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Urban Ormamental Plants:
Seusitivity to Ozone and Potential Economic Losses

1.0 Overview

Ozone remains the most prevalent and least tractable air pollution problem in the United
States. About 150 million people reside in areas that currently are in non-attainment with the
National Ambient Air Quality Standard for ozone.

A substantial amount of analysis has been conducted to ascertain the potential heaith and
welfare losses associated with elevated concentrations of ozone. The analysis of welfare effects
has focused primarily on potential economic losses from materials damage, reductions in yields
of agricultural crops, and reductions in growth rates of trees of commercial importance. One
remaining potentially significant area of welfare loss associated with ozone is damage to urban
omamental plants. These are plants used in the urban (and suburban) landscape, such as grass,
flowers, shrubs. and trees. Welfare losses would occur if ozone-induced injury impaired the
aesthenic (or other) services provided by urban orpamental plants, reduced their resistance to other
environmental stresses, reduced their lifespans, or led to the use of more expensive or less
aesthetically pleasing ozone-resistant plants.

This report focuses on the economic¢ implications of potential injury to urban arnamental
plants from elevated levels of ambient ozone. Section 2 provides a data base of plant species for
which experimental work has been conducted to assess sensitivity to ozone, describes critenia for
establishing plant sensitivities to ozone, assigns temperature zones to plant species, and develops
a method for determining which plants included in the database are likely to be injured from
ambient ozone levels in non-attainment areas. Section 3 develops a conceptual framework for
organizing the types of economic losses that may occur from ozone-induced injury to urban
ornamental plants. Section 4 summarnzes information obtained from conversations with
knowledgeable individuals regarding the extent of ongoing injury to urban omamental plants and
factors that may have mitigated such injury.

Assessing economic losses from ozone-induced damage to urban omamental plants is
difficutt. There are many types and uses of ornamental plants, sensitivities to ozone vary widely
across and within plant species, ambient ozone levels vary across non-attainment areas, and the
value associated with specific types of injury to plants is difficult to monetize. There s no
comprehensive set of quantitative information available on the current extent of injury to plants
in the urban landscape from ozone. Likewise, there is no information available from published
sources on either the value people assign to changes in the appearance of plants injured by ozone,
the value lost through substitution of more resistant plants, or the addjtional expenditures that may
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be incurred to mitigate the effects of ozone-induced injury to plants (e.g., the use of more
fertilizer or pesticides or the replacement of plants). Consequently, this study has focused on
framing the issues involved in astimating ozone-induced economic losses to urban ornamental
plants, rather than on developing quantified measures of damages,

Cument economic losses from elevated ambient ozone levels have been substantially
affected by the dynamic response of natural and commercial systems over the lengthy period of
time that ambient ozone has posed an environmental problem. There is evidence that natural
systems self-select for ozone tolerant strains and species. Further, the commercial system for
developing, growing, and distributing urban ormamental plants clearly has been selecting for plant
species and cultivars that are tolerant to urban stresses, including ozone. Our research suggests
that selection processes over the past several decades bave resulted 1n an urban landscape
populated mostly by plants that are resistant to ozone. This, in combination with the downward
trend in urban ozone levels, probably explains why the bulk of plants in the eastern urban
landscape do not appear to suffer visible signs of ozone-induced injury, even though ambient
ozone levels remain high enough to cause reduced agricultural yields in areas adjoining the major
metropolitan non-attainment areas and to affect some sensitive species remaining in the urban
fandscape.'

2.0 Xdentification of Plant Species Potentially at Risk in Ozone Non-Attainment Areas

This section describes the approach used to develop a data base of plant species for which
experimental data are available on sensitivity to ozone. It provides criteria for classifying plant
sensitivity 10 ozone, assigns plants to emperature zones. and provides a means for identifying
plant species in the data base that potentially could suffer injury from ambient ozone levels
rypically present in ozone non-attainment areas.

2.1 Database of Plant Species

A significant amount of research has been conducted over the past three decades to
investigate the sensitivity of plant species to ozone. We conducted a thorough review of the

' We conlacted individuals knowledgeable regarding conditions and activities on the East Coast. For the most pan,

we did not have discussions with individuals knowledgeable regarding the effects of the high ambient ozone levels on planis
in the Los Angeles area



literature’ and identified about 65 key studies.’ For each of the urban omamental plant species

examined or referenced in these studies we extracted data on: measures of exposure 10 ozone
(concentration, duration, and frequency), a measure or description of the type and extent of
injury, and a characterization of the sensitivity to ozone. The resulting data base, provided as
Appendix A, is organized by species. There are multiple entries for the same species if more than
one study examined the species in question, or if the effects of ozone on a species are reported for
varying levels or durations of exposure. To our knowledge, this is the most comprehensive set
of information on plant sensitivities to ozone yet to be developed.

An annotated bibliography describing the general nature of the major studies used in
compiling the database is provided as Appendix B.

2.2 Plant Sensitivity to Ozone

Most of the studies we examined subjected plants to, short-term (1 to 8 hour exposure) to
ozone, although some studies reported the effects of exposure experienced over longer durations
(e.g., 6 hours per day over 4 weeks). Additionally, most of the studies reported visible foliar
injury to plants as the indicator of injury (although some report effects on growth). The studies
generally identify the exposure levels at which such effects begin to occur and at which such
effects become more extensive.

Physical injury to specific species and cultivars may be represented as a function of:
. concentration of ozone (ppm});
» duration of exposure (hours); and

. frequency of exposure (number of days).

The National Research Council (NRC) developed a method for classifying plants in three
categories of sensitivity to ozone -- sensitive, intermediate, and resistant -- based on a statistical

? The online databases used to locate studies on the effects of ozone on plants include: the Boston Library service
tincludes titles from card catalogues and articles from journals held by Boston ares libraries), AGRICOLA (Nauonal
Agneultural Library), and the Environmental Bibliography. (Search parameters were: (1) ozone not (UV or stratospher$
or deplet$), (2) and not crop, (3) and not forest$, (4) and plant$.)

' We focused on those studies that provided information on numerous species or that surmmarized the results of
previous studies. A list of studies that assessed the effects of ozone on plants, but that are not incorporated in the data base
because of ume and budget constramis is provided as Appendix C. This list is quite extensive, suggesting that examination
of these studies could expand the database considerably and could yield useful information regarding the issue of selection
of ozone resistant species and cultivars,



analysis of exposure, duration, and injury levels for single-incident exposures.* This classification
scheme is useful for maintaining a similar definition of plant sensitivity across studies. Chart 1.1
shows the combinations of ozone concentrations and durations of exposure developed by the NRC
to classify plants when foliar injury is 5% and Chart 1.2 shows such combinations when foliar
injury is 20%. Chart 1.1 may be viewed as indicating the threshold combinations of ozone
concentrations and durations of exposure at which plants with different ozone sensitivities begin
to have visibly noticeable injury.

We classified plant species in the data base for sensitivity to ozone based on the following
procedure.

. The NRC criteria were used to assign plant sensitivities whenever sufficient data on
exposures and effects were reported in the original study.

. The sensitivity classification assigned in the original study was used if data reported on
exposure and effects did not enable us to use the NRC criteria.

. A range of sensitivities was assigned to plant species if information on the same plant
species from the same study or from multiple studies differed.

. Sensitivities were not assigned if there was insufficient information on exposures and
effects and if the original study did not assign ozone sensitivities.

Tables 1.1 to 1.8 provide a list of the unique species in the database, grouped according
to general plant category and sorted by their ozone sensitivity classification. A summary of the
number of unique species in the data base, by major plant category, and the number in each ozone
sensitivity class is provided in Table 2. The major plant categories are grasses and clover,
flowers, shrubs, deciduous trees, and conifers. (Minor categories are ground covers, desert
flowers, house plants, weeds, and wild plants.) This data base is the result of an initial effort to
develop a comprehensive source of information on plant sensitivities. Further research is needed
to: (1) assign ozone sensitivities to a number of plant species in the database; (2) resolve
differences in sensitivity classifications between studies; (3) remove some plant species that are
not urban omamental plants; and (4) incorporate in the data base additional plant species from
studies not yet reviewed, particularly those plants frequently used in the urban landscape.

There are a number of problems inherent with these data and their interpretation. First,
there is wide genetic variation within plant species regarding sensitivity to ozone. Differences
among species can be as large as differences across species. Second, the studies relied on cover
a ume span of some twenty years. Commercial and natural selection over time may result in

* See. National Research Council, Ozone and other Photochemical Oxidants, 1977, Chapter 1}. EPA also has
adopted this classification scheme. (See QAQPS Staff Paper, 1989, p x-4).
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species (or commercially importam strains) becoming more resistant to ozone than such studies
indicate.* Third, experimental techniques used and the conditions assessed differ among studies,
making cross-study comparisons of ozone sensitivities difficult. And fourth, the criteria used to
classify plants’ sensitivity to ozone do not necessarily result in consistent classifications across
studies. Thus, we urge caution in using the data base in its current form,

2.3 Temperature Zones

To develop a general notion of the plant species that could be grown, or may be present,
in various 0zone non-atainment areas we:

. obtained information on temperature zones for a limited number of plant species in the
database, as shown in Tables 1.1 through 1.8;° and

. classified ozone non-attainment areas by temperature zone.’

Map 1 shows the Jocation and classification of areas in non-attainment with ozone
standards in 1991, and Map 2 shows an overlay of the temperarure zones for the continental U.S.
on the ozone non-attainment areas.® Nop-attainment areas in the Midwest, East, and Southeast
are in temperature zones 5 through 7; in Texas and Louisiana are in temperature zones 8 and 9,
and in California are in temperature zones 8 through 10. Maps 3 through 5 show an overlay of
the temperature zones on ozone non-attainment areas for various sections of the U.S.

In general, plants will not grow in temperature zones below the zone indicated for that
species (because they are intolerant to cold winter conditions), but may grow in higher
temperature zones, generally several or more additional zones. Grasses are classified as either
cool or warm grasses. Cool weather grasses generally are used in temperature zones 6 and less,
whereas warm weather grasses are used in temperature zones 7 and higher, though there is some
overlap. Annuals (flowers) may be grown in a wide range of temperature zones because they are
grown only during the warm summer season.

Temperature zone information provides only a crude method of linking specific plant
species to non-attainment areas, Other factors, such as rainfall, humidity, and soil conditions may

" Indeed. the onentauon of some of the experimental studies we reviewed was 10 foster the use and developroent
of ozone resistant species and cultivars,

* Information on temperature zones for plant species was developed from Wyman's Encyclopedia of Plants, Due
10 hmitations in ume and budget, temperature zone information obtained for plant species in the data base 1s incomplete.

" Temperature zones are based on informatien from the USDA's Plant Hardiness Zone Map.

" Tahles D1 and D2 in Appendix D provide temperature zone designations for specific ozone non-attainment areas
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preclude certain species from being grown in specific non-attainment areas. Likewise,
commercial practices and consumer preferences will determine the actual extent of use of plant
species that are suitable for growing in specific geographic areas. Intensive horticultural practices
can adjust moisture, drainage, soil conditions, etc., allowing plants 10 be grown outside their
traditional range. However, temperature zones do establish a natural limit on species ranges,
chiefly through winter low temperatures and to a lesser extent from summer maximum
temperatures.

2.4 At Risk Plants

The curves shown in Charts 1.1 and 1.2 show that the sensitivity of plants to ozone
concentrations increases significantly as the duration of exposure increases. For example, for
sensitive species, the concentration at which threshold injury occurs for a single eight hour
exposure is roughly a sixth. of that for a one hour exposure. If there are multiple exposures over
several days, or if exposure at some average level extends over several weeks or over the growing
season, threshold damage is likely to occur at lower concentrations for each corresponding
duration of exposure. This means that the curves would tend to shift downward if there are
multiple, rather than single exposures. But the extent of the shift is not clear and the data to
estimate such shifts for specific species are not readily available.

To determine how this threshold-injury relationship relates to likely patterns of exposure
to ambient ozone in various classes of ozone non-attainment areas, we overlaid the plant sensitivity
classification scheme on curves showing the expected peak average ozone concentrations over
several durations (1, 4 and 8 hours).® The results of this exercise are shown in Charts 2.] through
4.2. These chans indicate that:

’ plants are most likely to be affected by the longer duration exposure incidents expected to
occur in ozone non-attainment areas, rather than the expected short-term hourly peaks:

. sensitive plants probably would suffer minor injury even at exposures typical in areas in
attainment with ozone standards, and may well experience extensive injury in areas with
ozone design values near the "moderate” level;

* The curves for the ozone non-attainment areas are based on Table A-4, Appendix A, of the June 1989 OAQPS
Stafl Report on ozone. We used e tnformation in this table 1o develop a rough relationship between one-hour design values
and corresponding four-hour and eight-hour design values. The table suggests that a one-hour design value of 0 12 ppm
would corespond lo an eight-hour design value of about 0.09 ppm. We then assumed that a four-hour design value would
be somewhat less than a linear combination of the one-hour and eight-hour design values and assigned it a value of 0 10 ppm
Al other curves are proportionally constructed based on the one-hour design value for each non-attainment designation
The curves were developed to provide a means of identifying the classes of plants likely to be affected in areas with different
seventy of ozone problems ~ We emphasize that the curves were not developed through extensive analysis of 0zone
concentration data



. threshold injury to plants with intermediate sensitivity probably occurs within the range
of ozone concentrations typically expected in moderate through serious ozone non-
attainment areas;

. plants with intermediate sensitivity would appear to benefit most from reductions in ozone
concentrations, whereas some ozone sensitive plants would appear to continue to suffer
significant (20 %) injury, even in areas just in attainment with ozone standards; and

. resistant plants are unlikely to show visible signs of injury in moderate through serious
ozone non-attainment areas.'®

These charts suggest that a significant number of plant species included in the data base --
those identified as sensitive and intermediate -- could suffer injury if exposed to ambient ozone
levels experienced in ozone non-attainment areas.

2.5 Damage Functions

There are several variants of damage functions. Such functions typically relate measures
of emissions, concentration, or exposure to:

. the extent of some form of physical injury;

. changes in some (commercially important) attribute, such as yield, growth rate, surface
weathenng, etc.; or

L4 economic Josses measured in dollars.

Although the desired endpoint of economic analysis is the development of a damage function in
monetary terms, in this project we focus on foliar injury because that is the type of information
available from literature. (Other measures of injury, such as reduced growth rates, shorter life
expectancy, reduced height, or reduced canopy generally are not available.) The additional step
of translating physical measures of injury to economic losses, as discussed below, is complex and
data are not now available to support that type of analysis.

In general, visible signs of foliar injury to plants is an imperfect indicator of the presence
of economic losses. For example, if there are visible signs of injury to plants that are harvested
for their commercial value (agricultural crops and trees), but no reduction in yield or growth rates,
economic losses may be minimal. On the other hand, there often are reductions in yields or
growth rates of commercially important plants due to ambient ozone levels (with consequent
economic losses) without the manifestation of visible signs of injury.

'* In Charts 4.1 and 4.2 we designale as "highest” the highest ozone design velue (0.25 ppm) of all ozone non-
altainment areas. excepling Los Angeles (which has s design value of 0.33 ppm). The threshold curve (5% injury) for
resistant plants hes above this "design value curve



However, visible foliar injury from ozone would seem to be a more suitable indicator of
the presence of economic losses for urban omamental plants than for plants harvested for their
commercial value. This is because economic losses associated with injury to urban oramental
plants are directly related to the "aesthetic services" provided by such plants, which would be
affecied by the presence and extent of visible foliar injury. Yet, one should keep in mind that
studies that focus only on visible plant injury from short term exposures to ozone are unlikely to
uncover other potential effects from episodic or continual exposure to ozone, such as whether
plants would: (1) be more susceptible to other stresses, such as insects or fungus; (2) have reduced
growth rates or reductions in height or foliage, making them less attractive over their lifetime; or
(3) have shorter expected life spans. If such effects are significant at ambient ozone levels now
experienced in many urban areas, focusing only on visible injury could lead to an understatement
of potential economic losses.

2.6 Example of Plants at Risk in a Specific Geographic Area

Most of the ozone non-attainment areas along the East Coast, from Virginia northward
to the New York metropolitan area, are in temperature zones 6 and 7. Plant species assigned
temperature zones 3, 4, S, and 6 probably could grow throughout most of these areas. Although
our database is not as complete as we would prefer regarding assignments of temperature zones
and plant sensitivities, for illustration purposes we grouped all the species in the major plant
groups for which we have both temperature zone and ozone sensitivity assignments. The resulting
list of plant species, shown in Table 3, indicates those sensitive and intermediate plant species that
potentially could be injured by ozone levels in these non-attainment areas, along with resistant
plant species. (Note that we have not determined whether the identified plants currently are used
or are present in the eastern urban landscape. We know that some species, such as sequoia and
lodgepole pine, are not.)

Table 4 shows the number of plants species by ozone classification and type of plant. There
are about 130 species/cultivars of woody plants (shrubs and trees) in the data base with complete
information (ozone and temperature zone classifications) that could grow in the eastern landscape.
Of these, about 33 percent are classified as sensitive, 17 percent are classified as having
intermediate sensitivity to ozone, and 50 percent are classified as ozone resistant. Based solely
on these percentages, it might be expected that a significant fraction of plants in the eastern
landscape suffer ozone-induced injury. However, ozone-induced injury is unlikely to be so
extensive for the following reasons.

. There are many hundreds of woody plants suitable for the eastern landscape and that are
in commerce. The wholesale nurseries we contacted each carry from about 250 to 400
species of woody plants. Though our data base may be a comprehensive listing of plant
species that have been studied for sensitivity to zone, it by no means contains the bulk of
the plants now available for use in the urban landscape. Nor does it indicate the relative
use in the urban landscape of various species/cultivars.
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. Some of the classifications of ozone sensitivity appear to be questionable. For example,
many species of bentgrass are listed as being sensitive to ozone. Yet, bentgrass used on
East Coast golf courses apparently does not exhibit the symptoms associated with injury
to ozone. Likewise, azaleas are prevalent on the East Coast, yet most do not manifest
symptoms of ozone injury. The same may be said for the strains of tulip poplars now in
commerce.

. There is wide variation in sensitivity to ozone among species. For example, the eastern
white pine often is identified as a tree that is highly sensitive to ozone. Yet, it has been
observed in some settings that about 5 to 10 percent of the trees are highly sensitive
(exhibiting chlorotic dwarfism), another 10 percent exhibit less sensitivity (tip burmn), and
the remainder are more resistant. The distribution of ozone sensitivity within a species can
change over time due to natural selection and commercial breeding programs. Ozone
sensitivity classifications based on older studies or on observed mnjury to “sensitive”
members of a species can be misleading.

3.0 Framework for Estimating Economic Losses

This section provides general estimates of consumer expenditures on urban ornamental
plants and associated services, develops a conceptual framework for orgamzing the types of
economic losses associated with ozone-induced injury to urban omamental plants, and outlines the
types of studies and research needed to quantify economic losses.

3.1 Size of Market Potentially Affected by Ozone

There is no direct measure available of the total value of the aesthetic and other services
provided by urban omamental plants. An imperfect indicator of this value is annual expenditures
on landscaping and related services and materials." A survey conducted for the National
Gardening Association estimated that household spending on plants, turf, associated pest control
and maintenance, and landscaping (which includes non-plant items) totalled about $23 billion in

"' Note that this measure provides a lower bound 1o the value of aesthetic and other services provided by urban
ormamental plants -- nesther the consumner surplus to property owners, nor the public value, associated with such services
are ncorporated in the measure. Another approach to imputing part of Lhe value of the aesthetic services provided by urban
ornamental plants 1s to use the differences in selling prices between well and poorly landscaped homes. According to
reallors. landscaping a home typically increases the sales price of detached, single family homes by 5 to 15%. A measure
of the annual services provided by a landscape would be the increase in selling price (above an identical house with no, or
a poor, landscape). annualized over the expecied life of the landscape (which may be difficult to ascertain). In addition. one
should add the expecled maintenance and replacement costs to be incurred over the lifetime of the landscape.
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1992." This does not include expenditures for similar itéms by business, municipalities, and golf
courses. Data developed by the USDA indicates that retail expenditures on environmental
horticulture (nursery plants, unfinished plant material, rfgrass, bulbs, flower and vegetable
seeds, and cut Christmas trees) was about $23 billion in 1991 %

The aggregate size of expendituires on, or related to, urban omamental plants provides no
indication of the size of economic losses from ozone induced-injury to such plants. Yet,
expenditures can provide some indication of the potential value of the resource that is “at stake."
If total annual expenditires are relatively small compared to other monetized categories of health
and welfare damage stemming from ozone, omitting this category of economic loss will not
materially affect estimates of the benefits associated with reducing ozone levels. On the other
hand, if expenditures are relatively large, there is the possibility that even small amounts of ozone
damage might result in significant economic losses. For exampie, if about one percent of the $23
billion in annual expenditures on landscaping is related to ozone damage, the direct cost would
be in the hundreds of millions of dollars. Losses from decreased aesthetic values from damaged
plants would add o the economic loss. Such a potentially sizable damage category cannot be
summanly dismissed as unimportant and may warrant more careful constderation to measure
losses.

3.2 Couoceptual Framework for Economic Losses

In economic teyms, one may view an urban omamental plant as providing a stream of
aesthetic and other services (e.g., shade and habitat) over its lifeime. The value of a plant would
depend on its characteristics (type, size, appearance, elc.), its use (as a specumen, in hedges, in
mixed serungs, etc.), its replacement cost, and the preferences of the property owner,

The types of economic losses that potentially can arise from ozone-induced injury are
ilustrated in Chant 5 for a single hypothetical ptant that suffers injury from ozone.' Such losses
could include:

» A reduction in aesthetic services over the realized lifetime of a plant. This is depicted as
shaded arez S. It represents the difference in the dollar value of the stream of services
provided by an uninjured versus an injured plant, over the realized lifetune of the injured
plant. This period of aesthetic loss could also coincide with changes in other services that
the plant provides, such as shade or habitat.

"7 See, Nationa) Gerdening Survey, 1992-1993, Nations] Gardening Association, 1993, p 14,

¥ See. Financial Performance of U.S. Floneculture end Environmeata) Horticulture Farm Businesses. 1987-9) .°
Statisucal Bulletin 862, USDA, p- 2.

** To simplify, we do not show the normal replacement of the uninjured plant at the end of its expected lifetime.
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. The loss of aesthetic services resulting from the premature death (or early replacement) of
an injured plant. This is depicted as shaded area A;. It is the difference between the
aesthetic services that would have been provided by an uninjured plant over its extended
lifetime (areas A, plus A,;), minus the aesthetic services provided by a replacement plant
represented by area A,. The loss in aesthetic services over this timespan narrows as the
replacement plant grows and matures over time (For illustration purposes we show the
replacement plant always providing less aesthetic services than the uninjured original and,
presumably, the preferred plant.)

. The cost associated with removing the injured plant and replacing it with a new plant.
These costs are depicted by shaded areas R and P.

. Any additional costs incurred over the lifetime of the injured plant to mitigate the effects
of ozone-induced injury. (These are not depicted on the chart.) This could include the
cost of additional fertilizer or pesticides and the costs of using additional professional
services,

The first two elements of economic loss are distributed among many citizens, i.e.. there
are both private and quasi-public elements.”® The largest share of these losses would be
experienced by the owner or tenant of the property served by the plant. Presumably, non-owners
would each experence much smaller losses, but there could be many affected individuals. The
last two elements of economic loss (removal and planting, and mitigation costs) would be incurred
by propeny owners.

The present value of economic loss would be the discounted sum of the composite stream
of aesthetic losses and other costs incurred over time, as given by the following equation:

i

13 ; TI l ! + * + -
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The designated expenses and losses in the above equation would not necessarily be incurred
for each injured plant. For example, if plants do not experience premature death (or are not so
badly injured as to be replaced prematurely), no additional removal or replacement costs would
. be incurred. If a plant is replaced, the substitute plant could provide a lesser, equal, or greater
stream of aesthetic services. (If there are many equally good ozone-resistant substitutes, the only
loss likely would arise from the difference in aesthetic services provided by a mature and a young

" Quasi-public goods are poods that are similar to public goods in the consumption externality that they provide,
but the beneficial externality 1s not perfectly availabie. There rypically are congestion problems that limit enjoyment. For
example. one person’s use of a public park does not much detract from the enjoyment of another person's use, but eventually
crowding either ruins the park or spoils the view.
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plant.) Removal and replacement costs and losses due to differences in services provided by
young versus mature plants would tend to be higher for long-lived large plants that suffered
injury, such as trees, rather than shorter-lived small plants, such as flowers or shrubs.

