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1 Executive Summary

The staff of the Air Resources Board (ARB) and Office of Environmental Health
Hazard Assessment (OEHHA) have reviewed the scientific basis for the
California Ambient Air Quality Standard for ozone to determine its adequacy to
protect public health, including the health of infants and children. Staff has
reviewed the scientific literature on public exposure, atmospheric chemistry,
welfare effects, and health effects of exposure to ozone. This staff report
presents the results of the staff review and the staff recommendations to revise
the standard in order to adequately protect public health.

This review is a requirement of California Health & Safety Code section 39606.
In December 2000, as a requirement of the Children’s Environmental Health
Protection Act (Senate Bill 25, authored by Senator Martha Escutia, Stats. 1999,
Ch. 731), the California Air Resources Board (ARB or Board), approved a report
(ARB and OEHHA, 2000) that contained a preliminary review of all of the existing
health-based California ambient air quality standards. The purpose for that
review was: (1) to determine whether, based on public health, scientific literature,
and exposure pattern data, the existing ambient air quality standards adequately
protected the health of the public, including infants and children, with an
adequate margin of safety [California Health & Safety Code section 39606(d)(1)];
and (2) to prioritize for full review any standards which might not adequately
protect public health.

These reviews were not exhaustive, but rather were narrowly targeted to the two
purposes noted above. The critical reviews suggested that adverse health
effects might occur in infants, children, and other potentially susceptible
subgroups exposed to pollutants at or near levels corresponding to several
existing California ambient air quality standards. Staff recommended, the Air
Quality Advisory Committee (AQAC) agreed, and the Board concurred, that
among the standards deemed possibly inadequate, the standard for ozone
should be the second to undergo full review, following those for particulate matter
and sulfates. The ARB and OEHHA staff have now completed an exhaustive
review of the scientific literature on the health effects of ozone.

In this report, the staff of the ARB and OEHHA present the findings of their full
review of the public health, scientific literature, and exposure pattern data for
ozone in California. Due to the extensive nature of the literature review and the
hundreds of studies reviewed, the staff report is divided into two volumes.
Volume | contains information on chemistry of ozone formation, ozone precursor
sources and emissions, ozone exposure and background levels, measurement
methods, and welfare effects of ozone exposure. A summary of ozone health
effects and the staff recommendation is also included in Volume I. The health
effects literature review is contained in Chapter 11, Health Effects of Ozone
Exposure, and Chapter 12, Epidemiological Studies, in Volume Il of the staff
report.

1-1



The staff review found the following information. In controlled human exposure
studies, exercising individuals exposed for 1 hour (hr) to an ozone concentration
of 0.12 parts per million (ppm) or for 6.6 hr to a concentration of 0.08 ppm
experienced lung function decrements and symptoms of respiratory irritation
such as cough, wheeze, and pain upon deep inspiration. The lowest Oz
concentrations at which airway hyperreactivity (an increase in the tendency of the
airways to constrict in reaction to exposure to irritants) has been reported are
0.18 ppm O;s following 2-hr exposure in exercising subjects, 0.40 ppm following
2-hr exposure in resting subjects, and 0.08 ppm Os in subjects exercising for 6.6
hr. Airway inflammation has been reported following 2-hr exposures to 0.20 ppm
O3 and following 6.6-hr exposure to 0.08 ppm . Additional support for the
exposure/response relationship for ozone health effects is derived from animal
toxicological studies, which have shown that chronic ozone exposure can induce
morphological (tissue) changes throughout the respiratory tract, particularly at the
junction of the conducting airways and the gas exchange zone in the deep lung.

Epidemiological studies have shown positive associations between ozone levels
and several health effects including decreased lung function, respiratory
symptoms, and emergency room visits for asthma. Children may be more
susceptible to the effects of ozone than the general population due to effects on
the developing lung and to relatively higher exposure than adults. Also,
asthmatics may represent a sensitive sub-population for ozone. Since most
California residents are exposed to levels at or above the current State ozone
standard during some parts of the year, the statewide potential for significant
health impacts associated with ozone exposure is large and wide-ranging.

1.1 Staff Recommendations for the Ozone Standard

Based on the results of the staff review and their findings, staff is recommending
that the California ambient air quality standard for ozone be revised. California
Ambient Air Quality Standards have four elements (California Health and Safety
Code Section 39014, and Title 17, California Code of Regulations, Article 2,
Section 70101): (1) definition of the air pollutant, (2) an averaging time, (3) a
pollutant concentration, and (4) a monitoring method to determine attainment of
the standard. Staff recommends the following revision be made to the California
ambient air quality standard for ozone:

1. Retain ozone as the indicator for oxidant air pollution.

2. Ozone 1-hour-average Standard — Retain the 1-hour-average standard for
ozone at 0.09 ppm.

3. Ozone 8-hour-average Standard — Establish an 8-hour-average standard for
ozone at 0.070 ppm.

4. For both the 1-hour and 8-hour ozone standards, the concentrations for the
standards noted above are established as “not to be exceeded”.

5. Ozone Monitoring Method — retain the current monitoring method for ozone
which uses the ultraviolet (UV) absorption method for determining compliance
with the state Ambient Air Quality Standard for ozone. Incorporate all

1-2



federally approved uv methods (listed at
http://www.epa.gov/ttn/amtic/criteria.html) as California Approved Samplers
for ozone. This will result in no change in air monitoring practices, but will
align state monitoring requirements with federal requirements.

1.2 Other Recommendations:

In light of the adverse health effects observed at current ambient concentrations
and the lack of a demonstrated threshold, staff makes the following comments:

1. In any air basin in California that currently attains the ambient air quality
standards for ozone, the air quality should not be degraded from present
levels.

2. Fund additional research investigating the responses of human subjects to
multi-hour exposures to O3 concentrations between 0.04 and 0.08 ppm.

3. The standards be revisited within five years, in order to re-evaluate the
evidence regarding the health effects associated with O3 exposure.

1.3 Environmental and Economic Impacts:

The proposed ambient air quality standards will in and of themselves have no
environmental or economic impacts. Standards simply define clean air. Once
adopted, local air pollution control or air quality management districts are
responsible for the adoption of rules and regulations to control emissions from
stationary sources to assure their achievement and maintenance. The Board is
responsible for adoption of emission standards for mobile sources. A number of
different implementation measures are possible, and each could have its own
environmental or economic impact. These impacts must be evaluated when the
control measure is proposed. Any environmental or economic impacts
associated with the imposition of future measures will be considered if and when
specific measures are proposed.

1.4 Environmental Justice Concerns:

State law defines environmental justice as the fair treatment of people of all
races, cultures, and incomes with respect to the development, adoption,
implementation, and enforcement of environmental laws, regulations, and
policies. Ambient air quality standards define clean air, therefore, all of
California’s communities will benefit from the proposed health-based standards.

1.5 Comment Period and Board Hearing:

The staff recommendations in this Staff Report will be presented for review and
comment at public workshops on July 14, in Sacramento, July 15, in EI Monte,
and July 16 in Fresno.

Staff findings and recommendations will be peer-reviewed by the Air Quality
Advisory Committee (AQAC). AQAC will hold a public meeting to discuss their
review this staff report. Details on the workshop and AQAC meeting may be
obtained from the ARB website: www.arb.ca.gov/research/aags/ozone-rs/ozone-
rs.htm or by calling 916-445-0753.
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Written comments on this Staff Report and the staff recommendations for
revising the standard may be addressed to Dr. Deborah Drechsler, Ph.D. at the
Air Resources Board, Research Division, P.O. Box 2815, Sacramento, CA
95612-2815 (ddrechsl@arb.ca.gov, 916-323-1526, 916-322-4357 FAX).
Comments received by August 2, 2004, will be forwarded to the Air Quality
Advisory Committee for consideration at their meeting.

Following the meeting of the Air Quality Advisory Committee (AQAC), staff will
revise this Staff Report based on comments received from AQAC members and
the public. The revised Staff Report will then be made available for a 45-day
public comment period in advance of a public meeting of the Air Resources
Board to consider the staff’'s final recommendations. The Board meeting is
tentatively scheduled for December, 2004.

1.6 Reference
Air Resources Board and Office of Environmental Health Hazard Assessment
(2000). Adequacy of California Ambient Air Quality Standards: Children's

Environmental Health Protection Act. Staff Report. Sacramento, CA.
Available at http://www.arb.ca.gov/ch/programs/sb25/airstandards.htm.
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2 Introduction and Overview

Ozone (O3) is a powerful oxidant that can kill human cells upon contact. Ozone
forms in the atmosphere as the result of reactions involving sunlight and two
classes of directly emitted precursors: nitrogen oxides (NOx), and reactive
organic gases (ROG) such as hydrocarbons. It forms in greater quantities on hot,
sunny, calm days. In metropolitan areas of California, ozone concentrations
frequently exceed existing health-protective standards in the summertime.

The sources of ozone precursor emissions within California have been grouped
into three major categories: point sources, which are distinct facilities such as
factories and power plants; mobile sources, which includes cars, trucks, and off-
road mobile equipment; and area-wide sources, which include agricultural and
construction activities, and consumer products.

ROG is emitted from vehicles, factories, fossil fuels combustion, evaporation of
paints, and many other sources. NOy is emitted from high-temperature
combustion processes, such as in motor vehicle exhaust or at power plants.

The concentrations of ozone measured in the air vary both regionally and
seasonally throughout California.

To help understand which sources contribute to high ozone levels, the ARB has
developed and maintains detailed facility and source specific estimates of the
overall estimated ozone precursor emissions. Only the precursor gases are
estimated. As a complement to emission inventory and monitoring data, the ARB
conducts atmospheric modeling, using these precursor emission inventories and
other appropriate information, to estimate ozone levels

2.1 Setting California Ambient Air Quality Standards

California Health and Safety Code section 39606 (a) (2) authorizes the Air
Resources Board (Board) to adopt standards for ambient air quality "in
consideration of public health, safety, and welfare, including, but not limited to,
health, iliness, irritation to the senses, aesthetic value, interference with visibility,
and effects on the economy."

Ambient air quality standards (AAQS) represent the legal definition of clean air.
They specify concentrations and durations of exposure to air pollutants that
reflect the relationships between the intensities and composition of air pollution
and undesirable effects (Health and Safety Code section 39014). The objective
of an AAQS is to provide a basis for preventing or abating adverse health or
welfare effects of air pollution (Title 17, California Code of Regulations section
70101).

Ambient air quality standards should not be interpreted as permitting,
encouraging, or condoning degradation of present air quality that is superior to
that stipulated in the standards. Rather, they represent the minimum acceptable
air quality. An AAQS adopted by the Board is implemented, achieved, and
maintained by rules and regulations. These rules and regulations are primarily,

2-1



thought not exclusively, emission limitations established by the regional and local
air pollution control and air quality management districts for stationary sources,
and by the Board for vehicular sources (generally, Health and Safety Code
sections 39002, 40000, and 40001) and consumer products.

The California Clean Air Act specifies that standards be health based, although
welfare effects are also considered. Health-based standards are predicated on a
review of health science literature, and on the recommendation of the Office of
Environmental Health Hazard Health Assessment (Office) [Health and Safety
Code section 39606 (a) (1)]. The premise of the process is to assure that
sensitive population sub-groups are protected from exposures to levels of
pollutants that may cause adverse health effects. In addition, the Office is to
assess the following considerations for infants and children in its
recommendation [Health and Safety Code section 39606 (b)]:

1. Exposure patterns among infants and children that are likely to result in
disproportionately high exposure to ambient air pollutants in comparison to
the general population.

2. Special susceptibility of infants and children to ambient air pollutants in
comparison to the general population.

3. The effects on infants and children of exposure to ambient air pollutants and
other substances that have a common mechanism of toxicity.

4. The interaction of multiple air pollutants on infants and children, including the
interaction between criteria air pollutants and toxic air contaminants.

The Office's assessment of these considerations is to follow current principles,
practices, and methods used by public health professionals. The law also
requires that the scientific basis or the scientific portion of the method used to
assess these considerations be peer reviewed [Health and Safety Code section
39606 (c)]. The Office's peer review body for ambient air quality standards is the
Air Quality Advisory Committee (AQAC). Under Health and Safety Code section
57004 (d) (2), AQAC prepares a written evaluation of the staff report describing
the scientific basis of the proposed ambient air quality standard.

2.2 Schedules for Review of the California Ambient Air Quality
Standards

The Children's Environmental Health Protection Act (Senate Bill 25, authored by
Senator Martha Escutia, Stats. 1999, Ch, 731) required the Board, in consultation
with the Office, to evaluate all health-based standards by December 31, 2000, to
determine whether the standards were adequately protective of the health of the
public, including infants and children [Health and Safety Code section 39606 (d)
and (e)]. Standards deemed possibly not protective were prioritized for review,
and if the review finds a standard to be inadequate, the standard is to be revised.
The Act required that the highest priority standard be reviewed and, if necessary,
revised no later than December 31, 2002. Additional standards where health
protection, particularly for infants and children, may not be sufficient are to be
reviewed, and revised as necessary, at the rate of at least one standard per year
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(Health and Safety Code section 39606(d) (2)]. Regulations also require the
review of standards whenever substantial new information becomes available,
and at least once every five years (Title 17, California Code of Regulations,
section 70101).

In the report on the adequacy of the standards (ARB, et al., 2000), the Board
found that health effects may occur in infants, children, and other groups of the
population exposed to several pollutants at or near levels corresponding to
current standards. The standards with the highest priority for review were PM10
(including sulfates), ozone, and nitrogen dioxide. Standards with a low priority for
review were carbon monoxide, sulfur dioxide, hydrogen sulfide, and lead. In
2002, the Board revised the standard for PM10 (including sulfates) and added a
standard for PM2.5.

2.3 Current California Ambient Air Quality Standards for Ozone

The current California ambient air quality standard for ozone is 0.09 ppm for a
one-hour average. This value is not to be exceeded. Title 17 of the California
Code of Regulations (Section 70200), which summarizes the current O; standard
lists the most relevant effects of ozone related to short-term exposures, long-term
exposures, and welfare effects. The short-term exposure effects cited are:
pulmonary function decrements and localized lung edema in humans and
animals, and risk to public health implied by alterations in pulmonary morphology
and host defense in animals. The long-term exposure effects cited are: risk to
public health implied by altered connective tissue metabolism and altered
pulmonary morphology in animals after long-term exposures and pulmonary
function decrements in chronically exposed humans, the following welfare effects
are also cited: yield loss in important crops and predicted economic loss to
growers and consumers, injury and damage to native plants and potential
changes in species diversity and number, and damage to rubber and elastomers
and to paints, fabric, dyes, pigments, and plastics.

The Department of Health Services summarized its recommendation (in ARB,
1987) for a one-hour O3z standard of 0.08 ppm which was based on four factors:

1. In acute 1- or 2- hour chamber studies, ozone caused a decrement in
pulmonary function and an increase in lower respiratory symptoms at
concentrations as low as 0.12 ppm.

2. Epidemiologic studies suggested the existence of acute respiratory effects at
ozone exposure levels down to and possibly below 0.10 ppm for one hour or
more.

3. Animal studies demonstrated that ozone concentrations as low as 0.08 ppm
have both acute (decreased resistance against infection) and chronic
(inflammation and lung structural changes) effects.

4. A one-hour standard of 0.08 ppm would provide a small, but adequate margin
of safety against acute effects observed in controlled human exposures for
one or two hours at 0.12 ppm, and in consideration of the lack of health
effects information following multi-hour and chronic exposures.
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However, the ARB staff recommended that a standard of 0.09 ppm, averaged
over one hour, would protect the public health from ozone exposure with an
adequate margin of safety relative to the level at which pulmonary effects
occurred (0.12 ppm). The Board concurred in this recommendation.

2.4 History of Ozone/Oxidant Standard

The first state oxidant standard was set in December 1959 by the state
Department of Public Health (DPH), which had the responsibility for setting air
pollution standards before the creation of the ARB. This standard was set at 0.15
ppm, averaged for one hour.

In 1969, the newly-created ARB reviewed the oxidant standard set by DPH and
revised the standards to a concentration of 0.10 ppm, averaged over one hour,
not be equaled or exceeded. The information considered by the Board in 1969
included adverse effects upon: (1) the health of humans and animals; (2)
vegetation; (3) materials; and (4) visibility. Eye irritation was listed as the most
relevant effect of oxidant.

In 1974, the Board added ultraviolet photometry as the monitoring method for the
standard. However, since ultraviolet photometry measures only ozone, the Board
changed the designation of the standard from “oxidant” to “oxidant (as ozone).”
Because only ozone was to be measured, the Board changed the most relevant
effect from: “eye irritation” (which is caused primarily by non-ozone oxidants) to
“aggravation of respiratory disease” (which is caused primarily by ozone).

2.5 Environmental and Economic Impacts

The proposed ambient air quality standards will in and of themselves have no
environmental or economic impacts. Standards simply define clean air. Once
adopted, local air pollution control or air quality management districts are
responsible for the adoption of rules and regulations to control emissions from
stationary sources to assure their achievement and maintenance. The Board is
responsible for adoption of emission standards for mobile sources. A number of
different implementation measures are possible, and each could have its own
environmental or economic impact. These impacts must be evaluated when the
control measure is proposed. Any environmental or economic impacts associated
with the imposition of future measures will be considered if and when specific
measures are proposed.

2.6 Environmental Justice

State law defines environmental justice as the fair treatment of people of all
races, cultures, and incomes with respect to the development, adoption,
implementation, and enforcement of environmental laws, regulations, and
policies (Senate Bill 115, Solis; Stats 1999, Ch. 690; Government Code 8§
65040.12(c)). The Board established a framework for incorporating
environmental justice into the ARB's programs consistent with the directives of
State law (ARB, 2001). The policies developed apply to all communities in
California, but recognize that environmental justice issues have been raised
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more in the context of low-income and minority communities, which sometimes
experience higher exposures to some pollutants as a result of the cumulative
impacts of air pollution from multiple mobile, commercial, industrial, areawide,
and other sources. Because ambient air quality standards simply define clean
air, all of California’s communities will benefit from the proposed health-based
standards, as progress is made to attain the standards. Over the past twenty
years, the ARB, local air districts, and federal air pollution control programs have
made substantial progress towards improving the air quality in California.
However, some communities continue to experience higher exposures than
others as a result of the cumulative impacts of air pollution from multiple mobile
and stationary sources and thus may suffer a disproportionate level of adverse
health effects. Since the same ambient air quality standards apply to all regions
of the State, these communities will benefit by a wider margin and receive a
greater degree of health improvement from the revised standards than less
affected communities, as progress is made to attain the standards. Moreover,
just as all communities would benefit from new, stricter standards, alternatives to
the proposed recommendations, such as not proposing an eight-hour ozone
standard, would adversely affect many communities.

While it is possible that residents in environmental justice communities may be
particularly sensitive to ozone, only one study investigated whether
socioeconomic status (SES) alters responses to O; exposure, and those results
were difficult to explain. Hence, the study did not allow inferences as to whether
socioeconomic status impacts on sensitivity to O;. Moreover, other controlled
studies investigating whether gender, ethnicity or environmental factors
contribute to the responses to Oz exposure could not convincingly demonstrate a
link with responsiveness. Therefore, there are insufficient data to conclude
whether differences in Oz susceptibility exist in environmental justice
communities. These studies are discussed in more detail in Chapter 11.4.8,
Influence of Gender, Age, Racial and Environmental Factors.

Once ambient air quality standards are adopted, the ARB and the local air
districts will propose emission standards and other control measures designed to
result in a reduction of ambient ozone levels. The environmental justice aspects
of each proposed control measure will be evaluated in a public forum at this time.

As additional relevant scientific evidence becomes available, the ozone
standards will be reviewed again to make certain that the health of the public is
protected with an adequate margin of safety. To ensure that everyone has an
opportunity to stay informed and patrticipate fully in the development of the ozone
standards, ARB and OEHHA staff will conduct workshops in a number of
communities across the State and have distributed information by mail and
through the internet.
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3 Physics and Chemistry of Ozone

3.1 Introduction

The ozone molecule consists of three oxygen atoms that are bound together
(triatomic oxygen, or Os). Unlike the form of oxygen that is a major constituent of
air (diatomic oxygen, or O;), ozone is a powerful oxidizing agent. Ozone reacts
with some gases, such as nitric oxide or NO, and with some surfaces, such as
dust patrticles, leaves, and biological membranes. These reactions can damage
living cells, such as those present in the linings of the human lungs. Exposure
has been associated with several adverse health effects, such as aggravation of
asthma and decreased lung function.

Ozone was first observed in the Los Angeles area in the 1940s. The ozone that
the ARB regulates as an air pollutant is mainly produced close to ground
(tropospheric ozone), where people live, exercise, and breathe. A layer of ozone
high up in the atmosphere, called stratospheric ozone, reduces the amount of
ultraviolet light entering the earth’s atmosphere. Without the protection of the
stratospheric ozone layer, plant and animal life would be seriously harmed. In
this document, ‘ozone’ refers to tropospheric ozone unless otherwise specified.

Most of the ozone in California’s air results from reactions between substances
emitted from vehicles, industrial plants, consumer products, and vegetation.
These reactions involve volatile organic compounds (VOCs, which the ARB also
refers to as reactive organic gases or ROG) and oxides of nitrogen (NOy) in the
presence of sunlight. As a photochemical pollutant, ozone is formed only during
daylight hours under appropriate conditions, but is destroyed throughout the day
and night. Therefore, ozone concentrations vary depending upon both the time of
day and the location. Ozone concentrations are higher on hot, sunny, calm days.
In metropolitan areas of California, ozone concentrations frequently exceed
regulatory standards during the summer.

From the 1950s into the 1970s, California had the highest ozone concentrations
in the world, with hourly average concentrations in Los Angeles peaking over 0.5
ppm and frequent “smog alerts”. In the early 1970s, the ARB initiated emission
control strategies that provided for concurrent and continuing reductions of both
NOx and VOC from mobile sources and, in conjunction with the local air districts,
stationary and area sources. Since then, peak ozone concentrations have
decreased by more than 60 percent and smog alerts no longer occur in the Los
Angeles area, despite more than a 35 percent increase in population and almost
a doubling in vehicle miles traveled. However, most Californians still live in areas
that do not attain the State’s health-based standard (0.09 ppm for one hour) for
ozone in ambient air.

This chapter discusses the processes by which ozone is formed and removed,
background ozone, the role of weather, and spatial and temporal variations in
ozone concentrations. In addition, this chapter includes discussions of research
that the ARB has been conducting in the following areas that affect ozone
concentrations: reactivity, weekend/weekday effect, and biogenic emissions.
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Subsequent sections of this chapter include ARB websites for more information.
The ARB also conducts more general research in atmospheric processes that
affect air pollution; information is available at
http://www.arb.ca.gov/research/apr/past/atmospheric.htm#Projects. For more
extensive general information on the physics and chemistry of ozone, the reader
is referred to Finlayson-Pitts and Pitts (2000), and Seinfeld and Pandis (1998).

3.2 Formation and Removal of Tropospheric Ozone

The formation of ozone in the troposphere is a complex process involving the
reactions of hundreds of precursors. The key elements, as summarized in
Finlayson-Pitts and Pitts (2000), and in Seinfeld and Pandis (1998), are
discussed below.

3.2.1 Nitrogen Cycle and the Photostationary-State Relationship for Ozone

The formation of ozone in the troposphere results from only one known reaction:
addition of atomic oxygen (O) to molecular oxygen (O>) in the presence of a third
"body” (M). [M is any "body" with mass, primarily nitrogen or oxygen molecules,
but also patrticles, trace gas molecules, and surfaces of large objects. M absorbs
energy from the reaction as heat; without this absorption, the combining of O and
Oz into O3 cannot be completed.]

O+02,+M—> O3+ M Q)

The oxygen atoms are produced primarily from photolysis of NO, by the
ultraviolet portion (wavelength = 290 - 430 nm) of solar radiation (hn).

NO, + hn > NO + O )

Reaction 3 converts ozone back to oxygen and NO back to NO,, completing the
"nitrogen cycle."

O3+ NO =2 NO,; + O, (3)

Reactions 1 and 3 are comparatively fast. Therefore, the slower photolysis
reaction 2 is usually the rate-limiting reaction for the nitrogen cycle and the
reason why ozone is not formed appreciably at night. It is also one of the reasons
why ozone concentrations are high during the summer months, when
temperatures are high and solar radiation is intense. The cycle time for the three
reactions described above is only a few minutes. Ozone accumulates over
several hours, depending on emission rates and meteorological conditions.
Therefore, the nitrogen cycle operates fast enough to maintain a close
approximation to the following photostationary-state equation derived from the
above reactions.

[03]photostationary-state = (kZ/ k3) X [NOZ]/ [NO]
(the brackets denote concentration)

The ratio of the rate constants for reactions 2 and 3, (kz/k3), is about 1:100.
Assuming equilibrium could be reached in the ambient air and assuming typical
urban pollution concentrations, a NO, to NO ratio of 10:1 would be needed to
generate about 0.1 ppm of ozone (a violation of the state one-hour ozone
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standard [0.09 ppm]). In contrast, the NO, to NO emission ratio is approximately
1:10; therefore, the nitrogen cycle by itself does not generate the high ozone
concentrations observed in urban areas. The net effect of the nitrogen cycle is
neither to generate nor destroy ozone molecules. Therefore, for ozone to
accumulate according to the photostationary-state equation, an additional
pathway is needed to convert NO to NO,; one that will not destroy ozone. The
photochemical oxidation of VOCs, such as hydrocarbons and aldehydes,
provides that pathway.

3.2.2 The VOC Oxidation Cycle

Hydrocarbons and other VOCs are oxidized in the atmosphere by a series of
reactions to form carbon monoxide (CO), carbon dioxide (CO,) and water (H>O).
Intermediate steps in this overall oxidation process typically involve cyclic stages
driven by hydroxyl radical (OH) attack on the parent hydrocarbon, on partially
oxidized intermediate compounds, and on other VOCs. Hydroxyl radical is
ubiquitous in the ambient air; it is formed by photolysis from ozone in the
presence of water vapor, and also from nitrous acid, hydrogen peroxide, and
other sources. In the sequence shown below, R can be hydrogen or virtually any
organic fragment. The oxidation process usually starts with reaction 4, from OH
attack on a hydrocarbon or other VOC:

RH+ OH > H,O + R 4)

This is followed by reaction with oxygen in the air to generate the peroxy radical
(RO2).

R+0,+M—> RO, +M (5)

The key reaction in the VOC oxidation cycle is the conversion of NO to NO,. This
takes place through the fast radical transfer reaction with NO.

RO, + NO > NO, + RO (6)

R can also be generated by photolysis, which usually involves only VOCs with
molecules containing the carbonyl (C=0) bond. The simplest VOC molecule that
contains the carbonyl bond is formaldehyde (HCHO). Because formaldehyde
enters into several types of reactions of importance for understanding ozone
formation and removal, we will use it to help illustrate these reactions. The
oxidation cycle for formaldehyde can be written in the following sequence of
reactions.

OH + HCHO = H,0 + HCO ©)
HCO + O, > HO, + CO (8)
HO, + NO = NO, + OH (9)

Hydroperoxyl radical (HOy) is generated by reaction 8, and the hydroxyl radical
(consumed in reaction 7) returns in reaction 9 to complete the cycle. In addition,
reaction 9 produces the NO; required for ozone formation, as described above.
Also, the carbon monoxide (CO) generated by reaction 7 can react like an
organic molecule to yield another hydroperoxyl radical.
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OH+CO->H+CO, (20)
H+O,+M—> HO, + M (12)

Another component that formaldehyde provides for smog formation is a source of
hydrogen radicals.

HCHO + hn > H + HCO (12)

The hydrogen atom (H) and formyl radical (HCO) produced by this photolysis
reaction yield two hydroperoxyl radicals via reaction with oxygen, as shown in
reactions 8 and 11.

The reactions above comprise the simplest VOC oxidation cycle. Actually,
hundreds of VOC species patrticipate in thousands of similar reactions.

3.2.3 The Nitrogen Dioxide and Radical Sink Reaction

Another reaction is central to a basic understanding of ozone formation: the NO,
plus radical sink reaction that forms nitric acid.

NO2 + OH +M > HNOs; + M (13)

The previous discussion can be used to explain the typical pattern of ozone
concentrations found in the urban atmosphere. Nitric oxide concentrations are
relatively high in the early morning because the free radicals needed to convert
the NOyx emissions (which are primarily NO) to NO, are not yet present in
sufficient quantities. After sunrise, photolysis of formaldehyde (reaction 12) and
other compounds starts the VOC oxidation cycle for the hundreds of organic
gases present in the atmosphere. Subsequent NO to NO;, conversion by the
peroxy radical reaction 6 results in NO, becoming the dominant NOy species.
When the NO, to NO ratio becomes large enough, ozone builds up. In the South
Coast Air Basin (Los Angeles area), the highest ozone concentrations are
observed in the San Bernardino Mountains, many miles downwind from the
highest concentration of emission sources (freeways, power generating facilities,
and oll refineries along the coast), because the reactions involving the organic
gases are relatively slow. Meanwhile, NO, concentrations decrease via the sink
reaction 13.

Winds disperse and dilute both NOx and ozone. During the day, NOx is also
diluted by the diurnal rising of the inversion layer, allowing for more mixing (see
section 3.5 for further discussion). For ozone, however, the deepening mixing
layer may cause its concentration to decrease on some days and increase on
others. Although increased mixing almost always dilutes NOy, the effect of
increased mixing on ozone concentrations depends upon whether higher
concentrations of ozone are present aloft. Ozone that is trapped above the
inversion layer overnight is available to increase the concentrations of ozone
generated by the following day's emissions.

During the night, NO and ozone combine to form NO, and oxygen via reaction 3
until either the NO or ozone is consumed. Nitrous acid or HONO is also present
at night in polluted ambient air in California. Nitrous acid is produced from NO;
and water, and is also emitted from various combustion sources. Its levels are
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low during the day because sunlight breaks it down rapidly. At sunrise, sunlight
causes gas-phase HONO to react rapidly to provide NO and OH, two key
reactants in the formation of ozone. In this way, they help initiate ozone formation
in the morning by being available to react with VOCs as soon as their emissions
increase due to an increase in human activity.

Nitric acid (HNOs) was once thought to be a permanent sink for NOx and for
radicals. However, nitric acid on surfaces may react with NO to regenerate NO-,
which would increase the ozone-forming potential of NOy emissions.

3.2.4 Ratio of Volatile Organic Compounds to Nitrogen Oxides in Ambient
Air

Although VOCs are necessary to generate high concentrations of ozone, NOy
emissions can be the determining factor in the peak ozone concentrations
observed in many locations (Chameides, 1992; National Research Council,
1991). VOCs are emitted from both natural and anthropogenic sources.
Statewide, natural VOC sources dominate, primarily from vegetation. However, in
urban and suburban areas, anthropogenic VOC emissions dominate and, in
conjunction with anthropogenic NOx emissions, lead to the peak concentrations
of ozone observed in urban areas and areas downwind of major urban areas.

The relative balance of VOCs and NOx at a particular location helps to determine
whether the NOx behaves as a net ozone generator or a net ozone inhibitor.
When the VOC/ NOy ratio in the ambient air is low (NOy is plentiful relative to
VOC), NOy tends to inhibit ozone formation. In such cases, the amount of VOCs
tends to limit the amount of ozone formed, and the ozone formation is called
"VOC-limited". When the VOC/ NOx ratio is high (VOC is plentiful relative to NOy),
NOx tends to generate ozone. In such cases, the amount of NOy tends to limit the
amount of ozone formed, and ozone formation is called " NOy -limited”. The
VOC/ NOy ratio can differ substantially by location and time-of-day within a
geographic area. Furthermore, the VOC/ NOy ratio measured near the ground
might not represent the ratio that prevails in the air above the ground where most
of the tropospheric ozone is generated.

3.2.5 Photochemical Reactivity

Photochemical reactivity, or reactivity, is a term used in the context of air quality
management to describe a VOC's ability to react (participate in photochemical
reactions) to form ozone in the atmosphere. Different VOCs react at different
rates. The more reactive a VOC, the greater potential it has to form ozone.
Examples of the more reactive VOCs in California’s atmosphere include
propene, m-xylene, ethene, and formaldehyde. The ARB has helped to pioneer
an approach to ozone control that considers the reactivity of each VOC
constituent. In California’s urban areas, ozone formation tends to be limited by
the availability of VOCs. Therefore, the reactivity-based regulatory approach
has been applied in conjunction with reduction of NOy emissions. Reactivity-
based regulations promote the control of those VOCs that form ozone most
effectively, thereby guiding the affected industries (such as manufacturers of
motor vehicle and consumer product formulators that use solvents) to choose
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the most cost-effective processes and designs to reduce VOC emissions.
Further information is available from the ARB website,
http://www.arb.ca.gov/research/reactivity/reactivityresearch.htm.

3.3 Background Ozone Concentrations in California

Contributions to background ground-level ozone concentrations include
downward mixing of ozone from the stratosphere, and ozone formation due to
photochemical reactions of locally emitted natural precursors. Lightning, wildfires,
and transport are additional factors. This topic, “background ozone
concentrations” is discussed in detail in Chapter 4.

Although little mixing occurs between the troposphere and stratosphere,
stratospheric ozone intrusion occasionally causes localized ozone increases,
especially at high mountain locations. Most of this intrusion is due to “tropopause
folding”, which results from strong storms that draw stratospheric air down into
the troposphere. In California, this tends to occur in spring. Because stable,
stagnant conditions are necessary to support high ozone concentrations in urban
California, this process generally does not contribute significantly to peak ozone
concentrations. Stratospheric ozone intrusion is also due to general stratospheric
subsidence. On a global basis, California is particularly prone to springtime
stratospheric ozone intrusion from this process. However, this process is a
relatively minor contributor to surface ozone concentrations in California,
especially in the summer when ozone concentrations tend to be highest.

Another process leading to ground-level ozone arises from photochemical
reactions involving natural precursors. Plants emit VOCs (see section 3.4), and
soil microbes produce NOy that is vented into the air. (Small amounts of NOy are
also emitted from crops, apparently related to fertilizer application.) Natural
precursors may react with anthropogenic precursors to produce ozone
concentrations that are of ambiguous origin. Where vegetation produces large
amounts of VOCs, if anthropogenic NOx is also present, significant amounts of
ozone can be produced.

Lightning contributes to the formation of ozone by heating and ionizing the air
along the path of the discharge, thus forming the ozone precursor NOx. However,
lightning tends to occur when meteorological conditions are not conducive to high
ozone concentrations. Wildfires also contribute to ozone formation by producing
NOx from combustion, and by distilling VOCs from vegetation. However, wildfires
in California are not a major contributor to ozone pollution.

Finally, transport from outside of California contributes to in-state ozone
concentrations. Cities in neighboring states and Mexico emit ozone precursors
that impact California. In addition, urban plumes can be lofted high enough into
the atmosphere to be entrained in global circulation and transported thousands of
miles. In particular, ozone due to emissions in Asia reaches California in
springtime. However, this transport is not a major contributor to peak ozone
concentrations in California because downward mixing of Asian ozone to the
surface is precluded by the strong surface inversion usually present during high
ozone episodes. Also, periods of effective long-range transport are generally
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restricted to spring, while high ozone concentrations due to local sources in
California tend to occur in late summer and fall.

3.4 Effect of Vegetation on Ozone Concentrations

California’s varied ecosystems interact with emissions related to human activity
to influence ozone concentrations. Certain desert species, oaks, and pines emit
substantial amounts of highly reactive VOCs, called biogenic emissions.
Vegetation can either increase or decrease the ambient ozone concentration as
the result of complex processes briefly described below.

Vegetation can reduce ozone concentrations by providing cooling and by
removing pollutants. The shade provided by trees lowers ozone concentrations in
several ways. It reduces the pollutant emissions from many sources (such as
less evaporation of fuel from cooler parked vehicles). By cooling homes and
offices, tree shade lowers emissions associated with electricity generation
because less power is needed for air conditioning. In addition, cooling reduces
the speed of chemical reactions in ambient air that lead to the formation of
ozone.

