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Bay Area Greenhouse Gas Emissions Inventory: 2007

Introduction

The Bay Area Air Quality Management District (Air District or BAAQMD) is the
regional public agency responsible for the protection of the public’s health and welfare
from airborne pollutants, primarily by promulgating and enforcing regulations to reduce
air pollution as provided by the Federal Clean Air Act, California Clean Air Act and State
legislative mandates. The District’s jurisdiction encompasses all of seven counties-
Alameda, Contra Costa, Marin, San Francisco, San Mateo, Santa Clara, Napa- and the
southern portions of Solano and Sonoma counties. The Air District is governed by a 23-
member Board of Directors composed of locally elected officials from each of the nine
Bay Area counties. In addition to its regulatory program, the Air District issues permits,
operates an extensive incentives program, and conducts public outreach and education.

The Air District established a climate protection program in 2005 to explicitly
acknowledge the link between climate change and air quality. Rising temperatures as a
result of climate change threaten to undermine years of progress in improving air quality
in the San Francisco Bay Area. At the same time, many longstanding air quality
strategies such as programs to promote alternatives to the automobile, improve energy
efficiency and encourage cleaner technologies also reduce greenhouse gases. The Air
District regularly prepares inventories of criteria and toxic air pollutants to support
planning, regulatory and other programs. This greenhouse gas inventory is based on the
standards for criteria pollutant inventories and is intended to support the Air District’s
climate protection activities.

Climate Change and Greenhouse Gas Emissions

The greenhouse effect is a natural process by which some of the radiant heat from the
Sun is captured in the lower atmosphere of the Earth, thus maintaining the temperature
and making Earth habitable. The gases that help capture the heat are called greenhouse
gases (GHG). All of these gases have been identified as forcing the earth’s atmosphere
and oceans to warm above naturally occurring temperatures.

Once, all climate changes on Earth occurred naturally. However, during the Industrial
Revolution, we began altering our climate and environment through changing agricultural
and industrial practices. Before the Industrial Revolution, human activity released very
few gases into the atmosphere, but now through fossil fuel burning, deforestation and
growing population (e.g. waste disposal), we are affecting the natural mixture of gases in
the Earth’s atmosphere. Increased concentration of these gases is upsetting the natural
balance of incoming and outgoing solar energy. Emissions of carbon dioxide are the
leading cause of global warming, with other pollutants also contributing. Carbon dioxide




concentrations, which ranged from 265 ppm to 280 ppm over the last 10,000 years, only
began rising in the last two hundred years to current levels of 365 ppm, a 30% increase.
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Some greenhouse gases occur naturally in the atmosphere, while others result from
human activities. Naturally occurring greenhouse gases include water vapor, carbon
dioxide, methane, nitrous oxide, and ozone. Certain human activities, however, add to
the levels of most of these naturally occurring gases. The most common greenhouse
gases, and those which are identified in AB32, the Global Warming Solutions Act of
2006 and are discussed in this report, are carbon dioxide, methane, nitrous oxide,
hydrofluorocarbons, perfluorocarbons, and sulfur hexafluoride.

Carbon Dioxide (CO,) is released to the atmosphere when solid waste, fossil fuels (oil,
natural gas, and coal), and wood and wood products are burned.

Biogenic Carbon Dioxide (Bio-CO,) emissions are a subset of total CO, emissions which
are emitted from materials that are derived from living cells, excluding fossil fuels,
limestone and other materials that have been transformed by geological processes. Bio-
CO, originates from carbon that is present in materials such as wood, paper, vegetable
oils and food, animal, and yard waste.

Methane (CH,) is emitted during the production and transport of coal, natural gas, and
oil. Methane emissions also result from the decomposition of organic waste in municipal
solid waste landfills and the raising of livestock.

Nitrous oxide (N,O) is emitted from agricultural and industrial activities, as well as
during combustion of solid waste and fossil fuels and during production of adipic acid,
and nitric acid.

Very powerful greenhouse gases, also known as high global warming potential (GWP)
gases that are not naturally occurring, include hydrofluorocarbons (HFCs),
perfluorocarbons (PFCs), and sulfur hexafluoride (SF¢). These gases are emitted from
industrial processes such as semiconductor manufacturing, use as refrigerants and other
products, and electric power transmission and distribution.

Each greenhouse gas differs in its ability to absorb heat in the atmosphere. High GWP
gases such as HFCs, PFCs, and SFg are the most heat-absorbent. Methane traps over 21
times more heat per molecule than carbon dioxide, and nitrous oxide absorbs 310 times
more heat per molecule than carbon dioxide. Often, estimates of greenhouse gas
emissions are presented in carbon dioxide equivalents, which weight each gas by its
global warning potential. Table A shows the global warming potentials for different
greenhouse gases for a 100 year time horizon. The global warming potentials used in this
report are in accordance with the Second Assessment Report (SAR) of the
Intergovernmental Panel on Climate Change (IPCC).




Table A: Global Warming Potentials (GWPs) for Greenhouse Gases

Gas GWP
CO, 1
CH, 21
N,O 310
HFCs/PFCs 90- 11,700
SF 23,900

Greenhouse Gas Emissions Inventory

An emissions inventory is a detailed estimate of the amount of air pollutants discharged
into the atmosphere of a given area by various emission sources during a specific time
period. This GHG emissions inventory builds on the Air District’s many years of
experience preparing inventories of criteria and toxic air pollutants.

This emission inventory includes direct and indirect GHG emissions due to human
activities. The emissions are estimated for industrial, commercial, transportation,
residential, forestry, and agriculture activities in the San Francisco Bay Area region of
California. Both direct greenhouse gas emissions from locally generated electricity in the
Bay Area and indirect emissions from out-of-region generated electricity for consumption
in the region are reported.

Emissions of CO,, Bio-CO,, CH4, N,O, HFCs, PFCs, and SFg are estimated using the
most current activity (e.g., cubic feet of natural gas burned or vehicle miles traveled) and
emission factor data from various sources. Activity data used in preparing this GHG
inventory is the same as is used in preparing the Air District’s criteria and toxic
inventories. Emission factor data was obtained from the U.S. Department of Energy’s
(DOE’s) Energy Information Administration (EIA), the California Energy Commission
(CEC), and the California Air Resources Board (CARB).

Methodology

Emission sources can be broadly divided between stationary and mobile sources.
Stationary sources can be further divided between point and area sources. Stationary
emission sources identified on an individual basis or as a single source are called point
sources. Electric power generating plants and oil refineries are examples of point
sources. Based on Air District permits for stationary sources, the Air District maintains a
computer database with detailed information on operations and emission characteristics
for nearly 4,000 facilities, which include roughly 25,000 different sources, throughout the
Bay Area. Activity data on the sources are collected at the process level from each
facility and are updated regularly as part of permit renewal. The greenhouse gas
emissions from these sources are calculated by multiplying activity data by standardized




emission factors for each greenhouse gas. These emission factors take into account fuel-
specific carbon content and the percent of carbon that oxidizes to convert to carbon
dioxide emissions. Some of the combustion emission factors for various fuels used for
this emissions inventory are shown in Table B. Examples of activity data used to develop
the inventory are shown in Table C.

Stationary emission sources that are not identified individually are called area sources.
Area sources are groups of numerous small emission sources, which individually do not
emit significant amounts of pollutants but together make an appreciable contribution to
the emission inventory. Many area sources do not require permits from the Air District,
such as residential heating, restaurants, and the wide range of consumer products such as
paints, solvents, and cleaners. Some facilities considered as area sources do require
permits from the Air District, such as gas stations and dry cleaners. Emissions estimates
for area sources are developed based on estimated activities and emission factors for
various categories.

Mobile sources consist of on-road motor vehicles and other mobile sources. Examples of
on-road motor vehicles are cars, trucks, buses and motorcycles. Other mobile sources
include boats, ships, trains, aircraft, and garden, farm and construction equipment.
Greenhouse gas emissions for on-road motor vehicles were calculated using CARB’s
EMFAC2007 model together with vehicle miles travelled (VMT) and other activity data
by county from the Metropolitan Transportation Commission’s (MTC) Regional
Transportation Plan (RTP2030). Other off- and on- road mobile source emissions were
calculated based on estimated fuel used and emission factors in Table B. GHG emissions
for ships are calculated for ship travel within 100 miles of the San Francisco coastline.
Aircraft emissions are calculated for air travel within the Air District boundaries.

Table B: Generalized GHG Emission Factors (Lbs. /Usage Unit)

Fuel CO, CH, N,O Unit
Liquid Fuels
Distillate Fuel (Fuel Qil, Diesel) 22.4 0.00053 0.00019 Gallon
Jet Fuel 21.1 0.00052 0.00019 Gallon
Kerosene/Naphtha 21.5 0.00050 0.00018 Gallon
Liquified Petroleum Gases (LPG) 12.8 0.00025 0.00002 Gallon
Motor Gasoline 19.6 0.00055 0.00020 Gallon
Residual Fuel (Bunker C Fuel Oil) 26.0 0.00022 0.00021 Gallon
Auviation Gasoline 18.4 0.00052 0.00019 Gallon
Bio-diesel 20.7 0.00049 0.00018 Gallon
Propane 12.7 0.000003 2.3E-07 Gallon
Butane 14.7 0.000003 2.3E-07 Gallon




Table B (continued)

Fuel CO, CH, N,O Unit
Gaseous Fuels
Natural Gas 120.6 0.00020 0.00020 1000 ft3
Landfill Gas 110.5 0.21050 0.00024 1000 ft3
Digester Gas 104.7 0.02997 0.00030 1000 ft3
Carbon Monoxide 116.1 0.00270 0.00019 1000 ft3
Refinery Waste Gases 139.0 0.00320 0.00022 1000 ft®
Solids
Refuse/Waste 2,000 0.29790 0.08980 Ton
Wood and Other 3,814 0.29790 0.08980 Ton
Agriculture Waste Burning 174 0.14000 0.35000 Ton
Petroleum Coke 6,769 0.44920 0.10630 Ton
Table C: 2007 General Statistics
Population Daily Electricity Daily Natural Daily Gasoline Daily Vehicle
P Usage Gas Usage Sales Miles Traveled
County (1000's) (Megawatt hours) | (Million cu.ft.) (1000's gal.) (Millions)

Alameda 1,532 31,395 150 1,759 38.0
Contra Costa 1,039 23,204 636 1,150 25.7
Marin 255 4,033 24 337 6.2
Napa 136 2,679 13 169 45
San Francisco 801 17,720 118 961 12.4
San Mateo 729 12,909 71 947 194
Santa Clara 1,805 44,114 212 2,160 40.1
Solano* 308 6,443 44 353 7.2
Sonoma* 431 6,977 31 489 10.6

Total 7,036 149,474 1,300 8,327 164.1

* Portion within Bay Area Air Quality Management District




Revisions to the Previous GHG Inventory

This emissions inventory estimates greenhouse gas emissions produced by the San
Francisco Bay Area in 2007. This inventory updates the Air District’s previous GHG
emission inventory for base year 2002 (published November 2006). All activity data has
been updated to reflect more current industrial activity, motor vehicle travel, and
economic and population growth. Most of the methodologies for calculating emissions
remain the same, with certain exceptions: 1) emissions from electricity consumed in the
Bay Area but generated outside the region are now included; 2) emissions of ozone
depleting substance (ODS) substitutes such as hydrofluorocarbons and perfluorocarbons
used as refrigerants etc. are now included; 3) more complete oil refinery process
emissions are included in this inventory; 4) certain off-road equipment (e.g., construction
and industrial) previously was included in the transportation sector and is now reported
separately; 5) ship emissions are now calculated for travel within 100 nautical mile of the
California coastline rather than 3 nautical miles to be consistent with the Air District’s
criteria pollutant inventory and; 6) biogenic CO, emissions are calculated but not
included in the total CO, equivalent estimates for the region.

Because of these revisions, caution should be used in comparing this 2007 GHG emission
inventory to the previous 2002 inventory. These revisions have resulted in different
estimates of Bay Area greenhouse gas emissions. Consequently, the percentage
contributions from individual sectors may be affected. For example, estimates of
transportation emissions have not changed significantly between the two inventories, but
the percentage from the transportation sector has changed because the estimated total
emissions are greater in this inventory (due mainly to increased estimated emissions
resulting from the revisions summarized above). Such ongoing updates are typical of
emission inventories. Examining emissions forecasts and backcasts in a single emission
inventory is more useful in determining trends than comparing one inventory against
another.

Summary of Bay Area GHG Emissions

In 2007, 95.8 million metric tons of CO,-equivalent (MMTCO,E) greenhouse gases were
emitted by the San Francisco Bay Area (88.7 MMTCO,E were emitted within the Bay
Area Air District and 7.1 MMTCO,E were indirect emissions from imported electricity).
A breakdown of Bay Area greenhouse gas emissions by pollutant is shown in Figure 1
and Table D.




Figure 1: 2007 CO2-Equivalent Emissions by Pollutant
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Table D: 2007 CO2- Equivalent Emissions by Pollutant
Pollutant Percentage CO2-Equivalent
(Million Metric Tons / Year )

Carbon Dioxide 91.6% 87.8
Methane 2.6% 25
Nitrous Oxide 1.6% 15
HFC, PFC, SF6 4.1% 4.0
Total 100% 95.8




The greenhouse gas with the greatest emissions is carbon dioxide (CO,). Carbon dioxide
emissions from various activities in the Bay Area represented about 91.6 percent of total
greenhouse gas emissions in 2007. Carbon dioxide emissions are mainly associated with
combustion of carbon-bearing fossil fuels such as gasoline, diesel, and natural gas used in
mobile sources and energy-generation-related activities. Other activities that produce
CO, emissions include oil refining processes, cement manufacturing, waste combustion,
and waste and forest management.

Bio-CO, emissions are from materials that were grown through the process of
photosynthesis and thus the carbon they contain was relatively recently in the
atmosphere. Burning of these materials does not add any net CO, to the atmosphere.
Bi0o-CO, emissions are tracked and shown separately in Tables K through T and Table V
and are not counted in the anthropogenic emissions inventory directly. This is consistent
with CARB’s methodology for GHG inventories. Landfills, fireplaces, and wastewater
treatment plants are the largest sources of Bio-CO, emissions.

Methane (CH,) emissions from various sources represent 2.6 percent of Bay Area’s total
CO,-equivalent GHG emissions. Landfills, natural gas distribution systems, agricultural
activities, stationary and mobile fuel combustion, and gas and oil production fields
categories are the major sources of these emissions.

Nitrous oxide (N,O) emissions represent 1.6 percent of the overall greenhouse gas
emissions inventory. Municipal wastewater treatment facilities, fuel combustion, and
agricultural soil and manure management are the major contributors of nitrous oxide
emissions in the Bay Area.

Emissions from high GWP gases such as hydrofluorocarbons (HFCs), perfluorocarbons
(PFCs), and sulfur hexafluoride (SF¢) make up about 4.1 percent of the total CO,-
equivalent emissions. Industrial processes such as semiconductor manufacturing, use as
refrigerants and other products, and electric power transmission and distribution systems
are the major sources of HFCs, PFCs and SFgemissions in the Bay Area.

GHG Emissions by Sector

Greenhouse gas emissions by end-use sectors are shown in Figure 2 and Table E. Fossil
fuel consumption in the transportation sector was the single largest source of the San
Francisco Bay Area’s greenhouse gas emissions in 2007. The transportation sector
contributed about 36.41 percent of greenhouse gas emissions in the Bay Area. Categories
included in this sector are on-road motor vehicles, locomotives, ships and boats, and
aircraft.




Figure 2: 2007 Bay Area GHG Emissions by Sector
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Table E: 2007 Bay Area GHG Emissions by Sector

End-Use Sector

% of Total Emissions

CO2- Equivalent
( Million Metric Tons / Year )

Industrial / Commercial 36.40% 34.86
Residential Fuel Usage 7.12% 6.82
Electricity / Co-Generation * 15.87% 15.20
Off-Road Equipment 3.05% 2.92
Transportation 36.41% 34.87
Agriculture / Farming 1.16% 1.11

Total 100% 95.8

* Includes Imported Electricity emissions of 7.1 MMTCO, E
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The industrial and commercial sector (excluding electricity/co-generation and
agriculture/farming, which are reported separately) was the second largest contributor,
closely following the transportation sector, with 36.4 percent of total GHG emissions.
Industrial and commercial sources include industrial processes such as oil refining,
natural gas and other fuel combustion, waste management, cement manufacturing, fuel
distribution, refrigerant usage, and some other small sources.

Energy production activities such as electricity generation and co-generation were the
third largest contributor with 15.9 percent of the total GHG emissions (including
imported electricity emissions). California imports about one-fifth to one-third of its total
electricity usage, mainly from the northwestern and southwestern states. The Bay Area
used about 54.6 million megawatt hours of electricity in 2007, about one-third of it was
generated outside of the Bay Area. Electricity and co-generation facilities within the Bay
Area Air District emitted about 8.1 million metric tons of CO,-equivalent (MMTCO,E)
emissions in 2007 and emissions from electricity imports were estimated to be 7.1
MMTCO,E. While imported electricity is a relatively small share of the Bay Area’s
electricity mix, out-of-region electricity generation sources contribute a larger share of
GHG emissions. This is due to the fact that electricity generation in the Bay Area is
mainly from natural gas-fired and other cleaner burning power plants. Out-of-state
electricity generation is also from coal-fired power plants which have higher carbon
intensity.

The contribution from residential fuel combustion was the fourth largest with 7.1 percent
of the total GHG emissions. Residential fuel combustion emissions are primarily from
space heating, cooking and water heating.

Off-road equipment such as construction, industrial, commercial, and lawn and garden
equipment contributed 3.0 percent of GHG emissions.

Agriculture and farming was the smallest sector with 1.2 percent of the total greenhouse
emissions in the Bay Area.

More detailed information on greenhouse gas emissions by source category, for the
region and for each county, is provided in Tables K through U. Table V contains the list
of the 200 largest greenhouse gas emission point sources/facilities in the San Francisco
Bay Area.

An emissions breakdown for the two largest greenhouse gas emitting sectors in the Bay
Area, industrial/commercial and transportation, is shown in Figure 3, Table F and Figure
4, Table G respectively.
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Figure 3: 2007 Industrial/ Comm. Sector Emissions Breakdown
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Table F: 2007 Industrial/ Commercial Sector Emissions Breakdown

Source Category

% of Total Emissions

CO2-Equivalent
(Million Metric Tons / Year )

Oil Refineries 40.7% 14.2
Waste Management 4.5% 1.6
Natural Gas Boilers/Heaters 32.8% 11.4
Turbines/ I.C. Engines 2.7% 1.0
Cement Plants 2.4% 0.8
Refrigerants/ Natural Gas Distrib. 12.6% 4.4
Other Fuels Combustion 4.2% 15

Total 100% 34.9
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Figure 4: 2007 Transportation Sector Emissions Breakdown
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Table G: 2007 Transportation Sector Emissions Breakdown

Source Category

% of Total Emissions

CO2-Equivalent
( Million Metric Tons / Year)

Cars/ Light Duty Trucks 76.2% 26.6
Med./ Heavy Duty Trucks 9.5% 3.3
Buses 2.2% 0.8
Motor-Homes/ Motorcycles 0.5% 0.2
Locomotives 0.3% 0.1
Ships/ Boats 3.8% 1.3
Aircraft 7.5% 2.6

Total 100% 34.9

GHG Emissions by County
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GHG emissions for the nine Bay Area counties under the Air District’s jurisdiction are
summarized in Figure 5 and Table H. See Tables K-T for detailed emissions information.

/
Figure 5: 2007 CO,-Equivalent Emissions by County
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Table H: 2007 CO2- Equivalent Emissions by County

County % of Total Emissions CO2- Equivalent
(Million Metric Tons / Year )

Alameda 16.3% 15.7
Contra Costa 32.9% 31.5
Marin 2.8% 2.7
Napa 1.8% 1.7
San Francisco 7.5% 7.1
San Mateo 8.9% 8.5
Santa Clara 19.6% 18.8
Solano* 5.9% 5.7
Sonoma* 4.3% 4.1

Total 100% 95.8

* Portion within BAAQMD

A breakdown of emissions by end-use sectors for each county is shown in Figure 6 and

Table 1.
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This figure and table show relatively higher industrial/commercial sector




emissions in Contra Costa and Solano Counties due to the oil refining industry. All other
counties show the largest contribution from the transportation sector.

4 Figure 6: 2007 County Emissions Breakdown by Sector A
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Table I: 2007 County Emissions Breakdown by Sector (Million Metric Tons CO2-Equiv./Yr.)

Sector Alameda Gt Marin | Napa Sap San S Solano* | Sonoma*
Costa Francisco | Mateo | Clara

Industrial/Comm. 3.3 19.2 0.5 0.3 1.9 1.6 4.7 2.9 0.6
Residential Fuel 1.3 1.1 0.4 0.1 0.9 0.8 1.6 0.3 0.4
Electricity/Co-Gen. 2.0 5.7 0.3 0.2 1.3 1.0 3.6 0.4 0.6
Off-Road Equipment 0.6 0.4 0.1 0.0 0.4 0.3 0.8 0.1 0.2
Transportation 8.4 5.0 1.3 0.9 2.7 4.8 7.9 1.8 2.1
Agriculture/Farming 0.1 0.2 0.2 0.1 0.0 0.0 0.2 0.1 0.2

Total 15.7 31.5 2.7 1.6 7.1 8.5 18.8 5.7 4.1

* Portion within BAAQMD
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GHG Emission Trends for Bay Area

Under “business as usual” conditions, greenhouse gas emissions are expected to grow in
the future due to population growth and economic expansion. Figure 7 and Tables J and

U show emissions trends by sectors for the period 1990 to 2029.

. )
Figure 7: Bay Area Emissions Trends by Sector*
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Table J: Bay Area Emissions Trends by Sector (Million Metric Tons CO,-Equiv.)*

Category 1990 | 1993 | 1996 | 1999 | 2002 | 2005 | 2008 | 2011 | 2014 | 2017 | 2020 | 2023 | 2026 | 2029
Transportation 29.8 | 29.8 | 304 | 320 | 341 | 348 | 353 36.3 37.6 39.3 40.7 42.2 44.2 46.0
Indus./Commercial 239 | 285 | 299 | 311 | 314 | 328 | 35.6 37.7 39.9 42.0 44.2 46.4 48.6 50.8
Electricity/Co-Gen. 25.1 | 246 | 209 19.8 17.0 15.1 15.6 16.3 16.9 17.6 18.3 18.9 19.6 20.4
Residential Fuel 5.8 6.0 6.2 6.4 6.6 6.7 6.9 7.0 7.2 7.4 7.5 7.7 7.9 8.0
Off-Road Equip. 2.2 2.3 25 2.6 2.7 2.8 3.0 3.1 3.3 3.4 3.6 3.8 3.9 4.1
Agriculture 1.0 11 11 11 11 11 11 11 11 1.1 11 11 11 11

Total 87.7 | 922 | 91.0 | 93.0 | 92.8 | 934 | 974 | 1015 | 106.0 | 110.8 | 1154 | 120.2 | 125.3 | 130.4

* “Business as usual” projection
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Figure 8 shows the San Francisco Bay Area region’s overall greenhouse gas emissions

trends. More details on emissions trends are provided in Table U.

/

Figure 8: Bay Area Overall Emissions Trends*
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* “Business as usual” projection

These projections reflect regulatory programs in place as of 2007 (benefits of CARB
GHG regulations for motor vehicles adopted in 2004, the Pavley regulations, are not
included in this inventory, pending U.S. EPA approval of a waiver under the Clean Air
Act to implement the regulations). If current trends continue, Bay Area GHG emissions
are expected to increase at an average rate of approximately 1.4 percent per year. The
long term GHG emissions trends are expected to go upwards absent policy changes.
Year-to-year fluctuation in emissions trends is due to variation in economic activity and
the fraction of electric power generation in this region. Power generation in the Bay Area
varies year-to-year depending on various factors including the availability of

hydroelectric and other imported power.
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Greenhouse gas emissions are projected based on estimated growth in various source
categories. For example, CARB’s EMFAC2007 computer model was utilized to project
GHG emissions from transportation sources. In these models, fuel consumption
estimates were based on the anticipated change of fleet mix and the growth of various
types of on-road and off-road vehicles. Growth in VMT is based on the MTC’s Regional
Transportation Plan (RTP2030). For aircraft categories, the fleet mix and the growth data
from the MTC’s Regional Airport System Plan were incorporated into the GHG
projection models.

The projected GHG emissions from power plants operating in the Bay Area were based
on the California Energy Commission’s 2003 Fuel Usage Forecasts for the Bay Area.

Emission projections for the oil refineries were based on the California Energy
Commission’s report on California’s Petroleum Infrastructure (2007).

The GHG projections from other major sources such as landfills, natural gas fuel
distribution, and cement manufacturing were estimated by using Association of Bay Area
Government’s employment and population data.  California Integrated Waste
Management data were also considered in the landfill projection process.

Climate protection activities in California are occurring at the state, regional and local
level. CARB and other state agencies are identifying measures to achieve the AB32
emission reduction goal of meeting statewide 1990 GHG emissions levels by 2020.
Specifically, in December 2008 CARB adopted the AB32 Scoping Plan which outlines a
strategy to achieve AB32 goals. The Scoping Plan does not set emission reduction goals
for regions within the state, but it is expected that all California communities will need to
contribute to statewide reductions. The Air District and our regional agency partners are
implementing climate protection programs. Bay Area cities and counties are preparing
local climate action plans. These efforts are expected to reduce future Bay Area GHG
Emissions below the projections presented here.

This GHG emissions inventory will be updated as climate protection programs are

implemented and as additional information about activity data, emission factors and other
inputs becomes available.
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Table K:

Annual GHG Emissions: Bay Area Year 2007 (Metric Tons / Year )
Total GHG CO,- Biogenic
SOURCE CATEGORY CO, CH, N,O PFC/HFC SFe Equivalent co,
INDUSTRIAL/ COMMERCIAL
Oil Refineries
Refining Processes 3,445,064 79 - - - 3,446,782 -
Refinery Make Gas Combustion 4,772,971 97 6 - - 4,776,959 -
Natural Gas and Other Gases Combustion 4,860,268 267 18 -- -- 4,871,495 -
Liquid Fuel Combustion 89,450 1 1 - - 89,760 -
Solid Fuel Combustion 1,000,216 29 6 - - 1,002,637 -
Waste Management
Landfill Combustion Sources - 1,241 1 -- -- 26,455 584,565
Landfill Fugitive Sources - 56,747 3 -- -- 1,192,596 154,411
Composting/POTWs - 2,773 965 -- -- 357,224 -
Other Industrial/ Commercial
Cement Plants 841,350 13 3 - - 842,475 -
Commercial Cooking 134,612 - - - - 134,612 -
ODS Substitutes/Nat. Gas Distrib./Other - 16,356 - 2,184 0.13 4,390,999 21
Reciprocating Engines 550,270 1,989 1 - - 593,584 234,013
Turbines 354,697 78 1 - - 356,663 66,141
Natural Gas- Major Combustion Sources 2,400,044 51 3 - - 2,402,179 -
Natural Gas- Minor Combustion Sources 8,979,100 172 165 -- - 9,033,745 -
Coke Coal 989,442 28 6 - - 991,823 -
Other Fuels Combustion 349,171 132 2 - - 352,485 85,346
Subtotal 28,766,652 80,052 1,181 2,184 0.13 34,862,465 1,124,497
RESIDENTIAL FUEL USAGE
Natural Gas 6,456,173 124 118 - - 6,495,464 -
LPgas/Liquid Fuel 166,508 3 11 - - 169,911 -
Solid Fuel - 6,242 67 - - 151,742 628,550
Subtotal 6,622,682 6,369 196 - - 6,817,118 628,550
ELECTRICITY/ CO-GENERATION
Co-Generation 5,292,826 1,261 4 - - 5,320,398 89,512
Electricity Generation 2,730,973 163 1 - 1.18 2,762,968 3,525
Electricity Imports 7,102,311 59 33 - - 7,113,680 -
Subtotal 15,126,111 1,483 37 - 1.18 15,197,047 93,037
OFF-ROAD EQUIPMENT
Lawn and Garden Equipment 105,742 192 77 - - 133,803 -
Construction Equipment 1,785,078 289 11 - - 1,794,433 -
Industrial Equipment 729,035 433 41 - - 750,852 -
Light Commercial Equipment 226,118 111 42 - - 241,375 -
Subtotal 2,845,974 1,025 171 - - 2,920,462 -
TRANSPORTATION
Off-Road
Locomotives 88,092 5 35 - - 99,152 -
Ships 731,679 74 28 - - 742,064 -
Boats 509,165 252 168 - - 566,451 -
Commercial Aircraft 1,877,665 91 68 - - 1,900,661 -
General Aviation 231,066 46 8 - - 234,642 --
Military Aircraft 478,178 31 15 - - 483,454 -
On-Road
Passenger Cars/Trucks up to 10,000 Ibs 26,070,815 2,783 1,480 - - 26,587,907 --
Medium/Heavy Duty Trucks > 10,000 Ibs 3,232,949 181 208 - - 3,301,335 -
Urban,School and Other Buses 722,698 21 192 - - 782,755 --
Motor-Homes and Motorcycles 156,636 147 42 - - 172,846 --
Subtotal 34,098,941 3,629 2,246 - - 34,871,276 -
AGRICULTURE/ FARMING
Agricultural Equipment 183,929 34 2 - - 185,364 --
Animal Waste - 25,860 254 - - 621,761 -
Soil Management 15,954 -- 899 - - 294,758 43,110
Biomass Burning -- 97 8 - - 4,363 3,145
Subtotal 199,883 25,991 1,163 - - 1,106,246 46,255
GRAND TOTAL EMISSIONS 87,660,281 118,549 4,993 2,184 1.3 95,774,635 1,892,340
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Table L:

Annual GHG Emissions: ALAMEDA Year 2007 ( Metric Tons / Year)
Total GHG CO,- Biogenic
SOURCE CATEGORY CO, CH, N,O PFC/HFC SFe Equivalent co,
INDUSTRIAL/ COMMERCIAL
Oil Refineries
Refining Processes - - - - - - -
Refinery Make Gas Combustion - - - - - - -
Natural Gas and Other Gases Combustion - - - -- -- -- -
Liquid Fuel Combustion - - - - - - -
Solid Fuel Combustion - - - -- -- -- -
Waste Management
Landfill Combustion Sources - 304 - -- -- 6,475 143,077
Landfill Fugitive Sources - 17,818 1 -- -- 374,448 48,018
Composting/POTWs - 280 196 -- -- 66,683 -
Other Industrial/ Commercial
Cement Plants - - - -- -- -- -
Commercial Cooking 26,922 - - -- -- 26,922 -
ODS Substitutes/Nat. Gas Distrib./Other - 1,659 - 479 0.13 945,746 -
Reciprocating Engines 73,600 129 - -- -- 76,331 16,585
Turbines 31,710 71 - - - 33,325 66,141
Natural Gas- Major Combustion Sources 497,257 18 1 -- -- 497,927 -
Natural Gas- Minor Combustion Sources 1,141,243 22 21 -- - 1,148,189 -
Coke Coal 25,266 - - - - 25,313 -
Other Fuels Combustion 88,518 25 - -- -- 89,133 9,320
Subtotal 1,884,516 20,325 220 479 0.13 3,290,493 283,142
RESIDENTIAL FUEL USAGE
Natural Gas 1,286,715 25 24 - - 1,294,546 -
LPgas/Liquid Fuel 24,050 - 2 - - 24,543 -
Solid Fuel - 710 8 - - 17,255 71,930
Subtotal 1,310,766 735 33 - - 1,336,344 71,930
ELECTRICITY/ CO-GENERATION
Co-Generation 111,703 394 - - - 120,085 55,974
Electricity Generation 26,465 1 - - 0.26 32,715 396
Electricity Imports 1,846,601 15 8 -- -- 1,849,556 -
Subtotal 1,984,769 411 9 - 0.26 2,002,356 56,370
OFF-ROAD EQUIPMENT
Lawn and Garden Equipment 23,536 43 17 -- -- 29,781 -
Construction Equipment 360,793 58 2 -- -- 362,691 -
Industrial Equipment 122,557 75 7 - - 126,281 -
Light Commercial Equipment 46,774 23 9 - - 49,913 -
Subtotal 553,660 199 35 - - 568,666 -
TRANSPORTATION
Off-Road
Locomotives 24,977 1 10 - - 28,113 -
Ships 108,727 6 2 - - 109,479 -
Boats 293,593 35 106 - - 327,032 -
Commercial Aircraft 482,494 20 17 - - 488,135 -
General Aviation 64,925 11 2 - - 65,881 -
Military Aircraft 3,677 - - - - 3,694 -
On-Road
Passenger Cars/Trucks up to 10,000 Ibs 5,744,125 621 336 - - 5,861,250 -
Medium/Heavy Duty Trucks > 10,000 Ibs 1,209,381 54 60 - - 1,229,050 -
Urban,School and Other Buses 186,711 4 57 - - 204,517 -
Motor-Homes and Motorcycles 30,728 29 9 - - 34,017 -
Subtotal 8,149,332 782 598 - - 8,351,165 -
AGRICULTURE/ FARMING
Agricultural Equipment 15,487 3 - - - 15,607 -
Animal Waste - 2,814 52 -- -- 75,340 -
Soil Management 954 - 40 - - 13,305 1,146
Biomass Burning - 58 3 - - 2,269 1,199
Subtotal 16,441 2,875 96 - - 106,522 2,345
GRAND TOTAL EMISSIONS 13,899,491 25,326 991 479 0.4 15,655,546 413,788
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Table M:

Annual GHG Emissions: CONTRA COSTA Year 2007 ( Metric Tons / Year)
Total GHG CO,- Biogenic
SOURCE CATEGORY CO;, CH, N,O PFC/HFC | SFe Equivalent co,

INDUSTRIAL/ COMMERCIAL
Oil Refineries

Refining Processes 2,910,760 71 - - - 2,912,287 -
Refinery Make Gas Combustion 3,455,837 70 5 - - 3,458,717 -
Natural Gas and Other Gases Combustion 4,773,383 258 18 - - 4,784,246 -
Liquid Fuel Combustion 89,450 1 1 - - 89,760 -
Solid Fuel Combustion 1,000,216 29 6 - - 1,002,637 -
Waste Management
Landfill Combustion Sources - 83 - - - 1,761 38,904
Landfill Fugitive Sources - 6,168 - - - 129,622 17,044
Composting/POTWs - 65 87 -- -- 28,228 -

Other Industrial/ Commercial
Cement Plants -- -- -- - - - .

Commercial Cooking 13,461 - - - - 13,461 -
ODS Substitutes/Nat. Gas Distrib./Other - 8,604 - 282 - 686,738 -
Reciprocating Engines 81,825 391 - - - 90,082 18,464
Turbines 3,781 - - - - 3,788 -
Natural Gas- Major Combustion Sources 633,351 7 1 - - 633,758 -
Natural Gas- Minor Combustion Sources 4,137,569 79 76 - - 4,162,750 -
Coke Coal 964,175 28 6 - - 966,509 -
Other Fuels Combustion 213,592 26 1 - - 214,332 34,769
Subtotal 18,277,402 15,880 199 282 - 19,178,675 109,181
RESIDENTIAL FUEL USAGE
Natural Gas 994,896 19 18 - - 1,000,951 -
LPgas/Liquid Fuel 18,887 - 1 - - 19,288 -
Solid Fuel - 1,666 18 - - 40,504 167,246
Subtotal 1,013,783 1,686 37 -- -- 1,060,743 167,246
ELECTRICITY/ CO-GENERATION
Co-Generation 4,245,060 372 2 - - 4,253,633 -
Electricity Generation 1,449,714 73 - - 0.17 1,455,466 1,620
Electricity Imports - - - -- -- -- -
Subtotal 5,694,774 444 8 -- 0.17 5,709,099 1,620
OFF-ROAD EQUIPMENT
Lawn and Garden Equipment 16,040 29 12 - - 20,296 -
Construction Equipment 303,191 49 2 - - 304,760 -
Industrial Equipment 52,636 29 2 - - 53,996 -
Light Commercial Equipment 25,132 12 5 -- -- 26,861 -
Subtotal 397,000 120 21 -- -- 405,913 -
TRANSPORTATION
Off-Road
Locomotives 24,562 1 10 - - 27,646 -
Ships 63,340 3 1 - - 63,758 -
Boats 69,323 44 21 - - 76,609 -
Commercial Aircraft - - - -- -- -- -
General Aviation 19,607 11 1 - - 20,037 -
Military Aircraft - - - -- -- -- -
On-Road - - - -- -- --
Passenger Cars/Trucks up to 10,000 Ibs 4,178,993 432 234 - - 4,260,682 -
Medium/Heavy Duty Trucks > 10,000 Ibs 401,364 23 27 - - 410,348 --
Urban,School and Other Buses 102,211 2 15 - - 106,770 -
Motor-Homes and Motorcycles 29,368 27 8 - - 32,309 -
Subtotal 4,888,771 543 316 - - 4,998,160 --
AGRICULTURE/ FARMING
Agricultural Equipment 19,349 4 - -- -- 19,500 -
Animal Waste - 4,440 44 - - 106,901 -
Soil Management 913 - 204 - - 64,034 589
Biomass Burning - 10 1 -- -- 431 274
Subtotal 20,262 4,454 249 - -- 190,867 863
GRAND TOTAL EMISSIONS 30,291,977 23,126 825 282 0.17 31,543,450 278,910
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Table N:

Annual GHG Emissions: MARIN Year 2007 ( Metric Tons / Year)
Total GHG CO,- Biogenic

SOURCE CATEGORY Co, CH, N,O PFC/HFC | SFe Equivalent co

2

INDUSTRIAL/ COMMERCIAL
Oil Refineries
Refining Processes - - - - - - -
Refinery Make Gas Combustion - - - - - - -
Natural Gas and Other Gases Combustion - - - - - - -
Liquid Fuel Combustion - - - - - - -
Solid Fuel Combustion - - - - - - -
Waste Management

Landfill Combustion Sources - 131 - - - 2,788 61,597
Landfill Fugitive Sources - 5,278 - - - 110,927 14,093
Composting/POTWs - 39 37 -- -- 12,390 -

Other Industrial/ Commercial
Cement Plants -- -- -- - - - .

