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Urban Ornamental Plants: 
Sensitivity 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 health 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 
ornamental 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 
aesthetic (or other) services provided by urban ornamental plants, reduced their resistance to other 
environmental stresses , reduced their lifespans, or led to the use of more expensive or Jess 
aesthetically pleasing ozone-resistant plants. 

This report focuses on the economic implications of potential injury to urban ornamental 
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 criteria for 
establishing plant sensitivities to ozone, assigns temperature zones to plant species, and develops 
a method for detennining 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 summarizes information obtained from conversations with 
knowledgeable individuals regarding the extent of ongoing injury to urban ornamental plants and 
factors that may have mitigated such injury. 

Assessing economic losses from ozone-induced damage to urban ornamental plants is 
difficult. 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 is 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 infonnation 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 additional expenditures that may 



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 estimating ozone-induced economic losses to urban ornamental 
plants, rather than on developing quantified measures of damages . 

Current 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 narural 
systems self-select for ozone tolerant strains and species. Further, the commercial system for 
developing. growing, and distributing urban ornamental 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 have resulted in 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 uman 
landscape do not appear to suffer visible signs of ozone-induced injury, even though ambient 
ozone levels remain high enough to cause reduced agriculrural yields in areas adjoining the major 
metropolitan non-attainment areas and to affect some sensitive species remaining in the uman 
landscape. 1 

2.0 Identification 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 to ozone, assigns plants to temperature zones, and provides a means for identifying 
plant species in the data base that potentially could suffer injury from ambient ozone levels 
typically 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 

I We contacted individuals knowledgeable regarding conditions and activities on the East Coast. For the most part . 
we did not have discussions with individuals knowledgeable regarding the effects of the high ambIent ozone levels on plants 
in the Los An~eles area. 
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literature2 and identified about 65 key studies. 3 For each of the urban ornamental plant species 
examined or referenced in these studies we extracted data on: measures of exposure to 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 reponed for 
varying levels or durations of exposure. To OUT 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-tenn (1 to 8 bour 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, intennediate, and resistant -- based on a statistical 

1 The online databases used to locate studies on the effects of ozone on plants include: the Boston Library service 
(includes titles from card catalogues and articles from journals held by Boston area libraries), AGRICOLA (National 
Agricultural Library). and the Envirorunenlal Bibliography. (Search parameters were: (I) ozone nol (UV or stratospber$ 
or deplet$). (2) and nOI crop. (3) and not forestS, (4) and plantS.) 

) We focused on those studies that provided infonnalion on numerous species or that summarized the results of 
previous srudies. A list of studies thai assessed the effects of ozone on plants, but that are not incorporated in the data base 
becau.<;;e of time and budgel constraints is provided as Appendix C. This list is quite extensive, suggesting thai examination 
of these studies could expand the database considerably and could yield useful informalion regarding the issue of selection 
of ozone resistant species and cultivars. 
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analysis of exposure, duration, and injury levels for single-incident exposures: This classification 
scheme is useful for maintaining a similar defmition of plant sensitivity across studies. Chart 1.1 
s'nows 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 
~njury is 20%. Chart 1. ] may be viewed as indicating the threshold combinations of ozone 
concent:Ji3.tions 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 ori,ginal 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 infonnation 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 effoll to 
develop a comprehensive source of infonnation on plant sensitivities. Further research is needed 
to: (I) 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 ornamental 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 time span of some twenty years. Commercial and natural selection over time may result in 

• See. National Research Council, Ozone and Qther Photochemical Oxidants, 1977, Chapter II . EPA also has 
adopted this classification scheme. (See OAQPS Staff Paper. 1989, p x-4). 

4 



species (or commercially important strains) becoming more resistant to ozone than such srudies 
indicate.s 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 ozone non-attainment 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;6 and 

• classified ozone non-attainment areas by temperature zone. 7 

Map 1 shows the location and classification of areas in non-attainment with ozone 
standards in 1991, and Map 2 shows an overlay of the temperature zones for the continental U . S . 
on the ozone non-attainment areas. 8 Non-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 tern perature 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 infonnation provides only a crude method of linkjng specific plant 
species to non-attainment areas . Other factors, such as rainfall, humidity, and soil conditions may 

~ Indeed. the onentation of some of the experimental studies we reviewed was to foster the use and development 
of ozone resistant species and cul\ivars. 

• Information on temperature Zones for plant species was developed from Wyman's Encyclopedia ofPI!![Its. Due 
to hmitations in time and budget , temperarure zone infonnation obtained for plant specIes in the data base is incomplete, 

Temperature wnes are based on information from the USDA's Plant Hardmess Zone Map. 

~ Tables 0 I and 02 in Appendi.x 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 detennine the acrua1 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 to 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 
temperatu res. 