Vegetation can also enhance the removal of ozone through deposition on plant
surfaces. The surfaces of leaves and pine needles allow for deposition of ozone
and NO,. Several different factors affect pollutant removal, such as how long a
parcel of air is in contact with the leaf, and the total leaf area available for
deposition. Also, rain tends to reduce ambient ozone concentrations by washing
out atmospheric gases as well as gases deposited on leaves and needles.

Other processes involving vegetation can lead to higher concentrations of ozone.
For example, trees and other types of vegetation emit biogenic VOCs, such as
isoprene, pinenes, and terpenoid compounds. These biogenic VOCs can react
with NOx emitted from sources such as cars and power plants to form ozone.
Many biogenic VOCs are highly reactive (i.e., especially efficient in reacting to
form ozone); some VOCs are even more efficient in forming ozone than those
emitted from cars and power plants. In addition, VOCs can be emitted from
decomposing leaves.

To help understand the complex mechanisms by which vegetation influences
ambient ozone concentrations, the ARB established a “Biogenic Working Group”
(BWG). The BWG has developed vegetation maps, leaf biomass databases,
emission factors, and a California-specific “biogenic emissions inventory through
geographic information systems” (BEIGIS) that has satisfactorily accounted for
observed ambient ozone concentrations. The information developed by the BWG
will help the ARB to better model ozone formation, and to better determine the
relative importance of VOC and NOy control. Additional information is available
from the ARB website,
http://www.arb.ca.gov/research/ecosys/biogenic/biogenic.htm.

3.5 Role of Weather in Ozone Air Quality

In the troposphere, the air is usually warmest near the ground. Warm air has a
tendency to rise and cold air to sink, causing the air to mix, which disperses
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ground-level pollutants. However, if cooler air gets layered beneath warm air, no
mixing occurs -- the air is stable or stagnant. The region in which temperature is
so inverted is called an inversion layer. One type of inversion occurs frequently
several thousand feet above the ground and limits the vertical dispersion of
pollutants during the daytime. Another type of inversion occurs on most evenings
very near the ground and limits the vertical dispersion of pollutants to a few
hundred feet during the night. Pollutants released within an inversion tend to get
trapped there. When the top of the daytime inversion is especially low, people
can be exposed to high ozone concentrations. Mountain chains, such as those
downwind of California’s coastal cities and the Central Valley, help to trap air and
enhance the air quality impact of inversions. Cooler air draining into the state’s
valleys and ‘air basins’ also enhances inversion formation.

The direction and strength of the wind also affect ozone concentrations. Based
on worldwide climate patterns, western coasts at California’s latitude tend to
have high-pressure areas over them, especially in summer. By preventing the
formation of storms, and by promoting the sinking of very warm air, these high-
pressure areas are associated with light winds and temperature inversions, both
of which limit dispersion of pollutants.

Because tropospheric ozone forms as a result of reactions involving other
pollutants, the highest concentrations tend to occur in the afternoon. The
photochemical reactions that create ozone generally require a few hours (see
section 3.2) after the emissions of substantial VOC emissions, and are most
effective when sunlight is intense and air temperatures are warm. Ozone
concentrations in California are usually highest in the summer. The prevailing
daytime winds in summer are on-shore, bringing relatively clean air from over the
ocean to the immediate coastal areas, but carrying emissions of ozone
precursors further inland. With the climatically favored clear skies and
temperature inversions that limit the vertical dispersion of pollutants, these
emissions are converted into ozone, with the highest concentrations tending to
occur at distances a few tens of miles downwind of urban centers (ARB 2002).

During the periods of the year when the sunlight is most intense, much of
California experiences a high frequency of inversions, relatively low inversion
heights, and low wind and rainfall. As a result, no other State has more days per
year with such a high potential for unhealthy ozone concentrations.

Additional information on the effects of weather on air pollution is available from
the following textbooks:

Ahrens, C.D. (1994), Meteorology Today, West Publishing Co., St. Paul, MN.

Neiburger, M., Edinger, J.G., and Bonner, W.D. (1982), Understanding our
Atmospheric Environment, W.H. Freeman & Co., San Francisco, CA.

3-8



3.6 Spatial and Temporal Variations of Ozone Concentrations
3.6.1 Spatial Variations of Ozone Concentrations

Ambient ozone concentrations can vary from non-detectable near combustion
sources, where nitric oxide (NO) is emitted into the air, to several hundreds parts
per billion (ppb) of air in areas downwind of VOC and NOy emissions. In
continental areas far removed from direct anthropogenic effects, ozone
concentrations are generally 20 - 40 pbb. In rural areas downwind of urban
centers, ozone concentrations are higher, typically 50 - 80 ppb, but occasionally
100 - 200 ppb. In urban and suburban areas, ozone concentrations can be high
(well over 100 ppb), but peak for at most a few hours before deposition and
reaction with NO emissions cause ozone concentrations to decline (Finlayson-
Pitts and Pitts 2000, Seinfeld and Pandis 1998, Chameides et al. 1992, Smith et
al. 1997).

Ozone concentrations vary in complex ways due to its photochemical formation,
its rapid destruction by NO, and the effects of differing VOC/ NOx ratios in air. A
high ratio of NOx emissions to VOC emissions usually causes peak ozone
concentrations to be higher and minimum concentrations to be lower, compared
to background conditions. Peak ozone concentrations are usually highest
downwind from urban centers. Light winds carry ozone from urban centers, and
photochemical reactions create ozone from urban emissions of VOC and NOy.
Also, away from sources of NOx emissions, less NO is available to destroy
ozone. Due to the time needed for transport, these peak ozone concentrations in
downwind areas tend to occur later in the day compared to peak ozone
concentrations in urban areas.

Due to the lack of ozone-destroying NO, ozone in rural areas tends to persist at
night, rather than declining to the low concentrations (<30 ppb) typical in urban
areas and areas downwind of major urban areas, that have plenty of fresh NO
emissions. Ratios of peak ozone to average ozone concentrations are typically
highest in urban areas and lowest in remote areas (ARB 2002). Within the
ground-based inversions that usually persist through the night, ozone
concentrations can be very low. In urban areas, emissions of NO near the ground
commonly reduce ozone below 30 ppb. In rural areas, however, NO emissions
are less prevalent and nighttime ozone may persist well above 30 ppb.

3.6.2 Temporal Variations in Ozone Concentrations

Ambient ozone concentrations tend to vary temporally in phase with human
activity patterns, magnifying the resulting adverse health and welfare effects.
Ambient ozone concentrations increase during the day when formation rates
exceed destruction rates, and decline at night when formation processes are
inactive. This diurnal variation in ozone depends on location, with the peaks
being very high for relatively brief periods of time (an hour or two duration) in
urban areas, and being low with relatively little diurnal variation in remote
regions. In urban areas, peak ozone concentrations typically occur in the early
afternoon, shortly after solar noon when the sun’s rays are most intense, but
persist into the later afternoon, particularly where transport is involved. Thus, the
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peak urban ozone period of the day can correspond with the time of day when
people, especially children, tend to be active outdoors.

In addition to varying during the day, ozone concentrations vary during the week.
In the 1960s, the highest ozone concentrations at many urban monitoring sites
tended to occur on Thursdays. This pattern was believed to be due to the
carryover of ozone and ozone precursors from one day to the next, resulting in
an accumulation of ozone during the workweek. In the 1980s, the highest ozone
concentrations at many sites tended to occur on Saturdays and the “ozone
weekend effect” became a topic of discussion. Since then, the weekend effect
has become prevalent at more urban monitoring locations and the peak ozone
day of the week has shifted to Sunday. Although ozone concentrations have
declined on all days of the week in response to emission controls, they have
declined faster on weekdays than on weekends. Thus, the peak ozone period of
the week now tends to coincide with the weekend, when more people tend to be
outdoors and active than during the week.

The causes of the ozone weekend effect and its implications regarding ozone
control strategies have not yet been resolved. Almost all of the available data
represent conditions at ground level, where the destruction of ozone by fresh
emissions of NO is a major factor controlling ozone concentrations. However,
most ozone is formed aloft, and the air quality models used to analyze ozone
formation have not demonstrated the ability to represent the ozone-forming
system aloft with sufficient realism. In addition, several potentially significant
photochemical processes are yet to be fully incorporated in simulation models.
These deficiencies leave unresolved this fundamental question: does the ozone
weekend effect occur because more ozone is formed (aloft) on weekend,
because more ozone is destroyed (at the surface) on weekdays, or because
ozone formation is more efficient on weekends? More information may be
obtained from the ARB website,
http://www.arb.ca.gov/agd/weekendeffect/weekendeffect.htm.

Ozone concentrations also vary seasonally. Ozone concentrations tend to be
highest during the summer and early fall months. In areas where the coastal
marine layer (cool, moist air) is prevalent during summer, the peak ozone season
tends to be in the early fall. Additionally, as air pollution controls have reduced
the emissions of ozone precursors and the reactivity of VOCs, ozone
concentrations have declined faster during times of the year when temperatures
and the amount of sunlight are less than during the summer. Thus, the peak
ozone season corresponds with the period of the year when people tend to be
most active outdoors.

Also, ozone concentrations can vary from year to year in response to
meteorological conditions such as El Nifio and other variations in global pressure
systems that promote more or less dispersion of emissions than typical. Although
peak ozone concentrations vary on a year-to-year basis, peak o0zone
concentrations in southern California have been declining on a long-term basis,
as anthropogenic emissions of VOC and NOx have declined. However, since the
advent of the industrial revolution, global background concentrations of ozone
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appear to be increasing (Finlayson-Pitts and Pitts, 2000). This increase has
implications regarding the oxidative capability of the atmosphere and potentially
global warming processes (0zone is a strong greenhouse gas but is present at
relatively low concentrations). Further discussion of these topics is beyond the
scope of this document.
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4 Background Ozone in California

Many “pollutant” chemicals do not originate solely from controllable sources such
as industrial emissions or automobile tailpipes. The fractions of the ambient
concentrations of pollutant species that are not due to regulated emissions are
commonly referred to as “background” and, sometimes erroneously, as “natural
background.” The notion of “background” pollutant concentrations derives from
laboratory parlance in which “background” in controlled experiments (or modeling
exercises) is a constant value used to keep track of material distinct from that
being studied or manipulated. In the open environment, even under “natural”
conditions, ambient concentrations of most pollutant species vary with location,
time of day, and weather, making it impossible to specify a single “background”
level, and rendering the usage of the term “background” confusing at best.

A smattering of historical measurements (Bojkov, R., 1986) and extensive efforts
at modeling (Lelieveld and Dentener, 2000; Hauglustaine and Brasseur, 2001)
show that ozone concentrations were highly variable under “pre-industrial”
conditions. Ozone in the modern world has multiple origins and concentrations
may change for many reasons: ozone produced by “natural” causes may be
raised or lowered by reaction with anthropogenic emissions; natural ozone
precursors may react with anthropogenic precursors to produce ozone
concentrations that are of ambiguous origin; and ozone may be transported from
one region to another.

From a regulatory perspective, the important distinction is not between “natural”
and “anthropogenic” ozone, but between ozone produced by controllable
emissions and ozone due to emissions beyond the reach of regulation. In a
policy context, anthropogenic ozone produced outside the jurisdiction of an
agency and transported into a control region is functionally indistinguishable from
that due to natural processes. Within the range of concentrations due to such
external or uncontrollable sources, those concentrations that may impact
determinations of compliance with air quality standards or limit the potential air
quality improvements due to control programs are the “policy-relevant
background.”

The following sections present a brief overview of atmospheric ozone creation
and summary of current understanding of “policy-relevant background” ozone
concentrations impacting California. A full treatment of ozone chemistry and
atmospheric transport far exceeds the scope of this discussion; the reader
needing such information is directed to the section of this report dealing with
ozone chemistry and the references cited there.

4.1 “Natural” Ozone

Under preindustrial conditions, ozone at ground level is largely the result of three
processes: meteorologically regulated downward mixing of ozone from the
stratosphere, local boundary layer ozone formation due to photochemical
reactions of natural precursors, and regional to continental scale impacts of large
biomass fires producing episodic releases of large volumes of ozone precursors
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(VOCs and NOy). Since there are only a few ozone measurements available from
preindustrial times, global distributions of “natural” concentrations must be
inferred from chemical kinetics and atmospheric modeling (Lelieveld and
Dentener, 2000).

4.1.1 Stratospheric Ozone

Earth’s atmosphere is layered and ozone is not uniformly distributed vertically or
horizontally. The energy that drives atmospheric processes comes from the sun,
and most sunlight penetrates the atmosphere to the ground or ocean where solar
energy goes into surface heating and evaporation of water. Air in contact with the
heated planetary surface becomes warmer than the overlying air and then rises,
carrying heat and water vapor into the atmosphere. Rising air expands and cools
with decreasing pressure, thus air temperature in the lower atmosphere tends to
be cooler with increasing altitude. The bottom 85 percent of the atmosphere,
where circulation is driven by surface heating and energy stored and released by
evaporation and condensation of water, is termed the troposphere (Levine,
1985).

Conversely, the upper layers of the atmosphere are heated from above by the
small amount of sunlight that is absorbed. At altitudes above about 100 km the
atmosphere is highly modified by intense extreme ultraviolet (EUV) radiation,
X-rays, and cosmic rays from the sun and outer space; this flux ionizes and heats
the outer layers (collectively termed the ionosphere). Radiation absorption by the
ionosphere shades the lower layers from the effects of interplanetary radiation,
such that common atmospheric molecules can survive (Levine, 1985).

Below about 90km the solar UV flux is still strong enough to heat the air from
above; this temperature gradient suppresses convective mixing, hence this zone
is termed the stratosphere. The base of the stratosphere, at the level of
equilibrium between the influence of convective surface heating from below and
direct solar heating from above, is the tropopause; its height varies with location
and season — highest in the tropics, lowest over the poles, higher in summer than
in winter. Over California, the tropopause ranges from 10 to 20 km above the
surface (Levine, 1985).

The presence of ozone in the stratosphere was determined by Hartley using sun
spectrometry in the 1880s; a photochemical mechanism of ozone formation was
first proposed by Chapman in the 1930s, and modified by Turco, Crutzen, and
others in the 1970s (Turco, 1985): Intense solar ultraviolet (UV) radiation causes
oxygen molecules to split into free oxygen atoms (photolysis); the singlet oxygen
atoms quickly bond with diatomic oxygen, forming ozone; ozone is recycled back
into diatomic oxygen by UV photolysis and reaction with hydroxyl radical, oxides
of nitrogen, and various trace constituents in the air. Thus stratospheric ozone
concentrations represent a dynamic equilibrium between ozone creation and
destruction, and ozone concentration varies seasonally and geographically with
changes in UV radiation intensity and concentrations of reactive trace chemicals
(Turco, 1985).
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Since ozone itself absorbs ultraviolet light, it shades the lower atmosphere in UV
bands and weakens ozone production lower in the atmosphere, resulting in an
equilibrium ozone concentration appearing as a distinct layer near 20 km altitude.
The stratospheric ozone layer contains about 90 percent of total atmospheric
ozone (Turco, 1985).

Of course, ozone in the stratosphere, isolated far above the ground, is only
“policy relevant” if it can be transported to lower altitudes where it may impact
terrestrial organisms (especially humans).

4.1.2 Ozone Exchange Across the Tropopause

Because ozone concentrations in the lower atmosphere are high near the
tropopause, it was long believed that downward diffusion of ozone from the
troposphere was the major source of tropospheric ozone. New three-dimensional
chemical modeling and better understanding of tropospheric chemistry indicates
that much of the ozone in the troposphere, even in nonindustrial regions, is
generated in situ (Lelieveld and Dentener, 2000). Nonetheless, stratospheric
ozone intrusions do cause localized ozone increases.

Under stable meteorological conditions, the troposphere and stratosphere do not
mix, so stratospheric ozone generally remains isolated far above the ground.
Strong storms in the troposphere can occasionally cause stratospheric air to be
drawn downward into the lower atmosphere. Such stratospheric intrusions or
“tropopause folding events” can bring high concentrations of ozone far down into
the troposphere. In the midlatitudes of the northern hemisphere these events
tend to occur in spring accompanying deep pressure “troughs.” When present,
stratospheric ozone will be greatest at high mountain locations; effects near sea
level are usually small (Lelieveld and Dentener, 2000).

The dynamics of stratospheric ozone intrusion are not fully understood, and are
still a focus of active research, but there are two general aspects of the
phenomenon that are not in dispute. First, stratospheric ozone transport requires
strong, deep tropospheric circulation to draw ozone-laden air downward, such
that ozone intrusions are associated with strong mid-latitude cyclonic storms and
general mid-latitude subsidence. Second, warmer temperatures and strong
sunlight promote both tropospheric and stratospheric ozone formation processes.
Taken together, these factors make stratospheric ozone intrusions greatest in
late winter and spring, when strong latitudinal temperature gradients promote
strong circulation and high solar zenith angles promote abundant ozone
formation (Lelieveld and Dentener, 2000).

Ozone intrusion has recently been the subject of intensive investigation and
model development (STACCATO, 2003). There are two mechanisms of
stratospheric ozone intrusion: tropopause folding events (TFESs), which are rapid
(a day or two) and somewhat localized (a few hundred km in extent), and general
stratospheric subsidence (SS), which is more or less continuous and of
continental or larger scope.
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4.1.2.1 Tropopause Folding Events

A two year ozone lidar study of tropopause folding over Europe provides a
picture of “typical” conditions (Galani et al., 2003). Meteorological modeling was
used to anticipate potential folding events for study — 45 potential events were
noted during the two years. About half (24) were successfully probed with lidar,
and of those about 1/3 actually produced the expected elevated ozone
concentrations, generally at altitudes greater than 3 km. Only one of the 45
events produced a clear ozone pulse at a low altitude surface measurement site
(850 m elevation); on that occasion (in March 2001) surface ozone reached
75 ppb. Most events produced elevated (5-6 km) ozone layers with
concentrations in the range of 50-75 ppb, and ozone pulses around 50 to 60 ppb
at mountain monitoring sites (above 3 km elevation).

From a regulatory perspective, TFEs are likely to be easily recognized as such
because they do not replicate “typical” anthropogenic ozone events. Seasonally,
TFEs tend to occur in winter and early spring, outside the anthropogenic ozone
season. Geographically, TFEs will manifest themselves with higher
concentrations at elevated sites than lowland sites, and will not be constrained by
“air basin” distribution patterns. Meteorologically, TFEs will exhibit very low
relative humidity, since stratospheric air is dry to begin with, and will be warmed
by significant adiabatic heating in the descent from the tropopause to the surface.
Chemically, TFEs will exhibit high ozone without the accompanying markers for
anthropogenic emissions such as volatile organic compounds (VOCSs), carbon
monoxide (CO), and oxides of nitrogen (NOy). Since California has a fairly large
network of ozone monitoring sites, many of which also collect other gas data
such as CO and NOy, suspect ozone events should be amenable to retrospective
analysis using archived meteorological data and data from surrounding
monitoring stations.

4.1.2.2 Stratospheric Subsidence

Globally there is a slow turnover between the troposphere and the stratosphere.
Very strong convective lofting in the intertropical convergence zone, the warmest
areas of the western Pacific, and the poleward ends of major warm ocean
currents (Japan Current, Gulf Stream, etc.) injects tropospheric air into the
stratosphere where it is globally dispersed. The upward flux into the stratosphere
is balanced by persistent subsidence in the midlatitudes. Together these
processes comprise the Brewer-Chapman circulation (Turco, 1985).

Recent global circulation modeling exercises (Wernli and Bourqui, 2002;
Lelieveld and Dentener, 2000) indicate that global-scale stratospheric down-
mixing is concentrated near the polar jet stream, such that ozone intrusion is
strongest and most frequent in bands between 30 and 50 degrees latitude in both
hemispheres. In the Northern Hemisphere there are zones of stronger
stratospheric ozone intrusion in the eastern and western North Pacific, the
western North Atlantic, and the Mediterranean Sea. California is particularly
prone to springtime stratospheric ozone intrusion (Wernli and Borqui, 2002; Seo
and Bowman, 2002; Fiore et. al, 2002). The mean stratospheric contribution to
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the middle troposphere (5 km altitude) varies from about 20 ppb in March to
about 5 ppb in August (Lelieveld and Dentener, 2000). Surface concentrations
due to the Brewer-Chapman circulation would be somewhat lower.

From a regulatory perspective, long term contributions of stratospheric
subsidence to observed high surface concentrations are small in winter and trivial
in summer. Fiore et al. (2002) calculated that, in summer, no more than 2 ppb
ozone at the surface could be ascribed to stratospheric origin.

4.1.3 Natural Tropospheric Ozone
4.1.3.1 Lightning

Lightning heats and ionizes air along the path of the discharge, forming NOx
which reacts with biogenic VOCs (including CO) to form ozone (Lelieveld and
Dentener, 2000). This process accounts for 10 to 40 percent of present day
tropospheric ozone (20 — 42 percent under preindustrial conditions), depending
on local humidity, precursor emissions, and sunlight. Recent work suggests that
lightning is the source of much of the vertical increase in ozone in the
troposphere (Lelieveld and Dentener, 2000; STACCATO, 2003).

4.1.3.2 Photochemistry of Biogenic Emissions

Natural volatile organic compounds (VOCs) are emitted by plants and NOy is
emitted by soil microbiota. Emission rates are highly variable across plant
species and ecosystems. VOC emissions are generally greater during the
growing season, but instantaneous emission rates are governed less by season
than specific conditions such as sunlight and air temperature. Biogenic NOx is
produced by microbial processes in soils and vented to the atmosphere by
diffusion. Just as in urban areas, the combination of sunlight, VOCs, and NOy
works to produce ozone. The strength of natural VOC emissions is usually limited
by type and density of vegetation, and total ozone formation is usually
constrained by low natural NOy flux (Lelieveld and Dentener, 2000).

A detailed modeling study of summertime ozone formation over the United States
mainland (Fiore et al., 2002) estimates that natural precursors in the local
troposphere react to produce about 50 percent of observed ozone (15 — 25 ppb),
and the balance is advected from other regions.

In locations where vegetation produces large amounts of VOCs, ozone may be
enhanced or diminished. Fiore et al. (2002) estimate that 10-20 percent of ozone
destruction in rural areas in the eastern U.S. is due to reaction with biogenic
hydrocarbons.

Conversely, when anthropogenic NOy is available (e.g., downwind of an urban
area), reaction with biogenic VOCs can create significant amounts of ozone.
Excellent demonstrations of this process have been reported in both NOy - and
VOC-limited cases. In a NOx limited case, St. John, Chameides and Saylor
(1998) reported total ozone was similar in a VOC-poor powerplant plume to that
in the VOC-rich Nashville urban plume. In a VOC-limited case reported by
Dreyfus, Schade, and Goldstein (2002), the Sacramento CA urban plume’s
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encounter with oak forests enhanced ozone by 20 to 70 ppb (40 to 100 percent)
through reaction of urban NOy emissions with biogenic isoprene.

The regulatory policy implications of ozone formed by reactions involving
biogenic precursors hinge on a definitional dilemma: some is clearly “natural”, but
some exists by virtue of reaction with anthropogenic precursors. This can be
resolved by revisiting the definition of “policy relevance:” concentrations beyond
regulatory control. Viewed in this perspective, truly “natural” ozone — for which
the precursors are themselves beyond regulatory control (e.g., the 15-25 ppb
identified by Fiore et al., 2002) — are part of the uncontrollable background.
Enhanced ozone such as that observed east of Sacramento (e.g., as reported by
Dreyfus, Schade, and Goldstein, 2002) is controllable since the NOy input to the
reaction is anthropogenic and thus potentially amenable to regulatory action. In
other words, ozone produced by reaction of natural and anthropogenic
precursors may be an unwelcome complication in ozone control, but it is not
“background.”

4.1.3.3 Biomass Burning

The processes discussed above tend to operate whenever the sun shines, with
modulation of ozone concentration due to meteorological conditions, change of
season, etc. Some ozone production is much more sporadic, depending on
infrequent precursor emissions.

Biomass fires accelerate natural ozone formation by distilling large amounts of
VOCs out of plant material and producing CO and NOx as products of
combustion. Ozone photochemistry in smoke plumes is somewhat different from
that under clear-sky conditions. The large amount of carbonaceous aerosol
reduces solar UV flux, slowing photochemical processes near the fire, but the
very high concentrations of combustion gases and long lifetimes of very large
smoke plumes cause ozone formation far downwind by oxidation of CO and
methane (Crutzen, 1995). Very large fires observed by satellite have been shown
to have high ozone concentrations accompanying their smoke plumes far
downwind (Jenkins and Ryu, 2003). Ozone concentrations associated with fires
are highly variable, but large tropical fire plumes have been observed to
commonly have 70 ppb ozone or more in the middle troposphere, but ground
level impacts are much less, typically in the range of 15-25 ppb (Jenkins and
Ryu, 2003).

Although less studied than tropical fires, boreal forest fires in northern Canada
and Siberia have recently been identified as strong but highly variable sources of
very large biomass smoke plumes that have the potential to reach the western
United States. Modeling by Fiore et al. (2002) found limited biomass fire ozone
impact in North America, with the summer average ozone impact of biomass fires
over Canada in the range of 4-8 ppb for 1995. Modeling supported by surface
and aircraft measurements reported by Jaegle et al. (2003) looked at springtime
(March-May, 2001) transport of pollutants due to Asian sources. The model
showed less than 1 ppb ozone due to Asian biomass burning (SE Asia in this
season) arriving at the surface in the Pacific Northwest.
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Global modeling by Galanter, Levy and Carmichael (2000) indicates that biomass
burning contributes half or more of surface and about a quarter of mid-
troposphere ozone in the tropics and over the southern oceans. Conversely, the
limited burn season and irregular nature of boreal fires limits their average impact
to about ¥4 of surface ozone in Alaska, western Canada and Siberia in summer
and near zero the rest of the year.

Despite the limited long-term mean impact of biomass fires, occasional strong
fire impacts are possible. New reports based on ground, aircraft, and transport
modeling (Jaffe, et al., 2003a; Bertschi, et al., 2003; Weiss-Penzias, et al., 2003)
indicate that ground level CO, ozone, and particulate pollution in the Puget sound
region is occasionally enhanced by smoke plumes from very large Siberian fires.
Preliminary data on the impact of one event (June 2-4, 2003) show peak ozone
concentration aloft (up to 6 km) reached 100 ppb; surface monitoring data
showed possible enhancement of suburban ozone by about 10-20 ppb. Such
events appear to be rare (once in an entire summer of observations in a year of
unusually large Siberian fire activity). If further study demonstrates that this
phenomenon occurs with some regularity (i.e., more than once in three years) it
would be prudent for regulators to develop a methodology for recognizing such
an event (e.g., merging back trajectories, satellite fire data, and observed
atmospheric chemistry) to assure recognition as an “unusual event”.

In California, the potential for Siberian fire 0zone impacts enhancing urban ozone
appears to be significantly lower than that for the Pacific Northwest. This is due
to a combination of reduced potential transport at the lower latitudes of
California’s major urban areas and stronger local inversions during ozone
episodes. This view is supported by the modeling of Galanter, Levy, and
Carmichael (2000) which shows a strong decreasing gradient of boreal biomass
fire ozone along the coast of North America, from a peak in interior Alaska to no
impact in southern California.

Although much of California’s natural vegetation is prone to frequent burning,
there is little evidence that local fires significantly impact measured ozone in the
state. Small fires produce much the same mix of ozone precursors as do large
ones, however plumes from small fires tend to disperse more readily, and thus
precursor concentrations are lower and there is less time for ozone to form.
Although there has been little scientific research on the ozone effects of
California fires, the general nature of burning in California suggests it is not large.
California’s aggressive fire suppression policies sharply restrict the frequency of
very large fires, and keep most small fires from spreading or lasting more than a
few hours. The degree of fire suppression is evident in statistics compiled by the
California Department of Forestry and Fire Protection (CDFFP, 2004a,b). The
year 2003 was a very bad fire year, with enormous damage due to an
unprecedented group of fires in southern California in October — despite that,
annual statistics for 2003 show that, of over 7600 fires reported, only about 120
exceeded 300 acres (121 hectares). Air pollution measurements influenced by
large fires are generally recognized as exceptional events and excluded from
consideration for standards compliance, and regulators should be aware of major
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fires in proximity to monitoring sites. Large fires are inherently low frequency
events in any particular area, since it takes many years for fuel to accumulate
after a major fire. Taken together, these considerations keep local biomass
burning from being considered a significant contributor to California’s ozone
pollution.

4.2 Transported Anthropogenic Ozone

Because ozone is highly chemically reactive, it was long believed that its
influence on downwind air quality was limited to local transport of concentrated
urban plumes. In California, ozone due to precursor emissions outside the
State’s jurisdiction were thought to be limited to border cities such as Tijuana,
Mexico. Although technically exogenous to California, ozone from such sources
is well-understood and subject to indirect control through international
agreements and bi-national control programs.

Research during the last decade has changed perception of the spatial scale of
impact for urban/industrial ozone. Urban plumes lofted high enough into the
atmosphere to be entrained in global circulation can maintain considerable
chemical integrity and effectively transport ozone thousands of kilometers.
Individual pollution plumes from urban/industrial areas have recently been traced
from the eastern United States across the Atlantic Ocean to Europe (Trickl et al.,
2003), from Europe to Asia (Pochanart et al.,, 2003), Asia to the north Pacific
Ocean (Thouret, et al.,, 2001), from Asia to North America (Jaffe, McKendry,
Anderson, and Price, 2003), and from all the industrialized regions of the
Northern Hemisphere to the Arctic (Browell et al., 2003).

Globally, injection of anthropogenic ozone precursors (especially NOy) into the
free troposphere has been estimated to enhance tropospheric ozone by 12
percent (Lawrence, et al., 2003).

Ozone due to urban and industrial emissions in east Asian megacities (Beijing,
Tokyo, Hong Kong, Taipei, Shanghai, etc.) has been observed to reach western
North America in springtime (Jaffe et al., 1999; Jaffe et al., 2003b; Jaffe,
McKendry, Anderson, and Price, 2003). Modeling exercises aimed at determining
the Asian air pollution contribution in western North America have consistently
shown frequent enhancement of carbon monoxide and aerosols, but ozone
effects have been harder to discern. This may be, in part, due to recent shifts in
the balance of ozone chemistry over the Pacific Ocean. Pacific basin and global
ozone chemical dynamics modeling (Jaegle et al., 2003; Lawrence et al., 2003)
indicates that increasing anthropogenic NOx emissions are pushing tropospheric
chemistry over the northeastern Pacific Ocean from net ozone destruction to net
ozone formation. Jaegle et al. (2003) show that about half of CO observed at
Cheeka Peak, WA is Asian, while only 10-20 percent of ozone is Asian. This
implies that the Asian CO signal would be expected to be detected earlier in the
growth of Asian emissions, with positive ozone impacts delayed until Asian NOy
emissions shift the balance for eastern Pacific ozone formation. Jacob, Logan
and Murti (1999) presented model results that are consistent with this hypothesis,
indicating mean Asian ozone impact in western North America would increase
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from around 1 ppb in 1985 to as much as 7 ppb in 2010 if Asian NOx emissions
continue to grow at late 20" century rates (4-5 percent/year). Berntsen,
Karlsdottir and Jaffe (1999) modeled trans-Pacific transport to Cheeka Peak,
WA, with model validation based on aircraft and ground measurements; they
reported a mean springtime Asian ozone increment of 4 ppb, with peak events
(48 hours) reaching 7.5 ppb. Jaffe et al. (2003b) report statistical analyses of
ozone records from rural sites from northern California to the Olympic Peninsula
from the mid-1980s to 2002 that show a broad regional increase in “background”
ozone. All sites show a statistically significant increase in springtime ozone
(about 4 ppb/decade) for days selected for oceanic influence, with stronger
gradients for higher elevation sites. This is consistent with the vertical gradient
pattern of Asian aerosol impacts (VanCuren and Cahill, 2002), ozonesonde
observations (Newchurch, et al., 2003), and increased transport exposure above
the marine boundary layer shown in transport modeling (Jaegle et al., 2003).

4.3 Exogenous Impacts on California Ozone Air Quality
4.3.1 Present Conditions

The exogenous ozone sources discussed above are generally not major
contributors to observed peak ozone concentrations in California. This is due to
the meteorology of the processes that transport ozone on continental and
hemispheric scales, and to a seasonal mismatch between peak transport and
local ozone maxima.

Stratospheric ozone intrusions generally occur as a result of large scale
atmospheric disturbances — conditions that are inimical to the stable, stagnant
conditions necessary to support buildup of pollutants in an urban area, thus the
probability of stratospheric ozone adding to a high ozone concentration due to
anthropogenic emissions is low. In addition, stratospheric ozone events can be
recognized by unique atmospheric chemistry — very dry air, low aerosol
concentrations, a general lack of anthropogenic precursor gases (VOCs and
NOx), and very low carbon monoxide (CO) concentrations compared to typical
urban plumes. This chemical signature should make it possible to recognize
stratospheric intrusion and to classify associated ozone concentrations as
“exceptional events”.

Long-range transport of anthropogenic ozone is similarly restricted to particular
meteorological conditions. Jacob, Logan and Murti (1999) report that, although
the lofting of Asian precursors is associated with unstable air along frontal
boundaries, the movement of ozone downward to impact the surface in North
America is dominated by subsidence in the middle and lower troposphere,
sometimes assisted by dry convection in the lower layers of the atmosphere. In
California, weak subsidence is associated with strong surface inversions in the
heavily populated coastal zone and Central Valley, while strong subsidence is
associated with “Santa Ana” conditions. Downward mixing of Asian ozone to the
surface is not possible when a strong surface inversion is present, thus locally
generated high ozone concentrations are unlikely to be enhanced by long range
transport. Conversely, Santa Ana conditions are generally associated with low
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ozone concentrations in the coastal zone as locally generated ozone precursors
are swept out to sea; under such conditions transported ozone would tend to
replace, rather than supplement locally generated ozone.

There is also a seasonal mismatch between the peak of long range transport and
California’s ozone seasons. Periods of effective long range transport are
generally restricted to late winter and spring (Berntsen, Karlsdottir and Jaffe,
1999), while high ozone due to local sources in California tend to occur in late
summer and fall.

4.3.2 Past and Future Trends

Ozone delivered by long range transport may be contributing to a small increase
in ozone concentration on days that would otherwise have low ozone. Statistical
analyses of U.S. ozone data (Lin et al., 2000) indicate that “background” effects
appear to be driving an increase in minimum ozone concentrations at rural
locations in the U.S. at the some time as peak ozone concentrations are
declining due to U.S. emission controls. They estimate a mean increase in U.S.
“background” ozone of 3-5 ppb between 1980 and 1998.

Model studies indicate that long-range transport of ozone to the western U. S.
may increase as global energy use increases, especially as it drives NOy
emissions in Asia. Jacob, Logan and Murti (1999) explored the change in Asian
ozone impact in the United States for a base case of Asian NOx emissions for
1985 and a tripling of the 1985 level projected to occur around 2010. The growth
scenario caused Asian ozone contributions along the U.S. west coast to develop
a spring “bubble” rising from 3-4 ppb in March to a peak between 5 and 6 ppb in
May, then dropping gradually through the summer to return to about 2-3 ppb in
August.

4.4 Total “Background” Ozone in California.

Fiore et al., (2002) modeled summer ozone over the United States using a global
air quality model and retrieved from the results separate signals for “natural”
ozone from all sources, total ozone due to non-U.S. sources (natural + Asia,
Europe), and total ozone including all sources.

“Natural” ozone is highly sensitive to insolation, thus the desert southwest
showed the highest values, 20-25 ppb mean afternoon maxima for the season
(June-August). The model identified a gradient along the coast, ranging from
15 ppb over the ocean to about 20 ppb in interior California. Transported ozone
from outside the U.S. follows a similar pattern. Due to the combination of strong
sunlight and atmospheric subsidence, the desert southwest again is the “hot
spot” with mean seasonal afternoon ozone in the range of 30-35 ppb, and there
is there is a gradient from the ocean inland, ranging from 20-25 ppb over the
ocean to about 30 ppb in interior California.