Commercial Cooking 4,038 - - - - 4,038 -
ODS Substitutes/Nat. Gas Distrib./Other - 273 - 87 - 161,358 -
Reciprocating Engines 16,158 4 - -- -- 16,237 401
Turbines 1 - - -- -- 1 -
Natural Gas- Major Combustion Sources 22,929 - - - - 22,950 -
Natural Gas- Minor Combustion Sources 132,891 3 2 - - 133,699 -
Coke Coal - - - -- -- -- -
Other Fuels Combustion 4,472 6 - - - 4,602 1,173
Subtotal 180,489 5,733 40 87 - 468,992 77,263
RESIDENTIAL FUEL USAGE
Natural Gas 331,202 6 6 - - 333,217 -
LPgas/Liquid Fuel 14,330 - 1 - - 14,630 -
Solid Fuel - 587 6 - - 14,264 58,869
Subtotal 345,532 593 13 - - 362,111 58,869
ELECTRICITY/ CO-GENERATION
Co-Generation 2,581 31 - - - 3,224 1,776
Electricity Generation - - - - 0.04 1,022 -
Electricity Imports 284,092 2 1 - - 284,547 -
Subtotal 286,673 33 1 - 0.04 288,793 1,776
OFF-ROAD EQUIPMENT
Lawn and Garden Equipment 6,259 11 5 - - 7,920 -
Construction Equipment 66,234 11 - - - 66,583 -
Industrial Equipment 11,942 6 1 - - 12,230 -
Light Commercial Equipment 11,588 6 2 -- -- 12,345 -
Subtotal 96,023 34 8 -- -- 99,079 -
TRANSPORTATION
Off-Road
Locomotives 725 - - -- -- 817 -
Ships 53,605 6 2 -- -- 54,497 -
Boats 20,077 48 6 -- -- 22,818 -
Commercial Aircraft - - - -- -- -- -
General Aviation 17,302 3 1 - - 17,559 -
Military Aircraft - - - -- -- -- -
On-Road
Passenger Cars/Trucks up to 10,000 Ibs 1,008,598 108 59 - - 1,029,239 -
Medium/Heavy Duty Trucks > 10,000 Ibs 80,905 6 8 - - 83,376 --
Urban,School and Other Buses 64,651 1 20 - - 71,011 -
Motor-Homes and Motorcycles 5,642 6 2 - - 6,283 -
Subtotal 1,251,506 177 98 -- -- 1,285,600 -
AGRICULTURE/ FARMING
Agricultural Equipment 7,486 1 - -- -- 7,544 -
Animal Waste - 7,352 44 - - 168,172 -
Soil Management 695 - 34 - - 11,178 -
Biomass Burning - 3 - -- -- 120 104
Subtotal 8,181 7,356 79 -- -- 187,014 104
GRAND TOTAL EMISSIONS 2,168,404 13,927 239 87 0.04 2,691,589 138,012
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Table O:

Annual GHG Emissions: NAPA Year 2007 ( Metric Tons / Year)
Total GHG CO,- Biogenic

SOURCE CATEGORY Co, CH, N,O PFC/HFC | SFe Equivalent co

2

INDUSTRIAL/ COMMERCIAL
Oil Refineries
Refining Processes - - - - - - -
Refinery Make Gas Combustion - - - - - - -
Natural Gas and Other Gases Combustion - - - - - - -
Liquid Fuel Combustion - - - - - - -
Solid Fuel Combustion - - - - - - -
Waste Management

Landfill Combustion Sources - 31 - - - 651 14,380
Landfill Fugitive Sources - 535 - - - 11,245 1,669
Composting/POTWs - 149 43 -- -- 16,359 -

Other Industrial/ Commercial
Cement Plants -- -- -- - - - -

Commercial Cooking 2,692 - - - - 2,692 -
ODS Substitutes/Nat. Gas Distrib./Other - 128 - 40 - 74,966 -
Reciprocating Engines 17,563 106 - - - 19,801 15,424
Turbines 6 - - -- -- 6 -
Natural Gas- Major Combustion Sources 32,505 1 - - - 32,534 -
Natural Gas- Minor Combustion Sources 94,281 2 2 - - 94,854 -
Coke Coal - - - -- -- -- -
Other Fuels Combustion 460 2 - - - 511 1,106
Subtotal 147,506 953 45 40 -- 253,621 32,580
RESIDENTIAL FUEL USAGE
Natural Gas 121,376 2 2 - - 122,115 -
LPgas/Liquid Fuel 6,334 - - - - 6,468 -
Solid Fuel - 275 3 -- -- 6,688 27,600
Subtotal 127,710 278 6 -- -- 135,271 27,600
ELECTRICITY/ CO-GENERATION
Co-Generation 12,847 1 - - - 12,874 -
Electricity Generation 7,917 1 - - 0.02 8,474 -
Electricity Imports 213,069 2 1 - - 213,410 -
Subtotal 233,833 8 1 -- 0.02 234,758 -
OFF-ROAD EQUIPMENT
Lawn and Garden Equipment 2,252 4 2 - - 2,850 -
Construction Equipment 31,597 5 - - - 31,763 -
Industrial Equipment 10,994 6 - - - 11,267 -
Light Commercial Equipment 4,050 2 1 -- -- 4,340 -
Subtotal 48,893 17 3 -- -- 50,220 -
TRANSPORTATION
Off-Road
Locomotives 4,353 - 2 - - 4,899 -
Ships - - - -- -- -- -
Boats 24,628 29 6 - - 27,189 -
Commercial Aircraft - - - -- -- -- -
General Aviation 16,274 3 1 - - 16,517 -
Military Aircraft - - - -- -- -- -
On-Road
Passenger Cars/Trucks up to 10,000 Ibs 747,955 89 50 - - 765,209 -
Medium/Heavy Duty Trucks > 10,000 Ibs 83,920 6 6 - - 85,933 --
Urban,School and Other Buses 9,640 - 2 - - 10,289 -
Motor-Homes and Motorcycles 6,650 4 2 - - 7,213 -
Subtotal 893,420 131 68 -- -- 917,248 -
AGRICULTURE/ FARMING
Agricultural Equipment 32,463 6 - -- -- 32,716 -
Animal Waste - 1,131 21 - - 30,180 -
Soil Management 7,431 - 93 - - 36,148 35
Biomass Burning - 2 1 -- -- 423 596
Subtotal 39,894 1,139 115 -- -- 99,467 631
GRAND TOTAL EMISSIONS 1,491,256 2,522 237 40 0.02 1,690,586 60,810
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Table P:

Annual GHG Emissions: SAN FRANCISCO Year 2007 ( Metric Tons / Year)
Total GHG CO,- Biogenic
SOURCE CATEGORY CO;, CH, N,O PFC/HFC | SFe Equivalent co,

INDUSTRIAL/ COMMERCIAL
Oil Refineries
Refining Processes - - - - - - -
Refinery Make Gas Combustion - - - - - - -
Natural Gas and Other Gases Combustion - - - - - - -
Liquid Fuel Combustion - - - - - - -
Solid Fuel Combustion - - - - - - -
Waste Management
Landfill Combustion Sources - - - -- - - -
Landfill Fugitive Sources - - - -- -- - -
Composting/POTWs - 8 74 -- -- 23,029 -
Other Industrial/ Commercial
Cement Plants - -- - -- -- - -

Commercial Cooking 25,576 - - - - 25,576 -
ODS Substitutes/Nat. Gas Distrib./Other - 1,595 - 279 - 534,013 1
Reciprocating Engines 68,970 56 - -- -- 71,300 -
Turbines 45,071 1 - - - 45,197 -
Natural Gas- Major Combustion Sources 674,021 5 1 - - 674,276 -
Natural Gas- Minor Combustion Sources 470,505 9 9 - - 473,368 -
Coke Coal - - - -- -- -- -
Other Fuels Combustion 11,686 43 - - - 12,653 16,498
Subtotal 1,295,829 1,716 84 279 - 1,859,413 16,499
RESIDENTIAL FUEL USAGE
Natural Gas 838,011 16 15 - - 843,111 -
LPgas/Liquid Fuel 23,226 - 1 - - 23,647 -
Solid Fuel - 104 1 -- -- 2,525 10,988
Subtotal 861,237 120 18 -- -- 869,283 10,988
ELECTRICITY/ CO-GENERATION
Co-Generation 178,970 89 - - - 180,863 100
Electricity Generation 7,504 - - - 0.14 10,753 -
Electricity Imports 1,136,370 9 5 - - 1,138,188 -
Subtotal 1,322,843 99 5 -- 0.14 1,329,804 100
OFF-ROAD EQUIPMENT
Lawn and Garden Equipment 11,250 20 8 - - 14,235 -
Construction Equipment 292,545 47 2 - - 294,071 -
Industrial Equipment 60,802 38 4 - - 62,697 -
Light Commercial Equipment 41,246 20 7 - - 43,884 -
Subtotal 405,842 125 21 -- - 414,888 --
TRANSPORTATION
Off-Road
Locomotives 2,176 - 1 - - 2,450 -
Ships 146,036 17 6 - - 148,381 -
Boats 38,535 25 12 - - 42,843 -

Commercial Aircraft - -- - - -- -- -
General Aviation - -- - - -- -- -
Military Aircraft - - - - - - -

On-Road

Passenger Cars/Trucks up to 10,000 Ibs 2,059,302 221 106 - - 2,096,833 -
Medium/Heavy Duty Trucks > 10,000 Ibs 212,244 14 19 - - 218,391 --
Urban,School and Other Buses 140,574 4 48 - - 155,441 -
Motor-Homes and Motorcycles 7,248 12 3 - - 8,344 -

Subtotal 2,606,117 292 195 -- -- 2,672,683 -

AGRICULTURE/ FARMING

Agricultural Equipment 110 - - -- -- 111 -
Animal Waste - - - -- -- -- -
Soil Management 4 - - - - 4 1,007
Biomass Burning - - - -- -- -- -

Subtotal 115 - - - - 116 1,007
GRAND TOTAL EMISSIONS 6,491,990 2,352 322 279 0.14 7,146,187 28,594
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Table Q:

Annual GHG Emissions: SAN MATEO Year 2007 ( Metric Tons / Year)
Total GHG CO,- Biogenic
SOURCE CATEGORY CO;, CH, N,O PFC/HFC | SFe Equivalent co,
INDUSTRIAL/ COMMERCIAL
Oil Refineries
Refining Processes - - - -- -- -- -
Refinery Make Gas Combustion - - - -- -- -- -
Natural Gas and Other Gases Combustion - - - -- -- -- -
Liquid Fuel Combustion - - - -- -- -- -
Solid Fuel Combustion - - - -- -- -- -
Waste Management
Landfill Combustion Sources - 245 - - - 5,234 115,658
Landfill Fugitive Sources - 8,537 - - - 179,414 22,593
Composting/POTWs - 60 86 -- -- 27,932 -
Other Industrial/ Commercial
Cement Plants - - - -- -- -- -
Commercial Cooking 13,461 - - - - 13,461 -
ODS Substitutes/Nat. Gas Distrib./Other - 835 - 236 - 442,682 20
Reciprocating Engines 46,803 112 - - - 49,172 18,613
Turbines 18 - - -- -- 18 -
Natural Gas- Major Combustion Sources 76,685 1 - - - 76,754 -
Natural Gas- Minor Combustion Sources 747,061 14 14 - - 751,608 -
Coke Coal - - - -- -- -- -
Other Fuels Combustion 5,274 16 - - - 5,632 4,455
Subtotal 889,303 9,821 101 236 - 1,551,908 161,338
RESIDENTIAL FUEL USAGE
Natural Gas 719,218 14 13 - - 723,595 -
LPgas/Liquid Fuel 19,086 - 1 - - 19,481 -
Solid Fuel - 379 4 - - 9,203 38,326
Subtotal 738,303 393 18 - - 752,278 38,326
ELECTRICITY/ CO-GENERATION
Co-Generation 36,874 24 - - - 37,399 1,344
Electricity Generation - - - - 0.12 2,939 -
Electricity Imports 994,323 8 5 - - 995,915 -
Subtotal 1,031,197 32 5 - 0.12 1,036,254 1,344
OFF-ROAD EQUIPMENT
Lawn and Garden Equipment 11,208 20 8 - - 14,182 -
Construction Equipment 173,531 28 1 - - 174,445 -
Industrial Equipment 52,204 32 3 - - 53,797 -
Light Commercial Equipment 25,539 12 5 - - 27,226 -
Subtotal 262,482 93 17 - - 269,650 --
TRANSPORTATION
Off-Road
Locomotives 4,353 - 2 - - 4,899 -
Ships 347,697 41 16 - - 353,471 -
Boats 17,157 19 6 - - 19,293 -
Commercial Aircraft 1,076,869 61 39 - - 1,090,389 -
General Aviation 25,284 4 1 - - 25,664 -
Military Aircraft 4,449 - - - - 4,470 -
On-Road
Passenger Cars/Trucks up to 10,000 Ibs 2,972,646 281 154 - - 3,026,154 -
Medium/Heavy Duty Trucks > 10,000 Ibs 224,315 14 21 - - 230,958 --
Urban,School and Other Buses 74,368 2 19 - - 80,264 -
Motor-Homes and Motorcycles 12,494 16 4 - - 14,098 -
Subtotal 4,759,634 437 261 -- -- 4,849,664 -
AGRICULTURE/ FARMING
Agricultural Equipment 9,233 2 - -- -- 9,305 -
Animal Waste - 257 9 - - 8,101 -
Soil Management 348 - 30 - - 9,520 139
Biomass Burning - 3 - -- -- 136 98
Subtotal 9,581 262 39 -- -- 27,062 237
GRAND TOTAL EMISSIONS 7,690,500 11,037 440 236 0.12 8,486,808 201,245
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Table R:

Annual GHG Emissions: SANTA CLARA Year 2007 ( Metric Tons / Year)
Total GHG CO,- Biogenic

SOURCE CATEGORY Co, CH, N,O PFC/HFC | SFe Equivalent co

2

INDUSTRIAL/ COMMERCIAL
Oil Refineries
Refining Processes - - - - - - -
Refinery Make Gas Combustion - - - - - - -
Natural Gas and Other Gases Combustion - - - - - - -
Liquid Fuel Combustion - - - - - - -
Solid Fuel Combustion - - - - - - -
Waste Management

Landfill Combustion Sources - 440 - - - 9,374 207,134
Landfill Fugitive Sources - 12,444 1 - - 261,566 35,205
Composting/POTWs - 1,382 309 - - 124,918 -
Other Industrial/ Commercial
Cement Plants 841,350 13 3 - - 842,475 -
Commercial Cooking 30,961 - - - - 30,961 -
ODS Substitutes/Nat. Gas Distrib./Other - 2,426 - 582 - 1,167,459 -
Reciprocating Engines 193,233 742 1 - - 209,049 104,164
Turbines 349 - - -- -- 350 -
Natural Gas- Major Combustion Sources 361,211 5 1 - - 361,532 -
Natural Gas- Minor Combustion Sources 1,691,662 32 31 - - 1,701,957 -
Coke Coal - - - - -- -- -
Other Fuels Combustion 15,307 5 - - - 15,554 15,266
Subtotal 3,134,075 17,489 346 582 - 4,725,195 361,770
RESIDENTIAL FUEL USAGE
Natural Gas 1,555,938 30 29 - - 1,565,407 -
LPgas/Liquid Fuel 40,631 1 3 - - 41,464 -
Solid Fuel - 1,238 13 -- -- 30,092 124,813
Subtotal 1,596,569 1,268 44 -- -- 1,636,963 124,813
ELECTRICITY/ CO-GENERATION
Co-Generation 322,599 242 - - - 327,843 24,023
Electricity Generation 1,207,022 88 - - 0.30 1,216,062 1,510
Electricity Imports 2,059,670 17 9 - - 2,062,967 -
Subtotal 3,589,291 347 10 -- 0.30 3,606,872 25,533
OFF-ROAD EQUIPMENT
Lawn and Garden Equipment 26,010 47 19 - - 32,912 -
Construction Equipment 370,445 60 2 - - 372,396 -
Industrial Equipment 316,775 216 22 - - 328,058 -
Light Commercial Equipment 52,797 26 10 -- -- 56,451 -
Subtotal 766,027 349 53 -- -- 789,817 -
TRANSPORTATION
Off-Road
Locomotives 16,064 1 6 - - 18,081 -
Ships - - - -- -- -- -
Boats 17,199 10 4 -- -- 18,721 -
Commercial Aircraft 318,300 9 12 - - 322,137 -
General Aviation 63,542 10 2 - - 64,493 -
Military Aircraft 46,921 9 2 - - 47,627 -
On-Road
Passenger Cars/Trucks up to 10,000 Ibs 6,428,736 704 363 - - 6,555,920 -
Medium/Heavy Duty Trucks > 10,000 Ibs 678,747 40 45 - - 693,658 --
Urban,School and Other Buses 88,596 3 22 - - 95,407 -
Motor-Homes and Motorcycles 39,091 32 10 - - 42,785 -
Subtotal 7,697,197 818 466 -- -- 7,858,834 -
AGRICULTURE/ FARMING
Agricultural Equipment 35,719 7 - -- -- 35,997 -
Animal Waste - 2,095 44 - - 57,557 -
Soil Management 1,034 - 225 - - 70,707 318
Biomass Burning - 2 - -- -- 139 141
Subtotal 36,753 2,104 269 -- -- 164,401 459
GRAND TOTAL EMISSIONS 16,819,916 22,376 1,189 582 0.30 18,782,077 512,575
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Table S:

Annual GHG Emissions: SOLANO* Year 2007 ( Metric Tons / Year)
Total GHG CO,- Biogenic
SOURCE CATEGORY CO;, CH, N,O PFC/HFC | SFg Equivalent co,
INDUSTRIAL/ COMMERCIAL
Oil Refineries
Refining Processes 534,305 9 - - - 534,495 -
Refinery Make Gas Combustion 1,317,135 27 2 - - 1,318,241 -
Natural Gas and Other Gases Combustion 86,885 9 1 - - 87,249 -
Liquid Fuel Combustion - - - -- - - -
Solid Fuel Combustion - - - -- -- -- -
Waste Management
Landfill Combustion Sources - 8 - - - 172 3,803
Landfill Fugitive Sources - 1,550 - - - 32,564 4,120
Composting/POTWs - 218 44 -- -- 18,110 -
Other Industrial/ Commercial
Cement Plants - - - -- -- -- -
Commercial Cooking 8,077 - - - - 8,077 -
ODS Substitutes/Nat. Gas Distrib./Other - 498 - 84 - 160,727 -
Reciprocating Engines 27,294 71 - - - 28,792 1,775
Turbines 273,754 6 - - - 273,970 -
Natural Gas- Major Combustion Sources 76,427 14 - - - 76,769 -
Natural Gas- Minor Combustion Sources 348,389 7 6 - - 350,509 -
Coke Coal - - - -- -- -- -
Other Fuels Combustion 3,506 6 - - - 3,635 2,344
Subtotal 2,675,772 2,421 53 84 -- 2,893,310 12,042
RESIDENTIAL FUEL USAGE
Natural Gas 245,980 5 5 - - 247,477 -
LPgas/Liquid Fuel 3,763 - - - - 3,843 -
Solid Fuel - 264 3 - -- 6,426 26,568
Subtotal 249,744 269 8 -- -- 257,747 26,568
ELECTRICITY/ CO-GENERATION
Co-Generation 375,712 12 - - - 375,968 -
Electricity Generation 32,350 1 - - 0.05 33,595 -
Electricity Imports - - - -- -- -- -
Subtotal 408,063 12 - -- 0.05 409,563 --
OFF-ROAD EQUIPMENT
Lawn and Garden Equipment 3,045 6 2 - - 3,853 -
Construction Equipment 68,732 11 - - - 69,093 -
Industrial Equipment 66,709 12 1 - - 67,152 -
Light Commercial Equipment 6,391 3 1 -- -- 6,848 -
Subtotal 144,876 32 5 -- -- 146,946 -
TRANSPORTATION
Off-Road
Locomotives 5,804 - 2 - - 6,532 -
Ships 12,274 2 1 - - 12,478 -
Boats 11,276 25 3 - - 12,732 -
Commercial Aircraft - - - -- -- -- -
General Aviation - - - -- -- -- -
Military Aircraft 423,131 21 13 - - 427,663 -
On-Road
Passenger Cars/Trucks up to 10,000 Ibs 1,139,899 114 63 - - 1,161,801 -
Medium/Heavy Duty Trucks > 10,000 Ibs 168,039 9 9 - - 170,918 --
Urban,School and Other Buses 30,727 - 5 - - 32,268 -
Motor-Homes and Motorcycles 9,193 8 2 - - 10,048 -
Subtotal 1,800,342 178 98 -- -- 1,834,440 -
AGRICULTURE/ FARMING
Agricultural Equipment 32,041 6 - -- -- 32,291 -
Animal Waste - 1,037 3 - - 22,727 -
Soil Management 871 - 197 - - 62,013 39,600
Biomass Burning - 2 - -- -- 95 76
Subtotal 32,912 1,045 201 -- -- 117,126 39,676
GRAND TOTAL EMISSIONS 5,311,708 3,957 364 84 0.05 5,659,130 78,287

* BAAQMD Jurisdiction only
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Table T:

Annual GHG Emissions: SONOMA* Year 2007 ( Metric Tons / Year)
Total GHG CO,- Biogenic
SOURCE CATEGORY CO;, CH, N,O PFC/HFC | SFg Equivalent co,
INDUSTRIAL/ COMMERCIAL
Oil Refineries
Refining Processes - - - -- -- -- -
Refinery Make Gas Combustion - - - -- -- -- -
Natural Gas and Other Gases Combustion - - - -- -- -- -
Liquid Fuel Combustion - - - -- -- -- -
Solid Fuel Combustion - - - -- -- -- -
Waste Management
Landfill Combustion Sources - - - -- -- 1 13
Landfill Fugitive Sources - 4,416 - - - 92,809 11,669
Composting/POTWs - 573 89 -- -- 39,574 -
Other Industrial/ Commercial
Cement Plants - - - -- -- -- -
Commercial Cooking 9,423 - - - - 9,423 -
ODS Substitutes/Nat. Gas Distrib./Other - 337 - 117 - 217,310 -
Reciprocating Engines 24,824 379 - - - 32,820 58,586
Turbines 7 - - -- -- 7 -
Natural Gas- Major Combustion Sources 25,653 - - - - 25,676 -
Natural Gas- Minor Combustion Sources 215,498 4 4 - - 216,810 -
Coke Coal - - - -- -- -- -
Other Fuels Combustion 6,357 3 - - - 6,433 415
Subtotal 281,761 5,713 93 117 - 640,862 70,682
RESIDENTIAL FUEL USAGE
Natural Gas 362,837 7 7 - - 365,045 -
LPgas/Liquid Fuel 16,199 - 1 - - 16,546 -
Solid Fuel - 1,020 11 - -- 24,786 102,209
Subtotal 379,036 1,027 19 -- -- 406,377 102,209
ELECTRICITY/ CO-GENERATION
Co-Generation 6,478 96 - - - 8,506 6,294
Electricity Generation - - - - 0.08 1,940 -
Electricity Imports 568,185 5 3 - - 569,094 -
Subtotal 574,663 101 8 -- 0.08 579,541 6,294
OFF-ROAD EQUIPMENT
Lawn and Garden Equipment 6,143 11 5 - - 7,773 -
Construction Equipment 118,009 19 1 - - 118,631 -
Industrial Equipment 34,416 20 2 - - 35,374 -
Light Commercial Equipment 12,601 6 2 -- -- 13,506 -
Subtotal 171,169 56 9 -- -- 175,285 -
TRANSPORTATION
Off-Road
Locomotives 5,078 - 2 - - 5,716 -
Ships - - - -- -- -- -
Boats 17,376 19 5 - - 19,213 -
Commercial Aircraft - - - -- -- -- -
General Aviation 24,133 4 1 - - 24,492 -
Military Aircraft - - - -- -- -- -
On-Road
Passenger Cars/Trucks up to 10,000 Ibs 1,790,567 211 115 - - 1,830,792 -
Medium/Heavy Duty Trucks > 10,000 Ibs 174,035 12 14 - - 178,612 --
Urban,School and Other Buses 25,221 1 5 - - 26,677 -
Motor-Homes and Motorcycles 16,221 13 4 - - 17,730 -
Subtotal 2,052,632 260 146 -- -- 2,103,232 -
AGRICULTURE/ FARMING
Agricultural Equipment 32,040 6 - -- -- 32,290 -
Animal Waste - 6,735 37 - - 152,783 -
Soil Management 3,703 - 78 - - 27,848 277
Biomass Burning - 16 1 -- -- 750 657
Subtotal 35,744 6,757 116 -- -- 213,671 934
GRAND TOTAL EMISSIONS 3,495,004 13,914 386 117 0.08 4,118,968 180,119

* BAAQMD Jurisdiction only
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Table U:. Bay Area Greenhouse Gas Emission Inventory Projections :
( Million Metric Tons CO,- Equivalent)

1990 - 2029

SOURCE CATEGORY

Year 1990 1993 1996 1999 2002 2005 2008 2011 2014 2017 2020 2023 2026 2029

INDUSTRIAL/ COMMERCIAL
Oil Refineries
Refining Processes
Refinery Make Gas Combustion

Natural Gas and Other Gases Combustion

Liquid Fuel Combustion
Solid Fuel Combustion
Waste Management
Landfill Combustion Sources
Landfill Fugitive Sources
Composting/POTWs
Other Industrial/ Commercial

Cement Plants
Commercial Cooking
ODS Substitutes/Nat. Gas Distrib./Other
Reciprocating Engines
Turbines
Natural Gas- Major Combustion Sources
Natural Gas- Minor Combustion Sources
Coke Coal
Other Fuels Combustion

Subtotal

RESIDENTIAL FUEL USAGE
Natural Gas
LPgas/Liquid Fuel
Solid Fuel

Subtotal

ELECTRICITY/ CO-GENERATION
Co-Generation
Electricity Generation
Electricity Imports

Subtotal

3.3
3.8
4.5
0.1
0.8

0.0
1.7
0.2

0.9
0.1
11
0.5
0.4
1.9
2.3
1.7
0.4
23.9

54
0.2
0.1
5.8

8.6
7.6
8.9
25.1

3.5
4.0
4.3
0.1
0.9

0.0
1.4
0.3

0.9
0.1
13
0.5
0.4
1.8
7.2
15
0.4
28.5

5.6
0.2
0.2
6.0

7.2
8.5
8.8
24.6

3.6
3.7
45
0.1
0.9

0.0
11
0.3

0.9
0.1
1.8
0.6
0.4
1.6
8.5
15
0.4
29.9

5.9
0.2
0.2
6.2

6.7
4.0
10.3
20.9

3.7
4.4
4.5
0.1
0.9

0.0
11
0.4

1.0
0.1
2.4
0.5
0.4
1.8
8.5
1.0
0.3
31.1

6.1
0.2
0.1
6.4

5.2
4.6
10.1
19.8

29

3.5
4.5
4.6
0.1
1.0

0.0
11
0.3

0.8
0.1
29
0.5
0.4
15
8.5
1.0
0.3
314

6.2
0.2
0.1
6.6

54
4.7
6.9
17.0

3.4
4.7
4.8
0.1
1.0

0.0
1.2
0.4

0.9
0.1
3.6
0.6
0.4
1.6
8.8
1.0
0.3
32.8

6.4
0.2
0.1
6.7

55
2.8
6.8
15.1

3.5
4.8
4.9
0.1
1.0

0.0
1.2
0.4

0.9
0.1
4.8
0.6
0.4
2.4
9.1
1.0
0.4
35.6

6.5
0.2
0.2
6.9

54
3.0
7.2
15.6

3.6
5.0
51
0.1
1.0

0.0
12
0.4

0.9
0.1
59
0.6
0.4
2.5
9.4
1.0
0.4
37.7

6.7
0.2
0.2
7.0

5.6
3.1
7.5
16.3

3.7
51
52
0.1
11

0.0
1.2
0.4

0.9
0.1
7.1
0.6
0.4
2.6
9.7
11
0.4
39.9

6.9
0.2
0.2
7.2

59
3.3
7.8
16.9

3.8
5.3
54
0.1
11

0.0
12
0.4

1.0
0.1
8.3
0.7
0.4
2.7
10.1
11
0.4
42.0

7.0
0.2
0.2
7.4

6.1
3.4
8.1
17.6

3.9
54
55
0.1
11

0.0
1.2
0.4

1.0
0.2
9.4
0.7
0.4
2.8
10.4
1.2
0.4
44.2

7.2
0.2
0.2
7.5

6.4
3.5
8.3
18.3

4.0
5.6
5.7
0.1
1.2

0.0
1.2
0.4

1.0
0.2
10.6
0.7
0.4
3.0
10.7
1.2
0.4
46.4

7.4
0.2
0.2
7.7

6.7
3.7
8.6
18.9

4.2
5.8
59
0.1
1.2

0.0
11
0.4

11
0.2
11.7
0.8
0.4
3.1
11.0
1.2
0.4
48.6

7.5
0.2
0.2
7.9

6.9
3.8
8.9
19.6

4.3
5.9
6.1
0.1
1.2

0.0
11
0.4

11
0.2
12.8
0.8
0.5
3.2
11.3
1.3
0.5
50.8

7.7
0.2
0.2
8.0

7.2
4.0
9.1
20.4



Table U:. Bay Area Greenhouse Gas Emission Inventory Projections : 1990 - 2029
( Million Metric Tons CO,- Equivalent)

SOURCE CATEGORY Year 1990 1993 1996 1999 2002 2005 2008 2011 2014 2017 2020 2023 2026 2029
OFF-ROAD EQUIPMENT
Lawn and Garden Equipment 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Construction Equipment 1.3 1.4 15 1.6 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.3 2.4
Industrial Equipment 0.6 0.6 0.6 0.7 0.7 0.7 0.8 0.8 0.9 0.9 1.0 11 11 1.2
Light Commercial Equipment 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Subtotal 2.2 2.3 25 2.6 2.7 2.8 3.0 3.1 3.3 3.4 3.6 3.8 3.9 4.1
TRANSPORTATION
Off-Road
Locomotives 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Ships 0.6 0.6 0.6 0.6 0.7 0.7 0.8 0.8 0.8 0.9 1.0 11 1.2 1.3
Boats 0.5 0.5 0.5 0.5 0.6 0.6 0.6 0.6 0.5 0.5 0.6 0.6 0.6 0.7
Commercial Aircraft 1.6 1.7 1.8 1.9 1.7 1.8 1.9 2.1 2.2 2.4 2.6 2.7 2.9 3.2
General Aviation 0.3 0.3 0.3 0.3 0.2 0.2 0.2 0.2 0.3 0.3 0.3 0.3 0.3 0.3
Military Aircraft 0.6 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
On-Road
Passenger Cars/Trucks up to 10,000 Ibs 223 226 231 243 264 266 269 276 286 299 309 319 335 347
Medium/Heavy Duty Trucks > 10,000 Ibs 3.1 2.8 2.8 2.9 3.0 3.3 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0
Urban,School and Other Buses 0.5 0.6 0.6 0.7 0.8 0.8 0.8 0.8 0.8 0.8 0.9 0.9 0.9 0.9
Motor-Homes and Motorcycles 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.3 0.3
Subtotal 298 298 304 320 341 348 353 363 376 393 407 422 442 46.0
AGRICULTURE/ FARMING
Agricultural Equipment 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Animal Waste 0.5 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
Soil Management 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Biomass Burning 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Subtotal 1.0 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1
GRAND TOTAL EMISSIONS 87.7 922 910 930 928 934 974 1015 106.0 110.8 115.4 120.2 125.3 130.4
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Table V: 2007 BAY AREA MAJOR (TOP 200) GHG EMITTING FACILITIES
CO2 Equivalent Emissions
(Metric Tons per year)
Non-
No. [ Plant # Plant Name Plant Address City Zipcode | Biogenic | Biogenic Total
1 11 Shell Martinez Refinery 3485 Pacheco Blvd Martinez 94553 - 4,976,544 4,976,544
2 10 Chevron Products Company 841 Chevron Way Richmond 94802 - 4,303,800 4,303,800
3 14628 |Tesoro Refining and Marketing Company 150 Solano Way, Avon Refinery Martinez 94553 - 2,804,678 2,804,678
4 12626 |Valero Refining Company - California 3400 E 2nd Street Benicia 94510 - 2,568,988 2,568,988
5 12095 |Delta Energy Center Arcy Lane Pittsburg 94565 - 1,895,320 1,895,320
6 16 ConocoPhillips - San Francisco Refinery 1380 San Pablo Ave Rodeo 94572 - 1,577,872 1,577,872
7 11866 |Los Medanos Energy Center 750 E 3rd Street Pittsburg 94565 - 1,368,588 1,368,588
8 12183 |Metcalf Energy Center One Blanchard Road Coyote 95013 - 1,120,115 1,120,115
9 17 Lehigh Southwest Cement Company 24001 Stevens Creek Blvd Cupertino 95014 - 842,475 842,475
10 26 Mirant Potrero, LLC 1201 lllinois Street San Francisco 94107 - 462,505 462,505
11 8664  |Crockett Cogeneration, A Cal Ltd Partnership 550 Loring Avenue Crockett 94525 - 427,300 427,300
12 1820 |Martinez Cogen Limited Partnership 550 Solano Way, Avon Refinery Martinez 94553 - 410,970 410,970
13 10295 |Air Products & Chemicals, Inc Tesoro, Avon Refinery Martinez 94553 - 361,179 361,179
14 2066 |Waste Management of Alameda County 10840 Altamont Pass Rd Livermore 94551 121,019 143,881 264,900
15 2266 Browning-Ferris Industries of CA, Inc 12310 San Mateo Road Half Moon Bay 94019 109,503 130,538 240,041
16 3981 GWF Power Systems,LP (Site 4) 3400 Wilbur Avenue Antioch 94509 - 201,672 201,672
17 3243 GWF Power Systems,LP (Site 1) 895 E 3rd Street Pittsburg 94565 - 200,700 200,700
18 3244 |GWF Power Systems,LP (Site 2) 1600 Loveridge Road Pittsburg 94565 - 196,800 196,800
19 3245 |GWF Power Systems,LP (Site 3) 1900 Wilbur Avenue Antioch 94509 - 184,660 184,660
20 3246 GWF Power Systems,LP (Site 5) 555 Nichols Road Pittsburg 94565 - 183,237 183,237
21 1812  |Kirby Canyon Landfill 910 Coyote Creek GIf Dr San Jose 95198 120,641 50,361 171,002
22 1179 Redwood Landfill Inc 8950 Redwood Hwy Novato 94948 72,532 93,942 166,474
23 2254  |Sonoma County Department of Public Works 500 Mecham Road Petaluma 94952 68,119 87,311 155,430
24 732 Bluegrass Mills Holding Co 2600 De La Cruz Blvd Santa Clara 95050 - 128,963 128,963
25 11326 |PE Berkeley, Inc Univ of Calif, Berkeley Campus Berkeley 94720 - 126,541 126,541
26 51 United Airlines, SF Maintenance Center SF Int'l Airport San Francisco 94128 - 123,861 123,861
27 12 Mirant Delta, LLC 696 W 10th Street Pittsburg 94565 - 121,624 121,624
28 2246  |Tri-Cities Recycling 7010 Auto Mall Pkwy Fremont 94538 54,680 65,197 119,877
29 11928 |Calpine Pittsburg LLC Loveridge Road Pittsburg 94565 - 116,440 116,440
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Table V: 2007 BAY AREA MAJOR (TOP 200) GHG EMITTING FACILITIES
CO2 Equivalent Emissions
(Metric Tons per year)
Non-

No. [ Plant # Plant Name Plant Address City Zipcode | Biogenic | Biogenic Total

30 5095 [Republic Services Vasco Road, LLC 4001 N Vasco Road Livermore 94550 48,063 57,316 105,378
31 6044 |OL S Energy-Agnews 3530 Zanker Road San Jose 95134 - 104,777 104,777
32 2740 City of Mountain View (Shoreline) 2600 Shoreline Boulevard Mountain View 94043 53,132 48,687 101,819
33 | 11180 |LLC S 7 1400 Pacheco Pass Hwy Gilroy 95020 - 94,712 94,712
34 10978 |Seagate Technology 311 Turquoise Street Milpitas 95035 - 86,229 86,229
35 151 Hexion Specialty Chemicals, Inc 41100 Boyce Road Fremont 94538 - 80,865 80,865
36 18 Mirant Delta, LLC 3201 Wilbur Avenue Antioch 94509 - 80,803 80,803
37 606 Anheuser-Busch, Inc 3101 Busch Drive Fairfield 94533 38,630 37,409 76,039
38 778 San Jose/Santa Clara Water Pollution Control 700 Los Esteros Road San Jose 95134 47,537 26,689 74,226
39 2371 USS-POSCO Industries 900 Loveridge Road Pittsburg 94565 - 68,215 68,215
40 3921 Seagate Technology, LLC 47010 Kato Road Fremont 94538 - 68,048 68,048
41 2478 UCSF/Parnassus 3rd Avenue & Parnassus San Francisco 94122 - 64,882 64,882
42 16151 |NRG Energy Center LLC 465 Stevenson Street San Francisco 94103 - 64,559 64,559
43 1840 |West Contra Costa County Landfill Foot of Parr Blvd Richmond 94801 28,773 34,212 62,984
44 907 Central Contra Costa Sanitary District 5019 Imhoff Place Martinez 94553 33,215 29,239 62,454
45 4618 |Keller Canyon Landfill Company 901 Bailey Road Pittsburg 94565 26,956 32,134 59,089
46 30 Owens-Brockway Glass Container Inc 3600 Alameda Avenue Oakland 94601 - 53,055 53,055
47 14483 |California Water Service Company 1720 N 1st Street San Jose 95112 - 50,164 50,164
48 501 East Bay Municipal Utility District 2020 Wake Avenue Oakland 94607 42,742 6,212 48,954
49 14017 |American Lithographers & Business Forms 21062 Forbes Street Hayward 94545 - 45,790 45,790
50 621 City of Santa Clara, Silicon Valley Power 560 Robert Avenue Santa Clara 95050 - 45,288 45,288
51 1364 |Cypress Amloc Land Co, Inc 1 Sand Hill Road Colma 94014 19,074 22,738 41,812
52 11670 |Gas Recovery Systems, Inc 1804 Dixon Landing Rd San Jose 95134 36,129 4,913 41,042
53 1438 |New United Motor Manufacturing, Inc 45500 Fremont Blvd Fremont 94538 - 39,344 39,344
54 2039  |Potrero Hills Landfill, Inc 3675 Potrero Hills Lane Suisun City 94585 7,064 29,268 36,332
55 13289 |Los Esteros Critical Energy Facility 800 Thomas Foon Chew Way San Jose 95134 - 35,555 35,555
56 83 United States Pipe & Foundry Company, LLC 1295 Whipple Road Union City 94587 - 34,560 34,560
57 173 Georgia Pacific Gypsum LLC 801 Minaker Street Antioch 94509 - 34,348 34,348
58 3464 [City of Santa Clara 5401 Lafayette Santa Clara 95050 15,098 17,998 33,096
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Table V: 2007 BAY AREA MAJOR (TOP 200) GHG EMITTING FACILITIES
CO2 Equivalent Emissions
(Metric Tons per year)
Non-

No. [ Plant # Plant Name Plant Address City Zipcode | Biogenic | Biogenic Total

59 12728 |Waste Management Inc 2615 Davis Street San Leandro 94577 14,847 17,734 32,581
60 153 PABCO Gypsum 37851 Cherry Street Newark 94560 - 32,171 32,171
61 1201 Rolls-Royce Engine Services - Oakland, Inc 6711 Lockheed Street Oakland 94621 - 31,795 31,795
62 15128 |Cardinal Cogen Inc Campus & Jordan Way Palo Alto 94305 - 30,626 30,626
63 7265 |San Jose State University (Cogen Plant) San Carlos Street San Jose 95192 - 30,390 30,390
64 706 New NGC, Inc 1040 Canal Boulevard Richmond 94804 - 29,252 29,252
65 3011 IPT SRI Cogeneration Inc 333 Ravenswood Drive Menlo Park 94025 - 28,540 28,540
66 13566 |Norcal Waste Systems Pacheco Pass Landfill, Inc |Bloomfield Rd & Highway 152 Gilroy 95021 12,486 14,884 27,370
67 85 Hitachi Global Storage Technologies Inc 5600 Cottle Road San Jose 95193 - 26,909 26,909
68 1257 Genentech, Inc 460 Point San Bruno Boulevard Francisco 94080 - 26,324 26,324
69 41 Owens Corning Insulating Systems, LLC 960 Central Expressway Santa Clara 95050 - 25,432 25,432
70 13193 |Valero Benicia Asphalt Plant 3001 Park Road Benicia 94510 - 24,851 24,851
71 11669 |Gas Recovery Systems, Inc 15999 Guadalupe Mines Rd San Jose 95120 21,411 2,912 24,323
72 11327 |ConAgra Foods, Gilroy Foods 1350 Pacheco Pass Hwy Gilroy 95020 - 23,928 23,928
73 1464 |Acme Fill Corporation 950 Waterbird Way Martinez 94553 2,953 20,968 23,920
74 1784 San Francisco International Airport SF Int'l Airport San Francisco 94128 321 23,490 23,811
75 698 Georgia-Pacific Gypsum LLC 1988 Marina Boulevard San Leandro 94577 - 23,535 23,535
76 31 Dow Chemical Company 901 Loveridge Road Pittsburg 94565 - 22,900 22,900
77 11887 |Dynegy Oakland LLC 50 Martin Luthr Kng, Jr Way Oakland 94607 - 22,764 22,764
78 3294 |Guadalupe Rubbish Disposal 15999 Guadalupe Mines Rd San Jose 95120 11,947 10,813 22,759
79 568 San Francisco South East Treatment Plant 1700 Jerrold Avenue San Francisco 94124 13,360 9,176 22,535
80 617 Palo Alto Regional Water Quality Control Plant 2501 Embarcadero Way Palo Alto 94303 15,163 6,407 21,570
81 3974 |San Francisco General Hospital 1118 - San Francisco 94110 - 21,370 21,370
82 1190 |Evergreen Qll, Inc 6880 Smith Avenue Newark 94560 - 21,055 21,055
83 13160 |University of California SF 600 16th Street San Francisco 94107 - 19,847 19,847
84 55 Lockheed Martin Corporation 1111 Lockheed Martin Way Sunnyvale 94089 - 18,632 18,632
85 1634 Napa State Hospital 2100 Napa Vallejo Hwy Napa 94558 - 18,048 18,048
86 11247 |Clover Flat Landfill Inc 4380 Silverado Trail Calistoga 94515 13,181 3,769 16,951
87 22 Conoco Phillips Refining Company 2101 Franklin Canyon Rd Rodeo 94572 - 16,697 16,697
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Table V: 2007 BAY AREA MAJOR (TOP 200) GHG EMITTING FACILITIES
CO2 Equivalent Emissions
(Metric Tons per year)
Non-