3.3 Quantifying Economic Losses

The information currently available from the published literature is not sufficient to
quantify and monetize potential economic losses from ozone-induced injury to urban omamental
plants. Additional information would have to be developed in three general areas:

. Plant use. Data needs to be developed on the current distribution of plant species in the
urban landscape and the distribution of plant species now being sold to urban areas.

. Injury. More complete information needs to be developed on the extent and type (foliage,
growth rates, plant lifetime) of ozone-induced injury to plants in the urban environment.

. Valarion of injury. Given that significant ozone-induced injury is present in the urban
landscape. information would need to be developed on: the cost of removing and replacing
plants; consumer valuations of the aestbetic differences between injured and non-injured
plants; and valuations of the aesthetic differences (if any) between ozone-sensitive plant
species and possible substitute, ozone-resistant plants.

Information in the first area could be developed through surveys of landscapers and
nurseries regarding plant material now used and whether sales patterns have changed over time.
Data also could be developed through the use of stratified sampling (urban areas, suburban areas,
golf courses, commercial properties, etc.) of actual plant use. Such sampling would best be
directed to long-lived plants that are more likely to be affected by ozone. The distribution of types
of short-lived plants in the urban landscape would be more directly related to current sales of
nurseries.

Information in the second area could be developed through surveys of individuals highly
knowledgeable about conditions in specific non-attainment areas. Altematively, monitoring

programs could be set up o observe a large sample of urban plant species during several summer
$easons.

Developing information in the third area would be challenging. Because ozone-induced
changes in a plant's aesthetic services are not priced directly in the market, contingent valuation
surveys would have to be used to value aesthetic Josses from identified plant injury. Such surveys
could be designed to estimate losses both to private homeowners and to the public at large. At a
minimum, the contingent valuation surveys would have to define precisely for people the kind of
injury associated with ozone, the effects on a plant's appearance, the timing and duration of such
effects, the likely frequency of injury, and the kind of plants that are injured. The surveys shouid
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be designed to elicit values for ongoing injury to plants and, possibly, for differences in value
between newly planted and mature plants and differences in value (if any) between plant species
likely to be replaced and substitute, ozone-resistant plants. Estimates of the costs incurred to
remove and replace old plants could be developed using information from landscapers, nurseries,
and homeowners (time and aggravation for replacing plants).

4.0 Observations Regarding the Extent of Economic Losses

The kind of studies discussed in the previous section that are necessary to estimate the
dollar value of economic losses from ozone-induced injury to urban omamental plants are beyond
the scope of this study. However, we attempted to develop a general notion of whether current
economic losses are likely to be large or small by contacting a number of experts in horticulture
and plant pathology and professionals in commercial businesses related to urban ornamental
plants.’® We were specifically interested in their observations and opinions regarding: (1) the
extent to which ozone damage to urban omamental plants currently is observed; (2) commercial
use of resistant species and cultivars and development of ozone-resistant cultivars; and (3) the
availability of resistant species and cultivars for urban landscaping.

In general, our research indicates that economic losses from ozone-induced injury to urban
omamental plants has been limited significantly by a combination of the following factors.

. There is wide genetic variability across and within plant species with regard to tolerance
1o ozone. This facilitates both natural and commercial selection of ozone-resistant plants.

. The commercial system self-selects for plants that are resistant to the environmental
stresses present in the urban landscape, including ozone. Similarly, the commercial system
develops new strains of plants with the goal of improving their performance in the urban
landscape. Implicit in this is selection for tolerance to ozone.

. There are large numbers of ozone-tolerant plant species and cultivars (strains) of grass,
flowers, shrubs, and trees available for use in the urban landscape. This suggests that
ozone levels in urban areas have not significantly limited the range of plant material
available to the urban landscape.'’

' We identified knowledgeable individuals informally by following up on leads from vanous conversations. We
did not use a formal sampling methodology, nor did we aftempt 10 determine whether the individuals and businesses
contacled were “representative.”

" When functionally equivalent substitute plants are available, the economic losses associated with the loss, or
the inability to use, specific czone-sensitive plants in the urban landscape is significantly reduced. In economic terms, when
there are many substitutes, the demand curve for any on type of plant species or cultivar is likely 1o be flat, i.e., there is hitle
consurner surplus associaled with any particular plant species, even though there probably is substantial consumer surplus
associated with the urban landscape in general.
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. Ozone levels are on a downward trend in the major non-attainment areas. Long-lived
plants remaining in the urban landscape now face less potential stress from ozone than they
did in the 1970s and 80s.

The dynamic adjustments made by natural and commercial systems also make it more
difficult to assess the current extent of injury to plants in the urban landscape and to estimate
economic losses. A data base of plant sensitivities to ozone compiled using the results of research
conducted over the past three decades may not be wholly reliable as an indicator of the sensitivities
of plants currently used for residential, commercial, and golf course landscaping.

4.1 Extent of Current Injury

The information we obtained regarding the extent of current injury to urban ornamental
plants is mixed. People involved in landscaping and nursery businesses were unconcerned about
ozone damage, though they were generally aware that ozone adversely affected plants. They
considered other environmental stresses, particularly in the city landscape, such as root
constriction, soil compaction, soil PH, and lack of adequate moisture, to be of much greater
impornance than ozone. No one (including a commercial tree specialist) identified any instances
where ozone damage had occurred to woody plants . Ozone was not considered to be a problem
for plant species carried by wholesale nurseries either on-location (all of those contacted are
located in czone non-attainment areas) or in final market areas. Yet, the individuals contacted
have not been trained to recognize air pollution damage and may not recognize injury to plants
caused by ozone.

The plant pathologists and horticulturalists contacted indicated that some woody plants in
the urban landscape show signs of ozone-induced injury, but that it tends to be subtle and difficult
to recognize. White pines generally have been eliminated from the Washington, DC and
Baltimore area. (In the central Virginia area every several years there is substantial ozone damage
to white pine saplings, though mature trees are largely unaffected). Some varieties of maples and
birch may have premature leaf drop in the summer due to ozone, though that also can result from
wet springs followed by dry summers. Sycamore trees apparently also show subtle signs of ozone
injury (a fine stpple that looks like damage from spider mites), but because they are fast growing
the injury has little effect on the aesthetics of the trees.

Ambient ozone levels clearly are high enough to affect agricultural crops in the East Coast
non-attainment areas. Ongoing studies on Maryland's eastern shore indicate reductions in yields
of watermelons and beans due to long-term exposure to ambient ozone, and leaf injury to such
plants has been observed from short term exposures to high ambient ozone levels. Likewise,
crops grown in the Beltsville agricultural research station show reduced yields of 10% to 20%.
This suggests that ambient ozone levels may be affecting some of the metabolic functions of urban
omamental plants, but without causing significant visible signs of injury.
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In 1970, there was a four day ozone incident in the Washington, DC area in which peak
ozone concentrations ranged from 0.14 to 0.22 ppm. Ozone-induced injury was observed in 31
tree, 15 shrub, and 18 herbaceous species.'® However, we did not find mention of similar events
occurring more recently.

Ambient ozone levels in the East Coast non-attainment areas do not appear to be causing
visible injury to the strains of grass now used on golf courses and lawns. Varieties of grass also
are available that do well in the high ozone conditions of the Los Angeles area.

3.2 Commercial Selection of Plants

The commercial markets for turf, flowers, and woody plants actively develop, test and
select new plant cultivars for use in the urban landscape. Breeders and nurseries select for hardy
cultivars that are resistant to the environmental stresses present in the urban landscape. Though
breeding programs may not select specifically for ozone-resistant strains, they indirectly select for
ozone-resistance. Many of the breeders and nurseries themselves are located in high ozone areas.
Plant varneties developed in breeding programs that do not initially do well at the nursery
generally are discarded. Likewise, plant species that eitber do poorly at the nursery or in the
market areas served by the nursery are not carmied. Nurseries selling at the wholesale level
indicated that they are keenly interested in the performance of their plant material in final markets
and will visit Jocations to determine the cause of problems, should they arise.

New strains of grasses continually are under development by university-based plant
breeders and commercial seed companies. New seed varieties undergo extensive testing in a wide
range of locations across the country, including high ozone areas, in USDA sponsored test
programs.'®  This has led to an increase in varieties of grass available in the market. For
example, in 1980 there were about 10 varieties of bentgrass available, whereas now there are over
30. Likewise, there has been a large increase in the availability of other types of "cool" grasses,
such as ryegrass and bluegrass.

Most flower nurseries specialize either in perennials, which are grown out doors or in
unheated green houses year round, or annuals, which are grown in heated green houses primarily
during the winter and early spring. The flower nursery we contacted grows both perennials and
annuals, is located in an ozone non-attainment area, and sells primarily to markets in non-

' See, National Research Council, op. cit, p. 491.

'* USDA turf testing programs began in 1980 and are on five year cycles. Testing programs for ryegrass typically
would have about a hundred seed rypes, bentgrass and bluegrass about 80 10 100 seed types, and fescues about 40 10 60
seed types. The various strains are evaluated for coler, texture, depsity, uniformity, and smoothness. The results are
published and serve as the basis for recommendations regarding the suitability of grass vaneties for vanous geographic areas
and uses.
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attainment areas. Perennial flowers are not carried if they do poorly at the nursery or in final
markets. Likewise, annuals that have not performed well in final markets have been pbased out
for business reasons. Commercial seed companies are the major source of new flower varieties.

New strains of woody plants are developed by wholesale nurseries and university-based
breeders and under a program at the National Arboretum (it focuses on plant species that are not
as commercially popular and that are less likely to be included in private breeding programs).
One of the nurseries contacted long has been involved in breeding new varieties of trees.
(Nurseries with breeding programs tend to focus on shrubs and flowers rather than trees, as it is
Jess time consuming and costly.) This nursery is located in a2n ozone non-attainment area and tests
new varieties of trees both at its own location and various locations in urban areas, most of which
also are in ozone non-attainment areas. Clearly, new varieties that are successful in that breeding
program will be ozone-tolerant. Likewise, the National Arboretum is located in an ozone non-
attainment area, and new varieties developed there also would be ozone-tolerant.

Plant species that do poorly either when raised at the nursery or when used in final markets
generally would not be carried for obvious business reasons. Thus, because most East Coast
nurseries are located in non-attzinment areas and sell to markets in non-attainment areas, plant
material that is ozone-sensitive tends to be screened out. Additionally, there are many
publications available to landscapers and landscape architects that identify woody plants that do
well in certain conditions, which leads to the use of hardy plants in the urban landscape and to
selection away from ozone-sensitive plant species.

3.3 Availability of Plants for the Urban Landscape

The wholesale nurseries we contacted that specialize in woody plants carried from about
250 to 400 plant species. The wholesale flower nursery we contacted carries about 200 annuals
and 800 perennials. All individuals contacted that deal with the commercial landscaping business
or the wholesale nursery business indicated that there is a wide palate of plant material available
that is suitable for use in the urban Jandscape. The range of trees and shrubs that will survive in
high density urban areas, such as New York City, is more limited. But this is due primarily to
factors other than ambient ozone, such as moisture, salt, soil compaction, and root constriction.
The palate of plant material expands quickly for the suburban locations, which may not have some
of the environmental stresses associated with high density locations, but probably have ambient
ozone levels equivalent to those in central city areas.



Tabdble 1.1
Grasses and Clover:

Temperature Zones and Sensitivity to Ozone

" Temp. | Seositivity
Common Name Specics Name Zane to Ozone |

Grasses:

Agropyron caninum 1

mazeris rigids 1

bentgrass (colonial) astis Lenuis "Astoria® cool s
bentgrass (colonial) Agrostis tenuls “Dryland™ cool s
bentgrass (colonial) A grastis tenuis "Excter” coal I
bentgrass (cotonial) A grastis tenuis “Highland” cool 1
benigrass (crecping) A grastis palustris "Astoria” cool s
bentgrass (areeping) A grostis palustris "Cohansey” coof $
bentgrass (crecping) Agrostis palustris "Emerald” cool 1
bentgrass (crecping) yhgrostis pajustris "Highland™ cool I
bentgrass (aesping) Agrostis palustris "Holfior" cool s
bentgrass (Tecping) Agrostis palusiris "Kingstown” coo] I
bentgrass (crecping) grostis palustris "Penncross” cool S-R
bentgrass (creeping) IAgrostis palustris "Seaside™ coal S
bentgrass (rediopcommon)  JAgroslis alba coal I
Bermudagrass Cynodon dactylon warm R
Bermudagrass Cynodon dactylon (common) warm R
Bermudasgrass Cynodon doctylon "Kansas P—16" warm I
Bermudagrass Cynodon dactylon "Tufcote” warm R
Bamudagrass Cynodon hyb. "Santa Ana™ Warm R
Bermudagrass Cynodon hyd. "Tulgrass” Wwarm R
bluegrass Paa trivialis cool 1
bluegrass (annual) Poa annua cool S
bluegrass (Canada) Foa compressa "Canada” cool R
bluegrass (Keatucky) Poa pratensis coal I
bluegrass ( Kentucky) an pratensis "A—-34" cool !
blucgrass (Kentucky) oa pratensis "Adelphi” cool 1
bluegrass (Kentucky) Foa pratensis "Ariswa" cool R
bluegrass (Kentucky) Paa pratensis "Baron” ool I
bluegrass (Kentucky) Poa pratensis “Birks” ool I
biuegrass (Kentucky) Poa pratensis "Cheri” cool S
bluegrass (Keantucky) Poa pratensis "Cougar” ool R
blucgrass (Kentucky) Poa pratensis "Dejis” cool I
bluegrass (Kentucky) - Poa pratensis "Fylking” cool R
blucgrass (Kentucky) Poa pratcosls "Glads® cool R
bluegrass (Kentucky) Poa pratensis "Kenblue” c00} R
biuegrass (Kentucky) Poa pratensis "Merion” €00} I-R
bucgrass (Kentucky) Poa pratensis "Newport” cool R
blucgrass (Kentucky) Poa pratensis "Nugget” cool I
bluegrass (Kentucky) Poa pratensis P -142" coal I
bluegrass (Kentucky) Poa pratensis "Park” cool 1
bluegrass (Kentucky) Pos pratenais "Pennstar” cool R
bluegrass (Kentucky) Foa pratensis "Plush” coo) I
bluegrass (Kentucky) Poa pratensis "Prato” eool s
blucgrass (Kentucky) Poa pratensis "Primo” eool R
biuegrass (Kentucky) Foa pratensis "Skofti” o0} 1
biuegrass (Kentucky) Fos pralensis "Sydspart” cool 1
buegrass (Keniucky) Poa pratensis "S.Dakota Certified” cool R
bluegrass (Kentucky) P oa pratensis *Touchdown" ool 1
bluegrass (Kentucky) Poa pratenis "Vicia" cool 1
bluegrass (Kentucky) Poa pratensis "Windsar” cool R
bluegrass (Kentucky) Poa pratensis (common) eool R
fescue Festuca octoflora cool R
fescue (Charwings) Festuca rubrs var, comenutata eool &)
fescue (Charwings) Festuca rubra var. commutata "Jamestown” cool 1
fescue (creeping red) Festuca rubra “lllahoe” cool 1




Table 1.1
Grasses and Clover:

Temperature Zones and Sensitivity to Ozone

Temp. Scasitivity

e Commos Namc, Specia Name Zoss | toOmec
{escue (creeping red) Festuca rubra “Pennlawn” oool 5-1
fescuc (red) Festuca rubrs "Highlight® cool I
fescue (shesp) Fesiuca ovina cool I
fescue (Lail) Festuca arundinaceas oool

fescue (rall) FFestuca arundinaceae "Altae cool S
tescue (wli) FFestuca arundinsceae "Fawn® cool I
{escue (all) Fesiuca arundinsceae "K-31" cool I-R
prass Hordeum murinum i
Eriss ia macrantha 1
grass (brome) Promus brizafarmis R
griss (brome) Bromus carinatus 1
gress (brome) Bromus erectus 1
grass (brome) Bromus rubens 1
grass (brome) Bromus rubens (air pollution ecotype) |
gruss { brome) Bromus rubens (non —air pollution ecotype) S
grass (brome) Bromus sp. "Ssc Smooth” s
grass (brome) Bromus sterilis R
griss { brome, soft) [Bromus lectarum )
grass (Canary) Phalaris aquatica

grass (Canary) P halaris canariensis anpusl 5
grass (arinkled hair) Deschampsia flexuosa [
grass (Johnson) Sorghum halepense 7 R
grass (manna) Glyceria nubigena S
grass (orchard) Dactylis glomarata R
grass (orchard) Dactylis glomerata “Potomac™ R
grass (pepper) Lepidum lasiocarpum annual R
grass ( pepper) Lepidum virginicum annual s
grass (rabbitfoot) f
grass {iall cais) 3 I
grasa (velver) 1
grass (wild wheat?)

ryegrass ([talian) e0ol R
rycgrass ( perennial) cool 1
ryegrass (perennial) ool I
ryegrass (perennial) cool I
ryegrass (perennial) oool I
ryegrass (perennial) ool I
rycgrass (perennial) cool R
rycgrass (perennial) ool R
ryegrass (perennial) oool R
ryegrass (perennial) coal 1
ryegrass (perennial) ool R
St Augusiine grass Warm. R
zoyuls grass (common) warm. R
Zoy3is grass (emerald) warm. R
zoyzis grass (Japancss) Warm. R
zoysia grass (Meyer) Warm. R
Covers:

alsike clover 3 R
crimson clover annual

ladino clover 3

red clover 3

red clover 3 I
red clover 3 s
red elover 3 I
red clover 3 J




Table 1.1
Grasses and Clover:

Temperature Zones and Sensitivity to Ozone

Temp. Sensitvity

Common Name Spexics Name JLone to Ozoac
white clover [Frifolium repens (ozone resistant clone) 3 1
white clover Trifolium repens (ozone semitive clone) 3 ¥
white or ladino clover [rifolium repens 3 1
white or ladino clover Crifolium repens "Alban” a I
white or 1adino clover [Trifollum repens “Ladino California™ 3 s
white or ladino clover Meifolivm repens “Ladino Sacramento” 3 s
whitc or ladino clover [Trifolium repens "Milkanova® 3 R
white or lsdino clover Trifolium repens "Sonp" 3 R
whitle sweet clover Melilotus alba 3 1




Table 1.2
Flowers —— Annual and Perennial:

Temperature Zones and Sensitivity to Ozone

Temp.
€

Scasilivity

E

Common Name Species Nape

Collomia Linearis

aster (Engelmann) Asticr engelmanni

asler (purple slemmed) fAsler puniceus

aster (whorlad wood) jAsier scuminstus

avens (mountain) Geum radistum

baneberry Actaca argula

begonia a8 rex

begonia onia sp, "Christmas”

begonia cgonls 4p. Linds”

begonia Begonia ap. "Scarielis”

begomia Begonis sp. "Thousand Wonders White”

begonia Begonia ¢p. "White Tausendschon™

begonia ( Elatior) Pegonia x hiemalis "Ballering™

begonis (Elatior) gonia x hiemalis "Fantasy”

begonisa (Elatior) Begonia x hiemalis "Heirloom”

begonia (Elatior) egonia x hitmalis *Improved Krefeld Orange”

begonia (Elatior) egonia x hiemalis "Mikkell Limelight"

begonis (Elatior) Begoniz x hiemalis "Nixe”

begonia (Elatior) Begonig x hiemalis "Renaiscance”

begonia (Elatior) Begonia x hiemalis "Schwabealand Red"

begonis (Elatior) Begonia x hiemalis "Turo®

begonia (Elatior) Begonia x biemalis "Whisper O' Pink*

black —eyed Susan Rudbeckea hirta

black —cyed Susan Rudbeckia oocidentalis

blucbell or lungwont
camnation (white sim)
chrysantheroum
chrysanthemum
chrysanthemum
chrysanthemum
chryzanthemum
chryzanthemum
chrysanthemum
ehryssnthemum
chryzanthemum
chrysanibemum
chryssothemum
chrysantbemum
chrysanthemum
chrysanthemum
chrysanthemum
chrysapthemum
chrysanthemum
chryzanthemum
chryzanthemum
chryzanthemum
chrysaothemum
chrysanthemum
chrysanthemum
chryzanthemum
chryzanthemum
chryzanthemum
chrysanthemum
chrysanthemum
chrysanthemum
chrysanthemum
chrysanthemum

ertensia arizonka
Disuthus caryophylius
Chrysanthemum morifolium
Chrysanthemum sp. "Corsage Cushion”
Chrysanthemum sp. *Ann Ladygo”
Chrysanthemum sp. “Baby Tears”
Chrysanthemum sp. “Bonnie Jean”
Chrysanthemuom sp. "Bright Yellow Tuneful”
Cirysanthemum ep. *Camen”
Chrysanthemum sp. "Chrit Columbus”
Chrysanthemum ep. “Crystal Pat®
Chrysanthemum sp. "Dark Yellow Tokyo”
Chrysanthemum sp. "Distinciive”
Chrysanthemum ap. "Dolli —eate”
Chrysanthemum sp. “Flair™
Chryzanthemum ep. "Fuji Jess Williams™
Chrysanthemum sp. "Fuji —Mefo"
Chrysanthemum sp. “Gay Blade®
Chrysanthemum sp. “Goiden Arrow”
Chryzanthemum ap. “Golden Quahion®
Quryzanibemum sp. “Golden Peking®

*
i

Chrysanthemum 2p. "Indian Sutamer”
Chrysanthemum sp. "Jessamine Willlams*
Chrysanthemum ep. "King's Ramom™
Chrysanthemum ep. "Larry”
Chryzantbemum sp. “Lipsticik®
Chrysanthemum &p. .MIDM
Chrysantbemuom sp. "Mango™
Chryzanthemum ep. "Mermsid™
Chryzanthemum sp. "Minn White”
Chrysanthemum sp. "Mt Saow”
Chrysanthemum sp. "Mutad Sunshine”

sapthemum sp. "Golden Yellow Princess Anne”

3—-5,108
-5, 108
3-5, 108
3—S5, 108
3-5, 108
3-S5, 108
3-5, 108
3-S5, 108
[3-5, 108
(35,108
35, 108
3-5,108
R-5 108
3-5,108
-5, 108
3-S5, t08
[3—-5, 108
35,108
3—5, 108
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Table 1.2
Flowers —— Annual and Perennial:

Temperature Zones and Sensitivity to Ozone

Temp. | Senitivity
| Common Name Specics Nage Zosc %o Ozoge
chrysanthemum Chrysanthemum sp. “Oregon” A-5,108 R
chrysanthemum Chrysanthemum sp. "Pancho” 3-5,. 108 I
ehrysanthemum Chrysanthemum sp. "Peaguin® 3-5,108 1
ehrysanthemum Chrysanthemum sp. "Pink Chief” 3-5, 108 R
chrysanthemum (Chryzanthemum sp. *Queen’s Lace” 1—5, 108 R
chryssnthemum Chrysanihemum sp. "Red Desert” 3-5, 108 R
chrysanthemum [Chrysanthemum sp. "Red Mischief™ |3-S. 8 s
chrysanthemum Chrysanthemum sp. "Redskin” 13-5, 108 R
chrysanthemum Chrysanthemum sp. "Resnlute”™ 131-5, w08 R
chrysanthemum Chrytanthemum sp. "Rosey Nook™ 35,108 R
chrysanthemum Chrysanthemum gp. "Ruby Mound® 3-5, 108 R
chryssnthemum Chrysanthemum sp. “Silver Sheen™ 3-5,108 R
chrysanthemum blnunlhemum 1p. "Sleighride” 3-5,108 1
chrysanthemum Chrysanthemum sp. “Spinwheel® 35,108 R
chrysanthemum [Chrysanthemum sp. "Tinkerbell” 3-5, 108 R
chrysanthemum Chrysanthemum sp. "Touchdown™ 3-5, 108 R
chrysantbemum Chrysanthemum sp. "Tranquility 3-5,108 R
chrysanthemum Chrysanthemum sp. "Tranquility” 3—-5, 108 S
chrysaothemum Chrysanthemum sp. "Trident” 3-5,108 R
chrysanthemum Chrysanthemum sp. "White Grandchild® 3=5,108 R
chrysanthemum Chrysanthemum sp. *Yellow Jeanetie” 3—5, 108 R
chrysanthemum Chrysanthemum sp. "Yellow Jess Williams" 3-5,108 R
chrysanthemum Chrysanthemum sp. “Yellow Moon™ 3-5,108 R
chrysanthemum Chrysanthemum sp. "Yellow Supreme” 3-5,108 I
chrysanthemum Chrysanthemum sp. 3-5, 108 s
caleus Coleus sp. "Pastel Rainbow" annual s
coleus (common) Coleus blumei anoual R
coneflower (cutleaf) Rudbeckia Laciniata 3 s
coreopsis Coreopsis bigelovii I
aolon Codizeum varicgaium piclum 10 1
dahlia Dahilis sp. ponual/bic s
gorsnivm Geranivm fremontii s
geranium Geranium richardsonii s
geranium Geranium sp. 2=7 R
geranium (common) Pelargonium horlorum annual I
lily (Easter) Lilium longiflorum |
lily (Sego) Calochorius nuttaliii 3 R
lupine | upinus cocinnus I
marigold Tagetes patula annusl
marigold Tageies patula "King Tut* annual I
monkeyflower (yellow) Mimulus guttats 5 R
morning glory Pharbitis "Scarlet O'Hara" annual §
muskfiower Mimulus moschatus R
petunia Petunia double grandiflora "Blue Danube™ annual R
petunis Petunias grandifiors bacolor “Catypsc” annual R
petunia Petunia grandifiora "Blue Jeans” annual R
petunia Petunis grandifors "Blue Se2” annusl R
petunia Petunia grandiflors "Cherry Blossom” annual R
petunia Petunia grandifiora "Lilsc Time" annual R
petunis Peiunia grandifiora “Parti Pink" (pink) annusi R
petunia Petunia grandifiors "Peach Blossom™ annual R
petunia Petunia grandifiora "Red Magic”™ (red) annus| I
petumia Petunia grendiflora "Roulette” annual 1
petuniz Petunis grandifiora "Warrior™ annus| 1
petunia Petunia hybrida "Rose Charm” annual I
petunia Petunia multifiora bicolor “Peaches and Cream® apnual R
petunia Petunia multiBors "Festival™ annusl 1




primrose (evening)

salvia

snakeroot (white)
snapdragon "Floral Carpet”
snapdragon "Rocket Mixture"
sunflower (common)

sweet pea

sweet pea

wumpet creeper

violet

violet (hooked spur)

hularia? "Floral Carpet™
phularia? "Rocket Mixiure”
elianthus annuus

annual
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Table 1.3

Shrubs —— Deciduous, Coniferous, and Broad—leaved Evergreen:

Temperature Zones and Semsitivity to Ozone

'T‘cnlp. Seasitivity
Nam Specics Name Zooc to Oxonc

hilopais linearis 7 R

Rhus trifobats 1
aralea Rhododendron indicum 6 R
azales Rhododendron kurume “Stow” 6 s
azslea dron sp- 3-8 S-R
azslea ododendron sp. "Alstks” R
azalea or rhododendron ododendron carolinianum s R
azalea or rhododendron ododendron kacmleri "Camp fire” 4 s
arsles or rhododendron ododendron mollis 7 R
azalea or rhododendron ododendron nava zzmbla s
azslca (Glenn Dale hybrid) ododendron sp. "Glacier” 1
a2alea (Hinodegiri) ododendron obtusum "Hinodegiri™ & s
azalea (Indian hybrid) ododendron sp. "Mrs. G.G. Gerbing™ R
azalea (Indian hybnd) ododendron sp. “Red Wing® R
azales (Korean) ododendron poukhanensis s
azalea (Kurume hybrid) ododendron sp. "Hershey Red” ]
azales (Kurume hybrid) ododendron ap. "Red Lusnn” R
aralea (Kurume hybrid) ododendron sp. “Snow” R
amlea (Pericat hybrid) ododendron ap. "Mme Pericat” R
azalca (Satsuki hybrid) ododendron sp. "Pink Gumpo” R
azalea (woolly) Rhododendron rossum clegans 3 s
azeles (Delaware white) Rhododendron sp. "Delaware white” 1
blackbary Rubus sp. s
blackberry (thornless) Rubus canadensis 5
boxelder mapic cer negundo 3 R
boxwood uxus sp. 6 R
cinquefoil (bush) Potentlls fruticoss 2 R
cotoneaster Cotoncaster divancala 5 I
cotonesster oloneaster horizontalis 5 I
cotonesster (spreading) oloneaster sp. 5 I
cwran (Indian) s
dracaens acaena fragrans massangeanz 10 R
elderberry Sambucus metanocarps R
elderberry (American) Sambucus canadensis 3 S
elderberry (black) Bambucus sp 3-6 5-1
elderberry (blue) Sambucus glaucs
euonymous ohymous alatus compacts 3 R
cuonymus (winged) nymous alatus 3 R
firethorn (scarlet) acanths coccines "Lalandei® 6 R
f{orsythia crsythia istermedis spectabilis "Lynwood gold™ 5 s
{uchsia uchsia hybrida 9 1
poasaberty bes hudsoniapum R
highbush blucbarry 'sccinium corymbosum 3 R
holly (Hetz Japanese) lex rensts é R
honeysucide (Japanese) 2 japonica R
honeysuckle (morTow) orTowii R
Jjuniper (Pfiuzer) Tuniperus chinensis "Phtzerisna”
Juniper (Savin) Tuniperus wabins “Tamariscifolia 4
juniper (shore) Juniperus sp. 2-5 §
juniper (western) Juniperus occidentalis L
lilec (Chinese) nga chinensis 5 S
lilac {common) nga vulgaric 3 1
mshonia (crecping) beris repens R
mock —orange (swect) hiladelphus coronarivs 4 S=1
mountain laurel mis latifolia 5 R
ninebark (dwarf) Pirysocarpus opulifolius 2 S
pieris Picris japonica 6 R



Table 13

Shrubs —— Deciduous, Coniferous, and Broad—leaved Evergreen:
Temperature Zones and Scasitivity to Ozone

“Temp. | Scaaittvity
e COROD Name Specics Namc Loge | toOponc |
privet (Amur) igustrum amurense R
raspberry (red) 3 R
rkododendron sp. — rbododendrun 3-8 R
rhododendron (Calawha) odendron catawbicnse album 5 s
rose 2-7 s
rose R
rose (multiflors) s-1
sagebrush (big) emesia lridentata 5 R
snowberty phoricarpos albus S
snowberty or coralberry phoricarpos vaccinioides R
snowberry (white) pharicarpus slba R
spicebush benzoin 4 R
suUmac us canadensis S
sumac (smooth) 2 §-1
*| sumsc (stagborn) 3 §
sumac (winged) 4 S
viburnum iburnum carlesi 4 s
vibumum (arrowwood) iburnum dentatum 2 R
viburnum (linden) iburnum dilatatum s 1-R
viburnum (mapleleaf) burnuem scerifolia 3 R
viburnum (tea) iburnum setigerum I-R
yew axus sp. R
yew axus cuspidata 5 R
yew axus x media "Hicksi® 4 R
yew (dense) axus media Densiformis™ 4
yew (Hatfields Anglojap) axus x media 4 R







Temperature Zones and Sensitivity to Ozone

Table 1.4
Trees —— Deciduons:

“Temp, | Seasitivity

Commog Nyme Specica Name Zooe 1o Ozome
tiorae chestnul ¥uesculus hippocastanum 4 $-R
Japanese pagoda ree popbora japonica 4 R
larch (European) rix decidua 3 1
larch (European) ilia europea 4 1
Lerch (Japanese) arix leptolepsis 4 R
linden {American) ilia americans 3 $-R
linden (bigleal) ilix plagyphwiios 4 s
linden (Crimean) iliz cuchlors s s
linden (littleleal) ilis cordats 4 R
linden (sitver) lis pevolaris [ I-R
locust (black) Robinis peeudo—scacia 4 I-R
locust (thornless honcy) leditsia triscanthos inermis 5 |
maple (Amur) Acer ginnala 3 R
maple (big—toolh) Acer grandidentatum R
maple (biack) Acer nigrum R
maple (broadieal) cer macrophylium
maple (hedge) ACCT cCampesire 5 R
maple (Norway) Aoer plalancides 4 R
maple (red) Acer rubrum 3 I
maple (silver) cor saccharinum 3 R
maple (sugar) Acer sacchanum 3 R
maple (sycamore) Acer pacudoplatanus 5 R
mulbarry orus sp. 4-7 I
oak Quercus patraca
oak (biack) Quercus velutina s R
oak (chestnut) Qruesrcus prinus R
oak (English) Quercus robur 5 §=R
oak (Gambel) Nuercus gambelii 1
o3k (northern red) Quercus rubra 5 R
oak (Oregon white) Duercus garryana 5
oak {pin) Quercus patustris 5 §-R
oak (scarlet) Quercus coccinea 5 S-R
oak (shingle) Quertas imbrecaria R
o3k (white) Quercus alba 5 R
oak (white) Quercus phelios 5 R
olive (autumn) Aegnus umbedlata I
Osage orange cdura pomifera 5-6 R
peach Prunus persica 1
pine (bristleocone) Pinus Aristata; Pinus longacva 5 R
planetree (London) Platanus scerifolia 5 §=1
poplar (hybrid) Populus sp. 2-5
raintree (panicied golden) ocireuteria paniculsts 5 S-R
redbud (Eastern) Cercis canadensis 6 I
redbud (Eastern) Cercls canadensic 1
sassafras afra albidum 4 §-R
serviceberry (alder ~leaf) melanchier alnifolia 1
servicehary (Allegheny) Amelanchicr laevis 5 R
serviceberTy (roundieal) elanchier grandiflora R
seviceherry (wesiern) meianchier florida s—1
Eweel gum aquidambar sryraciflua 5 s
EyCAmore Platanus sp. 5—6 1
sycamore (American) Platanus occidentalis 5 !
sycamare ( Californla) Piatanus racemona s
trec of heaven anthus altssima 4-5 5~1
tulip poplar riadendroa nulipifers 5 £
walnui (black) Juglans nigra 5 R
willaw Salix poaddingii 1




Table 1.4
Trees —— Deciduous:
Temperature Zones and Sensitivity to Ozone

?a-p. §e|m‘livity

| Common Name Specics Nape Zone _|_to Ozonc
yellowwond Cladrestis lutea 3 S-R
2elkova Zelkova sermata 6 I-R




Table 1.5
Trees —— Conifers:

Temperature Zones and Sensitivity to Ozone

Temp. Sensitivity

[ CommonNape Spesice Hamg Zosc | toOyone
Arborvitse (N. while cedar) uja occidentalis 2 R
cedar (incense) tocedrus decurrens

cedar (incense) Calocedrus decurrens, Libocedrus decigrens 6 R
cedar (Northan while) Thuja occidentalis "Pyramidalis” 2

cedar (red) uniperus virginiana 2 R
or bics magnifica 1
fir (balsam) bics belsamea 3 R
fir (big cone Douglas) Uga MaTOCAIPs 5-R
fir (Douglas) scudoisuga macrophylla s
fir (Douglas) seudotsuga menzesii - 4 R
fir (Fraser) bies frasen R
fir (white) bies concolor 6 I-R
bemlock (Esstern) Tsuga canadensis 4 R
holly (American) lex opaca [ R
holly (English) ex aquifdivm 7 R
magnolia (umbrella) gnolia tripetcla R
pine { Afghanistan) inus brutis

pine { Aleppo) inus halepensis s
pine (Austrian) inus nigra 4 I
pine (Canary lsland) inus canaricnsis 5
pioe (Couller) Pinus coulteri 7 |
pine (digger) Pinus sabinians R
pine (Eastern white) Pinus sirobus 3 S
pine (jack) Pinus banksiana S
pine (Japanese black) Pinus thunbergii 3 1-R
pine (Japanese red) Pinus densifiora 4

pine (Japancse white) Pinus parvillors 4 5
pine (Jeffrey) Pinus jeffreyi 5 s
pine (Jeffrey/Coulter hybrid)  Pinus jeffreyi X Pinus coulteri 5
pine (knobcone) Pinus atlepuata [
pine (knobcone/Monterey hybridPinus radiata x Pinus attenuata !
pine (labloity) Pinus taeda s
pine (lodgepale) inus contorta & 1
pine (maritime) inus pinaster 7

pine { Mexican weeping) inus patuls

pine (Monterey) inus radiata 7 s
pine (Monlezuma) inus moniezumae 8

pine (cocarpa) inus oocarps

pine (pitchpich) inus rigida R
pine (ponderosa) inus pooderosa 9 s
pine (ponderosa) inus pondeross var. scopulorum R
pine (red) inus resincsa R
pine (scotch) inus sylvestris 3 R
pine (shortieaf) inus echinsts

pine (single feaf pinyon) inus monophylla

pine (Soutlwestern white) inus strobifarmis 1-R
pioc (sugar) inus lambertians [-R
pine (lable mountain) inus pungens S-R
pinc (Torrey) inus tormeyana 1
plac (Virginis) ibus virginians s
pine (Western white) inuz moatools s
redwood (Coast) vola sempervirens 7 R
sequola (gisnt) e O giganties R
sequois (giant) exquoisdendron giganteum 6 5
spruce (Black Hills) icea glauca var, densata R
spruce ( bisck) icea marians 3 R
epruce (blue) ies pungens? 3 R




Table 1.5

Trees —— Conifers:
Temperature Zones and Sensitivity to Ozone

Temp. Sensitivity
Common Name _Specics Name Zose | o Ozone |
spruce (Colorado blue) Picea pungens R
spruce (Norway) Picea abies R
spruce (red) Picea rubens
spruce (white) Picea glavca R




Table 1.6

Ground Covers:
Temperature Zones and Sensitivity to Ozone
T‘mp. Seasitivity
e ommon Name Species Name Zosc | 1pOQromc |
canby Pachyztima myrsinites 5 R
ivy (English) Hedera helix s R
ivy (grape) Cissus rhombifolia R
juniper (creeping) Juniperus communis depressa plumasa 2 R
mahonia (creeping) Mahonia repens 5 R
pachysandra Pachysandrs terminalis 4 R
periwinkle Ninea minor 5 R
periwinkie Vinca minor "Bright Eves™ 5 R
rush Juncus sp. 5 R
sage (wood) Teucrium scorodonia "0221" 5 I
sage (wood) Teucrium scorodonia "0223° 5 1
scdge Carex siccats R
strawberry Fragaria ovalis R
Virginia ereeper Parthenacissus quinquifolia 3 s







Table 1.8

Weeds, Wild Plants, Houseplants, and Uncategorized:

Temperature Zones and Sensitivity to Ozone

Common Name

Weeds:

bedsiraw or madder
bladder campion
chickweed
crabgrass

dangdelion

dock (bitter)

dock (curly)
goosefoot

ironweed (New York)
knotweed (prostrate)
lambsquarters
wilkweed (common)
milkweed (tall)
plantain

plantain

plantain

plantain (common)
plaotan (common)
plantain {common)
plaotain (English)
planwin ( hoary)
poisan vy
ragweed

ragweed (western)
ragwort

ragwort (Rugel's)
smarweed

vetch (American)
velch (sweel)

willow weed (hairy)
yarrow

Wild:

angclica

angelica

aniserool

belizdonna
bittersweet (American)
chickory {common)
orownbeard
dandilion (mountain)
Dyer’s woad
ephiphytic bromelisd
ephiphytic bromeliad
ephiphytic bromeliad
ephiphytic tromeliad

bemlock (poison)
hyssop (nettle leafgiant
marsh pink

milerwort

mess (sphagnum)
moss (sphagnum)

E pilobium watsoni
Galiuvm hifolicm

Bilene cucubelua

yambrosia artemisiifalia
Amirosia psilostachya
Senecio serra

Cacalia rugelia
Folygonum douglasii
Vicia americans
Hedysarum boreale
Epilobium hirsutum
Achilles millefolive

Aangelica pinnata
Pungelica riquinata
Camorhizs occidentalis
A ropa belladonna
Cichonum intybus

Specics Name

'T‘:mp.

Zoge

Scasitivity

w LA

annual
annual

I S -

10
10
10

i
W wwo

R RTRTRTN I RN R 7 N W R RS- - R NS R

;wwnwwmwm—wm-:u-

) e’ i 3




" Table 1.8

Weeds, Wild Plants, Houseplants, and Uncategorized:
Temperature Zones and Sensitivity to Ozone

Temp.
Commos Neme Specics Name Zeae
moss (sphagnum) phagaiem rubellum
neltle rtica gracilis 3
nettle (stinging) riica dioica 3
onion/garlic? (wild) ium scuminatum
ruc (meadow) 0 fendleri
aaxifrage ifrage arguts
soaved (green) UMEX BOStOAE 3
sorrel (sheep) umex scetosalls 3
speedwell eronica anagallis —aquasc
tarweed adis glomerats annual
thistie (Canadian) um srvense 2
tickseed (wood) copsls major ki
trefoil 1us tomentelius
wild buckwheat igonum heraclioides
Houseplaots:
fern (Boston) ephrolepis exaltats 10
gloxinia inningia speciosd 10
kalanchoe lanchoe blossicldians 9
philodendron hilodendron cordatum 10
poinseila uphorbia pukchberrima 10
pothos indapsus aurcus 10
schefflera clflers actinophylls 9
violel (African) in1psulia ionantha 10
Uncategorized:
ium pinnatum
phytum recemosum

ingusticum porteri

enzelia albicaulis
bridlewresth irese vanhoun
cpiphync orchid ocyclia tampensis
epiphytic orchid pidendrum rigidum

B vnRD— A= — =D W=D — = e X == FE
-




Table 2

Summary of Ozone Scnsitivity Classifications, by Plant Category

Ozone Treca Ground |Desert |
_Seasitjvity [Orpsses |Clovers | bruts Decideogs Cosifers owers | Toct
Scositive® 19 3 25 26 34 17 1 7 132
Intermediate*® 47 8 36 12 A 10 2 24 143
Resistant 34 3 BS 41 53 2 11 6 257
No Assignment 3 3 2 4 5 11 - - 28
Tousl 103 17 149 i) 116 61 14 37 580

* Includes plants lisied as sensitive only and as sensitive through intermediate or resistant.
** Includes plants listed as Intermediate only and as intermediate through resistant.






Table 3

List of Plants for Eastern Ozone Non—Aftainment Areas

by Type and Sensitivity to Ozone

Piaat Type/ Temp. | Seasitivity
bentgrass (areeping) A grostis palustris "Astoria” cool s
bentgrass (areeping) Agrostis palustris "Cohansey” cool S
benigrass (creeping) Agrostis palustris "Holfiar™ cool 5
benlgrass (aeeping) Agrostis palustris "Seaside” cool S
bluegrass (annual) Poa annus cool s
bluegrass (Kentueky) Poa pratenais "Cheri” eool )
blucgrass (Kentucky) Poa pratensit “Prato” cool s
fescue (Charwings) Festuca rubra var. commulata cool 5
fescue (1all) Festuca arundinaceae "Altae ool s
grass (Canary) Phalaris canariensis annusl s
gruss (pepper) Lepidum virginicum annus| 8
fescue (creeping red) Festuca rutra "Pennlawn” cool §-1
bentgrass (areeping) A, gr ostis palustris "Penncross” cool $-R
Clovers:
red clover [Trifolium pratense "Chesapeake” 3 1
red clover Trifolium pratense "Ottawa” 3 1
red claver Trifolium praiense "Pennscott” 3 i
white clover Trifoliuen repens (ozone resistant clone) 3 1
white clover Trifolium repens (ozone sensitive clone) 3 I
white or ladino clover ifolium repens 3 1
white ar ladino clover rifolium repens "Alban” 3 1
white sweet clover elilois alba 3 1
alsike clover rifolium hybridum 3 R
white or ladino clover olium repens "Milkanova™ 3 R
while or Jadino clover clinm repens "Sonp" 3 R
red clover olium pratense "Kenland” 3 s
white or ladino clover rifolium repens "Ladino California” 3 S
white or ladino clover olium repens "Ladino Sacramento” a 5
Flowers:
baneberTy Actlaca arguta 3=5 1
begonia Hegonia sp. "Linda” annual l
begonia Begonia ap, "Thousand Wonders White" annual I
begonia Begonia sp. "White Tausendschon™ snnual 1
begonia (Elatior) Begonia x hicmalis “Heirloom™ annual 1
begonia (Elstior) ia x hiemalis "Improved Krefeld Orange’ annusl 1
begonia (Elstior) a X hiemalis "Niee™ annusl 1
begonia (Elatiar) ia x hicmalis "Renaissance” anpual 1
begonia (Elatior) onia x hiemalis "Whisper O' Pink™ annusl I
chryzsnthemum nthemum sp. “Coraage Qushiop” 3~5,108 |
chryzanthemum themum sp. "Baby Tears" 3-5,108 I
chrysanthemum themum ap. "Chris Columbus™ 3-5,108 I
chrysanthemum nthemum sp. "Crystal Pat® 3-S5, 08 1
chrysanthemum othemum £p. "Gay Blade” 3-5,t08 1
chryzanthemum themum sp. "Golden Armow” 3-5108 1
chrysanthemum themum sp. "Pancho” 3-5,108 1
chryzsnthemum themum sp. “Penguin” 3-5,108 I
chrysanthemum nthemum sp. “Sledghride” 3-5, 108 1
chrysanthemum themum sp. “Yellow Supreme” 3-5, 108 1
geranium (common) elargonium hortorum annusl 1
marigold Tageles patuls "King Tut" annual 1
petunia Petunia grandifiors “Red Magic™ (red) annual 1
petunia etlunia grandifiors "Roulette® annual 1
petunis etunia grandiflora "Warrior” annual I
petunia etunia hytrida "Rose Charm” annual I







Table 3

List of Plants for Eastern Ozone Non—Attainment Areas

by Type and Sensitivity to Ozone
Plaot Type/ Temp. | Scasitivity
—Common Name Species Name Zone ‘“—Hﬂe

petunia Petunis grandifiora "Blue Sea" anonual R
petunia P ctunia grandifiora "Cherry Blossom®™ snnual R
pelunia P etunia grandiflora "Lilac Time" snnual R
petunia Petunis grandiflors "Parti Pink” (pink) annual R
petunia Petunia grandiflora “Peach Blossom® snnusl R
petunia Petlinia multifiors bicolor "Peaches and Cream” annus! R
pelunis Petunis mulifiors "Viciory” snnual R
petunia Petunia sp. “Blue Danube” annual R
petunia Petunia sp. “Biue Jeans” annual R
petunis Petunia sp. "Blue Sea” anpual R
petunia Petunia sp. "Bonanza" annusl R
petunia Petunis sp. "Calypso” annual R
petunia Petunia sp. “Canadian— All Double Mix annual R
petunia Petunia sp. "Cherry Blossom” annusl R
petunia Petunia sp. "Festival” annual R
petunia Petunia sp. "Lilac Time" annual R
petunia Petunia sp. "Panti Pink™ annusl R
petunia Petunia sp. "Pesch Blossom™ annual R
pelunia Petunia sp. "Peaches and Qream” annual R
petunia Petunia sp. "Red Magic® annual R
pelunia Petunia sp. "Roulett=" annual R
petunia Fetunia sp. "Victory” annus! R
petunia Fetunia sp. "Warrior” annual R
snakeroot (white) Eupatarivm rugosum 3 R
snapdragon "Floral Carpet” Scrophularia? "Floral Carpet” 4 R
sunflower (common) clianthus annuus anoual R
wrumpel creeper mpsis radicans 4 R
asier (purple stemmed) ler puniceus 3 s
begonia (Elatior) Begonia x hiemalis "Ballerina” sonual S
begonia {Elatior) Begonia x hiemalis "Mikkell Limelight” annusl s
begonia (Elatior) Begonia x hiemalis "Schwabenland Red” annual s
black —eyed Susan Rudbeckea hirta 4 s
chrysantbemum santhemum sp. "King's Ransom" 3-S5, 108 $
chrysanthemum anthemum sp. "Mango” 3-5,108 s
chrysanthemum nthemum sp. "Mion White" 3-5,108 s
chrysanthemum athemum sp. "Mt Snow" 3-5 108 s
chryzanthemum nthemum sp. "Red Mischiel” 3-5,108 s
chrysanthemum nthemum sp. "Tranquility” 3-5,108 s
chrysanthemum nthemum sp. 3-5,108 s
coleus £p. "Pastel Rainbow" annusl | s
coneflower (cutleal) Rudbeckis | aciniats 3 §
dahlis Dahlia sp. pnnual/bien 5
morning glory Pharbitis "Scarlet O'Hars"™ annual S
petunia Petunta sp. annual S
petunia Petunia sp. "Capri” angus] s
petunia Peiunia sp. "Pink Caacade” anoual s
Shrubs:

coloneaster Coloneaster divaricatls 5 I
coloncaster Cotoneastier horizonislis 5 I
coloneaster (spreading) 5 1
lilac (common) 3 1
viburnum {linden) 5 I-R
8zalea 6 R
azales ar rbododendron 5 R
baxelder maple 3 R