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 
severnl durations (1,4 and 8 hours) .9 The results of this exercise are shown in Charts 2.1 through 
4.2. These cham indicate that: 

• plants are most likely to be affected by the longer dUICltion 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 
attairunent with ozone standards, and may well experience extensive injury in areas with 
ozone design values near the II modeIClte II level; 

o The curves for the ozone non-attainment areas are based on Table A-4, Appendix A. oft,he June 1989 OAQPS 
StaffRepon on ozone We used the information in !his table to develop a rough relationship between one-hour design values 
and corresponding four-hour and eight-hour design values. The !.able suggests that a one-hour design value of 0 12 ppm 
would correspond to 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 sod eight-hour design values and assigned it a value of 0 10 ppm. 
All other curves are proportionally constructed based on the one-hour design value for each non-attainment designaIJon 
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 e>.1ensive analysis of ozone 
concentration data 
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• 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 intennediate 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. 10 

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, suIface 

weathering, etc.; or 
• economic losses 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. 

10 In Chans 4.1 and 4.2 we designate as "highest" the highest ozone design value (0.25 ppm) of all ozone non­
attainment areas. excepting Los Angeles (which has a design value of 0.33 ppm). The threshold curve (5% injwy) for 
reSlSlam plants lies above this "design value curve." 
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However, visible foliar injury from ozone would seem to be a more suitable indicator of 
the presence of economic losses for urban ornamental plants than for plants harvested for their 
commercial value . This is because economic losses associated with injury to urban ornamental 
plants are directly related to the "aesthetic services" provided by such plants, which would be 
affected 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 3,4,5, 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 wh.ich we have both temperature zone and ozone sensitivity assignments . The resulting 
list of plant species, shown in Table 3, indicates those sensitive and intennediate 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 detennined 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 
infonnation (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 
intennediate 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 foUowing 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 bulle. of 
the plants now available for use in the urban landscape. NOT 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 stnins of rulip 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 ~ O ,percent exhibit less sensitivity (tip bum), and 
the remainder are more resistant. The distribution of ozone sensitivi£y within a species can 
change over time due to natural selection and commercial breeding programs. Ozone 
sensitivity classifications based on older studies or OD observed injury 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 organizing the types of 
economic losses associated with ozone-induced injury to urban ornamental 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 ornamental plants. An imperfect indicator of this value is annual expenditures 
on landscaping and related services and materials. II A survey conducted for the National 
Gardening Association estimated that household spending on plants, nuf, associated pest control 
and maintenance, and landscaping (which includes non-plant items) totalled about $23 billion in 

II Note that this measure provides a lower boWld 10 the value of aesthetic and other services provIded by urban 
ornamental plants -- neither the consumer surplus to property owners. nor the public value. associated with such servIceS 
are incorporated in the measw-e. Another approach to imputing part of the value of the aesthetic services provided by urban 
ornamental plants IS to use the differences in selling prices between well and poorly landscaped homes. According to 
realtors. landscaping a home typically mcreases the sales price of detached, single family homes by 5 to 15%. A measure 
of the annual sen'ices provided by a landscape would be the increaSe in seUing price (above an idenlical house with no, or 
a poor. landscape), annualized over the expected life of the landscape (which may be difficult to ascertain). In addition. one 
should add the expected maintenance and replacement costs 10 be incurred over the lifetime of the landscape. 
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1992.11 This does not include expenditures for similar items by business , municipalities, and golf 
courses . Data developed by the USDA indicates that retail expenditures on environmental 
horticulture (nursery plants, unf"mished plant material, rurfgrass, bulbs, flower and vegetable 
seeds , and cut Christmas trees) was about $23 billion in 1991. 13 

The aggregate size of expenditures on, or related to, urban ornamental 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 expenditures are relatively small compared to other monetized categories of health 
and welfare damage stemming from ozone, omitting this category of economic loss will not 
materlauY 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 example, if about one percent of the $23 
billion in annual expendiwres 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 to the economic loss . Such a potentially sizable damage category cannot be 
summarily dismissed as unimportant and may warrant more careful consideration to measure 
losses. 

3.2 Cooceptual Framework for Ecooomic Losses 

In economic terms, one may view an urban ornamental plant as providing a stream of 
aesthetic and other services (e.g., shade and habitat) over its lifetime. The value of a plant would 
depend on its characteristics (type, size , appearance, etc.), its use (as a specimen, in hedges, in 
mixed senings , 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 
illustrated in Chan 5 for a single hypothetical plant that suffers injury from ozone. J4 Such losses 
could include: 

• A reduction in aesthetic services over the realized lifetime of a plant. This is depicted as 
shaded area S. It represents the difference in the dollar value of the stream of services 
provided by an uninjured versus an injured plant, over the realiwi lifetime 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. 

n See, National Gardening Swvev, 1992-1993, National Gardening Association. 1993, p 14. 

U See, "Financial Performance ofV.S. Floriculture and Environmental Horticulture Farm Businesses, ) 987-91 ," 
Statistical Bulletin 862, USDA, p. 2. 

I< To simplify, we do nOI 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 I - Jt is the difference between the 
aesthetic services tbat would have been provided by an uninjured plant over its extended 

lifetime (areas Al plus Al ), minus the aesthetic services provided by a replacement plant 
represented by area A2. The loss in aesthetic services over this timespan narrows as the 
replacement plant grows and matures over time (For illustration pUfPOses 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 chan.) This could include the 
cost of additional fenilizer 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. 15 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 experience 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: 

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 

II Quasi-public goods are goods that are similar to public goods in the consumption externality that they provide, 
but the beneficial e:-.1emaluy is nol perfectly available. There typically 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 evenrually 
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 shetter-lived small plants, such as flowers or shrubs. 