No. [ Plant # Plant Name Plant Address City Zipcode | Biogenic | Biogenic Total

88 12071 |Bayer Healthcare LLC 800 Dwight Way Berkeley 94710 - 16,609 16,609
89 11668 |Gas Recovery Systems, Inc Marsh Road Menlo Park 94025 14,574 1,982 16,556
90 3256  |Turk Island Solid Waste Disposal Site Union City Boulevard Union City 94587 7,527 8,973 16,500
91 11671 |Gas Recovery Systems, Inc Landfill Canyon 94558 14,231 1,935 16,167
92 94 Cargill Salt 7220 Central Ave Newark 94560 - 16,147 16,147
93 13631 |Morgan Advanced Ceramics 2425 Whipple Road Hayward 94544 - 16,071 16,071
94 5905 City of Sunnyvale/Public Works Dept 301 Carl Road Sunnyvale 94088 1,799 14,204 16,003
95 12967 |TRC James Donlon Blvd Antioch 94509 7,188 8,569 15,758
96 733 City of Sunnyvale Water Pollution Control 1440 Borregas Avenue Sunnyvale 94089 13,277 2,345 15,622
97 9029 |Kie-Con 3551 Wilbur Avenue Antioch 94509 - 15,494 15,494
98 4272  |El Camino Hospital 2500 Grant Road Mountain View 94040 - 15,403 15,403
99 2721  |City of Palo Alto Landfill Byxbee Park Palo Alto 94301 4,722 10,665 15,387
100 9010 |California Paperboard Corporation 525 Mathew Street Santa Clara 95050 - 14,247 14,247
101 14512 |Gilroy Energy Center,LLC for Riverview Energy Ctr |801 Minaker Road Antioch 94509 - 14,035 14,035
102 1403 |City of Santa Rosa Wastewater Treatment 4300 Llano Road Santa Rosa 95407 6,302 7,534 13,836
103 3590 |[City of Berkeley/Engr Div/Public Works Cesar Chavez Prk Berkeley 94704 6,195 7,385 13,581
104 7264 |California Pacific Medical Center 3700 California Street San Francisco 94118 - 13,399 13,399
105 11661 |Rhodia Inc 100 Mococo Road Martinez 94553 - 13,294 13,294
106 227 Criterion Catalysts Company LP 2840 Willow Pass Road Pittsburg 94565 - 12,953 12,953
107 79 Morton International Inc 7380 Morton Avenue Newark 94560 - 12,135 12,135
108 1371 |TP 7399 Johnson Drive Pleasanton 94588 5,959.6 5,830.9 11,790.5
109 18198 [New WinCup Holdings, Inc 195 Tamal Vista Boulevard Corte Madera 94925 - 11,563 11,563
110 1579 |Granite Rock Company 1321 Lowrie Avenue Francisco 94080 - 11,397 11,397
111 5081 |ALZA Corporation 1015 Joaquin Road Mountain View 94043 9,680 1,549 11,229
112 475 Santa Clara Valley Health & Hospital System 751 So Bascom Avenue San Jose 95128 - 10,969 10,969
113 11374 |WD Media, Inc 1710 Automation Pkwy San Jose 95131 - 10,965 10,965
114 1605 |Services 2003 Diamond Blvd Concord 94520 - 10,920 10,920
115 632 Intel Corporation 2150 Mission College Blvd Santa Clara 95054 - 10,759 10,759
116 14511 |Gilroy Energy Center, LLC (Wolfskill Energy Ctr)  |2425 Cordelia Road Fairfield 94534 - 10,660 10,660
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Table V: 2007 BAY AREA MAJOR (TOP 200) GHG EMITTING FACILITIES
CO2 Equivalent Emissions
(Metric Tons per year)
Non-

No. [ Plant # Plant Name Plant Address City Zipcode | Biogenic | Biogenic Total

117 1004 |SFSU Housing Facilities (Cogeneration Plant) 1600 Holloway Avenue San Francisco 94132 - 10,192 10,192
118 2025 University of San Francisco 2130 Fulton Street San Francisco 94117 - 10,070 10,070
119 450 Veterans Administration Medical Center 3801 Miranda Avenue Palo Alto 94304 - 9,783 9,783
120 3312 Zanker Road Resource Management,Ltd 705 Los Esteros Road San Jose 95134 1,250 8,243 9,493
121 550 NASA-AMES Research Center Moffett Field NS Mountain View 94035 - 9,347 9,347
122 3273 Pacific Union College 1 Angwin Avenue Angwin 94508 - 9,217 9,217
123 1209 Union Sanitary District 5072 Benson Road Union City 94587 8,069 889 8,958
124 10271 |Darling International 429 Amador Street San Francisco 94124 - 8,883.9 8,883.9
125 541 Pacific Gas & Electric Co 4690 Evora Road Concord 94520 - 8,828 8,828
126 927 California Oils Corporation 1145 Harbour Way, South Richmond 94804 - 8,797 8,797
127 10583 [Monterey Mushrooms Inc 642 Hale Avenue Morgan Hill 95038 - 8,482 8,482
128 705 Vulcan Materials Company Western Division 52 El Charro Road Pleasanton 94566 - 8,215 8,215
129 12870 |Shell Chemical LP 10 Mococo Road Martinez 94553 - 8,092 8,092
130 9455  |American Licorice Company 2477 Liston Way Union City 94587 - 8,061 8,061
131 9573 Diageo North America, Inc 151 Commonwealth Drive Menlo Park 94025 - 7,987 7,987
132 1995 Solano County Facilities Operations 501 Delaware Street Fairfield 94533 - 7,864 7,864
133 459 Veterans Administration Medical Center 4150 Clement Street San Francisco 94121 - 7,847 7,847
134 8025 [Novartis Vaccines and Diagn 4560 Horton Street Emeryville 94608 - 7,821 7,821
135 12557 |AMCAN Beverages, Inc 1201 Commerce Boulevard Canyon 94503 - 7,715 7,715
136 | 14415 |center - 5975 Lambie Road Suisun City 94585 - 7,695 7,695
137 10437 |Byron Power Company,c/o Ridgewood Power Mgnt|4901 Bruns Road Byron 94514 - 7,650 7,650
138 3194 |City of Alameda, Maint Serv Center Doolittle Drive Alameda 94501 3,413 4,068 7,481
139 17559 |Pacific Atlantic Terminals LLC 2801 Waterfront Road Martinez 94553 - 7,467 7,467
140 10861 |Northrop Grumman Systems Corporation 401 E Hendy Ave, 62/1 Sunnyvale 94088 - 7,351 7,351
141 14416 |Goose Haven Energy Center 3853 Goose Haven Road Suisun City 94585 - 7,146 7,146
142 13683 |[DeyL P 2751 Napa Valley Corp Dr Napa 94558 - 7,002 7,002
143 4175 City of San Jose (Singleton Road Landfill) 885 Singleton Road San Jose 95111 3,187 3,799 6,986
144 14414 |Creed Energy Center LLC 6150 Creed Road Suisun City 94585 - 6,867 6,867
145 17925 [Transamerica Pyramid Properties, LLC 600 Montgomery Street San Francisco 94111 - 6,860 6,860
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Table V: 2007 BAY AREA MAJOR (TOP 200) GHG EMITTING FACILITIES
CO2 Equivalent Emissions
(Metric Tons per year)
Non-

No. [ Plant # Plant Name Plant Address City Zipcode | Biogenic | Biogenic Total

146 148 Ball Metal Beverage Container Corp 2400 Huntington Drive Fairfield 94533 - 6,795 6,795
147 2531 Santa Rosa Memorial Hospital 1165 Montgomery Drive Santa Rosa 95402 - 6,772 6,772
148 16855 |Kaiser Antioch Deer Valley 4501 Sand Creek Rd Antioch 94509 - 6,594 6,594
149 4446 Veterans' Home of California 100 California Dr, Administration Yountville 94599 - 6,483 6,483
150 3024 |[Isola USA Corp 401 Whitney Place Fremont 94539 - 6,362 6,362
151 556 Stanford Linear Accelerator 2575 Sand Hill Road Menlo Park 94025 - 6,274.2 6,274.2
152 3613 St Mary's Medical Center 450 Stanyan Street San Francisco 94117 - 6,228 6,228
153 255 Lawrence Livermore National Laboratory 7000 East Avenue Livermore 94550 - 6,218 6,218
154 4116 San Francisco, City & County, PUC 3500 Great Highway San Francisco 94132 2,780 3,428 6,208
155 849 Roche Palo Alto LLC 3431 Hillview Avenue Palo Alto 94304 - 5,885 5,885
156 110 Burke Industries, Inc 2250 So 10th Street San Jose 95112 - 5,849 5,849
157 12965 |John Zink Company 2150 Kruse Drive San Jose 95131 - 5,777 5,777
158 11924 |California Pacific Medical Center Castro & Duboce Street San Francisco 94114 - 5,767 5,767
159 15816 |Cal-Pox, Inc 103 Shoreline Parkway San Rafael 94901 786 4,926 5,713
160 2035 |PEPSICO Beverages and Foods 1175 57th Avenue Oakland 94621 - 5,700 5,700
161 167 Maxwell House, Div of Kraft Foods 100 Halcyon Drive San Leandro 94578 - 5,609 5,609
162 9339 [San Jose State University One Washington Square San Jose 95192 - 5,540 5,540
163 1067 |Oro Loma Sanitary District 2600 Grant Avenue San Lorenzo 94580 4,315 1,203 5,519
164 16930 |San Mateo County Youth Services Center 70 Loop Road San Mateo 94402 - 5,369 5,369
165 8287 Coca-Cola 5800 3rd Street San Francisco 94124 - 5,263 5,263
166 15117 |Bay Sheets 6791 Alexander St Gilroy 95020 - 5,204 5,204
167 1472  |Unimin Corporation Camino Diablo Rd Byron 94514 - 5,093 5,093
168 16023 |Georgia-Pacific Corrugated LLC 2800 Alvarado Street San Leandro 94577 - 5,014 5,014
169 18447 |PPF OFF One Market Plaza LLC Tow ' San Francisco 94105 - 4,979 4,979
170 2168 |Jelly Belly Candy Company One Jelly Belly Lane Fairfield 94533 - 4,858 4,858
171 17315 |C & H Sugar Company, Inc 830 Loring Avenue Crockett 94525 - 4,817 4,817
172 10408 |County Asphalt 5501 Imhoff Drive Martinez 94553 - 4,807 4,807
173 2561 Shoreline Amphitheatre One Amphitheatre Parkway Mountain View 94043 2,171 2,592 4,763
174 1860 Laguna Honda Hospital 375 Laguna Honda Boulevard San Francisco 94116 - 4,686 4,686
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Table V: 2007 BAY AREA MAJOR (TOP 200) GHG EMITTING FACILITIES
CO2 Equivalent Emissions
(Metric Tons per year)
Non-

No. | Plant # Plant Name Plant Address City Zipcode | Biogenic | Biogenic Total
175 14327 |Silgan Containers Mfg Corp 2200 Wilbur Avenue Antioch 94509 - 4,632 4,632
176 2451 Pleasanton Garbage Service, Inc 2512 Vineyard Avenue Pleasanton 94566 1,301 3,298 4,599
177 17560 |Mission Foods 23423 Cabot Blvd Hayward 94545 - 4,594 4.594
178 1700 California Pacific Med Ctr, Pacific Campus 2333 Buchanan Street San Francisco 94115 - 4,593 4593
179 15501 [Spansion LLC 915 De Guigne Drive Sunnyvale 94086 - 4,557 4,557
180 3919 Kaiser Permanente San Jose Medical Center 250 Hospital Parkway San Jose 95119 - 4,546 4,546
181 3885 Highland General Hospital 1411 E 31st Street Oakland 94602 - 4,517 4,517
182 1258 Delta Diablo Sanitation District 2500 Pittsburg & Antioch Hwy Antioch 94509 2,049 2,400 4,449
183 653 Central Marin Sanitation Agency Andersen Drive, East end San Rafael 94901 1,776 2,542 4,318
184 73 Gallagher & Burk, Inc 344 High Street Oakland 94601 - 4,301.4 4,301.4
185 128 Syar Industries, Inc Lake Herman Road Vallejo 94591 - 4,182 4182
186 1351 |City of Burlingame, Waste Water Treatment Plant [1103 Airport Boulevard Burlingame 94010 1,937 2,220 4,157
187 1009 |Hayward Waste Water Treatment Plant 3700 Enterprise Ave Hayward 94545 3,563 491 4,053
188 453 Good Samaritan Hospital 2425 Samaritan Drive San Jose 95124 - 4,034 4,034
189 460 Alta Bates Hospital 2450 Ashby Avenue Berkeley 94705 - 4,004 4,004
190 12001 |Quikrete Northern California 6950 Stevenson Blvd Fremont 94538 - 3,866 3,866
191 16888 [Ingersoll-Rand Energy Systems 5858 Horton Street Emeryville 94608 - 3,864 3,864
192 92 Antioch Building Materials Company 1375 California Ave Pittsburg 94565 - 3,839 3,839
193 1404 Fairfield-Suisun Sewer District 1010 Chadbourne Road Fairfield 94534 1,775 2,061 3.836
194 13617 |Delta Air Lines Inc SJ Int'l Airport San Jose 95120 - 3,805.7 3,805.7
195 5691 Sunquest Properties Inc Landfill, Brisbane Brisbane 94005 1,711 2,040 3,750
196 2957  |Super Store Industries/Fairfield Dairy Division 199 Red Top Road Fairfield 94533 - 3,689 3,689
197 10162 |EXAR Corporation 48760 Kato Road Fremont 94538 - 3,688 3,688
198 1534  |South Bayside System Authority Radio Road, End of Redwood City 94065 3,356 233 3,589
199 232 Onizuka Air Force Base 1080 Innovation Way Sunnyvale 94089 - 3,568 3,568
200 3893 [Sonoma Valley Hospital District 347 Andrieux Street Sonoma 95476 - 3,550 3,550

Total (Metric Tons per year) 1,183,471 28,052,724 | 29,236,195
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Table 1

Bay Area Winter Emissions Inventory for Primary PM2.5 &
PM Precursors: Year 2010

Winter Emissions tons/day

SOURCE CATEGORY

PETROLEUM REFINING FACILITIES

PM2.5 ROG NOx  SO2

Cold Cleaning

Basic Refining Processes 0.1 0.2 -- 0.2
Wastewater (Oil-Water) Separators -- 1.2 -- --
Wastewater Treatment Facilities -- 0.5 -- --
Cooling Towers -- 0.9 -- --
Flares & Blowdown Systems -- 0.8 1.2 0.6
Other Refining Processes -- 0.3 -- --
Fugitives -- 0.5 -- --
Subtotal 0.2 4.3 1.2 0.9
CHEMICAL MANUFACTURING FACILITIES
Coating, Inks, Resins & Other Facilities -- 0.1 0.1 2.7
Pharmaceuticals & Cosmetics 0.4 0.8 1.4 3.2
Fugitives - Valves & Flanges -- 0.6 -- --
Subtotal 0.4 15 15 5.9
OTHER INDUSTRIAL/COMMERCIAL PROCESSES
Bakeries -- 0.8 -- --
Cooking(Charbroiling) 15 0.9 -- --
Cooking(Deep Fat Frying) 0.1 0.1 -- --
Cooking(Griddles) 0.2 0.1 -- --
Wineries & Other Food & Agr. Processes 0.3 1.1 -- --
Metallurgical & Minerals Manufacturing 1.8 0.2 0.2 0.2
Waste Management 0.6 31 -- --
Semiconductor Manufacturing -- 0.2 -- --
Fiberglass Products Manufacturing -- 0.1 -- --
Rubber & Plastic Products Manufacturing -- 0.3 -- --
Contaminated Soil Aeration -- 0.1 -- --
Other Industrial Commercial 0.4 0.9 -- --
Subtotal 4.9 7.9 0.3 0.3
PETROLEUM REFINERY EVAPORATION
Storage Tanks -- 3.3 -- --
Loading Operations 0.1 0.1 -- --
Subtotal 0.1 34 -- --
FUELS DISTRIBUTION
Natural Gas Distribution -- 0.7 -- --
Bulk Plants & Terminals -- 0.7 -- --
Trucking -- 2.6 -- --
Gasoline Filling Stations -- 5.2 -- --
Aircraft Fueling -- 1.1 -- --
Recreational Boat Fueling -- 0.9 -- --
Portable Fuel Container Spillage -- 3.8 -- --
Other Fueling -- 0.4 -- --
Subtotal -- 15.3 -- --
OTHER ORGANIC COMPOUNDS EVAPORATION

- 2.7 - -




Table 1

Bay Area Winter Emissions Inventory for Primary PM2.5 &

PM Precursors: Year 2010

Winter Emissions tons/day

SOURCE CATEGORY PM2.5 ROG NOx SO2
Vapor Degreasing -- -- -- --
Handwiping -- 2.3 -- --
Dry Cleaners -- 0.6 -- --
Printing -- 4.1 -- --
Adhesives & Sealants -- 9.7 -- --
Structures Coating -- 21.2 -- --
Industrial/Commercial Coating -- 8.1 -- --
Storage Tanks -- 0.8 -- --
Lightering & Ballsting -- -- -- --
Other Organics Evaporation -- 15 -- --
Subtotal -- 51.0 -- --
FUELS COMBUSTION

Natural Gas(Space/Water Heating/Cooking) 1.7 1.0 18.3 0.1
LPG and Liquid Fuel -- -- 0.5 0.3
Solid Fuel (Woodstoves) 3.7 2.8 0.5 0.1
Solid Fuel (Fireplaces) 13.1 5.3 1.1 0.2
Cogeneration 0.7 1.9 3.9 0.3
Power Plants 0.3 0.1 1.0 0.1
Oil Refineries External Combustion 2.4 1.0 10.5 14.0
Glass Melting Furnaces - Natural Gas -- -- 0.9 --
Reciprocating Engines 0.2 0.5 2.9 0.1
Turbines 0.1 -- 0.8 --
Landfill/Cement Plant Combustion 1.6 14 154 3.0
Subtotal 23.8 14.0 55.6 18.2
BURNING OF WASTE MATERIAL

Incineration 0.1 0.1 0.2 --
Planned Fires 0.4 0.4 0.2 --
Subtotal 0.5 0.4 0.4 --
Banked Emissions -- -- -- --
Alternative Compliance Allowance -- -- -- --
Subtotal (All stationary source categories) 29.8 97.9 59.0 25.3
ON-ROAD MOTOR VEHICLES

Passenger Cars 2.3 42.1 355 0.4
Light Duty Trucks<6000lbs 1.0 23.4 27.1 0.2
Medium Duty Trucks 6001-8500 Ibs 0.5 10.1 17.9 0.2
Light Heavy Duty Trucks 8501-14000Ibs 0.4 6.2 23.1 0.1
Medium Heavy Duty Trucks 14001-33000lbs 0.8 2.4 21.6 -
Heavy Heavy Duty Trucks>33000 Ibs 1.6 2.8 51.7 0.1
School/Urban Buses 0.6 1.4 16.9 --
Motor-Homes -- 1.4 1.4 --
Motorcycles - 17.5 2.3 -
Subtotal 7.3 1074 197.6 0.9
OFF-HIGHWAY MOBILE SOURCES

Lawn and Garden Equipment 0.2 13.6 2.1 --




Table 1

Bay Area Winter Emissions Inventory for Primary PM2.5 &
PM Precursors: Year 2010

Winter Emissions tons/day

SOURCE CATEGORY

PM2.5 ROG NOx SO2

Transportation Refrigeration Units
Agricultural Equipment
Construction and Mining Equipment
Industrial Equipment

Light Duty Commercial Equipment
Trains

Off Road Recreational Vehicles
Ships

Commercial Harborcraft
Recreational Boats

Subtotal

AIRCRAFT

Commercial Aircraft

General Aviation

Military Aircraft

Airport Ground Support Equipment
Subtotal

0.6 1.9 7.7 --
0.3 1.0 59 --
0.6 1.6 11.7 --
0.2 11 6.5 --
0.6 4.5 7.4 --
0.2 0.9 10.7 --

-- 13 -- --
0.2 0.4 8.3 1.8
0.6 1.2 16.1 --
0.5 8.5 2.3 --
4.0 35.9 78.7 1.9
0.1 2.4 9.1 0.8
0.1 0.5 0.1 --
0.1 0.7 1.7 0.1

0.1 0.8

0.3 3.7 11.7 0.9

Subtotal (All mobile source categories)

11.6 147.0 288.0 3.7

Construction Operations 1.0 -- -- --
Farming Operations 0.2 -- -- --
Entrained Road Dust-Paved Roads 35 - -- --
Entrained Road Dust-Unpaved Roads 0.4 -- -- --
Wind Blown Dust 0.7 -- -- --
Animal Waste 0.9 3.9 -- --
Agricultural Pesticides -- 0.6 -- --
Non-Agricultural Pesticides -- 0.3 -- --
Consumer Products(Excluding Pesticides) -- 44.1 -- --
Accidental Fires and Cigarette Smoking 1.2 0.4 0.2 --
Subtotal 7.9 49.2 0.2 --

Subtotal: AN §tationary Source (-Zategories
Subtotal: All Mobile Source Categories
Subtotal: All Miscellaneous Other Sources

20.8 97.9 59.0  25.3
11.6 147.0 288.0 3.7
79 492 0.2

GRAND TOTAL EMISSIONS

49 294 347 29
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EXECUTIVE SUMMARY

The air we breathe is saturated with millions of microscopic particles. This particulate matter (PM),
especially the finest particles, can evade the body’s natural defenses and penetrate deep into the
lungs, blood stream, brain and other vital organs, and individual cells. Health studies in recent
decades have shown that exposure to PM, on both a short-term and a long-term basis, can have a
wide range of negative health effects, including respiratory effects such as asthma, bronchitis, and
impaired lung development in children, as well as serious cardiovascular effects such as hardening of
the arteries, heart attacks and strokes. Health studies in cities throughout the world have found that
mortality (death) rates increase with higher PM levels.

PM is a complex pollutant composed of a diverse assortment of extremely small airborne particles,
including a mixture of solid particles and liquid droplets that vary greatly in terms of their size and
mass, chemical composition, and toxicity. PM originates from a variety of man-made processes and
sources such as fossil fuel combustion, residential wood burning, and cooking, as well as from natural
sources such as wildfires, volcanoes, sea salt, and geological dust. PM is generated indoors as well
as outdoors. Indoor sources include stoves, heaters, fireplaces, consumer products, and cigarettes.
Although researchers have been making progress in analyzing PM, there are still major gaps in our
understanding of PM and its effects on public health, climate change, and ecosystems.

The Bay Area Air Quality Management District (Air District) and the California Air Resources Board
(ARB) have been working to reduce PM levels and human exposure. Thanks to these efforts, PM
levels in the Bay Area have been significantly reduced in recent decades. The reduction in PM levels
has provided significant public health benefits and has helped to increase average life expectancy in
the region. But despite this progress, PM is still by far the air pollutant most harmful to public health
in the Bay Area. Although monitoring data shows that the Bay Area currently meets all national (and
most State) standards for PM, health studies show that there are negative health effects associated
with exposure to PM even below the current air quality standards.

The purpose of this report is to synthesize the latest scientific information about PM and its impacts,
describe the Air District’s current efforts to analyze and reduce PM in the Bay Area, and lay the
groundwork for the Air District’s continuing efforts to further reduce PM and better protect public
health. The report provides technical information about how PM is emitted and formed in the

Bay Area; describes progress in reducing PM levels in the San Francisco Bay Area in recent years;
summarizes current regulations and programs to reduce PM emissions and concentrations; identifies
future technical work needed to improve the Air District’s understanding of PM; and explains the
importance of continuing and enhancing the Air District’s efforts to reduce PM in order to protect
public health, the climate, and the environment.
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INTRODUCTION

The mission of the Bay Area Air Quality Management District (Air District or BAAQMD) is to protect and
improve air quality, public health, and the global climate. Although we have made great progress in
improving Bay Area air quality over the past 50 years, new challenges continue to emerge. Research
in recent years indicates that particulate matter (PM) suspended in the air we breathe is the air
pollutant that imposes the greatest health burden on Bay Area residents. The available evidence
indicates that the most effective way that the Air District can fulfill its mission of protecting public
health is to reduce the population exposure of Bay Area residents to PM.

Although PM has been regulated by U.S. EPA as one of the original “criteria air pollutants” since

the early 1970’s, early efforts to improve air quality primarily focused on other pollutants such as
ground-level ozone (smog), carbon monoxide, and toxic air contaminants. PM moved to the forefront
of the air quality agenda only in recent years, beginning in the mid-1990'’s, in response to a series of
compelling health studies that linked population exposure to PM with a wide range of respiratory and
cardiovascular health effects, including premature death. Indeed, the recognition that PM must be
treated as an air pollutant of the highest priority represents perhaps the most important development
in the air quality arena in recent years.

This report describes particulate matter and its impacts on public health, climate change, and
ecosystems; summarizes technical information about PM, and how it is emitted and formed in the
Bay Area; describes progress in recent years in reducing PM levels in the San Francisco Bay Area

in relation to State and national PM standards; describes current regulations and programs to
reduce PM emissions and concentrations; identifies future technical work needed to improve our
understanding of PM; and provides a roadmap to focus Air District resources in the effort to reduce
PM and protect public health in the Bay Area in the years to come.

Reducing Population Exposure to PM

Air quality planning to date, in the Bay Area and elsewhere, has generally focused on reducing
emissions and ambient concentrations of air pollutants in order to attain State and national ambient
air quality standards. This approach has enabled the Bay Area and other regions to make substantial
progress in improving air quality, especially for pollutants that are regional in nature, such as ozone.
However, in recent years there is a growing recognition that if we want to achieve the ultimate goal of
protecting public health, then reducing emissions and concentrations of air pollutants at the regional
scale may not suffice. We need to directly consider where, when, and how people are being exposed
to air pollution. This is especially true in the case of PM, a complex pollutant whose concentrations in
the air can vary substantially depending upon location and time. Therefore, the major objective of this
report is to advance our understanding of how the Bay Area public is exposed to PM, which sources
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and types of PM are most harmful, and where we should focus efforts to reduce PM in order to better
protect public health.

What is PM?

The term particulate matter (PM) describes a complex pollutant composed of a diverse assortment

of extremely small airborne particles, including a mixture of solid particles and liquid droplets known
as aerosols. Most air pollutants (such as ozone, carbon monoxide, and
sulfur dioxide) consist of a single molecule or compound. This means

PM includes a that the pollutant will have the same physical properties and the same

wide range of
particles that vary
in size, chemical

impacts on public health and the environment, regardless of the source,
or combination of sources, from which it is emitted. PM, by contrast,
includes a wide range of disparate particles that vary greatly in terms

of their size and mass (ultrafine, fine, and coarse), physical state (solid
composition, or liquid), chemical composition, toxicity, and how they behave and
and toxicity. transform in the atmosphere.

Particles originate from a variety of man-made processes and sources
such as fossil fuel combustion, residential wood-burning, and cooking,
as well as from natural sources such as wildfires, volcanoes, sea salt, and geological dust. PM is
emitted directly from tailpipes, smokestacks, and fireplaces, and also formed indirectly by chemical
reactions among precursor pollutants. Particulate matter is generated indoors as well as outdoors.
Indoor sources include stoves, heaters, fireplaces, and consumer products, and cigarettes (if smoked
inside). As described in Section 1-B, most people experience a significant percentage of their
personal exposure to PM in the indoor environment where they are
exposed to both ambient (outdoor) PM that penetrates inside as well
as PM emissions produced by indoor sources.

Every breath we
take contains
PM is a stealthy pollutant - it is generally tasteless and odorless, and millions of tiny

most particles are too small to be seen by the naked eye (though airborne particles,
PM makes the air look hazy in the distance). But even on clear days

Public Health Impacts

when ambient PM concentrations are low and well within air quality

standards, we inhale contains millions of tiny particles with each

breath. Health studies show that these airborne particles cause and/

or contribute to a wide range of respiratory and cardiovascular problems. In addition to effects such
as asthma and bronchitis, exposure to PM can trigger major health impacts such as heart attacks or
strokes. In fact, the evidence indicates that exposure to PM contributes to the death of more Bay Area
residents each year than more visible causes such as auto accidents. Analysis shows that, even at
the relatively moderate concentrations that prevail in the Bay Area, PM imposes economic and social
costs to Bay Area residents and employers (in terms of sickness, lost productivity, and premature
mortality) that run to billions of dollars per year, as discussed in Section 1-A.
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How many particles do we breathe?

The number of airborne particles that we are exposed
to on a daily basis is truly staggering. The air we breathe

contains a very minute amount of PM in terms of its overall
mass. However, even such a miniscule amount of mass trachea
contains enormous numbers of particles. For example,

air with an ambient concentration of 10 micrograms of heonitiol
fine particulate matter (PM2.5, or particles less than 2.5
microns in diameter) per cubic meter - roughly the average
concentration of Bay Area PM2.5 on an annual basis - may
contain on the order of 100 million particles per cubic

meter.

For this reason, we inhale huge numbers of particles. For
purposes of illustration, consider the fact that urban air
typically contains in the range of 5,000 to 30,000 particles
per cubic centimeter, primarily in the ultrafine size range
(particles less than 0.1 microns in diameter). The average adult inhales 450 cubic centimeters
(roughly one pint) of air per breath. This means that in a typical urban environment we inhale from

1 million to 10 million minute particles with every breath we take. But that figure can spike to much
higher levels in close proximity to high-volume roadways or other major outdoor emission sources, or
indoor sources such as stoves and ovens. The bottom line is that, during the course of a single day,
we inhale many trillions of fine and ultrafine particles, even when the air we are breathing meets air
quality standards. Fortunately, our bodies have defenses in the nasal passages, throat, and lungs

to filter out particles, so not all the pollutants that we inhale actually reach the air sacs (alveoli)
where they can damage the lungs. But some of these tiny particles - which may be coated with
acids, metals, and other toxic substances - are able to evade the body’s defense mechanisms and
penetrate deep into the lungs, bloodstream, cells, and vital organs where they can trigger various
biological responses that harm the body.

PM Planning in the Bay Area

In response to concern about the health impacts of PM, in 2003 the State legislature enacted SB
656 (codified as Health & Safety Code Section 39614). This legislation required the Air Resources
Board and local air districts to evaluate potential PM control measures and to develop a PM
implementation schedule for appropriate PM-reduction measures. The Air District complied with this
legislation; staff developed a Particulate Matter Implementation Schedule that was adopted by the Air
District’s Board of Directors in November 2005, and the Air District adopted the measures identified
in the Implementation Schedule.
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In fall 2010, the Air District adopted the Bay Area 2010 Clean Air Plan (2010 CAP) to update the
region’s plan to control ground-level ozone. In developing the 2010 CAP, the Air District was inspired
by the recommendations issued by the National Research Council in 2004 which called for a new
approach to air quality planning based on integrated multi-pollutant planning focused on achieving
key outcomes such as protecting public health, the global climate, and ecosystems.

The Bay Area 2010 CAP identified two key goals: (1) protecting public health, and (2) protecting the
climate. The 2010 CAP also pursued a multi-pollutant approach in developing an integrated control
strategy to reduce four types of air pollutants: ground-level ozone; PM; toxic air contaminants (TACs);
and greenhouse gases, such as carbon dioxide and methane, that contribute to climate change.

To inform the development of the 2010 CAP, Air District staff performed a “health burden” analysis,
based upon the results of peer-reviewed health studies, in order to estimate:

¢ the public health effects of air pollution in the Bay Area, based upon key
health endpoints such as chronic bronchitis, asthma emergency room visits,
hospital admissions for respiratory or cardiovascular diseases, heart attacks,
and premature mortality;
¢ the role of each air pollutant in causing or contributing to these health
effects;
¢ the health benefits due to progress in improving Bay Area air quality in recent
years; and
¢ the economic benefit of the improvement in public health.
Air quality issues are often presented in highly technical terms, using a specialized vocabulary and
arcane units of measurement (such as parts per million or micro-grams per cubic meter) that mean
little to the average person. The health burden analysis, by contrast, served to put a “human face”
on the benefits of better air quality, by expressing its results in terms of tangible outcomes that make
sense to policy-makers and the public.

From the policy perspective, the most important finding from the health burden analysis is that
PM is the air pollutant that poses by far the greatest health risk to Bay Area residents, as shown
in Figure 1-4. Although evidence of the public health risk related to PM has been mounting in
recent years, it was only by performing this side-by-side health burden analysis for the 2010 CAP
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that the predominant impact of PM on public health in comparison to other air pollutants was so
starkly revealed.

Progress in Reducing PM Levels in the Bay Area

Although revelations about the health impacts of PM are cause for concern, the good news is that we
have already achieved major progress in reducing PM levels in the Bay Area, as described in Section
3-C. Thanks to this progress, the Bay Area currently meets the national ambient air quality standards
that apply to PM, and is making steady progress toward attaining more stringent, health-protective
California PM standards. The reduction in PM levels in recent years translates into improved public
health and vitality, and longer average life span. These benefits are worth billions of dollars in cost
savings to Bay Area residents and employers.

Why We Need to Reduce PM Further

The fact that the Bay Area has made substantial progress in reducing PM levels does not mean that
we can rest easy, however. There are several reasons why it is important to continue to enhance our
efforts to reduce PM emissions, concentrations, and population exposure.

* Researchers have not been able to establish a safe threshold for
population exposure to PM. Epidemiological studies have shown that there
are health effects from PM2.5 exposure even at concentrations below
current standards.

e The U.S. Environmental Protection Agency (EPA) reviews the national PM2.5
standards on a regular basis and may issue more stringent standards in
the future.

* Even at the current, relatively low concentrations, PM is the most hazardous
air pollutant in the Bay Area in terms of health impacts, including premature
mortality, heart attacks, chronic bronchitis and other key health endpoints.

* PM concentrations - and population exposure to PM - can vary significantly
at the local scale, as discussed in Section 1-B). Even though the Bay Area
currently meets national PM standards based on the measurements from
the regional PM monitoring network, some communities and individuals are
exposed to higher concentrations of PM. People who live or work near major
roadways, ports, distribution centers, or other major emission sources, or in
proximity to wood-burning activities, may be disproportionately exposed to
certain types of PM (e.g. ultrafine particles), so it is important to implement
effective measures to reduce their exposure and health risks.

Challenges

Because PM is a complex pollutant and has become the focus of intense research only in recent
years, there are still major gaps in our understanding of PM and its effects on public health, climate
change, and ecosystems. These gaps are especially profound in regard to ultrafine PM, the smallest
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particles. As discussed in Section 1-A, health researchers are working to better understand which
sizes and types of PM are most damaging to public health, and to explain the precise biological
mechanisms by which PM damages our health. Similarly, climate scientists are striving to better
define the various mechanisms by which different types of particles act upon the climate, and the
overall effect of ambient PM on the climate.

Although many health studies to date suggest that breathing PM of all types may have negative
health effects, researchers suspect that certain types of particles may be especially harmful. And
intuitively, it makes sense that the size and chemical composition of particles should make a
difference in terms of their health effects. Because health studies have not yet clearly defined the
specific particle types that are most harful, regulators currently treat all fine PM as equal in terms of
its health impacts.! However, determining the types of particles which are the most harmful is vitally
important in the quest to understand PM. The current across-the-board approach to reducing PM has
clearly provided major benefits in terms of reducing PM concentrations and protecting public health.
But if certain particle types can be identified as the key culprits, and if specific sources account for
the bulk of their emissions, then we may be able to identify appropriate control measures with a
higher degree of precision, rather than pursuing reductions in all types of PM across the board. The
ability to target the particles with the most severe health impacts would enable us to better protect
public health, and also to identify measures that would achieve the greatest benefit at the lowest
cost.

Since it is clear that we need to enhance our efforts to reduce PM in order to protect public health,
PM will continue to be a major focus of air quality planning, regulation, and public education in the
Bay Area over the next decade. Despite the gaps in our understanding of PM, we must develop and
implement policies to control PM in the near-term, while refining our policies and priorities to reflect
new information as it becomes available. Because we still have a great deal to learn, this report
cannot serve as the final word on how to address PM in the Bay Area. But it is meant to lay the
groundwork to guide the Air District’s efforts to reduce PM in the coming years.

1 Certain types of particles, such as metals, polyaromatic hydrocarbons (PAHs), and diesel PM, are classified as toxic air contaminants
(TACs), and are thus subject to regulation as TACs.
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SECTION 1: PM IMPACTS

SECTION 1-A: THE PUBLIC HEALTH EFFECTS OF PM

This section summarizes methods used to study PM health effects, the current evidence
regarding public health impacts related to exposure to PM; the biological pathways by which PM
affects the body; which sizes and types of particles pose the greatest health risk; the estimated
health burden from PM in the Bay Area; and why it is important to further reduce PM levels to
protect the health of Bay Area residents.

This section will consider several key questions regarding the health effects of particulate matter:

*  What types of negative health impacts are associated with exposure to PM?
* Does evidence show that exposure to PM is bad for public health?

* How does PM damage the body?

* Which types and sizes of particles are most harmful to health?

* Are there safe levels of PM?

* How does PM affect public health in the San Francisco Bay Area?

The discussion presented below attempts to synthesize information from the vast literature of studies
that have analyzed the health effects of various particle sizes, including PM10 (particles less than 10
microns in diameter), PM2.5 (particles less than 2.5 microns in diameter), and ultrafine PM (particles
less than 0.1 microns in diameter). An explanation of the various PM size categories is presented in
Section 2 of this report.
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A great deal of research has been performed in the past 25 years to identify and quantify the health
risks of particulate matter. Health studies have linked exposure to PM with a wide range of negative
health effects. The research provides evidence that exposure to PM, even at low and moderate levels,
can cause or contribute to a wide range of respiratory and cardiovascular disease, including:

e jrritation of the airways, coughing, or difficulty breathing
e decreased lung function
* aggravated asthma
e chronic bronchitis
* irregular heartbeat
e strokes
* heart attacks
e premature death in people with
heart or lung disease

Challenges in Analyzing the
Health Effects of PM

Determining the health effects of air pollutants is inherently
difficult. But because PM is a heterogeneous pollutant
comprised of particles that vary in size, mass, and chemical
composition, this presents special challenges in determining
its health effects. In the case of air pollutants composed

of a single molecule, such as ozone (03) or carbon
monoxide (CO), the pollutant has exactly the same chemical
composition - and thus the same potential health effects -

regardless of the emissions source. However, in the case of
PM, the composition of particles in a given air sample - and the corresponding health effects - will
vary depending on the mix of emission sources.

Early Evidence of PM Health Effects

Several dramatic episodes in the first half of the 20™ century demonstrated that very high levels

of PM and other air pollutants can cause sickness and death. Early scientific research into the
health effects of PM and air pollution was triggered by the December 1930 episode in the heavily
populated and industrialized Meuse Valley of Belgium; this extreme air pollution episode killed

more than 60 people over a three-day period. A similar tragedy occurred in Donora, Pennsylvania in
October 1948 when an inversion layer trapped a lethal mix of PM, sulfuric acid, nitrogen dioxide, and
other pollutants from local industrial plants for five days. Nearly half of the town’s 14,000 residents
became sick, twenty people perished, and 800 animals died.

Perhaps the most infamous air pollution episode occurred in London in December 1952, when a
combination of coal combustion, cold weather and windless conditions trapped a thick layer of PM and
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other pollutants over the city, killing thousands. By comparing death rates during this event with normal
conditions, London’s Ministry of Health estimated at the time that nearly 4,000 deaths occurred as a
result of the extreme air pollution. However, more recent research (Bell et al. 2004) suggests that the
number of fatalities was considerably greater, on the order of 12,000. Death certificates and autopsies
show that the main causes of death were respiratory and cardiovascular disease. These extreme
episodes showed the need to study the effects of air pollution on public health.

Analyzing the Health Effects of PM

Researchers have developed various methods to analyze the health effects of PM and other air
pollutants in terms of both morbidity (disease or iliness) and mortality (premature death). Two

of the most important techniques used to analyze the health effects of PM are epidemiological
studies and clinical studies. Epidemiological studies analyze health data for a defined population
group; the objective is to tease out the health effects of air pollution by looking for correlations
between the amount of exposure to a pollutant and the observed incidence rate for various health
endpoints (e.g., cases of respiratory or cardiovascular disease, hospital admissions, or premature
mortality). If a correlation is observed, researchers must then try to determine whether the
relationship may be inferred to be causal, meaning that exposure to the pollutant actually causes
the observed health effect.

Establishing a causal relationship between PM and a given health effect is difficult because exposure
to PM is only one factor among many that may cause, contribute to, or exacerbate a specific health
effect. Other factors that affect our health include genetic and biological factors, environmental
conditions (air quality, water quality, climate), and lifestyle (diet, exercise, drinking, and smoking),

to name but a few. Therefore, in designing studies to analyze the health effects of air pollutants,
epidemiologists attempt to isolate the effect of the air pollutants by controlling for (masking) the
effect of these other socioeconomic (e.g. income and education), demographic (age, gender, etc.),
environmental, and lifestyle factors that impact public health. One of the difficulties in air pollution
epidemiology is that the health risks associated with current ambient levels of air pollution, while
significant, are nonetheless extremely small when compared to other known risk factors, such as
cigarette smoking, lack of physical activity, obesity, etc. Because these other risk factors have a
powerful impact on health, it is difficult to distinguish the more subtle effects of air pollution from the
health effects attributable to these other factors.

One of the key challenges in epidemiology is estimating how much the people in a study group

have been exposed to the pollutant in question. Exposure estimates are generally based upon PM
monitoring data and/or results of computer modeling to simulate ambient PM concentrations. Many
studies rely on ambient air quality data from monitoring networks, but these data may not capture
exposures in micro-environments. And even if accurate estimates of population exposure to ambient
(outdoor) PM are available, epidemiological studies generally do not include indoor exposure to PM,
which accounts for a significant portion of total exposure for many people, as discussed in Section
1-B. Improved methods to estimate population exposure to PM across the full range of indoor and
outdoor environments would be valuable to enable epidemiologists to better analyze the health
effects related to exposure to PM.
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Analyzing health effects related to PM is also complicated by the fact that the various species of
PM, as well as a variety of other pollutants and toxic air contaminants, are all mixed together in the
air that we breathe. Therefore, isolating the health effects of PM from other types of pollutants, or
distinguishing the effects of a certain size fraction of PM, or a certain chemical species of PM, from
the overall mass of PM is a difficult task.