The difference between these two cases gives an estimate of the transported
anthropogenic increment of background. The peak summer afternoon impact of 7
ppb falls in the northern Great Basin (eastern Oregon, southern Idaho, and
northern Nevada). The entire intermountain west and interior California lie in the
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area receiving 5 or more ppb, while the Pacific coast shows a weak gradient from
about 4 ppb near the Mexican border to about 5 near the Canadian border.

However, it does provide a basis for exploring the relationship between
background and peak ozone concentrations in general. Statistics from the model
runs show that the mean enhancement to summer ozone levels is low (about
2 ppb) when total ambient ozone is low (<30 ppb) or high (>80 ppb). Exogenous
enhancement rises to about 5 (range 1-10) ppb when ambient ozone
concentrations are moderate (40-65 ppb). This result is consistent with the
observations of Lin et al. (2000), supporting the view that exogenous ozone
impacts are not driving peak concentrations, but probably are increasing long-
term averages by a few ppb.

4.5 Summary - Estimating *‘Policy-Relevant” Background

Overall, it appears that “background” ozone in California is dominated by natural
tropospheric and stratospheric processes. The effects of occasional very large
biomass fires and anthropogenic emissions are secondary factors. The foregoing
discussion indicates that average “natural background” ozone near sea level is in
the range of 15-35 ppb, with a maximum of about 40 ppb.

Exogenous enhancements to “natural” levels generally are small (about 5 ppb),
and are unlikely to alter peak concentrations.

At altitudes above 2 km stratospheric intrusions can push peak ambient
concentrations to 45-50 ppb. The timing, spatial extent, and chemical
characteristics of stratospheric air mass intrusions makes these events
recognizable in air quality records, providing that the affected region has a fairly
extensive monitoring network and that multiple air quality parameters (CO, VOC,
PM, RH) were being measured as well.

Intermittent episodes of “natural” ozone from very large biomass fires in boreal
forests (Alaska, Canada, Siberia) can produce short-lived pulses of ozone up to
20 ppb that may arrive during the North American ozone season. Present
understanding suggests that these are infrequent events at latitudes below about
50°N. There are no data documenting such an event in California.

Long range transport of anthropogenic ozone may grow as Asian energy
consumption increases the continent's NOx emissions. Model studies indicate
that the Asian ozone increment in North America could double over the next few
decades. Assuming the temporal pattern of transport remains unchanged, such
an impact could increase mean ozone concentrations by 2-6 ppb. The potential
effect on peak transport events is unknown.
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5 Ozone Precursor Sources and Emissions

5.1 Ozone Precursor Sources

Ozone is an oxidant gas that forms photochemically in the atmosphere when
nitrogen oxides (NOy) and reactive organic gases (ROG) are present under
appropriate atmospheric conditions (see Chapter 3). Both ROG and NOy are
emitted from mobile sources, point sources, and area-wide sources. ROG
emissions from anthropogenic sources result primarily from incomplete fuel
combustion, and from the evaporation of solvents and fuels, while NOx emissions
result almost entirely from combustion processes.

5.2 Sources of NO, Emissions

NOy is a group of gaseous compounds of nitrogen and oxygen, many of which
contribute to the formation of ozone. NOy includes nitric oxide (NO) and nitrogen
dioxide (NO»), which result from the combustion of fuels. Mobile sources
(including on-road and others) made up about 79 percent of the total statewide
NOy emissions in 2002. The category of other mobile sources includes
emissions from aircraft, trains, ships, recreational boats, industrial and
construction equipment, farm equipment, off-road recreational vehicles, and

NOx emissions (tons/day, annual average)

Stationary Sources
18%
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Mobile Sources
28%

Area-Wide Sources
3%

On-Road
Motor Vehicles
51%
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other equipment. Stationary sources of NOy include both internal and external
combustion processes in industries such as manufacturing, food processing,
electric utilities, and petroleum refining. Area-wide sources, which include
residential fuel combustion, waste burning, and fires, contribute only a small
percent of the total NOy emissions.

5.3 Sources of ROG Emissions

ROG consists of volatile organic compounds that are photochemically reactive
and contribute to the formation of ozone. These emissions result primarily from
incomplete fuel combustion and the evaporation of chemical solvents and fuels.
Mobile sources (including on-road and others) made up approximately 53
percent of total statewide ROG emissions in 2002. This category includes
emissions from cars, trucks, and motorcycles powered by gasoline and diesel
fuels. Stationary sources of ROG emissions include processes that use solvents
(such as dry cleaning, degreasing, and coating operation) and petroleum-related
processes (such as petroleum refining and marketing and oil and gas extraction).
Area-wide ROG sources include consumer products, pesticides, aerosol and
architectural coatings, asphalt paving and roofing, and other evaporative
emissions.

To determine the amount of ROG in the emissions, speciation profiles are used.
These profiles provide estimates of the chemical composition of emissions, and
are used in the emission inventory and air quality models. The ARB maintains
and updates estimates of the chemical composition and reactive fractions of total

ROG emissions (tons/day, annual average)
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organic gases (TOG), for a variety of emission source categories.

5.4 Regional Differences in Ozone Precursor Emissions

Emissions from different types of sources vary regionally in California. The
following table shows 2002 ozone precursor emissions from mobile sources
statewide and regionally for selected areas. The emissions are expressed as a
percentage of total emissions for each area.

Area NOy (%) ROG(%)
Statewide 79 53
Sacramento Valley 80 52
San Diego 91 53
San Francisco Bay Area 82 56
San Joaquin Valley 69 37
South Coast 87 59

5.5 Temporal Differences in Ozone Precursor Emissions

Generally speaking, emissions of ozone precursors will be higher in warmer
months than in cooler ones. However, the emissions for individual source
categories may further vary with time, season and place. For example, ROG
emissions from on-road motor vehicles are significantly higher in warmer months
because of the effect of higher ambient temperatures on evaporative emissions.
Stationary source emissions of ROG and NOy may vary based on the nature of
the source. Power plants typically have higher emissions of ROG and NOy in the
summer because of widespread use of air conditioning in homes and
workplaces, while emissions associated with oil extraction will fluctuate based on
the price of crude oil and other factors. Emissions from manufacturing facilities
are subject to great variation. They may be consistent year-round for one
business or may vary seasonally for another business because of the product
being manufactured. Area-wide source emissions may likewise vary. For
example, ROG emissions associated with the application of exterior paint
increase in the summer because it is more practical to apply paint in warm and
dry weather.
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6 Measurement of Ozone

6.1 Introduction

Ozone is a highly reactive, colorless gas. Any method used to measure ozone in
an atmosphere must consider these properties. Ozone must be measured at the
sampling location, as samples cannot be taken back to a laboratory for analysis.

Two measurement methods for ozone are approved for use in the U.S. by the
USEPA: one is based on the chemiluminescence that occurs when ozone and
ethylene react, and the other on the attenuation of ultraviolet (UV) radiation by
ozone. The method based on UV spectrometry is almost universally used in
practice. Specifications and criteria for both methods exist in federal regulation.
The UV photometry-based method is approved for use in California for state air
guality standards. Both state and federal requirements are applied directly by the
ARB and the air districts in the ozone monitoring network in California.

6.2 Existing Monitoring Methods

The USEPA has developed design and performance criteria for methods used to
measure tropospheric ozone. The federal reference method (FRM) is based on
gas-phase chemiluminescence (40 CFR Part 50, Appendix D), and the federal
equivalent methods (FEMs) are based on UV photometry (40 CFR Part 53, and
McElroy et al., 1997), with the exception of one method based on gas-solid
chemiluminescence (USEPA, 1996).

The state ambient air quality standard for ozone (California Code of Regulations,
Title 17, Section 70200) stipulates that ultraviolet photometry is the method to be
used to measure ozone. The standard also allows an equivalent method to be
used, as described in the first footnote to the “Table of Standards” in Section
70200:

“Any equivalent procedure which can be shown to the satisfaction of the ARB to
give equivalent results at or near the level of the air quality standard may be
used.”

To implement the general requirement of a UV photometry-based measurement
method, ARB and air district staff employ specific UV photometry-based methods
and procedures as prescribed by the USEPA. These UV methods must be
operated in accordance with the manufacturers’ instructions and instrument-
specific ARB standard operating procedures, both of which are consistent with
the requirements.

Below are general descriptions of the chemiluminescence and UV methods for
0zone measurement.

6.2.1 Gas-Phase Chemiluminescence Methods

The most common chemiluminescence method for O3z is direct gas phase
reaction of Oz with olefin to produce electronically excited products, which decay
with the emission of light. When ozone reacts with ethylene gas, an olefin,
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electronically excited formaldehyde is produced. As this excited species returns
to the ground state, it gives off light in a band centered at 430 nanometers (nm)
in proportion to the amount of ozone present. This chemiluminescence can be
measured using a photomultiplier tube, and the concentration of ozone is
calculated (ARB, 1987, and USEPA, 1996).

The USEPA has identified specific monitoring instruments based on gas-phase
chemiluminescence as FRMs for ozone measurement. Any other measurement
method or instrument must be compared against the reference method, and must
perform on a par with the reference method to be deemed equivalent. A detailed
discussion of the measurement method principle and the calibration procedures
for chemiluminescence-based instruments is given in the Code of Federal
Regulations (CFR) 40 CFR, Part 50, Appendix D, and USEPA, 1996.

Humidity causes a positive bias in chemiluminescence methods. This can be
compensated for by using humidified air for instrument calibration.

Because the reference method uses a potentially flammable gas as a reactant,
and because there is an equivalent method for directly measuring ozone,
chemiluminescence-based monitors are seldom used for routine air monitoring.
In areas of high humidity, the interference has been problematic and the debate
continues as to the instrument's complete reliability for such an important
purpose.

6.2.2 Ultraviolet Photometry Methods

Ozone exhibits a strong absorption band in the ultraviolet region at 254 nm. This
feature is the basis of the photometric measurement method for ozone. Many
commercially-available UV instruments meet USEPA equivalency criteria as set
forth in 40 CFR Part 53, § 53.32. A discussion of the principle of the UV
spectrometric method for ozone is given in ARB (1987), McElroy et al. (1997),
and USEPA (1996). Calibration techniques and other quality control and quality
assurance methods and practices for the state method are described in the ARB
Air Monitoring Quality Assurance Manual Volume 1l (Appendix A, 1995); see the
on-line copy of the manual at:
http://www.arb.ca.gov/aagm/gmosqual/gamanual/gamanual.html

Other species present in the atmosphere such as aromatic hydrocarbons also
absorb at or near 254 nm, and so represent potential interferences to the
method. The commercially-available instruments compensate for this possible
interference by comparing the absorbance of the sample with the absorbance of
air in which the ozone has been catalytically reduced to molecular oxygen (Oy);
consequently attenuation of the UV light due to non-ozone species is taken into
account.

6.3 Recommendations

Staff recommends that the Board continue to endorse the UV method as the
approved method in California for determining compliance with the state Ambient
Air Quality Standard for ozone. By reference, therefore, staff recommend all
federally approved UV methods be incorporated as California Approved

6-2



Samplers for ozone. This will result in no change in air monitoring practices, but
will align state monitoring requirements with federal requirements. Specifically,
we recommend that a new part be added to the California Administrative Code
70100.1, to read:

“(c) Ozone Methods. For the purposes of determining compliance with the ozone
ambient air quality standard, a designated federal method for ozone that uses
ultraviolet light absorption as the measurement principle, as identified by the
USEPA in Title 40, Part 53 of the Code of Federal Regulations, shall be
California Approved Samplers.

The list of UV methods (USEPA/ORD, 2002) is given at
http://www.epa.gov/ttn/amtic/criteria.html”

Methods for Measuring Ozone

The following methods and instruments are California Approved Samplers for
Ozone for the purposes of determining compliance with the state ambient air
quality standard:

Ultraviolet Method for the Determination of Ozone in the Atmosphere, 40 CFR,
Chapter 1, Part 50, Appendix D as published in FR 62, 38895, July 18, 1977. The
specific instruments approved are:

a. Dasibi Models 1003-AH, 1003-PC, or 1003-RS Ozone Analyzers, USEPA
Automated Equivalent Method EQOA-0577-019, as published in FR 42,
28571, June 03, 1977.

b. Dasibi Models 1008-AH, 1008-PC, or 1008-RS Ozone Analyzers, USEPA
Automated Equivalent Method EQOA-0383-056, as published in FR 48,
10126, March 10, 1983.

c. DKK-TOA Corp. Model GUX-113E Ozone Analyzer, USEPA Automated
Equivalent Method EQOA-0200-134, as published in FR 65, 11308, March
02, 2000.

d. Environics Series 300 Ozone Analyzer, USEPA Automated Equivalent
Method EQOA-0990-078, as published in FR 55, 38386, September 18,
1990.

e. Environnment S.A. Model G:41M UV Ozone Analyzer, USEPA Automated
Equivalent Method EQOA-0895-105, as published in FR 60, 39382, August
02, 1995.

f. Environnment S.A. Model G;42M UV Ozone Analyzer, USEPA Automated
Equivalent Method EQOA-0206-148, as published in FR 67, 42557, June 24,
2002.

g. Environment S.A. SANOA Multigas Longpath Monitoring System, USEPA
Automated Equivalent Method EQOA-0400-137, as published in FR 65,
26603, May 08, 2000.
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h. Horiba Instruments Models APOA-360 and APOA-360-CE Ozone Monitor,
USEPA Automated Equivalent Method EQOA-0196-112, as published in FR
61, 11404, March 20, 1996.

i. Monitor Labs/Lear Siegler Model 8810 Ozone Analyzer, USEPA Automated
Equivalent Method EQOA-0881-053, as published in FR 46, 52224, October
26, 1981.

j. Monitor Labs/Lear Siegler Models ML9810, ML9811, or ML9812, Monitors
Labs Model ML9810B, or Wedding & Associates Model 1010 Ozone
Analyzers, USEPA Automated Equivalent Method EQOA-0193-091, as
published in FR 58, 6964, February 03, 1993.

k. Opsis Model AR 500 and System 300 Open Path Ambient Air Monitoring
Systems for Ozone, USEPA Automated Equivalent Method EQOA-0495-103,
as published in FR 60, 21518, May 02, 1995.

. PCIl Ozone Corporation Model LC-12 Ozone Analyzer, USEPA Automated
Equivalent Method EQOA-0382-055, as published in FR 47, 13572, March
31, 1982.

m. Philips PW9771 03 Analyzer, USEPA Automated Equivalent Method EQOA-
0777-023, as published in FR 42, 38931, August 01, 1977; FR 42, 57156,
November 01, 1977.

n. Teledyne-Advanced Pollution Instrumentation, Inc. Model 400E Ozone
Analyzer, Advanced Pollution Instrumentation, Inc. Model 400/400A Ozone
Analyzer, USEPA Automated Equivalent Method EQOA-0992-087, as
published in FR 57, 44565, September 28; 1992, FR 63, 31992, June 11,
1998; FR 67, 57811, September 12, 2002.

0. Thermo Electron/Thermo Environmental Instruments Models 49, 49C,
USEPA Automated Equivalent Method EQOA-0880-047, as published in FR
45, 57168, August 27, 1980.

6.4 Estimated Costs and Impacts

Because the recommended change reflects the existing practice in air monitoring
for ozone, approval of the recommendation will result in no costs or savings to
any public agency, or to any private business.
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/ Exposure to Ozone

This chapter describes ambient ozone concentrations throughout California. The
discussions focus on the State 1-hour standard, as well as the federal 1-hour and
8-hour ozone standards. Much of the information relates to current air quality, in
particular, ozone data collected during 2001 through 2003.

Section 7.1 describes the current area designations for the State and federal
1-hour ozone standards, as well as the United States Environmental Protection
Agency’s (USEPA) recent area designations for the federal 8-hour standard. The
area designations indicate which areas of the State attain the health-based
standards. Section 7.2 gives a brief description of California’s monitoring
network, which collects the data used to assess air quality status and trends.
Section 7.3 gives a characterization of ambient ozone air quality. Information in
this section includes discussions of current air quality and the frequency of
maximum daily concentrations, as well as information about the ozone season,
diurnal patterns of ambient ozone concentration, and historical trend data for
each air basin or planning area. Finally, Section 7.4 gives a characterization of
exposure to peak 1-hour and 8-hour ozone indicator values throughout the State.

It is important to note that some of the tables and graphs in Sections 7.3 and 7.4
do not include information for the Great Basin Valleys and Northeast Plateau Air
Basins because 2001 data for these two areas either are not reliable or not
complete. In particular, reliable third quarter 2001 data are not available for the
Mammoth Lakes monitoring site in the Great Basin Valleys Air Basin, and data
for the Yreka monitoring site in the Northeast Plateau Air Basin are not complete
during the 2001 summer months, when high concentrations are expected to
occur. Where 2001 data do not impact the air quality statistics, data for these two
areas are included (for example, maximum 1-hour and 8-hour concentrations for
2002 and 2003 are included).

7.1 Area Designations for the State and Federal Ozone
Standards

The California Health & Safety Code (H&SC) section 39607(e) requires the ARB
(ARB) to establish and periodically review criteria for designating areas as
attainment or nonattainment with respect to the State ambient air quality
standards. Areas are designated separately for each pollutant for which there is
an ambient air quality standard specified in section 70200 of Title 17, California
Code of Regulations. The ARB originally adopted State designation criteria in
June 1989. The ARB subsequently amended the designation criteria in June
1990, May 1992, December 1992, November 1993, November 1995, September
1998, and January2004. H&SC section 39608 requires the ARB to use the
designation criteria in assessing the designation status of areas in California
(ARB 2003).

State area designations indicate whether an area meets the health-based State
ambient air quality standards. There are three basic designation categories:
nonattainment, attainment, and unclassified. A nonattainment designation
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indicates that the air quality violates a State standard. There is a subcategory of
the nonattainment designation called nonattainment-transitional. This designation
is given to areas that still violate the State standard, but are making progress and
are close to attainment. In contrast to nonattainment, an attainment designation
indicates that the air quality does not violate the State standard. Finally, an
unclassified designation indicates that there are insufficient data for determining
attainment or nonattainment.

Under State law (H&SC section 40921 and section 40921.5(a) and (c)), areas
designated as nonattainment for ozone are also assigned a classification that is
commensurate with the severity of their air quality problem and the degree of
emission control required to achieve attainment. For example, take two ozone
nonattainment areas, with the first area having a measured maximum
concentration of 0.10 ppm and the second area having a measured maximum
concentration of 0.19 ppm. While both areas are designated as nonattainment,
the second area has a more severe ozone problem and will need to implement a
more stringent emission control strategy to achieve attainment. Therefore,
although these two areas would have the same designation, they would not have
the same classification. Under State law (H&SC section 40921 and section
40921.5(a) and (c)), areas are classified as moderate, serious, severe, and
extreme with respect to the State ozone standard, based on data for calendar
years 1989 through 1991.

The USEPA has a similar process for designating and classifying areas with
respect to the federal ozone standards. However, the USEPA uses only two
designation categories. Similar to the State designations, areas with air quality
that violates the federal standard are designated as nonattainment. However,
areas with air quality that does not violate the standard and areas with insufficient
data for determining nonattainment are generally combined in a category called
unclassified/attainment. Similar to State requirements, the USEPA also classifies
ozone nonattainment areas according to the severity of their ozone air quality
problem.

Both the ARB and the USEPA designate areas based on recent ambient air
quality data. These data must satisfy specific siting and quality assurance
procedures established by the ARB and USEPA. In general, area designations
for both the State and federal standards are based on data collected during the
previous three years.

The State area designation process has several provisions for excluding high
values that are not reasonable to control through the regulatory process. These
excluded values are identified as concentrations affected by highly irregular or
infrequent events. While a concentration identified as a highly irregular or
infrequent event “exceeds” the level of the State standard, such an exceedance
is not considered a “violation” of the standard. This is important because only a
“violation” can trigger a nonattainment designation. Under State law, there are
three types of highly irregular or infrequent events: extreme concentration
events, exceptional events, and unusual concentration events.
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An extreme concentration event is identified by a statistical procedure (ARB
1993) and is not necessarily tied to any specific, identifiable event. However,
adverse meteorology is one potential cause of an extreme concentration event. A
statistical procedure is used to calculate a site-specific value representing the
highest concentration that is not expected to occur more often than once per
year, on average. The site-specific, statistically derived value is commonly
referred to as the peak indicator value or the Expected Peak Day Concentration
(EPDC). Measured concentrations that are higher than the peak indicator or
EPDC value are identified as extreme concentration events. Because these
extreme concentrations are not considered violations of the State standard, they
are excluded from the area designation process. Because meteorology is a
potential cause of an extreme concentration event and meteorology varies from
year-to-year, an area may have several values excluded during years with
adverse meteorology and no values excluded during years with more normal
meteorology.

In contrast to an extreme concentration event, an exceptional event is a specific,
identifiable event that causes an exceedance of a standard, but is considered
unreasonable to control through the regulatory process. Exceptional events may
be identified for both State and federal designation purposes. Ozone exceptional
events are generally limited to stratospheric ozone intrusion. Federal guidelines
(which are also used in the State designation process) define stratospheric
ozone intrusion as occurring when a parcel of air originating in the stratosphere
(average height 20 kilometers or about 12.4 miles) is entrained directly to the
surface of the earth. Stratospheric ozone intrusions are typically associated with
strong frontal passages or severe thunderstorms, and such conditions occur
primarily during springtime. Although this type of event can be identified as
exceptional, the circumstances or the criteria under which it occurs are difficult to
document (USEPA 1986).

Finally, an unusual concentration event is an anomalous exceedance of a State
standard that cannot be identified as an extreme concentration event or an
exceptional event. Unusual concentration events can be identified only for areas
designated as attainment or unclassified at the time the exceedance occurs.
Furthermore, this type of event is usually identified in areas with limited
monitoring data, where we do not have a long-term record for determining what
is “characteristic” for the area. In identifying such events, the ARB’s Executive
Officer must make specific findings based on relevant information. An area may
retain its attainment or unclassified designation by excluding an exceedance
affected by an unusual concentration event for up to three consecutive years.
However, if an exceedance occurs during the fourth year, the area is
redesignated as nonattainment, unless the exceedance can be excluded as an
extreme concentration event or an exceptional event.

For both State and federal area designations, the size of an area designated for
ozone is generally an air basin. However, for the State standards, the ARB may
designate a smaller area if it finds (based on air quality data, meteorology,
topography, or the distribution of population and emissions) there are areas
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within an air basin with distinctly different air quality that can be attributed to
sources and conditions that do not affect the entire air basin. In this case, the
ARB may designate an area smaller than an air basin, using political boundary
lines to the extent possible. The smaller designated area must include those
sources whose emissions contribute to a violation of the standard. Furthermore,
contiguous areas within an air basin that have the same designation, are
designated as a single area.

7.1.1 State Area Designations

The State ozone standard is 0.09 ppm for one hour, not to be exceeded. The
State area designations in Figure 7.1 are based on a site-by-site comparison of
the maximum measured 1-hour concentration during a three-year period with the
peak 1-hour indicator value. As described previously, the peak indicator is a
statistically derived value representing the maximum concentration expected to
occur once per year, on average. Measured concentrations that are higher than
the peak indicator value are excluded from the designation process as extreme
concentration events. If appropriate, other exceedances may also be evaluated
to determine if they are affected by an exceptional event or unusual
concentration event (refer to previous discussion) and may be excluded. If any
non-excluded measurement is higher than the State standard, it is a violation of
the State standard, and the area is designated as nonattainment.

Figure 7.1 shows the area designations for the State ozone standard. At a public
hearing in January 2004, the ARB designated two new ozone attainment areas:
SanLuis Obispo County and the North Coast Air Basin portion of Sonoma
County (ARB 2003). In addition to these new areas, some rural and several
northern and central coastal areas of California are designated as attainment for
the State ozone standard. However, most of the rest of the State, including all of
the major urban areas, have ozone concentrations that violate the State
standard. These areas are designated as nonattainment.

7.1.2 Federal Area Designations

There are two federal standards for ozone: a 1-hour standard and an 8hour
standard. The federal 1-hour ozone standard is 0.12 ppm. For an area to be
designated as attainment for the federal 1-hour standard, there may not be more
than three violations of the standard at any site in the area during a three-year
period. Compliance with the federal 1-hour standard is generally based on
comparing the federal standard of 0.12 ppm with the 4" high 1-hour ozone
concentration measured at each site in the area during a three-year period. If the
4™ high concentration at any site in the area violates the standard, the area is
designated as nonattainment. As mentioned earlier, areas that either do not
violate the standard or do not have sufficient data to determine compliance with
the standard are combined together in a designation category called
unclassified/attainment.

Figure 7.2 shows the current area designations for the federal 1-hour ozone
standard. Similar to the State designations, Figure 7.2 shows that most of the
major urban areas in California are designated as nonattainment for the federal
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1-hour standard. Over the last several years, ozone air quality in Butte County,
northern Sutter County, Yuba County, Santa Barbara County, Ventura County,
SanDiego County, eastern Kern County, and the SanFrancisco Bay Area Air
Basin has improved, and air quality in these areas now attains the federal 1-hour
ozone standard. Recognizing these improvements, USEPA recently
redesignated San Diego County and Santa Barbara County as attainment for the
federal 1-hour ozone standard. However, the other four areas have not yet been
officially redesignated, and they are shown as nonattainment areas in Figure 7.2.

Although some areas of California no longer violate the federal 1-hour standard,
a number of these same areas do violate the new federal 8-hour ozone standard
of 0.08 ppm, not to be exceeded. Compliance with the 8-hour standard is based
on the annual 4™ highest concentration at each site, averaged over three years.
Although the federal 8-hour ozone standard is relatively new, long-term data are
available for assessing attainment and trends because the 8-hour concentrations
are based on an average of 1-hour ozone observations, which have been
monitored for many years.

As with the federal 1-hour standard, all monitoring sites within an area must be in
compliance with the 8-hour standard for the area to be designated as attainment.
The ARB developed recommendations for the federal 8-hour designations and
transmitted them to USEPA during early 2004. Figure 7.3 shows the final
designations as made by USEPA on April 15, 2004. The final designations are
based on air quality data collected during 2001 through 2003. As shown in
Figure 7.3, the 8hour nonattainment areas mirror those for the federal 1-hour
standard, with the addition of much of the Mountain Counties Air Basin area. The
remainder of the State is included in the unclassified/attainment category.
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Figure 7-1 2003 Area Designations for the State 1-Hour Ozone Standard
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Figure 7-2 2003 Area Designations for the Federal 1-Hour Ozone Standard
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Figure 7-3 2004 Area Designations for the Federal 8-Hour Ozone Standard
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7.2 Monitoring Network

As shown in Figure 7.4, California has an ozone monitoring network with
approximately 175 monitors located throughout the State. These monitors are
generally operated by the ARB or by local air pollution control or air quality
management districts (districts). However, a few sites are operated by other
organizations, such as the National Park Service. At each site, a monitor
provides continuous hourly averages of ambient ozone concentrations. These
hourly measurements can be aggregated into longer-term measurements, such
as 8-hour averages. The measured data are used to determine the attainment
status of the various areas of California and also the severity of the pollution
problem in each area.

The monitoring program is designed to ensure that the data collected comply
with established siting and operating procedures and regulations set forth by the
USEPA. Conforming data are considered good quality data or data for record.
The quality of the data is ensured through a program of nightly quality control
checks of the ozone instrument and an annual audit of each monitoring site.

The nightly quality checks are performed at every ozone monitoring site to verify
that instrument precision, zero, and span meet monitoring standards. Precision
checks confirm the linear response of the ozone instrument. The zero precision
check confirms the instrument’s ability to maintain a stable reading. The span
precision check confirms the instrument’s ability to respond to a known
concentration of gas.

To ensure the data collected are representative and accurate, the ARB conducts
annual audits of the ozone monitoring sites. Each audit includes an assessment
of whether the site meets federal siting criteria and whether the equipment is
reporting accurate data. Each year, a thorough evaluation is made at each
station for criteria including sampler model, objective, monitoring scale, residence
time, station temperature, obstacles, traffic, local sources, and dominant
influence with respect to emissions.

Pollutant-specific monitor siting criteria are set forth by the USEPA in 40 Code of
Federal Regulations (CFR) Part 58. While most ambient air monitoring stations
carefully adhere to regulations during the initial site setup, changes can occur
over time, and these changes are sometimes overlooked. These changes might
include scaling or source problems, obstacles, and instrument temperature
requirements. The second element of the annual audit is an accuracy
determination. Accuracy of the ozone monitor is determined by a
through-the-probe performance audit to verify the accuracy of the automated
methods and to ensure the integrity of the sampling system.

A site fails its audit when the siting criteria do not meet specifications and/or an
accuracy check exceeds the ARB'’s established criteria of plus or minus
15 percent for ozone data. If a site fails, the ARB issues an Air Quality Data
Action (AQDA) request to determine the cause of any problem found during an
audit and initiate corrections. The problem is usually resolved after a review of
calibrations, precision checks, and audit results. The ARB submits the AQDA to
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the site operator, if the site is an ARB site, or to the district Air Pollution Control
Officer if a district operates the site.

Over the period of 1994 through 2003, the ARB Quality Assurance Section
(QAS) conducted several thousand audits of gaseous ozone analyzers located at
air monitoring stations throughout California. Data from the AQS audit were used
in calculating air quality accuracy estimates, including average percent
differences, standard deviations, and 95 percent probability limits. The estimates
were calculated using USEPA analysis and reporting methods found in 40 CFR,
Part 58, Appendix A. Improved QAS audit techniques and procedures, along with
comprehensive quality control programs, have resulted in lower overall percent
differences. These results reflect the effectiveness of properly designed and
executed quality assurance/quality control programs.
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Figure 7-4 Ozone Monitoring Sites in California (National Air Monitoring
Program and State Air Monitoring Program)
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7.3 Characterization of Ambient Ozone Air Quality
7.3.1 Overview

This section discusses air quality with reference to ambient ozone in each of
California’s air basins and/or planning areas, based on measured and statistically
derived values. The information includes summary information about the
magnitude and frequency of monitored concentrations for both the 1-hour and
8-hour averaging times. In addition, there is information about the seasonal and
diurnal variations and a characterization of ozone concentrations in each area.
These discussions include current ozone statistics, as well as historical trends.

Ozone is monitored continuously at approximately 175 sites in California. The
data for each monitoring site are reported as l-hour average concentrations.
These 1-hour data can be aggregated into 8-hour average ozone concentrations,
and can be summarized as daily, seasonal, or annual maximum 21-hour and
8-hour concentrations. In addition, these data are used in determining the
number of days during which measured concentrations exceed the State and
federal ozone standards.

For purposes of evaluating long-term ozone air quality trends and population
exposures, the maximum concentration usually is not the best measure, because
maximum concentrations can be highly influenced by year-to-year variations in
meteorology. In contrast to the maximum values, two calculated statistics that
provide more stable measures of long-term trends are the peak indicator value
and the moving 3year mean. The peak indicator represents the maximum
concentration expected to occur once per year, on average. This indicator is
based on a statistical calculation using three years of ambient monitoring data
and is calculated for each monitoring site in an area. The highest peak indicator
value among all sites in an area is generally used when evaluating area-wide air
quality. A moving 3-year mean of the annual maximum measured concentrations
also tends to be a more stable trend indicator, when compared to the measured
maximum concentration. Although the moving 3-year mean is not as robust as
the peak indicator, the 3-year mean does tend to dampen some of the
year-to-year variation caused by meteorology. This yields data that are more
suitable for trend analysis, when compared with data for individual years.

The statistics presented in the following sections represent an air basin, except
for the two Sacramento Valley areas and the Mountain Counties area. The
Sacramento Valley Air Basin (SVAB) is divided between the Sacramento
Metropolitan (Metro) Area and the Upper Sacramento Valley to be consistent
with the areas used for federal area designations and air quality planning
activities. The Sacramento Metro Area includes the southern urbanized portion of
the Sacramento Valley Air Basin (Sacramento, SVAB portion of Solano, and Yolo
counties), the southern one-third of Sutter County, the SVAB portion of Placer
County, and the portions of El Dorado and Placer counties that lie within the
Mountain Counties Air Basin. The remaining portion of the Sacramento Valley Air
Basin is included in the Upper Sacramento Valley. Because the Mountain
Counties Air Basin portions of El Dorado and Placer counties are included in the
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Sacramento Metro Area, sites in these areas are not included in the Mountain
Counties summary statistics included in this report.

Data presented in this subsection are evaluated using the maximum measured
concentrations, as well as the peak indicator and the number of days the State
and federal standards were exceeded. In most cases, the data used reflect data
for record extracted from the ARB ADAM or USEPA AIRS databases.

7.3.2 Ambient 1-Hour Ozone Concentrations

Table 7.1 shows the maximum measured 1-hour ozone concentration, the
number of days with measured 1-hour concentrations exceeding the State 1-hour
standard of 0.09 ppm, and the number of days with measured 1-hour
concentrations exceeding the federal l-hour standard of 0.12 ppm. The table
includes statistics for the years 2001 through 2003 and were extracted from the
ARB ADAM database during March 2004. It is important to note that the counts
of exceedance days reflect areawide totals. In other words, each day with an
exceedance is counted as one day, regardless of the number of individual sites
with concentrations exceeding the standard.

In contrast to Table 7.1, Table 7.2 lists several calculated ozone statistics for
each air basin or planning area. The calculated statistics include the 3-year mean
of the number of days over the State standard, the peak 1-hour indicator or
EPDC, and the 3year mean of the number of days over the federal 1-hour
standard. In addition, Table 7.2 lists the highest 4™ high 1-hour ozone
concentration, which is an indicator of compliance with the federal 1-hour
standard. This statistic represents the maximum of the 4" highest 1-hour ozone
concentration measured at any site in each air basin or planning area during the
three-year period. Furthermore, the maximum 4™ high reflects the federal 1-hour
design value, as long as it meets data completeness requirements.

During 2001 through 2003, neither the State nor federal 1-hour standard was
exceeded in the Lake County Air Basin, North Coast Air Basin, or Northeast
Plateau Air Basin. Data for four additional areas, Great Basin Valleys Air Basin,
Lake Tahoe Air Basin, North Central Coast Air Basin, and the Upper Sacramento
Valley show exceedances of the State standard, but not the federal 1-hour
standard (as described earlier, representative data for the Northeast Plateau Air
Basin and Great Basin Valleys Air Basin are available for 2002 and 2003 only).
Both the State and federal 1-hour standards were exceeded during at least two
of the three years in all other areas.

The highest number of exceedance days for both the State and federal 1-hour
standards occurred in the San Joaquin Valley Air Basin and the South Coast Air
Basin. Both areas had more than 115 State standard exceedance days and 31 or
more federal standard exceedance days during each of the three years. The
Sacramento Metro Area, Mojave Desert Air Basin, and Salton Sea Air Basin all
averaged more than 50 State standard exceedance days and averaged 6 or
more federal standard exceedance days during 2001 through 2003. The
remaining five areas (Mountain Counties Air Basin, SanDiego Air Basin,
San Francisco Bay Area Air Basin, South Central Coast Air Basin, and the Upper
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Sacramento Valley) averaged from 12 to 45 State standard exceedance days.
The Upper Sacramento Valley area had no exceedances of the federal standard
while the Mountain Counties Air Basin, San Diego Air Basin, San Francisco Bay
Area Air Basin, and South Central Coast Air Basin each averaged 1 to 2 federal
standard exceedance days for the three-year period.

The range of the measured maximum 1-hour concentrations tends to follow a
similar pattern. The South Coast Air Basin showed the highest values, with
measured concentrations of 0.169 ppm or higher during all three years. The next
highest 1-hour ozone concentrations occurred in the Salton Sea Air Basin and
San Joaquin Valley Air Basin, which had concentrations of 0.149 ppm or higher
during 2001 through 2003. The Sacramento Metro Area, Mojave Desert Air
Basin, and SanFrancisco Bay Area Air Basin had maximum measured
concentrations ranging from 0.128 ppm to 0.163 ppm during each of the three
years. Maximum 1-hour concentrations in the Mountain Counties Air Basin,
San Diego Air Basin, and South Central Coast Air Basin had maximum 1-hour
concentrations of 0.120 ppm or higher during each year. Three areas (North
Central Coast Air Basin, Upper Sacramento Valley, and Lake Tahoe Air Basin)
had maximum 1-hour concentrations above 0.100 ppm during at least two of the
three years. The remaining areas (Great Basin Valleys Air Basin, Lake County
Air Basin, North Coast Air Basin, and Northeast Plateau Air Basin) had maximum
1-hour ozone concentrations of 0.100 ppm or less during each of the years.