3.3 Quantifying Economic Losses 

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

• Plant !J se 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. 

• lnJ.u..I¥. 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. 

Valuation of injury. Given that significant ozone-induced injury is present in the uman 
landscape, information would need to be developed on: the cost of removing and replacing 
plants; consumer valuations of the aesthetic 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 (uman 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 uman 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. Alternatively, monitoring 
prognuns could be set up to observe a large sample of urban plant species during several summer 
seasons. 

Developing infonnation in the third area. would be challenging. Because ozone-induced 
changes in a plant I s aesthetic services are not priced directly in the market, contingent valuation 
surveys wouJd have to be used to value aesthetic losses from identifled plant injury. Such surveys 
could ~ 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 I s appearance, the timing and duration of such 
effects, the likely frequency of injury, and the kind of plants that are injured. The surveys should 
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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 infonnation 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 ornamental 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 . 16 We were specifically interested in their observations and opinions regarding: (1) the 
extent to which ozone damage to urban ornamental 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 , Ollr research indicates that economic losses from ozone-induced. injury to urban 
ornamental plants has been limited significantly by a comb.ination of the following factors . 

• There is wide genetic variability across and within plant species with regard to tolerance 
to 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 perfonnance 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. I' 

16 We identified knowledgeable individuals informally by following up on leads from various conversations. We 
did no! use a formal sampling methodology, nor did we attempt to detennine whether the individuals and businesses 
contacted were "representative." 

I' When functionally equivalent substitute plants are available, the economic losses associated with the loss, or 
the inability to use, specific ozone-sensitive plants in the urban landscape is significantly reduced. In economic tenns. when 
there are many substitutes, the demand curve for any on rype of plant species or cultivar is likely to be flat. i.e., there is little 
consumer surplus associated 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 uroan 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 infonnation we obtained regarding the extent of current injury to urban ornamen~l 
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 moisrure, to be of much greater 
imJXlnance 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 tbose contacted are 
located in ozone non-attainment areas) or in fmal 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 honiculruralists 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 summer.). Sycamore trees apparently also show subtle signs of ozone 
injury (a fine stipple that looks like damage from spider mites), but because they are fast growing 
the injury has linle effect on the aesthetics of the trees. 

Ambient ozone levels clearly are high enough to affect agriculrural 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-tenn 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 agriculnnaJ 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 
ornamental 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. IS 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 cuJtivars 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-resistaJilce. Many of the breeders and nurseries themselves are located in high ozone areas. 
Plant varieties developed in breeding programs that do not initially do well at the nursery 
generaIl'y are discarded. Likewise, plant species that either do poorly at the nursery or in the 
market areas served by the nursery are not carried. Nurseries selling at the wholesale level 
indicated that they are keenly interested in the perfonnance of their plant material in fmal markets 
and wilJ visit locations to determine the cause of problems, should they arise. 

New strains of gniSseS 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. 19 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 earJy 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-

1& See, National Research Council , ~, p. 491. 

19 USDA turftestingpro~ began in 1980 and are on five year cycles. Testing programs for ryegrass typically 
would have about a hundred seed types, benlgTaSS and bluegrass about 80 \0 100 seed types. and fescues about 40 to 60 
seed types. The various strains are evaluated for color, texture. density. uniformity. and smoothness. The results are 
published and serve as the basis for recommendations regarding the suitability of grass varieties for various geographic areas 
and uses. 
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attainment areas . Perennial flowers are not carried if they do poorly at the nursery or in fmal 
markets. Likewise, annuals that have not performed well in final markets have been pbased out 
for business ~ns. 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 prognun 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 an 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 noo­
attainment area, and new varieties developed there also would be ozone-tolernnt. 

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-attainment 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 certai.n 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 inclicated that there is a wide palate of plant material available 
that is suitable for use in the urban landscape. 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. 
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Table 1.1 
Grasses aud Oover: 

Temperature Zones and Sensitivity to <hone 

Temp. ScDS.iliYity 
CommoaNamc e to OJ.OllC 

Graaca: 
I 
I 

belitg"a.s6 (CDlonial) cool S 
bentVU1 (colonial) cool S 
bentgrus (cnlonial) cool r 
bentgnw (CDlonial) tis tcnull "Highland" 0001 I 
benlgra&S (aeeping) lis palustris • Astoria" cool S 
bentgras.s (acepIDg) ostis palustris ·Cohanscy" cool S 
bcntgrass (aceping) t is pal ustrU "Emcnkl" 0001 I 
bentgT3£' (=ping) ostis paJuslri£ "Highland" cool I 
beOIgr&SS (aceping) Ollis pahulris "H oiCler" 0001 S 
bc::Dlgrass (aceping) CI6tis pa.Juslri£ "Kinptown" a)()j I 
bcntgrus (ac.:ping) tis palusIIU "Pennaoss" cool S-R 
bcnlV3S' (aceping) ostis paluslris "Seaside" cool S 
bentgnss (redlop,mmmoo) tis alba cool I 
Bc:rmudagr~ 00 00 dactyloll WIl1II R 
Berm uda gTMS odCI\ dactyJon( common) wanD R 
Berm uda gras.s 00011 dactyl 011 "](a nsas P -16" warm I 
Berm udagras.s odoo doaylon "Tufcott" warm R 
Berm ucla grass 0000 hyb. "Santa Ana" warm R 
Berm uda grass 0<100 hyb. 'TuCgrass" warm R 
bluegrass a.a trivial is cool I 
bluegrass (annual) oa annua cool S 
bluegrass (Canada) 03 compressa "Canada" cool R 
bl uegrass (Ken lIiCky) oa pratensis 0001 I 
bluegrass (Kentucky) oa pratensil "A - 34" 0001 ) 