Despite these caveats, epidemiological studies are of great value in helping to illuminate the
relationship between air pollutants and health effects. For example, exposure to PM is rarely,

if ever, cited as the cause of death in a coroner’s report when someone dies of a heart attack

or stroke or lung disease. However, epidemiological studies indicate that exposure to PM is an
important contributing factor in hundreds, perhaps thousands, of deaths in the Bay Area each year.
Epidemiological studies are used to analyze:

¢ Correlations between exposure to air pollutants and the incidence rate of
both acute (short-term) and chronic (long-term) health effects among the
general population or defined sub-groups;

e Concentration-response functions; i.e., how a change in the ambient
concentration of a pollutant may affect the incidence rate of a specific
health effect. Concentration-response functions can be used to estimate the
reduction in health effects that can be expected from a given improvement in
air quality, such as attaining an ambient air quality standard in the Bay Area
or other metropolitan area.

e Safe thresholds, i.e., a “no-effects” threshold such as an ambient
concentration below which no health effects can be observed. This is
especially important for purposes of ensuring that ambient air quality
standards are sufficiently health protective.

Epidemiological studies are an essential tool to discern correlations between exposures to air
pollutants and health outcomes. However, these studies are based on statistical analysis of large
population groups; they cannot definitively “prove” that air pollution causes a specific health effect
either in an individual case or among a larger population group. Nor can they explain the precise
biological mechanisms by which PM causes or contributes to the negative health effects observed.
To investigate these issues, researchers perform clinical studies of small groups of people or
animals in which they can carefully control the exposure and dosage and observe the impacts over
a specific timeframe. These clinical studies are valuable in terms of confirming results of large-
scale epidemiological studies at the individual level. Clinical studies also help to define biological
mechanisms; that is, exactly how PM or other air pollutants act on and harm the body.

Recent Research on Health Effects of PM

By the 1970s, a link between exposure to PM and respiratory disease, such as triggering asthma
episodes or other pulmonary disorders, had been well established, although there was uncertainty
as to the level of PM exposure required to trigger significant public health impacts. Based on the
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evidence regarding the respiratory effects of particulate matter, such as asthma, bronchitis, and
diminished lung function, PM was included among the six original “criteria pollutants” identified in
the ground-breaking federal Clean Air Act of 1970. However, in the ensuing two or three decades
after the Clean Air Act was enacted, other air pollutants such as ozone, carbon monoxide, and lead,
were thought to pose a greater health risk than PM. As a result, air pollution control efforts focused
primarily on reducing these other pollutants.

PM began to move to the forefront of concern about the health impacts of air pollution beginning

in the 1990s in response to a new series of studies on PM health effects. Research in recent years
provides evidence that, even at moderate or low levels, PM has a wide range of negative health
impacts and can contribute to premature mortality. Whereas earlier research focused primarily

on respiratory effects of PM, recent
years have seen a great deal of
research into the effects of PM on the
cardiovascular system, the heart and
blood system which takes oxygen from
the lungs and distributes it throughout
the body. Negative impacts of PM on
the cardiovascular system include
atherosclerosis (hardening of the

arteries), ischemic strokes (caused by
obstruction of the blood supply), and
heart attacks. These new findings about
the cardiovascular effects of exposure
to PM, especially the increase in premature mortality in adults, have given greater urgency to the
need to reduce PM.

Manufactured

PM Impact on Premature Mortality and Life Expectancy

Concern about PM health impacts was crystalized in the early to mid-1990s by a series of
epidemiological studies that analyzed the correlation between PM and premature mortality (death).

e Studies in various cities with different climates, pollution mixes, and
demographics consistently found a correlation between daily changes in PM
levels and daily mortality.

¢ The two most important studies were the Harvard “Six Cities Study” (Dockery
et al. 1993) which followed the health of over 8,000 people for a period of
14 to 16 years, and the March 1995 American Cancer Society study (Pope
et al. 1995) which analyzed a study group of over half a million people in
151 cities. Both studies found that long-term exposure to PM is associated
with cardiopulmonary mortality in adults. The Six Cities Study found that an
increase of 10 yg/m?2 in ambient PM2.5 concentrations increases the risk of
death from all cardiovascular causes by 19%. The American Cancer Society
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study found that an increase of 10 ug/m?®in ambient PM2.5 levels increases
the risk of death from all cardiovascular causes by 13%.

It was already known, based on the severe pollution episodes in years past described above, that
exposure to extremely high concentrations of PM and other air pollutants can kill people. But these
new studies found that people may experience serious health effects, including premature mortality,
from exposure to ambient PM at concentrations that most people would not even notice, including
clear days when PM levels are below the current national ambient PM standards. For example, a
recent study (Wellenius et al. 2012) on the link between PM and ischemic strokes in the Boston area
(a region which attains the national 24-hour PM2.5 standard) found
that the risk of stroke was 34% higher on days with “moderate” PM2.5

People may experience levels compared with days with “good” PM2.5 levels, as defined by the
negative health effects EPA Air Quality Index. The study also found that exposure to PM2.5
from exposure to PM levels considered safe by the EPA increases the risk of ischemic stroke
even on clear days onset within hours of exposure and that the increase in risk was
when PM levels are greatest within 12 to 14 hours after exposure to PM2.5.
below the current
national standards. In assessing the linkage between PM and premature mortality, it

is instructive to consider the leading causes of death in America.

According to Center for Disease Control data for 2009, heart disease

(25%), chronic lower respiratory disease (5%), and strokes (5%) are
three of the four leading causes of death in the U.S., and collectively they account for 35% of all
mortality. So if exposure to PM exacerbates cardiovascular and respiratory conditions even to a
modest extent, this can be expected to exert a tangible impact in terms of increasing the overall
mortality rate.

Since exposure to PM has been found to increase the incidence of premature mortality, it stands to
reason that reducing PM levels should prevent premature death and thus help to extend average
life expectancy. One recent study (Pope et al., 2009) analyzed the change in life expectancy as PM
levels declined over the 20-year period from 1980 through 2000, based on data from 211 U.S.
counties in 51 metropolitan areas. This study found that a 10 ug/m? decrease in PM2.5 levels

was associated with a 7.3 (x 2.4) month increase in life expectancy. Analysis by Air District staff
estimated that the improvement in air quality from 1990 to 2008 increased average Bay Area life
expectancy by approximately six months per person during this period.? Since PM is estimated to be
responsible for roughly 90% of the premature mortality related to air pollution in the Bay Area, most
of this improvement in life expectancy due to improved air quality can be attributed to reduced PM
concentrations.

2 See Appendix A in Bay Area 2010 Clean Air Plan: www.baagmd.gov/Divisions/Planning-and-Research/Plans/Clean-Air-Plans.aspx
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Reaction to Findings

The findings of these studies in the 1990s linking PM to premature mortality provoked controversy
and skepticism. Researchers were surprised by results showing a broad range of health impacts from
exposure to low ambient concentrations of PM. Health experts were perplexed by these findings,
because at that time there were no known biological mechanisms to explain how exposure to
relatively low concentrations of PM would produce the health effects observed in the epidemiological
studies, especially in terms of cardiovascular disease and death.

In response to the controversy generated by these studies, researchers reexamined the results
of the studies, and also embarked on a search for
biological mechanisms to explain the health effects
observed in these studies. To address concerns about
methodological issues with previous studies, the
Health Effects Institute funded the National Morbidity,
Mortality, and Air Pollution Study (NMMAPS) (Samet
et al. 2000). Over a five-year period through 2005,
NMMAPS performed a time-series study using a
consistent method to analyze health impacts of PM10
in the 90 largest American cities, cities that cover a
wide geographic area and have varying levels of air
pollutants. The NMMAPS largely confirmed the the
findings in the original studies that, on average, for
every 10 yg/m?3 increase in PM10, there was a 0.5%
increase in overall mortality on the following day, as well as a 2% increase in hospital admissions for

pneumonia and chronic obstructive pulmonary disease.

Summary of PM Health Effects

To inform its period review (once every five years) of PM air quality standards, U.S. EPA prepared a
detailed synthesis of the vast body of literature on PM health effects and issued its December 2009
Integrated Science Assessment for Particulate Matter. Based on the cumulative weight of the studies
in the literature, EPA's conclusions regarding the strength of the evidence to support a finding of
causality between exposure to PM2.5 and key health effects are summarized in Table 1-1. EPA also
reviewed the evidence as to whether exposure to coarse PM and to ultra-fine PM has been proven to
cause negative health effects; they found that the evidence currently available was either suggestive
of causality or inadequate to establish causality in the case of coarse PM and ultra-fine PM.
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Table 1-1 US EPA Findings on Health Effects for Particulate Matter

Health Outcome Examples of Health Effects
Determination

Size Fraction: PM Coarse PM

10-2.5

Increase in hospital admissions and emergency room visits
for cardiovascular causes

Cardiovascular Effects Suggestive
Reduction in heart rate variability
Increase in hospital admissions and emergency room visits
Respiratory Effects Suggestive for respiratory causes, particularly in children
Pulmonary inflammation
Mortality Suggestive
Central Nervous System Inadequate

Long -Term Exposure
Increase in hospital admissions for ischemic heart disease
Cardiovascular Effects Inadequate Arrhythmia

Reduction in heart rate variability

Respiratory Effects Inadequate
Mortality Inadequate
REEEVENTE S Inadequate Low birth weight

Developmental

Cancer, Mutagenicity,

Genotoxicity Inadequate

Size Fraction: PM, Fine PM

Myocardial ischemia (reduced blood flow to the heart)

Congestive heart failure

Cardiovascular Effects Causal
Altered vasomotor function (stiffening and reduced
flexibility of blood vessels)
Alterations in lung function & respiratory symptoms in
asthmatic children
Respiratory Effects Likely to be causal

Chronic obstructive pulmonary disease

Respiratory infections
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Health Outcome Examples of Health Effects
Determination

Mortality Causal Cardiovascular- and respiratory-related mortality

Pro-inflammatory responses in the brain that may lead to

IN | ; .
Central Nervous System nadequate e S Py .

Long -Term Exposure

Higher blood pressure
Increased blood coagulation

Enhanced development of atherosclerosis (hardening of
the arteries)

Cardiovascular Effects Causal
Reduction in heart rate variability
Increased risk of heart disease and stroke
Impaired lung development
Increased respiratory symptoms
Respiratory Effects Likely to be causal Asthma
Altered pulmonary function

Chronic bronchitis

Cancer, Mutagenicity,

Genotoxicity Suggestive Lung cancer

Reproductive &

Developmental Suggestive Low birth weight

Cardiovascular mortality, lung cancer mortality, and Infant
mortality due to respiratory causes

Size Fraction: Ultrafine PM

Short -Term Exposure

Mortality Causal

Increased markers of oxidative stress

Cardiovascular Effects Suggestive Changes in vasomotor function

Alterations in heart rate variability parameters
Oxidative, inflammatory and allergic responses

Respiratory Effects Suggestive

Decreases in pulmonary function
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Health Outcome Examples of Health Effects
Determination

Mortality Inadequate
Central Nervous System Inadequate

Long -Term Exposure

Cardiovascular Effects Inadequate
Pulmonary inflammation
Respiratory Effects Inadequate
Oxidative and allergic responses
Mortality Inadequate
R )

eproductive & Il aie

Developmental

M -

Cancer, Mutagenicity, EsEeLEE

Genotoxicity

Source: EPA Integrated Science Assessment, December 2009, Table 2-6

Table 1-2 presents the findings of a recent Harvard School of Public Health study (Kloog et al. 2012)
that analyzed hospital admission rates throughout New England in terms of the correlation between
PM2.5 exposure and hospital admission rates for respiratory disease, cardiovascular disease, strokes
and diabetes. The effects from long-term exposure to PM2.5 are significantly higher than for short-
term exposure for all four causes of admission.

Table 1-2: Estimated increase in hospital admissions rate for a 10 pg/m? increase for
short-term and long-term exposure to PM2.5 by cause of admission

Short-term 0.70% 1.03% 0.24% 0.96%

Long-term 4.22% 3.12 % 3.49% 6.33%

Source: Kloog et al. Acute and Chronic Effects of Particles on Hospital Admissions in New England. Harvard School of Public Health, 2012.
www.hsph.harvard.edu/clarc/sac2012/kloog-ne.pdf
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No Safe Threshold Has Been Identified

The federal Clean Air Act requires US EPA to adopt ambient air quality standards for PM and other
criteria pollutants at a level that provides an “adequate margin of safety ... requisite to protect the
public health.” EPA is charged with reviewing the standards every five years based on the latest
scientific evidence on health effects. A key issue in setting standards is whether researchers

can identify a safe threshold below which level no negative health effects are observed. To date,
researchers have not been able to identify a “no-effects” threshold for PM. The evidence suggests
that in terms of the effect of PM on premature mortality, the concentration-response function (i.e.,
how the incidence of a given health effect varies in response to a change in ambient concentration of
the pollutant) is essentially linear (EPA Integrated Science Assessment for PM, 2009). These findings
suggest that people exposed to PM at levels below the current EPA standards may still experience
negative health effects. (PM air quality standards are discussed in

Section 3.)

Recent Findings New research is uncovering
evidence of a wider

Research on the health effects of PM is on-going. Our .
range of potential health

understanding of PM health impacts is gradually enhanced as

new studies and journal articles appear at a steady rate. The new effects from exposure to
research reinforces earlier findings regarding negative impacts of PM, including Iinkages to
PM on both respiratory and cardiovascular health, and increased diabetes, reduced cognitive
rates of health impacts such as heart attacks, strokes, and function in older adults, and
premature death in response to PM exposure. However, in addition oxidative damage to DNA.

to confirming the results of earlier research, new research is also
uncovering evidence of a wider range of potential health effects
from exposure to PM, including, linkages to diabetes, reduced
cognitive function in older adults, and oxidative damage to DNA.

Diabetes: The incidence of Type 2 diabetes (sometimes referred to as “adult onset” diabetes) has
increased rapidly in recent years in response to sedentary lifestyles, changes in diet, and higher rates
of obesity. People are also contracting Type 2 diabetes at a younger age as well. Experts predict major
impacts on public health and enormous costs to the health care system as a result of increasing
diabetes rates. Although diet and lifestyle are key factors in diabetes incidence, a recent nationwide
study (Pearson et al. 2010) found that air pollution may also be a risk factor for diabetes. The study
concluded that diabetes prevalence increases with increasing PM2.5 concentrations, with a 1%
increase in diabetes prevalence seen with a 10 uyg/m? increase in PM2.5 exposure. These results
suggest that PM2.5 may contribute to increased diabetes prevalence in the adult U.S. population and
that air pollution is a risk factor for diabetes. There is also some evidence that people with diabetes
may be more vulnerable to the negative health effects of PM. A recent study (O’Donnell et al. 2011)
by the Harvard School of Public Health found that diabetics exposed to PM may be at higher risk for
ischemic stroke compared to the background population.
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Impacts on the Brain and Cognition: Although the lungs and the circulatory system are the primary
path by which particles are transported throughout the body, studies (e.g., Oberdorster et al. 2010)
have found that particles can also enter the central nervous system and then the brain via olfactory
neurons in the nasal passages. When ultrafine particles travel via olfactory nerves to the brain, they
are able to bypass the blood-brain barrier, the defensive shield that blocks unwanted chemicals from
reaching sensitive brain cells. Studies which exposed mice to both fine and ultrafine particles showed
inflammatory responses in the brain. Ultrafine particles can also damage brain cells in the basal
ganglia, the region of the brain impacted by degenerative nerve diseases such as Parkinson’s (Peters
et al. 2006).

A recent study (Weuve et al. 2012) found an association between long-term exposure to both fine PM
and coarse PM and cognitive capability in older women. This study, based on the longitudinal Nurses’
Health Study Cognitive Cohort, examined the effects of PM exposure over 7-14 years for nearly
20,000 American women aged 70 to 81. The study found that women exposed to higher levels of PM
experienced more rapid cognitive decline, and concluded that the effect of a 10 ug/m? increment
increase in long-term PM exposure is equivalent to approximately two years of cognitive aging.

The study noted that higher levels of exposure to ambient PM are associated with worse cognitive
decline, and that the effects observed occurred at levels of exposure typical of many areas of the
United States. The authors suggest that reducing particulate levels may help to reduce the future
incidence of age-related cognitive decline and dementia. In a clinical postmortem study (Calderon-
Garciduenas et al. 2004) that also points to a potential connection between PM and cognitive
impairment, researchers found higher levels of amyloid-B42, a hallmark of Alzheimer’s disease, in the
brains of people who lived in cities with higher pollution levels. Clinical studies in animals have shown
increased brain inflammation in response to PM exposures.

Biological Pathways: How PM Harms the Body

External exposure to PM can cause short-term impacts to external organs, such as irritation of the
eyes. But the most damaging effects are caused when pollution enters the body via the respiratory
system. The mechanisms by which PM and other air pollutants damage the lungs and the respiratory
system are well understood. Our lungs serve as the entry point to the body for PM and other
pollutants, so they are the organ most directly impacted by air pollution. In addition, the lungs are
especially sensitive to air pollutants because they contain a large surface of exposed membrane to
facilitate the delivery of oxygen to the blood system. Our respiratory system has defenses in the nasal
passages, throat, and lungs that filter out particles, but the smallest particles are most likely to elude
the body'’s filtration mechanisms. For example, as much as 50% of ultrafine particles with a diameter
of 0.02 microns or smaller are estimated to be deposited in the alveolar region of the lung. Particles
inhaled deep into the lungs can then be transported to cells and organs throughout the body. And
once particles become deeply embedded in our body, they can remain there for weeks, months, or
even years.

Figure 1-1 depicts how PM enters the body. The larger particles are typically filtered out; in contrast,
particles less than 2.5 microns in diameter can penetrate deep into the lungs which are where most
health problems begin.
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Figure 1-1 How Particulate Matter

Enters Our Body On the individual basis, the health impact of long-
term exposure to PM is likely to be determined by the
number of particles that are transported from the
lungs into the body, the chemical composition of the
particles, and how quickly the particles are cleared
from the body.

How Particulate Matter Enters Our Body

Researchers have been making progress in

recent years in explaining how PM damages the
cardiovascular system and other organs and systems,
but this is still an area of on-going research. Research
to date indicates that inflammation and oxidative stress
are two of the key ways that PM damages the body.

Inflammation: When foreign substances are
deposited in the body, this irritates the impacted
area and causes an inflammatory response. Studies

(e.g., Araujo et al. 2010) have found that exposure

e ey o fung)system to PM can lead to chronic, low-level inflammation. An
9 | 3 Thelarger particulate matter (o) climinate infammatory response to PM or other air pollutants

thraugh coughing, sneezing and swallowing. .
can damage the body in many ways. In the vascular
PMzs can penetrate deepinto the lungs. It can travel all

the way to the alveol], causing lung and heart Pmb'emy system, an inflammatory response to PM can stiffen

and delivering harmful chemicals to the blood system.

Source: British Columbia Air Quality (www.bcairquality.ca/healthy blood vessels and reduce their flexibility, leading to
airquality-and-health.ntmi) higher blood pressure, increased blood coagulation,
hardening of the arteries (atherosclerosis), altered
cardiac autonomic function (the system that controls the heart), and reduction in heart rate variability
(a risk factor for future cardiovascular problems). All these effects can increase long-term risk of
heart disease or stroke. Based on high particle numbers, high lung deposition efficiency and surface

chemistry, ultrafine PM may be especially dangerous in terms of its potential to induce inflammation.

Oxidative Damage to DNA: Studies (e.g., Risom et al. 2005) indicate that exposure to PM
increases oxidative stress. This term describes the effect of oxidation in which an elevated level of
reactive oxygen species, such as free radicals (e.g. hydroxyl, nitric acid, superoxides) or non-radicals
(e.g. hydrogen peroxide, lipid peroxide) causes oxidative damage to specific molecules, thereby
injuring cells or tissue. There is evidence that ultrafine PM may cause oxidative damage to DNA. For
example, a Danish study (Vinzents et al. 2005) found that participants who rode bicycles in traffic in
Copenhagen, and were thus subjected to increased exposure to ultra-fine PM, sustained oxidative
damage to their DNA, thus demonstrating an association between DNA damage and ultrafine PM
exposure in live subjects.

Cardiovascular effects: In terms of explaining how PM damages the cardiovascular system,
more study is needed to determine how exposure to PM affects intermediate health outcomes such
as heart rate variability and inflammation markers. In a paper (Pope & Dockery 2006) reviewing
research on the health effects of PM, two of the leading researchers summarize their discussion
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of biological mechanisms as follows: “Various plausible pathways have been identified. However,
none has been definitively demonstrated to be the pathway that directly links exposure to PM with
cardiopulmonary morbidity and mortality. In fact, it is unlikely that any single pathway is responsible.
There are almost certainly multiple pathways with complex interactions and interdependencies.”

Which sizes and types of particles are most dangerous?

Evidence suggests that PM health effects depend upon both particle size and particle composition.

Particle Size: Research indicates that the health effects of PM depend upon particle size. Smaller
particles (in the fine and ultrafine size ranges) are generally more harmful than coarse particles.
Smaller particles typically remain suspended in the air for longer periods; penetrate more readily and
deeply into the lungs, bloodstream and organs; and present a large amount of reactive surface area
relative to their mass.

Ultrafine PM: A growing body of evidence documents public health effects from ultrafine particles.
Motor vehicles are a major source of ultrafine particle emissions, and these particles are highly
reactive when emitted from internal combustion engines. Because ultrafine particles are so
miniscule, they can travel deep into the lungs and organs and pass through cell membranes. These
particles can also carry toxic compounds into the body. Based on high particle numbers, high lung
deposition efficiency, and surface chemistry, ultrafine particles may have a greater potential than
PM2.5 for inducing inflammation and oxidative stress, key mechanisms by which PM harms the body.
In clinical studies, greater inflammatory and oxidative stress (cell, tissue or organ damage), resulting
in damage to DNA, has been associated with exposure to ultrafine particles compared to the larger
particles at comparable mass doses. In some cases, the substances absorbed on to the ultrafine
particles may be responsible for some of the effects observed, including oxidative stress, rather than
the particles themselves. A study (Oberdoster et al. 2010) that examined the effects of combustions
fumes on laboratory rats found that, compared to larger particles, ultrafine particles cause a greater
inflammatory response in the lungs of rats and increased antioxidant levels in their lung tissues.

Numerous studies (e.g., Wichmann 2000) have found a correlation between exposure to ultrafine

PM and increased incidence of health effects such as premature mortality, hospital admissions, lung
cancer and other cancers, cardiovascular disease, adverse birth outcomes, effects on the immune
system, and neurotoxicity. In cell cultures exposed to ambient particles, ultrafine particles were found
in the mitochondria where they induced structural damage.

Research on health effects related to exposure to ultrafine PM is still very limited compared to
the amount of research that has been performed into the health effects of PM2.5. For example,
specific mechanisms of health effects from exposure to ultra-fine nitrate and sulfate particles

are not well defined, nor are the health effects of semi-volatile organic compounds and trace
metals found in ultrafine PM. However, existing studies suggest that ultrafine PM may have
significant health effects, and that some of the health effects related to ultrafine particles may be
independent of the effects from exposure to PM2.5 and/or PM10.
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PM Damage to Cells

Figure 1-2 depicts an image of what happens when PM passes through the lungs and penetrates
into cells. Photos E and F (magnified x 6,000 and 21,000, respectively) show a cell exposed

for 16 hours to fine PM (PM2.5). The “P” indicates damage to cristae, the inner membrane of

the mitochondria, which are studded with proteins and increase the surface area for chemical
reactions, such as cellular respiration, to occur. The “M” points to the presence of particles inside
the mitochondria as well as ultra-structural
damage to the mitochondria. Mitochondria,
sometimes described as “cellular power
generators” supply cellular energy, and are
involved in a number of processes such as
signaling, cellular differentiation, cell death
and the control of the cell cycle and cell
growth. Mitochondria have a central place
in cell metabolism and their damage plays
an important role in a wide range of health

Figure 1-2 Cells Exposed to Fine PM

effects.

Source: Cho et al. Ultrafine Particulate Pollutants Induce Oxidative Street and
Figure 1-3 shows images of a cell exposed Mitochondrial Damage. Environmental Health Perspectives. 2003 April; 111(4): 455-460.

to ultrafine PM for 16 hours. As in the figure
above, the “P” points to damage to the Figure 1-3 Cells Exposed to Ultrafine PM for 16 Hours
cristae, and the “M “shows the presence

of particles inside the mitochondria as well
as structural damage. The degree of ultra-
structural damage in this study was found to
be greater in the cells exposed to ultrafine PM
than the cells exposed to fine PM (and even
more so than those exposed to coarse PM,
which experienced little if any mitochondrial

damage). ' -
Source: Cho et al. 2003.

Relationship
Between Particle Composition and Health Effects

The available evidence from epidemiological studies to date suggests that fine particles themselves
are harmful, regardless of their emissions source or chemical composition. Isolating and pinpointing
the health effects of a specific particle type through epidemiological studies is difficult, because
many particle types and sizes are co-emitted by the same sources and processes, and the air we
breathe always includes a diverse mix of particle sizes and types. Because risk estimates for any
specific particle type are subject to confounding by co-pollutants, the evidence for differential health
risk among PM2.5 components is not as robust as for PM2.5 as a whole. Therefore, when estimating
the health impacts of PM, most researchers currently assume that all mixtures of PM2.5 are equally
potent. And in the absence of information to clearly distinguish the relative risk of different particle
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types, US EPA and ARB currently treat all particles alike, regardless of their chemical make-up, for

purposes of PM air quality standards. (It should be noted, however, that ARB does call out diesel PM

for special attention as a toxic air contaminant.)

But even though it is difficult to determine the relative harmfulness of different particle types,
variation in particle composition and behavior suggests that their health effects are likely to differ
as well. There is some evidence that specific particle types, such as black carbon and diesel PM2.5,
may be especially harmful. For example, fine and ultrafine particles produced by fuel combustion
may be more toxic, because they are highly reactive and because they include sulfates, nitrates,

acids, trace metals and other toxic contaminants. Researchers
have also hypothesized that insoluble ultrafine particles with a solid
core may be more harmful than soluble particles. Whereas soluble
particles will dissolve as they interact with blood and body liquids,
the insoluble particles persist in solid form and can thus penetrate
through protective barriers to irritate and inflame deep within the
body (Ostiguy et al., IRSST, 2006).

As the science advances, at some future date it may be possible to
link the various health effects associated with PM to specific particle
types, or combinations thereof. From the standpoint of protecting
public health, determining which sizes or types of particles are most
harmful is vitally important in the quest to understand PM. If new
information becomes available to identify and help target the most
harmful particle types, then we should be able to develop more
effective control measures to maximize public health benefits in the
most cost-effective manner.

Motor Vehicle Emissions

From the standpoint of population exposure, PM from both gasoline

From the
standpoint
of protecting
public health,
determining
which sizes or
types of particles
are most harmful
is vitally important
in the quest to
understand PM.

and diesel powered vehicles is of special concern, because of the large number of people exposed to

motor vehicles emissions in urban areas, including pedestrians, bicyclists, motorists, and people who

live, work or go to school in proximity to busy roadways. Vehicle tailpipe emissions include primary

ultrafine and fine PM from fuel combustion and lubricating oil, as well as gaseous PM precursors

such as ROG, NOx, and ammonia. Vehicles also produce particles from brake and tire wear that

include toxic chemicals such as copper and cadmium; these toxic substances pollute soil and water
as well as the air. In addition, motor vehicles re-suspend dust (primarily coarse particles) that has
been deposited on roadways from a variety of emission sources, so that these particles once again

become available to be inhaled.

ARB’s Air Quality and Land Use Handbook (April 2005) cites several key findings regarding health

impacts from near-roadway exposures.
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* Reduced lung function in children was associated with traffic density,
especially trucks, within 1,000 feet; this association was strongest within
300 feet. (Brunekreef, 1997)

¢ Increased asthma hospitalizations were associated with living within 650
feet of heavy traffic and heavy truck volume. (Lin, 2000)

e Asthma symptoms increased with proximity to roadways; the risk was
greatest within 300 feet. (Venn, 2001)

e Asthma and bronchitis symptoms in children were associated with proximity
to high traffic in a San Francisco Bay Area community with good overall
regional air quality. (Kim, 2004)

e A San Diego study found increased medical visits in children living within 550
feet of heavy traffic. (English, 1999)

The ARB Handbook notes that truck traffic densities and distance from the roadway are key factors
affecting the strength of the association with adverse health effects. In the health studies cited in the
ARB Handbook, adverse health effects diminished with distance; adverse health effects were seen
within 1,000 feet of high-volume roadways, with the strongest effects within 300 feet.

Exposure to vehicle emissions has been linked to increased blood pressure and thickening of the
arteries. A recent clinical study (Brook et al. 2009) that exposed subjects to PM levels typically found
near highways showed an immediate increase in blood pressure. This study also found that exposure
to PM induced inflammation; this effect typically manifested within roughly 24 hours after exposure.
Another recent study (Kunzli et al. 2010) found that thickening of artery walls progressed more than
twice as quickly among people living within 100 meters of a Los Angeles freeway (where ultrafine PM
levels are typically elevated) compared to those who lived farther away.

The Brugge (2007) review of health studies concludes that there is strong evidence that exposure to
high volume roadways is linked to higher asthma rates and to reduction of lung function in children.
In addition, recent studies (Schwartz et al. 2005, and Adar et al. 2007) have found that heart rate
variability, a risk factor for future cardiovascular problems, is altered by traffic-related pollutants,

particularly in older people and people with heart disease.
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Lubricating Oil

Recent research indicates that engine lubricating oil may contribute to PM emissions from motor
vehicles. To investigate how lubricating oil (and fuels) contributes to the formation of PM and semi-
volatile organic compounds (SVOC) in vehicle exhaust, the National Renewal Energy Lab, ARB, South
Coast AQMD and other partners worked together on the Collaborative Lubricating Oil Study on
Emissions (CLOSE). The objective was to evaluate how much PM emissions come from lubricating oil
and explore ways to reformulate oil so as to reduce PM emissions.

The CLOSE project found that in the vehicles tested unburned lubricating oil makes up more than 70%
of organic carbon (OC), which constitutes a large portion of UFPM. The results of the CLOSE project
indicate that lubricating oil and fuels may lead to the formation of PM. However, further study is needed
to test a wider range of vehicles, and to investigate the effects of oil type on PM and SVOC formation.

Diesel PM

Diesel PM is a subset of PM2.5 that is emitted by diesel engines. Although diesel PM accounts for

a small portion (less than 10%) of the overall PM2.5 emission inventory, it has been called out for
special attention by ARB because of its toxicity. In 1998, in response to a comprehensive health
assessment of diesel exhaust, ARB formally identified diesel PM as a toxic air contaminant (TAC), a
special class of air pollutants that can impair public health even at very low exposures or dosages.
TACs can cause both acute and chronic effects, including cancer. Diesel exhaust also contains more
than 40 other TACs, including carcinogens such as benzene, arsenic, nickel, and formaldehyde. The
Air District performed an analysis of TACs for its Community Risk Evaluation (CARE) program and
found that diesel PM accounts for approximately 85% of the total cancer risk from TACs in the Bay
Area. As discussed in Section 4, diesel PM
has been the focus of control efforts by
both ARB and the Air District.

Wood Smoke

Although wood fires may have an aesthetic
appeal and some people may perceive
wood smoke as natural or even healthy,
findings from health studies to date
indicates that wood smoke particles cause
the same types of negative health effects
as other types of fine PM. Wood smoke
accounts for a major portion (38%) of

the Bay Area PM2.5 inventory during the
winter season.

Wood smoke is produced by incomplete
combustion from residential fireplaces

and wood stoves. Whereas combustion in
diesel and gasoline engines is carefully controlled to regulate oxygen supply and the fuel-to-air ratio
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in order to maximize the efficiency of the combustion process, the wood-burning combustion process
in fireplaces is largely uncontrolled. This leads to inefficient combustion, resulting in a high rate of
smoke and PM emissions compared to other types of combustion. In addition to PM, wood smoke
contains thousands of chemicals, including criteria pollutants such

as sulfur oxides (SO0x), nitrogen oxides (NOx), and carbon monoxide

(CO); as well as several dozen toxic air contaminants such as acrolein

and acetaldehyde, and carcinogenic compounds such as polycyclic In addition

to PM, wood

smoke contains

various toxic and
A review of research on the health effects of residential wood smoke carcinogenic
(Zelikoff et al. 2002) found that prolonged inhalation of wood smoke
contributes to chronic bronchitis, chronic interstitial lung disease,

aromatic hydrocarbons (PAHs), benzene, formaldehyde and dioxins.
More research is needed to evaluate how the various pollutants in wood
smoke may interact in terms of health impacts.

compounds.

pulmonary arterial hypertension, and altered pulmonary immune

defense mechanisms in adults. Studies (e.g., Larsen & Koenig, 1994)

found that young children living in homes heated by a wood-burning

stove had a greater occurrence of moderate and severe chronic respiratory symptoms than children
who did not live in homes heated with a wood-burning stove. Effects on preschool children living in
homes heated with wood burning stoves or in houses with open fireplaces include decreased lung
function in young asthmatics, increased incidence of acute bronchitis, and increased incidence
and duration of acute respiratory infections. One study (Danielsen et al. 2011) found that wood
smoke PM has small particle size and a high level of polycyclic aromatic hydrocarbons (PAH). This
study found that, in terms of health effects, exposure to wood smoke produces high levels of free
radicals, may trigger inflammatory and oxidative stress in cultured human cells, and may damage
DNA.

Studies of wood smoke health effects to date have focused primarily on respiratory impacts. Additional
research is needed to evaluate potential cardiovascular effects from exposure to wood smoke.

Estimating PM Health Impacts in the Bay Area

The Air District has performed two recent analyses to estimate the public health impacts (morbidity
and premature mortality) of PM and other air pollutants in the Bay Area.

e Bay Area Air Pollution Burden: Past and Present (see Appendix A in the Bay
Area 2010 Clean Air Plan, issued September 2010).

e Health Impact Analysis of Fine Particulate Matter in the San Francisco Bay
Area, September 2011.

These analyses were based on methodologies employed by US EPA and ARB to estimate the
health impacts and the monetary costs of air pollution. They rely on the results of peer-reviewed
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epidemiological studies and US EPA’'s BenMAP program, in combination with air quality modeling
results performed in-house by Air District staff. Key findings from these studies include the following:

* Improvements in Bay Area air quality in recent decades have greatly reduced
the health burden from air pollution. Most of the public health benefit is due
to the substantial reduction in PM levels in recent years, as
discussed in Section 3-C.

e The reduction in health impacts has provided cost
savings (in terms of reduced treatment costs, increased

PM is the air

productivity, and longer life span) to the region valued at pOIIUtant that
multiple billions of dollars per year. Most of this economic causes by far the
benefit is due to progress in reducing PM levels. greatest harm to

* Average life expectancy in the Bay Area increased from
75.7 years in 1990 to 80.5 years in 2006. Improved air
quality - primarily the reduction in PM levels - in the Bay
Area during this period accounts for roughly 6 months of
the overall increase in average Bay Area life expectancy.

¢ Despite progress in reducing PM levels and related health
impacts, exposure to fine PM (PM2.5) remains the leading
public health risk, and contributor to premature death, from air pollution
in the Bay Area. The vast majority of premature deaths associated with
air pollution - more than 90% - are related to exposure to fine particulate
matter (PM2.5). Most of the deaths associated with PM2.5 are related to
cardiovascular problems. Based on current PM levels, exposure to PM is
estimated to contribute to approximately 1,700 premature deaths per year
in the Bay Area; this represents roughly 3-5% of total annual deaths in the
region. The economic cost of these negative health impacts is estimated at
multiple billions of dollars per year.

* PM emitted by diesel engines is believed to be the leading toxic air
contaminant (TAC) in the Bay Area. However, the current evidence suggests
that only 10-20% of PM-related deaths in the Bay Area are linked to diesel
exhaust. PM from other (non-diesel) sources (such as wood smoke, cooking,
combustion of other (non-diesel) fossil fuels, and secondary PM formed by
precursors such as NOx, SO2, and ammonia) appears to be responsible for
most of the PM and the PM-related deaths in the Bay Area.

¢ The Air Resources Board has identified diesel PM as a carcinogenic pollutant
that may cause lung cancer. Although lung cancer is clearly a major public
health issue, it should be noted that exposure to diesel PM may cause a wide
range of respiratory and cardiovascular effects in addition to lung cancer. In
fact, to the extent that diesel PM contributes to premature mortality, analysis
suggests that this is primarily due to its role as a component of PM2.5,
in which it contributes to mortality related to heart attacks, emphysema,
strokes, etc.

public health in
the Bay Area.

UNDERSTANDING PARTICULATE MATTER | 2012 | Bay Area Air Quality Management District




Figure 1-4 depicts findings from the health burden analysis performed for the Bay Area 2010 Clean
Air Plan. The graph shows the number of cases of seven key health efects that are related to
population exposure to current Bay Area air pollution levels (2008, labeled “now) compared to the
estimated number of cases that would have occurred if the quantifiable air quality improvements

had not been made (labeled “then”). The “then” data is based on the earliest data available - 1970
for ozone, and the late 1980’s for toxics and PM. Figure 1-4 shows that the annual cases of health
effects associated with exposure to air pollutants in the Bay Area has dropped dramatically, by more
than half. Of particular interest, premature mortality related to air pollution has decreased from an
estimated 6,400 per year to an estimated 2,800 per year. Despite this substantial progress, the
health impacts from air pollution are still significant. And as the graph shows, PM2.5 accounts for the
vast majority of the health effects in comparison to ozone or other (non-diesel) toxic air contaminants.

Figure 1-4 Bay Area Air Pollution Health Burden: Past & Present
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Bay Area air pollution data for year 2008.
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Summary of Key Points on the Health Effects of PM

* Arobust body of epidemiological studies has established that there are
a wide range of negative health impacts from both short-term and long-
term exposure to PM2.5. These impacts include both respiratory and
cardiovascular effects, including key health endpoints such as heart attacks
and strokes.

e Although researchers are still working to define which specific particle
types are more harmful to human health, the available evidence indicates
that smaller particles are most dangerous because they can most easily
penetrate into the lungs, bloodstream, organs, and cells of the body.

e There are documented health effects from exposure to PM2.5 even below
current PM air quality standards, and researchers have not been able to
establish a safe threshold below which there are no health risks.

e Even although the Bay Area either attains or is close to attaining State and
national air quality standards for PM, analysis by Air District staff indicates
that PM is the air pollutant that imposes by far the greatest harm to public
health in the Bay Area.

* Even in regions with relatively low PM concentrations, such as the Bay Area,
efforts to further reduce PM levels will results in public health improvements
and longer average life expectancy, thus providing significant social and
economic benefits.

Areas that Require Additional Research

This chapter has attempted to summarize current information regarding the health effects related to
PM.

Although there is robust evidence that exposure to PM can cause a wide range of respiratory and
cardiovascular effects, many fundamental questions have not yet been fully answered. Researchers

are actively working to provide better answers to key questions, including the following:

*  Which particle types are most dangerous?
* What biological mechanisms cause the observed health effects?
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* Isthere a safe level (no-effects threshold) for short-term or long-term
exposure to PM, below which no health effects occur?

e Do ultrafine particles cause health effects independent of the health effects
caused by exposure to PM2.57?

e |f ultrafine particles do cause health effects independent of the effects
caused by exposure to larger particles, are these effects related to short-term
peak exposure, chronic exposure to lower levels of UFPM, or a combination of
both acute and chronic exposure?

* How does exposure to PM affect intermediate health outcomes such as heart
rate variability and inflammation markers?

* What is the relationship between exposure to PM emissions from roadways
and health effects such as cardiovascular disease, lung cancer, and
premature mortality?
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SECTION 1-B: POPULATION EXPOSURE TO PM

This section summarizes key information regarding population exposure to PM.

In order to protect Bay Area residents from the negative health effects related to PM described above,
we need to better understand population exposure to PM. The key questions are: Who is exposed to
PM? And when, where, and how much PM are people exposed to?

Reducing personal (individual) exposure and population exposure (the aggregate exposure
experienced by all Bay Area residents combined) to PM can provide important public health benefits.
Key questions considered in this section include:

*  Who is at greatest risk from exposure to PM?

* How do PM concentrations vary at the local scale?

*  Which types of environments pose the greatest risk?

¢ How much exposure to PM occurs in the indoor environment compared to
outdoors?

* How do PM concentrations and population exposure to PM change based
upon distance from emission sources?

Linking PM to Health Effects

The connection between PM and negative health effects can be explained by a pathway that includes
the following links:

1. Emissions: A wide range of sources release primary PM and PM precursors
into the air.

2. Ambient PM concentrations: The combination of emissions and
meteorological conditions determines the ambient concentration of PM, that
is, the level of PM in the air.

3. Exposure: Exposure occurs when people actually inhale PM into their
lungs. The level of exposure to PM is closely linked to the ambient PM
concentration.

4. Health effects: Health effects may occur as a result of exposure to PM,
depending upon the intensity, duration and frequency of population
exposure, as well as the size and physical condition of the receptor
population.