The values for the peak 1-hour indicator and the highest 4" high 1-hour ozone
concentration, shown in Table 7.2, reflect similar patterns. The highest values are
found in the South Coast and San Joaquin Valley air basins, followed by the
Sacramento Metro Area, Salton Sea Air Basin, and Mojave Desert Air Basin. The
highest 4™ high 1-hour ozone concentration, used as an indicator of compliance
with the federal 1-hour standard, is above the level of the standard in each of
these five areas.
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Table 7-1 Measured Ozone Statistics for 2001-2003 for California Air Basins
or Planning Areas

Maximum 1-Hour

Days Exceeding State

Days Exceeding

Basin Year Concentration 1-Hour Std Federal 1-Hour Std
2001 Representative data not available
Great Basin Valleys (2002 0.100 8 0
2003 0.089 0 0
2001 0.070 0 0
Lake County 2002 0.090 0 0
2003 0.070 0 0
2001 0.095 1 0
Lake Tahoe 2002 0.102 1 0
2003 0.112 3 0
2001 0.146 72 6
Mojave Desert 2002 0.157 75 16
2003 0.163 93 13
2001 0.120 29 0
Mountain Counties® [2002 0.132 41 2
2003 0.135 45 2
2001 0.108 3 0
North Central Coast |2002 0.115 8 0
2003 0.111 3 0
2001 0.090 0 0
North Coast 2002 0.092 0 0
2003 0.090 0 0
2001 Representative data not available
Northeast Plateau 2002 0.087 0 0
2003 0.089 0 0
2001 0.148 52 3
Sacrgmento MO 1ao02  |0.156 59 10
2003 0.145 53 6
2001 0.141 29 2
San Diego 2002 0.121 15 0
2003 0.125 23 1
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2001 0.134 15 1
if:a”a':ra”dsco Bay 12002 0.160 16 2
2003 0.128 19 1
2001 0.149 123 32
San Joaquin Valley |2002 0.164 127 31
2003 0.156 137 37
2001 0.167 81 15
Salton Sea 2002 0.156 68 5
2003 0.187 69 9
2001 0.129 34 2
South Central Coast |2002 0.132 24 1
2003 0.130 45 2
2001 0.190 121 36
South Coast 2002 0.169 116 45
2003 0.194 125 64
2001 0.104 12 0
\L/ng‘l’ee; Sacramento 5507 0.117 17 0
2003 0.117 19 0

Data Source: ADAM — 03/08/04 and 03/16/04

! Mountain Counties Air Basin excludes Cool-Highway 193, Placerville-Gold Nugget Way, and Colfax

sites.

% Sacramento Metro Area includes the following sites: Cool-Highway 193, Placerville-Gold Nugget Way,
and Colfax from Mountain Counties Air Basin and Auburn-Dewitt-C Avenue, Davis-UCD Campus,

Elk Grove-Bruceville Road, Folsom-City Corporation Yard, Folsom-Natoma Street, North Highlands-
Blackfoot Way, Pleasant Grove-4 miles SW, Rocklin-Rocklin Road, Rocklin-Sierra College, Roseville-N
Sunrise Blvd, Sacramento-3801 Airport Road, Sacramento-Del Paso Manor, Sacramento-T Street,
Sloughhouse, Vacaville-Elmira Road, Woodland-Gibson Road, and Woodland-Sutter Street from
Sacramento Valley Air Basin.

Notes: Days exceeding State and federal 1-hour standards are distinct areawide days, meaning the
exceedance day is counted only once, even if multiple sites experienced an exceedance on the same
day. The State ozone standard is exceeded when the concentration is equal to or greater than
0.095 ppm. The federal 1-hour ozone standard is exceeded when the concentration is equal to or greater
than 0.125 ppm.
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Table 7-2 Calculated Ozone Statistics for 2001-2003 for California Air

Basins or Planning Areas

3-Year Mean # Days

Peak 1-Hour

3-Year Mean # Days

Highest 4th High

Basin over State 1-Hr Std Indicator over Federal 1-Hr Std | 1-Hr Ozone Conc
Great Basin Valleys Representative data not available

Lake County 0 0.082 0 0.080
Lake Tahoe 2 0.103 0 0.094
Mojave Desert 80 0.138 12 0.138
Mountain Counties 38 0.117 1 0.117
North Central Coast 5 0.105 0 0.106
North Coast 0 0.082 0 0.083
Northeast Plateau Representative data not available

Sacramento Metro Area 55 0.146 6 0.143
Salton Sea 73 0.135 10 0.142
San Diego 22 0.117 1 0.118
San Francisco Bay Area 17 0.130 1 0.123
San Joaquin Valley 129 0.152 33 0.151
South Central Coast 34 0.124 2 0.124
South Coast 121 0.178 48 0.180
Upper Sacramento Valley 16 0.121 0 0.113

Note:

The peak 1-hour indicator and highest 4" high 1-hour ozone concentration reflect data from the high site
in the air basin or planning area.
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7.3.3 Ambient 8-Hour Ozone Concentrations

The federal ozone standard, promulgated by the USEPA in 1997, is 0.08 ppm for
8 hours. As discussed earlier, ozone is measured continuously, and running
8-hour averages are computed from hourly ozone concentrations. Each of the
8-hour averages is assigned to the first hour of the 8-hour period. For example,
an 8-hour average calculated from data collected during the 8-hour period
starting at 12 p.m. is assigned to 12 p.m. With complete data, there are twenty-
four 8-hour average concentrations calculated for each day. The highest of these
daily 8-hour averages is identified as the maximum 8-hour concentration for the
day (USEPA 1998).

The federal 8-hour ozone standard is not to be exceeded, based on the fourth
highest concentration each year, averaged over three years. In other words, take
the fourth highest concentration recorded at a site during each of three years,
average these three values together, and then compare the average value to the
standard. This comparison is made for each site in an area, and if the value for
any site exceeds the standard, the area is nonattainment.

Table 7.3 shows both measured and calculated ozone statistics related to an
8-hour averaging time. The statistics include the maximum 8-hour concentration,
the peak 8-hour indicator or EPDC value, the fourth highest 8-hour concentration,
the 3-year mean of the fourth highest 8-hour concentration, the number of days
on which the federal 8-hour standard was exceeded, and the 3-year mean of the
number of days on which the federal 8-hour standard was exceeded. These six
statistics are given for each air basin or planning area, for each of the years
2001, 2002, and 2003. These statistics were extracted from the ARB ADAM
database during March 2004.

As mentioned earlier, the form of the federal 8-hour standard used for
determining attainment is the average of the fourth highest daily concentration
during each year of a three-year period. However, this analysis focuses on the
peak 8-hour indicator, the maximum 8-hour concentrations, and the number of
days on which the maximum concentration exceeded the level of the federal
standard. These statistics are used to assess ambient concentrations.

As with the 1-hour statistics, the highest 8-hour values are again found in the
South Coast Air Basin and San Joaquin Valley Air Basin. Maximum 8-hour
concentrations in the South Coast Air Basin ranged from 0.144 ppm to
0.153 ppm during 2001 through 2003, while maximum 8-hour concentrations in
the San Joaquin Valley ranged from 0.120 ppm to 0.132 ppm during the same
three-year period. Three other areas, the

Mojave Desert Air Basin, the Sacramento Metro Area, and the Salton Sea Air
Basin also had a maximum 8&hour concentration above 0.120 ppm during at
least one of the three years.

With respect to the federal 8-hour ozone standard, Lake County Air Basin and
North Coast Air Basin showed no exceedance days during 2001 through 2003.
One area, the Lake Tahoe Air Basin, averaged only one exceedance day for the
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three-year period, while the North Central Coast Air Basin averaged three 8-hour
exceedance days. In contrast, the SanJoaquin Valley Air Basin showed the
highest average number of exceedance days (123), followed by the South Coast
Air Basin (99). The Sacramento Metro Area, Mojave Desert Air Basin, Mountain
Counties Air Basin, and Salton Sea Air Basin each averaged between 42 and 68
exceedance days during 2001 through 2003. The remaining four areas averaged
between 7 and 25 federal 8-hour exceedance days during the three-year period.
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Table 7-3 Measured and Calculated Ozone Statistics for Ambient 8-Hour

Concentrations 2001 through 2003

_ Maximum Peak 8-Hour 4th High| 3-Year M_ean # of Days ?)}Y#??; I\D/Is;?sn
Basin Year 8-Hour Indicator 8-Hour | of 4th High Fed Std Fed Std
Conc Conc Conc Exceeded Exceeded
2001 Representative data not available

Gr\e,zt”eB;;m 2002 | 0.088 0.090 0.084 0.081 3

2003 0.084 0.084 0.080 0.081 0

2001 0.065 0.071 0.060 0.063 0

Lake County 2002 0.077 0.073 0.072 0.064 0
2003 0.061 0.074 0.058 0.063 0 0

2001 0.084 0.079 0.076 0.075 0

Lake Tahoe 2002 0.079 0.080 0.077 0.075 0
2003 0.103 0.093 0.084 0.084 3 1

2001 0.117 0.114 0.106 0.102 65

Mojave Desert 2002 0.123 0.116 0.118 0.106 66
2003 0.130 0.118 0.119 0.106 74 68

2001 0.106 0.103 0.095 0.097 29

Mountain Counties | 2002 0.113 0.106 0.099 0.098 47
2003 0.103 0.107 0.101 0.098 49 42

2001 0.088 0.085 0.079 0.079 2

Nortchog‘:t”tra' 2002 | 0.094 0.088 0.086 0.081 5
2003 0.088 0.089 0.081 0.081 2 3

2001 0.073 0.078 0.065 0.069 0

North Coast 2002 0.072 0.069 0.067 0.063 0
2003 0.080 0.068 0.062 0.062 0 0

2001 Representative data not available

Northeast Plateau | 2002 0.075 0.071 0.066 0.055 0

2003 0.074 0.073 0.068 0.057 0

2001 0.109 0.113 0.105 0.104 41

Sacramento Metro| 2002 [ 0.137 0.119 0.111 0.106 47
Area 2003 | 0.122 0.122 0.106 0.107 43 44
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2001 | 0.113 0.110 0.111 0.100 54
Salton Sea 2002 | 0.124 0.118 0.109 0.105 55
2003 | 0.110 0.119 0.105 0.108 47 52
2001 | 0.116 0.101 0.098 0.094 17
San Diego 2002 | 0.100 0.103 0.096 0.095 13
2003 | 0.103 0.101 0.089 0.093 6 12
2001 | 0.102 0.094 0.094 0.082 7
San Fr"’}iﬁ;co BayY %002 | 0.106 0.096 0.096 0.082 7
2003 | 0.101 0.098 0.092 0.086 7 7
2001 | 0.120 0.119 0.115 0.109 109
San Joaquin Valley[ 2002 | 0.132 0.120 0.125 0.115 125
2003 | 0.127 0.122 0.119 0.115 134 123
2001 | 0.113 0.107 0.103 0.101 25
So“g‘ogst”tra' 2002 | 0.109 0.106 0.100 0.097 16
2003 | 0.114 0.104 0.100 0.095 35 25
2001 | 0.144 0.144 0.138 0.129 92
South Coast | 2002 | 0.144 0.144 0.138 0.128 96
2003 | 0.153 0.146 0.146 0.131 109 99
2001 | 0.089 0.102 0.088 0.087 8
Upper\f;;?memo 2002 | 0.103 0.100 0.099 0.089 16
2003 | 0.099 0.104 0.094 0.089 19 14

Notes: Days exceeding federal 8-hour standard are distinct areawide days, meaning the exceedance
day is counted only once, even if multiple sites experienced an exceedance on the same day. The
federal 8hour ozone standard is exceeded when the three-year average of the 4" highest 8hour
concentrations is equal to or greater than 0.085 ppm.

Data Source: ADAM - 3/10/04 and 03/16/04
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7.3.4 Available 2004 Ozone Data

Although ozone concentrations are monitored continuously at air quality
monitoring sites, there is a delay between the time the concentrations are
measured and the time they have been quality assured and approved for final
use. Because 2003 is the last year for which complete, quality assured data are
available, this is the last year used in the trends analyses in this Chapter.
However, preliminary 2004 data are available for some sites. Table 7.4 lists the
available 1-hour and 8-hour ozone statistics for 2004. The statistics include the
maximum 1-hour concentration, the number of days exceeding the State and the
federal 1-hour standards, the maximum 8-hour concentration, and the number of
days exceeding the federal 8hour standard. Statistics are listed for six urban
areas in California. These statistics represent the data available in the ARB’s
AQMIS database on April 27, 2004.

Because of the seasonal nature of ozone concentrations in most areas of
California (refer to discussion in Section 73.5), the available 2004 1-hour and
8-hour maximum concentrations are relatively low compared with the maximums
from the 2001 through 2003 time period. Four of the six areas have values above
one or more of the standards: the San Joaquin Valley Air Basin, the South Coast
Air Basin, the SanFrancisco Bay Area Air Basin, and Ventura County.
Furthermore, the number of exceedance days in these areas is low, compared
with the average annual number of exceedances (refer to Tables 7.2 and 7.3).
None of the six areas show any exceedances of the federal 1-hour standard
during the first three months of 2004.

7-22



Table 7-4 Preliminary 2004 measured Ozone Statistics for Six Urban Areas

) Days Days ) Days
Maximum | Exceeding Exceeding Maximum Exceeding
Area 1-Hour Conc| state 1-Hour |Federal 1-Hour | 8-Hour Conc | Federal 8-Hour

Standard Standard Standard
Sacramento Metro Area 0.08 0 0 0.07 0
San Diego Air Basin 0.07 0 0 0.06 0
San Francisco Bay Area 0.10 1 0 0.08 0
San Joaquin Valley 0.10 8 0 0.09 5
South Coast 0.12 6 0 0.10 3
Ventura County 0.10 1 0 0.08 0

Note: Days exceeding State and federal standards are distinct, areawide days.

Data Source: AQMIS — 4/27/04

7.3.5 Ozone Season

Ozone is not directly emitted as a pollutant, but is formed in the atmosphere
when precursor emissions, namely VOCs and oxides of nitrogen, react in the
presence of sunlight. Because of the reaction time involved, the highest ozone
concentrations often occur far downwind of the precursor emissions. As a result,
ozone is a regional pollutant that often impacts large areas.

Meteorology and terrain play major roles in ozone formation. Generally, low wind
speeds or stagnant air, coupled with warm temperatures and cloudless skies,
provide the optimum conditions for ozone formation. Therefore, summer is
generally the peak ozone season. In most urban areas, the ozone season
generally runs from May through September, although the South Coast Air Basin
can record high ozone levels throughout the year. Figures 7.5 and 7.6 and
Tables 7.5 and 7.6 show the total number of days each month with exceedances
of the State I-hour and federal 8hour ozone standards, respectively, during
1990 through 2003. The graphs and tables include information for each of
California’s largest air basins or planning areas.

Although the highest ozone concentrations for both standards tend to occur
during the summertime, meteorological conditions can vary from year-to-year
and can be a significant factor in the year-to-year variation in ambient ozone. In
general, inland areas (such as the San Joaquin Valley, Sacramento Valley, and
inland portions of the South Coast Air Basin) tend to experience hotter
temperatures and more stagnant conditions than coastal areas. This combination
of meteorological conditions can lead to multi-day episodes of elevated ozone
concentrations.

To highlight the similarity in the distributions for both the 1-hour and 8-hour
standards, Figures 7.5 and 7.6 both are plotted with the same xaxis scale. The
trend lines are almost identical for both standards. However, in all areas, the total
number of exceedance days for the federal 8-hour standard is the same or lower
than the total number of exceedance days for the State 1-hour standard.
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Figure 7-5 Seasonal Distribution of the Number of Days Exceeding the
State 1-Hour Ozone Standard
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Table 7-5 Total Number of Days with Exceedances of the State 1-Hour
Ozone Standard During 1990 to 2003

AIR BASIN
MONTH Sacramento San Diego | San Francisco | San Joaquin | south Coast
Metropolitan Area Bay Area Valley

January 0 1 0 0 0
February 0 21 0 3 18
March 0 37 0 17 56
April 5 66 1 59 133
May 48 70 15 134 245
Jun 102 121 46 251 324
July 196 130 53 351 392
August 191 160 80 359 393
September 138 134 59 322 299
October 47 104 19 182 151
November 0 26 0 23 31

December 0 3 0 1 0

Note: The seasonality is represented by the monthly count of exceedance days that were
measured at one or more monitoring sites in an air basin or planning area for the years1990 to

2003.
Data Source: ADAM - 3/18/04
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Figure 7-6  Seasonal Distribution of the Number of Days Exceeding the
Federal 8-Hour Ozone Standard

Ozone Standard

8-Hour Ozone Seasonality (1990 - 2003)

450

400 A

350

w
[=}
o

—6— South Coast
—HB— San Diego

—A— San Francisco Bay Area

—X¥— San Joaquin Valley
—®— Sac Metro Area

N
a
o

N
o
o

=
al
o

Days Exceeding Federal 8-H

100

50

Table 7-6  Total Number of Days with Exceedances of the Federal 8-Hour
Ozone Standard During 1990 to 2003
MONTH AIR BASIN
Sacramento San Diego [ San Francisco | San Joaquin South Coast
January 0 0 0 0 0
February 0 9 0 0 5
March 0 17 0 4 27
April 2 45 1 34 103
May 34 48 4 121 215
Jun 77 90 20 249 301
July 164 84 32 343 368
August 158 98 27 338 364
September 113 81 22 290 241
October 32 54 4 156 96
November 0 5 0 11 13
December 0 0 0 0 0

Note: The seasonality is represented by the monthly count of exceedance days that were
measured at one or more monitoring sites in an air basin or planning area for the years 1990 to

2003.

Data Source: ADAM - 3/19/04
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7.3.6 Frequency of Measured 1-Hour and 8-Hour Ozone Concentrations

The following graphs and tables present frequency distributions of both 1-hour
and 8-hour ozone concentrations for each of the years 2001, 2002, and 2003.
The frequency distributions represent a summary of the maximum daily ozone
concentrations measured at all the sites within each air basin or planning area,
as well as for all sites within the State. Maximum ozone concentration levels are
aggregated into bins or concentration ranges of 0.01 ppm in size (for example,
daily maximum concentrations in the range of 0.00 ppm to 0.01 ppm, 0.01 ppm to
0.02 ppm, 0.02 ppm to 0.03 ppm, etc.). The original input data were taken from
the ARB air quality CD (ARB 2004).

It is interesting to note that in many cases, there are a higher number (frequency)
of 8hour observations than 1-hour observations. For example, during 2003,
there were a total of 60138 1-hour observations for California, compared with
60145 8hour observations. The higher number of 8&hour observations is a
function of how the 8-hour average is calculated. Because the 8-hour average
can span hours in two separate days, it is possible to have a valid 8-hour value,
but not a valid 1-hour value. As a result, the total number of 8-hour observations
can be higher.

Figures 7.7 through 7.12 show frequency information on a statewide basis. In
contrast, Tables 7.7 through 7.12 present information for each area of California,
as well as for the State as a whole. Each figure and table provides information for
an individual year: 2001, 2002, or 2003. The tabular information includes the
frequency of the various ranges of maximum daily 1-hour and 8-hour
concentrations measured in each area, expressed both as a count and as a
percentage of the total. In addition, the tables show the cumulative frequency
(again, expressed as a count and as a percentage), from the lowest range to the
highest range. The frequency graphs and tables provide information on the
frequency of high concentrations for each area, as well as the most frequent, or
predominant concentrations levels. This information provides insight about the
impact of setting the standards at various levels.

As shown in Figures 7.7 through 7.9, the majority of maximum daily 1-hour ozone
concentrations during 2001 to 2003 were below the level of both the State and
federal 1-hour standards. Statewide, an average of 44.6 percent of the daily
maximums were in the range of 0.03 ppm to 0.05 ppm. During all three years, an
average of 97.1 percent of the daily maximum concentrations were at or below
0.10 ppm, the level of the State standard. As shown in Figures 7.10 through 7.12,
an average of 45.8 percent of the daily maximum 8-hour concentrations were in
the range of 0.03 ppm to 0.05 ppm, during the three-year period. An average of
95.2 percent of the maximum concentrations were at or below 0.08 ppm, the
level of the federal 8-hour standard.

When looking at the data for individual air basins or planning areas, the results
are similar. We do, however, see some variation in the ranges of concentrations
represented. For example, the maximum concentrations represented in the
South Coast Air Basin range from 0.00 ppm to 0.20ppm for the 1-hour
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concentrations and 0.00 ppm to 0.16 ppm for the 8-hour concentrations. In
contrast, the concentrations represented in the North Coast Air Basin range from
0.00 ppm to 0.10 ppm for the 1-hour values and 0.00 ppm to 0.08 ppm for the
8-hour values. However, all individual air basins and planning areas show
relatively large percentages of concentrations in the 0.03 ppm to 0.05 ppm range,
and all areas had at least 37 percent of their maximum 1-hour and 8hour
concentrations at or below 0.05 ppm during 2001 through 2003. Furthermore,
more than 50 percent of the 1-hour and 8&hour maximums were at or below
0.06 ppm for all areas during all three years.
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Figure 7-7

2001 Statewide Frequency of
Maximum Daily 1-Hour Ozone Concentrations
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Figure 7-8
2002 Statewide Frequency of
Maximum Daily 1-Hour Ozone Concentrations
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Figure 7-9
2003 Statewide Frequency of
Maximum Daily 1-Hour Ozone Concentrations
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Figure 7-10

2001 Statewide Frequency of
Maximum Daily 8-Hour Ozone Concentrations
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Figure 7-11
2002 Statewide Frequency of
Maximum Daily 8-Hour Ozone Concentrations
16000 r100%
= 14000 r 902/0 9
3 12000 A i 3802 %
9 10000 1 F60% T
2 8000 A F50% ¢ &
S 6000 1 r40% 2
g F30% S
2 4000 A L £
L 20%
2000 A H 0 F10% G
0 - T T T T = T 0%
0.010 0.030 0.050 0.070 0.090 0.110 0.130 0.150
Max Ozone Concentration in Range (ppm)
C—Frequency (Count) —f@—Cumulative Frequency (%)
Figure 7-12
2003 Statewide Frequency of
Maximum Daily 8-Hour Ozone Concentrations
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Table 7-7

Frequency of 1-Hour Ozone Concentrations Measured During

2001
Basin / Lower Limit | Upper Limit | Frequency | Frequency | Cumulative | Cumulative
Planning | Conc (ppm) | Conc (ppm) (Count) (%) Frequency | Frequency
Area (%)
Great
Basin Representative data not available
Valleys
0.01 0.02 6 1.6% 6 1.6%
0.02 0.03 56 15.3% 62 17.0%
Lake 0.03 0.04 138 37.8% 200 54.8%
County 0.04 0.05 111 30.4% 311 85.2%
0.05 0.06 39 10.7% 350 95.9%
0.06 0.07 15 4.1% 365 100.0%
0.02 0.03 4 0.6% 4 0.6%
0.03 0.04 69 9.8% 73 10.3%
0.04 0.05 220 31.2% 293 41.5%
Lake 0.05 0.06 215 30.5% 508 72.0%
Tahoe 0.06 0.07 124 17.6% 632 89.5%
0.07 0.08 55 7.8% 687 97.3%
0.08 0.09 18 2.5% 705 99.9%
0.09 0.10 1 0.1% 706 100.0%
0.00 0.01 3 0.1% 3 0.1%
0.01 0.02 21 0.7% 24 0.7%
0.02 0.03 110 3.4% 134 4.2%
0.03 0.04 585 18.2% 719 22.3%
0.04 0.05 630 19.6% 1349 41.9%
0.05 0.06 526 16.3% 1875 58.3%
Mojave 0.06 0.07 471 14.6% 2346 72.9%
Desert 0.07 0.08 384 11.9% 2730 84.8%
0.08 0.09 245 7.6% 2975 92.4%
0.09 0.10 129 4.0% 3104 96.5%
0.10 0.11 73 2.3% 3177 98.7%
0.11 0.12 28 0.9% 3205 99.6%
0.12 0.13 10 0.3% 3215 99.9%
0.13 0.14 1 0.0% 3216 99.9%
0.14 0.15 2 0.1% 3218 100.0%
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Table 7.7 (continued)

Basin / Lower Limit | Upper Limit | Frequency | Frequency | Cumulative | Cumulative
Planning | Conc (ppm) | Conc (ppm) (Count) (%) Frequency | Frequency
Area (%)
0.00 0.01 6 0.2% 6 0.2%
0.01 0.02 19 0.6% 25 0.8%
0.02 0.03 181 5.9% 206 6.7%
0.03 0.04 458 15.0% 664 21.7%
. 0.04 0.05 657 21.5% 1321 43.2%
Mountain 0.05 0.06 561 18.3% 1882 61.5%
Counties 0.06 0.07 517 16.9% 2399 78.4%
0.07 0.08 396 12.9% 2795 91.3%
0.08 0.09 188 6.1% 2983 97.5%
0.09 0.10 47 1.5% 3030 99.0%
0.10 0.11 24 0.8% 3054 99.8%
0.11 0.12 7 0.2% 3061 100.0%
0.00 0.01 3 0.1% 3 0.1%
0.01 0.02 36 1.0% 39 1.1%
0.02 0.03 507 14.0% 546 15.1%
0.03 0.04 1525 42.2% 2071 57.2%
North 0.04 0.05 988 27.3% 3059 84.5%
Central 0.05 0.06 337 9.3% 3396 93.9%
Coast 0.06 0.07 130 3.6% 3526 97.5%
0.07 0.08 63 1.7% 3589 99.2%
0.08 0.09 22 0.6% 3611 99.8%
0.09 0.10 6 0.2% 3617 100.0%
0.10 0.11 1 0.0% 3618 100.0%
0.00 0.01 3 0.3% 3 0.3%
0.01 0.02 74 6.9% 77 7.2%
0.02 0.03 266 24.7% 343 31.9%
North 0.03 0.04 413 38.4% 756 70.3%
Coast 0.04 0.05 230 21.4% 986 91.7%
0.05 0.06 65 6.0% 1051 97.8%
0.06 0.07 20 1.9% 1071 99.6%
0.07 0.08 3 0.3% 1074 99.9%
0.08 0.09 1 0.1% 1075 100.0%
NSI[:\?: gus t Representative data not available
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Table 7.7 (continued)

Basin / Lower Limit | Upper Limit | Frequency | Frequency Cumulative [Cumulative

Planning [ Conc (ppm) | Conc (ppm) (Count) (%) Frequency [Frequency
Area (%)

0.00 0.01 55 1.0% 55 1.0%

0.01 0.02 150 2.8% 205 3.8%

0.02 0.03 533 9.8% 738 13.6%

0.03 0.04 1103 20.3% 1841 33.9%

0.04 0.05 1021 18.8% 2862 52.7%

0.05 0.06 887 16.3% 3749 69.1%

Sacra- 0.06 0.07 663 12.2% 4412 81.3%

mento 0.07 0.08 439 8.1% 4851 89.4%

Metro Area 0.08 0.09 292 5.4% 5143 94.8%

0.09 0.10 160 2.9% 5303 97.7%

0.10 0.11 85 1.6% 5388 99.3%

0.11 0.12 29 0.5% 5417 99.8%

0.12 0.13 6 0.1% 5423 99.9%

0.13 0.14 2 0.0% 5425 100.0%

0.14 0.15 2 0.0% 5427 100.0%

0.00 0.01 16 0.7% 16 0.7%

0.01 0.02 22 1.0% 38 1.7%

0.02 0.03 89 3.9% 127 5.5%

0.03 0.04 335 14.6% 462 20.1%

0.04 0.05 460 20.0% 922 40.1%

0.05 0.06 467 20.3% 1389 60.4%

0.06 0.07 355 15.4% 1744 75.9%

Salton Sea 0.07 0.08 228 9.9% 1972 85.8%

0.08 0.09 138 6.0% 2110 91.8%

0.09 0.10 98 4.3% 2208 96.0%

0.10 0.11 47 2.0% 2255 98.1%

0.11 0.12 18 0.8% 2273 98.9%

0.12 0.13 15 0.7% 2288 99.5%

0.13 0.14 7 0.3% 2295 99.8%

0.14 0.15 3 0.1% 2298 100.0%

0.16 0.17 1 0.0% 2299 100.0%
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Table 7.7 (continued)

Basin / Lower Limit [ Upper Limit |Frequency | Frequency Cumulative | Cumulative

Planning | Conc (ppm) | Conc (ppm) (Count) (%) Frequency Frequency
Area (%)

0.00 0.01 4 0.1% 4 0.1%

0.01 0.02 54 1.5% 58 1.6%

0.02 0.03 221 6.0% 279 7.6%

0.03 0.04 767 20.9% 1046 28.5%

0.04 0.05 1161 31.6% 2207 60.1%

0.05 0.06 739 20.1% 2946 80.2%

) 0.06 0.07 385 10.5% 3331 90.7%

San Diego 0.07 0.08 196 5.3% 3527 96.1%

0.08 0.09 79 2.2% 3606 98.2%

0.09 0.10 40 1.1% 3646 99.3%

0.10 0.11 16 0.4% 3662 99.7%

0.11 0.12 6 0.2% 3668 99.9%

0.12 0.13 1 0.0% 3669 99.9%

0.13 0.14 2 0.1% 3671 100.0%

0.14 0.15 1 0.0% 3672 100.0%

0.00 0.01 90 1.2% 90 1.2%

0.01 0.02 522 7.2% 612 8.5%

0.02 0.03 1829 25.3% 2441 33.8%

0.03 0.04 2327 32.2% 4768 66.1%

0.04 0.05 1398 19.4% 6166 85.4%

San 0.05 0.06 517 7.2% 6683 92.6%

Francisco 0.06 0.07 231 3.2% 6914 95.8%

Bay Area 0.07 0.08 154 2.1% 7068 97.9%

0.08 0.09 85 1.2% 7153 99.1%

0.09 0.10 38 0.5% 7191 99.6%

0.10 0.11 15 0.2% 7206 99.8%

0.11 0.12 9 0.1% 7215 100.0%

0.12 0.13 2 0.0% 7217 100.0%

0.13 0.14 1 0.0% 7218 100.0%

0.00 0.01 35 0.4% 35 0.4%

0.01 0.02 219 2.6% 254 3.0%

0.02 0.03 557 6.5% 811 9.5%

0.03 0.04 1189 14.0% 2000 23.5%

0.04 0.05 1243 14.6% 3243 38.1%

0.05 0.06 1080 12.7% 4323 50.8%

San 0.06 0.07 1108 13.0% 5431 63.8%

Joaquin 0.07 0.08 1035 12.2% 6466 76.0%

Valley 0.08 0.09 861 10.1% 7327 86.1%

0.09 0.10 610 7.2% 7937 93.3%

0.10 0.11 337 4.0% 8274 97.3%

0.11 0.12 146 1.7% 8420 99.0%

0.12 0.13 56 0.7% 8476 99.6%

0.13 0.14 26 0.3% 8502 100.0%

0.14 0.15 4 0.0% 8506 100.0%
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Table 7.7 (continued)

Basin / Lower Limit [ Upper Limit |Frequency | Frequency Cumulative [Cumulative

Planning | Conc (ppm) | Conc (ppm) (Count) (%) Frequency | Frequency
Area (%)

0.00 0.01 14 0.2% 14 0.2%

0.01 0.02 47 0.5% 61 0.7%

0.02 0.03 527 5.8% 588 6.5%

0.03 0.04 2442 26.9% 3030 33.4%

0.04 0.05 2914 32.1% 5944 65.5%

South 0.05 0.06 1585 17.5% 7529 83.0%

Central 0.06 0.07 789 8.7% 8318 91.7%

Coast 0.07 0.08 429 4.7% 8747 96.4%

0.08 0.09 190 2.1% 8937 98.5%

0.09 0.10 83 0.9% 9020 99.4%

0.10 0.11 31 0.3% 9051 99.8%

0.11 0.12 16 0.2% 9067 100.0%

0.12 0.13 4 0.0% 9071 100.0%

0.00 0.01 197 2.0% 197 2.0%

0.01 0.02 543 5.5% 740 7.5%

0.02 0.03 1130 11.4% 1870 18.9%

0.03 0.04 1825 18.5% 3695 37.4%

0.04 0.05 1779 18.0% 5474 55.5%

0.05 0.06 1298 13.2% 6772 68.6%

0.06 0.07 957 9.7% 7729 78.3%

0.07 0.08 659 6.7% 8388 85.0%

South 0.08 0.09 518 5.2% 8906 90.2%

Coast 0.09 0.10 371 3.8% 9277 94.0%

0.10 0.11 212 2.1% 9489 96.1%

0.11 0.12 149 1.5% 9638 97.6%

0.12 0.13 98 1.0% 9736 98.6%

0.13 0.14 63 0.6% 9799 99.3%

0.14 0.15 32 0.3% 9831 99.6%

0.15 0.16 25 0.3% 9856 99.9%

0.16 0.17 8 0.1% 9864 99.9%

0.17 0.18 2 0.0% 9866 100.0%

0.18 0.19 4 0.0% 9870 100.0%
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Table 7.7 (continued)

Basin / Lower Limit | Upper Limit |Frequen |Frequency (%)| Cumulative | Cumulative

Planning | Conc (ppm) | Conc (ppm) cy Frequency Frequency
Area (Count) (%)

0.00 0.01 54 1.6% 54 1.6%

0.01 0.02 179 5.2% 233 6.8%

0.02 0.03 365 10.6% 598 17.4%

Upper 0.03 0.04 597 17.3% 1195 34.7%

Sacra- 0.04 0.05 689 20.0% 1884 54.7%

mento 0.05 0.06 610 17.7% 2494 72.4%

Valley 0.06 0.07 478 13.9% 2972 86.3%

0.07 0.08 304 8.8% 3276 95.1%

0.08 0.09 135 3.9% 3411 99.0%

0.09 0.10 29 0.8% 3440 99.9%

0.10 0.11 4 0.1% 3444 100.0%

0.00 0.01 480 0.8% 480 0.8%

0.01 0.02 1892 3.1% 2372 3.9%

0.02 0.03 6375 10.4% 8747 14.2%

0.03 0.04| 13773 22.4% 22520 36.6%

0.04 0.05 13501 21.9% 36021 58.5%

0.05 0.06 8926 14.5% 44947 73.0%

0.06 0.07 6243 10.1% 51190 83.2%

0.07 0.08 4345 7.1% 55535 90.2%

o 0.08 0.09 2772 4.5% 58307 94.7%

California 0.09 0.10[ 1612 2.6% 59919 97.4%

0.10 0.11 845 1.4% 60764 98.7%

0.11 0.12 408 0.7% 61172 99.4%

0.12 0.13 192 0.3% 61364 99.7%

0.13 0.14 102 0.2% 61466 99.9%

0.14 0.15 44 0.1% 61510 99.9%

0.15 0.16 25 0.0% 61535 100.0%

0.16 0.17 9 0.0% 61544 100.0%

0.17 0.18 2 0.0% 61546 100.0%

0.18 0.19 4 0.0% 61550 100.0%
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Table 7-8 Frequency of 1-Hour Ozone Concentrations Measured During