bluegrass (Kentuclcy) 0& pr8lcllAis "Adelpllr 0001 J 
bluegrass (Kentucky) oa pralCnsis "~Ia" cool R 
blucgT:u.s (Kentucky) oa pra tcn5is "Baron" cool 
bluegrass (Kentucky) oa pra lensis "Birks" 0001 I 
bluegrass (Kentucky) oa pralensis "Oteri" cool S 
bluegrass (Kenluclcy) oa pra lensis "Co ugar" cool R 
blUegrass (Kenludcy) oa pra teruis "Del ta" 0001 I 
bluegrus (KenlUclcy) oa pra tellSis "Fylki ng" cool R 
bluegrass (KenlUcJcy) oa pra teusls "G lads" cool R 
bluegrass (Kentucky) oa pralen$is ~blue" cool R 
bluegras.s (Kentucky) oa pratenaia "Merion" a)()j I-R 
bluegrass (Kentucky) oa pra tensis "Newport" cool R 
bluegrB$4 (Ken t lICk)') oa pratcnsis "NUUet" cool I 
bI uegrass (Ken I ucli.y) CIa pra temis "P -142" 0001 I 
bluegJ"a" (Ken tuc.lcy) oa pnle!LSis "Parle" 0001 J 
bI uegnlSS (Kentudty) oa pra tePais "PeDDStar" cool R 
bluegra&5 (Kentucky) oa JrlllaISis "Plush' cool I 
bI uegrass (Ka! 1 \ICky) oa JrIItcDai:a "Prato" cool S 
bluegnw (Kentucky) oa pnteDSis "Primo' cool R 
bI uegrass (Ken lUCky) oa pr1ItellSis "Skoo.l" cool 1 
bluegras6 (Kent ucky) oa praterJais "SydIpat ~ cool I 
bI ucgrass (Ken t uclcy) oa pratenais "SJ)akol.a Certi6ed" 0001 R 
hi ucgrus (Ken I ucIcy) 01 pratc:!lSi$ "T ouchdoM!" 0001 1 
bluegn.u (Kentucky) oa pntCD&is "Vici.a" cool 1 
bluegrasi (Kentucky) oa praten&is ''WiD d&ar" 0001 R 
blu egrass (Ken lucky) oa pntenais (common) cool R 
f~ue cst uca 0d0fi0ra cool R 
fescue (Olarwings) CSluca nlbnt VIr. com.mU1a1a cool S 
fescue (Olarwitlp) cstUCI nlbn~. COIII.UIUIaLa "Jamc:aIOWll" cool I 
fc:scue (creeping rod) CSluca rum "llJahoe- cool 



Table 1.1 
Grasses and Oover: 

Temperature Zones and SeDlitivity to Oznne 

Temp. Scaa.llMry 
Commoll Name Omae 

tC$CUC (aceping red) c&tUC3 run "Pmnl8wD" cool S-I 
fescue (ral) d.tuca ruin '\Highlight" cool 1 
fescue (sheq» cool 1 
tcscue (taU) 0001 
fescue (~U) cuuca arundinaccae • A1tae CX)()I S 
fescue (~II) CX)()J 1 
toscue (tall) cool I-R 
grass 1 
grass J 
grass (trorne) R 
grass (!rome) 
grass (trorne) omus etectus 
graiS (~me) crnllS rubells 
grass (trome) omus rubeDs (air poIlutiCII ecotype) I 
grass (trome) emus rubella (Don -air poUUlioD ecotype) S 
grass (Irom!!) omus .p. "Sac Smooth" S 
gT8$S (trome) om us Slc:rilis R 
grass (trome, soft) omus lOctarum S 
r:rass (Ca n aryl halans aq~tica 
grass (Canary) halaris canariensis lUUlual S 
grus (crinkled hair) &mpsia f1exuosa 1 
grass (JohnAon) ghum halepense 7 R 
grass (manna) Iycc:ri.a n ubigcua S 
grass (ordlard) is gtomenta R 
grass (orchard) . glomc:nta "Potomac" R 
grass (pepper) idum baiocarpurn annual R 
gus (pepper) idum virginicum 81Uluat S 
grass (rabbit/COl) olypogon mcwpeliensis 
grass (Lall oats) henalberum e1atius 3 
gus (velvel) 
grass (wild wheal?) 
ryegrus (Italian) cool R 
ryegrass (perennial) ium percnne cool I 
ryegrus (perennial) lium pc:rennc "Umora" cool I 
ryegrass (per=:! n ia I) iurn pc:renne "UmJ" cool 1 
ryep-ass (perennUit) Iium paennc -Manbaaan" cool 1 
ryegrass (pc:ren nla I) Ii um pc:rcII.Ilc "NK -1 00" cool I 
ryevass (pc:ren.uiat) . um pc:re:nIlC "NorIea" cool R 
ryepus (pc:rennial) um pere:nnc "Pdo" cool R 
~ (perennial) um pc:re:nac "Penwc" coot R 
ryegrus (perennial) um pc:reI1llC "Splendor" cool 1 
I)'CI'I3M (pc:rennial) um pc:re:nne 'Talbot" cool R 
SL Augustine gnw tmolllphrum IeClDdatum --.n. R 
zoym graa (oommoo) iup. ~. R 
:uJ'j8i.a graa (emcnld) byb. wann.. R 
ZD'J$ia gnIII (Japancae) Ia japol!ica (c:oIIIJDOD) warm. R 
wysia grus (Meyer) japonica 1IiI8nD. R 

