‑oxidants), cellular function (in vitro macrophage function, proliferation), and associated cytokine release (tumor necrosis factor (, interleukins‑1(, ‑6, ‑8, myeloperoxidase) in individuals with asthma.  The hypothesis is that airway cell distribution and function, and cytokine release will change as an independent function of the particle‑ozone combination, particle size, and dose.

· Mechanisms of particulate toxicity: effects on the respiratory system.  UC Davis.  96‑310.  This study examines the mechanisms of the short‑term toxicity of particulate matter on cells that line the respiratory tract.

· Health effects of PM components on sensitive animal models.  UC Davis.  96‑311.  This proposal studies the relationship between the inhalation of airborne particles of constant concentration, but of varying size, and respiratory tract lining damage and/or alterations in healthy adult and old male rats.

· Mechanisms of particulate toxicity: effects on the respiratory system of sensitive animals and asthmatic humans.  UC Davis.  99‑315.  This investigation will examine the mechanisms of short‑term particulate toxicity in neonatal and juvenile rats exposed to particle mixtures containing ammonium nitrate and carbon.  The effect of these particle exposures alone and in combination with ozone will be studied in ovalbumin‑sensitized Norway rats.  Human lung biopsy tissue will also be used to examine cellular responses from similar particle exposures in human asthmatic volunteers.

· Mechanisms of particulate toxicity: systemic effects in sensitive animal models and susceptible humans.  UC Irvine.  99‑316. Macrophage and immune cell functions will be examined in tissue samples collected from sensitive animal and human populations exposed to particulate matter components that can be found in ambient California air.

· Development of an exposure facility to conduct inhalation studies to ambient aerosols.  University of Southern California.  98‑316.  Research is underway to develop and implement particulate matter concentrator technology for use in studies of the health impacts of PM.  The technology produces real‑time, elevated levels of ultrafine, fine and/or coarse particles that are then employed in human, animal or toxicological studies.  The systems are portable, allowing particles from many different locations to be evaluated.  This project is year 2 in a 5-year program designed to develop a mobile inhalation exposure facility to provide concentrated coarse, fine and ultrafine ambient particles from the Los Angles Air Basin.  The concentrated particles are to be used to investigate the cardiopulmonary responses of these particles in sensitive animal models, in vitro assays and human volunteers.

· Children’s Health Study and the Fresno Asthmatic Children’s Environment Study (FACES).  These two valuable long‑term health effects studies may provide valuable information for someday setting ambient air quality standards.  A discussion of these studies is included under the Children and Other Vulnerable Populations research section.

ARB Research Needs: The ARB should focus its research program on those highest priority standards that the staff has identified as currently not being adequate to protect public health.  The December 2000 report of the adequacy of health‑based California ambient air quality standards contained a critical review of current scientific literature relating to the pollutants and included recommendations for research or noted areas where more information was needed.  Our research needs for the highest priority pollutants (PM, including sulfates; ozone; and nitrogen dioxide) are listed below.

Particulate Matter (PM)

PM10 is a heterogeneous mix of both fine (PM2.5 or particles less than 2.5 microns in diameter) and coarse particles (2.5 to 10 microns in diameter).  Fine particles result primarily from combustion: fuel in motor vehicles, power generation, and industrial facilities; wood and wood products in residential fireplaces and wood stoves, and agricultural burning.  They can also be formed in the atmosphere from gases, such as sulfur dioxide, nitrogen dioxide, and volatile organic compounds (VOCs). Sources for coarse particles generally include windblown dust, unpaved roads, materials handling, and crushing and grinding operations.  The PM10 standard is often exceeded throughout the state.  The following areas highlight specific PM‑related (including sulfates) research needs:

· Improved identification of the specific characteristics of PM (e.g., ultrafines, acidity, elemental composition) that contribute most to noted PM effects, and quantification of their relative roles in PM toxicity.

· Further investigation as to whether acute exposures less than one day in length (e.g., 1‑hour daily maximum), or longer multi‑day exposures (e.g., 2 or more day average PM), also have health importance, over and above that captured by the 24‑hour (h) PM peak PM concentration measurement.

· Further investigations into particle‑gas and particle‑allergen interactions.

· Further investigations of acute and long‑term effects of PM that appear to be greater in children, and especially infants, using both experimental and epidemiological methods.

· Evaluation of the need for a PM standard applicable to more acute exposure peaks of only a few hours. Stronger symptom effects have been noted for 1‑h and 8‑h PM10 exposures, rather than the 24‑h PM10 average.

· Investigation into the mechanisms of the potential association between increased risk of respiratory symptoms or decreased pulmonary function in children and exposure to elevated levels of PM over long periods of time.

· Improve understanding of the presence and nature of any PM interactions.  These are likely to depend upon the particle size and the concentration of pollutants in the mixture, exposure duration, and the health endpoint being examined.

· Investigation of the adequacy of existing air quality standards, set for individual air pollutants, to protect the public from the health effects of exposure to mixed ambient pollutants.  One of the primary particle‑gas interaction mechanisms documented to date is the chemical interaction between particles and gases that occurs on particle surfaces.  The secondary products formed on that particle surface that may be more toxicologically active than the primary materials and could then be more readily carried to a sensitive sites deeper in the lung.  Several investigators have demonstrated that synergism occurs as secondary chemical species are produced (e.g., sulfuric acid on the surface of the particles), especially under conditions of elevated relative humidity, such as found in the human lung.

Ozone

A large fraction of California’s population resides in areas where ozone concentrations occur at or above the current State standard, primarily during daylight hours in the summer.  Epidemiological studies suggest that exposures to ozone at concentrations lower than 0.09 parts per million result in effects on lung function, asthma exacerbations, increased use of hospital emergency departments, and other indicators of acute respiratory morbidity in adults and children. Several recent studies also suggest potential long‑term effects on lung function related to cumulative lifetime exposure to ozone, although how these findings may relate to daily average exposures is unknown.  The following areas highlight specific ozone‑related research needs:

· Investigation of the mechanism(s) underlying the considerable inter‑subject variability in symptom and lung function responses to ozone; in fact, some individuals do not respond at all to moderate levels of ozone in controlled exposure studies.

· Investigate ozone‑induced inflammation in children.  It is now clear that short‑term exposure of humans to ozone can cause acute inflammation of the respiratory tract.  Multiple controlled human exposure studies on the airway inflammatory effects of ozone have been reported, but none involving children.

· Determine the relationship, if any, between recurrent acute episodes of acute injury and inflammation in humans and the development of chronic respiratory disease.  Given the potentially increased susceptibility of the developing respiratory tract of children to oxidant‑induced injury, there is greater cause for concern about the long‑term sequelae of such episodes.

· Investigate the mechanism(s) by which ozone exacerbates asthma.  There are multiple epidemiological studies that have demonstrated an association between high ambient levels of ozone and exacerbations of asthma.  However, the mechanism(s) by which ozone induces asthma exacerbations is not entirely clear.

Nitrogen Dioxide (NO2) 

Although recent trends suggest nearly complete statewide compliance with the current California NO2 ambient air quality standard, the results of some of the recent clinical and epidemiological studies suggest that examination of the basis for the standard is warranted.  Epidemiological studies have reported relationships between both outdoor and indoor NO2 concentrations and a variety of adverse health outcomes, including decrements in lung function, increased risks of respiratory symptoms and illness, exacerbation of asthma, especially in children, and increased risks of daily mortality. However, in many of the epidemiological studies, an independent role for NO2 cannot be determined, due to high co‑variation between NO2 and other pollutants; because the investigators did not adjust for the effects of important confounders (especially different measures of particulate matter); or both.  Carbon dioxide may represent a marker for exposure to traffic emissions generally or to combustion‑related pollution, or may play an etiologic role in the observed health effects.  The following areas highlight specific ozone‑related research needs:

· Initiate studies to determine the impact of NO2 exposure on the elderly.  Few human clinical studies of NO2 have included elderly subjects.

· Confirm findings suggesting NO2 enhancement of allergen and inflammatory response.  Recent studies involving allergen challenge appear relatively consistent in demonstrating effects at concentrations that occur indoors and suggest that NO2 may enhance both allergen sensitization and its associated inflammatory response.

· Consider impact of possible exposure misclassification and role of indoor and outdoor particle exposure as a confounder in indoor NO2 exposure studies. Many studies have found an increased incidence of respiratory illness in children associated with indoor NO2 exposure, and a meta‑analysis indicates that a long‑term increase in exposure to NO2 of 15 parts per billion is associated with an increase in illness odds of approximately 20 percent in children but not in adults.

· Investigate the role NO2 may play in causing observable health effect for outdoor exposure.  Several recent epidemiological studies examining health outcomes related to outdoor pollutant exposure have found the strongest indicator of health effects to be NO2.  Because outdoor NO2 concentrations correlate strongly with fine particles, and because a substantial body of evidence now exists associating exposure to fine particles with increased morbidity and mortality, NO2 is presumed to be a marker for traffic‑related pollution, rather than a direct cause of the observed effects.  Taken together, the epidemiological evidence would indicate that traffic‑ and combustion‑related pollutant exposure has adverse health effects, and that NO2 is an important atmospheric marker of exposure.  However, we cannot exclude the possibility that NO2, as part of that ambient mixture, plays an important role in causing the observed health effects.

· Investigate impacts associated with NO2 exposures at concentrations at or below the current California standard.  Responses to NO2 exposure in clinical studies are characterized by marked variability, which directs attention toward identifying determinants of susceptibility, including the pattern of exposure, age of subjects, underlying diseases, antioxidants in the diet, and presence of other pollutants in the atmosphere.  Most human clinical studies do not show effects with concentrations at or below the current California standard of 0.25 ppm.  Recent studies from the UK and Sweden suggest that exposure to NO2 at concentrations as low as 0.26 to 0.4 ppm, at rest, enhances responsiveness to allergen challenge in subjects with asthma.  Animal models of allergic asthma support the observation, and in vitro studies using human nasal epithelium suggest the mechanism may involve enhanced mast cell degranulation and histamine release.

Coordination with other Research Organizations: The ARB has conducted cooperative projects with California air quality management districts, the U.S. EPA, and the Health Effects Institute, and will endeavor to cooperatively fund future projects with these groups.  We need to strengthen our linkages with other organizations who have conducted health research on air pollutants.  We also need to work cooperatively with PM supersites in Los Angeles and Fresno.

Community Health and Environmental Justice

Introduction: One of the Board’s newest, and highest, priorities is the Community Health Program.  The goal of this Program is to ensure that all individuals in California, especially children and elderly, can live, work, go to school, and play in a healthful environment.  Activities under this Program seek to address air pollution impacts on a community, rather than a regional, scale. Recently, local community representatives have testified before the Board regarding the need to address environmental justice concerns.  Environmental justice relates to local communities which may be disproportionately impacted by air pollution sources due, primarily, to socioeconomic factors.  In response, the Board will emphasize both community health and environmental justice in existing programs, as well as create new program opportunities to address these issues.

Background:  The ARB staff has been working for approximately a year to implement the Community Health Program.  (This program will be closely coordinated with the ARB’s still emerging activities on environmental justice issues.  The Environmental Justice program is in its infancy, but is developing quickly, as public interest in this area is strong and vocal.)  Community Health Program activities cover three main areas, each of which is critical to reaching the Program goals.  These areas are:

Identifying Air Pollution’s Health Effects

The ARB’s health research program needs to continue to elucidate the link between air pollution exposure and public health problems.  The ARB is currently conducting or initiating several important research studies investigating the health impacts from long‑term exposure to air pollution.

Assessing Public Health Risks in California’s Communities

This area of the Community Health Program seeks to assess the public health risks resulting from exposure to multiple pollutants coming from multiple sources.  This will allow the determination of “cumulative exposure” on the community scale.  Assessment techniques range from sophisticated modeling studies to complex air monitoring efforts.  The assessments of specific communities for cumulative exposure will benefit from better exposure assessment methods.  Research resulting in better personal and indoor assessments in communities will allow for more accurate total exposure assessments.  Outdoor air quality assessments could benefit from research relying on new monitoring methods and equipment, such as real‑time PM monitoring; developing diesel exhaust monitoring methods; and monitoring non‑traditional toxics, such as polycyclic aromatic hydrocarbons (PAHs) and ultra‑fine particles.

Besides gathering air quality data in communities, the Program would benefit from “monitoring” community health, especially in children.  Research studies would send public health practitioners into communities to conduct health surveys on that community’s specific health conditions.  The survey results could be analyzed with data from community exposure assessments to possibly identify ongoing or emerging health problems or new vulnerable populations.  Development of biomarkers methodologies for toxics exposure, and their application to the community, may provide an accurate method for exposure assessment.

Reducing Public Health Risks

This area of the Community Health Program seeks to reduce air pollution emissions that contribute to exposure.  Research into new and innovative control technologies will be advantageous to this risk reduction.  A possible approach may include some type of public health intervention in communities.  This could include guidance on reducing indoor and personal air pollution exposures.

Ongoing Research: A strong and dynamic research program is a vital and necessary component if the Community Health Program is to fully accomplish its goals.  The foremost ongoing research project supporting this Program is the Children’s Health Study, which is investigating the effect of air pollution on over 5,000 children living in 12 communities in southern California.  The study is focusing on impacts on children’s lung development, school absences, and asthma.  Although exposure and children’s respiratory testing data collection has been going on for several years, analysis of the data has only recently intensified.  Due to its size and duration, this study holds tremendous potential for identifying the link between air pollution and previously unrecognized health effects.  This study needs to be supported, especially in those areas that will allow the investigators to fully determine real long‑term and irreversible consequences of exposure to elevated air pollution levels.

To identify and quantify the adverse health effects of air pollution on California’s most sensitive and vulnerable individuals, the ARB has just embarked on the Vulnerable Populations Research Program.  The purpose of this Program is to identify vulnerable populations, including children, the elderly, and those with pre‑existing health conditions that may not be adequately protected by existing public health and air pollution control programs.

The first study under the Vulnerable Populations Research Program is the Fresno Asthmatic Children’s Environment Study, or FACES, study.  The project will strive to determine the effects of air pollution in the Fresno area on children with asthma.  The study will focus on how various environmental factors influence the way a child's asthma progresses over time.  Other studies being planned include investigations into the effects of air pollution on cardiovascular and respiratory disease among the elderly and a spatial analysis of communities in California whose populations exhibit a higher incidence of health effects, or a greater potential for exposure, due to activity, location, or some other local environmental or lifestyle component.

ARB Research Needs: A strong and dynamic research program is a vital and necessary component if the Community Health and Environmental Justice Programs are to fully meet their goals.  The ARB should focus research on the three major areas of the program.

Health Effects Research – Research needs to focus on vulnerable populations and the impacts of air pollution on these populations.  Future studies should focus on the effects of air pollution on cardiovascular and respiratory disease among the elderly.

A spatial analysis of health effects incidence in relation of air pollution exposure is needed to identify potential communities where impacts are already occurring and where risk reduction efforts should be focused.  Communities may be identified that have a greater potential for exposure due to activity, location, or some other component in the area.

Investigation into the health effects of toxic substances emitted from jet engine exhaust.  Although criteria pollutant emissions from jet engines is known, toxics emissions have only been briefly studied.  Jet engine fuel is consistent with diesel fuel.  The emissions from jet engines are a complex mix of particles and gaseous pollutants.

Research into the health effects of PM is essential, from both an epidemiological and toxicological viewpoint.  Research into the effects of short‑term exposure to high PM concentrations is also needed, as is research in the non‑cancer effects of diesel particles.