Table 3

List of Plants for Eastern Ozone Non—Attainment Areas

by Type and Sensitivity 1o Ozone
Ty Teap. | Seasiiviy
| __Common Neme Specics Name gose __100w5e
colfer tree (Kentucky) Gymnocladus dioica 4 R
cucumber tree Magnolia acuminata 5 R
clm Ulmus sp. 13-4 R
elm (American) Lfimus smericans 3 R
empressires Paulownia tomentoss 5 R
filbert (Turkish) Corylus colurna 5 R
ginkgo Ginkgo biloba 5 R
hawthorn (Washington) Crataegus phacoopyrum 4 R
hickory (pignut) Carys glabra 4 R
hophombearo (Eastern) Ostrya virginiana 4 R
hornbeam (European) KCarpinus betulus 5 R
Japanese pagoda tree Sophora japonica 4 R
larch {Japanese) ix leptolepsis 4 R
linden (littleleal) ilia cordata 4 R
maple (Amur) cer ginnals 5 R
maple (hedge) ceT Campestre 5 R
maple (Norway) cer platancides 4 R
maple (silver) saccharinum 3 R
maple (sugar) saccharum 3 R
maple (sycamore) Acer pecudoplatanus 8 R
oak (bisck) Duercus veluline 5 R
oak (northern red) Ouercus rubra 5 R
oak (whitc) Duercus alba ) R
oak (while) Quercus phellos 5 R
Osage orange Asclura pomifera 5—6 R
pine (bristlecone) Pinus Aristata; Pinus longaeva 5 R
serviecberry (Allegheny) Amelanchier lacvis 5 R
walnut (Back) nigra 5 R
ash {European mouniain) aucuparia 3 §
cherry runus spp. -7 s
cottonwood (black) opulus Lricocarps 4 S
linden (bigieaf) ilia platyphylios 4 s
linden (Crimean) ilia euchlora 5 s
swect gum squidambar styraciflua 5 5
tulip poplar iriodendron tulipifera 5 g
ash (green) raxinus pennsyhanica 3 S-1
ash (white) raxings smericana 4 5-1
cherry (black) nus serolina 4 5-1
planetree (London) tanus scexifolia 5 s-1
tree of heaven nthus altissiza 4-5 S5-I
ash inus 5p. 3-6 S-R
dogwood (flowering) nus forida 5 §-R
elm (Chinese) nus parvifolia 6 S-R
horse chestout exculus hippocastanum 4 S-R
linden (American) americana 3| s-R
oak (English) 5 robur 5 S-R
oak (pin) s palostris 5 S-R
oak (scariet) x cocrines 5 S-R
rainiree (panicied golden) Leria pamiculata 5 S-R
satsafray albidum 4 5-R
yellowwood is lulea 3 S-R
Treca——Conifers:
pioc (Austrian) inus nigra 4 1
pioe (lodgepole) inus contarta é 1
Or {white) bies concolor [ I-R




Table 3

List of Plants for Eastern Ozone Non—Attainment Areas

by Type and Sensitivity to Ozone
Plant Type/ Temp. | Scaaitivity
Commop Name Species Name Zonc to Ozoae
pine (Japanese black) Pinus thunbergii 5 I-R
cedar (incense) Calocedrus decurreas, Libocedrus decwrrens 6 R
fir (batsam) pAbies balsamea 3 R
fir (Douglas) Preudotsuga menziesii 4 R
hemtock (Eastern) Tsuga canadensis 4 R
holly (American) ex opaca 6 R
pine (scotch) inus sytvestris 3 R
spruce (black) Picca mariana 3 R
spruce (bluc) Picea pungens? 3 R
spruce (Colorado blue) Picca pungens 3 R
spruce {(whitc) Picea glanca 3 R
pine (Eastern white) Pinus strobus 3 §
pine (Japanese white) Pinus parviflora 4 s
pine (Jeffrey) Pinus jeffrey s S
scquota (giant) Sequoiadendron giganteum 6 L




Table 4

Summary of Ozone Sensitivity Classifications for Plants Potentially
Used in East Coast Urban Landscapes, by Plant Category

Ozomc
Sensitivity
Sensitive®
Intermediate®®
Resistant

Total

Trees Woody | Grasd
Grasscs Clovers [Flowers [Shrubs | jduous | Conlfers || Plants® ‘Total
15 3 19 16 23 4 43 80
as 8 29 5 13 4 2 94
19 3 79 19 k1) 10 66 167
& 14 127 40 n 18 131 34

* Includes shrubs and trees.
** Includes planis lisied 83 sensitive only and as sensitive through intermediste or resistant.

#** Includes pianis [isied as intermediate only and as intermediate through resistant.
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Chart 2.2
Ozone Sensitive Plants: 20% Injury
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Chart 3.1

Plapts with [ntermediate Sensitivity to Ozone: 5% Inpjury
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Chart 3.2
Plapts with Intermediate Sensitivity to Ozone: 20% Injury
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Chart 4.1

Ozone Resistant Plants: 5% Injury
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Chart 4.2
Ozone Resistant Plapts: 20% Ipjury
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Chart 5: lllustration of Economic Losses Due to
Ozone Damage to Ornamental Plants.
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Ozone Non-Attainment Areas (1991) Map 2
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Data Base of Plants and Sensitivity to Ozone
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Appendix A: Data Base of Plants and Sensitivity to Ozone
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Appendix A: Data Base of Plants and Sensitivily 10 Ozone
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Appendix A: Data Basc of Plants and Scngilivity to Ozone
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igryegan (peranalsly L oliom parenne Peoolioe” 5 -] u conl Pdb ppen bein (%= 14 deys wfien v gaocs) 21 7% of blade snen ajured Frooe 51
I yrges (parenahly L oliuim pat o ooe “Pennlise” k1 -] R cool P30 ppen ben (@ = 14 dags wlea rened pece) 23 % ol blade sres Injured roa L
Inryepiais (petennlal) hottam pesenos Feoalime” 5 2 w ool A0 ppm hra (66 = 11 days i v proesy 16 7% of blade sios byjvred proge £
inyepnis (perenalul) Lolbam ped rone Trovliss” 5 1 1 conl IS0 ppe by tor sonkad svas e sw beel lipa, thas blesciperne &7
Inrepan (peresalsl) Lollwm pessooe Splesda £ 1 1 eodl DA pp s L tﬂ.-: soaked arvss vem lend tips. then blesclhrone £
Ingyemans (pervsainly Lolhm pevenps T albet” ] ] conl [i0? ppa bor ity Iow baees me Uy "% rechuced prosah akie s an
3 poeepruckle (Jpagats) Lovlcows jipooloa L. L] b - pe lafary = flold vivdy D L
3 poueyrckls (oo ow) Lonhews morroadl R 0 1 » po bajury = preepbowse oudy proge A
i1 prefoll |cimy tomnecie By ] 1 [.20 — B3R ppm krsiday for 4= 3 dayy beal lafery proar i
1 Yoplos Luplows cocteus R | 133 > ppen S hii over 16 by pois b Jury Drons £
I Jeplas Luplaw: cochreun ] 1 .10 = 30 g hrwdny (e d—§ dnya teal bmjury peres iw
4 Dhage orioge M ue lots pomillers R R -6 » po njury = feld sucty nioDe 5T
5 jarwend M vdia plomwersis 5 4 annil Bun dayr 5 dupsrmh lor 4 me w00 % beal lojery PeeDe 1r
1 pemwesd M udia plomersta 5 5 aniinl Wi day § deyrrak [on § oo (100 "% bool bejery wiwingilsl grondb red  prove 1t
11 farwpad Madis glookrain b £ sunoel kintduy AD % wal bajury rone 1t
4 Frcumbet ues Mupools pcurisii ] ] 5 . por njury = Meld mudy nroos LA
$ |magoos (ymbrella) Poln peoln Fipeisls R’ R . bo lohiry = Ml sy o §1
i ageals (umbreiin} Msgnein vipetab R R » ek ot ipple nrone 3
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bl resad clovar MlelBotus nlta I 1 ] ] et 11}
111 bl v el o bensdin ] 3 hrniday fod =5 dipn ol by s 5%
1 blusbell ov g pwors Martassln silermica R R 13 s Hotscmble Infury prnge @
B S iyt e lioowy Bl o e R 13 3 kew il et ble lapery beretie &
1 ko Mt bvs mrcmcbares R u o e tncmble lajory hroas 6
11 b wom Pl el sten petnle R R’ L] ki geterable lajery Ll 4]
A o P v Mioxes op. 1 ] =T ] gark vipple irae §r
9 fuic | Bercn) Nepbroleph veshes L} " 1 1 deyy buibor did met 1epwinis [iom atbyos'o rons vt 1]
1 pladgwm ML syhatics " L1 4 ] po Iofury = lekighovss udies roome i
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& kuohy Fachystlon myesinine ] ® 5 1L detecmble lojury e b
11 ploreog (Ameloss) Facan quisguifolus 1 1-R bl ] dark wipple Feitan e 37
i lnseog (Amwioen) Pasat qulbguliols H -1 7 ¥ e Enjury = Gie g bouse dudies dwd alpplreee 57
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Appendix A: Data Base of Planis and Scnsitivily to Ozone

Plaat _ Seosilivity Class  [Temp. Level of Duratioo of Lhnn

Type Common Name Sgciel Name Auth. | NRC |[Final |¥onc Expoivre Exposare Llfecus Follutant onrce
1 pelunis FPerunls tp. “Calypsn™ n R R axenusl [l sbke = hne 4
1 petupla Ferunls sp. ‘Cepadian — All Dovtle Mic R R R apnusl [Nable e “
1 peluphs Petvols sp. "Cupri™ 5 5 % snnual [lrkle b rane a“
1 petucls Fervals sp “Cherry Blowam™ R R .3 anousl [1ahie o a“
1 peotunls Ferunia 1p. "Commache™ I ] 1 spnual |lablke o £
2 pecauls Petvnis 1p. “Fertlval’ ® n R annual [Labl rny e “
1 petunls Fetwoh ip, Like Tiow™ R R R annusl [Teble nyrne “
2 potunin Petunls sp. “Panil Plok™ R R R auntal [Mble P s “
1 peivoh Petunles sp. Foach Blossom™ R R R wenual [Tubl naone “
2 patunis Petunle sp. Fesches 100 Cream” R R R wgnual [Trbl nrnne “
2 perevia Petunle 3p. “Phok Cascade® s s 5 anowsl [Tebk hrone “
1 * Potasls yp. "Red Mugle R R R svousl |[Teblke hreoe “
1 pewnts Perugls wp. “Roulets” R R R wnoual [Tebk IO “
1 petuals Perunin wp. “Soewsiorem™ ] ] wnousl L 10ppm 1 hrs o elfea brons 30
1 petunle Feruals wp. “Snowstorm® I 1 anbual DI ppm <3 144 tiiabt sdaxlal flocking (o wpleal thaxus of basafosose i1
1 pereols Petonle 5p. “Snowstorm® 1 1 soousl Bioaklyn.NY al 5~ Y atoothy daxtalfvdscla ¥l toa) white oo paohlect sk n
2 petvoin Fetvals wp. ~Victory™ R ® R sununl [Tabk hroar '
2 potonls Peionls &p. “Warlor” R R L} wonunl Tibe proae 14
1 peteniy Patunle wp. “White Crscade™ wsupus) PLISAOMO I ppm pesk  Aog I - Sepr 1%, 1968 Meckipg/chimosli, sme petronds oostly oo Ichevhient Clacikspatl ok
7T pbacslls (burebeol) Fhaceln caopensleriv ] ] senusl fLID =~ 030 ppm B boviday e &= 5 days bea! Injury heone 50
7 phacelln Fiacelu betaropbylls 5 5 wenusl 115 ppm 3 bis dayr 3 duysiwk (o1 4 o B3 7% leal lojury rons bl
7 phacells Fhucelin beteropbylla s 5 snousl .30 ppm 3 hes dayr § daysiwk for 4 mo BN % leaf Infury. gosab ool alg redue. Prone n
7 pbacells Fhacelw baterophylle 5 5 wmnupl fri0 -0 ppor (smblest) 77 2 bividay B % leal Wfury oo 17
7 phucelln Fhacells hoterophylls 1 L4 seounl LIS < ppm 2 he Helecmble injery none L]
igan (Crooy) Fhaiarb squatha ans B pa iy welghtr eduction rene n
Taprass (Cuoary) Phelmls conmtlnnsly L4 s ancus! pa pe oy T 7
1 praohep plory Prarbitls Scwlt Olisre” s 1 wnousl e ha pibey sympioms Drooe 37
3 ock—ersoge (reee) Fbilede phus carooaiio 1 &-1 4 pa pa ro sipple nrooe 57
3 mock - arangs [sweet) Philade phos caomnriey s =] 4 e ha »a siipple otooe 3
< philodendron Fbilodendron corduinm R R 10 FLI0 ~01S ppos 0 wis puthor did oot sep from erbylegwio 10
3 plashek (dwerl) Fhysocopus opullfnbus 5 s 2 ja 19 charl stipple T 57
5 pprece (Nomay) Fices sblem e R e s plecente ko growmb beoas, SOT, besvy we i
3 pprece [Norsay) Ficas able R LS R 2 [Tebk proge 4
3 pprece (Nomway) Flcas abla R R 1 hae po Iojury - Meld/phovse sudies heoow 5T
5 bpruce (whie) Fices ghiva R 1.3 R 3 [Tabk prons “
3 bprece (whiie) Fices glauca R R 3 e po Iojury — mesnbouse sudy proos 37
3 pproce (Black Hitky Plces gliva var. deonate R R N o po injury - gerabouse sudy broas 57
5 pproce (bhd)y Flces marlsns R R R 3 Tubk P gy “u
3 pproce (Cokwado bhun) [Ploes ponyens R R LR B po lajury = geenbouse nudy D EoEe 57
3 ppruce (bloe) Flces paogens? R R R 3 [Tahie b roma A
5 bproce (red) P lees rubeos [y 0] by Hacrease lo promah reree, $02 ”
3 plerh Flerls apooics R R & .25 ppm R by poos L &1
4 plor (brindecoss) Flods Aslitete: Plous brogaens R R 5 e pibes symplosm neone 5
% blor (kzobcone) Plaur sheauste ] 1 b - anoe @
5 blos (knobtone) Pious siisoulle ] .36 ppen 12 brsiday for 37 doyn R o ardes of dea. seos (1+blgbety F BT w
3 ploe (kaobcone Phous sueoueis 1 1 prabent = = A fireur ree lifeitme thicugh 1970 3 - 4 snoval peedle whorb rvialoed, chiararlhaldant sy polhath an
5 ploe (kaokcone) Piews atregusis [Ty ] b1 b proge -type moiting Ll k1]
3 plos (Juck) Pizus baoksisne 1 5 < PLAT 0 hie 15 % of plants were Ipjured JLT ]
5 phoe (Jork) Plovs baolslves 5 s < L0 ppm D has BT % of plants were Injured Ponne 5
3 plae (jeck) Flows brckslson £ g 5 Table nrans [T
5 plae Jack) Flavs beokrisas 5 5 ha ha rhlorosis odber ST 5T
$ plue tlacky Fiows baokilans ] L " na Ehlorels e i
5 pine (jacky Pinus bankilsns R 5 by na rhlreeals nanDE ™
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Appendix A: 1Data Basc of Plants and Scnsitivity 1o Ozone

Flanl Sensitivily Clasx lemp. Level nf Duration of Ll::ll

Type Common Name Species Name Auth. [ NR(Z | 1"inal | one laposare Fxpoadre Eflects Follaiani nrec
5 pine (kashoras Monie oy bvbiidy  Prowes indlaia @ Pravi slicownis ] | 3 ppa T haciay los 3T daya P lo ovded of ded. veod {1 = Eighwil) purome 3
3 phue (redy Figes ietlpona R 1 L] LIS ppm ! s (M of plais were injuisd Freae ]
3 e (redy Fleus reainras 5 1 L MLSO fppam [ by P % of planis were lojoed prnan 3
§ fplos (red) Plous 1e1lmoas 3 R ® Fahk hurnae o
5 hioe jred) Flews 1eslpotn R R hs ha po lopury - presobouss nudy hrese 31
5 plos [picbpic) Fraesslplds 0 R s ha Hemnaia o prowth rvr-n. i 3
3 blow [phetghich) Finas dlgkds '] A0 = RS pposr kot I 1R duyd higificeod Belpht 8od man redectioe. PUANDE ¥t
5 phee (phiebpitet) Flows slghde R L R Tahie prrne “
3 bloe [phickphck) Flouy rlglds B n e iy peedle niottls, prenmiune soesceos, pesdidhrens 3
$ plus (phchphch) Flousyiphds L] R 13 v e lojery = Neldiphouse vudiea 2L 3T
5 plee (phclphch) Plourilgkde 5 R ba - kb ey pals b o s (4
i plos (dlggey Flows s bloiass ] ] bnbienl - — (A loevs iee ldetine thesugh 1920 M+ somwslnoed aborh resiaed oy oo chinbmidest sb palhilon [
§ plos (Sowibmitern whiie) I laws srotted mb 1 I-R e 2 b Sy odra T T i
5 plar (Scvtbwariere =hiir) Plous sifobllod mie R I-R b ha pibe yyopiaon prone 51
§ s (Eastern whits) Finus tirobat R 5 3 LIS ppo R by 10 % of plunts bepuied hoae 3
3 plos (Estlwn whiie) Fiow sirohu b b3 ¥ PE0ppm E ki "% % of pluots lojured Droie 13
$ ploe (Easien whiin) Pimus sirobus e 5 ¥ ha = mreelernisd sossceace of nlder popdie RETY 1]
§ pine (Eavtoro white) Prowt sornbun s ] 3 3 pod ppm o bin peedle bliighi prose [
§ ploe (Esviers stilis) i dlrobun 5 i 14 3 pOTppm W e peedle blght Prrco [
5 ploe (Eariers whiiy) e diobus 1 5 3 Beoniha HY sl - T methi ehlarpdbeitrownirom Mok op pesdles Ausigpmbisot MY o pall L]
3 ploe (Esnero shihe) Preus sircbus £ 5 5 3 [Tehile ponas L
5 plos (Essioo whhe) Plous surobus 1 .3 3 pa Be Ehlormly b ir
5 plos (Banors whiir) F vt rirobur R 5 3 ke e Foleroais, ot ] 1
5 plos (Esrtern wbite) U iobuL £ 5 3 e kbloroals b acos 57
5 ples (Eaviorg whive) v sirobu R 5 3 pn s po lnpary = Mekphouse srrdis. ctbar Infur paoos §?
§ ples (seotch) 3 sylveserls ] R ] 1 Tebke L] o
3 ples [sceaeh) ki R R L o bo kaery = Mol sindy Furine it
3 plos (seoteh) wrhwazis 11 ] ¥ pa s kbhor ol ool by Farene 5
5 plow (lobindyy teada s 3 e moronal fewest ar n BO % reductlon bo ploioyntbark Firnne t
1 plos (loblaly) i theda 5 I 00 - MAS ppan fbruday e 12 dapn Mgafoao balpbn sed g reduciion penes it
3 plos (labloly) vy [ 5 pa ] Drone — fype motthing prone 5
5 plos lobloby) iveds R 13 b ey Bo ifory - massbmause sudy ey LY
$ ploe (lypapuis black) }lwt b b gl [ -k 5 pa paoae =iype motilbg P rnne i
3 ploe (Japavess black) Pious fbuaborn il R I-R 3 b fra pibar ryopicon roas 1
3 plor (Japapen blacky Fioos thunhergll 1 I-R 5 pa @ piba syoygrome Prons Eh
$ ploe (Tomey) PHOUS 1071 eI b i pu ] be prras L]
5 plor (Tonen) Finut lofrepen i 1 horbleot = = A& (rrevia rar Hisvive thrnugh 1970 M+ peadhe whioth reisloed, oldes ebemb chlridan sl polletinn ol
5 plos (Viglots) Fiows virplalses H 5 0 15 ppm ki Chigratle meaibe - o predie praosls T 4
5 blos (Virglnk) Phout vieglalapy H % 5 Tabde herus “
§ plos [Vigleha) Fioui virglelans 5 % he pu Ebloroni Freon e 1
£ blos (Vinglele) Pravs rplateas R 5 hs las ho injury = (ki hoose siudinn e 57
10 plastale LD COTOBOPUL i Pt I bet wiluy e s e len 13 % peducnd gowd ipie K] 4R
19 phiein mup b bar iy R 1 1Y) = ppm (S iy over Eid b po lafury oot L
10 plisinle Plao s po lovalarls ! ] I — 30 ppar B bovdaylen &=5 duys deaf lnfury S bid
10 plsoiste (Eoghshy Flaniago hemolels ] 07 ppm [T bt widay [ 1w wvigs [ % tedicod groatb Jaie o ¢ “
Wi plagin e (rnemonos) Pluoivge wwjo " 13 F0* pom T biwduy Inr o sk R4 % poduced growih st mirme i
i plepts s (eommop) Flaptspo sjor b [ AT poan I b 'y T v st s I % iaduced prowth inie ] aw
10 phatiie (common) Plagtage pajr Trseh” R B0t pram [T biv'day Tor L sl | % nducnd growth iy i i
o plactsin 7 inana g0 ova Wissa ] L0 ppm T heirduy (o1 own wreks B % ceduced prowh rare e "
10 plovislo (bosry) Plaotagn arndin -] P T e 7 ety e oo we Pl o educed prosab Preos i
4 plypeires |Lasdos) Flusews scwifolls 5 s-1 5 Jis P Ksrk mipple Eromy 8T
4 faprives (Londony Flsivavr scmiiolta 1 -1 « t. ha ik stipple g i
1 bytuacte {Amsiiees) Platagud oce e mllt L1 ] 1 e (3] ki rd rogt e bght f THE  ad ket weelabt b roae 1]
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Appcndix A: Dala Base of Plants and Scasitivity to Ozone