The Air District has detailed information about PM emissions and ambient concentrations of PM?
at the regional scale, and there is a wealth of epidemiological studies analyzing the relationship

3 The emissions inventory described in Section 2 provides information on emissions by source. Information regarding ambient
concentrations of PM is available from monitoring data and photochemical modeling.
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between population exposure and health effects. However, as discussed below, estimating
population exposure to PM at the regional scale is difficult. In analyzing how PM effects public health
via the steps described above, the greatest uncertainty relates to estimating population exposure.

Measuring population exposure to PM, and the related health risks, is challenging for several
reasons:

* PM concentrations vary both temporally and spatially

* The composition of PM varies depending upon the mix of emission sources
and meteorology

* Personal activity patterns are complex

* Indoor exposure may account for a significant share of total exposure

Emissions: Many different sources, both
stationary (factories, refineries, etc.) and mobile b_
(cars, trucks, locomotives, marine vessels, and -
farm and construction equipment) emit direct
emissions of PM and/or PM precursors such
as NOx and SOx. Identifying the key emission
sources and developing strategies to reduce
emissions from these sources is the first and
most fundamental step to improve air quality.

Ambient Concentrations: This term refers
to the level of pollutants that are measured in
the air. PM air quality standards are expressed in terms of ambient concentrations, as discussed in
Section 3. The relationship between emissions and ambient concentrations is complex and depends
upon many factors, including meteorological conditions (temperature, humidity, wind speed and
direction, vertical mixing, etc.) the ratio of precursor pollutants, and regional topography. Ambient
concentrations of PM can vary greatly at the local scale.

Population Exposure:
From the standpoint of protecting public health, the key objective is to reduce population exposure to

L]
2 |
L] J-u——‘

PM and other air pollutants. The issue is not
simply how much pollution may be degrading
the quality of the air that we breathe, but
rather how much people are exposed to the
pollution and how much each individual
actually inhales and absorbs (dosage). Key

factors in determining population exposure
include how much pollution is in the air at
the time and location that exposure occurs,
the number of people exposed, the duration
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of exposure, and the frequency of exposure. People are exposed to air pollutants in both the outdoor
and indoor environments. In the case of PM, the evidence suggests that most people experience a
major portion of their total PM exposure when they are indoors, as discussed later in this Section.

Population exposure to PM can also be analyzed in terms of intake fraction, i.e., the fraction of

an emitted pollutant that is actually inhaled by the population. High PM emissions in a sparsely-
populated area may cause little damage to public health, because the intake fraction and population
exposure are low. Conversely, moderate levels of emissions in proximity to a densely populated
environment may result in a higher intake fraction, more population exposure, and greater public
health impacts.

Factors that determine individual exposure to PM and other air pollutants include:

* The pollution profile: the level of pollution, mix of co-pollutants, the specific
mix of particle sizes and their chemical composition, all of which vary
depending on geographical location and emissions sources, season of the
year, and weather conditions.

e Where people live, work, and play.

e Activity patterns and lifestyle choices such as how much time people spend
outside, or how much time they spend driving on busy roadways.

Personal exposure to PM for a given individual on a specific day can be calculated by multiplying the
time spent in each activity by the PM concentration in each location, and then summing the exposure
for each activity. The degree of exposure may vary greatly depending on the type and location of the
activity. Therefore, an activity that involves high exposure for a relatively short period of time, such as
driving on a freeway for 30 minutes, may account for a major portion of total daily exposure.

Estimating total population exposure to PM is challenging because people are mobile and PM
levels may vary substantially from place to place. Estimating population exposure to PM requires
three steps:

1. Documenting activity patterns for a specific individual: i.e., where, when, and
for how long he or she performs various activities.

2. Estimating the ambient concentration of PM that the individual is exposed
to at each time and location. These estimates are derived from air quality
monitoring data and/or computer modeling results.

3. Aggregating each individual’s personal exposure across an entire defined
population.

Dosage: The amount of an air pollutant that an individual actually inhales is called dosage. And
the amount that is absorbed by the body and becomes available for interaction with biologically
significant organs and tissues is called the internal dose. Once absorbed, the chemical can undergo
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metabolism, storage, excretion, or transport within the body. The amount transported to a specific

organ or system is termed the delivered dose.

The air we breathe serves as the carrier medium by which harmful pollutants can enter the body. The
average adult takes about 25,000 breaths and inhales a total volume of approximately 14,000 liters
of air every day. So even though we may only be exposed to a tiny amount of pollution per breath, on a
cumulative basis this can result in a substantial amount of pollution inhaled over time.

The pollutant dosage depends upon the amount of pollution in the air and an individual’s inhalation

rate relative to their body weight. Inhalation rate varies depending upon age, metabolic rate, body

weight, and type of activity. When people are exercising, they inhale more frequently and more deeply,

resulting in a higher dosage. So walkers, runners, and bicyclists experience greater dosage from a

given exposure; this may be a concern if people engage in these activities in close proximity to busy

roadways or other major emission sources.

Children may experience higher dosage than adults,
because they are more physically active, have a higher
metabolic rate and inhale more air on a per-pound basis
than adults. Children also tend to breathe more through
their mouths more than adults; as a result, more PM may
reach their lungs because the mouth is less effective
than the nose at filtering out PM. For these reasons,
children typically experience a greater dosage into their
bodies from a given exposure to pollution.

Sensitive Populations

Just as individual exposure differs, so does the ability of our bodies to tolerate exposure to pollutants.
People vary in their susceptibility to health effects from air pollution depending upon factors such as
genetic features, gender, age, lifestyle (e.g., smoking status and nutrition), and their health status. To
protect public health, we need to focus on reducing exposure among the most sensitive populations

and the most heavily impacted communities.

The key aspect to protecting public health is to reduce personal exposure for the people who are most

susceptible to air pollution; these “sensitive populations” include children, pregnant women, seniors,

and people burdened with existing cardiovascular or respiratory conditions. Children are especially

vulnerable to air pollution due to their higher inhalation rates, narrower airways, less mature immune

systems, and the fact that their lungs and other key organs are still developing. In addition, children

with allergies may have an enhanced allergic response when exposed to pollutants such as diesel

exhaust. Children also tend to spend more time outside than adults, so they may be more exposed

to pollutants in the ambient air. Seniors and people with existing cardiovascular or respiratory

conditions are more vulnerable to the effects of air pollution than healthy adults because their lungs,

hearts, and immune systems may already be weakened or compromised.
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Some epidemiological studies suggest that PM health effects may be influenced by gender. For
example, a 2007 study by the Women'’s Health Initiative (Miller et al. 2007), which examined the
impacts of PM exposure on post-menopausal women, found that a relatively modest increase in
PM2.5 levels (an increase of 10 ug/m?3 or micrograms per cubic meter) was associated with a 76%
increase in the risk of death from cardiovascular disease. This is much higher than the increase in
risk associated with an increase of 10 ug/m? that was observed for the general population in the
Harvard Six Cities study (19%) and the American Cancer Society study (13%).

Although members of sensitive populations live in communities throughout the Bay Area, we know
that certain communities experience higher-than-average levels of air pollution. And in many cases,
people who live in communities that are disproportionately impacted by air pollution may be especially
vulnerable to the negative effects of air pollution because of their demographic and socioeconomic
status. Studies have shown that socioeconomic factors such as income, race, access to health care,
and level of educational attainment, can profoundly affect health status and life expectancy.

But although a correlation between socioeconomic factors and health outcomes has been well
documented, determining the precise correlation between a particular socioeconomic factor and

a specific health outcome is complicated because the various factors are closely intertwined in
most communities. Identifying the specific mechanism(s) by which socioeconomic factors affect
health outcomes is also difficult. But researchers have found that factors such as poverty and race
contribute to stress, thus increasing susceptibility to the health effects of air pollution, since stress
weakens the immune system and may be a factor in initiating some types of disease.

Recognizing that certain neighborhoods and communities in the Bay Area are disproportionately
impacted by local air pollutants, the Air District launched the Community Air Risk Evaluation (CARE)
program in 2004. Air District staff performed technical analysis which identified six impacted
communities most affected by toxic air contaminants. The Air District has been making a concerted
effort to reduce emissions and
population exposure to PM and
toxic air contaminants in these
communities, as described in
Section 4.

To sum up, many factors go into
determining population exposure
to air pollutants and the degree
to which an individual’s health
may be affected by that exposure.
The amount of pollution in the air
and the frequency and duration
of the exposure are key factors. But individual attributes such as age and gender; personal activity
patterns; lifestyle (active or sedentary); socioeconomic status; and health status all play a role as
well in determining how much pollution people are exposed to and how their bodies respond to that
exposure.
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Which Environments Pose the Greatest Risk?

In the course of their daily activities and routines, Bay Area residents are exposed to PM and other
air pollutants in a variety of locations and environments. Several of these environments may expose
people to elevated levels of PM and account for a significant portion of total exposure to PM.

Population Exposure to Motor Vehicle Emissions

Most Bay Area residents are exposed to motor vehicle emissions on a daily basis. Motor vehicles emit
the entire spectrum of ultrafine, fine, and coarse PM by means of several mechanisms. Gasoline and
diesel vehicles produce tailpipe emissions of both primary PM in the fine and ultrafine size ranges,

as well precursor pollutants that form secondary PM, such as ROG, NOx, and ammonia. Lubricating
oil has also been identified as a potential important source of ultrafine PM. In addition to these
combustion-related emissions, motor vehicles generate PM from brake wear and tire wear, and

they cause dust that has settled on roads to become re-suspended in the air. Studies have found a
wide range of negative health effects among people who are exposed to PM emissions from motor
vehicles, as discussed in Section 1-A.

The amount of primary PM and PM precursors emitted by vehicles on a given roadway, and the
chemical composition of those emissions, depend upon many factors, including:

* the volume of traffic and the level of traffic congestion;

* the composition of the vehicle fleet, and whether there are any restrictions
for certain types of vehicles, such as trucks;

* the age mix of the vehicles, the effectiveness of their emissions control
devices, and the fraction of vehicles that are high-emitters;

* the mix of fuel types: gasoline, diesel, or alternative fuel vehicles;

e season of the year and weather conditions; and

* vehicle speed and operating mode; vehicles emit more particles when
accelerating and when traveling at high speed (Hall & Dickens, 1999).

Near-Roadway Concentrations and Population Exposure

Although the emissions inventory (see Section 2) indicates that on-road vehicles account for a
relatively modest share of overall primary PM2.5 emissions in the Bay Area, anyone who drives in
traffic, walks or cycles on urban streets, or lives in close proximity to a busy roadway incurs significant
exposure to PM. Exposure to roadway emissions has emerged as an important social equity issue
because major roadways, especially those that carry a high volume of heavy-duty diesel-powered
trucks, often run through or in close proximity to low-income and minority communities.

Studies show that ambient concentrations of ultrafine and fine PM are generally much higher than
average near major roadways, especially in the downwind direction. Numerous studies have found
increased incidence of respiratory and cardiovascular disease among people who live in close
proximity to heavily-traveled roadways. The good news is that PM concentrations, exposure, and
health effects all tend to decrease rapidly with greater distance from the roadway.
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Population exposure to roadway emissions depends upon the amount and the chemical composition
of emissions generated by the vehicles on a given roadway; meteorological conditions, such as wind
speed and prevailing wind direction; the number of people in proximity to the roadway, their distance
from the roadway, and their demographic characteristics; the type of land uses and buildings near the
roadway; and the presence of buildings, trees, sound walls or other barriers that affect air pollution

dispersion patterns.

Exposure to PM from Busy Roadways

Key findings from studies on population exposure to PM emissions from roadways are summarized
here:

¢ Numerous studies have found increased rates of respiratory and
cardiovascular disease among people who live in close proximity to busy
roadways.

¢ In close proximity to high-volume roadways, ambient concentrations of PM
may be greatly elevated compared to background levels, especially in the
downwind direction.

* When vehicle emissions are trapped in enclosed areas, such as urban street
canyons and tunnels, this can lead to much higher pollution concentrations
and population exposure on a local basis.

* In-vehicle exposure may be a leading source of exposure to PM and other air
pollutants for people who drive on freeways or major arterials on a regular
basis. Exposure rates may be 5 to 10 times higher than average when driving
on busy roadways. Driving on a freeway or busy arterial road for even a
modest time or distance can account for a significant portion of total daily
exposure to ultrafine particles.

¢ Both PM2.5 mass and ultrafine particle number decrease as distance from
the roadway increases. The concentration of ultrafine particles drops off
rapidly within the first 50 to 100 meters from the source, and generally
reverts to background levels 100-300 meters of the roadway.

e How quickly the particle concentration declines as a function of distance
from the roadway depends upon the specific mix of particles emitted by the
vehicles, as well as the atmospheric conditions and wind speed and direction
in the area of the roadway.

A number of studies have analyzed how PM concentrations change in relation to distance from
roadways. For example, a study in Southern California (Zhu et al., 2002) found that the concentration
of ultrafine particles decreased rapidly within approximately 300 feet (~ 100 meters) of the |-710

and [-405 freeways, as shown in Figure 1-5. Although the 710 freeway had much more diesel traffic
(more than 25% of the vehicles) than the 405 freeway (less than 5% of the vehicles), the results were
similar for both freeways.
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Figure 1-5 Number of Particles Versus Distance from Roadway: Two
Freeways in Southern California (Zhu, 2002)

200000
~—710 Freeway - Diesel

- >25%
E |150000 —405 Freeway Diesel < 5%
@
£
E | 100000
=
Q
©
5 50000
©
o
e 0
= 0 100 175 200 300 400 500 600 700 800 900 1000

Distance from Freeway (feet)

The chemical composition and size distribution of freshly-emitted ultrafine and fine PM are
transformed during transport to downwind locations by the processes of condensation, evaporation,
and dilution. Although PM2.5 mass and ultrafine particle number both decrease with distance from a
roadway, the number of ultrafine particles generally drops off much more rapidly than PM2.5 mass.
This is due to the fact that ultrafine particles coagulate very rapidly to form larger particles upon
exposure to ambient air; coagulation reduces particle number, but does not significantly affect overall
PM2.5 particle mass.

Another way to analyze how roadway emissions affect population exposure to PM is to consider
intake fraction; i.e., the percentage of emitted PM that is actually inhaled by a human receptor. A
study by the EPA-funded Harvard Center for Ambient Particle Health Effects performed dispersion
modeling of primary PM2.5 emissions for 23,000 road segments in the Boston area. For each
segment modeled, the study estimated how much of the intake fraction occurs among people in
close proximity to the roadway. The study found that although the intake fraction varied considerably
among the different segments, on average 46% of the total population exposure occurs within 200
meters of the road segment. These findings support the notion that in a dense urban environment,
such as Boston or many parts of the San Francisco Bay Area, a considerable portion of the overall
population exposure to roadway emissions occurs in close proximity to the roadway. However, the
findings also suggest that even though emissions from a roadway become diluted and disperse
rapidly within a few hundred meters of the road, a significant share of the total population exposure
to primary PM2.5 emissions from a roadway still occurs at a distance greater than 200 meters from
the roadway.
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The spatial distribution and extent of roadway emissions may vary based upon temporal factors, such
as time of day and season of the year. A study (Zhu et al. 2006) which compared ultrafine particle
numbers for daytime and nighttime conditions near a major freeway (I-405) in Los Angeles found
that the rate of decrease in ultrafine particles downwind of the freeway was much less at night than
during the day. Although traffic volume on I-405 at night was only 25% of the daytime volume, the
particle count 30 meters downwind of the freeway was about 80% of the daytime value. The authors
attribute the higher ratio of particles to traffic volume at night to a combination of lower wind speed
and weaker atmospheric dilution, as well as cooler temperatures which cause increased particle
formation in the vehicle exhaust. The study also found that particle counts near the freeway were
higher in winter than in summer, for similar reasons to the factors that lead to higher particle counts
at night.

Dispersion is key to reducing ambient concentrations and exposure to PM. However, it is important to
note that some urban environments, such as tunnels and “urban street canyons”, are not conducive
to dispersion of air pollutants. When emissions are trapped in enclosed areas, this can lead to much
higher local concentrations, and thus much higher population exposure. One study (Morwaska et

al. 2008) found that ultrafine particle numbers in the near-roadway environment were roughly 18
times higher than in a non-urban background environment, while measured concentrations in street
canyons and tunnels were 27 and 64 times higher, respectively, than background. Another study
(Zhou et al. 2008) found that, due to high population density, combined with the lack of dispersion,
the intake fraction of emissions in urban street canyons is very high, similar in magnitude to the
intake fraction associated with indoor tobacco smoke.

In-Vehicle Exposure

Concerns about elevated exposure to PM near major roadways also apply to drivers and
passengers traveling in vehicles on high-volume roads. In fact, the evidence suggests that in-
vehicle exposure may be a leading source of exposure to PM and other air pollutants for people
who drive on freeways or major arterials on a regular basis. In-vehicle exposure depends on the
volume and mix of vehicles on a given road, as well as the type of ventilation system used in the
vehicle. Moving vehicles typically have high air exchange rates, allowing emissions from the stream
of traffic to penetrate into vehicles. One study (Fruin et al. 2008) found that 36% of total daily
exposure to ultrafine particles occurred during a daily commute of 1.5 hours round trip (6% of the
day) in Los Angeles, and that 22% of total exposure occurred during 0.5 hours (just 2% of the day)
that was spend on freeways. This indicates that exposure rates may be 5 to 10 times higher than
average when driving on busy roadways. Thus, even limited time on a freeway can account for a
significant portion of total daily exposure to ultrafine particles.

Freeways are also where people are most likely to experience higher exposure to diesel PM, which
has been classified by the Air Resources Board as a toxic air contaminant. The 2008 Fruin study
found that on freeways in Los Angeles, concentrations of ultrafine PM, black carbon, nitric oxide, and
polycyclic aromatic hydrocarbons (PAH) bound to small particles are generated primarily by diesel-
powered vehicles, even though diesel vehicles account for only a small fraction (6%) of the traffic

on LA freeways. This study also found, however, that on arterial roads concentrations of ultrafine
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particles appear to be emitted primarily by gasoline-powered vehicle undergoing hard accelerations.
Concentrations of ultrafine particles on arterials were roughly one-third those of freeways.

“Self-pollution”, which occurs when the exhaust from a vehicle infiltrates its own passenger cabin,
may also contribute to in-vehicle exposure. This has raised concern about risks to children who ride
to school on diesel-powered buses. One study (Adar et al. 2008) found that PM2.5 on school buses
was double the on-road levels, and that 35% of PM2.5 measured in school buses came from self-
pollution. (See description of the Lower-Emission School Bus Program in Section 4 regarding actions

to address this issue.)

Aircraft and Airports

Studies conducted by the South Coast
AQMD suggest that jet aircraft may be
major emitters of ultrafine particles.
Typical ultrafine particle concentrations
are on the order of 50,000-200,000
particles per cm?® near freeways; by
contrast, ultrafine particle concentrations
near jet exhaust can reach 6,000,000
particles per cm3. As shown in Table 1-3.

Table 1-3 Comparison of Ultrafine Particle Concentrations*
Clean background 500 - 2,000 particles per cubic centimeter
Typical urban air 5,000 - 30,000 particles per cc
Freeway 50,000 - 200,000 particles per cc
Jet exhaust Up to 6,000,000 particles per cc

A study (Hu et al. 2009) that measured ultrafine particles near the Santa Monica Airport, at the
residence closest to the airport, and at a nearby school showed correlations of ultrafine particle
concentrations from jet exhaust at all three locations. Aircraft operations resulted in average ultrafine
particle concentrations elevated by a factor of 10 at 100 meters downwind and by a factor of 2.5 at
660 meters downwind. In fact, the area impacted by elevated UFPM concentrations was found to
extend beyond 660m downwind and 250m perpendicular to the wind on the downwind side of the

4 Presentation by Dr. Philip Fine of South Coast AQMD to BAAQMD Advisory Council Meeting: Ultrafine Particles 2012 Atmospheric
Monitoring of Ultrafine Particles, February 2012.
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Santa Monica Airport. This study demonstrated that there may be health implications for residences
living in proximity to jetports, especially in the downwind direction.

A study by Carnegie Mellon University researchers (Miracolo et al. 2011) evaluated the effects of
photo-oxidation on ultrafine PM emissions from a gas turbine engine designed to mimic a jet aircraft
engine. The study found that photo-oxidation created substantial secondary PM, suggesting that it
is also important to consider potential secondary PM formation when assessing the influence of jet
aircraft emissions.

Back-up Generators

Back-up generators (BUGSs), also known as stationary engines and emergency generators, are

used frequently by hospitals, office buildings, schools, grocery stories, and government facilities to
supply power to a building during a power failure. While power failures are generally rare, BUGs are
operated several times a year for testing. Diesel BUGs emit diesel particulate matter and other toxic
air contaminants and may contribute significantly to people’s exposure to toxics and health risks. In
addition, BUGs tend to be concentrated in populated areas, where high numbers of people may be
already exposed to high levels of pollution.

A new BUG installed today in the Bay Area poses little health risk during its operating testing hours
due to the Air District’'s and ARB’s regulations. However, old BUGs that were installed prior to
regulations and continue to be in use today generate high levels of toxics and pose a serious health
risk challenge. Even though these BUGs may be used as little as 100-50 hours a year, they can emit
enormous amounts of diesel PM since their engines do not comply with any emission standards or
contain retrofit technologies. In the Air District’s general screening of health risks for BUGs in the
Bay Area, the cancer risk for grandfathered BUGs ranges from 20 to 200 in a million in some cases.
There are close to 3,000 BUGs in the Bay Area, approximately 1,500 of which may have cancer risks
over 10 in a million. The majority of these BUGs are located in Bay Area urban centers. These BUGs
contribute heavily to health risks already experienced by people living near roadways and other
mobile emissions of diesel PM. The Air District’s general health risk screening for stationary sources
indicates that addressing emissions from grandfathered back-up generators could significantly
reduce exposure to diesel PM, especially in urban areas with already high exposure rates.

Indoor Exposure to PM

Studies have found that most people experience a major portion of
their total PM exposure when they are indoors. This is not surprising,

Most people

since people spend the majority of their time indoors, in the home, eXperience a
office, school, stores, restaurants, etc. According to one study (Qing major portion of
Yu Meng et al. 2005), adults typically spent 87% of their time indoors, their exposure
7% in vehicles, and just 6% outside. The PM that we breathe indoors to PM when they

is a combination of ambient (outdoor) PM that penetrates to the .
. . - . are indoors.
indoor environment, as well as PM emissions produced by indoor

sources.
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Studies to date to measure indoor PM levels and population exposure have generally been limited
to small numbers of sites, because gaining access to suitable sites (private homes, schools, etc.),
installing monitors, and analyzing data requires substantial time and resources. Analyzing indoor
concentrations and exposures in multi-unit buildings, such as apartment buildings, is complicated
by the fact that PM created indoors can move between units, as well as the fact that heating and
ventilation systems, if not properly designed and maintained, can transfer pollutants between units.
Nonetheless, the findings of existing studies suggest that indoor exposure to PM is a serious issue
that merits more attention.

Factors that determine indoor exposure to PM include (1) the ambient (outdoor) PM concentration

in the vicinity of the building, 2) the infiltration rate: i.e., how much of the ambient outdoor PM
penetrates indoors, 3) the air exchange rate: how quickly indoor air is replaced by outdoor air, and
(4) the amount of primary PM emissions and PM precursors produced in the indoor environment from
sources such as cooking, wood-burning, and cigarette smoking. These factors can vary considerably
depending upon building type and location, the type of heating and ventilation system, and
meteorological conditions.

The infiltration rate of ambient (outdoor) PM to the indoor environment depends upon building
materials, characteristics, and design, such as the type of ventilation system, the location of air
intake units, whether windows are open or closed, and whether a building has air conditioning or an
air filtration system. The PM infiltration rate also varies upon the size and composition of the particles
present in the ambient PM. Because different sizes and types of particles have different infiltration
rates, the composition of PM in the indoor environment generally differs from the ambient outdoor
PM. Ammonium nitrate levels, for example, are generally higher outside than indoors. Ammonium
nitrate can exist in either particle or gaseous form in the atmosphere, depending upon temperature.
In colder weather, ammonium nitrate particles account for a sizable portion of total ambient PM2.5
in the Bay Area. However, when they encounter warmer air in the indoor environment, ammonium
nitrate particles generally volatize (convert to the gaseous form), such that they no longer exist in
particle form.

Ultrafine particles are less likely to penetrate through a building envelope because they deposit

more rapidly on building surfaces due to Brownian motion at the molecular level. Whereas typical
infiltration factors for PM10 and PM2.5 are in the range of 50%, (Ott et al. 2000), infiltration factors
for ultrafine particles are on the order of 30% (Wallace & Howard-Reed, 2002). Since ultrafine
particles do not easily penetrate to the indoors, this suggests that indoor sources of ultrafine particles
play an important role in determining total personal exposure to UFPM.
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Sources of PM in the
Home Environment

Although PM in outdoor air does
penetrate to the indoor environment,
particles generated within the home
often account for a substantial share
of indoor PM levels and exposure.
Indoor sources of PM include
fireplaces and wood stoves, cooking,
gas stoves, cleaning products,
cigarette smoking, candles, and
incense, laser printers, as well as

Chemicals Released from
Madern Bullding &
Furnishing Materials

Outdoor Alr Pollutants
Molds & Bacteria

Chemicals from

Cumbustion Gases
from Fireplaces &
Woodburning Stoves
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Animal Hair & Dander
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human activities that may re-suspend PM2.5. Indoor PM may also include a mixture of dander from
pets, other types of allergens, chemical substances, mineral particulate, mold spores, viruses and
bacteria. The RIOPA study (Polidari, A. et al. 2006) found that fine organic particles dominates indoor-
generated PM2.5 in the homes that were studied. Indoor sources of PM can cause PM levels to
spike, especially because the emissions are often retained within a confined area. Several of the key

sources of PM generated in the home environment are briefly described below.

cooking. One study found that the indoor concentration of ultrafine
particles jumped from 5,000 particles per cubic centimeter to 1
million particles - a 200-fold increase - within a few minutes after
the oven in a residential kitchen was turned on. °

Wood-burning devices: People are exposed to wood smoke in
both indoor and outdoor environments. In addition to its negative
impact on outdoor air quality, residential wood-burning can be a
major source of indoor PM, especially if the chimney or stovepipe
does not vent smoke to the outdoors effectively. This problem
occurs most commonly when a fire is first ignited and the fireplace
flue is not warmed up, thus failing to draw smoke efficiently. One

Cooking: Studies have found that cooking is a leading source
of ultrafine particles in many homes. Indoor monitors show

that ultrafine particle counts spike whenever cooking occurs.
Studies suggest that emissions of UFPM are higher from natural

gas stoves than from electric stoves, but the particle emission
rates are high in both cases. Ultrafine particle levels tend to be
significantly higher in homes with gas stoves that use a pilot

light (compared to pilot-less
stoves). Emission rates when
the oven is in use may be
greater than for stove-top

Fine particle emissions

in one hour.
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Old, inefficient stove | EPA cartified stove

Ceriified stoves are 50% more energy
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5 Presentation by Susanne Hering, Ph. D., of Aerosol Dynamics to BAAQMD Advisory Council on March 9, 2011.
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study (Pierson et al. 1989) found that 70% of smoke from chimneys can reenter the home where it
originated and/or neighboring dwellings.

Appliances: Common household appliances, such as clothes dryers, toaster ovens, irons, and laser
printers can also produce ultrafine particles, especially appliances that operate by heating metal
surfaces.

Cleaning products: Household cleaning products can also produce ultrafine and fine particles in
the indoor environment. Scented cleaning products contain terpenes such as pinene (pine scent) and
limonene (citrus scent); these terpenes can react with ozone to form ultrafine particles.

Contribution of Indoor Exposure to Total PM Exposure

Lance Wallace and Wayne Ott have done pioneering work using portable particle counters to measure
personal exposure to ultrafine particles. In one of their recent studies (Wallace & Ott, 2010) using
personal monitors to measure exposures in environments such as homes, cars, and restaurants, they
estimated that, on average, 47% of daily personal exposure to ultrafine particles for the participants
in the study can be attributed to indoor sources, 36% to outdoor sources, and 17% to in-vehicle
exposure. Consistent with the SHEDS-PM estimates for PM2.5 described below, cooking and cigarette
smoking were the dominant sources of indoor emission of UFPM. In households with one or more
smokers, the cigarette smoke more than doubled the exposure from all other sources. By measuring
the particle count per cubic centimeter (cm®) and multiplying this by the size of the impacted indoor
area, this study estimates that smoking a single cigarette emits approximately 2 trillion (2 x 10%?)

ultra-fine particles.

Lynn Hildebrand at Stanford University and William Nazaroff at UC Berkeley have also done important
research to advance our understanding of exposure to PM in various micro-environments. A recent
study directed by Professor Nazaroff (Bhangar at al. 2011) monitored ultrafine particle concentrations
and exposures in seven residences (with non-smoking inhabitants) in urban and suburban Alameda
County. This study provides several findings of interest:

¢ Ultrafine particle concentrations in the home environment are heavily
impacted by episodic indoor source events that cause sharp spikes in
particle counts. These events are triggered by activities such as cooking on
the stove; uses of appliances such as toaster ovens, steam irons, or clothes
dryers; burning candles; and use of the furnace.

* Frequency of use of the cooking range (either gas or electric) is the single
most important determinant of exposure from episodic indoor sources.

* @Gas stoves with pilot lights are a key source of indoor emissions and
exposures to ultrafine particles.

* Indoor particle counts are much higher when occupants are at home and
active (thus generating particles via indoor source events), compared to
when they are away from home, or at home but asleep.
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* Emissions from indoor sources of ultrafine particles accounted for roughly
60% of the indoor particles; the remaining 40% represent particles that
infiltrated from outdoor air.

e Active particle removal systems can reduce indoor particle levels (of both
particles generated indoors, as well as particles that infiltrate from outdoors)
by a factor of 2 to 4.

The papers cited above analyzed personal exposure to PM at the individual level. Efforts have also
been made to estimate the major sources of aggregate population exposure to PM in various urban
areas. Many of these studies have employed the Stochastic Human Exposure & Dosage Simulation
for PM (SHEDS-PM) model developed by the US EPA National Exposure Research Laboratory.
Synthesizing data from many sources, including personal activity logs, ambient PM2.5 concentrations
for outdoor air, and results from studies of indoor PM, the SHEDS-PM model has been used to
estimate the contribution of outdoor exposure and indoor exposure to total population exposure, and
to examine the role of key indoor sources of PM2.5 such as cigarette smoking and cooking.

An analysis (Burke et al. 2001) using SHEDS-PM for Philadelphia found that, on average, ambient
(outdoor) PM2.5 accounted for only 37.5% of total exposure; however, this percentage varied greatly
within the population. The study found relatively low variation in personal exposure to ambient
(outdoor) PM2.5; however, exposure to PM in the indoor environment varied greatly, with high

levels of indoor exposure caused primarily by emissions from cigarette smoking and/or cooking.
Another study (Cao & Frey, 2011) had similar findings, using SHEDS-PM to analyze and compare

PM exposures in three different areas and climate zones (New York City; Harris County, Texas; and
six counties along the I-40 corridor in North Carolina). This study found that ambient exposure
accounted for approximately 40% of the estimated total daily average PM2.5 exposure in each of the
three areas. As in the case of the Burke study of Philadelphia, the Cao study also found that some
individuals have extremely high PM exposures, primarily due to indoor emissions from cigarette
smoking and/or cooking.

The Relationship of Indoor, Outdoor and Personal Air (RIOPA) study (Polidari et al. 2006) investigated
residential indoor, outdoor and personal exposures to PM2.5 in three cities with different climates:
Houston, TX; Los Angeles, CA; and Elizabeth, NJ. The study found that the median contribution of
ambient (outdoor) sources to indoor PM2.5 concentrations was 56% for all study homes (63%, 52%
and 33% for California, New Jersey and Texas study homes, respectively).
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Exposure to PM in Schools

Another recent study directed by Professor Nazaroff (Mullen et al. 2011) measured PM concentrations
in six elementary school classrooms in Alameda County; measurements were performed for a total
of 18 days (from 2-4 days in each classroom). None of the schools was in close proximity to a major
freeway; distance from the nearest freeway was 0.5 km or greater in all cases. Two of the classrooms
were equipped with mechanical ventilation systems; the other four used natural ventilation (windows
and doors that open). The study found that (1) indoor particle counts were typically about half of the
outdoor concentrations, and (2) roughly 90% of the ultrafine particles measured in the classrooms
originated outdoors. The authors compared exposure in the classrooms to exposure in the homes
(per Bhangar 2011), noting that the results suggest that elementary school students are subject

to much greater overall exposure to ultrafine particles in the home environment, because in-home
particle counts are higher and because the students spend more time at home than at school. The
authors attribute the difference in concentrations to the fact that fewer ultrafine particles are emitted
in classrooms than in homes. In particular, indoor source events, such as cooking, that lead to sharp
spikes in UF particle levels, are common in the home, but much less prevalent in the school setting.

Summary of Indoor Population Exposure to PM

Key findings regarding indoor exposure to PM can be summarized as follows:

¢ Ambient contribution to indoor PM exposure depends on outdoor
concentrations in combination with the infiltration rate.

¢ When indoor sources are present, indoor PM concentrations can be
substantially higher than outdoor PM concentrations.

* Indoor PM emissions are generated primarily by specific activities and
sources: cooking, cleaning, ironing clothes, burning candles, use of forced-air
furnaces, fireplaces, etc.

* PM levels in the home are characterized by sharp spikes triggered by the
types of activities mentioned above.

* Ventilation to control PM spikes can greatly reduce indoor concentrations
and population exposure.

* PM concentrations in the home are generally much lower at night (when
people are sleeping, and PM-generating activities are not occurring) than
when people are at home and active.
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Occupational Exposure

Exposure to PM and other pollutants on the

job is regulated by the Occupational Safety &
Health Administration (OSHA). Occupational
exposure to PM may differ from ambient
exposure in terms of particle type and
composition, as well as the intensity, frequency,
and duration of exposure. Certain job types
may expose workers to significant occupational

exposures. For example, truck drivers and

other people who drive a lot on the job may be

exposed to higher levels of PM from both diesel and gasoline vehicles. Restaurant workers may

be exposed to PM from cooking and wood smoke from charbroilers. Construction workers and
quarry workers may be exposed to diesel PM, as well as to geologic dust particles from mechanical
processes. Firefighters, especially those who combat wildfires, may be subject to extremely high
acute exposures to PM. Janitorial workers may be exposed to high levels of PM in the indoor
environment when they use cleaning products that contain chemicals which react with ambient
ozone to form PM. Researchers (Morawska et al. 2007) have founds that people who work in office
buildings may be exposed to PM (as well as VOCs) from printers.

Brigham and Woman’s Health Hospital conducted a study (Laden et al. 2007) of mortality patterns
associated with job-specific exposure to fine particulate and especially particulate matter from
vehicle exhaust. They examined rates of cause-specific mortality and compared this to the general
population. This study concluded that in the U.S. trucking industry there was an excess of mortality
due to lung cancer and heart disease particularly among drivers.

Summary

Population exposure to PM is heavily dependent on individual activity patterns and the types of PM
emissions sources that people are exposed to in the course of their day-to-day activities. PM levels,
and population exposure to PM, may be greatly elevated in certain micro-environments, such as in-
vehicle, near-roadway, and in the home.

The key to avoiding negative health impacts from PM is to reduce population exposure to PM among
Bay Area residents. Recognizing the importance of reducing population exposure to air pollutants, the
Air District has been working to identify areas that are disproportionately impacted and implementing
policies and programs to protect these communities, as described in Section 4.

But to better protect public health, we need to improve our understanding of population exposure to
PM in the Bay Area. Future steps to enhance our understanding of population exposure to PM are
discussed in Section 5.

Simple steps that Bay Area residents can take to reduce their exposure to PM in the course of their
day-to-day activities are also described in Section 5.
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SECTION 1-C: PM AND CLIMATE CHANGE

This section describes the complex interplay between particulate matter and climate change,
including how PM affects climate, as well as how higher temperatures due to climate change
may impact local PM levels.

Although more work is needed to fully discern the connections, research reveals a two-way
relationship in which air pollutants impact the climate at both the local and global scale, while
changes in climate impact air quality. Most discussion has focused on the need to reduce emissions
of carbon dioxide and other greenhouse gases, but researchers have found that particulate matter
also affects the climate, especially the type of PM known as black carbon.

How PM Affects Climate Change

The thin atmosphere that surrounds the Earth enables our planet to support life and the complex
ecosystems that sustain us. There is irrefutable scientific evidence
that the Earth’s atmosphere is getting hotter, and that a wide range
of human activities, such as combustion of fossil fuels, emit carbon
dioxide (C0O2) and other greenhouse gases (GHG) that are building up
in the atmosphere and changing the climate at the global scale. The

Certain types of

effects of this man-made global heating are already being experienced PM, espemally
in California and on a global basis in terms of temperature trends, black carbon, can
extreme weather events (e.g., drought, frequency and intensity of have a potent
hurricanes and cyclones), sea-level rise, changes in precipitation effect in heating

patterns, the frequency and intensity of wildfires, changes in habitat for the climate

flora and fauna, etc.

Efforts to date to protect the climate have focused primarily on reducing

man-made emissions of GHGs that trap solar radiation (heat) that would

normally escape back into space. Reducing emissions of CO2 has been the main focus of climate
protection efforts to date, because on a mass basis emissions of CO2 dwarf the other GHGs, and
because CO2 remains in the atmosphere for a very long time.

However, in recent years researchers have discovered that other short-lived air pollutants, including
particulate matter and tropospheric ozone, also affect the climate. Although the effects are complex,
there is evidence that certain types of particulate matter, especially black carbon, can have a
potent effect in heating the climate at both the local scale (in the area where PM is emitted) and the
global scale. In response to this research, there is a growing recognition that we need to incorporate
strategies to reduce emissions of black carbon into climate protections efforts. Reducing black
carbon can help to slow the rate of atmospheric heating in the near-term, while also protecting

air quality and public health. Emission control opportunities that provide co-benefits in terms of
protecting both air quality and the climate are highly desirable from the policy perspective.
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Climate Forcing

Climate change is primarily caused by man-made activities that impact the Earth’s energy balance
(Denman et al. IPCC, 2007). Energy constantly flows to the Earth in the form of sunlight and other
forms of solar radiation. Some of this solar energy is reflected back into space, and the rest is
absorbed by the planet and stored in the atmosphere, as well as in oceans, forests, etc. Factors
external to the natural energy system - so-called external forcings - can disturb the Earth’s energy
balance. These external forcings can be positive or negative. Positive forcers, such as carbon dioxide,
methane, and other greenhouse gases, cause more of the sun’s energy to be retained by the planet.
In contrast, negative forcers, such as volcanic dust that reflects sunlight back into space, cause less
of the sun’s energy to be retained by the planet. The overall impact of human activities on the climate
depends upon the net sum of positive and negative forcings caused by a wide spectrum of man-made
activities, including emissions of GHGs and other air pollutants, agriculture and forestry practices,
land development and road-paving that affect the reflectivity (albedo) of the Earth’s surface.

Climate Forcing Effects of Particulate Matter (PM)

Particulate matter is composed of solid or liquid particles that are suspended in the air; these
particles are sometimes referred to as atmospheric aerosols. Fine particles affect the climate

by means of several direct and indirect processes, some of which heat, and others of which cool,
the climate. All PM in the atmosphere can affect the Earth’s climate either by absorbing light or by
scattering light. Particles that absorb sunlight add energy to the earth’s system; they act as positive
forcers that lead to climate heating. Particles that scatter light increase the reflection of incoming
sunlight back to space; they serve as negative forcers that cool the climate. In addition to the direct
effect caused by absorbing or scattering incoming sunlight, fine particles may also have indirect
effects on the climate by altering the properties of clouds in various ways. ® More analysis is needed
to fully define the impacts of particles on clouds, but researchers have noted various different
processes by which aerosols can affect the reflectivity and lifespan of clouds, in ways that can have
both heating and cooling effects, as further describe below. (The 2007 IPCC report discusses five
processes; Jacobson 2002 lists 12 processes.)

For purposes of analyzing the impacts of PM on climate, scientists have identified several types of
carbon: black carbon, brown carbon, and organic carbon. The effect of primary (directly-emitted)
PM on sunlight spans a continuum from light-absorbing to light-scattering, with black carbon at the
light-absorbing end of the spectrum, most organic carbon at the opposite, light-scattering end of
the spectrum, and brown carbon (a subset of organic carbon) somewhere in the middle. The ratio
of black carbon, brown carbon and organic carbon produced by fuel combustion depends upon the
specific fuel being burned and the type of combustion conditions. PM emitted by diesel engines is
primarily black carbon, whereas the PM emitted by gasoline engines is mostly organic carbon.

Table 1-4 lists the most significant types of anthropogenic (man-made) aerosol particles in terms of
impact on the climate, and their most common sources. At the global scale, the dominant negative

6 “Atmospheric Aerosol Properties and Climate Impacts” U.S. Climate Change Science Program Synthesis and Assessment Product 2.3;
January 2009.
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forcing agent is sulfate,” whereas the dominant particle as a positive forcing agent is black carbon.
But organic carbon, brown carbon, and ammonium nitrate also affect the climate in various ways
that can have both heating and cooling effects. In the Bay Area, ammonium nitrate levels are
greater than sulfates.