Assessment of Public Health Risks – The assessment of specific communities for cumulative exposure will benefit from better exposure assessment methods.  Research into better personal and indoor assessments in communities will allow for assessment of more accurate total exposures.  Outdoor air quality assessments could benefit from research relying on new monitoring methods and equipment such as real‑time PM monitoring, developing diesel exhaust monitoring methods, and monitoring of non‑traditional toxics, such as PAHs and ultra‑fine particles.

Besides gathering air quality data in communities, the Program would benefit from “monitoring” community health, especially children, through research studies that would send public health practitioners into communities to conduct health surveys on the health conditions.  The survey results could be analyzed with data from community exposure assessments to possibly identify ongoing health problems or identify new vulnerable populations.

Development of biomarker methodologies for toxics exposure and their application to the community may provide an accurate method for exposure assessment.

Risk Reduction Efforts – Research into new and innovative control technologies will be advantageous to the risk reduction efforts.  Research into reformulations of consumer products so they contain less toxic ingredients may be beneficial.  A different approach may be some type of public health intervention in communities.  This type of intervention could include guidance to the public on techniques to reduce indoor and personal air pollution exposures.  The intervention may take the form of informing local planners in communities as to the sources of air pollution affecting their communities and their impacts in order for them to make better planning decisions that avoid putting air pollution sources in areas that could adversely affect individuals in the communities.

Coordination with other Research Organizations: As part of its Community Health research activities, the ARB needs to work with outside organizations that have a stake in addressing community health and environmental justice concerns.  The U.S. EPA has a large Community‑Based Environmental Protection program.  It is currently funding studies to access the quality of air, water, and land in definable geographic areas.  It has provided funding to local communities to look at health and air quality issues and concerns.  Due to their unique role in controlling air pollution, the air quality management and air pollution control districts could be strong partners in funding collaborative efforts addressing community health and environmental justice.  This is especially evident in the South Coast and Bay Area Air Quality Management Districts and the San Diego Air Pollution Control District.

Children and other Vulnerable Populations

Introduction:  The Long‑term Research Program and Vulnerable Populations Research Program share three major goals: 1) to define the chronic health effects associated with exposures to ambient air pollution; 2) to determine who is most vulnerable to the effects of air pollution and how to better protect them; and 3) to clarify the role of PM in causing diverse health impacts.  These specific goals are part of the overall research goals to characterize and reduce community exposure to air pollutants, including the reduction of PM emissions and exposure to PM.

There is an overarching concern in all populations research to pursue activities that will better define the health effects of the various components of PM.  This pollutant is especially challenging to study because of the wide variation, over time and geographic location, in the make‑up of PM, both with the respect to size distributions and chemical constituents.  Further, there is a clear need to determine how concentrations at an ambient monitor relate to an individual’s potential exposure and, ultimately, to the dose of PM components.

Background:  The effects of air pollution on health may be due, in part, to chronic or acute exposures.  Although results may be vary with respect to health outcomes, chronic or acute exposures of vulnerable populations typically result in more frequent and/or more intense adverse health effects than for most individuals.

Long Term Exposure Research

Little is known about chronic health effects, associated with long‑term exposures that may prove persistent; they are, however, of great public health concern.  Health research has historically focused on the effects resulting from short‑term high concentration exposures to air pollutants.  These effects may result from repeated short‑term (hours, days) high concentration exposures, long‑term (weeks, months, years) exposures to low‑to‑moderate air pollution levels, or both types of exposure.

Vulnerable Populations Research
Traditionally, air pollution research has sought to identify health effects that might occur in susceptible populations.  The logic for this is that if air pollution public health policies are developed to protect the most vulnerable members of society, everyone will ultimately be protected.  To this end, the ARB recently initiated the Vulnerable Populations Research Program, which formally extends this approach to systematically evaluate who may be at greater risk or more vulnerable to adverse health effects.  This vulnerability can result from biological characteristics of an individual, the amount of air pollution to which they are exposed, or a combination of biological and exposure characteristics.

Children are at the center of several populations research projects because:

· Children are growing, which may make their bodies more sensitive to the effects of pollution.

· Children breathe faster than adults, exposing them to more air pollution per unit size.

· Children are active and may spend considerable time outdoors.

Vulnerable populations are not restricted to infants and children.  They also include other groups, such as the elderly and those with existing respiratory or cardiac illnesses.

Ongoing Research: The ARB is currently participating in several major studies concerned with long‑term exposures and vulnerable populations.  Below is a description of these studies.

Major Population Studies

· The ARB staff and UCD investigators added an air pollution ancillary study (Cardiovascular Health Study (CHS): Air Pollution Ancillary Study) to the much larger scope CHS, begun in 1989 by the National Heart, Lung, and Blood Institute (NHLBI).  The ancillary study adds an environmental risk factor to a clinic‑based epidemiological study of cardiovascular disease risk factors.  The ancillary study seeks to define the subclinical and intermediate pulmonary and cardiovascular changes and clinical effects associated with short‑ and long‑term exposures to PM (alone and in combination with gaseous pollutants) for approximately 3600 elderly in Sacramento, California; Pittsburgh, Pennsylvania; and Winston‑Salem, North Carolina.

· Two studies are concentrating on assessing the effects of air pollution on children.  The USC/ARB Children’s Health Study is a ten‑year epidemiological study of the effects of multi‑pollutant exposures on the respiratory health and lung growth of nearly 5,200 children, from 12 communities in south‑central and southern California.  The pollutants monitored are ozone, nitrogen dioxide, PM, and vapor‑phase acids.  Although the study was originally designed to define the effects of PM10 and PM2.5, assessment of ultrafine (PM<0.1(m) particles and issues related to roadway‑associated exposures have been added to the study.

The second children’s study is the Fresno Asthmatic Children’s Environment Study (FACES).  This study, which began recruiting children in October/November 2000, is the first to be sponsored under the auspices of the Vulnerable Populations Research Program.  The purpose of FACES is to determine the effects of the Fresno environment on children with asthma.  The study will focus on how various environmental factors influence the way a child's asthma progresses over time.  Among the environmental influences, air pollutants are a major focus, especially components of PM, including PM10 and PM2.5 mass, particle number distributions over size ranges less than 2.5 microns, and PM chemical constituents.  The influence of other air pollutants, including ozone, NO2, nitrogen monoxide, and sulfur dioxide, as well as airborne molds and pollens, will also be considered.

Other Populations Studies

Three additional studies that involve investigating the impacts of air pollutants on human populations are either underway or about to begin.

· The first is a pilot study to evaluate the feasibility of protocols to determine how asthmatic children respond to daily VOC variations in ambient air.  In this study, school children with asthma record their symptom status and collect samples of their exhaled breath on days when they experience asthma attacks.  Community sampling is also performed to collect VOC and other pollutant data.

· The second study is an evaluation of asthmatic patients at Kaiser Hospital in Sacramento to determine the role local pollens may play in exacerbating their asthma.  The study intends to examine patient records for evidence of any link between predetermined sensitivity to pollens or reported pollen levels and hospital admissions.

· The final study addresses air pollution impacts on patients of Kaiser‑Permanente Medical Group who live in the San Joaquin Valley.  In this study, hospitalization data are matched with air pollution exposures.  The air pollution data is primarily derived from routine monitoring activities, but is augmented by extensive dedicated PM data collection.

The information from these studies will be used to develop and evaluate those ambient air quality standards and other air pollution‑related public health policies proposed or implemented at the State and community level to protect against the harmful health effects of pollutants.  These actions will lead to improvements in the protection of this highly vulnerable subgroup (children) and have the potential to significantly reduce the direct and indirect health‑related costs borne by all Californians.

Various other organizations have research programs that fund research projects to evaluate the impacts of air pollution on the health of populations, in general, or on specific populations that may be at special risk.  A common feature of almost all of the projects funded by these programs is an emphasis on particulate matter.  Most prominent of these are the USEPA STAR grants program and its PM Center and Supersites programs.  Populations-related research funded under these programs includes a wide array of studies that include the collection of health status data, often linked community and expanded dedicated air monitoring.  Persons with existing cardiovascular and respiratory illness are included in many of these studies.  The elderly and children (especially those with asthma) are the individuals most commonly studied because of known or suspected sensitivity to particulate matter as a component of ambient air pollution.  EPA staff are also very active in population studies of the health impacts of PM, its components and other pollutants.  Other, somewhat smaller populations studies programs are supported by the National Institute of Environmental Health Sciences.  The Health Effects Institute (HEI) has funded studies to reanalyze and extend the findings of the Harvard Six-Cities Study and the American Cancer Society studies, each pivotal studies for the establishment of the most recent federal PM ambient air quality standards.  Health Effects Institute (HEI)-supported studies include the development of a unified methodology to evaluate the nature of health effects in many cities across the United States in which available health outcomes is associated with calculated exposures to pollutants of concern.  Other HEI-supported studies include investigations of the various size and chemical fractions of PM on the health and well being of individuals and populations. 

ARB Research Needs: Several key questions and issues remain to be addressed, beyond the ongoing studies.  Additionally, the ongoing studies have helped identify and refine areas of concern that may require future research.

What are the health effects of long‑term exposures?

Over a period of months and years, an individual may experience repeated acute responses to short‑term high concentration exposures and/or they may experience constant subtle biological responses, due to longer‑term exposures to lower levels of pollutants.  These two types of exposure‑response relationships, independently or combined, may result in “long‑term exposure” effects that are not reversible.  Little research had been conducted and almost no information was available on these types of air pollution health effects until the ARB’s Long‑term Exposure Health Effects Research Program initiated the Children’s Health Study in 1991.  Since then, the ARB has also initiated the Cardiovascular Health Study Air Pollution Ancillary Study (CHS‑APAS) and FACES, both of which are addressing long‑term exposure effects.  In spite of this impressive start, much more work is needed to define the type of exposure or exposures that result in diminished overall health.

Does air pollution influence the development and progression of disease?

Many of the known biological responses associated with air pollution exposures could potentially alter the risk of getting a disease, or influence the way an existing disease progresses in an individual.  For example, even though there is scant evidence that air pollution causes asthma, it is known to induce asthmatic episodes in people with the disease.  Repeated episodes of asthma may damage or alter the respiratory tract of asthmatics, leading to worsening of the disease and a poorer quality of life.  FACES and CHS‑APAS are beginning to examine some of the questions surrounding asthma and cardiovascular disease progression, but much work is yet to be done to understand the relationships between air pollution and disease.

Can the health effects of individual pollutants be measured under conditions of multi‑pollutant exposures?

It is well recognized that, under real‑life conditions, people are often exposed to more than one pollutant at a time.  Thus, it is important to know the ways a biological response to simultaneous exposures to multiple pollutants differs from a response that would occur as the result of exposure to a single pollutant.  For regulatory purposes, it is also important to know the effects of each pollutant, independent of the other pollutants.  There are many challenges to studying multi‑pollutant exposure effects.  Most arise because ambient concentrations of many air pollutants closely track one another; that is, they are high [or low] at the same time and/or the same place, which makes separating their effects difficult.  These challenges can be met by intensive exposure assessment components in epidemiological studies; advances in statistical methods; and carefully conducted, controlled exposure human and animal studies examining single and multi‑pollutant exposure effects.

What are the effects of various PM constituents, alone or when combined with other PM constituents and/or gaseous pollutants?

The health effects of PM exposures are a major focus of research across the country.  To devise public health policies that are fully protective of all members of the population, it is critical that researchers define the biological responses associated with exposures to specific components of PM, alone and in combination with other constituents of PM or gaseous pollutants.  In addition, they must gain understanding of how those responses translate into observable serious adverse health effects, including increased risk of death.

What factors influence exposures?

The concentrations of pollutants measured at a central location in the community generally do not reflect the degree to which an individual is exposed.  An individual’s level of exposure can be influenced by many factors, including how much time they spend outdoors or indoors, pollutant sources and concentrations in different indoor locations, how long they spend in those locations, and the activities they engage in while at those locations.  The degree to which a person is exposed to a given pollutant influences their risk of suffering an adverse effect.  Most air pollution public health policy has been based on concentrations observed at community monitors, but for some individuals or subgroups of the population, such as children, whose exposures may be substantially higher, those policies may not be fully protective.  Much more needs to be learned about the factors that influence exposure, including what factors lead to higher or lower exposures in different population subgroups.

How reliable are exposure estimation models and how should we deal with uncertainty?

In recognition of the fact that community monitoring sites do not accurately reflect the exposures of individuals, and in the absence of readily available personal monitoring devices that could measure an individual’s exposure, researchers have resorted to statistical approaches for estimating exposures.  The accuracy of these estimations depends on the quality and quantity of data available on the concentrations of pollutants in the different environments where people might spend time, such as homes or schools, as well as data on the many factors that influence a person’s exposure, such as activity patterns and housing characteristics.  Often, there is little data on which to base the models, which brings the accuracy of these models into question.  Because these models are being used more and more in epidemiologic studies designed to assess the health effects of air pollutants, there is serious need to determine how reliable the exposure estimates generated by these models are and how best to deal with the uncertainty in those estimates.

How do roadway proximity and traffic modify exposure and impact health?

In California, vehicular emissions represent a major source of primary and secondary air pollutants...pollutants that pose significant risks to health.  A number of studies in Europe, and a few in the United States, suggest that the proximity of a person’s residence to roadways influences the risk of suffering adverse respiratory or cardiovascular effects.  Much more information needs to be gathered on how proximity to roadways influences exposure, and how those exposures relate to biological responses or overt health effects.  This issue is a major focus of the FACES project, and is being examined in both the Children’s Health Study and the Cardiovascular Health Study: Air Pollution Ancillary Study, as well as in a number of studies being conducted by other groups/sponsors.

Possible extensions of the Children’s Health Study have been identified, including refinement of community exposure estimations, as well as a follow‑up of lung health as the participants reach adulthood.  The ARB is seeking to collaborate with the U.S. EPA on a study examining the relationship between long‑term exposure to PM and cardiovascular disease among adults, especially the elderly.  The ARB portion of this project would be sponsored under the Vulnerable Populations Research Program.

Coordination with other Research Organizations: The studies performed in these populations research programs are coordinated with programs supported by others.  This coordination may consist of performing health studies that make use of extensive ongoing or newly planned air monitoring efforts.  The FACES study, for example, was conceived to make use of massive regionally and federally funded PM monitoring.  These monitoring programs have provided both data and infrastructure that greatly assists the health study.  In the Children’s Health Study, the air monitoring needs have been met by a combined network of existing and added air monitoring stations in the communities understudy.  Air districts have agreed to augment their existing stations and, in many cases, operate the augmented sites.

Cooperative funding of studies is also pursued.  The U.S. EPA and South Coast Air Quality Management District contributed to the continued operation of the Children’s Health Study project.  The Health Effects Institute funded extensions of the study that employed subjects who were already participating in the Children’s Health Study and also funded statistical methods development efforts.  The Cardiovascular Health Study extension provides an example of another type of coordination.  In this case, the federally funded study was found to have collected extensive health status data on elderly participants, but had not considered environmental factors in their protocols.  The ARB staff identified the opportunity to expand the effort and leverage a major health study to meet the needs of air pollution health ascertainment.