COlI'en: 
alaike cIoIIer rifoUum bytridum 3 R 
aimson clover · OlJuDI incanIatum lJIDual 
ladino clover · too um repens 'Tillman" 3 
red clover oli UID pratc:ase 3 
red cIOYeT rtfolium praleDaC "CbcaapeaU" 3 I 
red clover oliulD pra IeD&e "ICaI.laIId" 3 S 
rcdd~ • OI.iUID pr8ta11c "Olta'llllft :3 1 
red cJO'Ja' · OOIllD pr81.c:Dae "PCIIDICOU" 3 1 



whiLe clover 
....niteckM::r 
9ttIile or Iadino dover 
while or ladino dOllCr 

while or Iadino dOllCr 

wh i te or I&clino clover 
<Miite or Ladino dover 
white or 18dino dOllCr 
whit c sweet clO'IIC!' 

Table 1.1 
Grasses and Oover: 

Temperature Zones and Sensitivity to Ozone 

rifolium repcna (o:zooermls&ant cIoDe) 
" olium repcoa (ozone sensitive dOGe) 
• Uumrepens 
" olium rcpcns "Alban" 

rlfoUum rcpc:na "Lad iDo California" 
riIolium repens "ladino Sacramento· 
"foil um repcn5 "Millcaoova' 
"foliull1repe11S "Sonja' 
clilotLA al ba 

3 
3 
3 
3 
3 
3 
3 
3 
3 

J 
S 
S 
R 
R 



Table 1.2 
Flowers - - Amnaal and PerelUlial: 

Temperature Zoacs and SeDiitivity to Ozone 

Temp. Scuilivity 
ColilmoD Name S e 

IbJearia I 
aster (EngeJmallll) CZlgdmanni S 
lI5Ier (purplcltcmmcd) Ie%" pUDiceus 3 S 
85lC' (M1orlod u.ood) ler acum.inatus S 
IIYeIIS (mOlinlain) nldialum R 
baneberry quia 3-5 I 
begonia nia re:r 8D.IlWlI R 
begonia nia .p. "Christmas" annual R 
bqonia Ilia &p. "LiD<l.a" annual I 
begoni' .p. "Scarieu8." annual R 
begonia onia qI. "Thousand Wooden White" anauaJ I 
begonia nia 'p. "White TaUlCDdscbon" I.llnual I 
begonia (Elatior) nia It hicmalia "BaIIcrilla" annual S 
begonia (Elatior) . :.{ bic:malia "Fantasy" lUIuual R 
begonia (Elatior) onia x hiemalis "Heirloom" anaual I 
begonia (ELatior) nia It hiemalis °lmprow:d Krefeld OnlDge" 8D.Iluai 
begonia (Elatior) ia l[ hiemalis "Mlkkdll.1meligbt" annual S 
begonia (Elalior) ouia x hiematis "N~ annual I 
begonia (Elatior) oni,lI hiemalis "RCll.Blssance" annWlI I 
begonia (Elalior) nia I biemalia "SchwabeD1and Rod" annual S 
begonia (Elatior) annual R 
begonia (ELatior) annual I 
black - <:ycd Susan 4 S 
bUck-eyed Susan R 
bluebcU or lungwon 3-5 R 
c:am.ation (Illhite sim) 8 S 
chrysanthemum 5 R 
chtys;anthemum n!hemum .p. "c:.cnage Clsb.ion" -5,108 ! 
cluy$3nlhcmum themum 'p. "AnD Ladygo" R 
cb.rysantbemum themum£P. "BIlby Tears" I 
chrysanthemum nlilemulD rp. "Bonnie Jean" R 
chrysanthemum nthemurn 'P. "Brigbt YeUowTuDefur R 
chrys.ao!hemum theIDUID .p. "Camco' R 
c:tuyunthcmum btbemUID sp. '<luis CoIumbul" I 
chrysanthemum n!hCGlum 'p. "O)I1aI Pal" 5, to8 I 
chrysantbemum u lh em um $p. "Dark YeUow Tolr:yo" -5, to 8 R 
c:b.ry5eothem II m lhemum &p. "DisliDclive" -S, to8 R 
chryaantbc:mum tbemum ap. "DoUi-dtc" 3-S, t08 R 
chry:sant bemum n lhem um 'fl. "Flair" -5, to 8 R 
cbrysalltbemum thcmum -p. "Fuji.lea Williams" -5, to8 R 
cluys.\nlhemum nthemum 'po "Fuji -Mefo" 3-5, t08 R 
ctJtysaDlhemum \lID rp. "Cny Blade" 5, to8 I 
cbryu.ntbemum theulWllip. 'Golden Arroet 5,108 I 
cbryD.nthemum IIthezilumap. "Golden 0ahi0D- -S, to8 R 
dlryaanthemum. Lbemum 11'. "Oo6dea Peking" -S, to8 R 
~othemum. lbemuaJsp. "OoIdeD YdJowPrincQa -5, to8 R 
d!rysaolhcmum thcmum 11'. "Indian Swnmcr" -5, 108 R 
du)'lAllthemum themum ap. "Jraamint Wl1liams"' 5,108 R 
chryullthemum. tbemum 'P. -KiII&" RaIllOlD· -5, to8 S 
cmy.anlhemum thaoum 5p. '\..erry" -5, to8 R 
chrysantbemum n them um sp. "UpstirX" -5,108 R 
chrysallthetDum otbemum 'P. "Manda1ay" -S,108 R 
dlryaanlbemuDl olbcmum ap. "Mangd" -5, to8 S 
chryaaDtbemum lhcmum 11" "Mermaid" S, to8 R 
c:hryIaJ:I them urn thcmum&p. "MinD White" 5, to8 S 
cbryIanlhemum thcmum sp. "Mt SOW -5,108 S 
ehry5aIItbemum IItbemum qI . "Muted Sunehine" -S, to8 R 