Table 1-4 Climate-Forcing Properties of PM Components

Positive
Forcer

Negative
Forcer

(Cooling Indirect Effect

Agent)

(Heating
Agent)

Sulfates

Secondary PM formed

X Refle.zcts Increases reflectivity of clouds by SO2 emissions from
sunlight ) ;
fossil fuel-burning
Ammonium nitrate
Secondary PM formed
X Reflgcts Increase reflectivity of clouds by combination O.f
sunlight NOx and ammonia
emissions.
Black carbon
1) Reduces reflectivity of clouds; Incomplete combustion
X Absorbs impacts cloud formation. of fossil fuels, biofuels,
sunlight 2) Heats snow & ice by reducing and biomass (wood-
their reflectivity in polar regions. burning)
Brown carbon
Absorbs Incomplete combustion
X some of fossil fuels, biofuels,
wavelengths and biomass (wood-
of sunlight burning)
Organic carbon
Mildly Incomplete com.bustlon
of fossil fuels, biofuels,
? absorbs .
. and biomass (wood-
sunlight

burning)

The various particle types are never emitted into the atmosphere in isolation. The emissions
produced by a given combustion process or event contain a mixture of black carbon, brown carbon,

7 Text from NASA Fact Sheet: “While a large fraction of human-made aerosols come in the form of smoke from burning tropical forests, the
major component comes in the form of sulfate aerosols created by the burning of coal and oil. The concentration of human-made sulfate
aerosols in the atmosphere has grown rapidly since the start of the industrial revolution. At current production levels, human-made sulfate
aerosols are thought to outweigh the naturally produced sulfate aerosols.”
http://www.nasa.gov/centers/langley/news/factsheets/Aerosols.html

UNDERSTANDING PARTICULATE MATTER | 2012 | Bay Area Air Quality Management District



http://www.nasa.gov/centers/langley/news/factsheets/Aerosols.html

and organic carbon, as well as other co-pollutants including nitrates and sulfates, and various air
toxics. The climate effects from a given emissions source will depend on the mix and ratio of the
PM components and other co-pollutants, and the way these pollutants interact in the atmosphere.
Therefore, unlike greenhouse gases, the climate effects from aerosol particles can vary regionally.

PM as Negative Forcer (Cooling Agent): Sulfates & Ammonium Nitrate

As discussed in Section 2, sulfates and ammonium nitrate are the two leading forms of secondary
PM, formed by interaction of precursor chemicals such as SOx, NOx, and ammonia (NH3). Sulfate
particles reflect sunlight, thereby acting as a negative forcer (cooling agent) on the climate. Sulfate
aerosols also have an indirect cooling effect on the climate by increasing the reflectivity of clouds.
Sulfate particles serve as nuclei for the condensation of
water vapor; higher rates of condensation increase the
brightness of clouds and thus their reflectivity. Sulfates
and other aerosols may also lengthen cloud lifetimes. The
overall impact of sulfate and ammonium nitrate particles is
to increase the Earth’s atmospheric albedo, or reflectivity.
This causes less sunlight to reach the Earth and thus

has a cooling effect on the climate. The cooling effects of

sulfates are somewhat regional in nature, that is, the cooling effects seem to be concentrated near
areas where the emissions occur, such as areas of industrial activity.

Due to the atmospheric presence of sulfate and nitrate particles which function as cooling agents,
the evidence suggests that the climate has experienced less heating in recent decades than would
have otherwise occurred. However, since these particles are harmful to human health, we need to
further reduce sulfate and nitrate levels. As we reduce sulfate and nitrate levels to protect public
health, this will lend increasing urgency to the need to reduce emissions of the greenhouse gases, as
well as particles such as black carbon that contribute to climate heating.

PM as Positive Forcer (Heating Agent): Black Carbon & Brown Carbon

Several types of particles act as heating agents. Black carbon, often referred to as “soot”, is a solid
particle formed of mostly pure carbon that absorbs solar radiation (light) at all wavelengths. Black
carbon has been identified as a potent climate heating agent. In fact, black carbon can absorb

a million times more energy than carbon dioxide per unit of mass. Black carbon is black in color
because it is highly efficient in absorbing all the wavelengths of light in the visible spectrum. The vast
majority of black carbon is man-made. Black carbon is produced by incomplete combustion of fossil
fuels, biofuels and biomass (wood-burning).

Combustion of fossil fuels (gasoline, diesel, coal, and natural gas) and biomass (wood and
vegetation) are the major sources of black carbon on a global basis. In general, fossil fuel
combustion from diesel engines, energy production and industrial processes accounts for most black
carbon in developed countries, with the major contribution coming from diesel engines. Approximately
75% of the PM in diesel exhaust is black carbon. By contrast, biomass burning produces most of the
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black carbon in developing countries. In developing countries, burning of biomass occurs both to
clear land and for domestic uses such as cooking and home-heating.

A recent analysis by Air District staff, based on the Bay Area emissions inventory and chemical mass
balance (CMB) analysis of PM captured on filters, indicates that fossil fuel combustion accounts for
approximately 65% of black carbon emissions (diesel engines accounts for 50%; other fossil fuels
15%) in the Bay Area. Wood smoke from all sources accounts for 35% of black carbon emissions in
the Bay Area, most of which (25%) is produced by residential wood-burning.

CO2 and other GHGs heat the atmosphere primarily by retaining heat from the outgoing infrared
radiation (produced when sunlight is reflected off the Earth’s surface) that would otherwise escape
the atmosphere. By contrast, the impact of black carbon on the climate is more complex. It acts on
the climate through multiple mechanisms while suspended as a particle in the atmosphere, and also
when deposited on snow and ice. The impact of the black carbon heating mechanisms described
below can be greater if other pollutants in the air adhere to the black carbon, thus making the
particles bigger and their heat absorption greater.

Direct effect: Black carbon absorbs both incoming and outgoing radiation of all wavelengths
(whereas GHGs only absorb outgoing radiation in the infrared range). When sunlight hits black carbon
in the atmosphere, the carbon particle absorbs that solar radiation and heats the atmosphere. Black
carbon also has a heating impact when it absorbs solar radiation reflected by the Earth and clouds,
thus reducing the amount of heat that would otherwise radiate back into space.

Snow/ice albedo effect: When black carbon falls on to snow or ice, it darkens their surface.

This decreases the reflectivity (albedo) of the snow or ice, so that more sunlight is absorbed, thus
accelerating the melting of ice caps and glaciers. On a global basis, the albedo effect of black
carbon on ice and snow accounts for about 25% of the total heating effect of black carbon (Hansen
& Nazarenko, 2004). Nonetheless, the melting of ice caps and glaciers, which reduces and alters
habitat for key arctic species such as polar bears, is one of the most dramatic manifestations

of climate change. In addition, the impact of black carbon in polar regions is of special concern,
because it may lead to abrupt transitions or “tipping points”.

Two examples of potential tipping point phenomena include the melting of ice in the Arctic Sea,
as well as the release from thawing permafrost of vast quantities of CO2 and methane which
could further accelerate the process of global heating. While the most dramatic manifestations of
the snow/ice albedo effects may occur in polar regions, it has implications for California and the
western U.S. as well. For example, one study (Hadley et al. 2010) has found deposition of black
carbon on snowpack in the Sierra Nevada and Rocky mountains contributes to faster melting of
the snowpack earlier in the spring, thus reducing the amount of snowmelt that would normally
occur later in the spring and summer. This may have impacts on water supply in the western U.S.
by reducing the supply that can be captured for human use. Given the importance of the Sierra
snowpack to water supplies in California, this could be one of the most important effects of black
carbon emissions within the state.
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Indirect and semi-direct effects: Black carbon also alters the
properties of clouds, affecting cloud reflectivity, precipitation, and
the surface dimming caused by cloud cover. Clouds permeated with
black carbon reflect less sunlight back into space, thus causing more
heat to be absorbed in the atmosphere. Because these effects are
so complex, estimating the indirect heating effects of black carbon
and other particles in terms of cloud formation and albedo and
precipitation patterns is one of the greatest challenges for modelers
who study climate change.

Net effect of black carbon: Although black carbon has a complex
mix of both cooling and heating effects, the evidence suggests that its &
net climate impact is positive forcing with significant climate heating
potential. In fact, recent studies indicate that black carbon may be
the second biggest contributor to global heating, after carbon dioxide
(Jacobson 2010). However, because of the complexities related to
analyzing the climate impacts of black carbon, most of the global-scale

climate change models currently in use only consider black carbon in a simplified way by addressing
a subset of its various forcing mechanisms.

Short-Term vs. Long-Term Impacts

Black carbon typically remains suspended in the atmosphere for a relatively short time, on the order
of 10-12 days. This is a very brief timespan compared with greenhouse gases such as methane,
which typically remains in the atmosphere for approximately 10-15 years, or carbon dioxide (CO2),
which stays in the atmosphere for decades or even up to hundreds of years. Because its atmospheric
timespan is brief, this means that reducing emissions of black carbon in the near-term will provide
immediate climate cooling benefits. This could mitigate, in the short-term, the heating that continues
to occur in the absence of effective national and international policies to reduce the on-going
increase in emissions of longer-lived GHG emissions such as CO2 and methane. In other words,
efforts to reduce black carbon can yield immediate cooling benefits, thus buying us time to address
the longer-term solutions needed to reduce longer-lived GHG emissions.

Geographic Scale of Impacts

Whereas the climate impacts of the traditional greenhouse gases are global in scale, the evidence
suggests that the climate impact of black carbon is more localized in nature. Certain regions of the
world are more likely to be impacted by black carbon heating effects, either due to transport and
deposition, such as polar regions, or to high levels of PM emissions in the region, such as Asia. This
has several implications:

» Efforts to reduce black carbon can be targeted on the sources and locations

where the heating effect of black carbon is most damaging. One of the great
unknowns in terms of global heating is where and when climate change may
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go beyond irreversible tipping points that could trigger disastrous impacts,
such as greatly accelerated melting of the Greenland ice sheet or thawing
permafrost. Well-targeted efforts to reduce black carbon emissions in the
most sensitive regions may provide a means to avert or delay such tipping
point scenarios.

Reductions in black carbon at the local level will provide direct local benefits, both in terms of
reducing heating in the specific region where the black carbon reductions occur, as well as reducing
the serious health impacts related to exposure to PM and black carbon.

Brown Carbon

The term “brown carbon” refers to organic carbon compounds that absorb visible and/or ultraviolet

light, and thus heat the atmosphere. Like black carbon, it is a product of incomplete combustion. Brown
carbon compounds are chemically diverse, so that the wavelengths of light they absorb, and thus their
color, vary. The mixture of colors of brown carbon compounds appears brown to the human eye. The total
quantity of solar energy absorbed by a brown carbon mixture depends upon the molecular structure of
the compounds and the total mass of material. The net contribution of brown carbon to climate change is
presently uncertain; this represents a key gap in our understanding of the net impact of PM on climate.

Net impact of PM on the Climate

Assessing the net impact of PM on the climate system is challenging. It requires analyzing the mix
of the various particle types in the atmosphere in a given region, and then evaluating the different
heating and/or cooling properties (both direct effects and the diverse indirect effects) for each
particle type. And because fine particles are generally short-lived in the atmosphere, it is difficult to
measure them on a global scale.

Despite the uncertainties, the available evidence suggests that, even though black carbon and

brown carbon have a heating effect, fine particles as a whole currently have a net cooling effect

on the climate.® In fact, a recent study (Sriver 2011) led by the National Oceanic and Atmospheric
Administration found that a rapid build-up of aerosols (fine particles) in the stratosphere over the
past decade has offset about one-third of the climate heating influence of CO2 during this period.
The NOAA study concludes that the amount of aerosols in the stratosphere will play an important part
in determining the overall change in climate in coming decades. As noted above, it is important to
reduce emissions of fine particles to protect public health, but doing so may exacerbate the challenge
we face in attempting to control the climate heating impacts of greenhouse gases and black carbon.

8 Stratospheric Pollution Helps Slow Global Warming,” David Biello, Scientific American, July 22, 2011; www.scientificamerican.com/article.
cfm?id=stratospheric-pollution-helps-slow-global-warming.
Quote from this article: “By analyzing satellite data and other measures, Daniel and his colleagues found that such aerosols have been
on the rise in Earth’s atmosphere in the past decade, nearly doubling in concentration. That concentration has reflected roughly 0.1 watts
per meter squared of sunlight away from the planet, enough to offset roughly one-third of the 0.28 watts per meter squared of extra heat
trapped by rising atmospheric concentrations of greenhouse gases such as carbon dioxide. The researchers calculate that the aerosols
prevented 0.07 degrees Celsius of warming in average temperatures since 2000.”
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Air District staff has performed a preliminary analysis to examine how decreasing PM levels in the
Bay Area may be affecting the local climate. Staff looked at pyranometer® readings for three sites
with data stretching back to 1990: Bethel Island,

"N

Santa Rosa and San Martin. The data suggest that
insolation (the amount of solar radiation hitting the
earth’s surface) for these sites has increased on the
order of 2 Watts/m? per decade, or about 1% per
decade. This finding, though preliminary, is consistent
with the results from one paper (Wild et al. 2008)
which found that surface net radiation over land

rapidly increased by about 2 W/m2 per decade on a
global basis for the 15-year period 1986-2000.

An April 2012 study (Leibensperger et al.) by the Harvard School of Engineering & Applied Sciences
also sheds light on the cooling effect of sulfate particles and other aerosols. The Harvard study found
that in the later part of the 20th century particulate pollution created a “cold patch” over the eastern
United States where the effects of global warming were temporarily obscured. In addition to directly
scattering incoming sunlight, the particles also helped form clouds that further reflected sunlight,
thus indirectly leading to greater cooling at the earth’s surface. The study found that as a result

of efforts to reduce sulfates and other particles in recent years to protect public health, this “cold
patch” effect has now been largely removed. In the words of the authors, “What we’ve shown is that
particulate pollution over the eastern United States has delayed the warming that we would expect to
see from increasing greenhouse gases. For the sake of protecting human health and reducing acid
rain, we’ve now cut the emissions that lead to particulate pollution, but these cuts have caused the
greenhouse warming in this region to ramp up to match the global trend. No one is suggesting that
we should stop improving air quality, but it’s important to understand the consequences. Clearing the
air could lead to regional warming.”

In analyzing the effects of PM on climate, one of the key technical issues is how to compare the
climate forcing effects of fine particles with the effects of carbon dioxide and other greenhouse
gases. A metric called Global Warming Potential (GWP) is generally used to compare the heating
potential of various greenhouse gases in comparison to carbon dioxide. Although a range of values
has been published in the literature, there is as yet no consensus as to the appropriate GWP value for
black carbon or for fine PM as a whole; this is due to the complex combination of heating and cooling
effects described above, as well as the fact that the impacts of PM on climate may vary from region to
region depending upon the specific sources and composition of PM in a given area.

In comparing the impact of different climate forcing agents, it is important to consider the different
atmospheric lifetimes of the various pollutants that impact the climate. For example, CO2 and
methane remain in the atmosphere for many years; therefore, the benefit of reducing these gases
in cooling the atmosphere will be spread over many years. By contrast, black carbon and other

9 A pyranometer measures solar irradiance, that is, the amount of solar energy hitting a flat horizontal surface. It works by using a black-
coated flat disk called a thermopile: The black surface absorbs the solar energy and converts it to heat. The thermopile converts this
thermal energy to electrical energy.
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fine particles remain in the atmosphere for just a few days or weeks; therefore, the cooling effect
from reducing black carbon is experienced immediately. So for purposes of policy decisions with a
short-term time horizon, it may be appropriate to give greater weight to black carbon, since reducing
black carbon (1) provides immediate climate protection benefits by helping to offset the rise in
temperatures caused by the continued build-up of greenhouse gases in the atmosphere, and (2)
provides localized health benefits by reducing PM concentrations and population exposure to PM.

Impacts of PM on Precipitation Patterns and Storms = LT

In addition to the impacts of fine particles on climate summarized
above, recent studies also describe potential impacts of PM on
cloud formation and precipitation patterns. A study (Zhanqing

Li et al. 2011) that analyzed rainfall patterns and aerosol level
over a 10-year period in the southern Great Plains of the U.S.
found that aerosol pollution will suppress cloud formation and
reduce precipitation in relatively dry environments. Conversely,
aerosols are likely to increase cloud formation and rainfall in the

summertime in areas with an existing moist environment, thus
worsen flooding. The authors conclude that “These findings have
important implications for the redistribution, availability, and usability of water resources in different
regions of the world.”

Impacts of Climate Change on PM Levels

Meteorology plays a critical role in determining air pollution levels. Climate change may impact future
PM levels by affecting key meteorological variables such as surface temperature, relative humidity,
precipitation rate and patterns, wind speed, and mixing height (vertical mixing). Atmospheric mixing is
important to disperse PM and prevent it from building up in the air, so any climate effects that would
reduce horizontal or vertical mixing could lead to higher ambient concentrations of PM. In considering
potential impacts of climate change on future PM levels, one of the main concerns is to determine
whether there will be a “climate penalty” - i.e., whether climate change will increase ambient PM
levels. Any such climate penalty would either lead to higher PM levels, or require additional controls,
beyond those already enacted or anticipated, in order to achieve PM standards.

Researchers are still attempting to evaluate the potential impacts of climate change on future PM
levels. There are many factors that introduce uncertainty into this exercise, including uncertainty
about the degree of future change in the climate and future emissions of PM and its precursors.
Key findings from a June 2010 report to ARB prepared by University of California scientists entitled
Climate Change Impact on Air Quality in California include the following:

* The impact of climate heating on PM levels is difficult to pin down because
some of the likely effects act in opposite directions. For example, higher
temperatures discourage the formation of ammonium nitrate, a component
of secondary PM that constitutes a sizable fraction of Bay Area PM2.5.
However, as an offsetting effect, higher temperatures will also lead to
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increased background concentrations of ozone, which encourages the
formation of ammonium nitrate.

* Impacts of climate change on PM levels may vary by region, but, overall,
climate change is expected to have only a small effect on PM levels and
population exposure to PM in California’s major air basins on an annual
average basis.

¢ Climate change is likely to increase average wind speeds in coastal regions
of California; this may lead to lower concentrations of primary PM, especially
in coastal regions, such as the Bay Area.

* However, climate change may cause PM levels to be higher during extreme
pollution events in the future, because future stagnation events which trap
pollutants close to the emissions source will increase in strength.

Increased Wildfires

Climate change may cause an increase in the frequency and severity of wildfires by altering snowmelt
and precipitation patterns. At least one study (Westerling, et al. 2006) has found an association
between climate change and increased wildfires in forests in the western US. Wildfires can emit

huge quantities of fine particles such as black carbon, as well as other air pollutants, such as carbon
monoxide, NOx, and air toxics. Most of the particles from wildfires are in the very fine size range,

the types of particles that can most effectively penetrate deep into the lungs. Wildfires can cause
dramatic short-term spikes in pollution levels, and greatly increase population exposure to PM and
other harmful pollutants. The outbreak of wildfires that swept across California in late June 2008
caused ambient concentrations of ozone and PM to soar to unprecedented levels.® A recent study
(Wegesser et al. 2009) found that the PM concentrations not only reached high levels, but that the
PM released by these June 2008 fires was much more toxic than the PM more typically present in the
California atmosphere. Smoke from wildfires can cause a variety of acute health effects, including
irritation of the eyes and the respiratory tract, reduced lung function, bronchitis, exacerbation of
asthma, and premature death.

10  During the final week of June 2008, PM2.5 levels increased five or ten-fold compared to normal readings at several Bay Area monitoring
stations.
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In addition to these health effects, wildfires also release immense quantities of carbon dioxide stored
in trees and vegetation into the atmosphere. Therefore, to the extent that climate change increases
wildfires, this will increase emissions and atmospheric concentrations of black carbon and GHGs that
contribute to climate change, in an unwelcome feedback loop.

Policy Considerations

The evidence suggests that there is a compelling rationale to reduce black carbon emissions for
several reasons.

¢ Reducing black carbon will provide immediate climate protection benefits
by (1) helping to offset temperature increases related to greenhouse gases,
and (2) potentially averting or delaying the onset of “tipping point” scenarios,
such as collapse of arctic ice cap or the sudden release of carbon stored
in permafrost, which could have profound and irreversible impacts at the
global level. Since emissions of greenhouse gases, especially CO2, continue
to increase at the national and global scale, and efforts to reverse this trend
have made little headway to date, reducing black carbon may buy society
time to implement the more fundamental changes required to stem the rise
of greenhouse gas emissions.

* |n addition to protecting the climate, reducing black carbon will provide
important public health benefits by reducing population exposure to PM2.5
and diesel PM, both of which have been shown to cause a range of negative
health effects.

¢ Reducing black carbon will provide these health and climate benefits at the
local scale; i.e. in the region where the emissions reductions occur.

The good news is that, thanks to efforts over the past 10-15 years to reduce emissions of fine PM
and diesel PM in California and the Bay Area (described in Section 4) in order to protect public
health, we have already made major progress in reducing ambient levels of fine PM and black
carbon. Analysis of elemental carbon, which is closely associated with black carbon, indicate

that Bay Area levels decreased 73% from 1989-91 through 2008-10. ** Reductions in ambient
concentrations of black carbon in California and the Bay Area have presumably helped to reduce
the amount of climate heating caused by man-made emissions of GHGs and other climate forcers
at both the local and global scale. Looking forward, black carbon emissions will be further reduced
in response to adopted regulations, such as ARB’s heavy-duty diesel engine regulations, that will
be implemented over the next 10-15 years. The other side of the coin, however, is that because
we have a “head start” on reducing diesel PM and black carbon in California, much of the “low-
hanging fruit” has already been picked. Therefore, measures to reduce the remaining increment of
fine PM and black carbon may entail higher cost or effort per unit of emissions reduced. However,
because reducing black carbon provides benefits in protecting both public health and the climate,

11  See pages 36-37 in Trends in Bay Area Ambient Particulates, BAAQMD, November 2011.
www.baagmd.gov/Divisions/Planning-and-Research/Research-and-Modeling/Publications/Reports.aspx
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it should still be possible to craft additional black carbon control measures or incentive programs
that reduce black carbon at a favorable benefit/cost ratio.

Trade-offs

Because PM includes a variety of particle types with differing effects on climate, it is important to
identify and mitigate potential trade-offs in developing control measures to reduce PM. As noted
above, reducing emissions of particles that act as cooling agents (e.g., sulfates and ammonium
nitrate) should protect public health, but may entail a trade-off in terms of protecting the climate. In
another example of trade-offs, a recent study (Anenberg et al. 2011) that analyzed the global-scale
health benefits of reducing black carbon noted that reducing black carbon could lead to a modest
increase in sulfate (S0O4) concentrations. Because sulfate particles scatter incoming sunlight, an
increase in sulfates could provide additional benefit in terms of cooling the atmosphere. However,

an increase in sulfates could have a negative impact on public health, depending on how this would
affect PM2.5 levels and local population exposure to PM. As this example suggests, identifying and
evaluating potential trade-offs, and determining the net benefit of potential control strategies, can be
a complex exercise. The Air District will closely track ongoing research on these issues to inform policy
decisions.

Next Steps

Although the impact of PM and aerosols on the global climate is complex, some type of particles
such as black carbon contribute to climate heating. This suggests that efforts to reduce PM should
place high priority on reducing emissions of those particles, such as black carbon, that both damage
public health and contribute to climate heating. Potential policies and actions to address the climate
impacts of PM are discussed in Section 5.
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SECTION 1-D: PM IMPACTS ON
ECOSYSTEMS & VISIBILITY

This section describes impacts of PM on ecosystems, visibility, and the built environment.

In addition to directly impacting public health and the climate, particulate matter also can have
negative effects on water quality and on the ecosystems and environment that sustain us. These
effects, as summarized in Table 1-5, include acid rain which leads to acidification of lakes and
streams, changes in the nutrient balance of coastal waters and river basins, leaching of nutrients
from soil and reduced nutrient uptake in plants, damage to forests and crops, reduced diversity
and productivity of ecosystems, damage to stone and man-made materials, and reduced visibility
and aesthetic values. According to the US EPA, the scientific evidence is sufficient to conclude
that a causal relationship is likely to exist between deposition of PM and a variety of effects on
individual ecosystems.

It is important to note that the varying chemical compositions found in PM concentrations affect
different aspects of the ecosystem. As discussed in Section 2, PM is a complex pollutant made
up of a number of compounds and originates from a variety of sources and processes. As such,
specific chemicals and components of PM are linked to specific ecosystem affects. For example,
elemental carbon and some crustal minerals are the most commonly occurring airborne particle
components that absorb light. Reduced visibility is caused by light absorption (as well as light
scattering). In another example, toxic responses in plants and foliage have been documented
when exposed to PM concentrations containing acids, trace metal content, or saline compounds.
Also, different chemical compounds can negatively affect segments of the environment to varying
degrees. One significant trace metal component of PM is mercury, which is toxic and can move
readily through ecosystems and food chains. Mercury emitted from a smoke stack of a factory, for
instance, may settle into soil, then be transported from soils into a nearby water body, accumulate
in the bodies of plankton and other smaller fish who are then consumed by larger predators such
as animals and humans, thereby transferring the mercury content all the way up the food chain.

In summary, the overall impact of PM on the environment depends upon many factors,

including the chemical composition of the particles, meteorology, season of the year, and the
characteristics and viability of the impacted ecosystem.
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Table 1-5:

Vegetation

Soils

Water & Aquatic
Systems

Wildlife

Visibility

Materials

Property Values

Damaged leaf tissue; stunted
growth; reduced starch storage
capacity.

Altered soil chemistry.

Altered chemistry; increased
acidity; increased mortality in fish,
decreased stamina in fish.

Lung damage; neurological
damage; chromosome damage.

Reduced visibility; aesthetic
degradation.

Damage and degradation of
building materials and finishes.

Reduction in property values.

Effects of PM on Vegetation and Soils

Summary of Negative Impacts of PM on Ecosystems, Visibility, and Materials

Reduced crop yields; less robust growth of
vegetation that humans, animals, and insects
depend upon.

Plants absorb metals and other toxic elements,
which are then transferred to animals & people
that eat the plants. Can lead to an increase in
invasive plant species. Polluted soil can run off
into stream/water bodies.

Decline in fish populations; bio-accumulation
effect which impacts plants, fish, and
mammals from the bottom of the food chain to
the top

Stress on wildlife populations. Bio-
accumulation of pollutants up the entire food
chain.

Reduction in tourism & economic benefits from
tourism. Reduced ability to enjoy scenic and/or
historical vistas.

Increased maintenance costs; degradation of
historic structures.

Economic disbenefit to homeowners &
landlords. Reduction in local government tax
revenue.

Airborne particles are deposited to a variety of surfaces, including soil and open ground; forests, crops,
and other vegetation; water bodies such as lakes, streams, and oceans; and man-made surfaces such
as buildings, roads, and parking lots. Particles are deposited via two processes: wet deposition (rain
or snow) and dry deposition. Coarse particles typically are deposited by means of dry deposition, and
generally settle close to the location where they were emitted. Conversely, fine particles are typically
deposited via wet deposition and may travel farther from the point of origin.

PM can affect plant life through direct deposition on surfaces, or indirectly through altered soil
chemistry. When directly deposited onto vegetation, PM can affect the metabolism and photosynthesis
of plants by blocking light, obstructing stomata apertures, increasing their temperature, and altering
pigment and mineral content. In general, the toxic responses documented in plants after exposure to
high levels of PM are typically associated with acidity, trace metal content, or salinity of the deposited

particles. Fine PM has been shown to enter the leaf through the stomata, penetrate the structure of the

UNDERSTANDING PARTICULATE MATTER | 2012 | Bay Area Air Quality Management District



leaf, and alter its chemistry. Coarse PM can form a “crust” on the leaf, which reduces photosynthesis,
damages the leaf tissues, inhibits new growth of the tissue, and reduces starch storage.

The soil environment is one of the most dynamic sites of biological interaction in nature. Deposition

of PM on soil can have a negative effect not just on the chemical composition of the soil itself, but

also upon the plants which grow in it, the animals and people who eat those plants, and even nearby
groundwater systems which run through the impacted soils. This phenomenon, whereby a substance
(such as trace metal) moves up the food chain and becomes more concentrated during ascension, is
also known as biomagpnification. In general, plant growth is negatively impacted by the presence of trace
elements and heavy metals in soils which can then enter the plant tissue. As the plants absorb heavy
metals and other pollutants via PM deposition into the soil, this can have a biomagnification effect and
negatively impact the health of the people or animals that eat them.

PM may have another potential impact on soil, flora, and fauna, to the extent that the ammonium nitrate
component of PM acts as a source of reactive nitrogen. Deposition of reactive nitrogen on land acts as an
unintended fertilizer which can have impacts on terrestrial flora and fauna. A growing body of literature
documents the impacts of nitrogen deposition on ecosystems in western states. Studies demonstrate that
increased nitrogen deposition is negatively affecting native plant communities which are adapted to live in
low-nitrogen environments. These changes have enhanced invasion of exotic plant species such as annual
grasses. Of the 225 plant species in California listed as threatened or endangered by the state or federal
government, 101 are exposed to levels of nitrogen suspected of causing ecologijcal disruption (Weiss, CEC
2006). In areas where reactive nitrogen is deposited on nutrient-poor soil, this can facilitate the expansion
of invasive, non-native species that choke out native plants. As the flora changes, animal species that
depend on the native vegetation may be adversely impacted.

The case of the Bay Checkerspot Butterfly, which has been on the federal endangered species list
since 1987, provides an example of the impact of reactive nitrogen on diversity of native flora and
fauna. The Checkerspot depends on native grasses that grow on nutrient-poor serpentine soils. The
serpentine ecosystem provides food for both the larval and adult stages of the butterfly. Edgewood
Natural Preserve in San Mateo County historically supported a healthy population of Checkerspots.
However, nitrogen deposition from vehicles on Interstate 280, which is adjacent to the Preserve, has
allowed aggressive, non-native grasses, such as Italian rye grass, to crowd out native grass species in
recent years (Weiss 2002). As a result of habitat reduction, the Checkerspot population at Edgewood
is in jeopardy.

PM and Acid Rain

Acid deposition, more commonly known as acid rain, is a widespread problem which effects water
quality and ecosystems, and its effects have been well studied. Acid rain is a broad term which refers
to a mix of wet and dry deposited particles from the atmosphere which contain high proportions of
nitric and sulfuric acids. The precursors of such acids result from both natural and manmade sources.
Natural sources include volcanoes and decaying vegetation, and manmade sources include emissions
of SO2 and NOx from fossil fuel combustion. Figure 1-6 shows the process whereby natural and man-
made emissions combine in the atmosphere to produce acid rain.
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Figure 1-6 Formation and Deposition of Acid Rain
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Acid Rain. Source: U.S. Environmental Protection Agency

Acid rain has negative effects on soil, water (freshwater and saltwater), aquatic ecosystems, and
building materials. Regions where a high percent of ambient PM2.5 is composed of secondary particles
such ammonium sulfate and ammonium nitrate (e.g., the eastern US) are more likely to experience
greater negative impacts of acid rain. While a majority of the PM2.5 in the Bay Area is attributable

to primary PM from wood smoke and fossil fuel combustion, during winter months a large portion of
PM2.5, on the order of 35%, is composed of ammonium nitrate. Accordingly, while acid rain is not a
serious problem in the western United States, due to the levels of ammonium nitrate in overall PM
concentrations in the Bay Area, it is worthwhile to take precautions.

On land, acid rain can damage trees, especially at higher elevations, where exposure to acid-heavy
clouds and mist is greater. The ability of a forest to cope with acid rain depends on the buffering
capacity of its soil. Acid dissolves and removes the nutrients in forest soils before trees and other
plants can use them to grow. At the same time, acid rain causes the release of substances that are
toxic to trees and plants, such as aluminum, into the soil.

While acid rain is not a serious problem for water bodies in the Bay Area, because primary PM and
PM precursors can travel a considerable distance in the atmosphere before depositing elsewhere,
pollution emitted in the Bay Area may impact ecosystems in downwind areas including the Sierra
Nevada. According to a National Parks Service report,*2 acid rain and snow is not as serious a
problem in the Sierra Nevada as in the eastern U.S. or the Colorado Rockies. However, many high-
elevation Sierra lakes have low buffering capacity (ability to cope with acid), so it is important to
minimize any future acid deposition.

12 See http://www.nature.nps.gov/air/Pubs/pdf/techinfoEpaDeposition.pdf
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According to the National Acid Precipitation Assessment Program Report to Congress (2011) and
the U.S. Environmental Protection Agency, numerous negative ecosystem effects are attributed to
increased acid deposition, including:

* Impaired visibility;

¢ Acidification of lakes and streams, which has a cascading effect onto fish in
terms of reductions in total population, hardiness of the fish, age distribution,
and size;

* Reduction in plankton biodiversity (specific to the western US);

¢ Reduction in acid neutralizing capacity;

e Decrease in pH (increase in acidity level) which can affect the ability of
certain plant, insect and aquatic species to survive;

* High levels of nitrates in water which are toxic to aquatic life; and

¢ Depletion in oxygen levels of the water from accelerated plant life/death.

* Slower growth, injury or death of forests and plant species from altered soil
chemistry, and/or damage to leaves or plant organs;

* Increases in atmospheric nitrogen deposition which tends to decrease
species diversity (particularly in alpine plant communities); and

* Degrading effect on built structures and monuments, particularly those made
of limestone, marble, lime mortars and carbonate-cemented sandstone.

Studies to date have found that the rise in CO2 concentrations in oceans via absorption, which
causes decreases in ocean pH and alkalinity, is the major issue regarding ocean acidification.
However, acid rain also contributes to ocean acidification. Approximately one-third of all nitrogen oxide
emissions end up in the oceans. The contribution of acid rain to ocean acidification is likely greater in
coastal regions such as the Bay Area, where the acidifying effect of nitrogen oxides can be as high as
10 to 50 percent of the impact of carbon dioxide (Doney, 2007). Studies have shown that increased
acidity interferes with the formation of the shells and skeletons in coral, crabs, marine snails, and
clams (World Wildlife Fund 2011).

Effects of PM on Water, Aquatic Systems, and Wildlife

As previously discussed, some components of anthropogenic (manmade) PM such as trace metals
have a particularly damaging effect on ecosystems, including mercury, a significant trace metal
component of PM that moves readily through ecosystems; as well as pesticides and polyaromatic
hydrocarbons (PAHs). Once deposited, these pollutants may travel through the snow pack and feed
into the water system. Deposition of PM containing these compounds has been found in the Sierra
Nevada mountains in California, the major source of the state’s water supply.

Some environments produce PM concentrations more toxic than others. In urban areas, motor
vehicles emit toxic metals and other particles which are deposited on roads and parking lots,

from where they are washed into the streams and bays, thus degrading nearby water quality. For
example, particles from tire wear are a significant source of zinc, and brake pad wear is a significant
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source of copper (Stolzenbach 2006). Copper from brake pads is toxic to aquatic organisms such
as phytoplankton that serve as the foundation of the food chain, thus affecting the health of entire
ecosystems. Elevated copper levels may also be one of the factors contributing to the decline of
salmon populations.*®

Physiological responses of fish to higher pollutant levels include increased mortality rates,
chromosomal damage, retarded growth and development, and disruption of normal biological
functions, including reduced stamina for swimming and maintaining positions in streams. An increase
in concentrations of certain heavy metals such as aluminum, nickel, cadmium, copper, and mercury
can poison fish and shellfish, and those who prey upon fish/shellfish.

Deposition of PM on land and water can have a range of negative impacts on ecosystems and

wildlife from the bottom of the food chain to the top, due to the process of bio-magnification or
bioaccumulation. For example, in addition to impairing the health of fish populations, air pollutants
deposited in the aquatic environment can damage the broader ecosystem. To the extent that PM and
related air pollutants are deposited in water and then absorbed by fish, frogs, snails and other marine
life, these then travel up the food chain, increasing in concentration with each step up the ladder, to
fish-eating predators including bald eagles, osprey, otters, pelicans, and grizzly bears.

PM and Visibility (Haze)

Particulate matter is a major cause of reduced visibility, or haze, in both urban and rural areas. Haze
is one of the most visible manifestations of air pollution. Reduced visibility is of special concern in
areas of great natural beauty such as national and state parks and wilderness areas. In addition to
detracting from the aesthetic enjoyment of vistas and landscapes, haze can have negative economic
impacts in areas that depend on tourism. The emissions that create haze in parks and wilderness
areas often originate elsewhere, sometimes from distant urban areas. For example, 33% of the haze
found in the Grand Canyon is attributed to sources of particulate pollution in California.

To address regional haze problems, the US EPA created a Regional Haze Program and issued
regulations to improve visibility, particularly in national parks and recreation areas. The original
regulations, adopted in 1999, required states to develop plans to address the emissions that
contribute to regional haze. In addition, all 50 states were required to submit a regional haze state

13 For discussion regarding the impact of copper from brake pads on water bodies, see http://www.suscon.org/bpp/#
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implementation plan by December 2007 to demonstrate each state’s long-term strategy for making
reasonable progress towards achieving natural visibility conditions. In June 2012, US EPA proposed
to issue a new urban visibility standard to provide increased protection from particle-induced haze
in urban areas. As discussed in Section 3-B, the proposed standard would measure visibility on the
basis of light extinction as expressed in units called deciviews.

g

Haze is caused when fine particulates in the air scatter and absorb sunlight. Some light is absorbed
by particles, while other light is scattered away before it reaches the observer. More particles lead to
greater absorption and scattering of light, reducing visual clarity and color. Some types of particles,
such as sulfates, scatter more light. Haze-causing particles come from a variety of both manmade
and natural sources, including windblown dust, wildfires, motor vehicles, electric utility and industrial
fuel burning, and so on. Some particles which cause haze are produced primarily, while others are
produced secondarily.

Visibility is closely tied to wind and weather conditions. Wind affects how pollutants are mixed and
dispersed. On very windy days, the air is normally clear because particles are well dispersed. On days
when surface winds are present but weaker, particles usually form a plume which causes reduced
visibility. When no surface wind is present, haze typically forms near the ground and continues to build
as long as the stagnant condition persists. These conditions are most conducive to reduced visibility.

Key sources contributing to the formation of haze include combustion of fossil fuels or biomass
burning in electric utilities, manufacturing processes, and transportation. Natural sources of haze
include wildfires, volcanoes and wind-blown dust. As a result of regulations to reduce emissions of
PM2.5 and PM10, visibility has improved in many US cities and national scenic areas in recent years.
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Reduced visibility may also impose monetary costs in terms of reduced property values, and
negative impacts on tourism. An analysis performed by the South Coast AQMD for its 2007 Air
Quality Management Plan (AQMP) found that visibility improvements related to achieving compliance
with federal PM2.5 standards would provide an estimated $3.6 billion benefit per year in terms of
increase property values in the South Coast air basin. South Coast staff analyzed the sales price of
owner-occupied single family homes between 1980 and 1995 and found that visibility has an impact
on property values. Their analysis demonstrated a willingness on the part of home-buyers to pay a
premium for visibility. (Final Socioeconomic Report for the 2007 AQMP, June 2007, SCAQMD)

Effects of PM on Materials and Property Values

In addition to negative impacts on soil and water quality and ecosystems, PM and other air pollutants
also damage the man-made built environment. Based on the available evidence, US EPA has
determined that a causal relationship exists between PM and damage to building materials and
other surfaces. Exposure to air pollutants can accelerate the natural wear and tear on buildings from
wind, rain, moisture, and temperature changes, further damaging these surfaces. For example, PM
deposition on buildings affects the durability of paint finishes and promotes discoloration, chalking,
loss of gloss, erosion, and causes blistering and peeling of surface material. This requires costly
cleaning or washing, and potentially re-painting, depending upon the soiled surface. The effect of

PM deposition on national monuments and other cultural treasures and historical structures is of
particular concern. Other effects on PM deposition on buildings and surfaces include:

e Enhanced weathering process on stone in
combination with exposure to PM. Black
crusts commonly develop from airborne
particles deposited on stone surfaces;

e Corrosion of metals and masonry;

* Soiling of motor vehicles and damage to their
finish;

* Increased building maintenance and repair
costs; and

* Reduced property values.

Additionally, PM contributes to the formation of acid rain, which has a serious effect on structures
and monuments, particularly those made of limestone, marble, lime mortars and carbonate-
cemented sandstone.

The 2007 AQMP prepared by the South Coast AQMD also quantified the damage to wood and
stucco surfaces of residential properties, as well as the cost of household cleaning, from PM2.5
emissions at eight locations in southern California. The total benefit of the decrease in costs for
repainting stucco and wood surfaces, cleaning, and replacing damaged materials is projected to
be $204 million, on average, every year between 2007 and 2025. Further, this figure is likely to
be understated, because it takes into account only residential buildings. As previously discussed,
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damage to historic buildings or monuments, such as statues, cemetery gravestones, and the like, as well as non-
residential buildings, occurs from exposure to PM2.5. Taking into account other building types, especially special
and historic ones, is likely to greatly increase the benefit from reduced PM2.5 emissions. (Final Socioeconomic
Report for the 2007 AQMP, June 2007, SCAQMD)
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SECTION 2: PM
TECHNICAL INFORMATION

This chapter provides technical information about particulate matter, including PM size ranges,
PM formation and dynamics, the results of PM air quality modeling, PM speciation data as to
the contribution of key emission sources to ambient concentrations of PM, and the Bay Area PM
emission inventory.