Effects on Lake Tahoe and Other Sensitive Ecosystems

Introduction: Ambient air pollution is reported to be a contributing factor to a wide range of ecological problems in the U.S.  In California, studies document photochemical air pollution damage to native pine forests surrounding the Los Angeles basin, ozone injury to crops throughout the state, and nitrogen saturation of soils in low‑to‑mid‑elevation chaparral and conifer watersheds.  While ambient air pollution concentrations in southern California have decreased since the 1950’s, increases in population and motor vehicle use beyond 2010 could result in higher exposures and ecological impacts, especially to previously undamaged natural areas.  Moreover, ambient pollution levels in central California have risen gradually over the past 20‑years putting mid‑elevation forests and high‑elevation aquatic systems at risk from oxidants and nitrogenous pollutants.  As air pollution effects to ecosystems are chronic in nature, typically occurring over one or more decades, research priorities need to focus on documenting changes to inputs and effects to sensitive receptors.  In California, ecological monitoring should focus on long‑term impacts of ozone and nitrogen‑derived compounds to mid‑elevation forests and watersheds, nitrogen deposition to high‑elevation lakes, and the overarching impacts of global climate change.

Background: The natural resources and climate of California are integral to its economic productivity and environmental health.  The production of forest and agricultural products are multi‑billion dollar industries in the state, and forested watersheds are critical to the collection and storage of our water supplies.  In addition, selected natural areas in the state are widely recognized for their scenic and aesthetic amenities (e.g., Lake Tahoe, Yosemite Valley), generating considerable revenue from tourism and recreational use.

Air pollution damage to pine forests in southern California was first reported in the 1950’s, and efforts over the last 40‑years have found that amount of tree injury is still significant despite sizeable reductions in pollutant emissions.  Controls implemented to lower regional air pollution have, in some instances, led to higher pollutant levels further downwind from the emissions source.  Thus, ozone exposures have risen in some forests where no damage was previously reported, thereby expanding the area where adverse ecological impacts may be observed in future decades.

From 1983‑1993, the ARB administered two five‑year programs of monitoring and research to investigate the causes and effects of acidic deposition in California.  In terms of ecological research, the principal focus was to evaluate the effects of nitrogen‑derived compounds on sensitive forest and aquatic ecosystems.  Although a stringent control program is being implemented to reduce statewide emissions of nitrogen oxides, it is likely that areas receiving higher exposures to ozone will also experience increased amounts of atmospheric nitrogen inputs.  Thus, the potential for future adverse impacts to forests and aquatic systems remains high.

Recent studies document significant decrements in lake water quality, partially due to air pollution (nitrogen‑containing particles and nitrogen dioxide gas, as well as phosphorus‑containing particles), and marked increases in needle injury to pine trees in the Lake Tahoe Basin (LTB) due to ozone.  Principal sources of these air pollutants are motor vehicles, smoke from residential use, wildfires, prescribed forest burns, and air pollutants transported from the western side of the Sierra Nevada.  Continued exposure to these pollutants is expected to exacerbate current water quality and forest vegetation impacts.

California’s economic prosperity has contributed greatly to population growth in rural areas of the state.  Despite technological advancements that have led to a number of zero and near‑zero emission systems, ambient air quality in the mountain counties of the Sierra Nevada has not improved.  That is because rapid population growth and the associated increases in ozone precursor and particulate matter emissions from mobile sources, construction‑related activities, and industrial operations have largely offset emissions reductions due to advancements in control technologies.

Ongoing Research: In terms of forest effects, two projects are expected to completed in the summer of 2001.  Researchers at the U.S. Department of Agriculture, Forest Service (USDA Forest Service) conducted field surveys along the western slope of the Sierra Nevada to characterize air quality and injury to native pines.  As part of the study, geographic information system (GIS) techniques are being developed to estimate the extent of tree damage occurring at present.  Complementary research to identify ozone‑caused changes in wood biochemistry was conducted by scientists at the University of California, Davis, who collected samples at several of the sites surveyed by the USDA Forest Service.

To increase public awareness of the impacts ambient ozone has on agricultural crops, funding was provided to University of California, Riverside, to establish a demonstration field project at the Kearney Agricultural Research Center in Parlier.  The project will consist of eight field chambers used to grow crops typically cultivated in California’s Central Valley.  Comparison of the amount of damage to plants receiving ambient ozone vs. clean air provides a measure of ozone’s harmful effects.

With respect to high‑elevation lakes, recent studies document significant decreases in the clarity of the Lake Tahoe which appear to be closely linked to air quality.  In fact, average visual clarity decreased from 100 feet during the late 1960s to 70 feet only 30 years later.  The decline is largely due to changes in the nutrient balance of nitrogen and phosphorus in the lake and the effect on growth of microscopic plant life. Understanding the forms of the nitrogen and phosphorus and their sources is necessary for effective control.  Identification of the forms and sources of nitrogen and phosphorus loading is particularly important to developing effective mitigation strategies.

In 1998 the creation of the multi‑agency network focused on data coordination and monitoring support activities directed towards the assessment of long‑term trends in air quality.  The multi‑agency effort involves state (both California and Nevada), local, and federal agencies.  Currently, the ARB staff operates stations at South Lake Tahoe and Echo Summit in California and the Cave Rock site in Nevada, and Washoe County staff operate a station at Incline Village.

ARB Research Needs: The ARB should focus its ecosystem effects research efforts on monitoring impacts that have been found to develop over decade to multi‑decade time‑scales in natural systems, and on characterizing yield losses in agricultural production areas.  Below is a brief description of the primary research needs:

Characterization of the Air Quality in the Lake Tahoe Basin

Evaluation is needed of the long‑term trends in air pollution levels, the extent of air pollution transport to the Lake Tahoe Basin, the importance of specific pollutant sources, chronic effects of air pollution on forests and water quality, and effects of smoke exposure on human health.  This evaluation requires additional monitoring to adequately characterize the spatial complexity of the air basin.

It is suggested that research focus on three broad efforts: 1) expanding and sustaining the multi‑agency air monitoring program; 2) establishing a quality‑assured database for those concerned with stewardship of the LTB; and 3) implementing a research program focused on health and ecological effects in the LTB.

Characterization of Ambient Ozone and Pine Injury in Mid‑elevation Forests

Due to the long‑term nature of ozone impacts on native pines, periodic sampling and analyses of forest areas from the Modoc Plateau to the Tehachapi Mountains would provide a record of air quality and tree injury responses over time.  The work being done by the USDA Forest Service provides a baseline for future follow‑up projects.  Resurveying the same sites every 3‑4 years would allow for any trends to be identified.  The development of a flexible GIS platform would allow for more extensive analyses involving air quality in the forested regions of California.

Sampling of Stream Water Nitrate Levels and Soil Nitrogen Emission Rates in Near‑urban Watersheds

Although stringent control measures have been adopted to limit emissions of nitrogen oxides, streams draining forest and chaparral watersheds surrounding the Los Angeles basin exhibit high levels of nitrate.  Moreover, studies have found soil nitrogen emission rates comparable to those in agricultural fields supplemented with nitrogen fertilizers.  While the amount of nitrogen oxide emissions from urban areas is expected to decline through 2010, levels may rise post‑2010 due to increases in population and vehicle use.  The continued deposition of nitrogenous compounds poses a potential health risk to residents that secure drinking water from reservoirs that collect stream water from nitrogen‑saturated watersheds.

Snow Sampling in High‑elevation Sierran Watersheds

The snowpack in the Sierra Nevada is a principal source of water to municipalities throughout California.  While considerable effort is devoted to measuring the amount of snow deposited, little, if any, effort is earmarked to characterizing the chemical constituents in the snowpack.  As population and motor vehicle use has risen substantially in the mountain counties of the Sierra Nevada, levels of selected analytes could be measured and their trends analyzed to determine the potential for future ecological impacts on water supplies.

Developing a Baseline to Assess Climate Change‑related Alterations

Global climate change serves as an overarching modifier of ecosystem response to ambient environmental stresses.  Inventories of state’s ecological capital would be a first step to understanding where impacts could occur and if those areas presently exhibit adverse impacts from air pollution.  For example, an estimate of how much carbon is sequestered by California forests would be useful in future efforts to determine if credit should be given to entities that preserve natural carbon sinks in lieu of reducing anthropogenic carbon emissions.

Coordination with other Research Organizations: Vast amounts of the state are under ownership by federal land management agencies such as the USDA Forest Service and the U.S. Department of the Interior, Bureau of Land Management.  In addition, resource protection is also of concern to the U.S. EPA and the Resources Agency of the State of California. In the past, contracts have been developed with federal agencies to operate air‑monitoring stations and to conduct field surveys in the vicinity of ARB’s monitoring stations.

In future years, partnerships with other government agencies (e.g., USDA Forest Service) could be developed to co‑sponsor research or monitoring efforts of mutual benefit.  For example, air pollution research remains as a priority concern for the Pacific Southwest Research Station of the USDA Forest Service.  Over the next five years, Forest Service plans to conduct research in several related areas including: 1) Examining air pollution’s role in sustaining biocomplexity in arid, coastal sage, and mixed conifer ecotones of southern California; 2) assessing the frequency, severity and impacts of ozone and particulate matter exceedances in Federal Class I Areas in California; and 3) using passive monitoring systems to characterize multiple pollutant exposures to sensitive mid‑ and high‑elevation ecosystems.

Potential partners in the above effort include the Tahoe Regional Planning Agency (TRPA), the Nevada Division of Environmental Protection and water quality control boards.  The ARB is also cooperating with the local air districts and researchers from the Delta Group at University of California, Davis, and the Desert Research Institute at the University of Nevada, Reno.

Regional Haze

Introduction: While the primary goal of air pollution control is to protect public health, the public recognizes air pollution by its associated haze and judges the success of pollution control programs on perceived reduction of that haze.  “Haze” occurs because gases, particles, and water droplets in the atmosphere scatter light, adding “air light” to a scene and “washing out” the view.  Particulate pollution increases the amount of light scattered or absorbed by the air, producing visible “smog.”  California recognized this in 1969 with the adoption of State visibility standards, and federal law has mandated visibility protection in National Parks and Wilderness Areas since 1977.  Historically, regulators have relied on the loose correlation between "smog" and "haze" to avoid controlling visibility per se, assuming that health‑based efforts to reduce pollution will bring commensurate visibility benefits.  In recent years, as progress has brought compliance with health‑based standards within reach, it has become clear that achieving those standards may not provide all the visibility benefits required by law and public expectation.  Moreover, new federal regulations require explicit treatment of visibility protection through a Regional Haze State Implementation Plan (SIP).  Considerable new research will be needed to provide the information to prepare this SIP.

Background: California has been concerned with visibility for more than 30 years.  Visibility work at the ARB began in the late 1960s with compilation of airport visibility records, which documented visibility conditions around California, but did not identify the causes.  The ARB has funded, led, or participated in several major visibility, aerosol, and related studies.  For example, the landmark report Visibility in California (1979) documented regional visibility patterns and tied them to major pollutant sources.  In addition, the South Coast Air Quality Study (SCAQS) (1987) advanced our understanding of carbonaceous aerosols and secondary nitrates.  More recently, the Southern California Ozone Study (SCOS97‑NARSTO) (1997) provided us a three‑dimensional view of aerosol dynamics and chemical kinetics in the South Coast Air Basin and proved the value of both single‑particle sampling and source‑specific speciated aerosol chemical modeling.  Finally, the ongoing California Regional Particulate Air Quality Study (CRPAQS) is addressing the local and regional, episodic and seasonal PM air quality in the San Joaquin Valley and neighboring air basins.

Some regional haze must be dealt with at continental scales.  The U.S. EPA, Southern California Edison (SCE), and the National Park Service (NPS) cooperated on Project Mojave (1992‑3), which studied transport from southern California and southern Nevada toward the Grand Canyon National Park.  The Grand Canyon Visibility Transport Commission (GCVTC) (1985) conducted an assessment of transport and controllability of haze from sources throughout the western U.S., Canada, and Mexico, as it impacts 16 national parks and wilderness areas in Arizona, Utah, New Mexico, and Colorado.  The study found that improving emission control technology is currently driving total regional emissions downward, but population and emission growth in future decades may overwhelm these controls, and changing wildland fire management policies pose the greatest risk of rapid regional emission growth.

Ongoing Research: Results from the older studies, combined with expected analyses from the more recent work, is providing the ARB with a very good understanding of aerosols and visibility in the South Coast and San Joaquin Valley air basins.  Research within California, led by other agencies, especially the Department of Defense (Project RESOLVE) and Tahoe Regional Planning Agency (Lake Tahoe Visibility Study ‑ ongoing) provide frameworks for understanding the aerosols in the western Mojave Desert and Lake Tahoe regions, respectively.  Visibility conditions elsewhere in the state are not yet well understood.

Current research (through 2001) is focused on completing the CRPAQS work, completing analysis of the SCOS97‑NARSTO aerosol data, and continued development of mechanistic aerosol models.  Additional efforts are being applied to build emission inventories for smoke from wild and prescribed fires in the Sierra Nevada (contract with UC Berkeley), and to develop regional modeling methodologies applicable to the South Coast and San Joaquin Valley air basins (in house).  Long‑term (beyond 2002) visibility research is currently limited to a small project to develop methods of assessing the continental scale distribution of smoke from wild and prescribed fires and a preliminary effort at identifying the frequency and scale of international aerosol transport into California (Mexico and Asia).

Visibility work in the western U.S. today is dominated by the efforts of the Western Regional Air Partnership (WRAP).  This group is attempting to revisit the GCVTC analysis, using newer regional air quality models (Models 3) and an updated emission inventory to confirm the emission and visibility trends predicted by the GCVTC.  California is a minor player in the WRAP, with the U.S. EPA and the other western states carrying most of the load.

These past and current efforts contribute to the ARB's ability to accurately assess the causes of visibility degradation and predict the benefits of controls in the South Coast, San Joaquin Valley, and Lake Tahoe air basins.  However, these well‑funded efforts (SCOS97, CRPAQS, Tahoe) do not have sufficient geographic scope to meet all of ARB's data needs under the new federal regional haze regulations, and the lesser activities will not be completed in time for SIP consideration, due to limited resource commitment.  Furthermore, the regional analyses of the GCVTC (and the anticipated WRAP work products) generally lack the specificity needed to develop SIPs for California’s Federal Class I areas.

ARB Research Needs: Federal Regional Haze regulations impose planning requirements on the State that apply to more than thirty Class I areas located throughout California.  In addition, the regulations require California to cooperate with neighboring states to address visibility impairment at Class I areas within those states that are affected by pollutants originating in California.  Furthermore, international pollutant transport is known to impact California Class I areas, but the frequency and severity of these effects is unknown.

For each in‑State site, California must determine the present degree of visibility impairment and develop a long‑term strategy to reduce, and eventually eliminate, that impairment.  Baseline aerosol monitoring for most of these sites is being provided by the Federal Interagency Monitoring of Protected Visual Environments (IMPROVE) Program, but these data alone will not provide all the information needed to prepare Regional Haze SIPs.

The research needed to support State and federal visibility programs falls into the following categories.

Establish a dedicated visibility‑aerosol data collection and analysis program

This requires both contract efforts to collect and analyze data and the creation, within the ARB, of a staff group with expertise in aerosol monitoring and multivariate data analysis.  In addition, a modeling program is needed to develop California‑specific analyses and to work with aerosol modelers in academic research groups, U.S. EPA, and industry.

Develop advanced, high‑resolution meteorological monitoring and modeling capabilities

High spatial and temporal resolution meteorological data are needed to assess long range transport from urban and agricultural areas through California's complex terrain to the state's Class I areas.  Current capabilities are not reliable when applied in California’s mountains and deserts.

Conduct specialized field studies to build the linkage between pollutant source areas in California and the Class I area monitoring data generated by the IMPROVE network

These studies will include sampling in known "clean" sites or along "clean air corridors", sampling in suspected source areas using IMPROVE‑type monitoring equipment, sampling along suspected transport corridors, and conducting various special studies to properly interpret the effects of rare or short‑term events that are not within the capacity of the IMPROVE protocol to properly resolve or characterize.