Table 1.2 
Flowers - - Annual aDd PereDDial: 

Temperature Zones aDd Seaaitivity to Ozone 

Temp. Sea.ilftity 
o. N.mc Zoac to e 

cbryaantheulum nthemum lip. "Oregoaw -5, to8 R 
chrysanthemum nthcmum *p. "Pndlow 3-5,108 I 
c:bryunlllemum lhemulJ! sp. "PalJllio" -5,108 1 
chrysanthemum btbc:mum .p. "Pink Oiicl" -5, t08 R 
chryianlhemum Ibcm um &po "OuecD '. Lace" 5, to8 R 
chryaanlhcmum lhcmum ,po "Red Dc.crt" -5, to8 R 
diryunlbcmum them UIIl sp. "Red MWchid" -S, 108 S 
cbryunlbcmum n tbCIDUIIl 'po "RcdWn" -5, t08 R 
chryunlbemum tbemum6p. "ResoIutew -5,108 R 
c:!uyaanlhemum nthcmum .p. "Roley Nook" 3-5, L08 R 
chrysantbemum nthcmum *p. "Ruby Mound" -5, to8 R 
chrysanlhemum nthc:muDl 'p. "SiIYcr Sbcen" 3-5,t08 R 
chry1.vIlhemum nthcmum 'p. "Slei(hridc" 3-5, t08 I 
chrya.an I hem u m DlhcmUDl Ip. "Spinwbecr 3-5,108 R 
clllysll ntbem UOl nthcmum 'p. "Tinkc:rbelF 3-5,108 R 
chrys.a D them IIID nOlcmumsp. "Touchdown" 3-5,108 R 
c:hrysantbemum ntbcmum 'p. 'Tranquility 3-5, to 8 R 
d!ryIanlbemum tbemum 'po "Tranquiliry' -5,108 S 
c/vysanthcmum nthcmum 'p. "Trident" -5,108 R 
chrysanthemum nlhemum 'p. "White OBndchiJd" 5,108 R 
chrysa1Ilhcmum themum sp. "yeUow Jc:ucuc" -5, t08 R 
chrylianthcmum nlllemum!p. "YcUow less William" -5, t08 R 
chrysanlbcmum nthemum sp. "YcUow Moon" 3-5, to8 R 
chrysanthcmum ntbcmulII sp. "YeUow Supremc" 3-5, to8 I 
chrysan them urn ntbemulII .p. -5, to8 S 
coleus \eLlS ,po "Pastcl RainboW' annual S 
colcus (coOlmon) !ellS blumci annual R 
concflower ( eu 11 c:a f) ud bex:kia lAciniata 3 S 
coreopsis copsis Ili!elovii I 
a"Oton L8CUOl variegBlum pic:tum 10 I 
dahlia 118 'p. nn1W/bi S 
geranium a-anium fremonti i S 
geranium cranium ricbardsonii S 
gennium erartium ,po 2-7 R 
gennium (common) elBrgoni urn b O(locum annual I 
lily (EuICf) 