2002
Air Basin / | Lower Limit | Upper Limit | Frequency | Frequency Cumulative |Cumulative
Planning | Conc (ppm)| Conc (ppm) (Count) (%) Frequency |Frequency
Area (%)
0.02 0.03 7 1.4% 7 1.4%
0.03 0.04 59 12.0% 66 13.4%
_ 0.04 0.05 154 31.3% 220 44.7%
Great Basin 0.05 0.06 101 20.5% 321 65.2%
Valleys 0.06 0.07 90 18.3% 411 83.5%
0.07 0.08 43 8.7% 454 92.3%
0.08 0.09 21 4.3% 475 96.5%
0.09 0.10 17 3.5% 492 100.0%
0.01 0.02 8 2.2% 8 2.2%
0.02 0.03 45 12.5% 53 14.7%
0.03 0.04 133 36.8% 186 51.5%
Lake County 0.04 0.05 79 21.9% 265 73.4%
0.05 0.06 53 14.7% 318 88.1%
0.06 0.07 33 9.1% 351 97.2%
0.07 0.08 9 2.5% 360 99.7%
0.08 0.09 1 0.3% 361 100.0%
0.02 0.03 8 1.1% 8 1.1%
0.03 0.04 72 10.0% 80 11.1%
0.04 0.05 245 34.0% 325 45.1%
Lake Tahoe 0.05 0.06 219 30.4% 544 75.5%
0.06 0.07 111 15.4% 655 90.8%
0.07 0.08 50 6.9% 705 97.8%
0.08 0.09 15 2.1% 720 99.9%
0.10 0.11 1 0.1% 721 100.0%
0.00 0.01 2 0.1% 2 0.1%
0.01 0.02 12 0.4% 14 0.4%
0.02 0.03 84 2.6% 98 3.0%
0.03 0.04 396 12.1% 494 15.2%
0.04 0.05 774 23.7% 1268 38.9%
0.05 0.06 533 16.3% 1801 55.2%
) 0.06 0.07 438 13.4% 2239 68.7%
Mojave 0.07 0.08 405 12.4% 2644 81.1%
Desert 0.08 0.09 294 9.0% 2938 90.1%
0.09 0.10 162 5.0% 3100 95.1%
0.10 0.11 86 2.6% 3186 97.7%
0.11 0.12 39 1.2% 3225 98.9%
0.12 0.13 26 0.8% 3251 99.7%
0.13 0.14 5 0.2% 3256 99.9%
0.14 0.15 3 0.1% 3259 100.0%
0.15 0.16 1 0.0% 3260 100.0%

7-36




Table 7.8 (continued)

Air Basin / | Lower Limit | Upper Limit | Frequency | Frequency Cumulative [Cumulative

Planning Conc (ppm) | Conc (ppm) [ (Count) (%) Frequency | Frequency
Area (%)

0.00 0.01 7 0.2% 7 0.2%

0.01 0.02 38 1.2% 45 1.4%

0.02 0.03 136 4.3% 181 5.8%

0.03 0.04 392 12.5% 573 18.2%

0.04 0.05 596 19.0% 1169 37.2%

_ 0.05 0.06 524 16.7% 1693 53.9%

Mountain 0.06 0.07 491 15.6% 2184 69.5%

Counties 0.07 0.08 504 16.0% 2688 85.5%

0.08 0.09 290 9.2% 2978 94.8%

0.09 0.10 120 3.8% 3098 98.6%

0.10 0.11 35 1.1% 3133 99.7%

0.11 0.12 7 0.2% 3140 99.9%

0.12 0.13 1 0.0% 3141 99.9%

0.13 0.14 2 0.1% 3143 100.0%

0.00 0.01 4 0.1% 4 0.1%

0.01 0.02 48 1.3% 52 1.4%

0.02 0.03 412 11.3% 464 12.7%

0.03 0.04 1377 37.8% 1841 50.5%

North 0.04 0.05 1181 32.4% 3022 83.0%

Central 0.05 0.06 349 9.6% 3371 92.5%

Coast 0.06 0.07 160 4.4% 3531 96.9%

0.07 0.08 68 1.9% 3599 98.8%

0.08 0.09 29 0.8% 3628 99.6%

0.09 0.10 11 0.3% 3639 99.9%

0.10 0.11 3 0.1% 3642 100.0%

0.11 0.12 1 0.0% 3643 100.0%

0.00 0.01 15 1.4% 15 1.4%

0.01 0.02 46 4.2% 61 5.6%

0.02 0.03 203 18.5% 264 24.1%

0.03 0.04 444 40.5% 708 64.7%

North 0.04 0.05 245 22.4% 953 87.0%

Coast 0.05 0.06 95 8.7% 1048 95.7%

0.06 0.07 35 3.2% 1083 98.9%

0.07 0.08 7 0.6% 1090 99.5%

0.08 0.09 2 0.2% 1092 99.7%

0.09 0.10 3 0.3% 1095 100.0%
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Table 7.8 (continued)

Air Basin / | Lower Limit [ Upper Limit |Frequency | Frequency Cumulative [Cumulative

Planning | Conc (ppm) | Conc (ppm) (Count) (%) Frequency | Frequency
Area (%)

0.00 0.01 6 1.7% 6 1.7%

0.01 0.02 25 7.2% 31 8.9%

0.02 0.03 56 16.1% 87 25.0%

Northeast 0.03 0.04 70 20.1% 157 45.1%

Plateau 0.04 0.05 73 21.0% 230 66.1%

0.05 0.06 64 18.4% 294 84.5%

0.06 0.07 40 11.5% 334 96.0%

0.07 0.08 13 3.7% 347 99.7%

0.08 0.09 1 0.3% 348 100.0%

0.00 0.01 53 1.0% 53 1.0%

0.01 0.02 152 2.9% 205 3.9%

0.02 0.03 403 7.8% 608 11.7%

0.03 0.04 931 17.9% 1539 29.6%

0.04 0.05 1004 19.3% 2543 49.0%

0.05 0.06 833 16.0% 3376 65.0%

Sacra- 0.06 0.07 645 12.4% 4021 77.4%

mento 0.07 0.08 488 9.4% 4509 86.8%

Metro Area 0.08 0.09 341 6.6% 4850 93.4%

0.09 0.10 163 3.1% 5013 96.6%

0.10 0.11 104 2.0% 5117 98.6%

0.11 0.12 46 0.9% 5163 99.4%

0.12 0.13 15 0.3% 5178 99.7%

0.13 0.14 9 0.2% 5187 99.9%

0.14 0.15 4 0.1% 5191 100.0%

0.15 0.16 1 0.0% 5192 100.0%

0.01 0.02 15 0.5% 15 0.5%

0.02 0.03 130 4.5% 145 5.0%

0.03 0.04 420 14.6% 565 19.7%

0.04 0.05 634 22.1% 1199 41.7%

0.05 0.06 573 20.0% 1772 61.7%

0.06 0.07 464 16.2% 2236 77.9%

Salton Sea 0.07 0.08 296 10.3% 2532 88.2%

0.08 0.09 178 6.2% 2710 94.4%

0.09 0.10 80 2.8% 2790 97.1%

0.10 0.11 47 1.6% 2837 98.8%

0.11 0.12 23 0.8% 2860 99.6%

0.12 0.13 7 0.2% 2867 99.8%

0.13 0.14 4 0.1% 2871 100.0%

0.15 0.16 1 0.0% 2872 100.0%
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Table 7.8 (continued)

Air Basin / | Lower Limit [ Upper Limit |Frequency | Frequency Cumulative [Cumulative
Planning | Conc (ppm) | Conc (ppm) (Count) (%) Frequency | Frequency
Area (%)
0.00 0.01 2 0.1% 2 0.1%
0.01 0.02 24 0.7% 26 0.8%
0.02 0.03 159 4.9% 185 5.7%
0.03 0.04 557 17.0% 742 22.7%
0.04 0.05 1108 33.9% 1850 56.5%
_ 0.05 0.06 813 24.8% 2663 81.4%
San Diego [0.06 0.07 361 11.0% 3024 92.4%
0.07 0.08 145 4.4% 3169 96.8%
0.08 0.09 64 2.0% 3233 98.8%
0.09 0.10 29 0.9% 3262 99.7%
0.10 0.11 5 0.2% 3267 99.8%
0.11 0.12 5 0.2% 3272 100.0%
0.12 0.13 1 0.0% 3273 100.0%
0.00 0.01 128 1.7% 128 1.7%
0.01 0.02 447 5.9% 575 7.6%
0.02 0.03 1323 17.6% 1898 25.2%
0.03 0.04 2518 33.5% 4416 58.7%
0.04 0.05 1832 24.4% 6248 83.1%
0.05 0.06 651 8.7% 6899 91.7%
Sar_w 0.06 0.07 301 4.0% 7200 95.7%
Francisco (g 07 0.08 156 2.1% 7356 97.8%
Bay Area g og 0.09 100 1.3% 7456 99.1%
0.09 0.10 36 0.5% 7492 99.6%
0.10 0.11 15 0.2% 7507 99.8%
0.11 0.12 10 0.1% 7517 99.9%
0.12 0.13 2 0.0% 7519 100.0%
0.13 0.14 1 0.0% 7520 100.0%
0.15 0.16 1 0.0% 7521 100.0%
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Table 7.8 (continued)

Air Basin / | Lower Limit | Upper Limit |Frequency | Frequency Cumulative [Cumulative

Planning | Conc (ppm) | Conc (ppm) (Count) (%) Frequency | Frequency
Area (%)

0.00 0.01 83 1.0% 83 1.0%

0.01 0.02 274 3.2% 357 4.1%

0.02 0.03 570 6.6% 927 10.7%

0.03 0.04 1096 12.7% 2023 23.4%

0.04 0.05 1448 16.8% 3471 40.2%

0.05 0.06 1074 12.4% 4545 52.6%

0.06 0.07 907 10.5% 5452 63.1%

San 0.07 0.08 1002 11.6% 6454 74.7%

Joaquin 0.08 0.09 848 9.8% 7302 84.5%

Valley 0.09 0.10 656 7.6% 7958]  92.1%

0.10 0.11 359 4.2% 8317 96.2%

0.11 0.12 180 2.1% 8497 98.3%

0.12 0.13 95 1.1% 8592 99.4%

0.13 0.14 31 0.4% 8623 99.8%

0.14 0.15 13 0.2% 8636 99.9%

0.15 0.16 5 0.1% 8641 100.0%

0.16 0.17 1 0.0% 8642 100.0%

0.00 0.01 8 0.1% 8 0.1%

0.01 0.02 53 0.6% 61 0.7%

0.02 0.03 392 4.3% 453 4.9%

0.03 0.04 1977 21.4% 2430 26.4%

0.04 0.05 3308 35.9% 5738 62.3%

South 0.05 0.06 2023 21.9% 7761 84.2%

Central 0.06 0.07 845 9.2% 8606 93.4%

Coast 0.07 0.08 374 4.1% 8980 97.4%

0.08 0.09 154 1.7% 9134 99.1%

0.09 0.10 52 0.6% 9186 99.7%

0.10 0.11 22 0.2% 9208 99.9%

0.11 0.12 6 0.1% 9214 100.0%

0.12 0.13 2 0.0% 9216 100.0%

0.13 0.14 1 0.0% 9217 100.0%
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Table 7.8 (continued)

Air Basin / | Lower Limit [ Upper Limit |Frequency | Frequency Cumulative [Cumulative

Planning | Conc (ppm) | Conc (ppm) (Count) (%) Frequency | Frequency
Area (%)

0.00 0.01 79 0.8% 79 0.8%

0.01 0.02 381 3.9% 460 4.7%

0.02 0.03 854 8.8% 1314 13.5%

0.03 0.04 1633 16.8% 2947 30.3%

0.04 0.05 2215 22.7% 5162 53.0%

0.05 0.06 1470 15.1% 6632 68.1%

0.06 0.07 950 9.8% 7582 77.9%

South 0.07 0.08 722 7.4% 8304 85.3%

Coast 0.08 0.09 494 5.1% 8798 90.3%

0.09 0.10 336 3.5% 9134 93.8%

0.10 0.11 226 2.3% 9360 96.1%

0.11 0.12 164 1.7% 9524 97.8%

0.12 0.13 104 1.1% 9628 98.9%

0.13 0.14 71 0.7% 9699 99.6%

0.14 0.15 21 0.2% 9720 99.8%

0.15 0.16 15 0.2% 9735 100.0%

0.16 0.17 4 0.0% 9739 100.0%

0.00 0.01 69 1.9% 69 1.9%

0.01 0.02 184 5.1% 253 7.0%

0.02 0.03 284 7.8% 537 14.8%

0.03 0.04 629 17.3% 1166 32.1%

Upper 0.04 0.05 846 23.3% 2012 55.5%

Sacra- 0.05 0.06 605 16.7% 2617 72.2%

mento 0.06 0.07 475 13.1% 3092 85.2%

Valley 0.07 0.08 324 8.9% 3416]  94.2%

0.08 0.09 143 3.9% 3559 98.1%

0.09 0.10 43 1.2% 3602 99.3%

0.10 0.11 21 0.6% 3623 99.9%

0.11 0.12 4 0.1% 3627 100.0%
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Table 7.8 (continued)

Air Basin / | Lower Limit [ Upper Limit |Frequency | Frequency Cumulative [Cumulative

Planning | Conc (ppm) | Conc (ppm) (Count) (%) Frequency | Frequency
Area (%)

0.00 0.01 456 0.7% 456 0.7%

0.01 0.02 1707 2.7% 2163 3.4%

0.02 0.03 5066 8.0% 7229 11.4%

0.03 0.04 12704 20.1% 19933 31.6%

0.04 0.05 15742 24.9% 35675 56.5%

0.05 0.06 9980 15.8% 45655 72.3%

0.06 0.07 6346 10.0% 52001 82.4%

- 0.07 0.08 4606 7.3% 56607 89.6%

California 0.08 0.09 2975 4.7% 59582 94.4%

0.09 0.10 1708 2.7% 61290 97.1%

0.10 0.11 924 1.5% 62214 98.5%

0.11 0.12 485 0.8% 62699 99.3%

0.12 0.13 253 0.4% 62952 99.7%

0.13 0.14 124 0.2% 63076 99.9%

0.14 0.15 41 0.1% 63117 100.0%

0.15 0.16 24 0.0% 63141 100.0%

0.16 0.17 5 0.0% 63146 100.0%
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Table 7-9 Frequency of 1-Hour Ozone Concentrations Measured During

2003
Air Basin / | Lower Limit | Upper Limit Frequency |Frequency| Cumulative |Cumulative
Planning | Conc (ppm) | Conc (ppm) (Count) (%) Frequency |Frequency
Area (%)
Great 0.02 0.03 3 0.8% 3 0.8%
Basin 0.03 0.04 64 17.7% 67 18.6%
Valleys 0.04 0.05 76 21.1% 143 39.6%
0.05 0.06 103 28.5% 246 68.1%
0.06 0.07 61 16.9% 307 85.0%
0.07 0.08 42 11.6% 349 96.7%
0.08 0.09 12 3.3% 361 100.0%
Lake 0.00 0.01 1 0.3% 1 0.3%
County 0.01 0.02 14 3.8% 15 4.1%
0.02 0.03 53 14.6% 68 18.7%
0.03 0.04 129 35.4% 197 54.1%
0.04 0.05 109 29.9% 306 84.1%
0.05 0.06 43 11.8% 349 95.9%
0.06 0.07 14 3.8% 363 99.7%
0.07 0.08 1 0.3% 364 100.0%
Lake 0.02 0.03 8 0.6% 8 0.6%
Tahoe 0.03 0.04 93 7.2% 101 7.8%
0.04 0.05 406 31.5% 507 39.4%
0.05 0.06 415 32.2% 922 71.6%
0.06 0.07 253 19.7% 1175 91.3%
0.07 0.08 77 6.0% 1252 97.3%
0.08 0.09 25 1.9% 1277 99.2%
0.09 0.10 9 0.7% 1286 99.9%
0.11 0.12 1 0.1% 1287 100.0%
Mojave 0.00 0.01 1 0.0% 1 0.0%
Desert 0.01 0.02 18 0.5% 19 0.5%
0.02 0.03 138 4.0% 157 4.5%
0.03 0.04 525 15.1% 682 19.6%
0.04 0.05 820 23.6% 1502 43.2%
0.05 0.06 562 16.2% 2064 59.4%
0.06 0.07 446 12.8% 2510 72.3%
0.07 0.08 378 10.9% 2888 83.1%
0.08 0.09 264 7.6% 3152 90.7%
0.09 0.10 173 5.0% 3325 95.7%
0.10 0.11 90 2.6% 3415 98.3%
0.11 0.12 32 0.9% 3447 99.2%
0.12 0.13 17 0.5% 3464 99.7%
0.13 0.14 7 0.2% 3471 99.9%
0.14 0.15 1 0.0% 3472 99.9%
0.15 0.16 1 0.0% 3473 100.0%
0.16 0.17 1 0.0% 3474 100.0%
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Table 7.9 (continued)

Air Basin / | Lower Limit [ Upper Limit |Frequency | Frequency Cumulative [Cumulative

Planning | Conc (ppm) | Conc (ppm) (Count) (%) Frequency | Frequency
Area (%)

Mountain 0.00 0.01 20 0.7% 20 0.7%

Counties 0.01 0.02 78 2.7% 98 3.4%

0.02 0.03 188 6.5% 286 10.0%

0.03 0.04 337 11.7% 623 21.7%

0.04 0.05 670 23.3% 1293 45.0%

0.05 0.06 470 16.4% 1763 61.4%

0.06 0.07 393 13.7% 2156 75.0%

0.07 0.08 365 12.7% 2521 87.7%

0.08 0.09 209 7.3% 2730 95.0%

0.09 0.10 89 3.1% 2819 98.1%

0.10 0.11 38 1.3% 2857 99.4%

0.11 0.12 14 0.5% 2871 99.9%

0.12 0.13 1 0.0% 2872 100.0%

0.13 0.14 1 0.0% 2873 100.0%

North 0.00 0.01 2 0.1% 2 0.1%

Central 0.01 0.02 53 1.5% 55 1.5%

Coast 0.02 0.03 428 11.8% 483 13.3%

0.03 0.04 1309 36.0% 1792 49.2%

0.04 0.05 1162 31.9% 2954 81.2%

0.05 0.06 397 10.9% 3351 92.1%

0.06 0.07 166 4.6% 3517 96.6%

0.07 0.08 82 2.3% 3599 98.9%

0.08 0.09 32 0.9% 3631 99.8%

0.09 0.10 6 0.2% 3637 99.9%

0.10 0.11 1 0.0% 3638 100.0%

0.11 0.12 1 0.0% 3639 100.0%

North 0.00 0.01 72 6.6% 72 6.6%

Coast 0.01 0.02 85 7.8% 157 14.4%

0.02 0.03 207 18.9% 364 33.3%

0.03 0.04 351 32.1% 715 65.4%

0.04 0.05 265 24.2% 980 89.6%

0.05 0.06 75 6.9% 1055 96.4%

0.06 0.07 34 3.1% 1089 99.5%

0.07 0.08 3 0.3% 1092 99.8%

0.08 0.09 2 0.2% 1094 100.0%
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Table 7.9 (continued)

Air Basin / | Lower Limit [ Upper Limit |Frequency | Frequency Cumulative | Cumulative

Planning | Conc (ppm) | Conc (ppm) (Count) (%) Frequency Frequency
Area (%)

Northeast 0.00 0.01 2 0.8% 2 0.8%

Plateau 0.01 0.02 9 3.4% 11 4.2%

0.02 0.03 21 8.0% 32 12.2%

0.03 0.04 38 14.5% 70 26.7%

0.04 0.05 66 25.2% 136 51.9%

0.05 0.06 67 25.6% 203 77.5%

0.06 0.07 45 17.2% 248 94.7%

0.07 0.08 12 4.6% 260 99.2%

0.08 0.09 2 0.8% 262 100.0%

Sacra- 0.00 0.01 91 2.1% 91 2.1%

mento 0.01 0.02 222 5.1% 313 7.3%

Metro Area 0.02 0.03 383 8.9% 696 16.1%

0.03 0.04 727 16.8% 1423 33.0%

0.04 0.05 802 18.6% 2225 51.6%

0.05 0.06 632 14.6% 2857 66.2%

0.06 0.07 557 12.9% 3414 79.1%

0.07 0.08 391 9.1% 3805 88.2%

0.08 0.09 248 5.7% 4053 93.9%

0.09 0.10 154 3.6% 4207 97.5%

0.10 0.11 56 1.3% 4263 98.8%

0.11 0.12 30 0.7% 4293 99.5%

0.12 0.13 10 0.2% 4303 99.7%

0.13 0.14 11 0.3% 4314 100.0%

0.14 0.15 1 0.0% 4315 100.0%

Salton Sea 0.00 0.01 7 0.2% 7 0.2%

0.01 0.02 70 2.5% 77 2.7%

0.02 0.03 261 9.3% 338 12.0%

0.03 0.04 460 16.4% 798 28.4%

0.04 0.05 667 23.8% 1465 52.2%

0.05 0.06 530 18.9% 1995 71.1%

0.06 0.07 353 12.6% 2348 83.7%

0.07 0.08 203 7.2% 2551 90.9%

0.08 0.09 116 4.1% 2667 95.0%

0.09 0.10 64 2.3% 2731 97.3%

0.10 0.11 36 1.3% 2767 98.6%

0.11 0.12 27 1.0% 2794 99.6%

0.12 0.13 9 0.3% 2803 99.9%

0.13 0.14 1 0.0% 2804 99.9%

0.14 0.15 2 0.1% 2806 100.0%
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Table 7.9 (continued)

Air Basin / | Lower Limit [ Upper Limit |Frequency | Frequency Cumulative | Cumulative
Planning | Conc (ppm) | Conc (ppm) (Count) (%) Frequency Frequency
Area (%)
San Diego |0.00 0.01 10 0.3% 10 0.3%
0.01 0.02 66 2.0% 76 2.3%
0.02 0.03 276 8.5% 352 10.9%
0.03 0.04 733 22.6% 1085 33.5%
0.04 0.05 977 30.1% 2062 63.6%
0.05 0.06 575 17.7% 2637 81.4%
0.06 0.07 325 10.0% 2962 91.4%
0.07 0.08 164 5.1% 3126 96.5%
0.08 0.09 65 2.0% 3191 98.5%
0.09 0.10 39 1.2% 3230 99.7%
0.10 0.11 9 0.3% 3239 99.9%
0.11 0.12 1 0.0% 3240 100.0%
0.12 0.13 1 0.0% 3241 100.0%
San 0.00 0.01 157 2.3% 157 2.3%
Francisco [0.01 0.02 399 5.8% 556 8.0%
Bay Area |0.02 0.03 1194 17.2% 1750 25.3%
0.03 0.04 2047 29.5% 3797 54.8%
0.04 0.05 1748 25.2% 5545 80.0%
0.05 0.06 715 10.3% 6260 90.3%
0.06 0.07 331 4.8% 6591 95.1%
0.07 0.08 166 2.4% 6757 97.5%
0.08 0.09 88 1.3% 6845 98.8%
0.09 0.10 51 0.7% 6896 99.5%
0.10 0.11 22 0.3% 6918 99.8%
0.11 0.12 8 0.1% 6926 100.0%
0.12 0.13 3 0.0% 6929 100.0%
San 0.00 0.01 154 1.8% 154 1.8%
Joaquin (0.01 0.02 384 4.6% 538 6.4%
Valley  |0.02 0.03 558 6.6% 1096 13.0%
0.03 0.04 1116 13.3% 2212 26.3%
0.04 0.05 1197 14.2% 3409 40.6%
0.05 0.06 1105 13.1% 4514 53.7%
0.06 0.07 855 10.2% 5369 63.9%
0.07 0.08 906 10.8% 6275 74.7%
0.08 0.09 833 9.9% 7108 84.6%
0.09 0.10 662 7.9% 7770 92.5%
0.10 0.11 362 4.3% 8132 96.8%
0.11 0.12 168 2.0% 8300 98.8%
0.12 0.13 77 0.9% 8377 99.7%
0.13 0.14 20 0.2% 8397 99.9%
0.14 0.15 4 0.0% 8401 100.0%
0.15 0.16 3 0.0% 8404 100.0%
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Table 7.9 (continued)

Air Basin / | Lower Limit [ Upper Limit | Frequency | Frequency | Cumulative |Cumulative

Planning | Conc (ppm) | Conc (ppm) (Count) (%) Frequency | Frequency
Area (%)

South 0.00 0.01 3 0.0% 3 0.0%

Central 0.01 0.02 46 0.5% 49 0.5%

Coast 0.02 0.03 547 6.1% 596 6.7%

0.03 0.04 2265 25.3% 2861 31.9%

0.04 0.05 3032 33.9% 5893 65.8%

0.05 0.06 1578 17.6% 7471 83.4%

0.06 0.07 691 7.7% 8162 91.1%

0.07 0.08 423 4.7% 8585 95.9%

0.08 0.09 214 2.4% 8799 98.3%

0.09 0.10 107 1.2% 8906 99.5%

0.10 0.11 37 0.4% 8943 99.9%

0.11 0.12 10 0.1% 8953 100.0%

0.12 0.13 2 0.0% 8955 100.0%

South 0.00 0.01 59 0.7% 59 0.7%

Coast 0.01 0.02 238 2.8% 297 3.5%

0.02 0.03 592 6.9% 889 10.4%

0.03 0.04 1283 14.9% 2172 25.3%

0.04 0.05 1781 20.7% 3953 46.0%

0.05 0.06 1319 15.4% 5272 61.4%

0.06 0.07 876 10.2% 6148 71.6%

0.07 0.08 676 7.9% 6824 79.5%

0.08 0.09 520 6.1% 7344 85.5%

0.09 0.10 369 4.3% 7713 89.8%

0.10 0.11 291 3.4% 8004 93.2%

0.11 0.12 209 2.4% 8213 95.7%

0.12 0.13 139 1.6% 8352 97.3%

0.13 0.14 106 1.2% 8458 98.5%

0.14 0.15 57 0.7% 8515 99.2%

0.15 0.16 43 0.5% 8558 99.7%

0.16 0.17 19 0.2% 8577 99.9%

0.17 0.18 6 0.1% 8583 100.0%

0.18 0.19 1 0.0% 8584 100.0%

0.19 0.20 1 0.0% 8585 100.0%
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Table 7.9 (continued)

Air Basin / | Lower Limit [ Upper Limit |Frequency | Frequency Cumulative [Cumulative

Planning | Conc (ppm) | Conc (ppm) (Count) (%) Frequency | Frequency
Area (%)

Upper 0.00 0.01 79 2.2% 79 2.2%

Sacra- 0.01 0.02 161 4.5% 240 6.8%

mento 0.02 0.03 359 10.1% 599 16.9%

Valley 0.03 0.04 698 19.7% 1297 36.5%

0.04 0.05 780 22.0% 2077 58.5%

0.05 0.06 582 16.4% 2659 74.9%

0.06 0.07 453 12.8% 3112 87.7%

0.07 0.08 253 7.1% 3365 94.8%

0.08 0.09 135 3.8% 3500 98.6%

0.09 0.10 36 1.0% 3536 99.6%

0.10 0.11 10 0.3% 3546 99.9%

0.11 0.12 3 0.1% 3549 100.0%

California 0.00 0.01 658 1.1% 658 1.1%

0.01 0.02 1843 3.1% 2501 4.2%

0.02 0.03 5216 8.7% 7717 12.8%

0.03 0.04 12175 20.2% 19892 33.1%

0.04 0.05 14558 24.2% 34450 57.3%

0.05 0.06 9168 15.2% 43618 72.5%

0.06 0.07 5853 9.7% 49471 82.3%

0.07 0.08 4142 6.9% 53613 89.1%

0.08 0.09 2765 4.6% 56378 93.7%

0.09 0.10 1759 2.9% 58137 96.7%

0.10 0.11 952 1.6% 59089 98.3%

0.11 0.12 504 0.8% 59593 99.1%

0.12 0.13 259 0.4% 59852 99.5%

0.13 0.14 146 0.2% 59998 99.8%

0.14 0.15 65 0.1% 60063 99.9%

0.15 0.16 47 0.1% 60110 100.0%

0.16 0.17 20 0.0% 60130 100.0%

0.17 0.18 6 0.0% 60136 100.0%

0.18 0.19 1 0.0% 60137 100.0%

0.19 0.20 1 0.0% 60138 100.0%
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Table 7-10 Frequency of 8Hour Ozone Concentrations Measured During

2001
Air Basin / | Lower Limit | Upper Limit [Frequency| Frequency Cumulative |Cumulative
Planning | Conc (ppm) | Conc (ppm) (Count) (%) Frequency |Frequency
Area (%)
Great
Basin
Valleys
Representative data not available

Lake 0.01 0.02 12 3.3% 12 3.3%

County 0.02 0.03 60 16.4% 72 19.7%

0.03 0.04 145 39.7% 217 59.5%

0.04 0.05 103 28.2% 320 87.7%

0.05 0.06 42 11.5% 362 99.2%

0.06 0.07 3 0.8% 365 100.0%

Lake 0.01 0.02 4 0.6% 4 0.6%

Tahoe 0.02 0.03 18 2.5% 22 3.1%

0.03 0.04 115 16.3% 137 19.4%

0.04 0.05 255 36.1% 392 55.5%

0.05 0.06 197 27.9% 589 83.4%

0.06 0.07 93 13.2% 682 96.6%

0.07 0.08 23 3.3% 705 99.9%

0.08 0.09 1 0.1% 706 100.0%

Mojave 0.00 0.01 12 0.4% 12 0.4%

Desert 0.01 0.02 69 2.1% 81 2.5%

0.02 0.03 261 8.1% 342 10.6%

0.03 0.04 717 22.3% 1059 32.9%

0.04 0.05 582 18.1% 1641 51.0%

0.05 0.06 606 18.8% 2247 69.8%

0.06 0.07 466 14.5% 2713 84.3%

0.07 0.08 303 9.4% 3016 93.7%

0.08 0.09 139 4.3% 3155 98.0%

0.09 0.10 50 1.6% 3205 99.5%

0.10 0.11 13 0.4% 3218 99.9%

0.11 0.12 2 0.1% 3220 100.0%
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Table 7.10 (continued)

Air Basin / | Lower Limit [ Upper Limit |Frequency | Frequency Cumulative [Cumulative
Planning | Conc (ppm) | Conc (ppm) (Count) (%) Frequency | Frequency
Area (%)
Mountain 0.00 0.01 8 0.3% 8 0.3%
Counties 0.01 0.02 82 2.7% 90 2.9%
0.02 0.03 311 10.2% 401 13.1%
0.03 0.04 506 16.5% 907 29.6%
0.04 0.05 701 22.9% 1608 52.5%
0.05 0.06 591 19.3% 2199 71.9%
0.06 0.07 488 15.9% 2687 87.8%
0.07 0.08 273 8.9% 2960 96.7%
0.08 0.09 79 2.6% 3039 99.3%
0.09 0.10 20 0.7% 3059 100.0%
0.10 0.11 1 0.0% 3060 100.0%
North 0.00 0.01 15 0.4% 15 0.4%
Central 0.01 0.02 173 4.8% 188 5.2%
Coast 0.02 0.03 1072 29.6% 1260 34.8%
0.03 0.04 1430 39.5% 2690 74.4%
0.04 0.05 645 17.8% 3335 92.2%
0.05 0.06 189 5.2% 3524 97.5%
0.06 0.07 64 1.8% 3588 99.2%
0.07 0.08 26 0.7% 3614 99.9%
0.08 0.09 2 0.1% 3616 100.0%
North 0.00 0.01 15 1.4% 15 1.4%
Coast 0.01 0.02 140 13.0% 155 14.4%
0.02 0.03 333 31.0% 488 45.4%
0.03 0.04 409 38.1% 897 83.5%
0.04 0.05 146 13.6% 1043 97.1%
0.05 0.06 25 2.3% 1068 99.4%
0.06 0.07 5 0.5% 1073 99.9%
0.07 0.08 1 0.1% 1074 100.0%
Northeast
Plateau

Representative data not available
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Table 7.10 (continued)

Air Basin / | Lower Limit [ Upper Limit |Frequency | Frequency Cumulative [Cumulative

Planning | Conc (ppm) | Conc (ppm) (Count) (%) Frequency | Frequency
Area (%)

Sacra- 0.00 0.01 107 2.0% 107 2.0%

mento 0.01 0.02 390 7.2% 497 9.2%

Metro Area 0.02 0.03 860 15.9% 1357 25.0%

0.03 0.04 1243 22.9% 2600 48.0%

0.04 0.05 1082 20.0% 3682 67.9%

0.05 0.06 778 14.4% 4460 82.3%

0.06 0.07 481 8.9% 4941 91.2%

0.07 0.08 262 4.8% 5203 96.0%

0.08 0.09 146 2.7% 5349 98.7%

0.09 0.10 57 1.1% 5406 99.7%

0.10 0.11 14 0.3% 5420 100.0%

Salton Sea 0.00 0.01 25 1.1% 25 1.1%

0.01 0.02 77 3.3% 102 4.4%

0.02 0.03 244 10.6% 346 15.0%

0.03 0.04 502 21.8% 848 36.8%

0.04 0.05 476 20.7% 1324 57.5%

0.05 0.06 463 20.1% 1787 77.6%

0.06 0.07 254 11.0% 2041 88.7%

0.07 0.08 138 6.0% 2179 94.7%

0.08 0.09 77 3.3% 2256 98.0%

0.09 0.10 32 1.4% 2288 99.4%

0.10 0.11 9 0.4% 2297 99.8%

0.11 0.12 5 0.2% 2302 100.0%

San Diego 0.00 0.01 36 1.0% 36 1.0%

0.01 0.02 170 4.6% 206 5.6%

0.02 0.03 515 14.0% 721 19.6%

0.03 0.04 1118 30.4% 1839 50.1%

0.04 0.05 988 26.9% 2827 77.0%

0.05 0.06 529 14.4% 3356 91.4%

0.06 0.07 216 5.9% 3572 97.3%

0.07 0.08 66 1.8% 3638 99.0%

0.08 0.09 27 0.7% 3665 99.8%

0.09 0.10 7 0.2% 3672 100.0%

0.11 0.12 1 0.0% 3673 100.0%

7-51




Table 7.10 (continued)

Air Basin / | Lower Limit [ Upper Limit |Frequency | Frequency Cumulative [Cumulative

Planning | Conc (ppm) | Conc (ppm) (Count) (%) Frequency | Frequency
Area (%)

San 0.00 0.01 272 3.8% 272 3.8%

Francisco 0.01 0.02 1218 16.9% 1490 20.6%

Bay Area 0.02 0.03 2385 33.0% 3875 53.6%

0.03 0.04 2014 27.9% 5889 81.5%

0.04 0.05 861 11.9% 6750 93.5%

0.05 0.06 285 3.9% 7035 97.4%

0.06 0.07 118 1.6% 7153 99.0%

0.07 0.08 49 0.7% 7202 99.7%

0.08 0.09 15 0.2% 7217 99.9%

0.09 0.10 5 0.1% 7222 100.0%

0.10 0.11 1 0.0% 7223 100.0%

San 0.00 0.01 124 1.5% 124 1.5%

Joaquin 0.01 0.02 510 6.0% 634 7.5%

Valley 0.02 0.03 974 11.5% 1608 18.9%

0.03 0.04 1276 15.0% 2884 33.9%

0.04 0.05 1282 15.1% 4166 49.0%

0.05 0.06 1141 13.4% 5307 62.4%

0.06 0.07 1069 12.6% 6376 75.0%

0.07 0.08 971 11.4% 7347 86.5%

0.08 0.09 678 8.0% 8025 94.4%

0.09 0.10 347 4.1% 8372 98.5%

0.10 0.11 110 1.3% 8482 99.8%

0.11 0.12 16 0.2% 8498 100.0%

South 0.00 0.01 34 0.4% 34 0.4%

Central 0.01 0.02 190 2.1% 224 2.5%

Coast 0.02 0.03 1207 13.3% 1431 15.8%

0.03 0.04 3139 34.6% 4570 50.4%

0.04 0.05 2540 28.0% 7110 78.5%

0.05 0.06 1156 12.8% 8266 91.2%

0.06 0.07 520 5.7% 8786 96.9%

0.07 0.08 188 2.1% 8974 99.0%

0.08 0.09 67 0.7% 9041 99.8%

0.09 0.10 16 0.2% 9057 99.9%

0.10 0.11 4 0.0% 9061 100.0%

0.11 0.12 2 0.0% 9063 100.0%
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Table 7.10 (continued)

Air Basin / | Lower Limit [ Upper Limit |Frequency | Frequency Cumulative [Cumulative

Planning | Conc (ppm) | Conc (ppm) (Count) (%) Frequency | Frequency
Area (%)

South 0.00 0.01 557 5.6% 557 5.6%

Coast 0.01 0.02 1064 10.8% 1621 16.4%

0.02 0.03 1659 16.8% 3280 33.2%

0.03 0.04 1958 19.8% 5238 53.0%

0.04 0.05 1719 17.4% 6957 70.4%

0.05 0.06 1136 11.5% 8093 81.9%

0.06 0.07 715 7.2% 8808 89.1%

0.07 0.08 437 4.4% 9245 93.6%

0.08 0.09 266 2.7% 9511 96.3%

0.09 0.10 173 1.8% 9684 98.0%

0.10 0.11 108 1.1% 9792 99.1%

0.11 0.12 46 0.5% 9838 99.6%

0.12 0.13 25 0.3% 9863 99.8%

0.13 0.14 15 0.2% 9878 100.0%

0.14 0.15 3 0.0% 9881 100.0%

Upper 0.00 0.01 118 3.4% 118 3.4%

Sacra- 0.01 0.02 309 9.0% 427 12.4%

mento 0.02 0.03 441 12.8% 868 25.2%

Valley 0.03 0.04 744 21.6% 1612 46.8%

0.04 0.05 701 20.3% 2313 67.1%

0.05 0.06 588 17.1% 2901 84.2%

0.06 0.07 362 10.5% 3263 94.7%

0.07 0.08 155 4.5% 3418 99.2%

0.08 0.09 29 0.8% 3447 100.0%

California 0.00 0.01 1323 2.1% 1323 2.1%

0.01 0.02 4408 7.2% 5731 9.3%

0.02 0.03 10340 16.8% 16071 26.1%

0.03 0.04 15316 24.9% 31387 51.0%

0.04 0.05 12081 19.6% 43468 70.6%

0.05 0.06 7726 12.6% 51194 83.2%

0.06 0.07 4854 7.9% 56048 91.1%

0.07 0.08 2892 4.7% 58940 95.8%

0.08 0.09 1526 2.5% 60466 98.2%

0.09 0.10 707 1.1% 61173 99.4%

0.10 0.11 260 0.4% 61433 99.8%

0.11 0.12 72 0.1% 61505 99.9%

0.12 0.13 25 0.0% 61530 100.0%

0.13 0.14 15 0.0% 61545 100.0%

0.14 0.15 3 0.0% 61548 100.0%
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Table 7-11 Frequency of 8Hour Ozone Concentrations Measured During

2002.