Plaat Sensilivity Class  [T'emp. fevel of Duration of ‘ Data

Type Common Name Specics Name Aglh. | NRC |I'inal |Zome Expoiore Liposore Elfecls Pollulant ogice
isblegan (Kraiuchy) o pratwosiy "Fyfiing” 5 R R cond 130 ppa 0 hex 19= 14 daya alter cmorgence ) B0 % oof Blade sera Injured fome A3
[hluewan (Keatvcky) ¥ou pratensls “Fylklog” [ R R real 150 ppm B bas beuiee woabed Brent near deal 1, (bew blujnmnc [}
Iabloegan (Keotorky) Pos pratenth “(Hady i R R ceol L0 ppm T bates srabed srent new leal Uy, tbon blepetmne 62
Inplvegas (Keotecky) Pea pratensis “Kenblue” 5 R ] cool PN ppo 7 hoviday for § days 16 %% of Made ares injurnd hrone "
I abJuegrass (Keatucky) Pou pratsashs *Kevblue” 1 R R roal FLIA prwm LA haveidsy [r § days I § 7 o blade sres injuind Prowe 13
Iqb-lucplu (Kentuchy) Pos preiraskh "Kepblue” R R R coarl 1,20 ppm 2 hrx po vl dogiage brrne B3]
Igpluepess {Kentucky) Pre pralsnsis “Keoblue” R R 1 conl 090 ppar B hie (66 - 71 dups ahier porerpeonce) po vl damag o 1
Iqb]l‘llllll (Kspiuchy) Poa proteoshs “Keoblue™ R R ] conl PAApom B hie e vhible demags Drone 3
laplusmans (Koptucky) Pou prulenth *Kepblus® R L [l enal 1,30 ppar B hes (9= 14 dapr alter omergence) 5 " of blsde sren lojured proae L]
Inplueguns {Kontucky) Pos panisosh *Kepblun™ ] R R rool A0 ppuy B by (%= 14 days alver emergence) 11 " of blade aren lojured e 51
Itlungan {Keptucky) Pos prnispal “Kenbhov® ' R R cocl P40 ppm by 1Y % of hlade sres lojured rzoae 13
{sphvagens {Kentucky) Fou pratepah “Keoblue™ R R R conl fr N ppm ; brt (66~ 11 daysalie norecgoces) B % of blade wes Injured proge 1))
Ighoemass (Keotucky) o poatenil *Keobhie® 3 R R cool .50 ppon B s (66- 71 Auys sller smergeace | Fi % of blade wes injured proae A3
Ibhueges ( Kenlucly) Pos pratensly "Kenhtue® ] R R ol A0 ppay [V bra (9= 14 dayn afller cabergence) 11 % of blade sres lojured e 51
Isbhuaprnss {Kentucky) Pos pratsosis "Met ion” 1 -8 enol fLI3=0I0 ppoe 6 bt b e osaosly bleaching e T
1apheagrann (Kemiocky) Pos pralspsls Mer loo” ] I-R cool 1S ppay B bratday for (0 depn B - 15% loaf wres Injurnd niane 1
Ishhsagren ¢ Kegiveky) Pon patsnshs “Marlon” I I-R cool 115 ppor cach B heatday Toi V0 days P = 15% loal eres Injured 03SOINOL 13
isbhiomans (Keotucky) Pos pentently Me oo™ ] t-n conl .10 ppey Fohre/day (od 10 days B = 15% laui wos lojured i 7
Iphegan (Kestvchy) Foa peatentls M loo” 1 1-R rool 010 ppm £ hovday fox 10 days B = 15% lesl wes Injured 0MIN0 e [k
Isblusgen (Kesrucky) Foa pratenils "M loo” 5 1-R rool P.10ppm 03, 015 ppm HO2S K bridey for 10 deys 15 % = Yeul wen lojured DINOEDL 17
\plusgraw {Keolucky) Poa pratentls “Mer loo™ $ I-R cool P I0ppm O 015 ppm NOZS B his/day fos 10 dayn 15 %% > Toal wron lnjursd DWROISO L0 wm "
Ieubuegens { Keotecky) Pos prateosls "Ma loo” ] ] I-R eonl [Tabke bpomt “
Iapslve e { Keorecky) Pos puatentls M boo” & R I-R conh P10 ppey D5 bratcMey for 5 dsys B % lo blade wren lojured TS 53
Influagram (K 371 Pos pratentls "Me fon” 4 R -& oot fL10ppm 7 heeiday lon § duye 1 % of blads sres lnjuind prope 53
Inpluagran (Keaiecky) Pou pratensls "M oo™ R R I-R tonl B, 20 ppm R hrs po vhilble demag prone f
\pluagan (Keprocky) Fos pastensl "Mer oo™ R R I-R coal PO ppm [ hee (56- 71 dayr alinme smemgocce) b %% of blade wes lojured pEoDe 53
isphsmen (Keorecky) Foa pratepsh “Mer loo” R R 1-R con! .30 ppm by ho vitlble damage P e 53
1rvogryn (Keatucky) Fos prvizosh “Me oo™ 1 R I-R coc! .30 ppoi [ by (9= 14 days altor emapeoce) 1D *% of blade sree Injuied pieme 53
Itegam (Keorucky) Fou pratensh “Ma oo™ n L} I-R cotrl .40 ppm P hiv o vialbtde damag prooe )
Inbheegran ( Keotuchy) Wom praianshy "M lra”™ 3 ! I-R enal frdd ppm P hes [9=14 dapsalien emerpence) B % ol blade aees Iojured proas 131
Iathsgnis (Keoiucky) Fon prutsnth “Morlon*® I " I-R coal L0 ppoy D hrs (66— 71 days slier ame peace) 13 % of blade srea lojured pross 3]
Ispwogan (Keoturky) P ox punianals "M hre” L] ] 1-a cool P.E0 ppm [ s (64— 1) days shie emim gence) 15 % of blads sras lojusd brooe .3 |
Iweges (Kenrucky) Pos puatensh "M bow” s R I-® ool L0 rpon D fies (9= 18 days alier emvergrnce ) DA % ol blade sves lojured prome b3}
Iuheapras (Ranlucky) Pea pratezih "Moo lon” | n I-R conl LD ppay P hrs oy Lo oshed aresy por foal tipa, 1ban blesrtprooe 82
Igloagurs { Keelucky) Pos pratassis “Newper™ n R R enol 10 prm PA berenley fon S dap oo Vst denmpe procs 5
Intlonmens (Kestucky) o prateniln "Newpon™ n R R enol LU0 ppoy 7 hvidey for 5 dayr % of bluce osa lojered prone 11}
Inblwegran {Kentucky) Poa protepsh "Newpon” " LY ] el NEOppm T ornier Soaked 2imat meer lnsl kL chen bleaciprone LT3
I hergrans { Keviveky) Fos pretopals Nugpel™ i ] conl 003 ppm B hrafday lon 1D days B~ 5% beal was kajuird brobe 1%
Igplusgan [Keotwchy) Poe prafensls Neppet” 5 I conl LIS ppin esch b b siday lon 10 days NS "% > Ioaf e ms lojured NISOLHM 1%
Inbhesgross | Kontucky) Fos pratensly Negger™ R ] ol 50 ppm [ hrs bt scalied arsai nexr eal thn, thag Lisaclipinas 62
Inlue ais (Keetucky) Pra pratuosls F= 14 1 1 cond D50 ppor e bt sosked arani new lesf ihp, 1hep blaacipenos 61
Intleemons [Kostuchy) Pos prateosis Furk® i I ron) [1.50 ppm [ b oyl bosked aront nem loalvip, (hen hleactinrone (3]
iublvepats [ Kestucky) Pos prateohls “Pronser” L R coa) NS0 ppm D hoe puiw sovkad erens onm el ilps, (hes Weachoroae 67
Inthergass [Keetueky) Pos prateils Plud® R I ennh [LLS ppm  hrvidoy (e 10 day 7" < leallefury P 6
Inpleagan (Rentucky) Foa prateorls Theb™ I 1 cool LIS ppon each B huday (e 10 days B~ 15% lepd was tnjernd PsOINOL 13
Inhegam [Krpiucky) Pos pratensi Traio” L 3 ero} P50 ppe 0 b b ler tosked reet gew bl 1ips then blescthrme b7
imbleegan (Knolucky) Fos praiensh Trice” R R cool PIO ppov 1 b b bed sn¥nd 21080 pew Jeef )ipn thep blesckppone &
tabdve gew [ Krerechy) Foa praisasis Sholil” R ] cont NS ppe F hisiday doe IDdays 77 < fesl ajury Prone 16
Taplusgan (Kearurky) Pou pratenths Skolil® B ] ol 113 ppm eath B havidey for 10 duye 15 % > lonl wion lnjured DITOLNOY "
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Appcadix A: Data Basc of Plants and Scasitivity to Ozone
_ Sensitivity Class ‘emp. Level of Duration of
Common Name Species Name Autb, | NRC |Pinal | Zone Pxposare Exposurc Hifects
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Appendix A: Data Base of Plants and Sensitivily to Ozone

Plant Scogitivity Clazx  [l'emp. Level of Duration of Data
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Appendix A: Data Base of "lanis and Scnsitivily lo Ozone
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1987. Plant Hormone: Key to Ozone Toxicity? Science News. 131: 357-358. Researchers
found that pea seedlings exposed to between 50 and 150 ppb O, for seven hours daily for their first
three weeks of growth showed no wisible leaf injury. When seedlings grown in the absence of ozone
for three weeks were exposed 1o between 50 and 150 ppb ozone for seven hours on day 21, they
immediately developed severe leaf-tissue death. It was found the plants' production of the hormone
ethylene was twice as great in the single-exposure group than the control group. The three-week
exposure group produced 92 percent less ethylene than the controls.

1989. Ozone Needles Loblolly Pines... and Saps Sequoia Seedlings. Science News. 136(12):
189. Duke University researchers have found that high levels of ozone dimimsh long-term
photosynthesis rates in the loblolly pine. They exposed trees in 54 chambers to five different levels
of ozone and three of acid rain. At ozone levels triple those normally found in forest air (levels that
exist in large cities like Atlanta and Houston), the trees experienced an 80 percent decrease in
photosynthesis compared to those trees exposed to ambient ozone levels. New needles showed an
unexplained increase in their photosynthetic rate which leveled off as cumulative ozone exposure
increased. In another study, researchers discovered that loblolly pines, red spruce, and scotch pines
exposed 1o high levels of ozone produce more antioxidants to overcome oxygen stress. Experniments
bv the U.S. Forest Service discovered that giant sequoia seedlings exposed to increased ozone levels
lost carbon, indicating reduced photasynthesis and possible cell damage. Seedlings exposed to 0zone
required more light to retain carbon. "Seedlings on forest floors typically get only about two hours
of sunlight per day and have a relatively high morality rate, with only 10 to 15 percent surviving their
first vear."

Becker, K., M. Saurer, A. Egger and J. Fuhrer. 1989. Sensitivity of White Clover to Ambient
Ozone in Switzerland. New Phytologist. 112: 235-243. Three experiments were done to test the
sensitivity of five cultivars of white clover (7rifolium repens) to ambient ozone levels in Switzerland:
1) exposure to ambient air, 2) exposure to increased ozone for eight hours per day for four days, and
3) exposure to filtered air with ozone added daily. For all experiments, the relative sensitivities of
the cultivars were: 7. repens Ladino Sacramento > 7. repens Ladino California >> 7. repens Alban
> 7. repens Sonja > 7. repens Mitkanova. Injury symptoms were seen when plants were exposed to
ambient ozone levels In the most sensitive cultivars, injury occurred after emsodes with one hour
maximum concentrations of above 120 to 140 ug/m3 occurring on several consecutive days.
Differences in ozone sensitivity were related to differences in stomatal density, and somewhat to the
length of the stomatal pore.

Bennet, J., and V.C. Runeckles. 1977. Effects of Low Levels of Gzone on Plant Competition.
Journal of Applied Ecology. 14: 877-880. Monocultures and mixtures of crimson clover (Trifolium
incarnatum) and annual ryegrass (Lolium multiflorum) were exposed to 0.03 ppm and 0.09 ppm
ozone for eight hours per day for six weeks. Yield and leaf area of ryegrass in mixtures was less
affected by ozone at 0.09 ppm than was clover, so competed more successfully than in the lower
ozone concentrations. Total dry weight, leaf area, leaf area ratio, and tiller number were decreased



more in monocultures than in mixtures. Exposure to 0 03 ppm ozone reduced yields by less than 10
percent. Exposure to 0.09 ppm reduced clover leaf area by 50 percent and of ryegrass by 35 percent
in monocultures, while 1otal mixture leaf area was decreased by only 26 percent.

Benzing, David H., Joseph Arditti, Leslie Nyman, Patric Temple and James Bennett. 1992.
Effects of Ozone and Sulfur Dioxide on Four Epiphytic Bromeliads. Environmental and
Experimental Botany. 32(1): 25-32. This study is similar to that of Nyman, et al. 1990, which was
performed on epiphytic orchids. It was conducted to 1) establish threshold exposures for injury and
physiological effects from exposure to SO, and O,, and, 2) to determine whether epiphytic bromeliads
could replace lichens for air quality monitoring in Florida national parks. Plants were exposed to
similar levels as the prior study: SO, (0.3, 0.6, and 1.2 ppm) or O, (0.15, 0.3 and 0.45 ppm) for six
hours on four consecutive nights, followed by sequential exposure to O,, O, and SO, in combination,
and SO, alone for a total of six hours each time. No visible injury was observed, nor was foliar
conductance or crassulacean acid metabolism (CAM) affected. Tolerance to the pollutants was
probably due to Jow stomatal conductance, the "insulating indumentum of absorbing foliar hairs," and
slow metabolism. Epiphytic 7illandsia species were found to offer advantages over lichens for air
quality assessments. They exhibit ozone-sensitive, easily measured responses and can be transplanted
with ease to areas where neither they nor lichens appear naturally

Berry, C.R. 1971. Relative Sensitivity of Red, Jack, and White Pine Seedlings to'Ozone and
Sulfur Dioxide. Phytopathology. 61: 231-232. Different age groups (three, five, and seven weeks)
of red pine (Pinus resinosa), jack pine (P. banksiana), and white pine (P. strobus) seedlings were
exposed to 25 pphm and 50 pphm O, for two-hour intervals. No difference in sensitivity among the
different age groups was detected. The study concluded that ozone is more injurious to these species
than sulfur dioxide. Jack pine was the most sensitive, while red pine was intermittently more tolerant

The anicle includes a table that compares the relative sensitivities of the three species to both O, and
SO-.

Brennan, E., and P.M. Balisky. 1970. Response of Turfgrass Cultivars to Ozone and Sulfur
Dioxide in the Atmosphere. Phytopathology. 60: 1544-1546. Turfgrasses were exposed for six
hours to an atmosphere containing ozone (0.23 to 0.30 ppm) or sulfur dioxide (0.75 to 1.80 ppm).
The article includes a table that lists the degree of ozone injury for eleven turfgrass cultivars (seven
species) from exposure to 0.30 ppm ozone for six hours. The table comparatively ranks the cuitivars’
degree of injury, expressed numerically on a scale of zero (no damage) to nine (severe damage).

Bytnerowicz, A., D.M. Olszyk, C.A. Fox, P.J. Dawson, G. Kats, C.L. Morrison, and J. Wolf.
1988. Responses of Desert Annual Plants to Ozone and Water Stress in an In Situ Experiment.
JAPCA. 38(9): 1145-1151. Due to spreading urbanization in the Los Angeles area, plant
communities in the Mojave Desert may be exposed to increasing levels of ozone. To determine the
effects of ozone exposure on desert winter annual plants, several species growing in irrigated and
non-irrigated plots were exposed in situ to ozone from an open air exposure system. The species
used were: Camissonia claviformis, Camissonia hirtella, Caulanihus cooperi, Chaneactis
carphoclinia, Chaneactis stevioides, Cryptantha angustifolia, Cryptantha pterocarya, Erodium
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cicutarium, Festuca octoflora, Lupinus concinnus, Oenothera californica, Planiago insularis,
Platystemon californica. Salvia columbariae, Thylepodium lasiophyllum, and Thysanocarpus
curvipes. Plants were exposed intermittently to a gradient of ozone of concentrations ranging
berween 44 and 133 ppb (nL/L) for 35S hours over a total of 216 hours (nine days). Only three
species were injured by ozone at the highest concentrations: Camissionia claviformis (two percent
total foliar injury), Camissonia hirtella (one percent total foliar injury), and Erodium cicutarium
(two percent total foliar injury).

California Air Resource Board. 1991. Crop Loss Assessment Program. (Incomplete
reference). A literature search was performed to obtain all relevant references to ozone effects on
ponderosa pine (Pinus ponderosa) and Jeffery pine (Pinus jefferyi), two species thought to be most
susceptible to ozone. Literature included specific dose-response information. CARB also calculated
seven- and 12-hour average ozone concentrations at momnitoring sites near or in forested areas to
develop ozone isopleths in the forested areas of California. CARB cited Miller et al. (1983) who
furnigated 11 species of western conifer seedlings and two hybrids with 0.36 ppm ozone for 12 hours
per day for 37 days under natural forest conditions. Ranked in order from most to least sensitive are:
Pinus jefferyi x P. coulteri hybnd, P. monticola, P. ponderosa, P. jefferyi, Abies concolor, P.
coulieri, A. magnifica, P. radiata x P. attenuata, Calocedrus decurrens, Pseudolsuga macrocarpa,
Pinus lambertiana, P. ponderosa var. scopulorum. Ozone levels in forest ecosystems have been
observed 10 be sufficiently high 1o alter ree species composition in forest succession. The repon
cludes a substantial summary of results from field studies of ozone damage in California conifer spp.
It also includes seven and 12-hour ozone monitoring data. by month, for vanous areas in California,
and maps of coincident ozone and Ponderosa and Jeffery pine distribution

Colorado State University Experiment Station. n.d. Ozone and Ethylene Effects on Some
Ornamental Plant Species. General Series 974. While ethylene is not a major poliutant, it is “a
common and serious problem in the florst industry.” Nineteen ornamental plant species, usually at
"saleable" size were exposed to SO0 ppb ethylene, 100 to 150 ppb ozone, or 500 ppb ethylene and
100 10 150 ppb ozone combined for two or three weeks. Acute effects were observed on most
species, with greater damage from combined ethylene/ozone exposure. Injury included collapsed
tissue, black necrosis of leaf tips and margins, glossy and deformed leaflets, epinasty, and other
conditions. Despite the hugh dosage of ethylene, typical ethylene effects were not always observed.
In general, slower growing species such as Boston ferm, Croton, Pothos and Philodendron showed
less damage than Coleus, Fuchsie, Geranium or Schefflera. The bulletin contains extensive
photographs of damage to species to be used as an aid in diagnosis.

Committee on Medical and Biologic Effects of Environmental Pollutants. 1977. Ozone and
Other Photochemical Oxidants. Washington, DC: National Academy of Sciences. Ch. 1. This
chapter is a critical review of research on the effects in plants and microorganisms of photocherucal
oxidants, including ozone, and includes an extensive bibliography on related work. The text describes
vegetative injury. visible and subtle, acute and chronic, and symptoms. It discusses physiological and
biocherucal effects, chemical basis of toxicity, effect on reproduction and life cycles, biomass and
yields, ambient level field studies and chamber studies, environmental factors affecting plant response,
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pollutant interactions, pollutant-pathogen interactions, plant protection through breeding, sprays. and
cultural (land use) practices, and plants as biological pollutant monitors. The chapter lists tables of
growth reductions from short and long term exposures for selected agricultural, tree, understory, and
ormamental flower species, sensitive and resistant cultivars for agricultural and ornamental flowers,
response to ozone as a function of environmental factors for trees and crop species, and foliar and
growth responses to sulfur dioxide and ozorne mixtures. It briefly discusses economic assessment of
ozone injury to plants, but focuses largely on crop plants. It examnines dose-response relationships
in plants and gives tables listing: 1) ozone concentrations for short term exposures that produce five
percent or 20 percent injury to vegetation grown under sensitive conditions for sensitive,
intermediate, and resistant plants, 2) concentration, time, response equations for three susceptibility
groups and for selected plants or plant types with respect to ozone, and 3) rates of ozone uptake by
selected species. It gives a substantial species list of sensitive, intermediate, and resistent plants
including reference.

Cooley, D.R., and W.J. Manning. 1987. The Impact of Ozone on Assimilate Partitioning in
Plants: A Review. Environmental Pollution. 47: 95-113. The authors examined experiments
which compared weights of various plant organs (root, leaves, stems, etc.) from plants grown in
ozone and control atmospheres. Their goal was to answer the question: "Do plants compensate for
O, stress by partitioning relatively greater amounts of assimrlate to economically important sinks?"
At relatively low levels of ozone (0.05 to 0.10 ppm), plants will generally divert assimilate to leaves
in favor of roots. Qzone exposure reduces the number of flowers, fruits and/or seeds. At higher
ozone levels (greater than 0.10 ppm), exposure severely reduces photosynthesis, causing dramatic
growth reductions.

Costonis, A.C., and W.A, Sinclair. 1969. Relationships of Atmospheric Ozone to Needle Blight
of Eastern White Pine. Phytopathology. 59: 1566-1574. Studies indicated that needle blight is
a symptom caused by ozone injury. Sensitive trees developed symptoms of severe injury after
exposure to three pphm ozone for 48 hours or seven pphm for four hours. Polyethylene bags
(covering selected branches) proved to prevent injury.

Cox, R.M., J. Spavold-Tims and R.N. Hughes. 1989. Acid Fog and Ozone: Their Possible
Role in Birch Deterioration Around the Bay of Fundy, Canada. Water, Air and Soil Pollution.
48: 263-276. Areas of deteriorating white birch stands overlap with the often acidic (pH 3.6 April
to October) "Fundy Fog." Leaf browning was not significantly related to ozone levels, but there was

an inverse relationship between ozone level (up to 100 ppb difference) and fog, which warrants more
study.

Davis, D.D., and J.M. Skelly. 1992. Growth Response of Four Species of Eastern Hardwood
Tree Seedlings Exposed to Ozone, Acidic Precipitation, and Sulfur Dioxide. Journal of the Air
& Waste Management Association. 42(3): 309-311. The goal of this study was to determine if air
pollutants affect the growth and productivity of black cherry (Prunus serotina), red maple (Acer
rubrum), northern red oak (Quercus rubra), and yellow-poplar (Liriodendron tulipifera) seedlings.
Seedlings were treated with either 40 or 80 ppb O,, combined with acidic precipitation at pH 3.0 ot
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4.2 and SO, at zero or 300 ppb. Foliar injury was commonly a dark adaxial stipple on the oldest
leaves, The most sensitive species was black cherry (61 percent leaf injury). Yellow-poplar exhibited
an average of 33 percent leaf injury, and red maple had 11 percent. Red oak only averaged five
percent fobas injury. The article includes a table that lists different response variables based on either
40 or 80 ppb ozone exposure,

Davis, D.D., aud J.M. Skelly. 1992. Foliar Sensitivity of Eight Eastern Hardwood Tree Species
to Ozone. Water, Air, and Soil Pollunion. 62: 269-277. Seedlings of black cherry (Prunus
seroting), red raaple (Acer rubrum), red oak (Quercus rubra), sweetgum (Liquidambar styraciflua),
white ash (Fraxinus americana), white oak (Quercus alba), yellow-poplar (Liriodendron tulipifera),
and yellow buch (Betula allegheniensis) were exposed to zero, 0.075, or 0.15 uL/L O\ for six hours
per day on two consecutive days for 12 weeks. "Based on percent leaf tissue showing stipple and
defoliation following exposure to 0.15 uL/L O,, the most sensitive species to O, was black cherry,
followed by sweetgum, yellow~poplar, white ash, red maple, and yellow birch. Red oak and white
oak foliage did not extubit supple." The article contains figures detailing the influence of leaf position
on injury, and includes a table that lists the influence of ozone on foliar response of the eight
hardwood species to various exposure Jevels.

Davis, D.D., and F.A. Wood. 1973. The Influence of Environmental Factors on the Seunsitivity
of Virginia Pine to Ozone. Phytopathology. 63: 371-376. Virginia pine seedlings and plants were
exposed to 25 pphm O, for four hours to test for the influence of hurmudity, temperature, and light on
ozone sensitivity. Seedlings and three-year old plants were injured more severely dunng exposure
1o ozone and higher hurrudity than when exposed to ozone and lower humidity. Plants conditioned
or maimained at higher temperatures before or after exposure were more severely injured than plants
kept at a lower temperature. Seedlings and plants kept in the dark before exposure to ozone suffered
injury; those kept in light were not injured. The aniicle contains several figures that illustrate the
influence of humidity, temperature, and light on the sensitivity of Virginia pine to ozone.

Davis, D.D., and F.A. Wood. 1973, The Influence of Plant Age on the Seusitivity of Virginia
Pine to Ozone. Phytopathology. 63: 381-388. Seedlings were exposed to 25 pphm O, for four
hours at various stages of growth 1o determine the influence of plant age on sensitivity to ozone.
Three-year old dormant plants were exposed to 10 or 25 pphm for 24 or 48 hours, or 50 pphm for
one, two, or four hours. To establish dose-response curves, seedlings of each leaf type were exposed
10 25 pphm O, for one to eight hours. This article includes several figures that show the influence
of age on the sensitivity of Virginia pine. Influence of tissue age and needle age are also detailed.
In an early study, the author found Virginia pine 10 be the most susceptible of 18 coniferous species
exposed to ozone,

Dowsett, Salley, Robert Anderson and William Boflard. 1992. Review of Selected Articles on
Ozone Sensitivity and Associated Symptoms for Plants Commonly Found in the Forest
Environment. Atlanta, GA: USDA Forest Service Southern Region, Forest Pest Management.
Technical Publication R8-TP 18. December. Plant species are used as bio-indicators of ozone
presence and intensity. This review of 97 articles identifies 20) species that could be used as
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indicators, rating them on the basis of high, intermediate or low sensitivity 10 ozone. Species are
listed based on visible damage to leaves, not on effects on e.g., shoot growth, root growth, biomass
production, or photosynthesis. Based on the review, 126 species were classified as tolerant, 56 as
intermediate and 89 as susceptible 10 visible damage from ozone. Species are presented in tables
listing common name, scientific name, symptom type, test method, and information source.