PM Characteristics

The term particulate matter (PM) encompasses a diverse assortment of microscopic airborne
particles. Many air pollutants, such as ozone or carbon monoxide, consist of a single molecule or
compound. PM, by contrast, includes a potpourri of disparate particles that vary greatly in terms
of their size and mass, physical state, chemical composition, toxicity, and how they behave and
transform in the atmosphere.

A variety of chemical & physical processes are involved in PM formation and transformation.
Because PM is so heterogeneous and dynamic, this presents technical challenges in terms of
measuring emissions and ambient concentrations, estimating population exposure, determining
PM health impacts, assessing PM impacts on ecosystems and climate change, and devising
appropriate control strategies.

PM typically consists of a mixture of solid particles as well as liquid droplets known as aerosols. The
components of PM include elemental carbon, organic carbon, and trace metals; compounds such
as nitrates, organics, and sulfates; and complex mixtures such as diesel exhaust, wood smoke, and
geologic dust. Types of particles include:

¢ Dusts and fibers generated by handling, grinding, abrasion or cutting of bulk
materials.

¢ Mists composed of liquid droplets generated by condensation from a
gaseous state or breaking up of bulk liquid.

¢ Smoke produced by incomplete combustion of carbonaceous materials.

* Fumes composed of solid particle generated by condensation of vapors or
gases from high temperature processes.

* Bio-aerosols composed of solid or liquid particles from biological sources.

Particles emanate from a variety of man-made processes and sources, such as fuel combustion, as
well as from natural sources, such as wildfires, volcanos, and sea salt. Particulate matter is generated
both indoors and outdoors. Emission sources that affect ambient (outdoor) air are described in the
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Emissions Inventory section below. Indoor sources of PM emissions, which include cooking, heating,
fireplaces, appliances, smoking, and consumer products, are discussed in Section 1-B.

Particle Size

PM is commonly characterized on the basis of particle size. Figure 2-1 shows the various particle
sizes in comparison to the diameter of a human hair.

¢ Ultrafine PM (PMO.1) includes the very smallest particles. The term
generally refers to particles less than 0.1 micron in diameter (one micron
equals one-millionth of a meter, or m x 10-6). Because ultrafine particles are
so small, their size is often described in nanometers, or billionths of a meter
(m x 10-9). By definition, the largest ultrafine particles measure 0.1 microns
or 100 nanometers in diameter, but many ultrafine particles are as small as
3 nanometers to 20 nanometers at the time they are emitted.

* Fine PM or PM2.5 consists of particles 2.5 microns or less in diameter
(including ultrafine PM).

e Coarse PM refers to particles between 2.5 microns and 10 microns in
diameter. The term “coarse” particles may be misleading; it should be
emphasized that even “coarse” particles are still very tiny, many times
smaller than the diameter of a human hair.

e PM10 consists of particles 10 microns or less in diameter (including
ultrafine, fine and coarse PM).

* Total suspended particles (TSP) includes particles of all sizes, including
particles larger than 10 micron in diameter.

Figure 2-1 Comparison of PM10, PM2.5, and Ultrafine PM

A

PM10
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Human Hair Relative size of particles
(60 uum diameter)

Source: California Air Resources Board
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These distinctions based on particle size are important, because the different size ranges
vary in terms of how the particles within each size range are formed and emitted; how long

they remain suspended in the atmosphere and how far they travel; how easily they can evade

the body’s defenses and how deeply they can penetrate into the lungs and key organs; and

the mechanisms by which the particles are removed from the air. However, although particle

size is a useful way to categorize PM, it should be emphasized that the particles within each

size range are by no means homogeneous. The diameter and mass of the particles within

each of these ranges varies considerably, and there is great variation in terms of the chemical

composition of the particles.

In terms of composition, coarse PM is generally dominated by geologic particles of dust and
soil (from farms, quarries, mines, volcanos) and other particles of natural origin (sea salts,
pollen, mold, spores, etc.). By contrast, fine and ultrafine PM are primarily the product of
combustion and therefore contain compounds such as black carbon, sulfates, nitrates, acids,

and metals which are more harmful to health.

Table 2-1 provides a summary of PM characteristics by particle size range.

Table 2-1 Characteristics of Particulate Matter by Size Range

Ultrafine PM: Particles
less than 0.1 micron
in diameter

Fine PM: Particles less
than 2.5 microns in
diameter

Coarse PM: Particles
between 2.5 and 10
microns in diameter

Mostly primary PM.
Short-lived in atmosphere.
Local impacts.

Produced by fossil fuel combustion.
Particles can be inhaled deep into
the body.

Combination of primary &
secondary formation. Produced by
fossil fuel combustion & wood-
burning. Particles can be inhaled
deep into the body.

Mostly primary PM.
Relatively few particles on a number
basis, but they account for about
half of PM10 on a mass basis.

Particle count

Mass; expressed in
pg/m? (micro-grams
per cubic meter)

Mass; expressed in
pg/m? (micro-grams
per cubic meter)

Relationship between Particle Count, Particle Mass, and Surface Area

Motor vehicles, diesel
engines.

Wood-burning, motor
vehicles, off-road engines
& equipment, industrial
processes & combustion.

Geologic dust, brake and
tire wear, residential wood-
burning, motor vehicles.

The particles that comprise PM vary in both size (diameter) and mass (weight). Larger particles are
much heavier than small ones; a single coarse particle may weigh more than thousands of ultrafine
particles. Although larger particles account for most of PM on a mass basis, they represent only a

UNDERSTANDING PARTICULATE MATTER | 2012 | Bay Area Air Quality Management District



small percentage of the total number of particles. Conversely, smaller particles contribute less PM
mass, but dominate in terms of the number of particles. Ultrafine particles account for the greatest
number of particles in PM, but only a small proportion of the total mass of PM. Ultrafine particles
account for roughly 90% of the total number of particles (Wu et al. 2008). There tends to be little
correlation between the number of particles (most of which are in the ultrafine and fine size range)
in a given air sample and the mass of PM2.5 or PM10 in that sample. So measuring the mass of PM
inthe air generally reveals little as to the number of particles that make up that mass.

As shown in Figure 2-2, as particle size increases, particle mass (volume) increases much faster than
the surface area. So a given mass of ultrafine PM will have a much greater particle number and total
surface compared to an equal mass of fine PM or coarse PM. The huge number of fine and ultrafine
particles suspended in the air collectively presents a great deal of surface area relative to their small
mass. Surface area is a concern for two reasons. First, greater surface area means more surface

to which microscopic airborne toxics can adhere. Fine and ultrafine particles coated with toxics can
penetrate deep into the lungs when they are inhaled. Second, because of their relatively large surface
area, once these fine and ultrafine particles enter the respiratory system, they interact with a large
area of lung tissue; this means that they can do greater damage to the lungs (or other organs with
which they come into contact).

Figure 2-2 Ratio of surface area to volume
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Source: http://cikgurozaini.blogspot.com/2010/09/gas-exchange-in-animals.html
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Primary PM versus Secondary PM

In addition to size ranges, PM is also categorized on the basis of how the particles are formed
and emitted. Primary PM refers to particles that are directly emitted in solid or aerosol form.
Secondary PM refers to particles that are formed in the atmosphere through chemical reactions
among different pollutants.

Primary PM includes black carbon (soot) and fugitive dust from a wide variety of sources, including
cars, trucks, buses, industrial facilities, cooking, power plants, construction sites, tilled fields, paved and
unpaved roads, rock quarries, and burning wood. Some primary particles are emitted directly from a
tailpipe or smokestack in particle form. However, primary PM also includes condensable PM (discussed
below) which is formed when organic compounds that are emitted as hot gases condense into particles
upon exposure to cooler ambient air. Organic carbon is the largest directly-emitted constituent of Bay
Area PM2.5; its main sources are wood-burning, fossil fuel combustion, and cooking.

Secondary PM describes particles formed indirectly via chemical processes when precursor
pollutants, such as sulfur oxides (SOx), nitrogen oxides (NOx), volatile organic compounds (VOC),

and ammonia (NH,), react in the presence of sunlight and water vapor. These precursor pollutants
are emitted from fuel combustion, industrial processes, household activities, agriculture, natural
vegetation, and other sources. Combustion of fossil fuels produces NOx, which converts to nitric

acid (NO,) and combines with ammonia (NH,) in the atmosphere to form ammonium nitrate, as well
as sulfur dioxide (SO,), which converts to sulfuric acid (H,S0,) and combines with ammonia to form
ammonium sulfate. In determining whether ammonia is a significant contributor to PM formation, the
key question is which pollutant - ammonia, or NOx (in the form of nitric acid) - is the limiting factor in
ammonium nitrate formation.

These secondary compounds account for roughly one-third of Bay Area PM2.5 on an annual-average
basis and approximately 40-45% during winter peak periods. Ammonium nitrate, which is stable in
solid form only during the cooler winter months, contributes an average of about 40% of total PM2.5
under peak PM conditions. The contribution of ammonium sulfate to Bay Area PM2.5 is relatively low,
accounting for approximately 10% of total PM2.5 on an annual-average basis.

The distinction between primary PM and secondary PM is important for understanding and analyzing
how the various emissions sources contribute to ambient PM concentrations. However, in ambient

air where particles are constantly interacting and transforming, most individual particles are actually
composed of a mix of primary and secondary PM. An individual primary particle typically has a core of
carbonaceous material, often containing trace metals and other toxic materials. Layers of organic and
inorganic compounds are then deposited onto the core particle. Depending on the composition of the
material deposited on the core particle, the particle may become more toxic as it grows in size.

Physical Processes that Affect PM Formation

In addition to chemical processes in which precursor compounds react to form secondary PM,
several physical processes also play an important role in determining how particles interact and
transform while suspended in the air. The processes that affect PM vary depending on particle size.
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Key physical processes that affect the formation of fine and ultrafine particles at the micro scale
include condensation, nucleation, and coagulation. These processes occur very rapidly, especially
in the initial seconds after a plume of emissions is released by a combustion process. During “plume
processing”, the hot particles and gases produced by combustion interact vigorously upon exposure
to cooler ambient air. As a result of these processes, particle count and particle size distribution

can change very rapidly. These physical processes are especially potent among ultrafine particles;
because ultrafine particles are so numerous and have a great deal of surface area, they interact and
agglomerate more rapidly than other types of PM. Therefore, ultrafine PM is very dynamic and short-
lived in the atmosphere.

Condensation and nucleation are related processes. Combustion processes emit a great variety

of organic compounds in gaseous form. Upon exposure to cooler ambient air, these hot gases

seek to condense. When the hot gases condense by adhering to existing particles, this is called
condensation. When the hot gases condense by forming new particles, this is called nucleation.
There is competition between condensation and nucleation.** If the ambient air already contains an
abundance of fine particles, then the hot gases will generally condense on to the existing particles.
However, if the supply of existing particles is limited, then in the absence of existing particles on
which to condense, the gaseous emissions will nucleate to form new particles, primarily in the
ultrafine size range. The number of particles produced as hot gases condense thus depends in large
part upon the supply of pre-existing particles in the air.

Because the presence of existing particles promotes condensation (instead of nucleation which
forms new particles), this means that not only is PM2.5 mass concentration a poor surrogate for
ultrafine particle count, but that PM2.5 mass and ultrafine particle count may actually be negatively
correlated. The number of new ultrafine particles produced as a by-product of combustion will
generally be low when the existing PM2.5 mass concentration is high, and vice versa. This helps to
explain measurements showing that when particulate filters are installed on diesel engines, the mass
of PM2.5 emitted by diesel combustion is greatly reduced, but the number of ultrafine particles in the
diesel exhaust may actually increase (Van Setten et al. 2001).

Coagulation occurs when two or more existing particles join to form a larger particle. Coagulation is
very prevalent among ultrafine particles, but tends to decrease as particles grow to a larger, more
stable size. Ultrafine particles produced by combustion coagulate very rapidly to form larger particles
upon exposure to ambient air. Coagulation reduces particle number and increases particle size, but
does not affect overall PM2.5 particle mass. Due to the processes of coagulation and condensation,
the number of ultrafine particles tends to drop off rapidly as distance from the emission source
increases, whereas PM2.5 mass is more stable.

PM is removed from the air through processes such as diffusion, coagulation, and deposition.
Because ultrafine particles are so small that they are only weakly affected by the force of gravity,
they are removed mainly by diffusion, in which their random thermal motion (known as “Brownian
motion”) causes the particles either to adhere to man-made or natural surfaces or to adhere to other

14 For purposes of developing PM emissions inventories, the particles formed by both the condensation and the nucleation processes are
referred to as “condensable” emissions.
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particles (coagulation). As particles grow larger and heavier via coagulation, they are eventually
deposited to the earth’s surface by means of gravity through the processes of dry deposition or wet
deposition (rain and snow). Fine and ultrafine particles often provide a nucleus that facilitates the
condensation of water vapor in the atmosphere, thus forming water droplets; so these particles can
also be removed from the air via wet deposition. Although beneficial for purposes of clearing the air,
PM deposition may have negative impacts on soil, water, flora and fauna, as discussed in Section 1-D.

Spatial Variation in PM Concentrations (Concentration
Relative to Distance from Emission Source)

The ambient concentration of a directly-emitted air pollutant, such as primary PM, generally
decreases rapidly via dispersion as distance from the emission source increases. This means that
concentrations of primary pollutants will vary considerably on a spatial basis. By contrast, ambient
concentrations of pollutants that are formed by means of chemical processes in the atmosphere,
such as ozone and secondary PM, are not so directly related to distance from the emission source;
these secondary pollutants tend to be more broadly and evenly distributed on a spatial basis.

Since ultrafine PM is composed mainly of primary PM, the number of ultrafine particles typically
decreases rapidly as distance from the emission source increases. Fine PM (PM2.5) and coarse PM, on
the other hand, include a mix of both primary and secondary particles. So concentrations of primary PM
from emission sources such as engine combustion and wood-burning can vary greatly at the local scale,
whereas the distribution of secondary PM such as ammonium nitrate and ammonium sulfate tends to
be more uniform across a region.

Relationship between PM and Toxic Air Contaminants

Air pollutants are generally regulated either as criteria air pollutants or as
toxic air contaminants (TACs). Criteria pollutants are generally controlled on
a regional scale in an effort to attain air quality standards which are based
on ambient concentrations in the atmosphere. TACs are generally present
in the atmosphere only in very low concentrations. But because of their high
toxicity, TACs are regulated at the emissions source so as to limit individual
exposure on the basis of risk-based standards; for example, a maximum
cancer risk no greater than 10 in one million. Although PM is categorized
and regulated as a criteria air pollutant, PM displays some characteristics
of a TAC to the extent that it acts as a local air pollutant. Areas of overlap
between fine PM and toxic air contaminants (TACs) include the following:

* Inthe case of both fine PM and TACs, exposure to even small
amounts of the pollutant can cause negative health effects;

* PM and TACs share common emissions sources, such as
combustion of fossil fuels and biomass;

* Diesel PM has been identified as a TAC by the California Air
Resources Board;
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e Some air toxics may be emitted in particle form, such as cadmium emitted
from combustion of fossil fuels;

* TACs and PM are fellow travelers; air toxics frequently adhere to fine
particles and then enter the lungs when these particles are inhaled.

PM Formation & Dynamics in the Bay Area

The basic chemical and physical processes described above that govern PM formation and
transformation at the micro level hold true for the Bay Area. However, local meteorology and climate,
the specific mix of PM sources and their geographical distribution within the region, and air exchange
with neighboring air basins all influence PM formation and dynamics in the Bay Area.

Temporal & Seasonal Variation in Bay Area PM Levels

Ambient PM in the Bay Area varies considerably both in composition and spatial distribution on a
day-to-day basis and on a seasonal basis, due to changes in emissions and weather. Changes in
meteorological conditions are the most important factor in explaining the day-to-day and seasonal
variation in PM concentrations. The Bay Area experiences its highest PM concentrations in the winter;
exceedances of the 24-hour national PM2.5 standard almost always occur from November through
February. High PM2.5 episodes are typically regional in scale, impacting multiple Bay Area locations.
During other seasons, by contrast, Bay Area PM2.5 levels tend to be relatively low, due largely to the
region’s natural ventilation system. Thus, on an annual-average basis, PM2.5 levels in the Bay Area
are among the lowest measured in major U.S. metropolitan areas.

Meteorological factors are the main reason that the Bay Area experiences its highest PM levels

in winter months. However, it is important to note that winter is also the season when the most
residential wood-burning occurs; in some parts of the Bay Area, wood smoke accounts for the
majority of airborne PM2.5 during high PM episodes. In addition to higher wood smoke emissions,
secondary PM2.5 levels are also elevated during the winter months. Cool weather is conducive to
the formation of ammonium nitrate which contributes an average of about 40% of total PM2.5 under
peak PM conditions.

Studies in Southern California have found that seasonal variation in meteorological conditions

also affect emissions and concentrations of ultrafine particle. Similar to PM2.5, ultrafine particle
numbers are higher in winter compared to spring and summer. This is likely due to fact that lower
temperatures promote particulate formation; condensable organics emitted as hot vapors from
tailpipes and other combustion sources quickly cool and condense to form particles. One study
(Zhang et al. 2005) found that the ultrafine particle formation rate from vehicle exhaust is higher in
winter than in summer because average particle size is smaller in winter (~ 10 nanometers) than in
summer (~ 60 nanometers).

While PM emissions and concentrations tend to be highest in winter for the reasons described above,

meteorological conditions primarily determine whether the concentrations will build up to levels that
exceed the national 24-hour PM2.5 standard. Horizontal mixing (i.e., surface winds) and vertical mixing
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(which occurs when air temperatures increase with height) are the key to dispersing particulates in the
atmosphere, and thus keeping ambient concentrations below the PM standards. Winter is associated
with decreased atmospheric mixing height and more stagnant, less windy weather.

Weather & Wind Patterns Conducive to High PM Concentrations

The Central Valley (comprised of the Sacramento and San Joaquin valleys) borders the Bay Area

to the east, and there is considerable air exchange between them. In summer, the typical pattern

is westerly winds blowing from the Bay Area into the Central Valley. In the winter, during periods of
stagnation when PM concentrations are high, the pattern tends to reverse with easterly flow draining
from the Central Valley through the Bay Area and into the Pacific Ocean.

Using a technique called cluster analysis to identify correlations between weather conditions and
PM concentrations in historical data, Air District staff collaborated with UC Davis staff to analyze
how meteorological conditions impact Bay Area PM levels during winter months. Weather systems
conducive to high PM2.5 levels have shallow flows through the complex terrain that form stagnating
cold pools in valleys that trap pollutants. Consecutive stagnant and rainless winter days are typically
prerequisites for development of elevated PM2.5 episodes.

A single weather pattern was found to account for approximately 80% of all
Bay Area PM2.5 exceedances. This pattern is characterized by a ridge of
high pressure moving over the Bay Area during a period of multiple days.
This system leads to calm conditions within the Central Valley, coupled with
persistent easterly winds from the Central Valley into the Bay Area. The lower
levels of solar radiation (sunlight) in the winter lead to stronger temperature
inversions; these inversions prevent vertical mixing and are therefore
conducive to the buildup of PM in ambient air near ground level.

During this weather pattern, PM levels in the Central Valley can be about

2-3 times higher than in the Bay Area. This is largely because meteorological conditions are more
conducive to the transformation of NOx to nitric acid (needed for the formation of ammonium nitrate)
in the Central Valley than for coastal locations. Conditions that enhance daytime and nighttime
conversion of NOx to nitric acid include low wind speeds combined with abundant sunlight during
the day and high humidity at night. Nitric acid then rapidly reacts with ammonia emissions, mostly
from dairy activities, which are especially concentrated in the northern San Joaquin Valley, to form
ammonium nitrate. The easterly winds that prevail during this pattern transport both primary and
secondary PM from the Central Valley into the Bay Area, as further discussed in the modeling section
below.

Although the weather pattern described above accounted for over 80 percent of all Bay Area
exceedances, it should be noted that only around one in three days belonging to this pattern resulted
in an exceedance. Therefore, this weather pattern constitutes a necessary, but not sufficient,
condition for an exceedance to occur. Days with this pattern were further analyzed to distinguish the
characteristics of days that result in exceedances of the 24-hour PM2.5 standard. Exceedance days
could be defined in terms of a number of simultaneous meteorological characteristics: a ridge of high
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pressure over the Bay Area from strongly stable conditions aloft providing a weak surface pressure
gradient over Central California; persistent shallow flows from the east through the Bay Area; winds
channeled by terrain; enhanced nocturnal cooling under clear-sky conditions leading to enhanced
overnight drainage flows off the Central California slopes; and at least two consecutive days of these
listed conditions.

PM Photochemical Modeling Results

The Air District performs photochemical modeling to better understand the complex relationship
between emissions, ambient concentrations, and population exposure to air pollutants. Air District
staff has employed EPA’s Community Multiscale Air Quality (CMAQ) model to simulate PM2.5
formation and dynamics in the Bay Area. PM2.5 simulations were performed with the CMAQ model
for four months (December-January, 2000-01 and 2006-07). The modeling domain included the
Bay Area and the entire Central Valley to account for the impact of inter-basin transport. The model
was applied on 4-km horizontal grids. The results of the PM modeling have been summarized in the
October 2009 report entitled Fine Particulate Matter Data Analysis and Modeling in the Bay Area.

Figure 2-3 shows the spatial distribution of simulated primary and secondary PM2.5 concentrations
around the Bay Area. These results were averaged across the 52 simulated days for which measured
Bay Area 24-hour PM2.5 levels exceeded 35 pg/m3. For most of these episodic days, light winds
flowed through the Bay Area from the east, and Central Valley conditions were near calm. Primary
PM2.5 levels were elevated mainly in and around major Bay Area cities, including Oakland,

San Francisco and San Jose; near industrial facilities and highways along the Carquinez Strait;

at Travis AFB; and Santa Rosa. Secondary PM2.5, present mostly as ammonium nitrate, was not
localized near the sources of its precursor emissions, NO, and ammonia. Rather, secondary PM2.5
was regionally elevated. A sharp gradient existed, with very high secondary PM2.5 levels in the
Central Valley decreasing westward through the Bay Area. Around San Francisco and San Jose, PM2.5
levels were dominated by primary (directly-emitted) PM. For other areas affected by PM episodes,
such as the eastern, northern, and southern Bay Area and also the Delta, primary and secondary
PM2.5 levels were comparable. Both primary and secondary build-up were required for exceedances
to occur in these locations.
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Figure 2-3 Spatial distribution of simulated 24-hr primary and secondary
PM2.5 levels averaged across the 52 simulated days when
measured Bay Area 24-hr PM2.5 level exceeded 35 ug/m?3
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(Bay Area counties and the California coastline are drawn using thick black lines.
City limits for Sacramento and Stockton are drawn using thin black lines.)

As noted above, analysis of meteorological patterns found that more than 80% of Bay Area

PM exceedances occur when easterly winds blow into the Bay Area from the Central Valley.
Therefore, Air District staff also performed photochemical modeling to estimate the contribution
of PM transport from the Central Valley during elevated PM episodes in the Bay Area. Transport
impacts were evaluated for 55 days (from 2000-01 and 2006-07) having simulated base-case
PM2.5 concentrations of 35 ug/m?3 or higher. Anthropogenic Bay Area emissions were eliminated
to estimate the cumulative transport impacts from all sources outside of the Bay Area. These
simulations found that significant amounts of both primary and secondary PM2.5 in the form of
ammonium nitrate were transported into the Bay Area. On days when the Bay Area exceeded the
24-hour PM2.5 standard, modeling indicated that transported primary PM2.5 levels averaged
as high as 8 ug/m? and transported secondary PM2.5 levels averaged as high as 13 ug/m3. The
largest transport impacts for both primary and secondary PM2.5 occurred along the eastern
boundary of the Bay Area.

The modeling also examined the sensitivity of ambient PM concentrations in response to
hypothetical reductions in Bay Area emissions of primary PM2.5, as well as reductions in precursor
pollutants (ROG, NOx, SOx, and NH3) individually and in combination. Reducing Bay Area primary
(directly-emitted) PM2.5 emissions provided far greater reductions in ambient Bay Area PM2.5
levels than reducing Bay Area secondary PM2.5 precursor emissions. Of the precursor emissions
reductions simulated, Bay Area ammonia reductions were most effective. Reducing ammonia
emissions by 20% was found to decrease PM2.5 concentrations by approximately 0.5 to 1.0 ug/
m3. The ammonia emissions reductions lowered the ammonium nitrate component of PM2.5 only
for relatively cold winter days favoring ammonium nitrate buildup. (Ammonium nitrate PM2.5 tends
to evaporate faster than it forms at temperatures above around 60 degrees Fahrenheit.) Combined
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NOx and ROG emissions reductions for the Bay Area were relatively ineffective. NOx emissions
reductions were relatively ineffective because ammonium nitrate PM2.5 formation involves the
relatively slow and incomplete conversion of NOx to nitric acid. Reducing Bay Area sulfur-containing
PM precursor emissions typically had a small impact on Bay Area ambient PM2.5 levels. Under
certain conditions, however, reducing Bay Area sulfur-containing emissions did decrease ambient
Bay Area PM2.5 levels by approximately 1 yg/mé.

The Air District also modeled wood smoke to estimate the impact of efforts to reduce residential
wood-burning during the winter season. The modeling period included 8 of the 11 Spare the

Air periods during the winter of 2008-09. Bay Area wood-smoke levels were simulated with and
without wood-burning restrictions during these periods. Without burning restrictions during these
Spare the Air periods, the simulations indicated that peak wood-smoke levels of up to 10-20 ug/
m?3 would have occurred over the areas that generally have high wood-burning emissions. For

many of the remaining populated locations within the Bay Area, wood-smoke levels would have
been approximately 5 ug/m3. Peak benefits of the wood-smoke rule were about 10 mg/m3 of
reduced wood smoke. Maximum simulated benefits of the wood-smoke rule occurred for areas that
generally have the highest wood-smoke levels. Often, the areas most heavily impacted by wood
smoke are away from the Air District’'s PM monitoring locations. Therefore, reductions of population
exposure to wood smoke resulting from the rule may be significantly greater than indicated by the
monitoring data.

Source Contributions to Ambient PM Concentrations

Determining the relative contributions of various sources of direct PM2.5 emissions and PM2.5 precursors
to total PM concentrations is complex. The Air District collects PM on filters at four monitoring sites
(Livermore, West Oakland, San Jose, and Vallejo) for PM speciation purposes. The filters are then analyzed
to estimate the contribution of various emission sources to the total ambient concentration of PM2.5 using
a technique known as chemical mass balance (CMB).'® To estimate the overall contribution of various
sources, the results of the source apportionment analysis are combined with emissions data from the
2010 Emissions Inventory. The CMB analysis presented here updates a previous CMB analysis prepared

in 2008 and includes data from July 2009 through December 2011. The goal was to represent the mix
of PM2.5 sources as of 2010, including the reduced contributions from ships following the effective date
of the ARB rule to require ocean-going ships to use low-sulfur fuel within 24 miles of the coast.

Figure 2-4 shows the estimated contributions to Bay Area annual PM2.5 concentrations using the
average of the results from the four sites. Note that this includes contributions to secondary PM2.5;
i.e., ammonium nitrate formed from NOx and ammonia, and ammonium sulfate formed from SO2 and
ammonia. The source apportionment analysis shows that combustion of both fossil fuels and biomass
are major PM2.5 contributors for all seasons. The largest contributor to annual PM2.5 is wood-burning,

15  Chemical mass balance (CMB) analysis is a methodology in which a computer model is used to apportion ambient PM2.5 collected on
filters over 24-hour periods at monitoring sites around the Bay Area to a set of source categories. Each filter was analyzed for a range of
chemical species. The same species were measured in special studies of emissions from various sources, such as motor vehicles and
wood burning. The CMB model finds the mix of these source measurements that best matches the ambient sample, chemical species by
chemical species.

16  See report entitled Sources of Bay Area Fine Particles, April 2008 at:
www.baagmd.gov/Divisions/Planning-and-Research/Research-and-Modeling/Publications/Reports.aspx
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contributing about a quarter of the total. This is mainly from residential wood burning, but also includes
wood smoke from controlled burns and wildfires. Nearly another quarter comes from on-road motor
vehicles, 14% from gasoline and 8% from diesel.

Figure 2-4 Estimated Source Contributions to Annual PM2.5 Concentrations

/ Other, 5%
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Cooking, petroleum refining, and domestic sources are also sizeable contributors, along with the
naturally occurring sea salt from marine air. Domestic sources, for purposes of Figures 2-4 and

2-5, include emissions from use of natural gas for residential heating and cooking, as well as the
contribution to formation of secondary PM2.5 as a result of ammonia emissions from pet waste and
human perspiration and respiration Contributions from ships have been cut by two-thirds or more,
thanks to the ARB rule mandating low sulfur fuel near ports. The estimate for construction equipment
has also dropped substantially because of a revision in ARB’s estimation method. Note that

Aircraft+Trains, 2%
Ships, 3%

Cooking, 9%

several sources - soils, livestock, and landfill - appear because of their ammonia emissions, which

contribute to formation of ammonium nitrate and ammonium sulfate.
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Figure 2.5 shows the sources contributing to peak PM2.5 concentrations, specifically, the 10 samples
at each monitoring site with the highest PM2.5 concentrations. Aimost all the highest Bay Area
PM2.5 concentrations occur in winter, so the wood-burning contribution is higher than the annual,
representing almost 30% of the peak total. The biomass combustion contribution to peak PM2.5
levels is about 3-4 times higher in winter than the other seasons, as confirmed by isotopic carbon
(14C) analysis, due to increased levels of wood burning during the winter season. Motor vehicles

are also a larger contributor during winter months because their NOx emissions contribute most to
the formation of secondary PM in the form of ammonium nitrate. Similarly, domestic sources are
another large source of secondary PM because of their ammonia emissions. Marine air is a smaller
contributor in the winter than on an annual-average basis, because winter winds are frequently
offshore, unlike the typical on-shore pattern the rest of the year.

Figure 2-5 Estimated Source Contributions to Peak PM2.5 Concentrations
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PM Emissions Inventory

An emissions inventory is an essential tool for air quality planning. The inventory contains a detailed
breakdown of the estimated emissions from each source category, thus providing information as

to the source, magnitude, and location of emissions. Emissions inventories are used to perform

air quality modeling, to identify source categories where there may be opportunities for additional
emission reductions, and to predict trends in terms of future air quality.

This section presents the Air District’s latest Bay Area inventory for primary emissions (directly-

emitted particles) of both PM2.5 and PM10, as well as precursors that combine via chemical
reactions to form secondary PM. These precursors include reactive organic gases (ROG), oxides

UNDERSTANDING PARTICULATE MATTER | 2012 | Bay Area Air Quality Management District




of nitrogen (NOx), sulfur oxides (SOx), and ammonia (NH3). The Air District released it’s first-ever
emissions inventory for ultrafine PM in August 2012%,

The inventory includes annual-average emissions, as well as emissions during the winter season
when the Bay Area normally experiences its highest PM concentrations. In addition to the inventory
for base year 2010, projected emissions for future years out to 2030 are also provided. Tables in
Appendix A provide the detailed inventory showing estimated emissions by source category.

This inventory does not include “condensable” emissions that also form PM. Condensables are
emissions which are emitted in a gaseous phase, but then condense to form particles upon
exposure to cooler ambient air, as discussed in the section above entitled Physical Processes
that Affect PM Formation. Depending on the emission source and combustion conditions,

this condensable component may account for a significant share of overall PM emissions for
certain emission sources. Recent US EPA guidelines call on air quality agencies to consider the
condensable component of PM in developing PM emission inventories and control strategies.

EPA has published a source test method to be used for source testing stationary sources (with

a few minor exceptions). However, test methods and methodologies to estimate condensable
emissions are not available at the current time for certain emission source categories. Therefore,
in the interest of methodological consistency, the Air District has chosen to exclude condensable
emissions in the current inventory. The Air District will work with ARB and other partners to develop
estimates of condensable emissions for future PM inventories.

Methodologies Used to Estimate Emissions

The estimated emissions provided in the inventory are based upon data from source tests, published
emission factors, and engineering calculations. Emission inventories are revised and improved on a
regular basis. The PM inventory provided in this report differs significantly from the inventory provided
in the Bay Area 2010 Clean Air Plan (2010 CAP). This is due to the fact that, since the release of the
2010 CAP, ARB and Air District staff reviewed and improved the methodologies used to estimate
emissions from several of the most important PM source categories, as explained below.

Stationary (Point) Sources

Actual 2010 reported emissions from permitted facilities are included in this inventory. Examples
of stationary sources that emit primary PM and/or PM precursors including oil refineries, metal
smelters, charbroilers, and back-up generators used to supply emergency power at many facilities.

Residential Fuel Combustion

This category includes residential combustion of both wood and natural gas for space-heating,
water-heating, and cooking. Most homes rely primarily (or completely) on natural gas (or electricity)
for these purposes. Nonetheless, although only a minority of Bay Area households burn wood,

PM from wood smoke is the largest single source of winter-time PM emissions in the Bay Area,

and greatly exceeds the PM emissions from (the much more common) residential natural gas

17 See the report entitled, Ultrafine Emissions Inventory for the San Francisco Bay Area, BAAQMD August 2012
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combustion. Previous estimates of the amount and location of residential wood burning were
developed based on a Bay Area 2005-2006 telephone survey on wood burning. In 2008 the Air
District adopted Regulation 6, Rule 3 to limit emissions of particulate matter (PM) and visible
emissions from wood-burning devices, as described in Section 4. The District also implemented

a robust outreach effort to inform Bay Area residents about “no-burn days” and the detrimental
health effects of wood smoke through its winter Spare the Air program. Annual surveys of Bay Area
households, as well as chemical mass balance analysis of PM captured on filters, both indicate
that wood-burning has decreased approximately 40% since 2008 when the Air District’s wood
burning rule went into effect. Emissions from residential fuel combustion in this inventory have
been revised to reflect this decrease in wood-burning.

Commercial Cooking

Previous estimates for this source category included condensable PM. The reason for this was that
source testing conducted as part of the regulatory process to control emissions from this source
category (via Regulation 6, Rule 2) included condensable PM. However, because methods to estimate
condensable emissions for other source categories are not yet available, as discussed above, the
condensable emissions for the Commercial Cooking source category have been omitted here for
purposes of methodological consistency.

On-Road Motor Vehicles

Estimates for on-road motor vehicle emissions are based on ARB’s latest emissions factor

model, EMFAC2011. In preparing EMFAC2011, ARB staff conducted major research to determine
the population and compositions (e.g. construction trucks, port trucks, in-state trucks, etc.) of
medium and heavy duty diesel truck fleets (>14,000 pounds Gross Vehicle Weight), as well as age
distribution and vehicle miles traveled for these vehicles. Also, emission factors for these vehicles
have been updated to reflect the major benefits of recent ARB regulations to reduce emissions
from diesel trucks and buses. The EMFAC2011 model also includes the impact of the recent
economic recession on both diesel and gasoline vehicle activity.

The on-road category includes PM emissions from both diesel and gasoline engines. PM
emissions from late-model light-duty gasoline vehicles are extremely low on a grams-per-mile
basis. However, emissions from gasoline vehicles are significant on an aggregate basis because

gasoline vehicles account for approximately 95% of the 175 million miles driven on an average
day in the Bay Area.
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Motor vehicle emissions that contribute to PM include tailpipe emissions of both primary PM

and PM precursors from fuel combustion, lubricating oil, and particles generated by brake and
tire wear. PM from tire wear and brake wear are included for on-road motor vehicles. There is
insufficient information to produce estimates for tire-wear and brake-wear for off-road equipment;
however, these emissions are expected to be very low as they are related to vehicle miles traveled
(VMT) and most of the off-road equipment with tires have very low VMT.

A breakdown of annual average motor vehicle emissions in the current inventory is shown in
Table 2-2.

Table 2-2 Bay Area Annual Average Primary PM2.5 Emissions —
Year 2010: On-Road and Off-Road Motor Vehicles

On-Road Motor Vehicle tons/day _

Gasoline Exhaust 0.8 10%

Diesel Exhaust 2.7 37%
Tire/Brake-Wear (Gasoline Vehicles) 82 44%
Tire/Brake-Wear (Diesel Vehicles) 8%

Total On-Road Motor Vehicles _ 100%
Off-Road Motor Vehicles tons/day _

Gasoline Exhaust 1. 37%

Diesel Exhaust 63%

Total Off-Road Motor Vehicles “ 100%
On-Road and Off-Road Motor Vehicles Combined

All Motor Vehicles tons/day _

Total Gasoline Exhaust 2.5 21%
Total Diesel Exhaust 5.6 47%
Tire/Brake Wear 32%

The new emission factors show a reduction in tailpipe emissions from both gasoline and diesel
engines. However, the decrease in tailpipe exhaust has been offset to a considerable extent by a
major increase in estimated PM emissions from brake wear. Brake-wear emissions of PM2.5 in
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EMFAC2011 are three times the estimates produced by EMFAC2007. (It should be noted, however,
that chemical mass balance analysis performed by Air District staff shows better agreement with the
EMFAC2007 factors for brake and tire wear. Therefore, Air District staff will work with ARB staff to
continue to investigate and improve PM emission factors for brake weatr.)

Whereas brake wear and tire wear made up a relatively small portion of PM2.5 from on-road vehicles
using the previous EMFAC2007 emission factors, they now account for half of total PM2.5 emissions
from on-road vehicles, according to the EMFAC2011 model. Although PM2.5 exhaust (tailpipe)
emissions from diesel vehicles are much greater than from gasoline vehicles, when the new brake
wear factors are included, gasoline vehicles account for 54% of total PM2.5 from on-road vehicles,
compared to 45% for diesel vehicles.

It is important to note that, in addition to their direct emissions of primary PM, motor vehicles are
the major source of precursor pollutants that combine to form secondary PM. For example, on-road
vehicles account for 37% of ROG, 57% of NOx, and 18% of ammonia emissions in the Bay Area
inventory for year 2010, as shown in Figures 2-10, 2-11, and 2-12, respectively.

Although the Air District does not yet have an ultrafine PM inventory, emissions testing indicates that
both gasoline and diesel engines are a major source of ultrafine particles. Tests indicate that gasoline
vehicles emit especially large amounts of ultrafine particles when in a hard acceleration mode.
Research also suggests that engine lubricating oil may be an important source of ultrafine particles.
It is likely that when an ultrafine PM inventory for the Bay Area becomes available, it will show that
combustion from both diesel and gasoline vehicles account for significant shares of UFPM emissions
in the region.

Construction, Industrial and Airport Ground Support Equipment

Emissions estimates for off-road mobile sources (such as construction, cargo handling at ports,
and airport ground support equipment) are taken from ARB’s latest emissions factor model,
OFFROAD2011. Emissions for this category have decreased significantly compared to the estimates
in the previous inventory derived from ARB’s OFFROAD2007 model. Research on fuel sales for
off-road equipment showed that fuel usage, and hence emissions from these vehicles, had been
substantially over-estimated in the OFFROAD2007 model.

In response, ARB staff improved the inventory for this category by revising equipment population
estimates based on historical equipment sales data, and incorporating data from industry regarding
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hours of equipment operation and load factor, a measure of how intensively the equipment is being
used. When coupled with the impact of the 2007 recession, the new OFFROAD2011 model estimated
PM2.5 emissions from this category to be just one-fifth of the estimate produced by EMFAC2007 that
was used in the 2010 CAP.

Ships and Commercial Boats . >

ARB recently revised the methodology
to calculate emissions from ships and
commercial boats. For ships, the new
inventory increases the specificity

of the earlier inventory by including
vessel-specific characteristics and
activity for each port. Emissions

were calculated by estimating ship
emissions on a ship-by-ship and a
port-by-port basis, using actual ship
engine power, speeds, and berthing

times where possible. Projected
emissions for future years were
estimated using a set of growth factors specific to each port and each ship type. For commercial
boats, emissions were calculated based on data collected from ARB’s 2004 Statewide Commercial
Harbor Craft Survey. This survey collected information from boat owners as to vessel type, home port,
engine characteristics, hours of operation, annual fuel usage, etc. This information along with other
studies, such as emission inventories developed for the Ports of Los Angeles and Long Beach, were
used to estimate emissions for boats. Cruise ship berthing emissions were taken from the 2005 Bay
Area Seaports Air Emissions Inventory Report.

Another major difference in the current estimate of ship emissions, compared to the estimate
provided in the 2010 CAP, is that ship emissions reported in this inventory are based on ship activity
within three nautical miles of the coastline, whereas the 2010 CAP reported emissions for ship
activity up to 100 nautical miles. Based on direction from ARB, using a limit of three nautical miles is
consistent with the limit being used by other air districts that are in the process of preparing PM2.5
SIP submittals.

Aircraft

Aircraft emissions are based on actual 2010
activity data (landing and take-off data, taxi times
between the runway and the terminal, etc.) at Bay
Area airports, based on the current aircraft fleet
mix and the latest emissions factors for PM, ROG,
NOx, and SO2. Aircraft emissions are decreasing
on a per-passenger mile basis, due to the shift
toward larger planes and the development of
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more fuel efficient engines. As a result of new aircraft engine technological changes that rely on
higher combustion temperatures to improve fuel economy, ROG emissions are decreasing, but NOx
emissions are increasing per landing and take-off.