Air Basin / | Lower Limit | Upper Limit [Frequency| Frequency Cumulative |Cumulative
Planning | Conc (ppm) | Conc (ppm) (Count) (%) Frequency |Frequency

Area (%)
Great 0.02 0.03 17 3.5% 17 3.5%
Basin 0.03 0.04 91 18.5% 108 22.0%
Valleys 0.04 0.05 153 31.1% 261 53.0%
0.05 0.06 113 23.0% 374 76.0%
0.06 0.07 78 15.9% 452 91.9%
0.07 0.08 32 6.5% 484 98.4%
0.08 0.09 8 1.6% 492 100.0%
Lake 0.01 0.02 13 3.6% 13 3.6%
County 0.02 0.03 50 13.9% 63 17.5%
0.03 0.04 131 36.4% 194 53.9%
0.04 0.05 90 25.0% 284 78.9%
0.05 0.06 51 14.2% 335 93.1%
0.06 0.07 20 5.6% 355 98.6%
0.07 0.08 5 1.4% 360 100.0%
Lake 0.01 0.02 3 0.4% 3 0.4%
Tahoe 0.02 0.03 31 4.3% 34 4.7%
0.03 0.04 115 16.0% 149 20.7%
0.04 0.05 269 37.3% 418 58.0%
0.05 0.06 201 27.9% 619 85.9%
0.06 0.07 78 10.8% 697 96.7%
0.07 0.08 24 3.3% 721 100.0%
Mojave 0.00 0.01 8 0.2% 8 0.2%
Desert 0.01 0.02 72 2.2% 80 2.5%
0.02 0.03 205 6.3% 285 8.7%
0.03 0.04 545 16.7% 830 25.5%
0.04 0.05 737 22.6% 1567 48.1%
0.05 0.06 539 16.5% 2106 64.6%
0.06 0.07 456 14.0% 2562 78.6%
0.07 0.08 375 11.5% 2937 90.1%
0.08 0.09 197 6.0% 3134 96.2%
0.09 0.10 83 2.5% 3217 98.7%
0.10 0.11 28 0.9% 3245 99.6%
0.11 0.12 12 0.4% 3257 100.0%
0.12 0.13 1 0.0% 3258 100.0%
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Table 7.11 (continued)

Air Basin / | Lower Limit [ Upper Limit |Frequency | Frequency Cumulative [Cumulative

Planning | Conc (ppm) | Conc (ppm) (Count) (%) Frequency | Frequency
Area (%)

Mountain 0.00 0.01 19 0.6% 19 0.6%

Counties 0.01 0.02 88 2.8% 107 3.4%

0.02 0.03 252 8.0% 359 11.4%

0.03 0.04 468 14.9% 827 26.3%

0.04 0.05 629 20.0% 1456 46.3%

0.05 0.06 520 16.5% 1976 62.8%

0.06 0.07 533 17.0% 2509 79.8%

0.07 0.08 397 12.6% 2906 92.4%

0.08 0.09 189 6.0% 3095 98.4%

0.09 0.10 43 1.4% 3138 99.8%

0.10 0.11 5 0.2% 3143 100.0%

0.11 0.12 1 0.0% 3144 100.0%

North 0.00 0.01 17 0.5% 17 0.5%

Central 0.01 0.02 170 4.7% 187 5.1%

Coast 0.02 0.03 862 23.7% 1049 28.8%

0.03 0.04 1509 41.4% 2558 70.2%

0.04 0.05 768 21.1% 3326 91.3%

0.05 0.06 188 5.2% 3514 96.5%

0.06 0.07 86 2.4% 3600 98.8%

0.07 0.08 31 0.9% 3631 99.7%

0.08 0.09 11 0.3% 3642 100.0%

0.09 0.10 1 0.0% 3643 100.0%

North 0.00 0.01 25 2.3% 25 2.3%

Coast 0.01 0.02 106 9.7% 131 12.0%

0.02 0.03 300 27.4% 431 39.4%

0.03 0.04 418 38.2% 849 77.5%

0.04 0.05 176 16.1% 1025 93.6%

0.05 0.06 58 5.3% 1083 98.9%

0.06 0.07 10 0.9% 1093 99.8%

0.07 0.08 2 0.2% 1095 100.0%

Northeast 0.00 0.01 20 5.7% 20 5.7%

Plateau 0.01 0.02 53 15.2% 73 21.0%

0.02 0.03 64 18.4% 137 39.4%

0.03 0.04 64 18.4% 201 57.8%

0.04 0.05 63 18.1% 264 75.9%

0.05 0.06 64 18.4% 328 94.3%

0.06 0.07 19 5.5% 347 99.7%

0.07 0.08 1 0.3% 348 100.0%
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Table 7.11 (continued)

Air Basin / | Lower Limit [ Upper Limit |Frequency | Frequency Cumulative [Cumulative

Planning | Conc (ppm) | Conc (ppm) (Count) (%) Frequency | Frequency
Area (%)

Sacra- 0.00 0.01 147 2.8% 147 2.8%

mento 0.01 0.02 298 5.7% 445 8.6%

Metro Area 0.02 0.03 703 13.5% 1148 22.1%

0.03 0.04 1061 20.4% 2209 42.5%

0.04 0.05 1042 20.1% 3251 62.6%

0.05 0.06 788 15.2% 4039 77.8%

0.06 0.07 533 10.3% 4572 88.1%

0.07 0.08 331 6.4% 4903 94.4%

0.08 0.09 169 3.3% 5072 97.7%

0.09 0.10 78 1.5% 5150 99.2%

0.10 0.11 30 0.6% 5180 99.8%

0.11 0.12 10 0.2% 5190 100.0%

0.12 0.13 1 0.0% 5191 100.0%

0.13 0.14 1 0.0% 5192 100.0%

Salton Sea 0.00 0.01 3 0.1% 3 0.1%

0.01 0.02 108 3.8% 111 3.9%

0.02 0.03 333 11.6% 444 15.5%

0.03 0.04 614 21.4% 1058 36.9%

0.04 0.05 646 22.5% 1704 59.4%

0.05 0.06 572 19.9% 2276 79.3%

0.06 0.07 314 10.9% 2590 90.2%

0.07 0.08 155 5.4% 2745 95.6%

0.08 0.09 78 2.7% 2823 98.3%

0.09 0.10 29 1.0% 2852 99.3%

0.10 0.11 17 0.6% 2869 99.9%

0.11 0.12 1 0.0% 2870 100.0%

0.12 0.13 1 0.0% 2871 100.0%

San Diego 0.00 0.01 12 0.4% 12 0.4%

0.01 0.02 139 4.2% 151 4.6%

0.02 0.03 389 11.9% 540 16.5%

0.03 0.04 877 26.8% 1417 43.3%

0.04 0.05 1107 33.8% 2524 77.1%

0.05 0.06 526 16.1% 3050 93.2%

0.06 0.07 143 4.4% 3193 97.6%

0.07 0.08 58 1.8% 3251 99.3%

0.08 0.09 16 0.5% 3267 99.8%

0.09 0.10 6 0.2% 3273 100.0%
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Table 7.11 (continued)

Air Basin / | Lower Limit [ Upper Limit |Frequency | Frequency Cumulative [Cumulative

Planning | Conc (ppm) | Conc (ppm) (Count) (%) Frequency | Frequency
Area (%)

San 0.00 0.01 326 4.3% 326 4.3%

Francisco 0.01 0.02 906 12.0% 1232 16.4%

Bay Area 0.02 0.03 2071 27.5% 3303 43.9%

0.03 0.04 2521 33.5% 5824 77.4%

0.04 0.05 1173 15.6% 6997 92.9%

0.05 0.06 320 4.3% 7317 97.2%

0.06 0.07 125 1.7% 7442 98.9%

0.07 0.08 54 0.7% 7496 99.6%

0.08 0.09 22 0.3% 7518 99.9%

0.09 0.10 9 0.1% 7527 100.0%

0.10 0.11 1 0.0% 7528 100.0%

San 0.00 0.01 217 2.5% 217 2.5%

Joaquin 0.01 0.02 569 6.6% 786 9.1%

Valley 0.02 0.03 868 10.0% 1654 19.1%

0.03 0.04 1340 15.5% 2994 34.6%

0.04 0.05 1292 15.0% 4286 49.6%

0.05 0.06 1082 12.5% 5368 62.1%

0.06 0.07 998 11.5% 6366 73.7%

0.07 0.08 915 10.6% 7281 84.3%

0.08 0.09 755 8.7% 8036 93.0%

0.09 0.10 379 4.4% 8415 97.4%

0.10 0.11 187 2.2% 8602 99.5%

0.11 0.12 35 0.4% 8637 99.9%

0.12 0.13 4 0.0% 8641 100.0%

0.13 0.14 1 0.0% 8642 100.0%

South 0.00 0.01 23 0.2% 23 0.2%

Central 0.01 0.02 178 1.9% 201 2.2%

Coast 0.02 0.03 946 10.3% 1147 12.5%

0.03 0.04 2845 30.9% 3992 43.4%

0.04 0.05 3143 34.1% 7135 77.5%

0.05 0.06 1382 15.0% 8517 92.5%

0.06 0.07 472 5.1% 8989 97.6%

0.07 0.08 164 1.8% 9153 99.4%

0.08 0.09 42 0.5% 9195 99.9%

0.09 0.10 10 0.1% 9205 100.0%

0.10 0.11 3 0.0% 9208 100.0%
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Table 7.11 (continued)

Air Basin / | Lower Limit [ Upper Limit |Frequency | Frequency Cumulative [Cumulative

Planning | Conc (ppm) | Conc (ppm) (Count) (%) Frequency | Frequency
Area (%)

South 0.00 0.01 340 3.5% 340 3.5%

Coast 0.01 0.02 855 8.8% 1195 12.3%

0.02 0.03 1385 14.2% 2580 26.5%

0.03 0.04 2012 20.6% 4592 47.1%

0.04 0.05 2049 21.0% 6641 68.1%

0.05 0.06 1261 12.9% 7902 81.1%

0.06 0.07 761 7.8% 8663 88.9%

0.07 0.08 445 4.6% 9108 93.5%

0.08 0.09 286 2.9% 9394 96.4%

0.09 0.10 180 1.8% 9574 98.2%

0.10 0.11 102 1.0% 9676 99.3%

0.11 0.12 53 0.5% 9729 99.8%

0.12 0.13 9 0.1% 9738 99.9%

0.13 0.14 6 0.1% 9744 100.0%

0.14 0.15 2 0.0% 9746 100.0%

Upper 0.00 0.01 147 4.1% 147 4.1%

Sacra- 0.01 0.02 269 7.4% 416 11.5%

mento 0.02 0.03 394 10.9% 810 22.3%

Valley 0.03 0.04 796 21.9% 1606 44.3%

0.04 0.05 840 23.2% 2446 67.4%

0.05 0.06 567 15.6% 3013 83.0%

0.06 0.07 377 10.4% 3390 93.4%

0.07 0.08 168 4.6% 3558 98.1%

0.08 0.09 48 1.3% 3606 99.4%

0.09 0.10 20 0.6% 3626 99.9%

0.10 0.11 2 0.1% 3628 100.0%

California 0.00 0.01 1304 2.1% 1304 2.1%

0.01 0.02 3827 6.1% 5131 8.1%

0.02 0.03 8870 14.0% 14001 22.2%

0.03 0.04 15407 24.4% 29408 46.6%

0.04 0.05 14177 22.5% 43585 69.0%

0.05 0.06 8232 13.0% 51817 82.1%

0.06 0.07 5003 7.9% 56820 90.0%

0.07 0.08 3157 5.0% 59977 95.0%

0.08 0.09 1821 2.9% 61798 97.9%

0.09 0.10 838 1.3% 62636 99.2%

0.10 0.11 375 0.6% 63011 99.8%

0.11 0.12 112 0.2% 63123 100.0%

0.12 0.13 16 0.0% 63139 100.0%

0.13 0.14 8 0.0% 63147 100.0%

0.14 0.15 2 0.0% 63149 100.0%
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Table 7-12 Frequency of 8Hour Ozone Concentrations Measured During

2003.
Air Basin / | Lower Limit | Upper Limit [Frequency| Frequency Cumulative |Cumulative
Planning | Conc (ppm) | Conc (ppm) (Count) (%) Frequency |Frequency
Area (%)
Great 0.02 0.03 6 1.7% 6 1.7%
Basin 0.03 0.04 74 20.5% 80 22.2%
Valleys 0.04 0.05 81 22.4% 161 44.6%
0.05 0.06 110 30.5% 271 75.1%
0.06 0.07 60 16.6% 331 91.7%
0.07 0.08 28 7.8% 359 99.4%
0.08 0.09 2 0.6% 361 100.0%
Lake 0.00 0.01 1 0.3% 1 0.3%
County 0.01 0.02 19 5.2% 20 5.5%
0.02 0.03 55 15.1% 75 20.5%
0.03 0.04 130 35.6% 205 56.2%
0.04 0.05 116 31.8% 321 87.9%
0.05 0.06 37 10.1% 358 98.1%
0.06 0.07 7 1.9% 365 100.0%
Lake 0.01 0.02 3 0.2% 3 0.2%
Tahoe 0.02 0.03 33 2.6% 36 2.8%
0.03 0.04 179 13.9% 215 16.7%
0.04 0.05 456 35.4% 671 52.1%
0.05 0.06 413 32.1% 1084 84.2%
0.06 0.07 154 12.0% 1238 96.2%
0.07 0.08 37 2.9% 1275 99.1%
0.08 0.09 10 0.8% 1285 99.8%
0.09 0.10 1 0.1% 1286 99.9%
0.10 0.11 1 0.1% 1287 100.0%
Mojave 0.00 0.01 10 0.3% 10 0.3%
Desert 0.01 0.02 84 2.4% 94 2.7%
0.02 0.03 317 9.1% 411 11.8%
0.03 0.04 639 18.4% 1050 30.2%
0.04 0.05 753 21.7% 1803 51.9%
0.05 0.06 579 16.7% 2382 68.6%
0.06 0.07 471 13.6% 2853 82.1%
0.07 0.08 335 9.6% 3188 91.8%
0.08 0.09 174 5.0% 3362 96.8%
0.09 0.10 77 2.2% 3439 99.0%
0.10 0.11 24 0.7% 3463 99.7%
0.11 0.12 8 0.2% 3471 99.9%
0.12 0.13 3 0.1% 3474 100.0%
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Table 7.12 (continued)

Air Basin / | Lower Limit [ Upper Limit |Frequency | Frequency Cumulative [Cumulative

Planning | Conc (ppm) | Conc (ppm) (Count) (%) Frequency | Frequency
Area (%)

Mountain 0.00 0.01 55 1.9% 55 1.9%

Counties 0.01 0.02 147 5.1% 202 7.0%

0.02 0.03 248 8.6% 450 15.6%

0.03 0.04 409 14.2% 859 29.9%

0.04 0.05 700 24.3% 1559 54.2%

0.05 0.06 439 15.3% 1998 69.5%

0.06 0.07 413 14.4% 2411 83.8%

0.07 0.08 308 10.7% 2719 94.5%

0.08 0.09 126 4.4% 2845 98.9%

0.09 0.10 25 0.9% 2870 99.8%

0.10 0.11 6 0.2% 2876 100.0%

North 0.00 0.01 17 0.5% 17 0.5%

Central 0.01 0.02 186 5.1% 203 5.6%

Coast 0.02 0.03 823 22.6% 1026 28.2%

0.03 0.04 1431 39.3% 2457 67.5%

0.04 0.05 835 23.0% 3292 90.5%

0.05 0.06 217 6.0% 3509 96.5%

0.06 0.07 99 2.7% 3608 99.2%

0.07 0.08 26 0.7% 3634 99.9%

0.08 0.09 4 0.1% 3638 100.0%

North 0.00 0.01 102 9.3% 102 9.3%

Coast 0.01 0.02 132 12.1% 234 21.4%

0.02 0.03 262 24.0% 496 45.4%

0.03 0.04 341 31.2% 837 76.6%

0.04 0.05 203 18.6% 1040 95.2%

0.05 0.06 46 4.2% 1086 99.5%

0.06 0.07 5 0.5% 1091 99.9%

0.07 0.08 1 0.1% 1092 100.0%

Northeast 0.00 0.01 8 3.1% 8 3.1%

Plateau 0.01 0.02 20 7.6% 28 10.7%

0.02 0.03 32 12.2% 60 22.9%

0.03 0.04 45 17.2% 105 40.1%

0.04 0.05 75 28.6% 180 68.7%

0.05 0.06 61 23.3% 241 92.0%

0.06 0.07 18 6.9% 259 98.9%

0.07 0.08 3 1.1% 262 100.0%
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Table 7.12 (continued)

Air Basin / | Lower Limit | Upper Limit [Frequen |Frequency (%)| Cumulative [Cumulative

Planning | Conc (ppm) | Conc (ppm) cy Frequency | Frequency
Area : : (%)

Sacra- 0.00 0.01 190 4.4% 190 4.4%

mento 0.01 0.02 322 7.5% 512 11.9%

Metro Area 0.02 0.03 565 13.1% 1077 25.0%

0.03 0.04 840 19.5% 1917 44.4%

0.04 0.05 849 19.7% 2766 64.1%

0.05 0.06 666 15.4% 3432 79.6%

0.06 0.07 427 9.9% 3859 89.5%

0.07 0.08 252 5.8% 4111 95.3%

0.08 0.09 136 3.2% 4247 98.5%

0.09 0.10 48 1.1% 4295 99.6%

0.10 0.11 11 0.3% 4306 99.8%

0.11 0.12 6 0.1% 4312 100.0%

0.12 0.13 1 0.0% 4313 100.0%

Salton Sea 0.00 0.01 29 1.0% 29 1.0%

0.01 0.02 210 7.5% 239 8.5%

0.02 0.03 453 16.1% 692 24.7%

0.03 0.04 616 21.9% 1308 46.6%

0.04 0.05 648 23.1% 1956 69.7%

0.05 0.06 413 14.7% 2369 84.4%

0.06 0.07 234 8.3% 2603 92.7%

0.07 0.08 106 3.8% 2709 96.5%

0.08 0.09 58 2.1% 2767 98.6%

0.09 0.10 29 1.0% 2796 99.6%

0.10 0.11 11 0.4% 2807 100.0%

San Diego 0.00 0.01 48 1.5% 48 1.5%

0.01 0.02 224 6.9% 272 8.3%

0.02 0.03 453 13.9% 725 22.2%

0.03 0.04 1019 31.2% 1744 53.4%

0.04 0.05 844 25.8% 2588 79.3%

0.05 0.06 445 13.6% 3033 92.9%

0.06 0.07 153 4.7% 3186 97.6%

0.07 0.08 52 1.6% 3238 99.2%

0.08 0.09 24 0.7% 3262 99.9%

0.09 0.10 1 0.0% 3263 99.9%

0.10 0.11 2 0.1% 3265 100.0%
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Table 7.12 (continued)

Air Basin / | Lower Limit [ Upper Limit |Frequency | Frequency Cumulative [Cumulative

Planning | Conc (ppm) | Conc (ppm) (Count) (%) Frequency [Frequency
Area (%)

San 0.00 0.01 336 4.8% 336 4.8%

Francisco 0.01 0.02 712 10.3% 1048 15.1%

Bay Area 0.02 0.03 1851 26.7% 2899 41.8%

0.03 0.04 2086 30.1% 4985 71.9%

0.04 0.05 1352 19.5% 6337 91.4%

0.05 0.06 365 5.3% 6702 96.6%

0.06 0.07 138 2.0% 6840 98.6%

0.07 0.08 62 0.9% 6902 99.5%

0.08 0.09 30 0.4% 6932 99.9%

0.09 0.10 4 0.1% 6936 100.0%

0.10 0.11 1 0.0% 6937 100.0%

San 0.00 0.01 356 4.2% 356 4.2%

Joaquin 0.01 0.02 594 7.1% 950 11.3%

Valley 0.02 0.03 837 10.0% 1787 21.3%

0.03 0.04 1207 14.4% 2994 35.7%

0.04 0.05 1197 14.3% 4191 49.9%

0.05 0.06 1061 12.6% 5252 62.5%

0.06 0.07 991 11.8% 6243 74.3%

0.07 0.08 899 10.7% 7142 85.1%

0.08 0.09 750 8.9% 7892 94.0%

0.09 0.10 360 4.3% 8252 98.3%

0.10 0.11 120 1.4% 8372 99.7%

0.11 0.12 24 0.3% 8396 100.0%

0.12 0.13 1 0.0% 8397 100.0%

South 0.00 0.01 13 0.1% 13 0.1%

Central 0.01 0.02 222 2.5% 235 2.6%

Coast 0.02 0.03 1208 13.5% 1443 16.1%

0.03 0.04 2930 32.7% 4373 48.9%

0.04 0.05 2688 30.0% 7061 78.9%

0.05 0.06 1058 11.8% 8119 90.7%

0.06 0.07 492 5.5% 8611 96.2%

0.07 0.08 218 2.4% 8829 98.7%

0.08 0.09 95 1.1% 8924 99.7%

0.09 0.10 21 0.2% 8945 100.0%

0.10 0.11 3 0.0% 8948 100.0%

0.11 0.12 1 0.0% 8949 100.0%
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Table 7.12 (continued)

Air Basin / | Lower Limit [ Upper Limit |Frequency | Frequency Cumulative [Cumulative

Planning | Conc (ppm) | Conc (ppm) |(Count) (%) Frequency | Frequency
Area (%)

South 0.00 0.01 222 2.6% 222 2.6%

Coast 0.01 0.02 579 6.7% 801 9.3%

0.02 0.03 1048 12.2% 1849 21.5%

0.03 0.04 1565 18.2% 3414 39.7%

0.04 0.05 1866 21.7% 5280 61.5%

0.05 0.06 1181 13.7% 6461 75.2%

0.06 0.07 759 8.8% 7220 84.0%

0.07 0.08 476 5.5% 7696 89.6%

0.08 0.09 370 4.3% 8066 93.9%

0.09 0.10 224 2.6% 8290 96.5%

0.10 0.11 144 1.7% 8434 98.2%

0.11 0.12 85 1.0% 8519 99.2%

0.12 0.13 44 0.5% 8563 99.7%

0.13 0.14 20 0.2% 8583 99.9%

0.14 0.15 7 0.1% 8590 100.0%

0.15 0.16 2 0.0% 8592 100.0%

Upper 0.00 0.01 155 4.4% 155 4.4%

Sacra- 0.01 0.02 272 7.7% 427 12.1%

mento 0.02 0.03 516 14.6% 943 26.7%

Valley 0.03 0.04 755 21.4% 1698 48.1%

0.04 0.05 780 22.1% 2478 70.2%

0.05 0.06 552 15.6% 3030 85.8%

0.06 0.07 312 8.8% 3342 94.7%

0.07 0.08 145 4.1% 3487 98.8%

0.08 0.09 32 0.9% 3519 99.7%

0.09 0.10 11 0.3% 3530 100.0%

California 0.00 0.01 1542 2.6% 1542 2.6%

0.01 0.02 3726 6.2% 5268 8.8%

0.02 0.03 8707 14.5% 13975 23.2%

0.03 0.04 14266 23.7% 28241 47.0%

0.04 0.05 13443 22.4% 41684 69.3%

0.05 0.06 7643 12.7% 49327 82.0%

0.06 0.07 4733 7.9% 54060 89.9%

0.07 0.08 2948 4.9% 57008 94.8%

0.08 0.09 1811 3.0% 58819 97.8%

0.09 0.10 801 1.3% 59620 99.1%

0.10 0.11 323 0.5% 59943 99.7%

0.11 0.12 124 0.2% 60067 99.9%

0.12 0.13 49 0.1% 60116 100.0%

0.13 0.14 20 0.0% 60136 100.0%

0.14 0.15 7 0.0% 60143 100.0%

0.15 0.16 2 0.0% 60145 100.0%
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7.3.7 Diurnal Variations

Ozone is formed by the reaction of nitrogen oxides and VOCs in the presence of
sunlight (see Chapter 3 for further discussion). Because the intensity of sunlight
and the strength of the emissions of nitrogen oxides and VOCs that produce
ozone vary throughout the day, the concentration of ozone varies throughout the
day, as well. In urban areas, the diurnal variation of 1-hour ozone concentrations
traces a wave-like pattern throughout the 24-hour day with the highest
concentration occurring near 12-noon and the lowest concentration occurring in
the early morning, around 6 a.m., Local Standard Time. The 1-hour ozone peak
near the 12-noon hour is usually caused by the photochemistry of local
emissions.

In certain areas, the diurnal 1-hour ozone profile has more than one peak. Urban
areas that lie downwind of larger urban areas can have an ozone diurnal profile
with a double peak, one around 12-noon and the other during the mid- to late-
afternoon. The ozone peak near the 12-noon hour reflects local emissions, while
the later peak results from ozone transported from an upwind area.

Small towns and rural locations, especially in the foothills and higher elevations
of the Sierra Nevada Mountains, that are downwind of large urban areas usually
have their maximum daily 1-hour ozone concentration anywhere from early
afternoon to late evening depending on the distance downwind of the urban
area(s). One location on the eastern side of the Sierra Nevada Mountains has
observed a daily maximum 1-hour ozone concentration at midnight or in the very
early morning. For these types of locations, the early afternoon to nighttime
occurrence of the daily maximum ozone concentration is the result of ozone
transported from upwind areas.

Under some circumstances, the maximum daily 1-hour ozone concentration can
occur during the late morning hours. These late morning maximums are typically
caused either by the carryover of ozone aloft from the previous day or from
overnight transport of ozone aloft. Ozone aloft reaches the surface when the
early morning low-level inversion disappears, as a result of convective mixing.

In contrast to the 1-hour concentrations, which reflect a single measurement, the
8-hour concentrations reflect an average of eight hourly values. As such, the
8-hour concentrations generally span the period during which the highest 1-hour
concentrations occur. Based on air quality data for 2001 through 2003, the most
common starting time for 8-hour concentrations that exceed the federal standard
is 10 a.m. or 11 a.m. These high 8&hour periods then extend on through the
5 p.m. or 6 p.m. observation. 8-hour concentrations that exceed the level of the
federal ozone standard can begin at other hours, but the rate is less than half of
those beginning at 10 a.m.to 11 a.m.

7.3.8 Characterization of Ozone by Air Basin or Planning Area

Ozone air quality has improved substantially over the last two decades in most
areas of California, despite significant population and economic growth. On a
statewide basis (using the site with the highest value for each year), the peak
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1-hour indicator decreased 54 percent and the peak 8-hour indicator decreased
47 percent from 1982 to 2003. In contrast, the statewide population increased
45 percent, and the average number of vehicle miles traveled each day statewide
increased 104 percent during the same time period. Even though there has been
substantial improvement in ozone air quality, current levels still represent a
significant concern in many areas. The following subsections describe the trends
in both 1-hour and 8-hour average ozone concentrations for each air basin or
planning area of California.

7.3.8.1 Great Basin Valleys Air Basin

The Great Basin Valleys Air Basin (GBVAB) includes all of Alpine, Inyo, and
Mono counties, located along the eastern border of California. Much of the area
is sparsely populated, and the air basin as a whole, is home to less than
1 percent of California’s population. As previously discussed, representative data
are not available for the Great Basin Valleys Air Basin during 2001. Therefore, air
quality statistics using 2001 data are not included in the following discussion.

Similar to many other areas of the State, ozone concentrations in the GBVAB
tend to be highest during the summer months. Ozone levels, as indicated by the
peak 1-hour indicator, changed little in the GBVAB from 1982 through 2003. The
maximum 1-hour concentration shows more variation than the peak indicator,
especially during the early 1990s. These variations may have been caused by
year-to-year changes in meteorology. Both the peak l-hour indicator and the
maximum 1-hour concentration statistics show similar values during the two end
years: 1982 and 2000 for the peak indicator and 1982 and 2003 for the maximum
concentration. The 8-hour values show similar trends, however, the 8-hour peak
indicator has been a bit more stable than the 1-hour peak indicator. Similar to the
1-hour trend, the 8-hour peak indicator values for the two end years (1982 and
2000) and the maximum 8-hour values for the two end years (1982 and 2003)
are nearly identical.

Figures 7.13 and 7.14 both show a slight increase in the maximum 1-hour and
8-hour values for 2002 when compared with 2000 and 2003. During 2002, the
maximum 1-hour ozone concentration was 0.10 ppm, which exceeds the State
ozone standard. Between 1997 and 2000, there were no exceedances of the
State ozone standard. There was also an increase during 2002 in the number of
days with concentrations exceeding the State standard (8 days during 2002,
compared with 0 days during 1999 and 2003) and the federal 8-hour standard (3
days during 2002, compared with 0 days during 1999 and 2003). These
year-to-year variations are probably attributable to variations in meteorology
rather than overall changes in emissions.
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Figure 7-13
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7.3.8.2 Lake County Air Basin

The Lake County Air Basin (LCAB) comprises all of Lake County. Less than
1 percent of the State’s population lives in the LCAB. This air basin is the only
area of California that attains all of the State ambient air quality standards,
including the State ozone standard. Air quality in LCAB also does not violate
either the 1-hour or 8-hour federal standards.

Ozone levels are relatively low in the LCAB. During 1982 through 2003, the peak
1-hour indicator varied between 0.074ppm and 0.087 ppm. In contrast, the
maximum 1-hour concentration was more variable, ranging between 0.06 ppm
and 0.09 ppm. This is not unexpected, since the maximum 1-hour concentration
is less stable than the peak indicator and therefore, more affected by
year-to-year changes in meteorology. The 8hour values show a similar trend
over the same time period. Again, the maximum 8hour concentration shows
more variation, with concentrations ranging between 0.05 ppm and 0.08 ppm.
The 8-hour peak indicator shows less variation, ranging between 0.060 ppm and
0.076 ppm.
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Figure 7-15
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7.3.8.3 Lake Tahoe Air Basin

The Lake Tahoe Air Basin (LTAB) consists of the eastern portions of EIDorado
and Placer counties. Less than 1 percent of the State’s population lives in the
LTAB. Ozone concentrations in this air basin tend to be highest during the
summer months. However, the highest concentrations in the LTAB are still
relatively low, compared to other areas of California.

Similar to the Lake County Air Basin, ozone levels in the LTAB do not show a
substantial change during the 1982 through 2003 time period. The peak
indicators and the maximum measured concentrations for both the 1-hour and
8-hour averaging times were similar for 1982 and 2001. All of the trend lines
show a slight upswing during the last year or two. However, several more years
of data are needed to determine if the upswing will continue or if it was caused by
variations in meteorology.

The number of days with concentrations above the State standard remains low
during the last three years (1, 1, and 3 days during 2001, 2002, and 2003,
respectively). The number of days with concentrations above the federal 8-hour
standard was similarly low (0, 0, and 3 days during 2001, 2002, and 2003,
respectively). At this time, the LTAB remains designhated as attainment for the
State ozone standard and unclassified/attainment for the federal 1-hour ozone
standard. The area is also unclassified/attainment for the federal 8-hour ozone
standard.
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Figure 7-17

Figure 7-18
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7.3.8.4 Mojave Desert Air Basin

The Mojave Desert Air Basin (MDAB) covers a large part of California’s high
desert. The air basin includes the eastern half of Kern County, the northeastern
portion of Los Angeles County, all of SanBernardino County except for the
southwestern corner, and the eastern third of Riverside County. Less than
3 percent of California’s population resides in the MDAB. Because of the
year-round warm temperatures, and therefore, less distinct seasonality, the
ozone season in the MDAB can be longer than in other areas of California.

Overall, the peak 1-hour indicator shows a decrease of 37 percent, and the peak
8-hour indicator shows a decrease of 32 percent from 1982 to 2003. During the
same time period, the maximum 1-hour concentration declined about 19 percent,
and the maximum 8-hour concentration declined about 10 percent. There is a fair
amount of year-to-year variation in the values for both averaging times, probably
caused by year-to-year variations in meteorology. There has also been a
substantial decrease in the number of exceedance days for both the State and
federal standards. State standard exceedance days declined from 120 days in
1982 to 93 days in 2003. During this same time period, the number of federal
1-hour exceedance days was 38 in 1982 compared with only 13 in 2003. With
respect to the federal 8-hour concentrations, there were 104 exceedance days in
1982 compared with 74 exceedance days in 2003.
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7.3.8.5 Mountain Counties Air Basin

For the purposes of this document, the Mountain Counties Air Basin (MCAB)
comprises the central and northern portions of the Sierra Nevada mountain
region, including Amador, Calaveras, Mariposa, Nevada, Plumas, Sierra, and
Tuolumne counties (the MCAB portions of Placer and ElIDorado counties are
included in the Sacramento Metropolitan Area). The MCAB is thinly populated, its
communities separated from one another by the region’s complex terrain. A little
less than 1 percent of the State’s population lives in the MCAB.

Unlike the rest of California, ozone data are available for a representative
number of sites in the Mountain Counties Air Basin only since 1987. Between
1987 and 2003, the maximum 1-hour ozone concentrations show a fair amount
of year-to-year variation. The trend line for the peak 1-hour indicator is much
more stable. This indicator has decreased since 1998, but shows little change
during the last three years. During 2001 through 2003, the State ozone standard
was exceeded an average of 38 days per year, while the federal 1-hour standard
was exceeded an average of only once per year.

Compared with the 1-hour trend lines, the 8-hour trend lines show little change
over the 22-year time period. Both the maximum 8-hour concentrations and the
peak 8-hour indicator values are relatively stable. While the maximum 8hour
concentrations for 1982 and 2003 show a difference of only 0.008 ppm, there is
essentially no difference in the peak 8-hour indicator values for the two end years
(0.106 ppm for 1982 versus 0.107 ppm for 2003). During 2001 through 2003, the
federal 8-hour ozone standard was exceeded an average of 43 times per year.
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Figure 7-21

Figure 7-22
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7.3.8.6 North Central Coast Air Basin

The North Central Coast Air Basin (NCCAB) is located on the coast of California
and includes all of Monterey, SanBenito and Santa Cruz counties. About
2 percent of the State’s population live in the NCCAB.