Conduct specialized field studies to document natural “background” aerosol concentrations

Natural aerosols include biomass smoke, soil dust, sea salt, oceanic sulfate, and biogenic organic aerosols.  It is erroneous to treat these materials as a constant ”background.”  These materials all exhibit large spatial and temporal variations.  Correctly distinguishing the contributions of “natural” sources of these aerosols from those contributed by anthropogenic sources (forestry, agriculture, fossil fuels, etc.) is essential to determining what visibility goals are appropriate under the Federal Regional Haze rules and when those goals have been attained.  This issue is especially pressing for biomass smoke, since present conditions represent some degree of suppression of “natural” burning and land managers are seeking to significantly increase prescribed fire under the rubric of “returning fire to the landscape.”

Conduct specialized field studies to document internationally transported aerosol concentrations

Recent research (Project MOHAVE, border area monitoring work by ARB, etc.) demonstrate that there are at least two pathways that deliver a persistent flux of sulfate and other aerosols into California.  Pollutants entering from Baja California and the tropical Pacific are both assumed to originate in urban and industrial areas of Mexico.  But other sources, including U.S. Gulf Coast oil and chemical industries, may also contribute.  Correct allocation is necessary to avoid erroneously asking California sources to reduce emissions in an effort to control these pollutants, and to facilitate interstate or international cooperation to address them.

Conduct specialized field studies to document intercontinental transport

Recent research on global pollutant transport indicates a weak but persistent flux of aerosols across the North Pacific Ocean.  These aerosols consist of a mixture of natural dust, agricultural dust and smoke, and industrial combustion products.  The typical contribution of Asian sources to California rural aerosol concentrations is modest at present, but infrequent extreme events have approached the levels of State health‑based standards.  It is also reasonable to assume the expected large growth in Asian emissions may change this situation during coming decades.  A clear understanding of Asian transport is needed to correctly recognize Asian pollution, both to avoid ascribing it to California sources and to properly explain rare extreme events.

Coordination with other Research Organizations: Visibility research in urban and agricultural areas should be linked to the larger program of regional aerosol assessment being funded in support of PM SIP development, and thus should generally be pursued as a cost‑effective adjunct to regional PM research.

Conversely, long‑range transport work will generally need to be addressed as distinct tasks.  Modeling regional haze associated with interstate transport is being addressed by interstate cooperation through the Western Governors’ Association.  However, the WRAP’s funds are committed to modeling and thus unlikely to be available to support field research projects.

Intrastate transport study cooperation should be sought from federal land managers and other national agencies such as DOE, NOAA, NPS, USFS, and DOD.  No significant Federal research is ongoing at this time.  Other California agencies with interests in these problems include CDF, State Parks, and DWR.  With these agencies, the ARB will probably need to take the lead.  Some cooperation regarding emission and activity documentation is already in place through the Interagency Fire and Smoke (IAFS) working group, but agencies that focus on fire and smoke‑related issues should be encouraged to participate in meteorological monitoring and smoke impact studies as well.

Finally, international transport is being minimally addressed by U.S. EPA and the State Department through NAFTA and the Kyoto process, but the bulk of the Federal research support to date has come from climate research supported by NSF.  The NSF’s research activities, in particular, may present avenues of cooperation that ought to be explored.

EXPOSURE ASSESSMENT

Another major research priority concerns characterizing exposure to air pollution.  This include characterizing indoor exposures as well as exposures to sensitive populations.  Improvements in our understanding of exposures will assist with ensuring that our regulatory activities focus on reducing exposures that represent the greatest health concerns.

Personal and Indoor Exposure Assessment Research Strategy

Introduction: The Personal and Indoor Exposure Program seeks to provide risk managers and policymakers with the best estimates of Californians’ actual exposures to air pollution.  Personal exposure is measured by sampling air in an individual’s breathing zone as they move about throughout the day.  These measurements provide the best estimate of pollutant exposure and the best information for estimating dose and consequent risk.  Indoor exposure assessment is the measurement and estimation of individual and population exposure to air pollutants in enclosed environments.  The major indoor, or enclosed, environments relevant to air pollution exposure assessment are homes, workplaces, schools, and inside vehicles.  Because people spend, on average, 87 percent of their day indoors, indoor measurements provide the best estimate of actual exposure to most pollutants when personal exposure measurements cannot be made.  The Board uses personal and indoor exposure information to improve estimates of Californians’ exposure to air pollutants, identify major sources of the pollutants actually inhaled, and develop more effective strategies for reducing harmful exposures.  Specifically, this information is used to estimate Californians’ indoor exposures to toxic air contaminants (TACs), as required under Health and Safety Code Section 39660.5; develop school and office building specifications and materials emission guidelines; develop indoor air quality guidelines for the public; and support actions taken to reduce emissions from consumer products and sources of toxic air contaminants; and for other purposes.
Background:  In 1986, when the Board’s Indoor Air Quality and Personal Exposure Assessment Program (Indoor Program) began, there was little information available on indoor or personal exposure.  Initial research needs included indoor and personal exposure data for nearly all pollutants of interest, information sufficient to characterize Californians’ time and activity patterns, and an exposure model that combined this information to estimate exposures to TACs.

The ARB’s early indoor studies (some co‑funded with U.S. EPA) included cutting‑edge, population‑based studies of adult and children’s activity patterns and breathing rates, and studies of residential and personal exposure concentrations for over 35 volatile organic compounds (VOCs) listed as TACs.  Scientists worldwide have used the activity pattern data and breathing study data for exposure assessment, including OEHHA in its stochastic exposure guidelines for the Air Toxics Hotspots (AB2588) Risk Assessment Guidelines.  Our VOC studies were among the first and largest of the many studies that have shown that both personal and residential indoor concentrations of VOCs are typically much higher than outdoor concentrations.  In other words, these studies demonstrated that exposure and risk estimates based on ambient monitoring routinely and significantly underestimate personal exposures for most VOCs.

In 1990, the ARB co‑funded (with the U.S. EPA) the first major field study of indoor and personal PM exposure, finding that daytime personal exposures to PM10 usually exceeded indoor and outdoor concentrations by up to 50 percent.  In 1997, an ARB‑funded study of pollutant concentrations inside vehicles showed the in‑vehicle environment continues to be a source of very high gaseous pollutant exposures.  Most importantly, for the first time, in‑vehicle levels of diesel exhaust particles were measured and found to be extremely high, thus adding the in‑vehicle environment as another critical component of current exposure assessments.  Other field studies sponsored by the ARB have examined indoor radon, indoor and outdoor PAH exposures, phthalates, metals, and other pollutants.

Building materials and furnishings are major contributors to indoor air pollution.  Chamber studies of emissions from building materials have shown that pressed wood products, such as plywood and particleboard, continue to be major sources of formaldehyde.  Fingernail products, permanent press clothing, and furnishings also contribute notably to formaldehyde exposure.  A study of emissions of VOCs from paints, carpets, and wood products examined methods of exposure reduction, and pointed to a need for further investigation into indoor chemistry based on apparent “sink” effects involving absorption and re‑emission of VOCs.

The ARB has funded the development of tools to help measure and assess indoor and personal exposures to pollutants.  The California Population Indoor Exposure Model was developed to improve estimates of Californians’ indoor and total exposures to TACs, using ARB’s earlier research as a foundation.  The ARB also funded the development of the first portable, real‑time NO2 and ozone monitors.  The NO2 monitor fills an especially critical need in light of the recent National Academy of Science (NAS) report on asthma, “Clearing the Air: Asthma and Indoor Air Exposures,” which found an association between brief, high‑level indoor exposures to NO2 and the exacerbation of asthma.
Ongoing Research: Current ARB indoor and exposure studies are focused in two primary areas: children’s exposures and exposures to particles.  Studies are being conducted on children’s exposures in portable and traditional classrooms, children’s exposures during their school bus commutes (typically in diesel‑fueled buses), and children’s indoor and personal exposures, are part of the Children’s Environmental Health Protection Program (SB25) monitoring effort.

Two major particle exposure studies (co‑funded with the U.S. EPA) to examine the personal and residential exposures of pulmonary disease patients and healthy individuals to PM10, PM2.5, and associated pollutants are currently being conducted in Los Angeles.  These studies are focused on improving our understanding of the relationships among outdoor, indoor, and personal PM exposures and health impacts.  This has been a major area of controversy in the epidemiological studies used as the basis for setting federal and State PM standards.

The U.S. EPA recently completed the National Human Exposure Assessment Survey, which examined indoor and personal exposures of several populations to a variety of pollutants from air, water, food, and dermal exposures.   Analyses are still underway.  Other recent U.S. EPA studies have focused on all aspects of PM and on children’s exposures to pesticides, in response to the Food Quality Protection Act.  Lawrence Berkeley Laboratory has undertaken a study of indoor‑outdoor PM relationships using test homes, and has recently begun examining portable classroom ventilation and improvement options.  The Mickey Leland National Urban Air Toxics Research Center has sponsored a variety of personal and indoor studies, most recently studies focused on assessing children’s exposures in schools.

ARB Research Needs:  Future indoor and personal exposure research needs to focus on several questions raised by recent study results and policy makers:

What is the Impact of Children’s Exposures to Air Pollution and how does it Differ from that of Adults?

Children spend a majority of their time in much different environments than adults.  We need to better characterize children’s exposure to air pollutants, especially to TACs, and the contribution of various sources to those exposures in homes, schools, vehicles, and other environments.

How do outdoor sources of air pollution effect indoor and personal exposures?

A series of studies is needed to adequately answer this questions.  Types of studies include:

· Improved understanding of the contributions of indoor and outdoor PM to exposure, so that the most effective risk reduction strategies can be determined.

· Better understanding of the chemistry and transport of indoor pollutants.  Track‑in, infiltration, and indoor re‑suspension of PM components have been identified as major sources of personal exposure, but have been little characterized.  Also, indoor ozone and hydrocarbons are now known to react to produce high concentrations of indoor aldehydes and PM.

· More complete indoor and personal exposure data for the many TACs where data are lacking, such as diesel exhaust PM.  Also, some previously studied TACs may need re‑assessment to determine the effectiveness of risk reduction measures.

What is the effectiveness of improvements and new formulations of consumer and building products in reducing indoor exposures?

Many consumer and building products have been improved and reformulated to reduce emissions of air pollutants and air pollution precursors.  It is important to determine the impacts of these improved products and new formulations on indoor air quality, especially for “green building” materials and practices which have not been tested for their effectiveness in reducing indoor exposures.

How do short but elevated exposures to smoke from fires impact indoor air quality and exposures?

Exposures to smoke from agricultural burning, forest fires, and residential woodburning have not been well estimated, but appear to be increasing.  Better characterization of exposures from these sources is needed.  The effectiveness of various exposure reduction methods has not been well examined.

Molds and biological material exposures are also a key area of importance, but the Department of Health Services has the lead role in addressing these exposures.

Coordination with other Research Organizations: Current ARB projects are jointly funded or conducted with DHS and U.S. EPA.  These projects meet mutual goals for assessing and improving children’s environmental health.  They also help to better quantify and understand the relationships among outdoor, indoor, and personal exposure levels of PM and its effects on sensitive subgroups of the population.  Our projects and planned research will complement other organizations’ research programs and goals, including the U.S. EPA’s Government Programs and Results Act goals for children’s health and PM and their community exposure studies; the NAS PM research plan; studies on children’s indoor and personal pollutant exposures and community toxics, sponsored by the Mickey Leland National Urban Air Toxics Research Program; HEI’s diesel exhaust exposure studies; LBL’s portable classrooms studies and indoor‑outdoor PM studies; planned IWMB/DHS school and office building material emissions studies; OEHHA’s projects to develop guidelines for children’s exposure risk assessment in classrooms; and the California Energy Commission’s PIER Program studies on portable classrooms, commercial buildings, and indoor air quality.  All of these organizations are potential co‑funders or collaborators for future ARB indoor and personal exposure projects.

Emissions Inventory

Introduction: The emissions inventory, a collection of measured and estimated pollution discharge rates from sources associated with society’s activities, is a key component of State Implementation Plans and community exposure assessments.  Any bias in the emissions inventory results in similar errors in predicted air quality and can lead to the design of less‑than‑optimal emissions control programs.  While emissions inventories for carbon monoxide (CO), volatile organic compounds (VOC), nitrogen oxides (NOX), and sulfur oxides (SOX) for several major source categories in California appear to be converging on the correct result after a concentrated effort over the past decade, inventories for particulate matter (PM), many toxic air contaminants (TAC), and chlorine are still in their infancy and most likely in serious error.

Background: California law mandates the ARB to inventory and project emissions of air pollution within each air basin.  Senate Bill 2174, passed in 1996, requires triennial updates (beginning in 1997) of emissions estimates from all source categories, including on‑road mobile, non‑road mobile, stationary, area‑wide, and biogenic sources.  The legislation further requires the verification of the emissions inventory using direct observations of pollutants in the atmosphere and the explanation of any discrepancies.  Congress has also taken an interest in the accuracy and reliability of the emissions inventory, and commissioned recently completed studies by both the National Research Council (NRC) and the General Accounting Office of U.S. EPA’s mobile source emission efforts.  

The emissions inventory identifies the pollutant‑specific contributions of each emission source within an air basin for a specific year.  In general, emission estimates are the product of emission factors (e.g., mass of pollution per mile for a car) and activity rates (e.g., number of miles driven per car).  Inventory experts project emissions to past and future years using factors accounting for growth and control, and re-allocate emissions to season, time of day, grids of surface area, and specific chemical species using the results from a variety of activity and chemical speciation studies.  Air quality simulation models use hourly, gridded emission inventories in calculations of past and future pollution levels.  The ARB and others employ the air quality simulation models to estimate air pollution exposures, develop ways to reduce emissions, and project the results of these proposed reductions for State Implementation Plans and community exposure assessments.

Ongoing Research: The ARB dedicates about 30 people to the development and maintenance of emissions inventories in California.  Their major focus is on on-road and off-road mobile source emissions modeling (i.e., EMFAC2000 and OFFROAD models), transportation activity modeling (i.e., DTIM model), area sources, point sources, and biogenic sources (described in a later section) for CO, VOC, NOX, SOX, PM, and TAC.  In addition, the staff develop gridded emission inventories for air quality simulation models, project future year inventories, and have recently conducted micro‑scale inventories for community health assessments.  ARB’s extramural research program currently funds studies of heavy‑duty diesel emissions of NOX and PM, off-road sources of VOC and NOX, weekend activity, and emissions of from dust, ammonia, and biogenic sources.  In addition, ARB is funding a first-order inventory of chlorine emissions, which are postulated to be an important source of ozone-initiating chlorine radicals.  The level of support for the past five years reached at least $1,000,000 per year from various parts of the organization.

Other organizations sponsor research directed at emission inventory improvement.  The U.S. EPA, ARB, state and local government agencies, and other organizations participate in the Emissions Inventory Improvement Program to update, improve, and document emissions estimation methodologies through coordination of experts in developing recommended “best practices.”  A recent NRC report identified over 50 ongoing research studies of PM emission sources in the United States.  The Coordinating Research Council (CRC), representing the auto and oil industries, organizes a consortium of sponsors (including ARB, the South Coast Air Quality Management District, the U.S. DOE’s National Renewable Energy Laboratory, and the U.S. EPA) for development of nationally accepted heavy-duty diesel test procedures and a test program of PM and NOX emissions for 75 trucks.  This effort will more than double the existing database of trucks.