.. 
um 1000cifiaum I 

lily (Sego) ochonus nutLalIii 3 R 
lupine 
marigold annual 
marigoLd annual I 
monlc.~OWC" (yellow) S R 
mornin,,,ory annual S 
III usldIowcr ulus 1II00000lUi R 
petunia elunia dou bIe gJ1IJIdillon "BJ lie Danube" annual R 
petunia ctUDia graDdillon bicoIor "Otlypso" annual R 
petunia etunit graDdiOon "Blue Jeans" &l!.D.ual R 
petunia ctUDia JnDdlOon"Blue SQ" annllll R 
petunia ctUDia pnctiIIon wa-ry Bloaom" annual R 
pelunia ClUDla vanc1iflon '1....i1K TJJIle" aanual R 
petullia eum.Ia grandl1lara "Pani Pink" (pink) annual R 
petunia etunia &randiDan "Peach Blossom" annual R 
petunia eI unit graDdiflara "Rod Magic" (red) annWlI I 
petunia elunia ~ara "Roulette" lIlrIuaI I 
pct\lnia etunia p-udlOora "W.mor" annual J 
petunia elunia hybrida "Rate Owm" aanllli I 
petunia elunia mu1tlBon bicoIor "Pcacbc:a &lid Qcamw annual R 
petunia ctwtia lIIultillora "Fc:ativar annual 1 



Table 1.2 
flowen -- A.aDual aad PereDDiaI: 

Temperature :loDes aDd Sensitivity 10 Ozone 

-I Temp. Seuitivity 
Co_oaName SDeCiea Name Zaa., too-c 

petunia PClvnia multillora "Victory' lI!II1ual R 
petW1la PetW1ia 'P' lIlJlual S 
petunia Petunia ,po "Blue Danube" annual R 
petunia Petunia ,po "Blue JcaQ$" annual R 
petunia Petunia .p. "Blue ScI" allllual R 
petuni.a Petunia .p. "Bonanza" llJlllual R 
petunia !'etunia 'p. "Calypso" IIDJlual R 
petunia Petunia ,po "Canadian- All Double Mix annual R 
petunia Petunia &p. "Capri" lJIDual S 
petunia Petunia ,po "awny 810u0m" annual R 
petunia Petunia ,po -ComaDcbe" annual I 
petunia Petunia .p. "Festival" annual R 
petunia Petunia 'p. "Lilac Time" annual R 
petunia Petunia ,po -Pani Pink" annual R 
petunia PetUDia .p. "Pead! BIOIIOm" annual R 
petunia Petunia .p. -Peachea and Oeam" annual R 
petunia Petunia &p. "Pink Cascade" annual S 
petunia Petunia .p. "Red Millie" allllual R 
petunia Petunia 'p. "Roulette" annual R 
petunia PetWlia &p. "SllOMtorm" anDual I 
petunia Petunia Ip. "Victory" annual R 
petunia Petunia 'p. '"Warriot" annual R 
pelunia Petunia ,po "White Cascade" annual 
phlox family Polemmium folicsisaimum 4 I 
primrose (e\leniDg) Ocootben c:alilornic:a I 
salvia Salvia oolumbariae R 
lnalc.eroot (Illhite) Eupatcriwn rugowm 3 R 
snapdragon "Floral carpet" Saophllbria? "Roral Carpet" 4 R 
IDapdragon "Roclc.et ~lIfe" 5cr'ophulMla1 "Rocket Mixture" R 
sunflower (OOg1atOn) f-ieJiaDtilua annuus annual R 
~pca Lat~ Iall.lWenii R 
IrWCet pea La thyrus pa uc:ifiorus I 
trumpet aeepet Cam psis rad ic:a1\5 4 R 
violet Viola ltal ic:a S 
violet (book.od 'pur) Viola aduOOl R 



Table 1.3 
Shrubs -- DeclduODS. Coniferous, and Broad-leaved Evergreen: 