The NCCAB enjoys relatively clean air, with only a few exceedances of the State
ozone standard each year. The NCCAB trend lines for both the 1-hour values
and the 8-hour values are relatively flat from 1982 through 1986, with substantial
increases in 1987. During 1987, a new monitoring site was established at the
Pinnacles National Monument in San Benito County, and ozone concentrations
at this site were higher than those measured at the other existing monitoring sites
in the NCCAB. Since 1987, the peak 1-hour indicator declined 28 percent, and
the maximum 1-hour concentration declined 24 percent. The 8hour trend lines
show similar reductions, with the peak 8-hour indicator declining 23 percent and
the maximum 8-hour concentration declining 21 percent since 1987.

During 2001 through 2003, there was an average of only 4days with
concentrations above the State standard during each year. While ozone
concentrations in the NCCAB did not exceed the federal 1-hour standard during
this time period, 8-hour concentrations exceeded the federal standard an
average of 3 days per year during 2001 through 2003.

7-75



Figure 7-23
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7.3.8.7 North Coast Air Basin

The North Coast Air Basin (NCAB) includes all of Del Norte, Humboldt,
Mendocino, and Trinity counties, as well as the northern portion of Sonoma
County. Slightly less than 1 percent of the State’s population lives in the NCAB.

Ozone air quality in the NCAB does not exceed any of the State or federal ozone
standards. However, both the 1-hour and the 8hour ozone statistics for the
NCAB show a general increase in 1992, coinciding with the establishment of a
new ozone monitoring site at the Healdsburg Municipal Airport in Sonoma
County. Since that time, the Healdsburg site has consistently recorded the
highest ozone concentrations in the NCAB. The values for both averaging times
during 1992 through 2003 show considerable variation, probably caused by
year-to-year changes in meteorology. However, the values for all variables show
a general overall decline since 1999. Recognizing the progress made in the
NCAB, the ARB redesignated the NCAB as attainment for the State ozone
standard in January2004. In addition, the entire NCAB is designated as
unclassified/attainment for both the federal 1-hour standard and the federal
8-hour standard.
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Figure 7-26
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7.3.8.8 Northeast Plateau Air Basin

The Northeast Plateau Air Basin (NEPAB) is located in the northeast corner of
California and includes Lassen, Modoc, and Siskiyou counties. The area is
sparsely populated, housing less than 1percent of California’s population. As
previously discussed, representative data are not available for the Northeast
Plateau Air Basin during 2001. Therefore, air quality statistics using 2001 data
are not included in the following discussion.

Ozone concentrations in this air basin tend to be relatively low, and neither the
State nor federal 1-hour ozone standards were exceeded during the past 22
years. Trend lines for both the 1-hour and 8hour statistics follow the same
general pattern, and are relatively flat throughout the entire time period.
However, there is some variability, caused by year-to-year variations in
meteorology. Maximum concentrations for both averaging times show a slight
upswing during the last several years, but the values remain below both the State
and federal ozone standards. Additional years of data are needed to determine if
an upward trend will continue.
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7.3.8.9 Sacramento Metro Area

The Sacramento Metro Area includes all of the urbanized southern portion of the
Sacramento Valley Air Basin or SVAB (all of Sacramento and Yolo counties, the
SVAB portion of Solano County, the southern one-third of Sutter County, and the
SVAB portion of Placer County), as well as the portions of El Dorado and Placer
counties that are located within the Mountain Counties Air Basin. The
Sacramento Metro Area is consistent with the area used for federal 1-hour ozone
area designations and air quality planning. In terms of population, the
Sacramento Metro Area is home to about 6 percent of California’s citizens.

Similar to many other areas of the State, ozone concentrations tend to be highest
during the summer months, with the ozone season running from May through
October. Peak 1-hour ozone levels in the Sacramento Metro Area have not
declined as quickly over the last several years as they have in some other urban
areas. The maximum peak 1-hour indicator remained fairly constant during the
1980s. Since then, the peak 1-hour indicator has decreased slightly, and the
overall decline during the 22-year period is about 16 percent. The maximum
measured 1-hour concentrations have also decreased, but with more
year-to-year variation. During 2001 through 2003, the Sacramento Metro Area
had an average of 55 State standard exceedance days and 6 federal 1-hour
exceedance days per year.

The 8-hour statistics show less variation than the 1-hour statistics and again, little
change over the 22-year time period. From 1982 to 2003, the peak 8hour
indicator decreased about 10 percent and the maximum 8hour concentration
decreased only 8 percent. During 2001 through 2003, ozone concentrations in
the Sacramento Metro Area exceeded the federal 8-hour standard an average of
44 days per year.
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7.3.8.10 Salton Sea Air Basin

The Salton Sea Air Basin (SSAB) occupies the southeast corner of California and
includes all of Imperial County, as well as the central portion of Riverside County.
Less than 2 percent of the State’s population lives in this air basin.

Ozone concentrations in the SSAB have exceeded the State standard and both
federal ozone standards on multiple occasions. The maximum 1-hour ozone
concentrations for 1982 through 2003 show substantial variation between years,
with much of this variation probably caused by year-to-year changes in
meteorology. However, the trend line for the peak 1-hour indicator is more stable
across the 22-year period, showing a steady decline. The overall decline in the
peak 1-hour indicator is 35 percent from 1982 to 2003. During each of the years
2001 through 2003, the number of exceedance days for the State ozone
standard ranged between 68 and 81, and between 5 and 15 for the federal
1-hour standard.

Although much less variable, the peak 8hour indicator and maximum 8&hour
concentrations also show a steady decline over the entire time period. The peak
8-hour indicator declined 26 percent, while the maximum 8-hour concentration
showed a drop of 23 percent. During the most recent three years, 2001 through
2003, ozone concentrations in the Salton Sea Air Basin exceeded the federal
8-hour standard an average of 52 days per year.
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7.3.8.11 San Diego Air Basin

The San Diego Air Basin (SDAB) lies in the southwest corner of California and
includes all of San Diego County. About 8 percent of California’s population live
in the SDAB. However, the population and emissions are concentrated mainly in
the western portion of the air basin. Because of its southerly location and
proximity to the ocean, much of the SDAB has a relatively mild climate, without
marked seasonality.

Both the 1-hour and 8-hour ozone statistics for the SDAB indicate a substantial
improvement in ozone air quality since 1982. The peak 1-hour indicator shows an
overall decline of 42 percent — from 0.203 ppm in 1982 to 0.117 ppm in 2003.
The measured maximum 1-hour concentration shows a similar reduction —
46 percent from 1982 to 2003. The peak 8-hour indicator also shows a similar
overall decline, 38 percent, from 0.1616 ppm in 1982 to 0.1008 ppm in 2003. The
measured maximum 8-hour concentration shows a 46 percent decline from 1982
to 2003.

The number of exceedance days in the SDAB has also dropped substantially
over the 22-year period. There were 120 State standard exceedance days and
47 federal 1-hour exceedance days in 1982. These numbers compare with
23 State standard exceedance days and only 1 federal 1-hour exceedance day
during 2003. Based on the improvements in this area, the USEPA recently
redesignated the San Diego Air Basin as attainment for the federal 1-hour ozone
standard. However, although the SDAB now attains the federal 1-hour ozone
standard, the federal 8hour standard continues to pose a more substantial
problem, with an average of 12 exceedance days per year during 2001 through
2003.

7-85



Figure 7-33

San Diego Air Basin

Figure 7-34

0.35
0.30
[ N ] e
_. 025 . LE
I °
g 020 s G —
Py /\
O [
© 0.10
0.05
3
IC RN N A RN N S S
Year
—— Peak 1-Hour Indicator ® Maximum 1-Hour Concentration |
San Diego Air Basin
0.35
0.30
~ 0.25
g
& 0.20 e =
o ° °
s 015 .\W
N °
O o0.10 . oo
0.05
o0 +—/——mm—m———— 77— T——T—T—T 7
RC N N S SN NN A s
Year
Peak 8-Hour Indicator ® Maximum 8-Hour Concentration |

7-86




7.3.8.12 San Francisco Bay Area Air Basin

The nine-county San Francisco Bay Area Air Basin (SFBAAB) includes all of
Alameda, Contra Costa, Marin, Napa, SanFrancisco, SanMateo, and
Santa Clara counties, the southern half of Sonoma County, and the southwestern
portion of Solano County. The SFBAAB is California’s second largest urban area
and is home to about 19 percent of California’s citizens. Because of the
SFBAAB’s more favorable climate, with cooler temperatures and better
ventilation, ozone concentrations in the SFBAAB are much lower than they are in
the South Coast Air Basin and San Joaquin Valley Air Basin.

Although ozone air quality trends for the SFBAAB do not show a consistent
downward trend, there have been overall improvements during the 22-year trend
period. Furthermore, much of the year-to-year variation in the trends is probably
attributable to variations in meteorology. The peak 1-hour indicator declined
about 16 percent from 1982 to 2003, and the maximum 21-hour concentration
declined about 15 percent. There is a much greater difference in the percentage
changes of the two 8-hour statistics. The peak 8hour indicator declined about
19 percent from 1982 to 2003, while the maximum 8-hour concentration declined
only about 6 percent. However, it is important to keep in mind that changes in
meteorology have a much greater influence on maximum concentrations than on
peak indicator values. In contrast to previous years, values for 2001 through
2003 are lower and relatively stable compared with values during the prior few
years, for both the 1-hour and 8-hour statistics.

The decreases in exceedance days have been more impressive than the
decreases in concentrations and peak indicator values. During 1982, there were
36 State and 5 federal 1-hour exceedance days, compared with 19 State and 1
federal 1-hour exceedance days during 2003. This represents a reduction of
nearly 50 percent in the number of State exceedance days and 80 percent in the
number of federal 1-hour exceedance days. With respect to the federal 8hour
standard, there were 13 exceedance days in 1982 compared with 7 exceedance
days during 2003. This represents a 46 percent decrease.
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Figure 7-35
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7.3.8.13 San Joaquin Valley Air Basin

The San Joaquin Valley Air Basin (SJVAB) occupies the southern two-thirds of
California’s Central Valley. The eight-county area includes Fresno, Kings,
Madera, Merced, San Joaquin, Stanislaus, and Tulare counties, as well as the
western portion of Kern County. Close to 10 percent of the State’s population
resides in the SJVAB. Similar to other inland areas, the San Joaquin Valley has
hot dry summers. Generally, the ozone season extends from April through
October. Currently, the SJVAB is designated as nonattainment for both the State
and federal 1-hour ozone standards. The SJVAB is also nonattainment for the
federal 8-hour standard.

The ozone problem in the SJVAB ranks among the most severe in the State.
While the average maximum 1-hour and 8-hour concentrations in the SIJVAB
during 2001 through 2003 were not vastly different from those in the Sacramento
Metro Area, the number of exceedance days was substantially higher. During
these three years, the SJVAB had an annual average of 129 State and 33 federal
1-hour exceedance days compared with 55 State and 6 federal 1-hour
exceedance days in the Sacramento Metro Area. For the federal 8-hour
standard, the SJVAB had an annual average of 123 exceedance days during
2001 through 2003, compared with 44 exceedance days in the Sacramento
Metro Area.

In contrast to these comparisons, during 2001 through 2003, the SJVAB had a
lower average maximum 1-hour concentration than the South Coast Air Basin
(0.156 ppm compared with 0.184 ppm), but a slightly higher 3-year average of
State standard exceedance days (129 days compared with 121 days). The same
pattern holds true for the 8-hour statistics. During 2001 through 2003, the
average maximum 8-hour concentration for the SJVAB was 0.126 ppm
compared with 0.147 ppm for the South Coast Air Basin. However, during the
same three years, the average number of federal 8-hour exceedances days was
123 for the SIVAB compared with 99 for the South Coast Air Basin.

Despite the severity of the SJVAB ozone problem, the area has made some
progress in reducing ambient ozone. From 1982 to 2003, the peak 1-hour
indicator decreased 19 percent, and the maximum 1-hour ozone concentration
decreased 13 percent. In comparison to these modest declines, the decrease in
the number of exceedance days is more substantial. Since the late 1980s, the
number of federal 1-hour exceedance days has declined 50 percent. However,
the decrease in the number of State exceedance days has not been as great
(only 12 percent since the late 1980s).

With respect to the federal 8-hour standard, the pattern is similar, but the
declines are smaller. From 1982 to 2003, the peak 8hour indicator decreased
about 12 percent, while the maximum 8-hour concentration decreased only about
5 percent. The decrease in the number of federal 8hour exceedance days is
much smaller than the decrease in federal 1-hour exceedance days. Since the
late 1980s, the number of federal 8-hour exceedance days decreased only about
12 percent. This smaller decrease in 8-hour exceedances may stem from the fact
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that although the peak concentrations have been reduced, there are still a
substantial number of hours with concentrations above the level of the 8-hour
standard, and these hours contribute to exceedances of the 8-hour standard.

Although the San Joaquin Valley has seen an overall improvement in ozone air
quality, this region remains a challenge. High concentration areas still remain,
especially in the major urban areas of Fresno and Bakersfield. The geography
and climate pose a significant challenge to air quality progress, as high summer
temperatures coupled with poor ventilation in the valley area contribute to high
ozone levels.
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Figure 7-37

Figure 7-38
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7.3.8.14 South Central Coast Air Basin

The South Central Coast Air Basin (SCCAB) includes all of San Luis Obispo,
Santa Barbara, and Ventura counties. About 4 percent of the State’s total
population live in the SCCAB.

During January 2004, the Board designated San Luis Obispo as attainment for
the State ozone standard. The remainder of the SCCAB is designated as
nonattainment for the State ozone standard. For the federal 1-hour standard,
both San Luis Obispo County and Santa Barbara County are designated as
unclassified/attainment while Ventura County remains designated as
nonattainment. However, Ventura County has made considerable progress and
now qualifies as attainment for the federal 1-hour standard.

Ozone statistics for both the 1-hour and 8hour averaging times show similar
trends, with a consistent decline over the 22-year trend period. The peak 1-hour
and 8-hour indicators show overall drops of 37 percent and 36 percent,
respectively, from 1982 to 2003. The maximum 1-hour and 8-hour concentrations
show a substantial amount of variation from one year to the next, probably
caused by year-to-year differences in meteorology. However, between 1982 and
2003, the maximum 1-hour concentration shows an overall decline of 43 percent
and the maximum 8-hour concentration shows an overall decline of 32 percent.

The number of exceedance days declined by an even larger percentage. The
number of State standard exceedance days decreased from 145 in 1982 to 45 in
2003 (an overall decrease of about 69 percent). During this same time period,
the number of federal 1-hour exceedance days decreased from 72 to only 2 (an
overall reduction of 97 percent). The number of 8hour exceedance days also
shows a substantial decrease, a 72 percent reduction from 1982 to 2003. As
mentioned above, the entire SCCAB has now either attained or is close to
attaining the federal 1-hour ozone standard. With respect to the federal 8hour
standard, Ventura County is nonattainment, whereas San Luis Obispo and Santa
Barbara counties are attainment for the federal 8-hour standard.
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Figure 7-39
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Figure 7-40
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7.3.8.15 South Coast Air Basin

The South Coast Air Basin (SoCAB) includes California’s largest metropolitan
region, and 43 percent of the State’s population lives within its boundaries. The
area includes the southern two-thirds of Los Angeles County, all of Orange
County, and the western urbanized portions of Riverside and SanBernardino
counties. The area’s warm sunny weather, associated with a persistent
high-pressure system, is conducive to the formation of ozone. The ozone
problem is further aggravated by surrounding mountains, frequent low inversion
heights, and stagnant air conditions. These factors all act together to trap
pollutants within the SoCAB.

The ozone problem in the SOCAB is one of the most severe in the State, in terms
of maximum concentrations and number of days with exceedances of the
standards. However, there has been considerable improvement over the years.
The long tradition of emission control programs in the SoCAB has had a
continuing impact on the area’s ozone air quality. The long-term trends show
substantial improvements in ozone air quality, despite substantial increases in
population and the number of vehicle miles traveled each day.

Overall, the peak 1-hour indicator declined 54 percent from 1982 to 2003, and
the peak 8-hour indicator declined 47 percent. The maximum measured
concentrations show similar rates of decline during the same time period, with
the maximum 21-hour concentration decreasing 52 percent and the maximum
8-hour concentration decreasing 42 percent. From 1982 to 2003, the number of
State standard exceedance days decreased about 37 percent. During this same
22-year period, the number of days with concentrations above the federal 1-hour
standard decreased 58 percent and the number of days with concentrations
above the federal 8-hour standard decreased 34 percent.

The 2003 ozone season in the South Coast Air Basin was worse than any ozone
season during the previous five years. Furthermore, there were more days with
concentrations above the ozone standards than during any year since 1998. The
region also recorded its first Stage 1 smog alert since 1998. A Stage 1 alert
occurs when the 1-hour ozone concentration reaches 0.20 ppm. Because the
2003 Stage 1 smog alert occurred at a special study site (Rim of the World High
School), it is not included as part of the data reflected in Figures 7.41 and 7.42.
ARB staff analyses indicate that 2003 had more days with meteorological
conditions that are conducive to higher ozone than in the last 24 years.
Therefore, the higher values were substantially influenced by meteorology rather
than overall changes in emissions.
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Figure 7-41*
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World High School site.

7-95



7.3.8.16 Upper Sacramento Valley Area

The Upper Sacramento Valley (USV) generally comprises the northern two-thirds
of the Sacramento Valley Air Basin. The USV includes the northern two-thirds of
SutterCounty and all of Butte, Colusa, Glenn, Shasta, Tehama, and Yuba
counties. Less than 2 percent of the State’s population live in the USV.

Although the USV attains the federal 1-hour ozone standard, ambient
concentrations continue to exceed the State standard. Furthermore, portions of
the USV are nonattainment for the federal 8-hour ozone standard. Overall, the
1-hour and 8&hour ozone statistics for the USV show little change over the
22-year period. During 1982 through 2003, the maximum 1-hour concentrations
ranged from 0.10 ppm to 0.14 ppm, with a difference of only 6 percent in the
values for 1982 and 2003. Maximum 8-hour concentrations ranged from
0.89 ppm to 0.126 ppm during the same time period, with almost no difference
between the end-year values (0.096 ppm in 1982 versus 0.099 ppm in 2003).
The peak 1-hour and 8-hour indicator values also show little change across the
entire trend period, and the values for the end-years are very close, for both
averaging times. During 2001 through 2003, the USV experienced an average of
16 days each year with concentrations exceeding the State 1-hour ozone
standard and 14 days each year with concentrations exceeding the federal
8-hour standard. There were no exceedances of the federal 1-hour ozone
standard during this same time period.
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Figure 7-43
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7.4 Analysis of Peak Ozone Exposure in California
7.4.1 Introduction

This section provides information on the ranges of peak outdoor 1-hour and
8-hour ozone concentrations to which people in different parts of California are
potentially exposed. We use the term “potentially” because we realize that daily
activity patterns influence a person’s exposure. For example, being inside a
building will decrease a person’s exposure to outdoor ozone concentrations in
their vicinity.  However, any person that is outdoors during the peak
concentration period will be exposed to the peak concentration. Furthermore, the
exposures presented here provide an integrated regional perspective rather than
an indication of exposure at any individual location.

This exposure analysis is based solely on “outdoor” ozone data, as measured by
the statewide network of ambient ozone monitoring sites. The following tables
and graphs present information on the population that could be exposed to
different peak ozone concentrations within each air basin or planning area in
California, as well as for the State as a whole. It is important to note that no
exposure information is included for the Great Basin Valleys and Northeast
Plateau air basins. As described in section 7. 4.2, below, the exposure indicator
is based on three years of data (2001 through 2003). The third quarter 2001
ozone data for the Great Basin Valleys is currently under investigation by the
local district and ARB. These data appear to be low, by a factor of 10, and
therefore, cannot be used to calculate a reliable peak value. In contrast, the
2001 ozone data for the Northeast Plateau are missing for key summer months,
when ozone is expected to be highest. Therefore, these data are not sufficient
for calculating a realiable peak value.

7.4.2 Calculation of Peak Outdoor Ozone Exposures

This analysis is based on the Inverse Distance Weighting method from the
Geostatistical Analyst 8.2 software. For this discussion, ozone peak indicator
values and population counts were associated by census tract and merged to
assemble a distribution of exposures across a range of peak ozone
concentrations.

Concentrations of many air pollutants, including ozone, may change substantially
from place to place. Accordingly, population exposure estimates tend to be more
accurate when the population data and air quality data on which they are based
are highly resolved, geographically. Population counts by census tract provide a
convenient source of highly resolved population data. A typical census tract
contains several thousand people. As a result, densely populated areas have
many census tracts, while sparsely populated areas have very few.

Air quality data from the statewide network of monitors were also resolved to
each census tract. The concentration assigned to a census tract was a
weighted-average of the concentrations measured at the monitors. The weight
assigned to each monitor was a function of its distance from the centroid or
center of mass of the census tract, using an inverse distance weighting function
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(1/distance to a power). In this way, close monitors are more influential than are
distant monitors. Using a weighting factor of 1/distance squared is a common
practice. However, the Geostatistical Analyst 8.2 software was able to modify
the power used, in order to improve the estimations. In addition to the weighting
factor, a search radius of 50 kilometers was specified. However, each census
tract interpolation was based on observations for at least three neighboring sites,
even if those sites were beyond the 50 kilometer search radius. Geographical
barriers such as mountain ranges that may impede the movement of emissions
and pollutants were not considered in the exposure calculations, but this
omission had little impact on the results since monitors typically collect data in
populated areas on both sides of such barriers.

Ambient ozone data used in this exposure analysis were extracted from the ARB
air quality data CD (ARB 2004) and from the ARB ADAM database, and they
represent the annual 1-hour and 8-hour peak indicator values for each site during
the 2001 through 2003 time period. The peak indicator, sometimes referred to as
the Expected Peak Day Concentration or EPDC, is a highly precise estimate of
the 99.73 percentile (364/365 percentile) of the 1-hour or 8-hour ozone
concentrations measured at a monitoring site. An exponential-tail model is used
to calculate the peak indicator, making use of the highest twenty percent of all
daily maximum values during a 3-year period (ARB 1993). Because the peak
indicator represents the highest concentration expected to occur once per year,
on average, the exposure results provide an assessment of the highest expected
1-hour and 8-hour exposures for each monitor.

Distributions for peak exposures were prepared for both a 1-hour and an 8-hour
averaging time, using year 2000 census data. On a statewide basis, about
84 percent of California’s population is exposed to peak 1-hour values above the
State standard (0.09 ppm) and about 67 percent are exposed to peak 8hour
values above the federal 8-hour ozone standard (0.08 ppm).

Complete results of the exposure analyses for both the 1-hour and 8-hour
averaging times are given in the following tables and figures. For each averaging
time, there are results for each of the air basins or planning areas, as well as for
the State as a whole. For each area, the population is allocated to different peak
ozone in 0.005 ppm concentration ranges. The cumulative percent of the
population exposed to each range of values above the level of the relevant
standard is also included.

Table 7.13 and Figures 7.45 through 7.59 show the distribution of exposure
estimates based on the peak 1-hour indicator. All areas of the State except
Lake County Air Basin show some percentage of their population exposed to
peak l-hour ozone levels above 0.09 ppm. Furthermore, six areas, Mojave
Desert, Sacramento Metro Area, Salton Sea, SanJoaquin Valley, South Coast,
and Upper Sacramento Valley, have 98 to 100 percent of their population
exposed to peak 1-hour ozone levels above 0.09 ppm.

The highest 1-hour exposures occur in the Mojave Desert, Salton Sea,
San Joaquin Valley, and South Coast areas. In these four areas, 23 percent or
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more of the population was exposed to peak 1-hour ozone levels above
0.130 ppm. People in the Mojave Desert and South Coast areas were exposed
to the highest 1-hour peak ozone values — in the range of 0.155 to 0.160 ppm in
the Mojave Desert and 0.170 to 0.175 ppm in the South Coast. In comparison,
the maximum exposure levels were somewhat lower in the San Joaquin Valley
(0.150ppm to 0.155ppm) and Salton Sea (0.145ppm to 0.150 ppm).
Regardless of how they compare, the peak exposure values for all four of these
areas are still well above the level of the current State 1-hour ozone standard.

Table 7.14 and Figures 7.60 through 7.74 show the distribution of exposure
estimates based on the peak 8-hour indicator. All areas of the State except the
Lake County Air Basin show some exposure to peak 8-hour ozone levels above
0.08 ppm. In contrast, Salton Sea and San Joaquin Valley both show
100 percent of their population exposed to peak 8-hour ozone levels above
0.080ppm. For the Mojave Desert, Sacramento Metro Area, and Upper
Sacramento Valley, more than 98 percent of the population is exposed to peak
8-hour ozone levels above 0.080 ppm. However, the severity of these exposures
varies greatly among all these areas.

To assess the level of outdoor exposure, one must look not only at the percent of
population exposed, but also the range of concentrations reflected by the
percentage value. For example, in the Upper Sacramento Valley, nearly
100 percent of the population is exposed to peak 8hour ozone levels above
0.080 ppm. However, the highest peak indicator value is between 0.100 ppm
and 0.105 ppm. In contrast, only about 86 percent of the population in the South
Coast Air Basin is exposed to peak 8-hour ozone levels above 0.080 ppm.
However, 34 percent of these exposures occur at levels above 0.105ppm.
Furthermore, the population in the South Coast Air Basin is much larger than the
population in the Upper Sacramento Valley. As a result, the peak 8-hour ozone
exposures in the South Coast Air Basin have a greater impact on public health
compared to exposures in the Upper Sacramento Valley. These factors are very
important to consider when interpreting the peak exposure data.
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Table 7-13 Summary of Ozone Peak 1-Hour Indicator Population-Weighted

Exposure
Air Basin Lower Conc | Upper Conc | Census 2000 % of Pop Cumulative %
Limit (ppm) | Limit (ppm) | Pop Affected Exposed Pop >0.09 ppm
Great Basin
Valleys Representative data not available
Lake County 0.075 0.08 1451 2.5%
0.080 0.085 54346 93.2%
0.085 0.090 2512 4.3%
LC Total: 58309| Total >0.09 ppm: 0.0%
Lake Tahoe 0.080 0.085 11253 24.4%
0.085 0.090 3310 7.2%
0.090 0.095 1364 3.0% 3.0%
0.095 0.100 3909 8.5% 11.4%
0.100 0.105 7990 17.3% 28.7%
0.105 0.110 6072 13.1% 41.9%
0.110 0.115 4857 10.5% 52.4%
0.115 0.120 7445 16.1% 68.5%
LT Total: 46200 Total >0.09 ppm: 68.5%
Mojave Desert 0.075 0.080 14619 1.8%
0.080 0.085 1858 0.2%
0.085 0.090 0 0.0%
0.090 0.095 2115 0.3% 0.3%
0.095 0.100 13003 1.6% 1.9%
0.100 0.105 43493 5.3% 7.2%
0.105 0.110 49988 6.1% 13.3%
0.110 0.115 7048 0.9% 14.2%
0.115 0.120 34908 4.3% 18.4%
0.120 0.125 3575 0.4% 18.9%
0.125 0.130 97684 12.0% 30.8%
0.130 0.135 124785 15.3% 46.1%
0.135 0.140 266115 32.6% 78.7%
0.140 0.145 146078 17.9% 96.6%
0.145 0.150 8483 1.0% 97.6%
0.150 0.155 2381 0.3% 97.9%
0.155 0.160 609 0.1% 98.0%
MD Total: 816742 Total >0.09 ppm: 98.0%)
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Table 7.13 (continued)

Air Basin Lower Conc | Upper Conc | Census 2000 % of Pop Cumulative %
Limit (ppm) [ Limit (ppm) | Pop Affected Exposed Pop >0.09 ppm
Mountain 0.085 0.090 26088 9.9%
Counties 0.090 0.095 7393 2.8% 2.8%
0.095 0.100 9935 3.8% 6.6%
0.100 0.105 4993 1.9% 8.5%
0.105 0.110 54037 20.5% 29.0%
0.110 0.115 73533 27.9% 56.8%
0.115 0.120 58102 22.0% 78.9%
0.120 0.125 24067 9.1% 88.0%
0.125 0.130 5549 2.1% 90.1%
MC Total: 263697| Total >0.09 ppm: 90.1%
North Central 0.070 0.075 6025 0.8%
Coast 0.075 0.080 209446 29.5%
0.080 0.085 201570 28.4%
0.085 0.090 179902 25.3%
0.090 0.095 42330 6.0% 6.0%
0.095 0.100 63684 9.0% 14.9%
0.100 0.105 7641 1.1% 16.0%
NCC Total: 710598 Total >0.09 ppm: 16.0%
North Coast 0.065 0.070 24886 8.0%
0.070 0.075 22103 7.1%
0.075 0.080 48516 15.6%
0.080 0.085 57361 18.5%
0.085 0.090 47285 15.2%
0.090 0.095 96345 31.1% 31.1%
0.095 0.100 13572 4.4% 35.4%
NC Total: 310068| Total >0.09 ppm: 35.4%
Northeast
Plateau Representative data not available
Sacramento 0.085 0.090 2703 0.2%
Metro Area 0.090 0.095 0 0.0% 0.0%
0.095 0.100 734 0.0% 0.0%
0.100 0.105 30024 1.7% 1.8%
0.105 0.110 157159 9.0% 10.7%
0.110 0.115 324179 18.5% 29.2%
0.115 0.120 358081 20.4% 49.6%
0.120 0.125 387246 22.1% 71.7%
0.125 0.130 343817 19.6% 91.3%
0.130 0.135 145127 8.3% 99.6%
0.135 0.140 4941 0.3% 99.8%
SMA Total: 1754011 Total >0.09 ppm: 99.8%

7-102



Table 7.13 (continued)

Air Basin Lower Conc | Upper Conc | Census 2000 % of Pop Cumulative %
Limit (ppm) [ Limit (oppm) | Pop Affected Exposed Pop >0.09 ppm

Salton Sea 0.095 0.100 1139 0.2% 0.2%

0.100 0.105 13406 2.9% 3.1%

0.105 0.110 16123 3.5% 6.6%

0.110 0.115 28677 6.2% 12.7%

0.115 0.120 120808 25.9% 38.7%

0.120 0.125 71786 15.4% 54.1%

0.125 0.130 85422 18.3% 72.4%

0.130 0.135 81352 17.5% 89.9%

0.135 0.140 37889 8.1% 98.0%

0.140 0.145 6448 1.4% 99.4%

0.145 0.150 2836 0.6% 100.0%

SS Total: 465886] Total >0.09 ppm: 100.0%
San Diego 0.075 0.080 10139 0.4%
0.080 0.085 60883 2.2%
0.085 0.090 287031 10.2%

0.090 0.095 618435 22.0% 22.0%

0.095 0.100 1081023 38.4% 60.4%

0.100 0.105 579186 20.6% 81.0%

0.105 0.110 108618 3.9% 84.8%

0.110 0.115 60378 2.1% 87.0%

0.115 0.120 7066 0.3% 87.2%

0.120 0.125 1011 0.0% 87.3%

SD Total: 2813770[ Total >0.09 ppm: 87.3%
San Francisco 0.060 0.065 182456 2.7%
Bay Area 0.065] 0.070 707493 10.6%
0.070 0.075 602682 9.0%
0.075 0.080 801287 12.0%
0.080 0.085 411973 6.2%
0.085 0.090 329285 4.9%

0.090 0.095 436796 6.6% 6.6%

0.095 0.100 500334 7.5% 14.1%

0.100 0.105 1309795 19.7% 33.7%

0.105 0.110 1139535 17.1% 50.8%

0.110 0.115 155743 2.3% 53.2%

0.115 0.120 19512 0.3% 53.5%

0.120 0.125 64229 1.0% 54.4%

SFBA Total: 6661120( Total >0.09 ppm: 54.4%
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Table 7.13 (continued)

Air Basin Lower Conc [ Upper Conc| Census 2000 % of Pop Cumulative %
Limit (ppm) | Limit (ppm) [ Pop Affected Exposed Pop >0.09 ppm
San Joaquin 0.095 0.100 9814 0.3%
Valley 0.100 0.105 322715 10.1% 10.1%
0.105 0.110 165526 5.2% 15.3%
0.110 0.115 228875 7.2% 22.5%
0.115 0.120 689818 21.6% 44.1%
0.120 0.125 658731 20.7% 64.8%
0.125 0.130 360413 11.3% 76.1%
0.130 0.135 244276 7.7% 83.7%
0.135 0.140 362643 11.4% 95.1%
0.140 0.145 96589 3.0% 98.1%
0.145 0.150 41823 1.3% 99.4%
0.150 0.155 8162 0.3% 99.7%
SJV Total: 3189385 Total >0.09 ppm: 99.7%
South Central 0.065 0.070 96532 6.9%
Coast 0.070 0.075 156513 11.2%
0.075 0.080 82498 5.9%
0.080 0.085 84029 6.0%
0.085 0.090 334320 23.9%
0.090 0.095 135552 9.7% 9.7%
0.095 0.100 118109 8.4% 18.1%
0.100 0.105 80854 5.8% 23.9%
0.105 0.110 88803 6.3% 30.3%
0.110 0.115 64995 4.6% 34.9%
0.115 0.120 60142 4.3% 39.2%
0.120 0.125 45428 3.2% 42.5%
0.125 0.130 26760 1.9% 44.4%
0.130 0.135 19269 1.4% 45.8%
0.135 0.140 4692 0.3% 46.1%
SCC Total: 1398496| Total >0.09 ppm: 46.1%
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Table 7.13 (continued)

Air Basin Lower Conc Upper Conc Census 2000 % of Pop Cumulative %
Limit (ppm) Limit (ppm) Pop Affected Exposed Pop >0.09 ppm
South Coast 0.080 0.085 13235 0.1%
0.085 0.090 265666 1.8%
0.090 0.095 852643 5.8% 5.8%
0.095 0.100 994109 6.8% 12.7%
0.100 0.105 1400457 9.6% 22.3%
0.105 0.110 1536657 10.5% 32.8%
0.110 0.115 1027585 7.0% 39.8%
0.115 0.120 1223463 8.4% 48.2%
0.120 0.125 960987 6.6% 54.8%
0.125 0.130 672583 4.6% 59.4%
0.130 0.135 672383 4.6% 64.0%
0.135 0.140 720309 4.9% 69.0%
0.140 0.145 665763 4.6% 73.5%
0.145 0.150 618711 4.2% 77.8%
0.150 0.155 710721 4.9% 82.6%
0.155 0.160 1061720 7.3% 89.9%
0.160 0.165 686129 4.7% 94.6%
0.165 0.170 499248 3.4% 98.0%
0.170 0.175 8513 0.1% 98.1%
SC Total: 14590882| Total >0.09 98.1%
Upper 0.085 0.090 1450 0.2%
Sacramento 0.090 0.095 35840 5.9% 5.9%
Valley 0.095 0.100 261253 43.3% 49.2%
0.100 0.105 148057 24.5% 73.8%
0.105 0.110 129396 21.4% 95.2%
0.110 0.115 20956 3.5% 98.7%
0.115 0.120 6566 1.1% 99.8%
USV Total: 603518 Total >0.09 99.8%
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Table 7. 13 (continued)

Air Basin Lower Conc | Upper Conc | Census 2000 % of Pop Cumulative %
Limit (ppm) | Limit (ppm) | Pop Affected Exposed Pop >0.09 ppm

California 0.060 0.065 182456 0.5%
0.065 0.070 845294 2.5%
0.070 0.075 829558 2.5%
0.075 0.080 1167956 3.5%
0.080 0.085 896508 2.7%
0.085 0.090 1481723 4.4%