ARB Research Needs: Three recent critical reviews by the NRC (“Research Strategies for Airborne Particulate Matter” and “Modeling Mobile-Source Emissions”) and NARSTO (“An Assessment of Tropospheric Ozone Pollution: A North American Perspective”) highlight the need for continued emission inventory research in the areas of PM, mobile sources, and ozone precursors (VOC and NOX).  ARB’s emissions inventory focus both overlaps and, in some cases, is independent, of national emission inventory needs.  Below is a summary of the primary research needs concerning emission inventories:

Improve Diesel and Gasoline PM Emission Factors and Activity Data 

The existing database of heavy-duty diesel vehicles is only 50 trucks.  Databases for many off-road sources are limited or non-existent.  Efforts to acquire additional information are hampered by the lack of accepted drive cycles and standard test procedures.  Additionally, ARB’s designation of diesel PM exhaust as a TAC and the resulting control plan dictate that research of emissions from controlled diesel engines is a priority.  ARB research should focus on development of drive cycles, test procedures, and vehicle testing.  The costs of such a program is much more than ARB can afford, so we will continue to leverage funds by participating in national efforts.  Gasoline PM emissions can also be an important contributor to atmospheric burdens, and vehicle test data, while substantially greater than that available for heavy-duty diesel vehicles, is still very limited in comparison to VOC and NOX data from cars.  Information on the full range of vehicle types and operating conditions is needed.

Acquire Additional Speciation Data

More sophisticated control strategies and a better understanding of air pollution chemistry pointed to the need for more detailed speciation of VOC, PM and TAC species when testing sources and measuring the ambient concentrations of these compounds.  Source emission profiles, determined from source testing and source activity information, are critical emission inventory elements.  These data continually need updating as source emissions change in response to market or regulatory pressures.  Processes may be retooled or products reformulated, making the old source profiles and activity information obsolete.  The current emphasis on regulatory and control strategies for hydrocarbon reactivity, PM SIP requirements, and the effects of cumulative exposure and community health risks, require expanded source testing and updated activity information for VOC, PM, and TAC emissions.

Improve Emission Inventory Verification Procedures

For an emission inventory to be useful, its data and methods of computation must be continually verified and updated.  In general, improvements in apportionment methods are needed to refine the accuracy of the inventory process.  Initially, inventory improvements in the mobile source category focused on the gasoline‑powered fleet, due to its large contribution of hydrocarbons and NOX.  Validation of the earlier inventory databases, using tunnel studies, remote sensing, instrumented vehicle analysis, and fuel‑based emissions inventories, provided justification for an examination of a portion of the measurement data and methods of extrapolation, and identified the need for increased testing of gasoline vehicles and improved testing methods.

Improvement in ambient monitoring, source profile information, and source activity, as well as increased testing, is needed to develop better source apportionment techniques and methodologies.  For example, refinement of the methods for using the U.S. EPA‑approved chemical mass balance model to better apportion the contribution of diesel- and gasoline-powered vehicles to the ambient PM loads is underway.  These actions, combined with updated and expanded Inventory databases resulting from the research activities indicated above, will expedite the review and verification of the entire Inventory.

Emission Inventory Impacts
The ARB's regulatory programs are based on estimates regarding the Inventory and the modeled impact of emissions reductions on ambient air quality.  The finding that diesel trucks emit more NOX than expected indicates the need for more rigorous controls than outlined in the 1994 SIP.  The research in the Caldecott Tunnel confirmed that the emission reductions for Phase 2 reformulated gasoline were realized.  In order to ensure that proposed control measures provide the expected emissions reductions, the ARB should sponsor research studies to more fully investigate, understand, and quantify the emissions impacts associated with proposed control measures.

Develop and Improve Emission Inventories for Biomass Burning
California agriculture and the health of our natural ecosystems depend on periodic burning.  But the resulting haze and smoke create a level of pollution that is intolerable, for both health and esthetic reasons.  To assess health and visibility impacts, we need to assemble emissions data that accurately represents burning activities, with profiles specific to particular ecosystems when they burn.  Since the ARB does not have independent regulatory authority over fire‑related activities, we work with other affected agencies (such as the U.S. Forestry Service and the State Department of Forestry) to coordinate the collection of information on range and woodland fires, as well as agricultural burning.  This information, in combination with the development of GIS databases for all vegetated areas of California, will aid in determining fire emissions risks, while improving our biogenic inventory.

Identify Additional Sources of Chlorine

Chlorine radicals in the atmosphere are known to initiate ozone formation, but an obstacle to understanding is the complete lack of chlorine emission data.  A recently ARB-funded project focuses on reactions involving sea salt spray as a source of chlorine radicals.  Additional sources that should be investigated include swimming pools treated with chlorine and water treatment facilities.

Other Funding Organizations: As part of its emission inventory research program, the ARB will continue to seek out co‑funding/coordination opportunities for emission inventory research to ensure that related efforts are complimentary rather than duplicative.  For example, NARSTO prepared strategic research plans for both ozone and PM.  The plans focus on atmospheric processes, including emission inventories, and NARSTO member organizations aim to use them as blueprints for their research programs.  There are significant overlaps between ARB and NARSTO research objectives, and the NARSTO annual and special topic meetings provide an opportunity to seek co-sponsorships of projects.

ARB has a 15-year history of research coordination with the CRC and continued co-sponsorship of heavy-duty diesel research with CRC, SCAQMD, U.S. DOE, U.S. EPA and others will strength one of the largest uncertainties in mobile source emission modeling.  Opportunities with CRC may exist in other areas such as PM, VOC, and nitrogen species emissions from gasoline-fueled vehicles. The Texas Natural Resources Conservation Commission and ARB share mutual interests in understanding the emissions from Mexican vehicles that visit the U.S., and TNRCC is being encouraged to participate in the CRC-coordinated effort.

Although co‑funding of research projects with the U.S. EPA does occur, coordination tends to be ad hoc.  A more formalized and coordinated planning process with the U.S. EPA should increase the opportunity for leveraging of funds and synergy of the research product.  An important opportunity currently exists for PM-related emission inventory research, as the U.S. EPA is using the NRC PM research priorities report as a roadmap for its research program.

Atmospheric Processes

Introduction: The physical and chemical processes that occur in the atmosphere play a critical role in determining exposure to pollutants.  The sequence of events leading to exposure to a pollutant starts with the release of a substance to the atmosphere.  In the atmosphere, the substance undergoes physical processes, such as dispersion, transport, deposition, and, often, chemical transformations before it reaches the receptor.  Thus, to accurately assess exposure, it is vital to understand the physical and chemical processes that create and transport the pollutants of concern.  Additional research is needed to identify and refine the processes that control ozone precursor species and ozone.  This information is then used to improve atmospheric models that simulate the gaseous and aerosol pollutants in the atmosphere.  These models incorporate chemical and physical transformations, as well as the transport and dispersion of the pollutants.  Accurate characterization of these atmospheric processes is critical to predicting the atmosphere's response to changes in pollutant emissions and climate.  Changes in climate can impact anthropogenic emissions of pollutants and changes in emissions can impact the climate.  A major area for further research is investigating the chemical and physical properties of aerosols that influence not only health and visibility, but also the weather/climate through the differential effects on solar radiation and condensation nuclei.

Background: Air quality models are the tools used by regulatory and academic organizations for simulating atmospheric processes.  The models are based on the current scientific understanding of physical and chemical processes occurring in the atmosphere; however, due to the enormous complexity of the problem and the limitations imposed by computing power, simplifying assumptions must sometimes be made.  The models are used in the development of SIPs, because the models predict how different control strategies will effect pollutant concentrations and, thus, human exposure.  Changes in ambient concentration, in response to changes in emissions, can be very nonlinear and even counter‑ intuitive because, in addition to the mass or rate of emissions, the timing and location of the emissions, and meteorological transport, mixing, and removal processes influence the final result.  Air quality models are constantly evolving as our scientific knowledge of the atmosphere improves and as increases in computing power allow more of the actual atmospheric processes to be included.  Thus, research in this area is needed so that the Board has the best tools possible for this critical task.

Traditionally, control strategies for different pollutants have been developed independently.  While this has been successful in the past, particularly with primary pollutants, the increasing emphasis on secondary pollutants, such as ozone and fine PM will require that control strategies be evaluated in a more unified manner.  For example, initial studies suggest that control measures, which reduce the total mass of PM from diesel engines, may result in significantly higher numbers of fine particles.  It is also possible that VOC controls, designed to decrease ozone levels by substitution of less volatile compounds, could inadvertently increase the formation of secondary organic aerosols, thus worsening fine PM levels.  Therefore, control strategies need to be evaluated in terms of their total effects on atmospheric chemistry and processes, so that the full consequences of all pollutants, not just the target pollutants, are understood.

Ongoing Research: Refinements are routinely being made to meteorological and chemistry modules in air quality (both gaseous and aerosol) models.  In addition to physical processes, air quality models also model the chemical processes that occur in the atmosphere.  Most emissions of interest are chemically reactive, so the models must also simulate the chemical reactions that determine how the intermediate reaction products and their concentrations vary in time and location.  The chemistry occurring in the atmosphere involves thousands of reactions of organic compounds, oxides of nitrogen and sulfur, acids, inorganic compounds, and other substances.  These reactions need to be understood to estimate exposure and design effective control strategies.  For example, the criteria pollutant ozone is a secondary pollutant, one that is not emitted directly, but is formed by chemical reactions.  Its formation requires VOCs and nitrogen oxides (NOX), both of which are emitted into the atmosphere from anthropogenic sources.  In the atmosphere, the VOCs can react with hydroxyl radicals, nitrate radicals, and ozone, or can undergo photolysis, to form products that typically undergo additional reactions.  The reactions of VOCs and their subsequent products can lead to the formation of ozone and can also lead to the formation of secondary organic aerosols and TACs.

The National Science Foundation (NSF) is very much aware of the importance of a healthy environment and is committed to environmental research.  Atmospheric chemistry is one area of research supported by the NSF.  The NSF has supported research to: 1) measure and model the concentrations and distributions of gases and aerosols in the lower atmosphere; 2) identify chemical reactions among atmospheric species, and their sources and sinks; 3) better understand aqueous‑phase atmospheric chemistry and the transport of gases and aerosols throughout the atmosphere; and 4) develop improved methods of measuring concentrations of trace species and their flux into and out of the atmosphere.

ARB Research Needs: To understand the effect of an emitted compound on air quality and human health and welfare, it is necessary to have knowledge of not only the parent compound, but also its first‑ and later‑generation products and how they interact with the environment to cause additional ancillary effects.  Because of the complex nature of both the emissions and the series of reactions that many organic chemicals undergo in the atmosphere before reaching their final products, current knowledge of the chemistry that occurs in the atmosphere is far from complete.  For example, some common classes of compounds, such as aromatics, still have significant uncertainties associated with their mechanisms, and the chemical mechanisms that form secondary organic aerosols are almost totally unknown.  In addition, the effects of pollutant emissions on the radiative balance of the earth, and other planetary interactions, can have far‑reaching implications.  Thus, ongoing research into atmospheric chemistry needs to be supported.

Decision‑makers rely on results from air quality models to provide predictions of ambient concentrations that will result from the implementation of various emissions control strategies.  This information is used to prepare SIPs and estimate human exposure.  Continued development of scientific information for incorporation into air quality models is vital, so the Board has the best tools possible available to determine the most cost‑effective way to achieve health‑based air quality standards and reduce public exposure to adverse environmental effects.

Coordination with other Research Organizations: The National Science Foundation and the National Center for Atmospheric Research, as well as the U.S. EPA, have previously funded research in atmospheric processes and might be expected to co‑fund some future atmospheric chemistry projects.

Emissions from Plants and Soils

Introduction: Biogenic hydrocarbon emissions from California’s plants form ozone and PM2.5.  Developing tools and information to build biogenic emission inventories is part of the triennial inventory update mandate (SB 2174) and supports planning to reduce emissions and exposure to PM.  Vegetation maps and leaf mass databases are also essential components of visibility and fire model building and thus serve to characterize community exposure to air pollutants.  Finally, development of effective means to identify and measure biogenic emissions are necessary to meet the SIP requirements.

Background: Biogenic emissions from plants and soil bacteria include hydrocarbons (methane, CO, CO2, isoprene, methyl butenol [MBO], mono terpenes, sesqui terpenes, oxygenated fraction, aromatic fraction, acetone, and alcohols), nitrogen species (ammonia, NO, N2O, NO2 and organic nitrates), fire combustion emissions of hydrocarbons and NOX, and other trace emissions.  Natural emissions of nitrogen from lightening (atmospheric) complement biogenic emissions.  Natural hydrocarbon emissions from oil seeps complement those emissions from plants (geogenic).  Hot water springs and volcanic eruptions contribute most of the natural sulfur emissions (geogenic).  Acetone and N2O, although not the focus of our current regulatory analyses, roughly determine tropospheric free radical concentrations and may exacerbate global warming.

The U.S. EPA defines biogenic emissions as all non‑anthropogenic emissions, a definition that ignores the differences between biogenic (terrestrial plants, bacteria‑soil, and bacteria‑ocean) and geogenic emissions.  There are fundamental differences because N2O and ammonia dominate bacteria‑soil emissions whereas acetone, alcohols, isoprene, MBO, and oxygenated hydrocarbons dominate plant emissions.  Sea salt, silica, clay and soil type particles, sulfur, and hydrocarbons (seeps) dominate geogenic.  Carbon and sulfur uptakes play important roles in oceanic emission profiles.

The ARB has had a research program in biogenic emissions since 1982.  During this period, our ozone modeling has incorporated biogenic emissions and we have continued to test these inventories.  Since 1992, Modernly’s (Biogenic Working Group (BWG), comprised of ARB, academicians, the U.S. EPA, and the California air quality management districts has been primarily responsible for guiding the development of tools and means in biogenic ozone and aerosol research.  The BWG and ARB staff have developed the Biogenic Emissions Inventory through Geographic Information Systems (BEIGIS) that is our principal tool for producing gridded biogenic emissions to input into photochemical and secondary organic aerosol models.  The Biogenic Research Workshop was held at Cal/EPA headquarters in December 2000 to develop a plan for meeting requirements of the near and long‑term ozone and PM2.5 SIP and to guide BEIGIS development.  The consensus from the Workshop is reflected in the biogenic research topics presented in this Plan.

Ongoing Research: The ARB has sponsored a series of studies to evaluate the GAP GIS vegetation maps and evaluate the leaf area index (LAI) database, using ground‑based instruments.  For BEIGIS applications, GAP has been our principal source for vegetation cover layer data and the satellite‑based LAI database has been the backbone of our leaf mass inputs.  Although we have improved our BEIGIS inputs as a result, we know that biogenic emissions from agricultural and urban vegetation have the highest impact of all biogenic emissions on ambient ozone concentrations.  Urban vegetation that is routinely irrigated can have a disproportionate effect on ozone levels.  We need to understand agricultural and urban forests better to determine their effects on ozone photochemistry and need to further study oak woodlands and pine forests for impacts on ozone and PM2.5 chemistry.

Biogenic Emissions Inventories Systems (BEIS I, II, & III) are the tools the U.S. EPA has used in place of BEIGIS.  The U.S. EPA is currently coding BEIS III.  Desert Research Institute briefly developed a version of BEIS, and other versions of BEIS, including global BEIS (GloBEIS), have been used with varying degrees of success.  BEIS applications led to overestimation of isoprene in northern and central California.  Further, BEIS input databases are less amenable to alteration than BEIGIS.  BEIGIS is specifically suited to California.  The National Center for Atmospheric Research (NCAR) has conducted field studies to validate BEIS, using instrumented balloons and airplanes, and measurements at leaf and branch level.  This approach works well in homogenous vegetation with high levels of soil moisture and a closed canopy, but California presents the challenges of a diverse vegetation mix, semi‑permanent drought, and good ground cover between trees.  Europeans have had extensive programs (the Biogenic Emissions in the Mediterranean Area [BEMA]) that covered even North Africa whose budget has been an order of magnitude that of the U.S. EPA programs.