Edwards, Nelson, Gerry Edwards, J. Michael Kelly and George Taylor. 1992. Three-year
Growth Responses of Pinus taeda L. {[loblolly pine] to Simulated Rain Chemistry, Soil
Magnesium Status, and Ozone. Water, Air, and Soil Pollution. 63: 105-118. Height, diameter,
and mass were measured for loblolly pine seedlings exposed to sub-ambient (about 20 nL/L average,
40 nL/L peak), ambient (about 35 nL/L average, 70 nL/L peak), and twice-ambient (about 60 nL/L
average, 110 nL/L peak) ozone concentrations from May to October 1987, 1988, and 1989. Annual
reductions in biomass accumulation in seedings exposed to the highest to lowest ozone levels were
14 percent, 11.4 percent, and eight percent, respectively. Twice-ambient ozone-exposed seedlings
had the greatest height growth; sub-ambient ozone-exposed seedlings had the greatest diameter
growth. Elevated ozone concentrations reduced tissue density.

Elkiey, T., and D.P. Ormrod. 1981. Sulphur and Nitrogen Nutrition and Misting Effects on
the Response of Bluegrass to Ozone, Sulphur Dioxide, Nitrogen Dioxide or Their Mixture,
Water, Air, and Soil Pollution. 16: 177-186. "Cheri,” "Merion," and "Touchdown" Kentucky
bluegrass (Poa pratensis) cultivars were grown with complete nutrition or with low S or low N.
Treatments included 1) control; 2) 10 pphm O; for six hours per day; 3) 15 pphm SO, 24 hours per
day; 4) 15 pphm NO, 24 hours per day, and, 5) a combination of 2), 3) and 4). Exposures lasted for
10 days without misting. Treatments were conducted a second time, adding a mist of deionized water
for five min. periods twice daily In most cases, severity of injury increased when the plants were
misted with the deionized water, especially in the relatively insensitive "Touchdown" cultivar. Low
S or low N usually increased the impact of SO, or NO,, respectively, but not ozone.

Elkiey, T., and D.P. Ormrod. 1980. Response of Turigrass Cultivars to Ozone, Sulfur Dioxide,
Nitrogen Dioxide, or their Mizture. Journal of the American Society of Horticultural Science.
105(5): 664-668. Eighteen cultivars of six species (Poa pratensis, Agrostis alba, A. palustris,
A. tenuis, Festuca rubra, and Lollium peremne) of cool season turf grass were exposed to 15 pphm
ozone or a mixture of 15 pphm O, 15 pphm sulfur dioxide, and 15 pphm sulfur dioxide for six hours
daily for ten days. Each variable contained two replicates of two pots each. Most common
symptoms of injuries on sensitive cultivars were bleaching and necrosis of leaves, with some cultivars
showing dark brown necrosis and stippling due to O, exposure. Cultivars varied from very sensitive
to insensitive. Some cultivars showed less leaf area production but no visible injury symptoms; others
had leaf injury without reduced area of uninjured leaves. Combined exposure caused more leaf injury
and reduced leaf area production than exposure to single gases. Studies that test exposure to single
pollutants could provide inaccurate estimates of sensitivity outdoors where several pollutants may

occur simultaneously. The article includes a table of species and cultivars and leaf injury or decreased
leaf area due to air pollutants.
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Ensing. J., and G. Hofstra. 1982. Impact of the Air Pollutant Ozone on Acetylene Reduction
and Shoot Growth of Red Clover. Journal of Plant Pathology. 4: 237-42. Red clover (Trifolium
praiense) was exposed to ambient ozone levels (a maximum of 0.8 ppm to 0.12 ppm) and to0 0.20
ppm ozone for six hours per day for four days. In both experiments, plants exposed to ozone showed
Jeaf bronzing. Bronzing was only observed at 0.12 ppm levels; 0.10 ppm did not produce detectable
injuries. By seven to ten days following exposure, nitrogen fixation in exposed plants approached
that of unexposed plants. The authors concluded that ambient levels of ozone in Ontario have the
potential to injure red clover leaves and reduce growth and nitrogen fixation.

Evans, Lance, and Michael Leonard. 1991. Histological Determination of Ozone Injury
Symptoms of Primary Needles of Giant Sequoia (Sequoiadendron giganteum Bucch.). New
Phytologist 117: 557-64. Giant sequoia seedings were exposed to ambient (100 to 221 ppm per
hour in 1986, 125 to 216 ppm per hour in 1987) and 1.5 times ambient levels of ozone in Sequoia
and Kings Canyon National Parks in California in 1986 and 1987. The percentage of plasmolyzed
primary needle cells did not correlate with ozone levels, but, in 1986 only, the percentage of
amorphously stained and dead cells taken together showed a significant response to dose (y = 29.9
+0.260x). In both years, higher ozone levels killed more needle cells. Cell death in the experiments
ranged from 0.9 1o 6.2 percent. Cell death averaged 5.1 percent from all samples taken from the two
parks

Feder, W.A., and F.J. Campbell. 1968. Influence of Low Levels of Ozone on Flowering of
Carnations. Phytopathology. 58: 1038-1035. Tip bum appeared 48 hours after carnations were
exposed to oxidant levels of 0.12 to 0.15 ppm for eight hours. Also, an average of 0.075 ppm for
approximately 10 days caused damage if the plants were exposed around the time of bud initiation.
The authors concluded that "camnations grown in the presence of ozone at levels below which visible
injury usually appears were adversely affected.”

Feder, W.A., F.L. Fox, W.W. Heck, and F.J. Campbell. 1969. Varietal Responses of Petunia
to Several Air Pollutants. Plant Disease Reporter. 53(7): 506-10. Fifteen varieties of petunia
were exposed to ozone, sulfur, dioxide, peroxyacetyl nitrate, nitrogen dioxide and irradiated auto
exhaust (each separately). Varieties resistant to one kind of pollutant are often resistant 10 the others.
The most sensitive vanety was "White Cascade," while "Red Magic" was "quite sensitive" to four
individual pollutants. The least sensitive were "Cherry Blossom" and "Blue Danube."

Findlay, S., and C.G. Jones. 1990. Exposure of Cottonwood Plants to Ozone Alters
Subsequent Leaf Decomposition. Qecologia. 82: 248-250. The authors investigated the effects
of acute ozone exposure on subsequent decomposition of leaf litter from cottonwood (Populus
deltoides), by exposing plants to 200 ppb ozone for five hours. This resulted in early leaf abscission
and higher nitrogen content in the leaves. Contrary to general predictions, the high nitrogen leaves
were slower to decompose. ¢

Flagier, R.B., and V.B. Youngner. 1982. Ozone and Sulfur Dioxide Effects on Three Tall
Fescue Cultivars. Journal of Environmental Quality. 2(3): 413-416. This study examines the
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effects of ozone on the marketable yields of three cultivars of tall fescue (Festuca arundinacea).
“Alta,” “Fawn," and "Kentucky 31." The cultivars were exposed to zero to 0.40 ppm O, six hours
per day, once a week, for seven to nine weeks. Increased ozone exposure significantly decreased the
yield and weight per tiller of each cultivar.

Gagnon, Z.E., and D.F. Karnosky. 1992. Physiological Response of Three Species of
Sphagnum to Ozone Exposure. Journal of Bryol 17: 81-91. Peatlands have become more
threatened due to the increasing number of nearby air pollution sources. Very little is known about
the affects of pollutants on Sphagnum, especially ozone. 1In this study, three species of Sphagnum
(Sphagrmum magellanicum, Sphagrum flexuosum. and Sphagrium rubellum) were placed in open-top
chambers. Two chamber treatments (charcoal-filtered and twice ambient [2X]) and an open, non-
chambered plot were used, with the total ozone exposures being 80, 40, and 0.4 ppm respectively.
After ten weeks of exposure, the results clearly indicated that ozone had a significant effect on growth
in length, photosynthesis, and chiorophyll content. Differences were also recorded among species.

Glater, R.A.B. 1956. Smog Damage to Ferns in the Los Angeles Area. Phyropathology. 46:
696-698. Smog damage to ferns 1s distinct from injury caused to other plants. "Damage marufested
itself as a tan spotting of leaflets, followed by local or general dehydration of the affected areas,
ending in necrosis of the entire leaf." Approximately 24 hours after smog exposure, njury to ferns
was evident. Within 48 hours, the leaves become "completely dehydrated, turn brown and brittle, and
crumble on pressure.”

Haagen-Smit, A.J,, Ellis Darley, Milton Zaitlin, Berbert Hull and Wilfred Noble. 1952.
Investigation on Injury to Plants from Air Pollution in the Los Angeles Area. Plant Physiology.
27: 18-34. Spinach, endive, beets, cats, and alfalfa were exposed to 0.20 ppm ozone by volume for
five hours. Beets and oats showed no injury, and spinach, endive and alfalfa showed injury not typical
of smog damage However, when ozone, peroxide, and unsawrated hydrocarbons were mixed,
typical smog damage occurred after 4.5 to five hours damage.

Harward, Max, and Michael Treshow. 1975. Impact of Ozone on the Growth and
Reproduction of Understorey Plants in the Aspen Zone of Western U.S.A. Environmental
Conservation. 2(1): 17-23. Fourteen plants representative of the aspen community understory of
the western U.S. were exposed to ambient air (peaks of five to seven pphm for two hours per day).
15 pphm, and 30 pphm for three hours per day, five times a week, for three growing seasons (June
to September). Chlorosis, necrosis, and leaf senescence were seen in the more sensitive species.
Symptoms appeared in the most sensitive species after three to four weeks of exposure to ambient
levels. All species were injured at 15 pphm and 30 pphm, with sensitive species showing symptoms
within a week of exposure. Percent Jeaf injury at harvest ranged from zero to 50 at ambient levels
(seven plants damaged), 15 to 100 at 15 pphm, and 55 to 100 at 30 pphm. Root and shoot dry
weight and seeds produced per plant were also measured. Growth was reduced at higher ozone
levels. Timing of flowering was changed, and the numbers of flowers and fruits produced were
decreased in some species due o ozone exposure. Most species were highly sensitive to ozone. Only
two (Chenopodium album and Descurania sp.) were moderately resistant.
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Heagle, Allen, Joseph Miller, Dorothy Sherrill and John Rawlings. 1993. Effects of Ozone and
Carbon Dioxide Mixtures on Two Clones of White Clover. New Phytologist. 123: 751-62.
Ozone sensitive (NC-S) and resistant (NC-R) clones of white clover were treated with ozone levels
of five and 82 nL/L for six hours per day and with carbon dioxide treatments of 380 (ambient), 490,
600, and 710 ppm for 24 hours per day for eight weeks. CO, ennichment decreased foliar gas
exchange in NC-R more than in NC-S§, while O, decreased gas exchange of NC-S more than that of
NC-R. NC-S was severely injured by ozone, while NC-R was slightly injured. Ozone decreased the
growth of NC-S, but not NC-R, while CO, enrichment increased the growth of both.

Heagle, Allen, Michael McLaughlin, Joseph Miller, Ronald Joyner and Susan Spruill. 1991.
Adaptation of a White Clover Population to Ozone Stress. New Phytologist. 119: 61-68. White
clover (Trifolium repens "Regal”) and tall fescue (Festuca arundinacea "Kentucky 31") were grown
together in a field for two seasons and exposed to six ozone regimes ranging from 0.59 times ambient
(27 ppb average) to 1.95 times ambient (89 ppb average). More clover plants survived in the low
ozone treatments than in the high ozone treatments. Fescue was less sensitive to ozone than white
clover. Sunviving clover plants were cloned and exposed to ozone regimes from 150 ppb to 300 ppb
ozone for 5.5 hours. Only one of the 33 clones that survived the 0.59 times ambient exposure regime
was resistant to short term ozone exposure, while 19 of the 30 clones surviving 1.95 times ambient
exposure were resistant to short term ozone exposure. As well, eight clones that survived the 0.59
times ambient exposure regime were sensitive to short term ozone exposure (more plants injured,
average foliar injury 58 percent), while none of the clones surviving 1.95 times ambient exposure
were sensitive (fewer plants injured, 34 percent average foliar injury). This series of experiments
indicates that white clover can develop ozone resistance when ozone is a predominant selection
pressure.

Heck, Walter, John Dunning and LJ. Hindawi. 1965. Interactions of Environmental Factors
on the Sensitivity of Plants to Air Pollution. Journal of the Air Pollution Control Association.
15(11): 511-515. Thus article reviews research done on the impact of several environmental variables
on air pollution sensitivity in plants. Variables discussed are: light (quality, intensity, and duration),
temperature, carbon dioxide concentration, humidity, wind, and socil (moisture, aeration, nutnent
levels, and texture). Relative dose-response levels are given for: photoperiod in annual bluegrass;
light intensity in alfalfa, tomato, pinto bean, cotton, tobacco, and endive; temperature and tobacco.
alfalfa, and buckwheat; soil moisture and petunias; nutrient levels and alfalfa, buckwheat, tobacco,
pinto bean, spinach, lettuce, barley, and oats.

Hibben, C.R. 1965. Ozone Toxicity to Sugar Maple. Phyrtopathology. 59: 1423-1428.
Experiments were conducted both in a laboratory and in the field. Sugar maples (Acer saccharum)
were exposed to various doses of ozone at different exposure intervals. It was concluded that the
“threshold level for wisible injury to maple foliage after short exposures was 20 to 30 pphm for two
hours." In addition, “extended intermittent doses as low as 10 pphm at two hours per day for 14 days
caused slight injury "

Hibben, C.R. 1969. Plant Injury by Oxidant-type Pollutants in the New York City
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Atmosphere. Plant Disease Reporter. 53(7): 544-48. Over a period of four years, snowstorm
petunia, ormamental tobacco, eastern white pine, common and hybrid lilacs and oxidant-sensitive
rubber strips were exposed to Brooklyn air, unfiltered and filtered (at the time, the most heawvily
polluted "industrial area" in the country). Oxidants were present in unfiltered air at phytotoxic levels,
as shown by cracked rubber strips and damage to plants, including adaxial and bifacial flecks and
abaxial glaze and discoloration. Most severely injured were omamental tobacco and eastern white
pine. Although growth was not measured, plants in unfiltered air clearly showed less growth than
those in filtered air. While the oxidants were not specifically identified, damage resembling that
caused by ozone in other experiments implicated that 0zone was one of the phytotoxicants.

Hill, A.C. 1961. Plant Injury Induced by Ozone. Phytopathology. 51: 356-362. Phytotoxicity
of ozone 10 34 (mostly agricultural) species was studied in controlled-atmosphere greenhouses.
Plants were exposed to 0.13 to 0.72 ppm ozone for two-hour periods every one to two weeks. The
plants were grouped into sensitivity categories based on the level of ozone required to produce injury
symptoms (chlorotic mottling, necrotic bleaching of the upper leaf surface, and bifacial necrotic spots
that extended throughout the leaf). Sensitive plants were those injured at ozone levels of less than
0.30 ppm. intermediate plants were injured at ozone levels of 0.30 to 0.40 ppm, and resistent plants
were not injured (if at all) by levels below 0.40 ppm.

Hirichsen, Don. 1987. The Forest Decline Enigma: What Underlies Extensive Dieback on
Two Continents? BioScience. 37(8): 542-546. This article examines the potential causes (ozone,
sulphur dioxide, nitrogen, ammonia, organic chemicals, acid rain) and extent of forest decline in North
Amencan and Europe. The total affected area is at least seven mullion hectares (16.5 million acres).
The Union of German Forest Owners estimated the 1985 loss due to forest death at 31 billion for the
Federal Republic of Germany. Forest decline differs among the two continents. In Europe, only 11
species are affected: four of the most important conifers (Norway spruce, silver fir, Scotch pine, and
European larch) and seven broad-leafed trees (European beech, silver birch, European ash, European
alder. common maple [Acer pseudoplatanus]), and two species of oak (Quercus robar and Quercus
parraea). In North America, forest death appears to affect only conifers.

Jagels, R., J. Carlisle, R. Cunningham, S. Serreze and P. Tsai. 1989. Impact of Acid Fog and
Ozone on Coastal Red Spruce. Water, Air, and Soil Pollution. 48: 193-208.  Red spruce with
decline symptoms have been associated with the combination of high levels of ozone and acid fog
along the coast of Maine. Trees in the mid-coast in well-buffered soils develop symptoms of late
winter injury. Trees on poorer soils develop chlorosis on upper surfaces of older needles. Ozone
levels contnbuted by plumes from the Boston area were 130-154 ppb. Mid-coast ozone levels were
even higher: 200 ppm at Isle au Haut in June, 150 to 180 ppb at south coast sites. Researchers found
that some ozone was possibly generated from NO, and hydrocarbons from trees. Coastal ozone
levels exceeded those found at any inland site in Maine.

Jensen, Keith and Leon Dochinger. 1989. Response of Eastern Hardwood Species to Ozone,

Sulfur Dioxide, and Acid Precipitation. J4PCA. 39: 852-55. For 16 weeks seedlings of ten
eastern hardwood species were subjected to fumigation and acid rain treatments in greenhouse

B-10



conditions. The treatments were: zero, 0.07 and 0.15 ppm O,; zero and 0.02 ppm SO,; and acid rain
treatments with pHs of 3.0, 3.5 and 4.2. Ozone and acid rain exposure significantly affected leaf dry
weight, leaf area and/or new-growth dry weight of six of the species. The ten species were divided
into two groups: those sensitive to air pollution which showed foliar injury or diminished growth,
and those that were tolerant. Sensitive species included white ash, yellow birch, sweetgum, red
maple, yellow-poplar and sugar maple. Tolerant species were white oak, shagbark hickory, American
beech and European beech. The study concludes that ozone is probably more harmful than acid rain.

Jensen, Keith, 1973. Response of Nine Forest Tree Species to Chronic Ozone Fumigation.
Plant Disease Reporter. 57(11): 914-17. One-year old seedlings of nine tree species were exposed
to 30 pphm of ozone for eight hours per day for five months. Height and leaf development were
measured against a control group. Sycamore, sugar maple and silver maple showed the greatest
reductions in growth as a result of exposure to ozone, while yellow-poplar, silver maple and white
ash showed significant decline in leaf production.

Juhren, Marcella, Wilfred Noble and F.W. Went. 1957, The Standardization of Poa annua
as an Indicator of Smog Concentrations. 1. Effects of Temperature, Photoperiod and Light
Intensity During Growth of the Test-plants. Plant Physiology. 32: 576-586. Poa annua (annual
bluegrass) has been reported as one of the most smog-sensitive plants observed in the field. Because
it is also easy to grow and shows injury with measurable bands of damage on its leaves, it was
suggested for use as an indicator species for detecting smog concentrations. Ten Poa annua plants
were placed in test chambers each day in 12 locations around Los Angeles County. Plant injuries
were measured daily and judged high, medium, or low. Sensitivity to smog differed among growing
conditions, but overall Poa annua stayed sensitive except in very hot conditions. Young-mature
tissues were the most susceptible. Damage was consistently greater in shorter (eight-hour)
photoperiods than longer (12- or 16-hour) photoperiods. Plants grown in warm conditions showed
the highest sensitivity to smog, while plants grown in hot temperatures showed the lowest sensitivity.
Plants grown in hot conditions gained in sensitivity when exposed to cool temperatures, and plants
grown in cool temperatures lost sensitivity when moved to hot temperatures. Damage was greater
in unshaded versus shaded plants (because of stomatal opening).

Koritz, Helen G., and F.W. Went. 1953. The Physiological Action of Smog on Plants. L
Initial Growth and Transportation Studies. Plant Physiology. 28: 50-62. Tomato plants were
tested for biomass as a function of exposure to smog. Plants were fumigated for one hour daily for
six days with 0.1 ppm ozone and 1-n-hexene vapors and then harvested on the seventh day. Plants
exposed to smog had decreased leaf area, total biomass, and height compared to controls. Damage
" possibly varied as a function of plant age. Factors favoring the opening of stomata appeared to also
Increase SMog Sensitivity.

Lumis, G.P., and D.P. Ormrod. 1978. Effects of Ozone on Growth of Four Woody
Omnamental Plants. Canadian Journal of Plant Science. 58: 769-773. Four coniferous species:
Pfitzer juniper, tamarix juniper, dense yew and pyramid white cedar, were exposed to zero, 10 or 20
pphm of ozone for four consecutive days each week, six hours per day, for six or seven weeks. No
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visibie injury was observed. Pfitzer juniper and especially dense yew showed an increase in shoot
elongation after exposure to low levels of ozone, while white cedar elongated most at high Jevels of
ozone. Tamarix juniper grew most with no ozone exposure, Under high levels of ozone, plants had
generally lower chiorophyll content, while Pitzer juruper had increased levels of chlorophyll a and
b under Jow levels of ozone. It was proposed that ozone may promote stem elongation by interfering
with the balance of growth promoters and intubitors.

Mitler, P.R., I.R. Parmeter, O.C. Taylor, and E.A. Cardiff. 1963. Ozone Injury to the Folinge
of Pinus ponderosa. Phytopathology. 53: 1072-1076. Ozone injury occurred in needles of
ponderosa pine exposed to 0.5 ppm O, for nine to 18 days. The chlorophyll content of needles was
decreased when exposed to ozone for 18 days.

Miller, Panl R., and Arthur Millecan. 1971. Extent of Oxidant Air Pollution Damage to Some
Pines and Other Conifers in California. Plant Disease Reporter. 55(6): 555-60. Air pollution
damage was investigated on )6 native conifer species in California over a three-year period. Pinus
ponderosa, P. jeffreyi, P. coulteri, P. radiata and Pseudolsuga macrocarpa were the most
susceptible to damage. Damage 10 trees was consistently associated with areas downwind of
population centers. “"Choose-and-cut” Chnistmas tree farms in the south coast air basin, using P
radiata, showed significant injury from air pollution, with up to 10 percent of the trees unmarketable.
Oxidant air pollution damage is synonymous with X-disease, chlorotic decline and ozone needle
mottle.

Montes, RA., U. Blum, A.S. Beagle, and R.J. Volk. 1983, The Effects of Ozone and Nitrogen
Fertilizer on Tall Fescue, Ladino Clover, and a Fescue-Clover Mixture. II. Nitrogen Content
and Nitrogen Fixation. Canadian Journal of Botany. 61: 2159-2168. The authors demonstrate
that "nitrogen fixation and system nitrogen of a clover and fescue-clover pasture could potentially be
reduced by ambient O, concentrations, that the concomitant loss of clover in fescue-clover pastures
could result 1 reduced forage quality, and that the effects of O, on net system nitrogen were not
modified by nitrogen fertilization.”

Mortensen, Leiv M., and Oddvar Skre. 1990. Ef¥ects of Low Ozone Concentrations on
Growth of Betula pubescens Ehrh., Betula verrucosa Ehrh., and Alnus incana L. Moench. New
Phytologist. 115: 156-170. Seedlings of these three species were exposed in growth chambers to
four levels of ozone concentration (25, 35, 53 and 82 nl/L) for 50 days. In all three species shoot
and root dry weaght decreased almost linearly with increasing 0zone concentrations. Shoot/root and
teaf/stem dry weight ratios were unaffected by ozone concentration, while leaf senescence was
significantly increased by greater concentrations of ozone. Visible injury was observed at ozone
concentrations of 53 nL/L and above. Wilting occurred at 35 nL/L ozone.

Nyman, Leslie, Dsvid Benzing, Patric Temple and Joseph Arditti. 1990, Effects of Ozone and
Sulfur Dioxide on Two Epiphytic Orchids. Environmental and Experimental Botany. 30(2):
207-13. Encyclia tampensis and Epidendrum rigidum, two epiphytic orchids, are species that camry
out gas exchange at night via crassulacean acid metabolism or CAM. In this study they were exposed
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10 SO, (0.3, 0.6, and 1.2 ppm) or Q (0.15, 0.3 and 0.45 ppm) for six hours on four consecutive
nights, "during the period of maximal stomatal conductance." Some plants were then exposed
sequentially to O,, O, and SO, in combination, and then SO, for a total of six hours each time. This
exposure did not cause visible injury to the plants, nor did exposure effect stomatal conductance and
nighttime carbon fixation. The reststance to the pollutants may be due to structural factors of the
plants as well as to generally higher resistance of CAM plants 1o 2ir pollutants.

Preston, Kris. 1993. Selection for Sulfur Dioxide and Ozone Tolerance in Bromus rubens
Along the South Central Coast of California. Annals of the Association of American
Geographers. 83(1): 141-S5. Bromus rubens plants, a species of exotic annual grass widely
distributed in central and southem California, were exposed to three levels of SO, (0.05, 0.2 and 0.5
ppm) and O, (0.1, 0.2 and 0.4 ppm), alone and tn combination, for five weeks. Seeds from two
populations were used in the experiment, one from an area growing downwind from an o1 refinery,
the other from a relatively pollution-free area. Plants onginating from the polluted site were found
to be substantially more vigorous when exposed to SO, and slightly more resistant to O, than those
from the unpolluted site. Resistance to pollutants may be due to a decrease in stomatal conductance
(a pollution-avoidance mechanism) and/or a fentilizer effect from §O,. The results bave implications
for natural selection of pollutant-sensitive and -resistant strains of plants.