0.090 0.095 2230408 6.6% 6.6%

0.095 0.100 3071868 9.1% 15.7%

0.100 0.105 3948611 11.7% 27.4%

0.105 0.110 3457662 10.2% 37.7%

0.110 0.115 1996826 5.9% 43.6%

0.115 0.120 2585911 7.7% 51.2%

0.120 0.125 2217060 6.6% 57.8%

0.125 0.130 1592228 4.7% 62.5%

0.130 0.135 1287192 3.8% 66.3%

0.135 0.140 1396589 4.1% 70.5%

0.140 0.145 914878 2.7% 73.2%

0.145 0.150 671853 2.0% 75.2%

0.150 0.155 721264 2.1% 77.3%

0.155 0.160 1062329 3.1% 80.5%

0.160 0.165 686129 2.0% 82.5%

0.165 0.170 499248 1.5% 84.0%

0.170 0.175 8513 0.0% 84.0%

State Total: 33752064| Total >0.09 ppm: 84.0%)
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Figure 7-45
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Figure 7-47
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Figure 7-49
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Figure 7-51
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Figure 7-53
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Figure 7-55
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Figure 7-57
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Figure 7-59
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Table 7-14 Summary of Ozone Peak 8-Hour Indicator

Population-Weighted Exposure

Air Basin Lower Conc | Upper Conc | Census 2000 | % of Pop | Cumulative %
Great Basin
Valleys Representative data not available

Lake County 0.065 0.070 10253 17.6%
0.070 0.075 45544 78.1%
0.075 0.080 2512 4.3%

LC Total: 58309 Total >0.08 ppm: 0.0%
Lake Tahoe 0.070 0.075 1441 3.1%
0.075 0.080 13122 28.4%

0.080 0.085 4269 9.2% 9.2%

0.085 0.090 2910 6.3% 15.5%

0.090 0.095 9921 21.5% 37.0%

0.095 0.100 6825 14.8% 51.8%

0.100 0.105 7712 16.7% 68.5%

LT Total: 46200( Total >0.08 ppm: 68.5%
Mojave Desert 0.070 0.075 14619 1.8%
0.075 0.080 1858 0.2%

0.080 0.085 10423 1.3% 1.3%

0.085 0.090 630 0.1% 1.4%

0.090 0.095 51709 6.3% 7.7%

0.095 0.100 49749 6.1% 13.8%

0.100 0.105 24299 3.0% 16.8%

0.105 0.110 32243 3.9% 20.7%

0.110 0.115 167985 20.6% 41.3%

0.115 0.120 411271 50.4% 91.6%

0.120 0.125 45229 5.5% 97.2%

0.125 0.130 5686 0.7% 97.9%

0.130 0.135 1041 0.1% 98.0%

MD Total: 816742 Total >0.08 ppm: 98.0%
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Table 7.14 (continued)

Air Basin Lower Conc | Upper Conc | Census 2000 % of Pop Cumulative %
Limit (ppm) | Limit (ppm) | Pop Affected Exposed Pop >0.08 ppm
Mountain 0.070 0.075 9811 3.7%
Counties 0.075 0.080 6365 2.4%
0.080 0.085 18906 7.2% 7.2%
0.085 0.090 11747 4.5% 11.6%
0.090 0.095 63407 24.0% 35.7%
0.095 0.100 72750 27.6% 63.3%
0.100 0.105 9852 3.7% 67.0%
0.105 0.110 70859 26.9% 93.9%
MC Total: 263697| Total >0.08 ppm: 93.9%
North Central 0.060 0.065 50075 7.0%
Coast 0.065 0.070 302175 42.5%
0.070 0.075 244556 34.4%
0.075 0.080 47454 6.7%
0.080 0.085 66338 9.3% 9.3%
NCC Total: 710598| Total >0.08 ppm: 9.3%
North Coast 0.05 0.055 10409 3.4%
0.055 0.060 27178 8.8%
0.060 0.065 37665 12.1%
0.065 0.070 75408 24.3%
0.070 0.075 7855 2.5%
0.075 0.080 50707 16.4%
0.080 0.085 91266 29.4% 29.4%
0.085 0.090 9580 3.1% 32.5%
NC Total: 310068 Total >0.08 ppm: 32.5%)
Northeast
Plateau Representative data not available
Sacramento 0.075 0.080 3343 0.2%
Metro Area 0.080 0.085 6737 0.4% 0.4%
0.085 0.090 127056 7.2% 7.6%
0.090 0.095 330397 18.8% 26.5%
0.095 0.100 387534 22.1% 48.6%
0.100 0.105 522121 29.8% 78.3%
0.105 0.110 317033 18.1% 96.4%
0.110 0.115 59790 3.4% 99.8%
SMA Total: 1754011 Total >0.08 ppm: 99.8%
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Table 7.14 (continued)

Air Basin Lower Conc | Upper Conc | Census 2000 % of Pop Cumulative %
Limit (ppm) | Limit (ppm) | Pop Affected Exposed Pop >0.08 ppm
Salton Sea 0.080 0.085 11054 2.4% 2.4%
0.085 0.090 33027 7.1% 9.5%
0.090 0.095 77733 16.7% 26.1%
0.095 0.100 35919 7.7% 33.9%
0.100 0.105 81231 17.4% 51.3%
0.105 0.110 60682 13.0% 64.3%
0.110 0.115 41624 8.9% 73.3%
0.115 0.120 111986 24.0% 97.3%
0.120 0.125 12104 2.6% 99.9%
0.125 0.130 526 0.1% 100.0%
SS Total: 465886| Total >0.08 ppm: 100.0%
San Diego 0.065 0.070 50101 1.8%
0.070 0.075 427672 15.2%
0.075 0.080 1051093 37.4%
0.080 0.085 1098796 39.1% 39.1%
0.085 0.090 75922 2.7% 41.7%
0.090 0.095 99909 3.6% 45.3%
0.095 0.100 9266 0.3% 45.6%
0.100 0.105 1011 0.0% 45.7%
SD Total: 2813770[ Total >0.08 ppm: 45.7%
San Francisco 0.05 0.055 763096 11.5%
Bay Area 0.055 0.060 957772 14.4%
0.060 0.065 1020174 15.3%
0.065 0.070 668135 10.0%
0.070 0.075 991820 14.9%
0.075 0.080 1384142 20.8%
0.080 0.085 431659 6.5% 6.5%
0.085 0.090 361776 5.4% 11.9%
0.090 0.095 82546 1.2% 13.2%
SFBA Total: 6661120| Total >0.08 ppm: 13.2%
San Joaquin 0.080 0.085 8579 0.3% 0.3%
Valley 0.085 0.090 353061 11.1% 11.3%
0.090 0.095 277622 8.7% 20.0%
0.095 0.100 317234 9.9% 30.0%
0.100 0.105 656639 20.6% 50.6%
0.105 0.110 820218 25.7% 76.3%
0.110 0.115 723099 22.7% 99.0%
0.115 0.120 32933 1.0% 100.0%
SJV Total: 3189385| Total >0.08 ppm: 100.0%
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Table 7.14 (continued)

Air Basin Lower Conc |Upper Conc|Census 2000 % of Pop Cumulative %

Limit (ppm) | Limit (ppm) | Pop Affected Exposed Pop >0.08 ppm
South Central 0.060 0.065 204918 14.7%
Coast 0.065 0.070 134775 9.6%
0.070 0.075 141945 10.1%
0.075 0.080 362448 25.9%

0.080 0.085 135523 9.7% 9.7%

0.085 0.090 125914 9.0% 18.7%

0.090 0.095 118145 8.4% 27.1%

0.095 0.100 68312 4.9% 32.0%

0.100 0.105 62936 4.5% 36.5%

0.105 0.110 28774 2.1% 38.6%

0.110 0.115 14806 1.1% 39.6%

SCC Total: 1398496| Total >0.08 ppm: 39.6%
South Coast 0.065 0.070 984 0.0%
0.070 0.075 827859 5.7%
0.075 0.080 1262909 8.7%

0.080 0.085 1973784 13.5% 13.5%

0.085 0.090 2017916 13.8% 27.4%

0.090 0.095 1643198 11.3% 38.6%

0.095 0.100 1067479 7.3% 45.9%

0.100 0.105 854422 5.9% 51.8%

0.105 0.110 732178 5.0% 56.8%

0.110 0.115 502485 3.4% 60.3%

0.115 0.120 884039 6.1% 66.3%

0.120 0.125 679312 4.7% 71.0%

0.125 0.130 799747 5.5% 76.4%

0.130 0.135 829078 5.7% 82.1%

0.135 0.140 490458 3.4% 85.5%

0.140 0.145 25034 0.2% 85.7%

SC Total: 14590882| Total >0.08 ppm: 85.7%
Upper 0.070 0.075 654 0.1%
Sacramento 0.075 0.080 796 0.1%

Valley 0.080 0.085 76960 12.8% 12.8%

0.085 0.090 272315 45.1% 57.9%

0.090 0.095 212207 35.2% 93.0%

0.095 0.100 28913 4.8% 97.8%

0.100 0.105 11673 1.9% 99.8%

USV Total: 603518| Total >0.08 ppm: 99.8%
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Table 7.14 (continued)

Air Basin Lower Conc | Upper Conc | Census 2000 % of Pop Cumulative %
Limit (ppm) | Limit (ppm) | Pop Affected Exposed Pop >0.08 ppm

California 0.050 0.055 773505 2.3%
0.055 0.060 1043568 3.1%
0.060 0.065 1312832 3.9%
0.065 0.070 1241980 3.7%
0.070 0.075 2716684 8.0%
0.075 0.080 4188708 12.4%

0.080 0.085 3934294 11.7% 11.7%

0.085 0.090 3397602 10.1% 21.7%

0.090 0.095 2966794 8.8% 30.5%

0.095 0.100 2043981 6.1% 36.6%

0.100 0.105 2231896 6.6% 43.2%

0.105 0.110 2061987 6.1% 49.3%

0.110 0.115 1509789 4.5% 53.8%

0.115 0.120 1440229 4.3% 58.0%

0.120 0.125 736645 2.2% 60.2%

0.125 0.130 805959 2.4% 62.6%

0.130 0.135 830119 2.5% 65.1%

0.135 0.140 490458 1.5% 66.5%

0.140 0.145 25034 0.1% 66.6%

State Total: 33752064 Total >0.08 ppm: 66.6%
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Figure 7.60
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Figure 7.62
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Figure 7.64
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Figure 7.66
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Figure 7.68
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Figure 7.70
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Figure 7.72
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Figure 7.74
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7.4.3 Indoor Ozone Concentrations

Indoor ozone concentrations are influenced by the outdoor ozone concentration,
the rate of exchange between outdoor and indoor air (air exchange rate), the
presence and emission rate of indoor sources of ozone, removal by indoor
surfaces, and reactions between ozone and other chemicals in the air.
Temperature and relative humidity also affect indoor ozone concentrations, but to
a lesser extent than the aforementioned factors. As a result of these multiple
interacting factors, indoor ozone levels tend to be highly variable across time-of-
day, climate, location, and season (Weschler 2000a).

7.4.3.1 California Studies

Although indoor data for California are fairly limited, measured average indoor
levels have ranged from less than 10 ppb to greater than 25 ppb in studies where
concurrent average outdoor levels ranged from 37 ppb to over 60 ppb (Avol et al.
1998; Geyh et al. 2000; Lee et al. 2002).

7.4.3.1.1 Homes

The following studies have looked at indoor ozone concentrations for homes in
California. Avol et al. (1998) studied indoor and outdoor ozone concentrations
for 126 southern Californian homes. Indoor ozone levels (13 £ 12 ppb) were
lower than outdoor levels (37 + 19 ppb). Investigators with the Harvard Southern
California Chronic Ozone Exposure Study measured indoor and outdoor ozone
concentrations and personal ozone exposures over a l-year period for nearly
200 elementary school children and their homes in Upland and several towns in
the San Bernardino mountains (Geyh et al. 2000). During the ozone season,
average indoor concentrations were higher overall than during the non-ozone
season, and were 3-17 ppb higher in the mountain homes than in the Upland
homes due to natural ventilation and higher ambient concentrations in the
mountain communities. Table 1 illustrates the mean indoor and outdoor ozone
levels in the mountain and Upland communities for the ozone and non-ozone
seasons. In 119 homes recruited from the Harvard Southern California Chronic
Ozone Exposure Study, Lee et al. (2002) also found that average indoor ozone
levels were higher in the mountain sites (16.3 £ 17.0 ppb) than the Upland sites
(13.4 £ 8.5 ppb). Additionally, average outdoor concentrations (56.5 = 22.3 ppb)
were higher than indoor levels (14.9 + 13.3 ppb).

7.4.3.1.2 Offices

Only one study in California has examined indoor ozone concentrations in an
office setting. Indoor and outdoor concentrations of Oz, NO, and NO, were
measured in real time for 14 months at a telecommunications office in Burbank,
CA (Weschler et al. 1994). During the course of the study, the damper setting for
the office ventilation system changed with fluctuations in outdoor and indoor air
temperatures, resulting in a varying air exchange rate of 0.3 — 1.9 air changes
per hour (ach). Consistent with previous work in California homes, indoor levels
were higher during the ozone season (March through October) than during the
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non-ozone season (November through December), and were lower than outdoor
levels. Findings from the Burbank site are presented in Table 7-15.

Table 7-15 95" Percentile and Median Ranges (ppb) for Indoor and Outdoor

O3 at an Office in Burbank, CA.

Months 95% Indoor Median Indoor 95% Outdoor Median Outdoor
Mar — Oct 24.6 — 55.7 04-8 53.3-106.2 34-211
Nov — Feb 7.3-18.9 0.2-1.2 21.6 —32.8 1-45

7.4.3.2 Other Studies

Studies in other areas of the country are illustrative of indoor concentrations that
might also occur in parts of California. Liu et al. (1993) measured indoor,
outdoor, and personal ozone concentrations for 23 children and their homes in
State College, PA. As expected, the homes experienced significantly higher
mean indoor concentrations during the day (19.2 ppb) than at night (10.5 ppb).
The mean estimated outdoor daytime concentration (45.9 ppb) was much higher
than the corresponding indoor level. As part of the Canadian Research on
Exposure Assessment Modeling (CREAM) study, Liu et al. (1995) measured
personal, indoor and outdoor ozone concentrations for 50 Toronto homes and
offices in the winter and summer of 1992. For both homes and offices, mean
indoor ozone concentrations were lower in the winter (home indoor: 1.6 ppb;
workplace: 0.7 ppb) than in the summer (home indoor: 7.1 ppb; workplace: 10.0
ppb). The same seasonal effect was observed for home outdoor levels (summer:
19.1 ppb; winter: 15.4 ppb). Outdoor levels for homes were also higher overall
than indoor levels, with greater concentrations during the day than at night.

7.4.4 Factors that Influence Indoor Ozone Concentrations
7.4.4.1 Outdoor Air

Studies have shown that indoor ozone levels generally follow the diurnal and
seasonal patterns of outdoor ozone, with higher levels in the daytime and
summer months (see above). Most indoor ozone originates from the outdoors
(Weschler et al. 1989). Like outdoor concentrations, indoor ozone levels can
remain elevated for long periods of time, generally eight hours or more, and
display peak variations throughout the day (Weschler 1989).

7.4.4.1.1 Indoor/Outdoor Ozone Ratios

Researchers sometimes have characterized the relationship of indoor ozone
concentrations with ambient concentrations with an 1/O (indoor-outdoor) ozone
ratio. Typically, indoor ozone concentrations range from 20% to 80% of outdoor
values (Weschler et al. 1989), but vary substantially due to a number of factors,
such as season, building ventilation rate, and microenvironment.
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7.4.4.1.2 Season

Avol et al. (1998) measured seasonal variations in the indoor-outdoor ozone
relationships for southern Californian homes. The I/O ratios were 0.43 + 0.29
during the summer and 0.32 £ 0.21 for the non-summer months. In the CREAM
study, I/O ratios also varied by season (Liu et al. 1995). A higher air exchange
rate in the summer (1.04 £ 1.28 ach, mean) corresponded with a higher summer
I/O ratio (0.40 £ 0.29).

7.4.4.2 Ventilation

For buildings with negligible indoor sources of ozone, the indoor-outdoor ozone
relationship is largely dependent on the building ventilation rate. In general,
studies show that open windows and doors allow outdoor ozone to enter, while
closed windows and doors greatly reduce infiltration. In their study of a
telecommunications office in Burbank, CA, Weschler et al. (1994) explained: “For
species originating outdoors, the air exchange rate is a major factor determining
indoor concentrations (appearing in both source and sink terms); it influences the
lag time between changes in indoor concentrations; it determines the amount of
time available (residence time) for indoor chemical reactions.” Buildings with
higher ventilation rates will yield the strongest indoor-outdoor ozone relationships
(Weschler et al. 1989). During July, 1992, a commercial building in Burbank, CA,
with an average air exchange rate of 0.4 ach had an 1I/O ratio of 0.31 (Weschler
et al. 1994). A year later, when the air exchange rate was higher (0.7 ach,
average), the I/O ratio was also higher (0.42). In a study of southern Californian
homes, the 1/O ratio was 0.10 in homes operating an air conditioner and 0.68 *
0.18 in homes not using AC with windows open (Lee et al. 1999). In New Jersey
homes without indoor gas combustion studied under different ventilation
conditions, naturally ventilated homes also had higher 1/O ratios than air-
conditioned homes — 0.59 + 0.16 and 0.28 + 0.12, respectively (Zhang et al.
1994a). Gold et al. (1996) compared the relationship of indoor ozone
concentrations with ambient concentrations for a school in Mexico City under
three different ventilation conditions. With classroom windows/doors open,
indoor ozone concentrations were 75% of outdoor concentrations, and with
windows/doors closed, only 15% to 18% of outdoor concentrations. The third
condition, which evaluated the use of an air cleaner with windows/doors closed,
did not provide a significant reduction in indoor ozone levels. The air cleaner
was a small portable floor unit, equipped with a charcoal filter for removing
reactive gases and particles. When indoor sources of ozone are present, the air
exchange rate has a smaller influence on the indoor-outdoor ozone relationship.
After controlling for the air exchange rate, a significant association between the
use of an electrostatic air cleaner—a potential source of ozone—and and an
increase in the I/O ratio was identified in 50 Toronto homes and offices (Liu et al.
1995).

7.4.4.3 Microenvironment

Building type and configuration can also impact 1/O ratios. Jakobi et al. (1997)
took measurements for different microenvironments—a classroom, a gym,
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offices, homes, and a car. The I/O ozone ratios for each microenvironment were
as follows: office (0.40-0.90); classroom (0.54-0.77); gym (0.49-0.92); home
(0.47-1.00); car (0.40-0.60). Hayes (1991) found similar peak indoor-outdoor
ratios by using an indoor air quality model (IAQM) and making certain
assumptions for different microenvironments and ventilation conditions.

7.4.4.4 Indoor Sources

Ozone emissions from a variety of sources have been measured in several
studies. Some measured emission rates are surprisingly high, and would likely
result in unhealthful air concentrations in most indoor environments. Within the
last 10 to 15 years, the number of indoor sources of directly-emitted ozone has
increased. Ozone generators, electrostatic air filters and electrostatic
precipitators, and several types of office equipment, including photocopiers and
laser printers, are known to produce ozone. Computer terminals, ink/bubble jet
printers, and fax machines also produce ozone, but limited emissions data exist
for this type of equipment.

7.4.4.4.1 Office Equipment

Studies have shown that the ozone produced by photocopiers is dependent on
copying rates, light intensity, and the maintenance status of the equipment
(USEPA 1995; Wolkoff et al. 1992). As a result, photocopiers have highly
variable emission rates — averaging 40 pg/copy with peak concentrations of 131
Hg/copy, but with emissions as low as 4 pg/copy for advanced, recently serviced
photocopying machines (USEPA 1995). A test method developed by Leovic et
al. (1996) measured emission rates for four copiers in full operation mode
ranging from 1,300 to 7,900 pg/h.

Older studies indicate earlier models likely had higher emission rates (Allen et al.
1978). The ozone emissions from 69 photocopiers were in the range of 0-1,350
pHg/min with a mean of 259 pg/min, and the ozone concentration in the breathing
zone of 19 operators was between £0.001 to 0.15 ppm (1 to 150 ppb) at its
maximum (Hansen et al. 1986). Ten photocopiers emitted ozone at rates of <1
to 54 pg/copy, resulting in concentrations of < 4 to 300 pg/m°® (2 to 153 ppb)
(Selway et al. 1980).

Laser printers can also be an important source of indoor ozone. Tuomi et al.
(2000) tested 4 laser printers for ozone and VOC emissions. Three laser printers
equipped with the corona discharge technology had emission rates of 0 to 3,700
ng/h, with resulting air concentrations of 0 to 360 pg/m? (0 to 180 ppb). The laser
printer without corona discharge rods, representing the newest technological
advances, emitted negligible amounts of ozone.

Ozone concentrations resulting from use of laser printers, photocopiers, and
other devices have been estimated to exceed health standards, especially under
low ventilation conditions (Allen et al. 1978; Kissel 1993; Selway et al. 1980;
USEPA 1995). The emission rates as well as the duration of ozone production,
location of office equipment within the building, and environmental factors, such
as temperature and lighting, influence the amount of indoor ozone found within
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occupants’ breathing zones (USEPA 1995). In an early study, investigators
concluded that the use of photocopiers under conditions of poor ventilation or
naturally ventilated areas in the summer where outdoor values exceed 50 ppb
can pose a health hazard indoors (Allen et al. 1978). Another study estimated
that individuals within the immediate vicinity of an ozone generator can be
exposed to peak exposure levels exceeding the FDA standard of 50 ppb, which
was established for ozone generators used as medical devices (Kissel 1993).
Office equipment can be modified to significantly reduce ozone emissions. For
photocopiers, using charging rollers in place of corona wires can decrease ozone
levels during charge and transfer processes. Ozone filters, which catalytically
convert ozone to oxygen, but do not remove ozone from the air, also reduce
ozone emissions. Laser printers without a filter showed average ozone
emissions of 440 pg/min as opposed to laser printers with a filter, which
averaged 100 pg/min (USEPA 1995). The efficiency of ozone filters is relative to
filter thickness, air velocity across the filter, beginning ozone concentration, and
the cleanliness of the filter. Activated carbon filters tend to be the most effective.

7.4.4.4.2 Ozone generators

Of the indoor sources, ozone generators appear to pose the greatest risk to
human health. Many government agencies recommend against the use of ozone
generators (DHS 1997; Health Canada 1999). Ozone generators deliberately
introduce ozone into the indoor environment, as opposed to other air-cleaning
devices, which generate ozone as a byproduct. Two tabletop models tested by
Consumers Union (1992) were deemed unacceptable for occupied spaces. They
had no effect on particulates in indoor air, and produced ozone at levels
exceeding the FDA limit with no control for or measure of ozone output. Despite
their low emission rates relative to some other indoor sources such as large
copiers, portable o0zone generators can contribute largely to indoor
concentrations and personal exposures because they are operated for long
periods and they are located in close proximity to people in their homes (Phillips
et al. 1999). Some small “personal air purifiers” are intended for use in a
person’s immediate breathing zone (near the nose and mouth). Tests have
shown that personal exposures of users of such devices would exceed health-
based guidelines. Experimental investigations of ozone generator use reveal
that ozone does not successfully remove contaminants or odor from indoor air,
except perhaps at levels not safely tolerated by humans (Boeniger 1995; Kissel
1993). Ozone generators produce ozone at rates faster than ozone can decay;
compounds that react with ozone at an effective rate comprise less than 10% of
gas phase pollutants (Weschler 2000a). The exact number of people exposed to
ozone from the residential use of ozone-generating devices is not known, but is
estimated to be in the tens or hundreds of thousands (Kissel 1993).
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7.4.4.5 Indoor Chemistry
7.4.4.5.1 Heterogeneous Reactions

Ozone that has been deposited onto indoor surfaces can react with chemicals
that constitute, or are adsorbed on, surface materials; these reactions are
referred to as heterogeneous reactions (Weschler, 2000a). Deposition onto
surfaces is the most important removal process for indoor ozone (Jakobi et al.
1997; Weschler et al. 1994). The removal rate is dependent on the surface-to-
volume ratio, airflow, relative humidity, surface composition, and exposure history
of the indoor environment (Lee et al. 1999; Reiss et al. 1994; Weschler 2000a).
In general, smaller rooms and rooms with fleecy surfaces have faster rates of
indoor ozone removal. Ozone decay also occurs at a faster rate when
temperature and humidity levels are high. More moisture is adsorbed on indoor
surfaces as the indoor relative humidity increases (Weschler et al. 1994), and the
deposition velocities of ozone to different surfaces become larger with higher
temperature and relative humidity (Weschler 2000a).

In addition to removing ozone from indoor air, ozone deposition can also
influence the emissions of potentially harmful chemicals from building products
(Kleno et al. 2001). Natural rubbers and neoprene, compounds associated with
latex paint, linoleum and carpet, unsaturated components of waxes and polishes,
and unsaturated semi-volatile organics adsorbed on indoor surfaces react with
ozone to produce highly volatile chemicals harmful to human health and
damaging to materials such as rubbers, dyes, film, and books (Weschler 2000a).
Reiss et al. (1995a) studied the heterogeneous reaction of ozone with latex paint
in an environmental chamber. Significant amounts of formaldehyde and lesser
concentrations of acetone and acetaldehyde were produced with the exposure of
latex paint surfaces to ozone. In the presence of indoor ozone, the unsaturated
fatty acids from paints using linseed oil as a drying agent reacted readily with
ozone to produce aldehydes and organic acids (Weschler 2000a). Olefines or
other chemicals contained in surface materials such as plywood and plaster also
react with ozone to produce formaldehyde (Moriske et al. 1998). Ozone was also
shown to impact indoor levels of VOCs in a carpeted environmental chamber
(Weschler et al. 1992). Nonvolatile substances in the carpet fibers reacted with
ozone to produce the higher molecular weight aldehydes. Carpet can act as a
reservoir for the aldehydes, adsorbing them once they have formed and
releasing them long after the ozone exposure ends (Weschler, 2000a).

7.4.4.5.2 Homogeneous (Gas-phase) Reactions.

In contrast to heterogeneous reactions, homogeneous reactions occur in the gas
phase when ozone reacts with other airborne chemicals (Weschler, 2000a).
Ozone reaction rates for inorganic gases commonly found in indoor air (i.e.,
formaldehyde, acetaldehyde, ammonia, sulfur dioxide and carbon monoxide) are
too slow to effectively compete with air exchange rates for removal of indoor
ozone. However, there is a small subset of volatile organic chemicals (VOCs)
with unsaturated carbon-carbon bonds that react with ozone equal to or faster
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than the rate of air exchange. Most notably, these chemicals include the
terpenes: d-limonene, a-pinene, isoprene, and styrene. Terpenes are used in a
variety of cleaning products and other consumer products to impart a scent to the
product. Limonene is a compound with high emission rates in indoor air, and is
commonly found in air fresheners (Wallace et al. 1991).

Reiss et al. (1995b) used a model to examine the homogeneous removal of
ozone in several studies. They found that the homogeneous reaction of ozone
with d-limonene, a-pinene, and styrene in residential environments accounted for
85%, 14%, and 1% of the ozone removal, respectively. Additionally, Reiss et al.
(1995b) noted that homogeneous chemistry comprised 20% of the total ozone
removal in another study of homes.

Despite the potential for relatively high rates of reaction in some situations,
researchers have determined that ventilation is more effective than ozone at
lowering VOCs in indoor air (Shaughnessy et al. 2001; Weschler et al., 2000b).
The reaction of ozone with VOCs is characterized by a large reduction in
unsaturated VOCs matched by an increase in aldehyde levels. When terpenes
react with ozone, significant levels of products even more irritating than their
precursors may be produced (Table 3). Studies examining the effects of ozone
on VOCs emitted by carpet and found in environmental tobacco smoke (ETS)
showed the same trends (Shaughnessy et al. 2001; Weschler et al. 1992).

Table 7-16 Ozone-terpene Reactions: Reactants and Products.

Reactants Products

Unsaturated VOCs Formaldehyde, hydroxyl radicals, sub-micron particles

Pinonaldehyde,
a-pinene norpinonaldehyde, pinonic acid, norpinonic acid,
pinic acid, C10 hydroxy dicarbonyls

Styrene Benzaldehyde

4-acetyl-1-methylcyclohexene,
Limonene limononic acid, limonic acid, 7-hydroxylimononic acid,
7-hydroxy-keto-limononic acid

Isoprene Methacrolein, methyl vinyl ketone

Ozone-terpene reactions can also be a significant source of sub-micron particles.
Weschler et al. (1999) examined particle formation and indoor ozone
concentrations in an office setting. In the first experiment, ozone from an ozone
generator and a selected terpene were deliberately introduced into one office,
while a second office served as a control. Particles ranging from 0.10-0.20 um in
aerodynamic diameter were 20 times more prevalent in the first office than in the
control environment. In the second experiment, d-limonene was intentionally
added to an office where outdoor air was the main source of ozone. Particles
closely tracked indoor ozone concentrations, and formed at a rate 10 times
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greater in the presence of d-limonene. Wainman et al. (2000) also demonstrated
that limonene can influence indoor particle concentrations. In a series of
experiments conducted in a dynamic chamber system, ozone was reacted with
limonene at 30%, 50% and 70% relative humidities. Particle formation with
aerodynamic diameters from 0.1 to 0.3um was measured for all experiments, and
was shown to increase with larger surface areas and smaller air exchange rates.

One of the most important reactions in indoor air chemistry is the ozone-nitric
oxide reaction. The reaction does not require photochemical initiation, and
occurs when both precursors are present in indoor air (Zhang et al. 1994b). In
an office setting in Burbank, CA, the reaction rate for the ozone-nitric acid
reaction varied with time, and was most apparent in the late morning and early
evening (Weschler et al. 1994). Significant reductions in levels of ozone will
result even in the presence of small amounts of nitric oxide, which is generated
from gas combustion (Weschler 2000a). When gas appliances are operating,
ozone concentrations eventually decrease upon consumption by the NO
produced. In a southern Californian home, the operation of a gas stove
decreased the ratio of indoor-outdoor ozone from 0.82 to 0.15 within 7 minutes
(Lee et al. 1999). However, gas combustion is not a recommended means for
removing ozone from indoor air, and is not as effective as removal by surfaces
(Zhang et al. 1994a).

The product of the ozone-nitric oxide reaction — nitrogen dioxide — also reacts
with ozone, forming the nitrate radical. The nitrate radical is highly reactive, and
converts quickly to nitric acid, a strong oxidizing agent that can contribute to
numerous respiratory ailments. The nitrate radical may also initialize another
pathway leading to the formation of formic acid from formaldehyde (Zhang et al.
1994b). Formic acid can also be formed indoors through the reaction of ozone
with unsaturated VOCs (Zhang et al. 1994a).

7.45 Personal Exposures to Ozone
7.4.5.1 California Studies

Delfino et al. (1996) measured outdoor and personal ozone concentrations
during peak exposure hours for 12 asthmatic subjects from 9 to 16 years of age
in San Diego, CA. Results showed little correlation between personal and
outdoor ozone; personal ozone was 27% of outdoor ozone (Table 1).

In the spring and fall of 1994, Liu et al. (1997) conducted personal and outdoor
ozone monitoring for cohorts of 22 and 18 subjects over an 8-week period in San
Diego, CA, using the Harvard passive and active samplers. Liu et al. (1997)
found that outdoor measurements were four to five times higher than personal
levels for both seasons (Table 1).

In the Harvard Southern California Chronic Ozone Exposure Study, Geyh et al.
(2000) found that personal exposures were more closely associated with indoor
levels than outdoor levels (Table 1), and were significantly influenced by
community and sex. Study participants in the mountain communities were
exposed to 35% more ozone on average than the Upland community. In
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particular, boys, who averaged more time outside than girls, had higher personal
exposures than girls did — a difference that was more pronounced during the
summer months.

7.4.5.1.1 Activity Patterns

Information on personal ozone exposures comes from the use of passive
samplers, such as the Harvard ozone monitor, and from predictive results
obtained from microenvironmental models. Models have been developed to
explain up to 72% of the variability in personal ozone exposures (Liu et al. 1995).
Liu et al. (1995) concluded that: “With a sufficient number of ambient monitoring
sites and time-activity information, the weighted mean ambient measurements
may be suitable for predicting personal exposures.”

7.4.5.1.2 Indoor Activity

While the source of indoor ozone is mostly outdoor air, indoor ozone exposures
(concentration x time) tend to be larger than outdoor exposures since most
people spend nearly 90% of their time indoors (Weschler et al. 1989). In the
study of 23 children and their homes in State College, PA, Liu et al. (1993)
identified indoor ozone concentrations (19.2 ppb, mean) as the most important
predictors of personal exposures (23.9 ppb, mean). Zhang et al. (1994a)
estimated that exposure in indoor residential environments in New Jersey
accounted for 67% of the estimated potential dose of ozone (Table 4). The
potential dose is equal to the concentration multiplied by the contact rate and
time.

Table 7-17 Potential Dose from New Jersey Homes.

Exposure Factor Outdoor Mean Indoor Mean
Concentration (mg/m®) 0.19 (95 ppb) 0.035 (18 ppb)
Contact Rate (m’/hr) 1.4 0.83

Time (hr/dy) 0.88 15.37
Potential Dose (mg/dy) 0.22 0.45

7.4.5.1.3 Outdoor Activity

In addition to indoor concentrations, research indicates that the amount of time
spent outdoors is also an important variable in predicting ozone exposure.
Brauer et al. (1995) conducted personal exposure monitoring for three groups of
healthy adults with specified activity patterns — 25 office workers, 25 camp
counselors, and 15 farmworkers. Because camp counselors and farmworkers
spent more time outdoors than office workers did, their personal exposure levels
were a greater percentage of the ambient concentration. The mean differences
between ambient and personal concentrations were 12 ppb, 8.5 ppb, and 2.5 ppb
for office workers, camp counselors, and farmworkers, respectively. During
episodes of high ozone in Philadelphia and Los Angeles, children and retired
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adults were estimated to experience higher personal-to-outdoor ratios under the
assumption that they spent more time outdoors than other population groups
(Hayes et al. 1989). Research indicates that the pulmonary function of children
is affected by their peak ozone exposure each day and total ozone exposure
(Lioy et al. 1989). Ozone concentrations peak anytime from noon to late evening
— a time when children are most likely to be outdoors.

In the California Children's Activity Pattern Study, 82.8% of the children, ages 0-
11, spent time outdoors during the diary day. Children who spent time outdoors
spent on average 70% percent of their time outdoors during the hours of 12 noon
to 8 p.m. Individuals accustomed to spending more time outdoors on the
weekends will likely experience higher personal exposures to ozone (Liu et al.
1997). In their study of San Diego residents, Liu et al. (1997) found that the
mean personal exposure was 22.6 ppb on Saturday, and 17.3 ppb on weekdays.

7.45.2 Role of Outdoor Ozone

Although it may be a useful indicator of peak exposure, the outdoor ozone
concentration by itself is not a reliable indicator of personal ozone exposures.
Outdoor measurements tend to overestimate personal measurements. Delfino et
al. (1996) found that personal levels for 12 children were less than one-third the
outdoor levels measured at the Air Pollution Control District (APCD) monitoring
sites in San Diego, CA (Table 1). In the study of 50 Toronto homes and offices,
Liu et al. (1995) also measured personal levels that were significantly lower than
outdoor levels (Table 1). There was also very little correlation between personal
ozone exposures and measurements taken from the stationary ambient
monitoring (SAM) site in a study of Pennsylvanian children and their homes (Liu
et al. 1993). Table 1 illustrates the Pearson correlation coefficients for personal-
ambient levels for three recent personal ozone exposure studies.

7.4.6 Summary

Indoor ozone concentrations are highly variable, and typically range from about
20% to 80% of outdoor values. The relationship of indoor air to outdoor air is
largely dependent on the building air exchange rate, especially in the absence of
indoor sources. Indoor sources of ozone include office equipment, such as
copiers and printers, and air cleaners, such as ozone generators and
electrostatic precipitators. The ozone emitted from these sources can react with
indoor surfaces and compounds in indoor air, and produce harmful chemicals,
such as aldehydes, organic acids, and fine aerosols. Although indoor ozone
concentrations are typically lower than outdoor levels, the greatest exposure to
ozone occurs indoors because of the amount of time spent indoors. Time-activity
patterns are critical determinants of personal ozone levels. However, outdoor
ozone exposures are more reflective of peak exposures, which may be more
relevant in determining health impacts.
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