The ARB has sponsored state‑of‑the‑science analysis of aerosol size and number in concert with similar analysis of total and speciated terpene emissions at a pine plantation at Blodgett Forest  (National Science Foundation Sponsorship).  This work will provide input to our biogenic PM2.5 model selection and evaluate results from simulations of that model, thereby combining our knowledge of aerosols with our understanding of their biogenic constituents to test these findings.  Oregon Graduate Institute has recently been experimenting with new instruments (proton mass spectroscopy) that will measure total terpene emissions.  The NCAR has experimented with a similar instrument to deploy in eastern United States.

ARB Research Needs: The BWG research workshop concluded that BEIGIS development should address the following areas through the prism of long‑term (five years) SIP requirements:

Development of input databases that are robust enough to put into modeling systems that predict visibility, fire, concentration of secondary organic aerosols, and net effects of air pollution on vegetation.  As such, we need to:

a) Develop an interactive Emission Rate and Leaf Mass database with input from all Mediterranean climates through a Scientific Advisory Committee,

b) Extend taxonomic method to terpene and methyl butenol emission rates and leaf mass, and

c) Interact with wildland and urban forest managers to develop and incorporate land use changes into periodic updates of input databases.

Refine ARB’s simulation platform to allow flexibility while increasing sophisticated in terms of interactions with photochemical and secondary organic aerosol models.  This would include the following:

a) Full validations of the combined simulations,

b) Field studies that scale from leaf to branch to region, and

c) Combined simulation exercises to incorporate trans‑pacific transport of ozone and PM2.5.

Investigate emerging sources of biogenic emissions, such as Green Waste Recycling and Trans‑Pacific Transport.  This area offers excellent opportunity for cooperation and coordination with other agencies and organizations, both for information and new sources of funding.

GIS Modeling (Vegetation Maps & Leaf Area)

GIS mapping is essential to the development of any kind of modern emission inventory.  GIS vegetation maps are the primary layers and leaf area databases are overlaid on top of them. We need to develop new programs, strengthen programs already in place, and combine efforts to produce urban GIS vegetation maps.  We need to periodically overlay Cal VEG (DOF and USFS products), GAP, and all other available vegetation maps, and input the best composite map into BEIGIS.  Long term relationships need to be developed to share and coordinate GIS maps from all over the California and Northern Baja.  An executive committee with high level access would probably be needed to develop and build on these relationships with periodic purchase of satellite scenes and sharing of the resulting GIS maps.

BEIGIS generally relies on a satellite‑derived LAI database; our leaf mass data are significantly lower than other models’ predictions.  Measurements should continue for a representative sample of unmeasured plant species and other ecosystems (e.g., urban forests).  We need to gather other data suitable for comparison with our LAI database, from sources such as photographs or remote sensing, to use as possible resources for comparing the LAI.  Further, the LAI database needs to be validated. LAI processes need to be developed that can correct LAI data for species other than oaks, citrus, and pistachios.  Concentrating on measurements in highest leaf mass areas will assist in addressing the various complexities that high leaf density generates.  LAI ground level databases are especially needed for agriculture and urban forests and a robust LAI GIS layer should be prepared for inclusion into fire and visibility and net effect models.

Biogenic Aerosols

To devise appropriate SIP control burdens, it is necessary to understand what fraction of PM2.5 is of biogenic origin and beyond our control.  We must develop gridded biogenic PM2.5 emission inventories through application of BEIGIS outputs as inputs to a secondary organic aerosol (SOA) model for the SIP in 2006.  This objective translates into developing terpene and other aerosol forming biogenic emissions inventory inputs for BEIGIS, building a SOA or other simulation platform, and validating the combined models.  The BWG must assemble and maintain a SOA Model Selection Task.  Terpene emission inventories will support proper selections in the development of the aerosol parts of BEIGIS.  The increase in data should facilitate the timely update of input databases, improvement of the SOA model, and validation of both.

Coordination with other Research Organizations: BWG has always acquired information and tools as part of an in‑kind exchange of resources (e.g., GAP GIS vegetation maps and the satellite LAI database).  In the last six months, the BWG has acquired new GIS vegetation maps and other mapping products from the USFS and California Department of Forestry.  This is the first step in building networks to generate urban vegetation maps and leaf mass databases with cities, counties, and other State and local agencies across California.  Other organizations interested in this work include the U.S. EPA, NCAR, and NSF.  Whenever possible, we will continue to use in‑kind resources and develop co‑funding opportunities.

In particular, the NCAR’s Atmospheric Chemistry Division is active in bio‑geo‑chemistry dynamics; their strategic plan echoes our goal to “investigate the processes controlling isoprene oxidation in the troposphere by measuring the concentrations and ratios of isoprene oxidation products.”  The sites for these studies include a poplar plantation that is surrounded by desert and a large expanse of oak forest.  Ongoing cooperation with NCAR will help us to understand:

· The response of tropospheric ozone and other oxidants to changes in emissions of acetone, isoprene, and other biogenic hydrocarbons;

· The contribution of monoterpenes and other biogenic hydrocarbons to organic aerosol concentrations;

· The role of the biosphere in determining the atmospheric burden and lifetime of methyl bromide and other compounds implicated in stratospheric ozone depletion;

· The contribution of dimethyl sulfide to sulfur aerosol concentrations; and

· The interactions between the carbon and nitrogen cycles.

BEMA had three phases between 1994 to 1998 and had an extensive program of ER and leaf mass development, as well as necessary data for vegetation map building.  Interaction with German and French scientists, in particular, would provide excellent guidance and resource sharing in the long‑term.

Other potential partners include the International Geo‑sphere Biosphere Program (IGBP), whose aim is to “understand the earth and its environment as a whole, in order to detect global change and to help in the planning of responses.”  This is a European program with the proper breadth to consider our work as part of the planetary process and perhaps allow us access to their global modeling platforms.  We look to IGBP for some of the very long‑term tool development and approaches for global change and net effects research.

The U.S. EPA will continue work on BEIS III.  Biogenic research planning at U.S. EPA follows the Emission Inventory Improvement Program.  However, the Biogenic Source Committee has declined to go beyond “improving the application of existing models.”  The University of Texas has a program relying on GloBEIS, developed and run for the Texas Natural Resource Conservation Commission.  We will work with all of these potential co‑funding partners in particular areas of interest.  Further, the North American Research Strategy for Tropospheric Ozone (NARSTO) critical review on natural emissions basically mirrors our view of future research directions.

Multimedia Effects

Introduction: Once released to the environment, many chemicals can infiltrate multiple environmental media (e.g., air, water, and soil).  Even within the atmosphere, chemicals can partition between both gaseous and particle phases.  Identifying how, when, where, and for how long these chemicals and their derivatives impact receptors is critical to understanding the full implications for health and welfare effects.  To accurately assess a chemical's effect on California's population and ecology, a multimedia approach is necessary.  It is important that the approach include both the physical movement among and within different media, as well as chemical transformations and ultimate fate in the environment.  A recent example of the need for a multimedia approach to environmental planning is the introduction of MTBE to gasoline and the subsequent contamination of groundwater from leaking gas tanks.  Both the report to the Governor and Legislature, "Health & Environmental Assessment of MTBE," and comments on that report stressed the need for more comprehensive environmental assessments when considering changes to fuel.  However, concerns about multimedia effects have much wider applications than just fuel/groundwater interactions.  Air pollutants can deposit on bodies of water and soil, where additional environmental impacts can occur.  Contaminants in soil and water can also get into the atmosphere via evaporation and air stripping processes.

Background: The Department of Toxic Substance Control (DTSC) believes multimedia effects must be considered to provide better exposure assessments near contaminated sites.  CalTOX, a model that partitions chemicals between air, water, soil, and vegetation, was developed for DTSC.  CalTOX provides exposure estimates for inhalation, ingestion, and dermal uptake via 23 exposure paths, including household soil, dust, and water (even from showering and steam from dishwashers).  CalTOX is an example of a fugacity type of multimedia mass‑balance model, one that accounts for rapid transient changes in chemicals.  Professor Don MacKay of Trent University developed the fugacity type of model.  In one application, he used the model to provide a more accurate estimate of the impacts of toxics release inventories by combining emissions data with toxicity, environmental lifetime, and the potential for multimedia partitioning to generate numbers which more accurately represent risk.  As part of that analysis, he estimated that, when pentachlorobenzene is emitted into water, 58 percent of it partitions into the atmosphere.  Thus, ignoring multimedia effects in this case would result in a substantial underestimation of the actual emissions into the air.

The importance of transport from the atmosphere to water can be seen in an analysis of the role of atmospheric deposition of nitrogen to the health of the Chesapeake Bay.  Atmospheric deposition contributes 20‑35 percent of the nitrogen entering the Bay and water‑only nitrogen reduction strategies were not enough to meet target reductions.

These examples demonstrate that transport to and from the atmosphere from other media can play a significant role in inventory reconciliation.  By failing to take multimedia effects into account, we are possibly ignoring large sources and sinks for some chemicals, as well as their environmental and health impacts.

Ongoing Research: The interaction of indoor and outdoor environments is an aspect of exposure which is not usually addressed by current multimedia models.  Indoor environments have a high surface to volume ratio and many of the surfaces can act as sinks, absorbing and then re‑emitting chemicals.  Additionally, indoor environments provide many exposure routes.  While CalTOX provides estimates of exposure, additional research is needed to measure actual exposure.

Another area that is only beginning to be explored is the transformation of compounds through chemical reactions.  Traditionally, control strategies have been developed independently for each pollutant.  While this has been successful in the past, particularly with primary pollutants, the increasing emphasis on secondary pollutants, such as ozone and fine PM will require that control strategies be evaluated for total impact, in a more comprehensive and unified manner.

The San Francisco Estuary Institute (SFEI) is undertaking a monitoring program to provide the Regional Water Quality Board with scientific information in support of environmental decisions regarding pollution prevention and abatement for the San Francisco Bay.  As part of a multi‑year program to assess the sources of metals and organic compounds in the Bay, SFEI began a limited pilot study in 1999 to determine the magnitude of direct deposition of air pollutants to the surface of the Bay.  The pilot study is intended to determine whether aerial deposition may be disregarded or eliminated from consideration as a potentially significant source of contaminant loading to the Bay or if it must be more rigorously quantified, along with other sources.  Similarly, efforts have been initiated to estimate the relative impact of atmospheric deposition on water quality (e.g., clarity) at Lake Tahoe.  Deposition of air pollutants has been found to cause significant contaminant loading to other bodies of water, such as the Great Lakes.

The Reactivity Research Working Group (RRWG) is also interested in multimedia research and recently published two Request For Proposals (RFPs); one to investigate the effect of multimedia partitioning on VOCs and the other to combine a multimedia model with a simple air quality model to investigate the multimedia effects on ozone formation.

Under U.S. EPA funding, ManTech has been involved in some of the Chesapeake Bay work.  In developing Models‑3, a modeling framework designed to support environmental models working together by creating common interfaces between different systems and platforms.  ManTech’s efforts are facilitating the integration of air quality models with water quality models.

The School of Civil & Environmental Engineering at Georgia Tech has developed a Multimedia Environmental Simulations Laboratory.  The Analytical Contaminant Transport Analysis System has been developed as a Windows‑based application to provide professionals in subsurface hydrology, surface hydrology, and environmental health fields with compact analytical tools to evaluate the migration and fate of contaminants in multimedia (air, surface water, and groundwater).

ARB Research Needs: Additional research is needed to develop better tools for determining multimedia effects and total exposure to deleterious compounds, whether directly emitted or derivative products.  These efforts must consider contaminant exchange in both directions between air and other media.  These research efforts must also consider the varied media (e.g., air, water, soil) and environments people are exposed to indoors (e.g., home, work, portable classrooms), in motor vehicles, and outdoors.

The RRWG sponsored a workshop in June 2000 which brought together experts in the fields of both air quality modeling and multimedia modeling to establish prospects and priorities for integration of environmental fate and air quality models.  The specific purpose of the workshop was to produce research recommendations to help in the development of a model that can evaluate the importance of multimedia processes on the ozone‑forming potential of compounds.  Several projects developed at the workshop are currently in the RFP stage.  While the workshop's scope was limited to hydrocarbon reactivity, its research recommendations could provide a starting point for further work, which could address the broader issues covered in the previous paragraphs.

Coordination with other Research Organizations: The U.S. EPA has already funded some projects investigating multimedia effects.  It is likely that they and the NSF would be willing to co‑fund additional multimedia effects research in the future.

Benefits and Costs of Air Pollution Control

Introduction:  The primary role of the ARB is to protect public health by improving air quality in California.  The benefits of improved air quality are reduced morbidity and mortality in populations sensitive to air pollutants, enhanced public welfare, and increased ecological protection.  The ARB has extensive information on air quality and emission levels, but less information on the health and welfare impacts of improved air quality, such as reduced disease, improved visibility, and greater crop yields.

Background:  The main goal of the ARB’s benefits program is to estimate the physical impacts of improved air quality and provide decision‑makers with an estimate of the value of those impacts in dollars.  These benefits have been monetarily evaluated occasionally in the past.  The SCAQMD, the U.S. EPA, and the ARB have all conducted research to quantify the benefits of improved air quality in dollar terms.  Estimating the dollar value of benefits and the dollar cost of control helps the decision‑making process by allowing decision‑makers to compare the positive and negative effects of an action with a common denominator.  Economic cost estimation of proposed regulations has long been a part of the ARB's regulatory process.  Since the 1970s, the ARB has carried out a progressive economics research program investigating the costs and benefits of emission reduction programs.

An economic analysis of air pollution’s effects on public health is obviously complex.  Such analyses investigate the impacts that air pollutants have on the human body and develop "damage functions" to estimate those effects at different levels of air pollution.  These effects include eye irritation, coughs, sore throat, and other respiratory function damages.  One way to estimate the monetary value or cost of air pollution induced morbidity is to estimate how much people would have to be compensated to suffer the damages.  The value for each effect is added to arrive at an estimate of the total morbidity cost of air pollution.  To measure the monetary value of mortality caused by air pollution, past studies first used statistical analyses of population health and morbidity data to estimate the number of deaths attributable to air pollution effects.  These deaths, lost lives, were then assigned a dollar value and added to the morbidity cost to derive a total cost of air pollution health effects.  The reduction of this cost resulting from clean air programs is then the monetary benefit of those programs.

In the early 1980s, the ARB conducted research evaluating public health, agricultural, and material damages of the state’s polluted air.  An ARB research project identified public health degradation in the absence of air pollution control and estimated the dollar value of avoiding the degradation.  The results of such studies are useful to the ARB's air quality management decision‑making process.  Poor air quality affects agriculture mainly through damages that reduce crop yield.  The ARB sponsored research at the University of California, Davis to estimate the value of these damages, in an effort to assess the overall impacts on farmers and consumers (assuming AAQSs for ozone) of air pollution on important California field crops.  Statewide benefits of achieving the alternative standards ranged from $50 million to $333 million per year.