Reiling, K.. and A.W. Davison. 1992. The Response of Native, Herbaceous Species to Ozone:
Growth and Fluorescence Screening. New Phytologist. 120: 29-37. Thirty-two native Europesan
species were tested for sensitivity to ozone levels of 70 nL/L given for seven hours per day for two
weeks. Six species showed wvisible injury symptoms, and 14 showed significant reductions in relative
growth rates. There was little correlation between visible symptoms and growth reduction. There
was significant vanation within genera and species. Root/shoot allometry was also affected in 14
species, most markedly in grasses.

Reinert, R.A., A.S. Beagle, J.LR. Miller, and W.R. Geckeler. 1970. Field Studies of Air
Pollution Injury to Vegetation in Cincinnati, Ohio. Planr Disease Reporter. S4(1): 8-11.
Plantings of petunia, bean. radish, squash, tomato, alfaifa, oats and tobacco in three different locations
were used to determine the effects of ambient air pollution in the Cincinnati area. Two plots were
planted in air chambers and exposed to unfiltered and filtered air, and a third was left open to ambient
air. Levels of ozone, nitrogen dioxide, and sulfur dioxide were measured from June to September,
1968, and correlated with damage 10 plants. lmjury 1o plants, including stipple, fleck and upper-
surface necrosis. was similar to greenhouse experiments exposing plants to ozone. Injury was highest
after days with high concentrations of ozone (up to 20.! pphm).

Reinert, R A., and P.V. Nelson. 1980. Sensitivity and Growth of Five Elatior begonia
Cultivars to SO, and O,, Alone and in Combinations. Journal of the American Society of
Horticaltural Science. 105(5): 721-23. Five cultivars of Elatior begonia ("Schwabenland Red,"
“Whisper O' Pink," "Fantasy," "Renaissance,” and "Turo") were exposed alone and in combination
to SO, and O,. “Schwabenland Red“ and "Whisper O' Pink” were the most sensitive to ozone (0.25
ppm) based on foliage and flower weight. "Fantasy” was the most sensitive to SO, (0.5 ppm) with
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reduced flower production, though showed no visible injury. The combination of SO, and O, affected
only the flower weight of "Schwabenland Red," though less than was expected from an additive
model. "Turo" showed no ill effects from exposure to the pollutants.

Richards, B.L., Sr., O.C. Taylor and G.F. Edmunds, Jr. 1968. Ozone Needle Mottle of Pine
in Southern California. JAPCA. 18(2): 73-77. This paper presents the results of earlier (1959 and
1960) studies of experimental exposures of a number of pine species to synthesized ozone and
ambient ozone-polluted atmospheres at a station in Riverside CA, along with subsequent field studies
and observations. The researchers found 1) that chlorotic mottling of pine needles occurs in a wide
range of pine species, 2) that X-disease, needle dieback, chlorotic decline and ozone needle mottle
are different names for the same disease, and 3) that atmospheric ozone is the prime etiological factor
in this disease. The research also clarifies the sequence of the disease: mottling at the needle tip,
continuing toward the base, followed by chlorosis and yellowing, premature senescence, and finally
needle drop.

Richards, G.A., C.L. Mulchi, and J.R. Hall. 1980. Influence of Plant Maturity on the
Sensitivity of Turfgrass Species to Ozone. Journal of Environmental Quality. 9(1): 49-53. Both
warm and cool season turfgrass species were exposed to various concentrations of ozone at several
stages of plant development. Warm season species exhibited a hugh tolerance to ozone. The cool
season turfgrasses displayed a wide range of tolerance. Relative susceptibility was influenced by
ozone concentration, length of exposure, and stage of plant development. The article gives several
tables that list various vegetative damage ratings.

Sanders, J.S., and R.A. Reinert. 1982, Screening Azalea Cultivars for Sensitivity to Nitrogen
Dioxide, Sulfur Dioxide, and Ozone Alone and in Mixtures. Journal of the American Society
of Horticultural Science. 107(1): 87-90. Eight cultivars of azalea (“Redwing," "Snow," "Glacier,"
“Hershey Red,” Pink Gumbo,"” "Madame Pericat,” "Red Luann" and "Mrs. G.G. Gerbing") were
exposed to 0.25 ppm each of nitrogen dioxide (NO,). sulfur dioxide (SO,) and ozone (O,). alone and
in combinations. After pruning, the one-year old plants were exposed to the pollutants for six three-
hour sessions over a four-week period. Neither NO, nor SO, caused foliar injury on any of the plants,
while ozone alone and in combinations with other pollutants caused foliar injury of greater than 10
percent on “Red Luann," "Glacier," and "Hershey Red." Significant weight loss occurred in leaves
or stems from exposure of “Hershey Red," "Red Luann," and "Red Wing" to treatments containing
O, and from exposure of "Mrs. G.G. Gerbing," “Glacier,"” and "Red Luann" to treatments containing
L 6 Y

Sanders, J.S., and R.A. Reinert. 1982. Weight Changes to Radish and Marigold Exposed at
Three Ages to NO,, SO,, and O, Alone and in Mixture. Journal of the American Society of
Horticultural Science. 107(4): 726-30. Radish and marigold plants of three different ages were
exposed three times every other day for three hours to 0.3 ppm of NO,, SO, and O,. The age groups
ranged from five to nine days to 28 to 32 days after seeding. Radish was most sensitive to ozone at
19 to 23 days, while marigold responses to pollutants did not depend on age. Visible radish injury
increased with the age of the plant. Ozone mixtures reduced the radish root dry weight by 48 percent
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compared 10 controls. NO,, SO, and O, in combination had a significant impact on the weight of
marigold plants. SO, by itself reduced the dry weight of marigold flower and roots; this effect was
reversed in the presence of NO, or O,.

Schulze, ED. 1989. Air Pollution and Forest Decline in a Spruce (Picea abies) Foresi
Science. 244: 776-783. This study found that deposition of sulfur, nitrate and ammormyum
significantly modified plant nutrition for spruce trees and soil chemistry in northeast Bavana, West
Germany. Gaseous pollutants, such as SO, NO, and ozone, and pathogens had less significant direct
effects on needle yellowing or loss. Uptake of ammonium by spruce roots hinders uptake of
magnesium, while nitrate leaches with sulfate into groundwater, increasing sou acidification.
Increased canopy uptake of atmospheric nitrogen stimulated growth. This, combined with hindered
nutrient uptake by roots, created a nitrogen to cation imbalance which, the author theonzed, resufted
in forest decline.

Serounivk, K, and H.E. Heggestad. 1981. Differences Among Coleus cultivars in Tolerance
to Ozone and Sulfur Dioxide. The Journal of Heredity. 72: 459-460. Fifteen cultivars of Coleus
were exposed to 0.6, 0.8, or 1.3 ppm ozone for four hours in growth chambers. The species showed
a wide range of tolerances, from highly sensitive 10 insensitive to ozone at these levels. This indicates
that tolerant cultivars might be selected for polluted areas.

Showman, R.E. 1991. A Comparison of Ozone Injury to Vegetation During Moist and
Drought Years. Journal of the Air & Waste Management Association. 41(1): 63-64. The study
demonstrated that injury to ozone-sensitive plants is lowered during periods of drought even if ozone
levels are high. In contrast, during periods of optimal growing conditions, ozone-sensitive plants
were injured, even at lower ozone levels.

Temple, P.J. 1989. Oxidant Air Pollution Effects on Plants of Joshua Tree National
Monument. Environmental Pollution. 57: 35-47. Ozone concentrations in Joshua Tree National
Monument (JOTR) routinely exceed 0.10 ppm; however, peak concentrations usually occur at nught.
when most plants are less susceptible. A survey of air pollution effects on annual and perennial
vegetation, conducted in 1984 and 1985, found no visible injury symptoms on park vegetation.
However, controlled experiments indicated thar Rhus rrilobata could be injured by exposure Lo ozone
concentrations as low as 0.15 ppm for four hours per day for four days. Other woody riparian species
and summer annuals were more tolerant to O,.

Thompson, C.R., D.M. Olszyk, G. Kats, A. Bytnerowicz, P.J. Dawson, and J.W. Wolf. 1984.
Effects of Ozone or Sulfur Dioxide on Annual Plants of the Mojave Desert. JAPCA. 34: 1017-
1022. Forty-seven annual plant species were exposed to O, and SO, in open-top field chambers to
test their relative sensitivity. Exposure levels were zero, 0.0S, 0.1, 0.2, 0.3, and 0.4 ppm O,, or zero,
0.2,0.5, 0.8, 1.0, and 1.5 ppm SO, for eight hours per day for four to five days. Results from the
open-top chambers indicared that three species were very sensitive to both pollutants (Camissonia
claviformis, Camissonia hirtella, and Cryptantha nevadensis), two species (Festuca octoflora and
Lepidium lasiocarpum) were tolerant to both, and the rest exhibited intermediate sensitivity, with
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sensitivity to O, and SO, often varying. Injury symptoms from Q consisted of both flecking and
large necrotic areas (color ranged from white to brown, with some species exhibiting a brownish-red
necrosis. Symptoms from SO, ofien were bifacial necrotic areas, ranging in color from white to
brown, with some species exhibiting a red pigmentation. In addition, 29 of the species exposed in
the open-top chambers were planted in the Mojave Deserl and exposed to SO, with a modified
chamberless zonal air pollution (ZAP) system. Exposure to the ZAP gystem totalled 37 hours over
a six day penod with levels at zero, 0.4, 0.8, and 1.0 ppm SO,. Plants exposed to SO, with the ZAP
system experienced much less injury than plants exposed in the open~top field chambers. Only
Camissonija claviformis was injured at 0.8 ppm SO, and Oenothera californica injured at 1 0 ppm.

Treshow, Michael, and Dennis Stewart. 1973. Ozone Sensitivity of Plants in Natural
Communities. Biological Conservation. 5(3): 209-214. Field fumigation swudies were done on
grassland, oak, aspen, and conifer communities to determine the sensitivity of dominant plant species
to ozone, Plants were exposed to ozone at concentrations averaging 15, 25, 30, or 40 pphm for two
hours. "Bromus tectorum, Quercus gambei, and Populus tremuloides were injured by a single two-
hour exposure to 15 pphm ozone Over half the perensual forbs and woody species studied were
visibly injured at concentrations of 30 pphm oc less. This suggests that lower, chronie or repeated
concentrations would impair growth, affect community health and stability, and change plant
composition of natural plant communities.

Wood, F.A., and J.B. Coppolino. 1972. The Response of 11 Bybrid Poplar Clones to Ozone.
Phytopathology. 62: S61-502. (abstract) "Individuals of 1} hybrid popiar clones were exposed to
0.25 nL/mL O, for four hours at 24 C, 75 percent relative humidity, and 3,300 ft-c of light." The
sensiivity of the clones varied over time.

Weood, F.A., and J.B. Coppolino. 1971. The Influence of Ozone on Selected Woody
Ornamentals. Phytopathology. 61: 133. (abstract) Nine hundred plants of 24 woody omamentat
species were exposed to 25 pphm ozone for eight hours with controlled temperature, light. and
humidity The following species were sensitive (i.e., sustained injury from exposure), Cercis
canadensis, Coloneaster divaricata, C. horizontalis, Forsythia intermedia spectabilis "Lynwood
gold," Glednsia rriacamthos inermis, Rhododendron kaempheri "Camp fire." R. kurume "Snow,” R.
catawbiense album, R. nova zembla, R. roseum elegans, Sorbus aucuparia, Syringa vulgaris, and
Viburnum carlesi. The following were not sensitive (i.e., did not sustain injury from exposure).
Euonymous alaius compacta, Hedra helix, Juniperus communis depressa plumosa, Pachysandra
terminalis, Pieris japonica, Pyracantha coccinea lalandi, Rhododendron carolniana, R. mollis,
Taxus cuspidata, T. media hicksi, and Vinca minor.

Youngner, V.H., and F.J. Nudge. 1980. Air Pollution Oxidant Effects on Coal-season and
Warro-season Turf Grasses. Agronomy Journal. 72: 169-170. Cultivars of commmon turf grass
species were germinated in a greenhouse under charcoal filtered air. One treatment was then
fumigated with 0.50 ppm ozone foy three hours. There were significant variations in leaf injury
among species and even between cultivars of the same species. All Lolium perenne (perennal
ryegrass) cultivars showed severe injury, while Poa pratense (Kentucky bluegrass) varied from very
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intolerant 1o very tolerant Agroslis tenuis (creeping bentgrass) and Festuca rubra (creeping red
fescoe) had moderate injury, Warm season grasses in general were less sensitive than cool-season.
only "Emerald” Zoysiagrass and “Tufgrass” Bermnudagrass showed signs of injury. The article briefly
reviews past work on turfgrass species. “Field observations have shown pronounced reduction in turf
quality in areas subject to repeated pollution exposure.”

Zwoch, 1., U. Knorre and H. Schaub. 1990. Influence of SO, and Q, Singly or in
Combination, on Ethylene Syuathesis in Sunflower. Environmental and Experimental Botany.
30(2): 193-205. Sunflowers (Helianthus annus L) showed no visible injury after 18 days of
exposure to SO, (100 ppb) and/or O, (100 ppb). SO, exposure reduced ethylene releases from intact
plants, while O, and combined O /S0 exposure enhanced ethylene releases in two of five
developmental stages. The rano of ethane to ethylene production was tncreased in most cases. The
aminocyclopropane-l-carboxylic acid (ACC) concentration was smaller than the malonyl-I-
aminocyclopropane-l-carboxylic acid (MACC) concentration in most cases. Fumugation effects
depended 'on type of tissue and plant age. In conclusion, changes in ethylene synthesis and release
caused by a long-term fumigation with Jow doses of SO, and/or O; did not appear to represent a
stress reaction.
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Appendix D: Table D1

Ozoue Non— Attainment Areas, by Region,
Class, and Temperature Zone

EPA | Non-Atainment i Ozone | Temp. 1990
Region . Arca . Class ' Zone l Population
: i i
1 Boston—Lawrence 4 5-7 5.786.021
1 Ereatcr—&mnocl 4 -6 2.459.47)
1 Hancock & Waldo i 6 ) 79.966
1 Knox & Lincoln I 66667
1 Lewiston— Auburn 5 5 221.163
] Manchesier. NH [ s 120,005
1 torlland\ ME s s 441287
1 Ponsmouth—Dove 4 5 104233
1 Providence - Pawi 4 [3 1.003.464
1 Bpringfield. MA 4 5 812322
1-2 New York—N. New | 2 6-7 17.041.786
2 |albany-Schenect 'S | 4-5 874,304
2 |Atlantic Ciry, | s | 7 319.416
2 Bulfalo- Niagara i 6 | 3=5 1.189.288
2 [Essex Co.NY 6 4 37.152
2 Defferson Ca.N 6 4 110.943
2 Poughkeepsic. N 6 $-6 343,403
2-3  Philadelphia- Wi ‘ 3 6-7 6.010.338
3 |Allentown - Beth! 6 5-6 595,081
5 {Alloona, PA ‘ 8 6 130542
3 Paltimore, MD i3 6-17 2348219
3 pha.rlcs(on. wv |5 6 250454
1 Erie.PA 6 S 275572
3 [Greenbrier Co, 6 | 5 34,693
3 Harrisburg—Leba ;6 I 587.986
3 Dohnsiown. PA 6 | S-6 ¢ 241247
3 Kent & Queen An S B R 51798
3 Lancasier. PA l 6 | 6 422.822
3 Norfolk- Virgini 'S 7-8 | 1365976
3 Parkersburg—Mar s 6 86915
3 Pitsburgh-Beav $ 0 s-6 | 2.468.289
3 [Reading. PA ;S , 6 336.523
2 [Richmond—-Peters | 5 |7 [ 738.964
3 PBeranton—Wilkes 6 | 5-6 I 734,175
3 Bmyth Co, VA 6 6 | 32370
3 Bussex Co. DE 6 Fam 113.229
3 MWashington. DC— 4 6-7 | 3923574
3 lyork.PaA 6 6 417848
3-4 Huntingion - Ashl 5, 6 226355
3-8 Koungswwn—Wm 6 | s 613.622
4 tfanta. GA 4 r 7 2653613
4  Birmingham. AL & | 7 750.883
4 [Charloite - Gasto s 7 686.526
4 ;kfhuokcc @ Gree 6 7 44.506
q monson Co 6 6 10357
4  Greensboro—Wins N 7 767834
4 Packsonville, F 8 9 672.971
4 Kooxville. TN 6 6 335749
4 xington— Fayet ) 6 249233
4 emphis. TN- AR - 6 7 826330
4 iami—Fort Laud s 9-10 4,056,100
4 ashville, TN 5 [ 8811331
4 Dwensboro.KY I 6 95053
4 Paducah, KY (No 6 6 36.267
4 Ralcigh—Durham. s 7 643560
4 [Tampa-St. Peter | 6 9 | 1.685.713
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Appendix D: Table D1

Ozone Non— Attainment Areas, by Region,
Class, and Temperature Zone

EPA I Non - Attaisment Ozose | Temp. 1990
[ Region, Area Class | Zosc | Population
4-5 [Cincinpati- Hamj s 6 1.705.289
4-5 ouisville, KY~ 5 6 897.948
$  Canton. OH 6 5 367.585
s Elhicago— Gary-La 2 5 7.937.452
5 cveland — Akron s 5 2.859.644
5 linton Co. OH 8 6 ! 35418
s “olumbus. OH 6 s | 1.156.666
S Dayton-Springhi s S—6 951270
5 Petroic- Ann Arb tos 5 { 4,590.468
S Door Co, Wi | 6 | s | 25,690
S [Evansville. IN- 6 = 6 165.058
5 Finl‘ Ml & s k 430,459
5 rand Rapids, M S L P 688399
S [Indianapolis. I - 797.159
s E(t:rscy Co 6 LS | 20.539
5 ewaunee Co. WI | s i S i 18.878
S lLansing-EastLa 8 0§ 432,674
S Manitowoc Co. W s | s f 80.42)
£ Mitwaukee —Racin R - P 1.735364
S Muskegon, MI j s | s ‘ 158.983
S  PrebleCoatDa I & P 6 1 40,113
S Bheboygan. Wi N - i 103.877
5 Bouth Bend~Mish S 403.250
5 Bleubenville - We i & | 6 | 80298
s goledu OH s sl 575.630
s stworth @ Mitw I 6 ¢ 5 | 75.000
$-7 St Louis. MO-1L LS 56 2389616
6 [aton Rouge. LA | 4 ‘ 8 ’ 581.853
6  Beaumont—Port A ‘ 4 . &=9 | 361226
¢  Dallas— Fort Wor .5 1-8 i 3.560.474
6 [ElPaso. TX el om $91.610
6  Bousion—Galvest L2 i 8=9 3731131
6  Lafayele LA . B | 8 164.762
6  Lake Charles. L P68 168.134
6 New Orleans. LA L g 7 g-9 1.054312
7 Kansas City. MO I s 1361557
8  Denver-Boulder, i 8 ! 4-5 | 1.848319
&  Sah Lake City~ LS| 6-7 913.897
9  IChico.CA g i 8 182.120
9 resno. Bak & Sur. ‘ 4 ‘ 8~-9 2.742.000
9 mperial Co, CA 8 9 109303
9 Angeles—LA & Orange | 1 | 9-10 11273720
9 Angcles—San B & Riverd 2 l 9 2.588.793
9 onterey Bay s 9 622,091
9 Phoenix. AZ s 5 2122101
9 eno, NV 6 7 254,667
9 Bacramento, CA 4 8-9 1545517
9  Kan Diego. CA 3 s 2,498.016
9  Ban Francisco—O S 9-10 6023577
9  Banta Barbara-S§ s 10 369.608
9  WNenwraCo 3 9 669.016
9  [Yubs City. CA 8 8 58228
10 Portland—Vancou 6 8 1412344
10 [Beatte - Tacoms, 6 8 2.559.164
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Appendix D: Table D2

Ozone Non— Attainment Areas, by County, Class, and Temperature Zone

EPA | Non- Attainment | Oz0nc | Temp. 1990
Region' Area | _Statc County Desig. | Zone ' Population
: i

1 fBoswn—Lawrencc Massachusetts  Barnstable Co 4 7 ! 186.605
1 Boston—Lawrence  Massachuseits  Bristol Co 4 6 506324
1 oston~Lawrence  Massachusetts  PDukes Co 4 6 11.639
| oston—Lawrence  Massachusetts Essex Co 4 6 670.080
1 oston—Lawrence  Massachusetts Middlesex Co 4 6 1.398.468
| ton—Lawrence Massachusetts Nantucket Co 4 6 6.012
1 ton-Lawrence  Massachusetts  Norfolk Co ; 4 6 616.087
1 oston— Lawrence Massachusetts Plymouth Co 4| 6 435276
1 Bosion—Lawrence  Massachusetts  Suffolk Co 4 6 663.906
1 Boston—Lawrence Massachusetts Worcester Co 4 5 709705
) Boston—Lawrencc  New Hampshire  Hillsborough Co 4 ] 336.073
] Bosion— Lawrence 'E:w Hampshire [Rockingham Co 4 s 245845
] IGreater— Connect Connecticut Hartford Co 4 6! 851,783
] IGreater — Connect Connecticut Litchficld Co 4 5| 174.092
1 (Greater - Connect ‘onnecticut iddlesex Co [ 4 6: 143,196
1 Greater - Connect “onnecticut ew Haven Co i 4 6. 8042219
1 IGreatcr—Connect ‘onnecticut ew London Co } 4 ! 6 ‘. 254957
1 Grealer—Connect  Connecticut Molland Co : 4, 5 128.699
! Greater - Connecl Connecticol Windham Co : 4 5 6. 102 525
1 Hancock & Waldo aine Hancock Co | 6; s 46.94R
1 Hancock & Waldo  Maine K«'aldo Co ‘ 6 S| 33.018
1 Knox & Lincoln Maine Knox Co I s b 36310
1 Knox & Lincoin mainc r_jncoln Co i s S| 30357
1 A ewiston— Auburn aine Androscoggin Co s N 105.259
1 Lewiston— Auburn  Maine ennebec Co | b < 115904
1 Manchester, NH Ncw Hampshire Eﬁcn‘imack Co | 6 s | 120.005
1 Partand. ME Mainc “umberiand Co | s N \ 243.138
1 Portland. ME Maine Sagadahoc Ca | 5 S 33535
) Portiand. ME Maine York Co i 5| 5 164.587
1 Porismouth - Dove mcw Hampshire Kirafford Co | 4| S 104233
1 Providence—Pawt  Rhode Island  PBristol Co | 4] 61 48.859
1 Providence—Pawl  Rhode Island  Kent Co ; 41 61 161.135
1 Providence — Pawi Rhode Island Newport Co . 4 6 £7.194
1 Providence — Pawl Rhode 1sland Providence Co ' 4 6 596270
1 Provideace — Pawt hode Island  MWashington Co ' 4 6; 110.006
1 Springhield. MA assachuselis bcrkshire Co ! 4 s | 139352
] Springfield. MA Massachusetts  [Franklin Co ! 4 5. 70.092
) Bpringfield. MA assachusells wpden Co ‘ 4 s, 456.310
1 Kpringfield. MA assachuselts ampshire Co 4 i 146568
1-2  New York—N. New INcmcrscy rgen Co | 2 6! 825.380
)-2  New York~N. New Ecw Jersey ex Co i 2 6] 778206
1-2 New York—N. New cw Jersey vdsan Co ! 2 6! §53.099
1-2  NewYork—N.New [NewJersey Hunterdon Co i 2 6 107.7%
1-2  New York—N.New New Jersey Middicsex Co | 2 6 671.780
1-2 New York—N. New gcchrscy Monmouth Ca 2 7 §83.924
1-2  New York—N.New New Jersey Morris Co 2 6 421353
1-2  New York—N.New [New Jersey Oocean Co 2 7| 433203
1-2  New Yark-N. New ew Jersey Pazsaic Co 2 6 453.060
1-2 ew York~N. New ew Jersey Somerser Co 2 6| 240279
1-2 ﬂew York—N. New ew Jersey Bussex Co 2 6 130.943
1=2  New York-N. New ew Jersey Uaion Co 2 6 493.819
1-2  New York-N.New ew York Bronx Co 2 6 1.203.789
1-2 New York—N. New ew York Kings Co 2 71 2300.664
1-2  New York—N.New  New York Nassau Co 2 71 1287348
1-2  New York-N.New New York New York Co 2 6| 1,487,536
1-2 New York—N. New Ecw York Orange Co 2 6 307.647
1-2 New York—N. New ew York Queens Co 2 7 [ 1951598
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Appendix D: Table D2