Paved and Unpaved Road Dust (Re-entrained Dust)

Previous paved road dust emissions, including those reported in the 2010 CAP, were believed to

be over-estimated when compared to observed ambient concentrations and source apportionment
(chemical mass balance) analysis. A new methodology from US EPA was used to estimate PM
emissions from vehicular travel on paved roads.*® This methodology results in significantly lower
estimates of PM10 and PM2.5 emissions compared with previous estimates. The revised estimates
of road dust emissions from paved roads for PM10 and PM2.5 are only about one-third of the
estimated emissions reported in the 2010 CAP.

Unpaved road dust emissions were also updated to reflect the latest information from Caltrans on
Bay Area unpaved road miles and vehicle miles traveled on these roads. As with the paved road dust
estimates, the revised estimates of road dust emissions from unpaved roads for PM10 and PM2.5
are only about one-third of the estimated emissions reported in the 2010 CAP.

2010 Annual Average Primary PM2.5 Emissions

Estimated annual average emissions of primary PM2.5 have decreased significantly in the current
inventory compared to the estimates provided in the 2010 CAP. Whereas the 2010 CAP reported

47 tons per day of primary PM2.5 for year 2009, the current inventory shows an estimated 87 tons
per day of primary PM2.5 for year 2010, a decline of 46%. The revised inventory includes significant
reductions in several major source categories, such as residential wood-burning, commercial cooking,
off-road vehicles (“Other Mobile Sources”), and road dust (included in “Geological dust”). This
decrease in the inventory is based in part on real emission reductions due to factors such as turnover
in the vehicle fleet and the impact of new regulations that had not been accounted for in previous
emission factors. However, changes in methodologies used to estimate emissions, as discussed
above, also account for a significant portion of the decrease in the inventory. Figure 2-6 shows the
annual average emissions of PM2.5 for year 2010 broken down by major source categories.

18  The new methodology for road dust emissions is set forth in two documents:
1) US EPA guidance, January 2011: www.epa.gov/ttn/chief/ap42/ch13/final/c13s0201.pdf and
2) Air Resources Board guidance re: Draft Entrained Paved Road Travel Paved Road Dust, (Section 7.9) 6/15/11
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http://www.epa.gov/ttn/chief/ap42/ch13/final/c13s0201.pdf

Figure 2-6 2010 Annual Primary Emissions of PM2.5, 47 tons/day
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2010 Winter PM2.5 Emissions

The breakdown of primary PM2.5 emissions by source category differs for the winter PM2.5 inventory
compared to the annual inventory. The key difference is that PM2.5 emissions from residential fuel
combustion account for 38% of the winter inventory versus 24% in the case of the annual inventory.
PM2.5 emissions from residential fuel combustion, which is dominated by wood-burning in fireplaces
and wood stoves, are 65% higher (an additional 7 tons per day) in the winter months than the annual
average emissions for this category. However, emissions from several source categories are lower in
winter. For example, winter emissions from off-road equipment, as well as from the industrial sector,
are lower than annual average emissions due to reduced activity during the winter months. Accidental
fires and geological dust emissions are also lower in the winter than the annual average. Overall,
however, winter-time PM2.5 emissions are 4% higher (an additional 2 tons per day) than annual-
average emissions. Figure 2-7 shows the winter emissions of PM2.5 for year 2010 broken down by
major source categories.
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Figure 2-7 2010 Winter Primary Emissions of PM2.5, 49 tons/day
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PM2.5 emissions are a sub-set of PM10 emissions. For some sources, such as the various types

2010 Annual Average Primary PM10 Emissions

of engine combustion, virtually all PM10 actually consists of fine particles less than 2.5 microns in
diameter. For example, 97% of diesel PM10 is PM2.5, meaning that diesel particulate is essentially
all PM2.5. But for other sources, only a fraction of PM10 is made up of particles less than 2.5
microns in diameter, and the rest consists of coarse particles between 2.5 and 10 microns in
diameter. For example, only 15% of PM10 from road dust is PM2.5; the remaining 85% is coarse
particles. For the emissions inventory as a whole, on a mass basis, roughly half of PM10 is composed
of fine particles less than 2.5 microns in diameter and half is composed of coarse particles between
2.5 and 10 microns in diameter. In Figures 2-8 and 2-9 showing annual and winter emissions of
PM10, source categories that emit coarse particles become more prominent, thus contributing more
to PM10 emissions compared to Figures 2-6 and 2-7 for PM2.5. In particular, geological dust, which
includes dust from construction and farming operations, re-entrained road dust from paved and
unpaved roads, and wind-blown dust, accounts for a much greater percentage of PM10 (43% on an
annual average basis) than PM2.5 (13% on an annual average basis).
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Figure 2-8 2010 Annual Average Primary Emissions of PM10, 106 tons/day
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2010 Winter Primary PM10 Emissions

The relationship between annual average PM10 and winter PM10 (i.e., the relative contributions
from various source categories) is similar to that for PM2.5. The main difference is that emissions
for residential fuel combustion (primarily wood-burning) increase from 11% of the annual PM10
inventory to 18% of the winter PM10 inventory, while emissions from accidental fires (primarily
wildfires) decrease from 5% of the annual PM10 inventory to 1% of the winter PM10 inventory. Figure
2-9 shows the winter emissions of PM10 for year 2010 broken down by major source categories.

Figure 2-9 2010 Winter Primary Emissions of PM10, 104 tons/day
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Sources of Precursors Pollutants That Form Secondary PM

Precursor pollutants that combine via chemical processes to form secondary PM include reactive
organic gases (ROG), oxides of nitrogen (NOx), sulfur dioxide (S02), and ammonia (NH3). The sources
that produce these pollutants are described below, with pie charts depicting emissions during the
winter season when secondary PM formation is greatest.

Reactive Organic Gases (ROG)

As shown in Figure 2-10, on-road motor vehicles (37%) and off-road vehicles (14%) together produce
approximately 50% of the winter-time ROG emissions. Evaporation from petroleum products
(including those from refineries and fuels distribution) and solvents (such as those from structures
coating, adhesives, and sealants) are the second largest contributors to ROG emissions, accounting
for approximately 24% of winter emissions. Emissions from consumer products contribute another
15% of the winter-time ROG emissions.

Figure 2-10 2010 Winter Emissions Reactive Organic Gases (ROG) 294 tons/day
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Oxides of Nitrogen (NOx)

As shown in Figure 2-11, on-road motor vehicles are the single largest source of NOx emissions in
the Bay Area. Together with off-road mobile sources, they produce over 80% of the winter-time NOx
emissions. Industrial combustion and residential fuel combustion (including wood-burning) produce
10% and 6% of the winter-time NOx inventory, respectively.

Figure 2-11 2010 Winter Emissions Oxides of Nitrogen (NOx), 347 tons/day
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Sulfur Dioxide (SO2)

Figure 2-12 provides a breakdown of winter SO2 emissions for year 2010. The majority of SO2
emissions in the Bay Area are from combustion at industrial facilities; the Industrial Combustion
wedge (62%) in Figure 2-12 includes SO2 emissions from refineries (50%) and other industrial
facilities (12%). Industrial and commercial processes employed in the production of pharmaceuticals,
cosmetics, inks, and resins, as well as those used at refineries, create another 24% of SO2 emissions
in winter. Off-road and on-road motor vehicles produce 13% of the Bay Area winter emissions.
Although most of the SO2 in the Bay Area (over 50%) is emitted during refinery operations, it is worth
noting that the refinery products are used to fuel motor vehicles in the Bay Area and throughout
California. This suggests that SO2 levels can be reduced both by further controlling emissions at the
refineries, as well as by reducing motor vehicle use.

Figure 2-12 2010 Winter Emissions Sulfur Dioxides (SO_), 29 tons/day
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Predicting Future Emissions Trends

Predicting future trends in emissions is challenging, since many factors come into play, such as changes
in control technologies; emission standards and fuel formulations for mobile sources; population growth
and household formation; economic growth rates; land use decisions; and changes in transportation
infrastructure and travel mode choice which affect motor vehicle travel. The inventory projections
presented here include anticipated changes in population and economic activity, and well as emission
reductions from ARB and Air District regulations that have already been adopted and turnover in

the motor vehicle fleet (whereby older, dirtier vehicles are replaced by newer, cleaner vehicles)ARB.
Implementation of ARB regulations on mobile sources is typically phased in, so the entire bengfit of these
adopted regulations will not be realized until they have been fully implemented over the next 10-15 years.
At that point, emissions are projected to slowly increase in response to population and economic growth,
if no additional regulations are adopted.

The projected emissions are based on a conservative “business as usual” assumption that no additional
regulation or polices will be adopted to reduce emissions in the future. However, past experience suggests
that it is likely that future measures will in fact be adopted and implemented to provide additional
emission reductions. Past experience also suggests that the projected inventory may underestimate the
future reduction in emissions. For example, whereas previous PM emissions inventories for the Bay Area
predicted that overall emissions would increase over the past 10-15 years, monitoring data and CMB
analysis shows that PM emissions and ambient concentrations actually declined substantially during

that period. Given the fact that previous inventories under-predicted the emission reductions that were
actually achieved, it is possible that this could occur again over the coming years.

Assumptions and methods used to estimate future emissions for key source categories are briefly
discussed below.

Industrial and Commercial Processes and Combustions

PM emissions from industrial and commercial sources are projected to increase at a rate of around 1%
per year based on previous observed growth and regulations adopted to date.

Commercial Cooking

PM emissions from commercial cooking are also projected to increase at a rate of around 1% per year
based on previous observed growth and regulations adopted to date.

Residential Fuel Combustion

As noted above, estimated PM emissions from residential wood-burning were reduced for the 2010
inventory to reflect recent progress in response to the Air District’s wood-burning regulation and its winter
Spare the Air program. The projected inventory assumes that residential wood-burning rates will hold
steady for the foreseeable future, with a slight increase based upon growth in population and households.
Although it is possible that future emissions may decrease if the District is successful in increasing
compliance with the wood-burning regulation and further educating Bay Area residents as to the health
risks from wood smoke, Air District staff has opted to hold the wood-burning emissions steady, pending
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development of better data to use in estimating future wood-burning trends, so as to provide a
conservative estimate. Modest increases of emissions are expected in other residential combustion
categories, mainly for space heating. This is assumed to grow in-line with population growth resulting
in modest increases in overall residential combustion emissions.

On-Road and Off-Road Motor Vehicles

Emissions from on-road and off-road motor vehicles are expected to decline until 2020 due to
aggressive regulations on diesel engines; retirement of older, dirtier vehicles; and penetration of
cleaner gasoline vehicles into the fleet. After 2020, vehicle emissions are expected to increase
by less than 1% per year until 2030. The projected increase in vehicle emissions rests upon two
assumptions:

1. Anincrease in vehicular activity following recovery from the economic
recession. ARB staff examined various economic recovery scenarios; the
projected rate of growth in vehicle activity is based on an average between a
slow-recovery scenario and a fast-recovery scenario.

2. No additional regulation apart from those already adopted by ARB. (The
assumption that no future regulations will be adopted is unlikely, however.
Although it will be technically challenging to further reduce motor vehicle
emissions rates below the stringent standards already adopted in California,
experience to date suggests motor vehicle emission standards will be further
tightened in coming years as needed to continue progress toward attainment
of air quality standards in the major urban areas of the state.)

It is important to note that the projected trends for diesel and gasoline vehicles differ. Whereas diesel
PM emissions are projected to sharply decrease over the next decade in response ARB regulations,
PM emissions from gasoline engines are expected to hold steady. For year 2010, diesel vehicles
account for about half of the primary PM emissions from on-road vehicles, including both tailpipe
exhaust and brake and tire wear. However, by 2030, this figure is projected to decrease to about 27%.
It should be noted, however, that the EMFAC2011 model does not include the potential reduction

in PM from light- and medium-duty vehicles that may occur in response to ARB’s LEV Il program, as
described in Section 4. Efforts to reduce PM from mobile sources in recent years have focused on
heavy-duty, diesel-powered vehicles. However, the fact that gasoline vehicles are projected to account
for an increasing share of the PM from motor vehicles in coming years suggests that future efforts

to reduce PM emissions from on-road vehicles will need to focus on reducing tailpipe emissions and
emissions due to brake and tire wear from light-duty vehicles.
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Projected Trends for Primary PM and Precursors To Secondary PM

Projected trends for emissions of primary PM and PM precursors are presented in summary form in
the bar charts below. A more detailed breakdown of projected future emissions by source category

is provided in the tables in Appendix A. As shown in Figures 2-13 and 2-14, the overall inventory for
emissions of primary PM2.5 and PM10 is projected to decrease thru 2020, then to begin to rise
slowly through 2030 in tandem with population and economic growth. The same trend is projected for
emissions from on-road motor vehicles, as well as other mobile sources.

Figure 2-13  Bay Area Winter Primary PM2.5 Emissions Trends

-

Year 2010 Year 2015 Year 2020 Year 2025 Year 2030 J

' Accidental Fires/Smoking
Animal Waste

 Geological Dust

“ Other Moblle Sources

“ On-Road Motor Viehicles

* industrial Combustion

™ Residential Combustion

® Commercial Cooking

1 I 1

UNDERSTANDING PARTICULATE MATTER | 2012 | Bay Area Air Quality Management District




The trend for winter emissions of primary PM10 is similar to that for PM2.5, as shown in Figure 2-14.

Figure 2-14  Bay Area Winter Primary PM10 Emissions Trends
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Emissions projections for key precursors to formation of secondary PM are mixed. Similar to primary
PM, ROG emissions are projected to decrease through 2020 in response to already-adopted control
measures, then to begin to increase slowly through 2030, as shown in Figure 2-15. NOx emissions
are projected to decrease steadily and substantially through 2030 in response to already-adopted
control measures, as shown in Figure 2-16. SO2 emissions, by contrast, are projected to increase
slowly but steadily through 2030 in the absence of additional regulations or controls, as shown in
Figure 2-17.

Reactive Organic Gases (ROG)

As shown in Figure 2-15, overall ROG emissions are expected to decline until 2025. ROG emissions
from on-road motor vehicles are expected to decline due to fleet turnover, despite increases in vehicle
population and VMT. Emissions from off-road mobile sources will continue to decline until 2020

due to implementation of already-adopted regulations. After 2020, a projected increase in off-road
vehicular activity is expected to lead to increases in ROG emissions from off-road mobile sources.

For the inventory as a whole, ROG emissions are projected to increase slightly after 2025 due to
increased population and economic activity, in the absence of future regulatory measures.
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Figure 2-15 Bay Area Winter ROG Emissions Trends
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NOx emissions from on-road motor vehicles are expected to decline due to fleet turnover despite
increases in vehicle population and VMT, as shown in Figure 2-16. Emissions from other mobile
sources will continue to decline until 2025 due to aggressive regulations on diesel vehicles. After
2025, projected increase in off-road vehicular activity is expected to lead to increases in NOx
emissions from off-road mobile sources. Other major contributors to NOx emissions are expected to
increase due to population increase unless new regulations are introduced. Overall NOx emissions
are expected to decline until 2025 and then increase slightly. However, it is expected that with
introduction of new rules on major sources of NOx emissions in the future, further reduction in NOx
emissions is likely to occur.
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Figure 2-16  Bay Area Winter NOx Emission Trends

-

350

300
250
© Acchderntal Fires
' Other Mobile Sources
200 - = On-Road Motor Vehicles
Industrial Combustion
= Residential Combustion
130
® Industrialf Commercial Processes
00
0+ . - . v .
Year 2015 Year 2020 Year 2025 Year 2030

/

Sulfur Dioxide (SO2)

After decreasing substantially in the past few years in response to regulations on sulfur content
used in ships and commercial boats, SO2 emissions are projected to increase slowly in future years,
as shown in Figure 2-17, primarily due to projected expansion in industrial activity. Overall SO2
emissions are expected to increase in line with SO2 emissions increases mentioned above. The rate
of increase is less than 1% per year until 2030.

Figure 2-177 Bay Area Winter SO2 Emission Trends
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SECTION 3: PM AIR
QUALITY STANDARDS
AND TRENDS

SECTION 3-A: PM MONITORING PROGRAM

Regional PM Monitoring Network

The Air District operates a network of monitoring stations to measure ambient concentrations of
particulate matter in the Bay Area. The Air District’'s PM monitoring network has evolved in tandem
with the evolution of the PM air quality standards. Because the original PM standards issued in
response to the Clean Air Act of 1970 were based on total suspended particles (TSP), the initial

PM monitoring stations measured TSP. When US EPA adopted standards for PM10 in 1987, the
District established monitoring sites to measure ambient PM10 concentrations. Likewise, when US
EPA issued standards for PM2.5 in 1997, the District established a network of monitoring sites to
measure ambient PM2.5 concentrations. Therefore, we can track progress in reducing TSP in the Bay
Area back to the 1970’s, PM10 to the late 1980’s, and PM2.5 to the late 1990’s.

Until recently, all PM measurements were performed by collecting particles on filters, and PM
concentrations were estimated by weighing the filters before and after collecting the particles. A filter
is pre-weighed, and then placed in a sampler that draws air through the filter, typically for 24 hours.
The PM concentration is estimated by comparing the before and after weight difference of the filter,
divided by the total air flow, yielding a measurement of ambient PM expressed in micrograms per
cubic meter (ug/m?3). Filter-based methods that meet specific operational requirements are called
Federal Reference Method (FRM) and have been used for determining compliance with the national
air quality standards. Because this process is labor-intensive, measurements have not been made
every day at every station. At most stations, they were made either on a 1-in-3 or 1-in-6 day schedule.
More recently, instruments have been developed to measure PM continuously; the Air District
employs a continuous method known as a Beta-Attenuation Monitor (BAM).

The Air District began measuring PM10 concentrations at a number of sites in 1989 on a 1-in-6 day
schedule. In addition to total PM10 concentrations, a set of ions has been measured: nitrate, sulfate,
ammonium, and chloride. Potassium was added in 1995, and elemental and organic carbon were
added in 2004. The District began measuring PM2.5 in 1999. In recent years, the number of sites
measuring PM10 has been reduced, as US EPA guidelines have placed greater emphasis on the need
to monitor PM2.5.The Bay Area PM monitoring network meets and exceeds both state and US EPA
requirements. The network provides data to measure regional PM levels relative to state and national
standards. The network includes 8 sites which measure PM10 and 13 sites which measure PM2.5.
There are three categories of PM monitors:
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¢ Filter-based Federal Reference Method (FRM);

* Real-time Beta-Attenuation Monitor (BAM) monitors designated as Federal
Equivalent Method (hereafter referred to as FEM/BAM); and

¢ Ordinary Beta-Attenuation Monitors that are not designated FEM (hereafter

referred to as BAM). /

Ten PM2.5 monitoring sites provide data to
determine whether the Bay Area meets national
PM2.5 standards. This includes eight FEM/BAM
sites that monitor PM2.5 on a continuous basis, as
well as two FRM (Federal Reference Method) sites
that use filters to measure PM2.5 on a schedule
based on the location’s PM2.5 level relative to the
national standard.* The PM2.5 network includes
four additional sites with BAM monitors that are
used (in conjunction with the FEM and FRM sites)
in determining whether the Bay Area attains State
PM2.5 standards. (These four BAM sites are not
included for purposes of determining compliance
with federal PM2.5 standards.)

In addition to the sites used to determine

compliance with State and federal PM2.5

standards, the Air District also operates SASS (Speciation Air Sampler System) instruments at four
sites (San Jose, Vallejo, Livermore, and West Oakland) that provide PM2.5 speciation data; these
speciation data are used to analyze PM by chemical type and emissions source category in order
to refine the Air District’'s PM emissions inventory and to help identify emission source categories
that may warrant additional control measures. The speciation data provided by these four monitors
are the source for the information provided in Figures 2-4 and 2-5 in Section 2. The Air District also
operates one mobile sampling van, as well as one re-locatable trailer-mounted unit that can be
deployed to monitor local concentrations for special purpose monitoring studies lasting a minimum
of one year. For example, the mobile van provided measurements used in the 2010 West Oakland
Monitoring Study described below.

The Air District’'s current PM monitoring sites are shown in Table 3-1.

1 The schedule can be every day, once every three days, or once every six days depending on the site and season.
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Table 3-1 Bay Area PM Monitoring Sites

Livermore v FEM/BAM & Speciation Sampler
Oakland V FEM/BAM
Concord \ \ FRM
Bethel Island V
San Rafael V Xl FEM/BAM
San Francisco \ \ FEM/BAM
Redwood City R\ FEM/BAM
Gilroy v FEM/BAM
San Jose \ R FRM, BAM & Speciation Sampler
San Pablo V
Vallejo R FEM/BAM & Speciation Sampler
Santa Rosa \ FEM/BAM
Cupertino v v BAM
Napa \ \ BAM
West Oakland R BAM & Speciation Sampler

Measuring PM Concentrations at the Local Scale

The primary objective of the Bay Area air quality monitoring network for PM is to measure ambient
PM levels at the regional scale in comparison to State and federal PM standards. The network is
not intended to measure ambient concentrations of PM and other air pollutants at a fine-grain
local scale. Also, while the network can measure PM impacts from larger-scale incidents such

as wildfires, it is not designed to measure localized PM impacts from short-term incidents and
episodes at a specific facility or source. However, concentrations of pollutants such as PM, carbon
monoxide, and air toxics can vary greatly at the local scale. Among its limitations, for example, the
existing regional monitoring network cannot accurately measure the local impacts of residential
wood-burning on ambient PM concentrations due to the highly localized and variable nature of this
activity.
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The Air District recognizes that information about local PM levels is needed in order to identify impacted
areas and develop strategies to reduce PM concentrations in such areas. Since it is neither technically
nor financially feasible to install and operate PM monitors in every neighborhood, the Air District has
been working to estimate PM concentrations and population exposure at the local scale by means of
computerized photochemical modeling. This approach has been used to develop local estimates of

PM concentrations and population exposure in support of the District’s Community Air Risk Evaluation
(CARE) program, as well as two pilot Community Risk Reductions Plans (CRRPs) that are under
development in partnership with the cities of San Francisco and San Jose.

The Air District has also performed special monitoring
to develop better measurements of PM and other
pollutants in various locations with specific air quality
issues or concerns. Monitoring was performed in
Berkeley from December 2007 through December
2009 in proximity to Pacific Steel Casting; in Benicia
from April 2007 through December 2008 in proximity
to the Valero oil refinery; and in Cupertino beginning in
September 2010 (scheduled to run through December
2012) in proximity to the Lehigh cement plant, and

in areas, such as West Oakland, using its mobile

van. Several examples of localized studies of PM that
were extremely helpful in quantifying PM levelsin
communities believed to be significantly impacted by
PM are briefly described below.

The Air District sponsored Desert Research Institute to

assist with the West Oakland Monitoring Study (WOMS) * developing and analyzing air quality monitoring
data for the West Oakland area during two seasonal periods of four weeks in summer 2009 and winter
2009/10. The WOMS data were used by the District to evaluate local-scale dispersion modeling of
diesel emissions and other toxic air contaminants for the area within and around the Port of Oakland.
The monitoring data showed spatial patterns of higher pollutant concentrations that were generally
consistent with proximity to vehicle traffic. Concentrations of directly-emitted pollutants were highest on
heavily traveled roads with consistently lower concentrations away from the roadways.

The Air District also measured PM2.5 and PM10 and analyzed concentrations of certain metals and
other chemical species in the ambient air of West Oakland from August 2009 through July 2010. The
goals were to look for how these concentrations vary spatially within West Oakland and specifically

in the neighborhood of Custom Alloy Scrap Sales (CASS), and to look for evidence of elevated metals
concentrations in the West Oakland area. PM2.5 filters were collected at 7 sites as part of the West
Oakland Monitoring Study for a month in the summer of 2009 and the winter of 2009-10. PM10 filters
were collected at four sites near CASS from August 2009 through July 2010. The monitoring did not
reveal a clear signature from CASS. The estimated cancer risk from measured metals concentrations

1 West Oakland Monitoring Study, Desert Research Institute, 2010.
See: www.baagmd.gov/Divisions/Planning-and-Research/CARE-Program/CARE-Documents.aspx
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was less than 10 in a million, considerably less than from diesel exhaust. The concentrations are
all within the corresponding reference exposure levels (RELs) for morbidity effects.

Air District staff is currently working to identify several sites to monitor near-roadway levels of
nitrogen dioxide (NO2), as required by EPA regulations. NO2 monitors are expected to be installed
in near-roadway environments in San Francisco, San Jose, and the I-80 or I-880 corridor in
Alameda County. The Air District may install PM2.5 and/or ultrafine PM monitors at one or more of
these sites.

To expand the Bay Area monitoring network, one possibility may be to deploy smaller and less
expensive monitoring units to supplement the PM monitors that comprise the Air District’s official
PM2.5 monitors, provided that equipment and personnel funds can be secured to purchase and
operate such units.

Measuring Ultrafine PM

As noted in Section 1-A, evidence suggests that ultrafine particles may be especially harmful to
public health. However, measuring ultrafine particles (UFPM) presents unique challenges. Due

to their extremely small size, conventional technologies are not well-suited to measuring ultrafine
particles. PM2.5 and PM10 monitors measure the mass of particles in a given volume of air;
however, UFPM is negligible on a mass basis. Therefore, UFPM measurements usually count the
number of particles rather than the particle mass. Measuring UFPM is especially difficult because
many of the particles are actually smaller than the wave length of light. Only in recent years has
measurement technology progressed such that the size distribution of nanometer-size particles
can be measured in the atmosphere. Current methods to measure UFPM typically expose the
particles to water vapor to make them grow large enough that they can be counted. Although
several UFPM monitoring devices are currently available, technologies are still evolving, equipment
and maintenance costs are relatively high, and accuracy and dependability of the devices can be
an issue.

There are currently no State or national requirements for monitoring ambient concentrations of
ultrafine PM. Most of the ultrafine particle UFPM monitoring performed to date has occurred in the
Los Angeles area; UFPM monitoring in the LA area has focused on measuring ultrafine particles in
close proximity to major roadways. (See discussion of near-roadway measurements in Section 1-B.)

In spring 2012 the Air District purchased and installed UFPM particle counters (TSI EPC 3783) at
three sites in Santa Rosa, Redwood City and Livermore. An additional UFPM counter on loan to

the District has been in operation in San Pablo; the District is in the process of purchasing this
monitor, so that it will continue to provide monitoring data for the San Pablo area. The Air District
also plans to install an ultrafine particle counter in conjunction with the near-roadway NO2 monitor
described above, once the location for that monitor has been finalized. These UFPM monitors will
provide data on ambient concentrations of UFPM at the regional scale and on a near-roadway
basis. The data from these monitors will be used to track progress in reducing ultrafine particle
concentrations in the Bay Area and to inform the District’s future UFPM computer modeling efforts.
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In addition, measurements of ambient levels of UFPM levels for the Bay Area (and many other urban
areas) is needed to provide data that epidemiologists can use to study the health effects of exposure to
UFPM.

Although the monitors described above should be useful for purposes of determining baseline
concentrations of ambient UFPM in the Bay Area, using traditional air quality monitoring networks to
measure UFPM may be of limited value, given the great spatial and temporal variability exhibited by
UFPM. To adequately measure the great variability in UFPM levels, air quality agencies may need to
explore the use of smaller, cheaper devices (perhaps including personal monitors) that can be deployed
more densely on a neighborhood scale.

Challenges with PM Monitoring: Air quality monitoring stations are expensive to build and
maintain. Due to budgetary constraints in recent years, the Air District is currently hard-pressed to
operate its existing air quality monitoring network. Expanding the monitoring network would entail
securing funds for the initial capital cost to purchase monitoring equipment, finding good locations
that meet applicable criteria, and deploying human resources to operate and maintain the sites on
an on-going basis. As the Air District continues its technical work to develop a better understanding
of the dynamics and distribution of PM in the atmosphere by means of computer modeling and
special studies, this should enable the Air District to deploy its limited monitoring resources so

as to measure ambient concentrations and population exposure to PM in the most cost-effective
manner.

As mentioned above, the PM monitoring network is not designed to measure localized PM impacts
from short-term incidents and episodes at a specific facility or source. Therefore, the Air District is
investigating the possibility of augmenting the current network with incident response capabilities
that would allow for accurate, real-time, mobile measurement of localized PM impacts from short-
term episodes.

See Section 5 for additional discussion regarding future directions in monitoring ambient PM
concentrations.
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SECTION 3-B: PM STANDARDS AND
PM PLANNING REQUIREMENTS

To protect public health and welfare, US EPA and the California Air Resources Board have

both adopted ambient air quality standards for particulate matter. The federal Clean Air Act
requires the US EPA Administrator to adopt standards for six “criteria pollutants”, including
PM, with an “adequate margin of safety to protect public health.” EPA is charged with reviewing
the standards every five years based on the latest scientific research on health and welfare
effects, and considering recommendations provided by an expert panel called the Clean Air
Scientific Advisory Committee (CASAC). PM standards have evolved and become more stringent
over the past several decades in response to better understanding of the negative effects of
PM on public health. In addition to primary standards which are designed to protect public
health, U.S. EPA also issues secondary standards for PM to protect “public welfare”, including
visibility (clarity of the air), flora, fauna, and the built environment. The national secondary
standards for PM are currently set at the same level as the primary standards.

PM Standards

Ambient air quality standards are based on three key elements: the averaging time period
(e.g., 24-hour or annual); the form of the standard; and the level of the standard.

Annual average standards are intended to protect public health from chronic (long-term)
health impacts related to PM. EPA adopted an annual average PM2.5 standard of 15 pyg/m?
in 1997. In 2002, the State of California adopted a (more protective) annual average standard
of 12 ug/m?in 2002. In June 2102, EPA proposed to lower the national annual standard to a
value in the range of 12 to 13 yg/m?, as discussed below.

24-hour standards are intended to protect public health from acute (short-term) health
impacts related to PM. In 2006, EPA significantly tightened the 24-hour PM2.5 NAAQS from
65 ug/m?3to 35 ug/m3. The State of California has not yet adopted a short-term 24-hour PM
standard.

For criteria pollutants, the level of the standard is generally defined in terms of the ambient
concentration of a pollutant in outdoor air, as expressed in terms of either a parts per million
ratio (e.g., the state 8-hour ozone standard is 0.070 parts per million) or a mass per volume
basis. For example, the national 24-hour PM2.5 standard is 35 mg/m3, or micrograms per
cubic meter (one microgram equals one-millionth of a gram). State and national PM standards
for PM2.5 and PM10 are based on the mass (i.e., the total weight), rather than the number, of
particles suspended in the air.
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Design Value: Determining whether an air basin attains a given air quality standard requires
comparing ambient pollutant levels with the standard to calculate the region’s design value.? (For
purposes of State standards, the term designation value is used.) The design value is calculated
for each station in the official monitoring network (See Section 3-A for a description of the Bay Area
PM monitoring network). A region meets the standard only if the design value for each and every
official monitoring site does not exceed the standard. The stringency of an air quality standard
depends upon (1) the numerical threshold and (2) the form of the standard which specifies the
method and statistical protocol used to calculate the design value. The form of a standard may
allow each region to exceed the standard on a limited number of occasions over a given time
period. For example, the design value for the national 24-hour PM2.5 standard for any site is
defined as the site’s annual 98" percentile PM measurements averaged over a three-year period;
thus, a site may exceed the standard on a limited number of days and still attain the standard. The
basic steps to calculate the design value for the national PM2.5 standards are shown in Table 3-2.

The PM standards established by the State of California are more difficult to attain than the
national standards; not only are the State standards set at lower numerical thresholds, but also
they have a more stringent form of the standard. The State 24-hour PM10 standard allows fewer
exceedances in order to remain in attainment. The State annual standard for PM2.5 is more
stringent because it is based on the maximum of three annual averages, rather than the average
of three annual averages). The design values that determine whether the Bay Area attains the
various PM standards are calculated using measurements of ambient PM concentrations from the
regional monitoring network described in Section 3-A.

Table 3-2 Basic Design Value Calculation Method for National PM2.5 Standards

Step 1: Determine the 98th percentile value for each year over
a consecutive three year period. (In practice this means
that the seven highest values per year are excluded.)

24-hour 35 pg/m? Step 2: Average the three 98" percentile values.
Step 3: Round the resulting value to the nearest 1.0 ug/ms.
Step 4: Compare the result to the standard.

Step 1: Calculate the average of each quarter of each year over
a three year period.
Step 2: Average the four quarters in a calendar year to determine the
Annual 15.0 pg/m3 average for each year.
Step 3: Average the three annual values.
Step 4: Round the resulting value to the nearest 0.1 pg/ms3.

Step 5: Compare the result to the standard.

2 Details on how design values are calculated are provided in 40 Code of Federal Regulations (CFR) Part 50 Appendix N, and the April 1999 EPA
document Guideline on Data Handling Conventions for the PM NAAQS. See http://epa.gov/ttncaaal/t1l/memoranda/pmfinal.pdf.
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Bay Area Attainment Status for Current PM Standards

The current State and national standards for PM2.5 and PM10, the Bay Area’s attainment status
relative to those standards, and the region’s design value for each standard, are summarized in Table
3-3. PM standards recommended by the World Health Organization (WHO) in 2005 are also shown
for purposes of comparison; the national PM standards issued by US EPA are less stringent than the
recommended WHO guidelines. Despite increasing concern about the health impacts of ultra-fine
particles, as yet there are no State or national ambient air quality standards for ultra-fine PM.

The Bay Area attainment status shown in Table 3-3 is based on the current formal designation by
US EPA or ARB. However, although the Bay Area is formally designated as non-attainment for these
standards, monitoring data shows that the region currently meets the national 24-hour PM2.5
standard, the State annual PM2.5 standard, and the State annual PM10 standard, as indicated by
the fact that the design value is less than or equal to the standard in each case. For purposes of
attainment status, although monitoring data for an air basin may show that it meets a standard,
once a region has been designated as non-attainment, it is still formally designated as non-
attainment until such time as the region submits a redesignation request and maintenance plan
which is approved by EPA.

National standards: The Bay Area attains the national 24-hour PM10 standard and the national
annual PM2.5 standard. The region’s design value for both these standards is well below the
threshold. The national 24hour PM2.5 standard was tightened to 35 mg/m?3 in 2006. The Bay Area’s
attainment status for this standard is explained below in Federal PM Planning Requirements for the
Bay Area.

State standards: The California Air Resources Board has adopted PM standards that are more
stringent (health-protective) that the national standards. The most recent monitoring data (through
2011) demonstrates that the Bay Area continues to meet the State annual average PM2.5 standard.
Recent data also shows that the Bay Area has attained the State annual PM10 standard for the first
time ever, based on data for the 2009-2011 period. The Bay Area does not attain the State 24-hour
PM10 standard; however, the region’s design value for this standard has been decreasing in recent
years, a sign that we are making progress toward attaining this standard.
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Table 3-3 PM Standards, Bay Area Attainment Status, and Design Values

24-hour National 35 ug/m?s 30 pg/m?3 Non-attainment 25 ug/m?3
National 15 pg/m?3 10.3 pug/m?3 Attainment

Annual 10 pg/m3
California 12 pg/m? 10.4 pyg/m?3 Non-attainment
National 150 pg/m? 72 pg/ms Unclassified

24-hour 50 pg/m?3
California 50 pg/m?3 70 ug/m? Non-attainment

Annual California 20 pg/m?3 20 ug/m?3 Non-attainment 20 pg/m?3

* Design values are calculated based on PM monitoring data thru year 2011.

Federal PM Planning Requirements for the Bay Area

Any state or region that fails to attain the national standard for any criteria pollutant is required to
submit a State Implementation Plan (SIP) to U.S EPA to demonstrate how it will reduce ambient
concentrations in order to attain the national standard. U.S. EPA designated the Bay Area as “non-
attainment” for the revised 24-hour PM2.5 national standard in December 2009, based on air
quality monitoring data for the three-year period 2006-2008. Areas designated as non-attainment
for the revised standard, including the Bay Area, are required to submit a PM2.5 SIP to U.S. EPA by
December 2012 to show how they will attain the standard by December 2014.

Although the Bay Area was designated as non-attainment for the national 24-hour PM2.5 standard
based on monitoring data for the 2006-2008 period, the region exceeded the standard by only a
slight margin. Since then, Bay Area PM2.5 levels have continued to decline. Air quality data from
the regional monitoring network shows that the Bay Area met the national 24-hour PM2.5 standard
during the three-year period from 2008 through 2010, as well as the three-year period from 2009
through 2011.

Under US EPA guidelines, a region with monitoring data showing that it currently attains an air quality
standard can submit a “redesignation request” and a “maintenance plan” in lieu of a SIP attainment
plan. However, the Air District believes that it would be premature to submit a PM2.5 redesignation
request for the Bay Area at this time. Instead, the Air District is pursuing another option provided

by US EPA guidelines for areas with monitoring data showing that they currently meet the PM2.5
standard. In December 2011, the Air Resources Board submitted a “clean data finding” request on
behalf of the Bay Area. This request is currently under review by EPA. If EPA verifies that monitoring
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data shows that the Bay Area currently meets the standard (i.e., has “clean data”), then EPA

will suspend the SIP provisions that apply to preparing an attainment plan to demonstrate how
the region will attain the standard by the specified target date. These SIP provisions will remain
suspended as long as Bay Area monitoring data continues to show compliance with the standard.
Although the SIP requirements related to demonstrating attainment would be suspended, the
region will still be required to submit a “clean data” SIP consisting of the following elements:

¢ Amendments to the Air District’'s New Source Review (NSR) regulations to
address PM2.5; and

¢ An emissions inventory for PM2.5 for the attainment year: i.e. the year in
which monitoring data shows that the Bay Area first achieved attainment.
For the Bay Area, the attainment year is 2010. The inventory must include
both primary PM2.5 emissions by source category, as well as precursors to
secondary PM formation.

The Air District is preparing these required SIP elements for submittal to US EPA in fall 2012.

State PM Planning Requirements

The California Clean Air Act of 1988, the primary legislation that defines State air quality planning
requirements, is focused primarily on reducing ground-level ozone. The California Clean Air Act
does not require that local air districts prepare plans to reduce PM. In response to concern about
the health impacts of PM, in 2003 the State legislature enacted SB 656 (codified as Health

& Safety Code Section 39614); this legislation required ARB and local air districts to evaluate
potential PM control measures and to develop a PM implementation schedule for appropriate PM-
reduction measures. The Air District complied with this legislation; staff developed a Particulate
Matter Implementation Schedule that was adopted by the Air District’'s Board of Directors in
November 2005. The three measures identified in the PM Implementation Schedule have been
adopted and implemented: stationary internal combustion engines (Regulation 9-8); commercial
charbroiling operations (Regulation 6-2); and the residential wood-burning rule (Regulation 6-3)
which is further described in Section 4.

The SB 656 legislation sunset on January 1, 2011 and is therefore no longer in effect. Thus,
despite the fact that State PM standards are more stringent than the national standards, formal
PM planning efforts in California are governed primarily by the national standards and the SIP
process describe above.

Proposed Revisions to National PM Standards

As noted above, EPA is required to review the national standards for PM and other criteria
pollutants every five years based on the latest scientific research on health and welfare effects.
After reviewing the evidence, EPA issued a draft proposal on the national PM standards for public
comment on June 14, 2012. EPA proposes to:
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e Strengthen the annual health standard for fine particles (PM2.5) by setting
the standard at a level within the range of 12 yg/m?3to 13 pg/mé.

¢ Retain the existing 24-hour PM2.5 standard of 35 ug/mé3.

¢ Set a separate PM standard to improve visibility in urban areas, as
discussed below.

¢ Retain existing secondary standards for PM2.5 and PM10 identical to
primary standards to provide protection against other effects, such as
ecological effects, effects on materials, and climate impacts.

¢ Retain the existing 24-hour standard for PM10 of 150 ug/m3; this standard
has been in place since 1987.

The proposed urban visibility standard would provide increased protection from particle-induced
haze. The standard would measure visibility on the basis of light extinction as expressed in units
called deciviews. Each deciview represents a constant change in visual air quality, with zero
deciviews representing the most pristine conditions. EPA is proposing a 24-hour averaging time, a
90™ percentile form averaged over 3 years, and a visibility level set at either 28 or 30 deciviews.
Because monitors to directly measure visibility are not currently available, EPA proposes to use
data on speciated PM2.5 mass concentrations as well as relative humidity, in conjunction with an
algorithm, to calculate PM2.5 light extinction.

The Air District provided comments at a public hearing on the proposed standards in Sacramento
on July 19, 2012, as well as written comments, urging EPA to adopt the most health-protective PM
standards.

After reviewing public comments on the proposed revisions to the PM standards summarized
above, EPA will issue final standards by December 14, 2012. Revisions to the current standards
will trigger a process to evaluate monitoring data and issue new attainment designations for

air basins throughout the nation. EPA expects to make attainment designations based on the
revised standards by December 2014. A preliminary, unofficial review of Bay Area monitoring
data for years 2008 through 2011 indicates that the region is likely to attain a more stringent
annual standard set at either the 12 yg/m? or the 13 yg/m? level, provided that recent ambient
PM2.5 concentrations prevail in future years.
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