The ARB staff uses benefit valuation studies and additional data to respond to concerns and questions from the Board and other decision‑makers.  For example, the last three SIPs approved by the Board considered the benefits of air pollution control, using the valuation studies and data collected by the staff.  The benefits derived from those studies were compared with the compliance costs of control.  In all cases, the comparisons showed that the benefit of achieving the air quality standards outweighed the cost.  Continued research in benefit and cost estimation will help the ARB to achieve its primary goal of protecting the public health and welfare.

The economic impact of clean air regulations on the state’s economy, businesses, and individuals has also been studied.  In 1983, the Legislature passed several bills requiring air quality regulations to be evaluated for their economic impact on business, including competitiveness, business expansion, and the creation (or elimination) of jobs.  Methodologies such as (1) productivity analysis, (2) financial ratio analysis, (3) supply and demand analysis, and (4) model simulation have been used to evaluate costs and impacts of regulations.  The University of California at Berkeley was awarded a contract to develop a complex mathematical model capable of stimulating the impacts of ARB's major regulations on the California economy.  In the early 1990s, the cost of environmental regulations was considered by some to be a cause of the difficulties faced by California businesses.  The ARB, concerned about its regulatory impacts, undertook several research projects to improve the efficiency of its regulations.  One research project studied benefit/cost and socioeconomic impact methodologies; another studied the impacts of regulation on business relocations; and a third studied the economic impacts of the proposed 1994 SIP on the California economy.

Ongoing Research: The ARB's current benefits research focuses on estimating the cost of illnesses caused by air pollution on episodic days.  Earlier studies have estimated the correlation between air pollution and cardiopulmonary diseases using hospitalization data in the South Coast Air Basin. Hospitalization costs are indicators of how much air quality degradation is costing Californians.  Another indicator is the public's willingness to pay to keep the air clean and avoid hospitalization.  This project will also estimate people’s willingness to pay to avoid the effects of air pollution.

Another current project examines jobs and incomes generated from air pollution control expenditures.  Many air quality regulations require expenditures in new equipment, operation, and maintenance.  These expenditures create jobs and incomes that can be viewed as a benefit to the economy to be weighted against the costs of control.  The expenditures to clean California's air have spawned industries or extended segments of other industries that export equipment, know‑how, and services to other states and the rest of the world.  The jobs and income created by the business expansion are a part of the benefits.

ARB Research Needs: The public health benefits of improved air quality need to be further researched and evaluated.  The ARB should focus on expanding the benefits estimation to include all direct and indirect benefits of improving air quality.  Below is a summary of research priorities:

· Estimate Benefits of Air Pollution Control in the Last 20 Years: Future projects could continue investigation how to evaluate the public health effects of small changes in emission levels and how to improve our ability to estimate the health cost imposed on the public because of delaying regulations.  These projects could include updating an earlier ARB study that compared the benefits of air quality control to a scenario of no controls and studies that evaluate the economic benefits of improved visibility, increased protection of the ecosystem, and the impact of air pollution on plants and animals.

· Estimate the Benefits of Reducing Asthma by Reducing Air Pollution: A worthwhile future research project is to estimate the value of reducing asthma in the sensitive population by determining the costs of the health effects of air pollution such as hospital, medication, and doctor's costs associated with asthma.  Implementing informational programs on protecting children from the effects of allergens that exacerbate asthma could be of enormous value to parents concerned with improving their children's health.

· Update Health Effect Values by Estimating the Public’s Willingness to Pay to Avoid Health Effects Air Pollution: The ARB should continue the focus on how much the public values air pollution reductions.  By updating the valuation of all health effects, including children’s long function losses, cancer, mortality, and morbidity, the benefits estimates should increase compared with estimates done a decade ago.  These updated values should maintain the benefit/costs ration above the one demonstrated in the past.

Coordination with other Research Organizations: The ARB has collaborated with the U.S. EPA, universities, state agencies, and health institutions to complement rather than duplicate existing work in the areas mentioned above. Co‑funding opportunities will be explored with other institutions interested in the work proposed here.

TECHNOLOGY ADVANCEMENT AND POLLUTION PREVENTION

The ARB will continue to be engaged in several activities to advance the development, demonstration, and commercialization of technologies associated with zero or near zero emissions.  Further, the ARB will also take steps to advance pollution prevention alternatives.

Clean Air Technologies

Introduction: This element of the Plan addresses the further advancement of emissions control technology, including the development of near‑zero and zero emissions control technologies.  Commitments contained in the SIP for attaining the national ambient air quality standards (NAAQS) and the need to address existing and potential issues related to the use of advanced control technologies provide much of the impetus for this advancement.

Background: The 1990 amendments to the federal Clean Air Act set new deadlines for attain NAAQS standards, based on the severity of the pollution problem.  This focused attention on the need for advanced emission control technologies and launched a comprehensive planning process for attaining the NAAQS.  The promulgation of new federal eight‑hour ozone and PM2.5 standards in 1997 resulted in additional statewide air quality planning efforts.  Additionally, new federal regulations will require future SIPs to address ways to improve visibility in national parks and wilderness areas.

To address new standards and timetables, the ARB, local air districts, and transportation agencies have developed SIPs that reflect the need to implement technically feasible and cost‑effective controls that are not yet available.  Over the next three to five years, SIPs will be developed for meeting the federal PM2.5 and eight‑hour ozone standards.  To attain these standards (as well as California’s AAQS), effective near‑zero emission control technology will need to be used for many sources of emissions.  For example, development of clean diesel engines, fuel cells for vehicles and stationary sources, and zero‑VOC solvent technologies for coatings and other applications will be required.  Also, as technologies advance, we will need to update information on the relationships between activities and emissions for both mobile and stationary sources.  For example, controlling the composition and properties of gasoline and diesel fuel is a major element of both the ARB’s ozone SIP and its program to control exposure to PM in diesel exhaust.  However, the current fuel regulations are based on data relevant to the types of vehicles in use more than ten years ago.  This information will need to be updated to include more recent information, including newer engine families and changes in vehicle activity.

Ongoing Research: As part of the ARB’s ongoing research efforts, the goal of the Clean Air Technologies Program is to support development of advanced control technologies capable of providing solutions to air pollution problems.  Some of the projects in this program focus on short‑range objectives and focus on technology needed to meet regulations currently in place.  However, the development, demonstration, and commercialization of broad‑based technologies designed to reduce air pollution (i.e., the Innovative Clean Air Technologies or ICAT program) have also been funded to address longer‑term anticipated needs and potential issues.

The development of new clean air technologies is the focus of research outside ARB as well.  The U.S. EPA sponsors research on cutting edge technologies through its Office of Research and Development (ORD).  The ORD recently published its Year 2001 Strategic Plan.  Because environmental protection is changing in so many significant ways, the U.S. EPA, as part of its strategy, will be focusing on non‑traditional approaches that address new issues such as global climate change, non‑point source pollution, and the risks associated with emerging technologies.  New technologies identified in its strategic plan focus on miniaturization, energy generation, transportation, and remote sensing.  The South Coast Air Quality Management District  (SCAQMD), through its Technology Advancement Office (TAO), provides assistance to the private sector to accelerate the development of low‑ and zero‑emission technologies.  Since its inception, the SCAQMD has co‑funded more than 250 projects involving a wide array of low‑emission technologies and clean‑fuel applications.

This past year, the ARB has continued to move beyond environmental regulation to environmental protection in the broadest sense.  For example, alternative generation technologies are being pursued to address the recent shortages in electricity generation supply, including reciprocating engines, microturbines, small gas turbines, fuel cells, solar panels, wind turbines, and batteries.  To address these developments, we have modified our ICAT program towards emerging technological needs in emissions control.  Our latest ICAT solicitation invites applications related to indoor sources, fuel cells, and clean sources for distributed power.  Other efforts include the coordination of environmental programs with other agencies to address energy, waste, and toxic issues, and the promotion of pollution prevention and reduction through the development of more environmentally compatible technologies.

ARB Research Needs: The ARB should continue to focus its technology advancement and pollution prevention efforts on both mobile and stationary sources of pollution.  Traditionally, air pollution control programs have been categorized into motor vehicles and stationary sources.  More recently, control strategies have also addressed TACs.  Due to the major role of mobile sources in the emissions inventory and the special challenges represented by increased use of both on‑ and off‑road vehicles, motor vehicle research will continue to be important for meeting our goals and objectives.  Although most of the largest stationary sources have been controlled, there are numerous categories of stationary source emissions that have been particularly problematic.  While these sources may individually represent a relatively small portion of the emissions inventory, they continue to represent a significant portion of the emissions inventory when combined with other similar sources of emissions.  Another important impetus for improved clean air technologies is the potential for a reduction in the risks of cancer and other significant health problems from air toxic emissions, especially for children and other sensitive populations.  Below is a summary of our recommendations in each of these categories:

Mobile Sources: Light‑duty vehicles, heavy‑duty vehicles, alternative fuels, hybrid vehicles, diesel exhaust, and characterization of ultra‑fine particle emissions present the most significant challenges for mobile source control strategies over the next few years.  Research to support these strategies will be needed in the following areas:

· Develop advanced fuel cell vehicles for commercial application.  A major effort is needed to obtain technical information on vehicle systems, fuel and fueling infrastructure, and fuel cell engine systems.
· In addition to after‑treatment, advanced engine technologies are needed to significantly reduce PM emissions.  Further development of advanced engines, such as lean burn Otto‑cycle engines and variations to the diesel cycle, will lead to greater fuel economies and reduced emissions compared to existing natural gas‑ and diesel‑fueled engines.
· Determine the impacts of changes in diesel technology, especially from ultra‑fine emissions, and ways diesel PM changes as the exhaust plume disperses.

· Develop an integrated system for on‑board emissions measurements coupled with technology for the diagnosis of engine operating conditions.

· Investigate methods of improving the durability of computer system sensors to extend the life of newer emission control systems.

Stationary Sources: Emissions from stationary sources are of increasing concern as the major sources of mobile emissions are brought under better control.

· One area of concern is emissions from consumer products and industrial processes.  These emissions can be significantly reduced through a shift to low/non‑VOC coatings.  Because some low or non‑VOC solvents, used for applications such as degreasing and cleaning, pose problems relating to global warming and toxicity, water‑based cleaners should also be investigated.

· VOC emissions from valves and flanges at facilities that process petroleum and natural gas are also cause for concern.  The methods used to quantify these emissions do not address the VOC mass emissions rate and are impractical to use for the hundreds of thousands of leaking components.

· Techniques should be developed to better quantify mass emission rates and steps should be taken to improve the database for existing regulations.  For example, the emissions data that support current fuel regulations were generated in the late 1980’s.  This data was used for the ARB’s gasoline and diesel fuel regulations and for the “predictive model”.  Accurate information for the current on‑road vehicle fleet is essential for updating the predictive model.

· Address energy, waste, and toxic issues by promoting pollution prevention and reduction through the development of more environmentally compatible technologies.  For example, fuel cells are being designed for use in stationary electric power generators, for applications ranging from residential to commercial and industrial applications.

Toxic Air Contaminants: Two toxic air contaminants, dioxins and PAHs, are emitted from most combustion processes, and have complex chemistries.  The source of much of our ambient dioxin is unknown.

· Develop less expensive, more effective, and less timely sampling methods for dioxins.  An overall source apportionment should be conducted, with consideration of potential “upset” or episodic conditions.

· Determine whether reformulation of diesel fuel could reduce exposure to carcinogenic PAHs.  PAH emissions become more toxic as they are transported downwind, and a significant health threat exists from multi‑media exposure to carcinogenic PAHs derived from airborne emissions (which are largely derived from unburned PAHs found in diesel fuel).

Coordination with other Research Organizations: We are reaching out to build strategic alliances with outside parties, which will provide new insights, help us leverage resources, and promote continued progress.  A number of other agencies sponsor research to develop emissions control technology, such as the Coordinating Research Council (CRC), SCAQMD, and the CEC.  The SCAQMD, through its TAO, co‑sponsors research projects with private companies, research institutes, other government agencies, and universities. Historically, it has leveraged $4 in co‑funding for every $1 provided by AQMDs. Other such organizations include the U.S. EPA, the California Fuel Cell Collaborative, and the Los Angeles Department of Water and Power.

There are a number of organizations that are keenly interested in the development and advancement of efficient and cost‑effective fuel cells and other alternative energy sources.  Organizations, including the University of California, Irvine National Fuel Cell Research Center (NFCRC), promote and support the genesis of a fuel cell industry through research, development, and demonstration.  The NFCRC has developed alliances with fuel suppliers and manufacturers of fuel cells to support the development of a market with fuel‑efficient, environmentally friendly energy sources for transportation, distributed power generation, and power station applications.

We will seek to work with all of these organizations to develop alliances as well as investigate co‑funding opportunities for zero and near‑zero emissions research.  These cooperative efforts will also help to ensure that research is complementary rather than duplicative.

Distributed Electricity Generation

Introduction:  Distributed generation (DG), defined as electricity generation near the place of use, is expected to play an increasingly important role as one of the options for customers to meet part of their electricity needs.  Depending on the technology deployed, distributed generators can range from zero emission sources to high emitting sources, with respect to both toxic and criteria pollutants.  Given the anticipated growth in the use of DG over the next several years, the ARB has an extraordinary opportunity to partner with interested stakeholders to promote the development and commercialization of zero and near zero emission DG technologies.

Background: Before the recent shortages in electricity generation supplies, it was already expected that deregulation would create additional opportunities for DG.  The forecasts on DG market penetration vary wildly (e.g., some forecasts suggest that DG could meet as much as 20 percent of California’s total electricity demand).  Although the coordinated efforts currently underway are anticipated to address the recent shortages, DG is expected to play an increasingly important role in the suite of energy choices available to customers in the not‑to‑distant future.

Distributed generators are typically smaller than five megawatts.  Further, distributed generators are not limited to a single technology.  Instead, DG can employ numerous technologies, including reciprocating engines (diesel and natural gas), microturbines, small gas turbines, fuel cells, solar panels, wind turbines, and batteries.  However, some DG technologies create significant sources of ozone‑forming air emissions, as well as toxic pollutants.  For example, certain DG technologies (e.g., use of diesel generators) lead to NOx emissions over 100 times greater than from new natural gas‑fired central station power plants.  In addition, these distributed technologies can be exempt from the permitting requirements of air districts.

With respect to regulatory activities, the ARB recently presented its Board with a plan for reducing emissions of diesel particulate from a broad spectrum of both new and existing mobile as well as stationary sources.  As a result of the Board’s approval, the ARB is developing a series of regulations that are expected to dramatically reduce diesel particulate emissions from sources that include certain distributed generators (e.g., diesel generators).  In addition, SB 1298, passed in 2000, addresses potential concerns about the increased deployment of high emitting distributed generators.  In short, the bill requires the creation of a streamlined regulatory program that ensures each new distributed generator operated in California is either certified by the ARB to meet uniform emission standards or is subject to the permitting authority of a local air district.

Ongoing Research: The potential increased used of DG was evaluated as part of an ARB‑sponsored research effort, which determined that, on economic terms, certain DG technologies could capture a significant fraction of the increased demand for electricity over the next decade.  The study also indicated that the technologies that were most competitive also tended to be the highest polluting.  It should be noted that the study relied on a series of assumptions that are not consistent with the recent developments in the deregulated market.