Ozone Non—Attainment Areas, by County, Class, and Temperature Zone

EPA ' Non- Attainment | Ozone ’ Temp. | 1990
Rcﬂ'onl Area State Couaty | Desig. ' Zose ' Population
1-2 hew York—N. New ew York ichmond Co 2 6 378977
1-2 ew York=N. New cw York ockland Co 2 6 265.475
1-2 ;:ew York—N.New  New York ffolk Co 2 7 1321864
1-2 ew York—N. New ew York estchester Co 2 6 874866
2 JAlbany— Schenect New York bany Co 6, h 292.594
2 |Albany—Schenect ew York E‘-cenc Co 6! s 44.739
2 bany— Schenect ew York ontgomery Co 6 ] s $1.981
2 bany—Schenect ew York Rensselaer Co 6 5 154.429
2 IAlbany - Schenect ew York Karatoga Co 6 4 181276
2 Ebuy— Schenect ew York [Schenectady Co 6 s 149285
2 lentown—Bethl cw Jersey arren Co 6 6 91.607
2 hllan(ic Ciyy. ew Jersey tlantic Co 5 7 224327
2 tantic Ciry. ew Jersey pe May Co s 7 95.089
2 guﬂ‘alo— Niagara ew York ic Co 6 s 968.532
2 uffalo—Niagara ew York iagara Co 6 3 220.756
2 Eew York~N.New  [Connecticut airfield Co 2 6 827.645
2 oughkeepsic, N cw York uichess Co 6 s 256.462
2 Paughkeepsie. N ew Yark tnam Co 6 6 83.94)
2 Essex Co, NY ew York Fscx Co 6 4i 37182
2 efferson Co, N ew York cfferson Co 61 4’ 110.943
2-3  Philadelphia—Wi laware Kent Co 34 7, 110.993
2-3  Philadelphia— Wi E:lawarc New Castle Co 3 7. 441,946
2-3  [Philadelphia—Wi aryland ICecil Co 3 7, 71347
2-2 Philadelphia—Wi Rcw Jersey urlingion Co 3] 6. 395.066
2-3 hiladelphia— Wi ew Jersey Eamdcn Co | 3 | 6 i 502.824
2-3  Philadelphia— Wi WNew Jersey umberland Co I 3] 7, 138.053
2-3  Philadelphia-Wi  New Jersey Gloueesier Co ! 3! 6] 230,082
2-3  Philadelphis—Wi New Jersey Mercer Co i 31 6: 325824
2-1  Philadelphia - Wi EcWJcmy Ealcm Ca [ 3 7. 65.294
2-3  Philadelphia~Wi  [Pennsylvanis ucks Co ! 3 6! 41174
21-3  [Philadelphia— Wi Peonsylvania phcswr Co i 3 6. 376.396
2-3  Philadelphia~Wi  [Pennsylvania  Delaware Co i 3 6! $47.651
2-3  Philadelphia-Wi Pennsylvania Monigomery Co i 3 6 678111
2-3  Philadelphia=Wi gcnnsylvnnia Philadelphia Co ] 3 6 1.585.577
3 llentown - Bethl ennsylvania iCarbon Co ! 6 §i 56846
2 |Alle nlown - Bethl ennsylvania high Co ' 6 i 6 251,130
k| jAllentown - Beth) ennsylvania orthampton Co 6 6 247105
3 Wlicona. PA cnnsylvania fair Co 6 6. 130542
2 altimore. MD aryland ne Arundel Co 3 7 427239
3 altimore, MD aryland allimore 31 é ! 736.014
3 Eallimore. MD aryland altimore Co 3] 6 692,134
3 altimore. MD aryland ‘arroll Co : 3 6 : 123372
3 g:llimorc. MD Maryland 3 6 18232
3 Itimore. MD aryland 3 6 187328
3 Charlesion. wv est Virginia s 6 207.619
3 arlesion. WV es1 Virginia s 6 42835
3 e. PA ennsylvania 6 h] 275572
3 arrisburg—Leba ennsylvania 6! 6 195257
3 isburg—Leba ennsylvania 6 6 237813
3 arnsburg—leba ennsylvania 6 6 113.744
3 asrisburg—-Leba cansylvania 6 6 41172
2 ohnsiown. PA cnosylvania 6 b 163,029
3 ohnsiown. PA cnnsylvania 6 6 78218
3 ent & Queen An aryland 6 7 17842
3 Kent & Queen An aryland Queen Annes Co 6 7 33953
3 Lancaster. PA ennsylvania kﬂml“ Co 6 6 422822
3 Norfolk - Virgini irginia hesapeake 6 8 151976
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Appendix D: Table D2

Ozonc Non— Attainment Areas, by Connty, Class, and Temperature Zonpe

£PA _ Nouo-—Attziameal

Ozonc | Temp.

Region Arca ; State County

: |
3 Norfolk - Virgni Mirgnia ampton
3 ar{olk— Virgini irginia ames Ory Co
£ Eorfolk—\/lrgjni irgma ewpor News
3 Narfolk ~ Virgni irginia orfodk
1 Notflolk— Virgini irgnia 0quUOsOn
3 F\:Orfalk—\/irgini irgnia ortsmouth
R Norfolk - Viegni rginia uffolk
2 Norfolk - Virgini irginia irgnia Besch
X Norfolk—Virgini irginia Miamsburg
3 Norfotk— Virgini Mirgnia ork Co
Kl Parkersbarg— Mar est Virgnia ood Co
2 Pilcburgh—Beav ennsylvania legheny Co [
2 Pinsdurgh - Beav ?cnnsylvmia hmsuong Co '
3 Prusbysgh ~ Beav gcnnsy!vmia Beaver Co
A Piusburgh- Beav ¢onsylvania guilu Co l
3 Prrsbusgh= Beav gcnnsyivania ayetic Co
2 Pitisburgh- Beav Penusylvania ashington Co \
3 Putshurgh- Beov eansylvenia estmoreland Co
1 Reading. PA ﬁ:.nn:ylvnnia erks Co ’
3 Richmond -Peters  Mirginia “harles Ciry Co
K Richmond - Peiers wrginia hesterfield Co [
ki Richmond—-Peters srgnia olonial Heighis
A Richmond—Peters  Virgnia anover Co ’
1 Richmond-Pciers  Nirpnis enrico Co |
1 Richmond—Peters  Nirgnis opewell |
b Richmond—Peters  Nirpnis ichmond I
3 Seranton - Wilkies Pennsylvania Columbia Co ‘
3 Berantan - Wilkes Peansylvania Lackawanna Co !
A Scranion - Wilkes Peansylvania Luzerne Co ]
A Serantan—Wilkes Pennsylvaais Monrot Co 1
3 Scranion - Wilkes cnnsylvania MWyoming Co l
ki MWashingion. DC-  Dist. Columbia k\lshingmn |
k Washington. DC - Maryland Calveri Co |
3 Washington. DC~  Maryland ICharles Co |
3 AW ashinglon. DC - maryland Fredenck Co ‘
K Washiagion, DC - aryland romgomuy Co I
2 Washington. DC~-  Macyland Prince George's Co !
1 Mashington, DC- R/\tgﬁniz AJexandria .
3 MWashingion, DC~ irginia WArtingion Co !
? Washingion. DC— irginia Fairfax :
a Wathingion. DC~  Mirginia Ea(r(ax Co }
a Washington. DC- Nirpinia alls Church
2 Washingian, DG~ Mirginia Loudaun Co
3 Mathingion. DG~ Mirginia Manassas
A MWashingion, DC.- irginia Manassas Park
3 Mashingion. DC - wginia Prince William Co
2 MWashingion. DC~ Ugnia Blafiord Co
3 York, PA cnnsylvania Adams Co
k! ork, PA enasylvania York Co
2 wssex Co, DE ¢loware Sussex Co
3 myth Co. VA irginia Smyth Co
K reenbner Co, est Virginia Greenbrier Co
3-3  [Hunongion ~ Ashl entucky d Co
-4 Huadngton - Ash] entucky recnup Co
i-4  Huatington— Ash) t-’bsl Virginia ﬁmcll Co
-4 Humington - Ashi MWesl Virginia ayne Co
3~<  Nouagsiown=Warr  Dhio Mzhoning Co
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1990

Dais, ! Zoae Populatioa

133,793
34859
170.045
261229
11.005
103.907
52.14)
393.06¢
11,530
42,422
86915
1336445
73,478
186.093
152012
145341
204 584
370321
s
8282
209274
16.054
63306
237488
23.101
203,056
63202
219039
328,149
95.709
28.076
606.900
51an
101.144
180208
757027
729368
111183
170936
19,622
818.584
9578
84,129
279587
8,734
215,686
61236
78274
339.574
113229
32370
34693
$1.150
38742
96.827
41,636
364 806




28— July- 95

Appendix D: Table D2

Ozone Non—Attainment Areas, by County, Class, and Temperature Zone

EPA . Non-—Attainment ; j Ozone | Temp. | 1990
Region Area | State ' County | Desig. | Zone | Population
3-5 lYounplawn - Warr phia rumbull Co 6 h] 227.813
3-5 oungstown — Warr cnnsylvania ercer Co 6 5 121.003
4 llanta. GA orga “herokee Co 4 7 90204
4 tlana, GA orgia yton Co 4 7 182.052
4 tlanta, GA orgia “abb Co 4 7 447,745
4 ttanta. GA orga “oweta Co 4 7 53.853
4 Wdanta, GA orgia ¢ Kalb Co 4 7 545.837
4 tlanta. GA orgia ouplas Co 4 7 71.120
4 Atlama. GA orgia ayette Co 4 7 62.41%
4 JAtlania, GA orgia Forsyth Co 4 7 44063
4 Atlana, GA orgia ultorn Co 4 7 648,951
4 Atlanta. GA orgia inactt Co 4 7 352910
4 {atlanta, GA orgia enry Co 4 7 58.741
4 latlania, GA E:orgia aulding Co | 4 71 41.611
4 Atlania. GA Georgia ockdale Co : 4 7 £4.091
4 Birmingham. AL abama Pefferson Co | 6 7: 651528
4 Birmingham. AL t::abama helby Co i 6 7] 99358
4 Charlotte -~ Gasto North Carolina won Co : 5 71 175,093
q Charlotte ~ Gasto North Carolina ecklenburg Co s 7 | 511433
4 IGreensboro-Wins  North Carolina  Davidson Co s 7! 126.677
q IGreensbora— Wins Eorlh Carolina avie Co S| 7 | 27859
4 IGreensboro - Wins orth Carolina orsyth Co i s 7 265878
4 Greensboro—Wins  North Carolina uilford Co 5y 7 347420
4 lacksonville. F Eorida Puva) Co & | 9 672971
" nowville. TN cnnessee Knox Co 6 6! 335749
4 Lcxington—Fayer  Kentucky Fayette Co 6 } 6! 225366
] Lexingion— Fayet Kentucky Scott Co 6! 6| 23867
4 emphis. TN~ AR~ [Tenncssee Shelby Co 6! 7 826330
4 Miami-For Lavd  Florida Broward Co s 10 1255.488
4 Miami—Fort Laud  Florida ade Co s 10! 1.937.0%4
4 Mismi—Fort Lavd  [Florida alm Beach Co 5] 9! 863.518
4 Nashville, TN Tennessee Eavidson Co | 5 | 6! 510784
4 Nashville, TN Tennessee utherford Co : L 6. 118570
4 Nashville. TN E:cnncssoc E‘ll.lmncr Co i 5! 6 103281
4 Nashville, TN ennessee illiamson Co | 5! 6! 81.021
a Nashville, TN ennessee ilson Co ' 5] 61 67,675
4 Owensboro, KY emucky PDavicss Co 6 | 6} 87.189
4 Owensboro. KY cntucky ancock Co 6 6l 7.864
4 Paducah. KY (No entucky ivingsion Co 6 6! 9.062
a Paducah. KY (No  Kentucky arshalt Co 6 6! 27205
4 Releigh - Durbam, Eonh Carolina  Durham Co s 7 I 181835
4 Raleigh—~Durham. orth Carolina  [Granvilie Go s 7. 38.3a8
4 Raleigh—Durham.  North Carolina :'ake Co S 7 423380
4 [Tampa-—S1. Peler lorida illsborough Co 6 9 834,054
4 [Tampa-—St. Peler lorida incllas Co 6 9 851659
4 Edmonson Co entucky &monson Co 6 6 10,357
4 Cherokee @ Gree uth Carolina “herokee Co 6 7 44.506
4-S  [Cincinnati-Hami temuck‘y s 6 57589
4-5 Cincinnati— Hami entucky s 6 83866
4-5 Cincinnati— Hami entucky s 6 142031
4-5 Cincinnati — Hami hio s 6 261.479
4-5 Cincinnati— Hami hio s 6 150,187
4-5 Cincinnati~ Hamj hio S 6 866228
4-5 ICincinnati— Hami Ohio s 6 113,909
4-5  Louisville. KY ~ {ndiana 5 6 87.777
4-5 Louisville. KY ~- ndiana 5 6 64.404
4-5 uisvitle, KY ~ Kentucky N 6 47567




24-July-95

Appendix D: Table D2

Ozone Non—Attainment Areas, by County, Class, and Temperature Zone

EPA I Non -~ Attainment { Ozonc | Temp. | 1990
Region ____ Arca State County Desig._Zone —ropulation
. i I

a-s buisville‘ KY- entucky Beferson Co 5 6 664937
4~5 visvilte, KY — entucky Idhem Co 5 6 33263
5 anton. OH hio tark Co 6 s 367.58S
5 “hicago— Gary-La tlinois k Co 2 ) 5.105.067
5 (Chicago—Gary-La  [Hinois u Page Co 2 5! 781.666
5 Chicago-Gary~La  lliinais rundy Co 2 5| 32337
5 IChicago-Gary—La  }liinois ane Co 2| 5: 3174M
s hicago—Gary~La  flinois endail Co 24 5 39.413
s icago-Gasy—La [lilinois fake Co 2 5 516418
5 Chicago—Gary—La  Jlinois cHenry Co 2 s 183241
s IChicago-Gary-La Ellinois ill Co 2 sl 357313
g Chicago-Gary-La  Endiana Lake Co 2 5| 475594
s Khicago—-Gary-La ndiana orter Co 2 N 128932
5 KCleveland— Akron  [Ohio E\shmbula Co 5 s | 95.821
) Cleveland — Akron hio ICuyahoga Co i 54 S| 1.412.140
< Cleveland - Akron hio Geauga Co ; 5 5| 81.129
s Cleveland—Akron  [Ohio Lake Co : 5| s 215.499
N Kleveland - Akron ghio Lorain Co ; 51 s 271.126
5 ICleveland - Akron  Ohio Medina Co | 5 s | 122354
s Cleveland- Akron thio Poriage Co i 5| s 142,585
b leveland ~ Akron hio Eummil Co i o S 514.990
s Eolumbus. OH Ehio claware Co ‘ 6 5 ‘ 66.929
s IColembus. OH Ohio Franklin Co . 6| s 961.437
s Columbus, OH Ohio Licking Co 6, 5, 128300
s Dayton-Springh Ohio E}ux Co 5 s | 147548
s Dayton - Springh Ohio reene Co §| 5 136.731
s Dayton-Springfi  Ohio iami Co st sl 93.182
N Dayion ~Springli bhio Montgomery Co I 5 | 6 i £73.809
5 De1roit— Ann Arb ichigan Livingston Co | 5 51 115,645
< Detroit— Ann Arb michigan acomb Co ‘x s 61 717.400
5 Detroit-Ann Asb  Michigan onroe Co s ! 133.600
s Detroit-Ann Ard  Michigan I0akland Co 5 6] 1.083.592
< Detroit- Ann Arb michigan Bt. Clair Co i s s 145.607
N Detroit— Ann Arb ichigan ashienaw Co { s 5, 282.937
N Delroit~Ann Arb ichigan ayne Co b 5 2.111.687
s Evansville, IN- ndiana %:nderburgh Co [ 6! 165.058
£ Flini. M) ichigan nesec Co 8 s, 430.459
s Grand Rapids. M ichigan ent Co s s 500631
5 iGrand Rapids. M ichigan tawa Co S 5i 187.768
5 fndianapolis, 1 ndiana arion Co X 6 st 797159
5 fLansing—Easi La Michigan fialon Co | 8 5 57.883
< L_ansing— East La Michigan Eaton Co : 8 5 92.879
< nsing—East La ichigan ngham Co 8 5 281912
s tlwaukee —Racin Ei.sconsin enosha Co 2 ) 128.18!%
5 Milwaukee ~Racin isconsin itwaukee Co 2 s 959275
5 ilwaukee ~Racin isconsin kee Co 2 5 72831
s ilwaukee ~Racin 1SCOnSin acine Co 2 s 175.034
5 itwaukee — Racin isconsin ashiogion Co 2 N 95328
s ilwaukee - Racin isconsin aukesha Co 2 5 304.71$
5 uskegon, M1 ichigan uskegon Co 5 5 158.983
s heboygan, W1 isconsin heboygan Co 5 S 203877
bt uth Bend - Mish ndiana khart Co 6 h) 156.198
s Bouth Bend—Mish ndiana 1. Joseph Co é 3 247,082
N Steubenvilte - We hio efferson Co 8 6 802958
s [Toledo. OH hio Co $ s 462361
s Toleda, OH hio ood Co \ 5 113269
5 bersey Co Uinois ersey Co 6 5 20,539




25—July-95

Appendix D: Table D2

Ozone Non— Attainment Areas, by County, Class, and Temperature Zone

LI T I I |
B N N N

D D WD ORI TR DTN NDNAAATATA A A A A A A R A A

Reﬁion

5t Louis. MO~IL
St Louis. MO~IL
St Louis. MO-1L
:Sl Louis. MO-1L
5t Louis. MO-1L
Baion Rouge, LA
Baion Rouge. LA
Eaton Rouge. LA
alon Rouge. LA
Baton Rouge. LA
Baton Rouge. LA
Beaumont —Port A
Bcaumont-Port A
Bcaumoni—Port A
Dallas - Fort Wor
Dallas —Fon Wor
allas—Forn Wor
Dallas - Fort Wor
El Paso. TX
Houston ~ Galvest
Houston—Galvesi
Houston— Galvest
Houston - Galvest
Houston - Galvest
Housion - Galvest
Houston ~ Galvest
Houston - Galvest
Lafayelte. LA
h_akc Charles. L
New Orleans. LA
ew Orleans. LA
pcw Orleans. LA
New Orleans. LA
Kansas Ciry. MO
Kansas Ciry. MO
tansas City, MO
ansas City, MO
Kansas City. MO
enver —Boulder,
enves— Boulder.
enver~ Boulder,
nver —Boulder,
nver — Boulder,
Denver—Boulder.
Eh Lake Ciry-
It Lake City—
‘hico. CA
Angeles—Ana

B ouisiana
h_ouisiana
Y ouisiana

uisiana

£xas
exas
€Xas

cxas

exas
exas
£xas
exas
[Texas
{Texas
Lll:cxas
exas
Frexas
Texas
€xas
cxas
isiang
visiana
visiana
uisiana
La;u'\si.ana
uistana
Kansas
ansas
issouri
issousi
issouri

lorada
lorado
“olorado
lorado
lorado

[Cotorado
tah
tah

ifornia

alifornia

Leffcrson Co
Orange Co
[Collin Co
Dallas Co
enton Co
arrant Co
h’il Paso Co
Brazoria Co
hambers Co
Fon Bend Co
Galveston Co
Harris Co
Liberty Co
Moatgomery Co
Mallcr Co

utle Co
Angeles Co

EPA ' Non-— Auainment ' i Ozone | Temp.
Area State Couaty ; Duis. Zoge
] ! ]
linton Co. OH hio intop Co
reble Co at Da hio ebiec Co
oor Co. WI isconsin oor Co
ewaunce Co, WI isconsin ewaunee Co
Manitowoc Co. W isconsin anitowoe Co
Watworth @ Mitw isconsin alworth Co
51 Louis, MO-IL Uinois adison Co
5t Louis, MO-IL llinois onroe Co
51 Louis. MO-11. t. Clair Co
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i
{
1

1990

Pognlat 1)

35415
40.113
25.6%0
18.878
80.42)
75.000
249238
22422
262852
80.603
171380
212.907
396.685
993,529
58214
380.105
31.049
70.526
22.540
19.419
41320
239397
80509
264.036
1.852.810
273528
1.170,103
591.610
191.707
20.088
225.42)
217399
2.R18.199
52,726
182201
23.390
164.762
168.124
443 306
496.938
66.631
42.437
355.084
161.993
153.411
633232
57867
265,038
3913511
225339
467610
60391
438430
187,941
725.956
182,120
8.863.164




15~ July-9%

Appendix D: Tabte D2

Ozone Non— Attainment Areas, by County, Class, and Temperatare Zone

EFA | Noa-Attainmest | Ozoee | Temsp. 1990
Region Area County Euis. Zonc Population
9 Anpeles - Ana Orange Co 1 10 2410556
9 onterey Bay Moaterey Co S 9 355860
9 obterey Bay Sao Beoiwo Co s 9 36.697
9 ontcrey Bay Basw Crw Co 3 14 229734
9 mpenal Co. CA [mperiaf Co 8 9 109303
9 entura Co Ventura Co 3 $ 689016
9 hoen, AZ Maricopa Co s 9 2122104
[ Reno. NV cvada Washoe Co 6 7 254,467
9 Bazrameato, CA Catifornis ¥l Dorado Co 4 8 125995
9 Bassamento. CA ICalilornia tacer Co 4 8 172796
9 Baccamento. CA formia tmo Co 4 9! 1.041219
b {Yuba City. CA ifornia viter Co 4 9; 64,415
1 Gscramenio, CA alifornia olo Co 4 9 i 141,092
9 Ban Dicgo. CA ifornia Dicgo Co - 3| 3 ! 2.498,016
9 Kan Francisco= O lifornis ameda Co | S 9t 1.279,182
9 Ban Francisco-O ifornia Contra Casts Co ' s 9, 803.732
) Ban Francsco—O Ejirom;a Marin Co 4 10! 238,096
9 8an Francieo - O ifornia apa Co £ 9 110,765
9 Ban Francisco-O ifornia Francisco Co s 10 ‘ 723.959
9 Ban Francisco- O slifornia a Mateo Co § 10! 649.621
9 Ban Francisco- O (ifornia ata Clara Co s 9 ' 1497577
9 San Franctsco~O litornia E::no Co s 9 [ 340,423
9 Ban Francisto- O ilornia oma Co | Si 9; 138.291
9 Fresno. CA (ifornia vesno Co { q 9 687.490
9 Bakershield. Ca lcatitornia e Co 4 9 ‘ 541477
9 Ficsno. CA li(ornia ings Co 4 9 101,449
9 Madera Co. CA liforaia adera Co 4 8! 88.090
9 Mereed. CA alifornia mm-.a Co ,_ 4 9 | 178.403
9 Srockton. CA Talifornia n Jaaguin Co | 4 9! 480.628
) Modesto. CA California Kwn{staus Co ‘l 4 $! 370522
9 Visalia - Tularc - ifornia {Twlare Co ! 4 ‘ 9! e
9 Bania Barbasa-S Calitornia Baawa Barbara Co | <! 10 ' 169.60R
9 Lo Angeles—Ana  Kalifornia Riverside Co I 2| 9, 1.170413
9 Los Angeles~Ana lifornia San Beroasdina Co | 24 9 1.418.380
9 {Yuba City. CA Elilomia uda Co i 8, a! 38228
10 Portand ~ Vantou egon “lackamas Co | 61 L 278.850
10 Pornand - Vancou regon Mulinomah Co ! 6! 8 $83.887
10 Portland - Vaneou FegOn ashingron Co ' 6. &: 311,484
10 Porand-Vancou  Washingion lark Co ‘ 6 g ‘ 238.081
10 Seatlle ~Tacoma.  MWashinglon King Co '3 8 1507319
10 Seatite - Tacoma. ashingion E&ucc Co l 6! 8| 586203
0 Beatie ~ Tacoma. ashingion nahamish Co 6! 8 485,642
i
‘ I 146.423413

h‘oul.'