The Department of Energy (DOE) is currently supporting studies to promote the commercialization of efficient clean air DG technologies.  For example, the DOE’s September 2000 Strategic Plan for Distributed Energy Resources identifies its plans for distributed resources research over the next five years.  The research priorities focus on technology development, systems architecture and integration, and systems implementation and outreach.  The requested funding for the program in FY 2001 is approximately $250 million.  In addition, the CEC has supported research that included developing recommendations for a DG technology certification program.  The CEC is also currently exploring further research on DG under its Public Interest Energy Research program.  Specifically, the CEC is developing its long‑range plan for DG research.  The plan, which is being developed in coordination with the ARB, is expected to identify research that includes improving tools to characterize emissions from DG, emission reduction technologies, and energy efficiency advancements.  Other organizations involved in DG‑related research include the National Renewable Energy Laboratory, Gas Technology Institute, Electric Power Research Institute, technology manufacturers, and universities.

The ARB should focus DG research on advancing the development and commercialization of the cleanest, most efficient sources.  The ARB should also take steps to better characterize the impacts that increases in the use of DG will have on air quality.  Below is a summary of the primary research needs concerning DG:

· Develop/Demonstrate Zero Emission and Near Zero Emission DG: Research into technologies that produce electricity while minimizing emissions (and other adverse environmental impacts) will continue to be a high priority.  For example, the most common forms of DG technologies today are predicated on the combustion of fossil fuels.  Further, for DG, it is typically not cost‑effective to use the cleanest control strategies associated with larger electricity generating sources (e.g., selective catalytic reduction).  Finally, few control options effectively address all of the pollutants emitted (e.g., NOx, PM, hydrocarbons, toxics, CO, and CO2).  Working in partnership with key stakeholders, it is recommended that the ARB support research activities that advance the development and demonstration of zero and near‑zero DG technologies.  It is anticipated that efforts to advance the development of fuel cells for stationary applications will play a prominent role in these efforts.

· Characterize Inventory/Air Quality Impacts of DG: The ARB should take steps to better characterize the emissions, as well as the air quality impacts, associated with DG.  For example, because small distributed generators are typically not subject to air permits, the information on the number of units in use, as well as the associated emissions, have not been well characterized.  Further, because distributed generators are typically not subject to best available control technology requirements or emission offset requirements, the air quality impacts of certain DG technologies may be significant.

· Improved information on the net air quality impacts of DG will be an important part of future revisions to the SIP.  For example, certain distributed generators typically have higher emissions than new central station power plants, but because they are near the source of use, they do not experience the line losses associated with the distribution of electricity over transmission lines.  Therefore, the ARB expects to better characterize the net emission impacts associated with the increased use of DG.  These research activities will require that we have reliable forecasts on the market penetration of distribution generation.  As such, the ARB will consider building on the economic study previously discussed.

Coordination with other Research Organizations: As part of its DG research activities, the ARB will continue to build strategic alliances with outside organizations to leverage research funds.  For example, there are a number of organizations keenly interested in the advancement of efficient, cost‑effective fuel cells.  These organizations include the CEC, DOE, local air districts, the U.S. Department of Energy, the U.S. EPA, the National Renewable Energy Laboratory, the California Stationary Fuel Cell Collaborative, the National Fuel Cell Research Center, the California Fuel Cell Partnership, and others.  As indicated above, there are long‑range research plans being developed/under development by the DOE as well as the CEC that identify low emission DG technologies as a priority.  These related activities provide exceptional options for establishing or strengthening partnerships.  As such, the ARB will seek out co‑funding/coordination opportunities for zero and near‑zero emission research to ensure that related efforts are complimentary rather than duplicative.

GLOBAL AIR POLLUTION

Changes in global climate, in response to an increase in greenhouse gases, are expected to create regional changes in temperature, humidity, and precipitation.  Research is needed to determine the impact of these changes on regional air quality and, in turn, existing and future control strategies.  On occasion, dust and other pollutants transport from Asia and the Saharan Desert and contribute to regional background levels of PM and ozone.  Investigations are needed to study the effect of increasing industrialization of Asia and desertification on PM and ozone control needs in California.

Introduction: Changes in global climate, in response to an increase in greenhouse gases, are expected to create regional changes in temperature, humidity, and precipitation.  These will, in turn, impact the effects of existing and future control strategies.  These changes may also intensify or alter atmospheric airflow patterns and contribute to the transport of pollutants into California.

Concerns about global warming must be taken very seriously.  Most scientists working on this problem worldwide now acknowledge that global climate change is a reality.  Emissions resulting from human activities are substantially increasing the atmospheric concentrations of the greenhouse gases: CO2, methane, chloro‑fluorocarbons, and nitrous oxide.  These increases will enhance the greenhouse effect, resulting, on average, in an additional warming of the Earth's surface.  Warming or cooling of the earth could affect our lives through impacts on resources such as water supplies, energy supplies and demand, agriculture, forestry, natural habitat, outdoor recreation, and, of greatest concern to ARB, air quality and public health.

Background:  Anthropogenic emissions of greenhouse gases to the atmosphere are growing and involve every sector of the economy.  Carbon dioxide emissions have increased 30 percent during the past century.  Methane emissions have doubled in the past 100 years.  Over the same period, nitrous oxide levels have risen about 15 percent.

Fossil fuel combustion produces the largest amount of CO2 emissions.  In California, approximately 43 percent of the CO2 emissions come from cars and trucks.  Agriculture is a major source of both methane and nitrous oxide, with additional methane coming primarily from landfills.  Catalytic converters on automobiles contribute to the levels of nitrous oxide.

Nitrous oxide is a significant contributor to atmospheric warming because of its high global warming potential.  Estimated U.S. anthropogenic nitrous oxide emissions totaled 1.0 million metric tons in 1997, about 47,000 metric tons above the 1990 levels.  Nearly all the increase from1990 levels can be attributed to emissions from motor vehicles.  Synthetic gases, such as chloro‑fluorocarbons (CFC) and hyrofluorocarbons (HFC), absorb infrared radiation strongly, although all have low atmospheric concentrations, and are much more effective as greenhouse gases than CO2.  On a molecule‑for‑molecule basis, they can be 1,000 times more efficient in absorbing infrared energy.  Therefore, any significant increase in the amount of CFCs or HFCs emitted into air could contribute to global warming.
Projected climate changes will impact California's air, public health, and environment by influencing the production of smog, distribution of pollutants, and amount of pollution that remains in the air.  For example, variations in temperature of land, sea, or air affect air currents and the type, duration, and frequency of precipitation.  Population growth patterns and vehicle usage also fluctuate according to climatic conditions.  These changes may impact the effectiveness of existing pollution control strategies and the attainment of air quality standards statewide.

In 1988, the Legislation directed the CEC to study the potential impacts of global climate change within the state.  Results from the CEC's analysis were particularly supportive of actions to promote battery‑powered electric, zero‑emission vehicles (ZEVs).  ZEVs emit approximately 45 percent less CO2 than a gasoline‑powered vehicle, and because they have no need of emissions control systems, such as catalytic converters, do not produce nitrous oxide.

Ongoing Research: There is overall consensus among climate scientists worldwide that global climate changes are occurring at an accelerated rate.  This appears to be due to significant increases in greenhouse gases as the result of human activities, primarily the production and use of energy.  However, because major uncertainties about the location, timing, and exact impacts of such changes still exist, further research is needed to refine and more accurately predict climate changes and their results.

Results of several research studies, conducted by marine life research scientists of the University of California, San Diego, indicate that the condition of the California atmospheric circulation system, while always variable, has changed greatly since 1977.  During most of this time, there has been much warmer water throughout the eastern half of the north Pacific.  This has resulted in a large depression in plankton production; major declines in fish, squid, and seabird abundance; and a reduction in lesser kelp bed growth rates.  Average wave heights have increased in southern California, El Niños are more frequent, the incidence of “red tides” has increased, and beach and shoreline contours are changing.  Scientists have been investigating the impact of environmental changes on forest ecosystems through field observation, controlled experiments, historical records, and computer‑based modeling.  The results of these studies, conducted by ecologists of the University of California, Berkeley, indicate that climate change would affect various aspects of forest ecosystems.  Temperature increase enhances respiration of plants as well as the growth of microbes in the soil.  Change in decomposition of organic matter in soil may result in alteration of biogeochemistry of the ecosystems.  Change in climate and ecosystem structure may also increase fire hazards and affect the conditions that cause pest and disease infestations.

Health scientist at the Centers for Disease Control and Prevention have identified several possible health effects that might increase worldwide with global climate change.  These include heat stress, insect‑ and animal‑borne diseases, respiratory diseases, allergic diseases related to environmental allergens, developmental effects (i.e., perinatal mortality and/or preterm birth), and health problems resulting from malnutrition and lack of water.  Current risk assessments of the likely regional health impacts of global climate change are hindered by two factors. First, dose‑response relationships between weather parameters and many of the likely health effects have not been developed and, second, reliable estimates of future regional climates across the United States are still beyond the scope of current modeling efforts. Consequently, probabilistic risk estimates of most of the likely regional health impacts of global climate change have such a high degree of uncertainty that their usefulness to health officials dealing with regional issues is very limited.

Both regional and global climate changes are occurring in response to intensified human activities.  The possibility of significant climate change resulting from human activity is arguably the most challenging and complex environmental issue facing the world over the next century.  There are compelling reasons why action should be taken now.  First, many greenhouse gases have lifetimes of decades or even centuries in the atmosphere, so the problem cannot be eliminated quickly by simply stopping emissions.  Second, the eventual warming of the oceans expected from a given level of greenhouse gases occurs over many decades, so what we experience today does not accurately represent the full effect of current levels of greenhouse gases.  Third, if improved scientific understanding confirms that we are on a rapid warming pathway, then significant action to lower total long‑term greenhouse gas emissions will become necessary.

ARB Research Needs: The purpose of the global climate research program is to assess the effects of greenhouse gas emissions, especially as they impact the public health and environment of California.  This comprehensive scientific research and assessment will help policymakers design the most appropriate control strategies to reduce greenhouse gases emissions.  The global change research areas include:

· Coordinating with on‑going air quality research and regulations in California: It has been ARB policy to consider the effect of its regulations on the release of greenhouses gasses.  This coordination will provide information that will be used to prioritize global climate changes research activities.  The coordination activities should include:

a) Analysis of all new regulations to consider their impacts on greenhouse gas emissions and global climate change.

b) Analysis of current studies of the effects of global climate change on criteria pollutant concentrations.

c) Solicitation of technologies that provide better ways to prevent or control greenhouse gas emissions through ARB’s ICAT program.

d) Publication of a “Clean Car Guide to CO2 Emissions” to help consumers choose the cleanest and most fuel‑efficient vehicle.

· Improving GHG Emission Inventory and control measures: Central to any study of climate change is the development of an emissions inventory that identifies and quantifies the State’s primary anthropogenic sources and sinks of greenhouse gas emissions.  California should also support a wide variety of control measures to reduce both criteria pollutants and greenhouse gases emissions.  Research activities to support these goals include:

a) Mitigation of N2O from motor vehicles catalysts.  Recently, it has been found that the use of catalytic converters in cars significantly increases emissions of N2O.  Thus, N2O emissions from motor vehicles need to be quantified and potential control measures identified.

b) Improve the emissions inventory of methane and N2O.  Calculation of CO2 emissions from fossil fuels is straightforward.  Methane and N2O emissions estimates are much more uncertain, since they are generally inferred by extrapolating experiments conducted on a small number of samples across a large regional population. Methodologies for estimating greenhouse gas emissions need to be refined.
c) Stationary Source Fuel Cell Commercialization and Demonstrations – Fuel cells are poised to make significant contributions to stationary power generation.  Stationary power generated fuel cells can play an important role in reducing CO2 emissions.  A quantitative analysis should be conducted.

d) Identify potential measures/technologies to reduce in‑state methane emissions and quantify the resultant air quality and greenhouse gas reduction benefits.

e) Encourage the benefits associated with mitigating urban heat islands with trees and more reflective roofs and streets.

f) Identify low‑emitting trees for CO2 sequesterization programs.  Because current U.S. climate change compliance methods relies on increased tree planting, it is critical to investigate which trees combine low biogenic emissions with other desirable traits.

g) Recycling CO2 – utilizing captured and recycled CO2, instead of using CO2 exclusively from natural reservoirs, to reduce greenhouse emissions to the atmosphere from enhanced oil recovery.

h) Encourage voluntary technology certification.  This program could provide some benefits to the early adopters of measures designed to reduce greenhouse gas emissions.

i) Analyze the economic impacts of global climate change on California.  An analysis of the effects of increasing climate variability and its impacts on consumers, farmers, and industries is needed.  Additionally, the program could examine how California could participate in and benefit from an emission trading program to lower the cost of compliance or increase emission reductions that occur within the state.

· Assessing the effects of global climate changes on air quality: Few studies have investigated the effects of global climate change on air quality.  Given the agency’s legal mandate with respect to air pollution and the importance of health effects that have been associated with both tropospheric ozone and PM, examining the effects of global climate change on air quality should be a major focus of the global change research program.  Research activities should include:

a) Assess the potential consequences of global change on tropospheric ozone and PM concentrations.  The assessment should answer questions on climate variability, UV radiation, and which areas will experience the largest deterioration in air quality and subsequent failure to attain air quality standards.

b) Analyze the effects of climate changes and increasing temperature on biogenic hydrocarbon emissions.

c) Investigate the role of natural and anthropogenic aerosols in climate change, as well as the role of the atmospheric chemistry in changing the composition and concentrations of aerosols.

Since health is affected by a variety of social, economic, political, environmental, and technological factors, assessing the health impacts of global climate change is a complex challenge.  As a result, health assessments will need to look beyond epidemiological and toxicological research to develop integrated health assessment frameworks that consider the effects of multiple stresses and their interactions.  There should be research and assessment activities examining the consequences of global change on weather‑related morbidity and waterborne diseases.

Greenhouse gases and climate change issues are, by their very nature, interdisciplinary.  Transportation, energy production and use, industrial processes, disposal and recycling of wastes, and agriculture all contribute to the release of greenhouse gases.  Thus, evaluating climate change issues and developing a statewide control policy requires the coordinated input of many agencies.
Coordination with other Research Organizations: There are a number of organizations actively interested in funding this line of research.  These organizations include the CEC, local air districts, the U.S. DOE, the U.S. EPA, the California Stationary Fuel Cell Collaborative, the California Fuel Cell Partnership, and others.  For example, climate change research can be coordinated with the U.S. EPA through the U.S. Global Change Research Program.  Many federal departments and agencies are involved in climate change research activities through this program.  U.S. EPA's research aims to address key scientific questions concerning factors affecting the ecological vulnerability of terrestrial ecosystems to climate change; to examine the human health risks associated with the ecological impacts of climate change; and to examine the socio‑economic effects of climate change and adaptations to mitigate those effects.  The ARB will seek out co‑funding/coordination opportunities to ensure that related efforts are complimentary rather than duplicative.

Public Outreach and Dissemination of Research Findings

Communication of the ARB’s goals and programs to stakeholders and the public is essential to the success of its programs.  Cleaning up the air is a cooperative effort and requires the assistance and support of a broad spectrum of stakeholders.  The Research Division attempts to involve as many interested parties as possible in the dissemination of research information.

Research and the adequate distribution of the resulting knowledge can make significant contributions in advancing efforts in the air pollution arena.  The ARB utilizes the World Wide Web by publishing research results (final project reports) and maintaining updates of major projects on the research home page, located at http://www.arb.ca.gov/research/research.htm.

The Research Division has also created list serves, which allows interested parties to register their email addresses.  Notices are sent to these individuals when new items are added to the research webpage or when information becomes available in an area where they have expressed an interest.  For more information about the research list serve, please visit the ARB’s home page at http://www.arb.ca.gov.

Finding innovative ways to connect the public to our mission is important and we will continue to develop new methods for information sharing.
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