Temperature Zones ud SeDSjtivity to Ozone 

Temp. SeaaltMty 
Commo. N.m __ ea N8me Zmle toO_c 

7 R 
I 

azalea odock:nciron iod ic:um 6 R 
aule.a ock:nciron kUl'lUEle "SnoW" 6 S 
lUalea ododeJldcoo 'po 3-8 S-R 
aulu ododendron 'po "AlaI"'" R 
azalea or rhododendron ocIodenciroo caroIinWlUID 5 R 
azalea or rhododendron 4 S 
azalea or rhododendron 7 R 
azalea or rhododendron ododendcoo nCIYB llCIDbla S 
azalea (Glenn Dale hybrid) ocIock:ndron ,po "0 lacier" I 
azalea (Hinodegiri) cd ode:odron obi. \ISU III "Hinodegiri" 6 S 
azalea (Indian hybrid) odock:ndrOD 'p."Mrs. G.G. GerbiIIg" R 
azalea (Indian hytrid) ocIodcudron ,po "Red Wing" R 
azalea (Korean) ocIodendron pou.kb.a.nensis S 
azalea (KlUUme hytrid) odock:ndroo ap. "Hcnbey Red" I 
Bzalea (Kurume hybrid) ododendron .p. "Rod Luann" R 
aulea (Kurume hybrid) ocIodendron 'po "SnoW' R 
azalea (Perica! hybrid) ododendron sp. "M(DC Pericat" R 
azalea (Salluki hybrid) odock:ndron 'p. "Pink Gumpo" R 
azalea (woolly) ocIock:.nclron ro&eu.m elega ns 3 S 
a:z.elca (Delaware white) ododendron sp. "Delaware while" I 
blackberry bwi Ip. S 
black berry (th om less) ubus canadensis S 
boxelder maple 3 R 
boX'oOlOOd 6 R 
cinquefoil (b~l\) 2 R 
cotoneaster tonC3Ster d ivarica La 5 
cotoneaster 5 
cotoneaster (spreading) 5 I 
cumin! (Indian) S 
dracaeoa 10 R 
elder berry R 
elderberry (American) 3 S 
eldc:rberry (black) 3-6 S-l 
elderberry (blue) 
euonymous 3 R 
euony:m~ (winged) 3 R 
flf'cthorn (scar Ie!) 6 R 
fonythia 5 S 
(uc~ia 9 I 
goa&oebaTy R 
highbush bluebo'Ty 3 R 
holly (Hct1Japaneae) 6 R 
boneysucklc (Japanese) japooW::a R 
honeysuckle (mOrTOW) R 
juniper (P!itur) 
juniper (Savin) 4 
juniper (,hore) 2-5 S 
juniper ( __ tern) I 
lilac (Olinae) 5 S 
lilac (colDmon) 3 I 
mahonia (creeping) R 
mock -O(1Inge (I'WeCt) 4 s-r 
mountain 14urel 5 R 
nioebarlc ( d wart) 2 S 
pieri, 6 R 



Table 1.3 
Shrubs -- Deciduous. Coniferous, aDd Broad-leaved E'lCrgreen: 

Temperature ZoDes aad SeDaitmty to Ozone 

-~c.p. Seultmty 
Co Name e 

piYct.(Amur) am_ R 
raspberry (red) ubua idacus 3 R 
rbododeo~n ododc:ndroa 'p. - rbododeodrun 3-8 R 
rhododendron (CaLailolba) ododendron c:aUlu.tliCllSe album 5 S 
f'()K 'p. 2~7 S 
rOlC ~i R 
rose (mullillon) $-1 
SlISelrusb (biC) 5 R 
an~ S 
anowb:ny or CDl'"alberty R 
anowberry (wllitc:) R 
apioe:bush 4 R 
sumac \IS canadensis S 
aumac (smoot h) \IS glalra 2 S-J 
sumac (51a,born) LIS typhina 3 S 
sumac (winced) \IS copallina 4 S 
viburnum iburnum carlc::si 4 S 
viburnum (8IT01Wo'OOCI) 2 R 
viburnum (linden) 5 }-R 
viburnum (maplc:leaf) 3 R 
vibllrnum (lea) iburnum lCtigcrum t-R 
yew PUS5p. R 
yew PlIScuspidaLa 5 R 
ytw I &1US X 1Dcd~ "Hicksi" 4 R 
yew (dense) I axus media "Dc:nsiforwis" 4 
yew (HalCields AngJojap) PUS x media 4 R 



Table 1.4 
Trees - - Deciduous: 

Temperature ZoDCS and Sensitivity to Ozone 

Seaaitivity 
(Ill N.me e til O_e 

acacia 9 R 
alder 2 S 
alder (European black) .. R 
uh 3-6 S-R 
adI (bluc) R 
ash (European QloulIlain) 3 S 
ash (flowc:rillg) raxin 115 anJUS 6 R 
ash (green) ra.w:inllS pc:nnsylvllnic3 3 S-I 
uh (Hesse Europc:.!n) ruin lIS c:s:d$ior .. I-R 
ash (Oregon) mnllS orq.a n.a S 
ub (white) .. 5-1 
aspc:n (qll.8king) 2 5 
bwwood (while) I 
beech Igus americana 
betth (AJnaican) Bgus gnndiCo!ia R 
betth (European) agllS sylwLica 5 R 
blf'Ch Lula pube:scens (aecdings) S 
birch tub IICrI"\IClOSa (aecdlilll') S 
birch (blacll) tula letllB. 3 R 
birch (E1Iropc:an whiLe) tula pend ula 2 R 
birch (grey) I ula populi{olia R 
birch (river) lula nigra 5 R 
birch (ycllow) Iliia allegbaniell6l£ 1 
birch (yellow) LIla allcghen i al$is , 
biackguill 5}'M I ic.a .. R 
buckeye (Ohio) C$Culus glabra S 
buckeye (yellow) IlI£ oet.a ndra 5 
catalpa 5 R 
catalpa (northern) 5 
cherry 2-7 S 
cheny (black) .. 5-1 
ebeny (Cornelian) R 
cheny ($argent) 5 R 
ch crry (sweet) .. R 
coHee tree (KenILlCky) 4 R 
QlILonlAOOd S 
ooltonVoOOd (black) .. S 
aabllpple R 
cueu III bet tree 5 R 
dogwocd (f1owmng) 5 S-R 
dogv.«d (gray) R 
dogwood (red-OIlier) J 
dogwood (silky) 1 
elm 3-6 R 
elm (AJDerican) 3 R 
elm (Cl1Incsc) 6 S-R 
empreaatrec 5 R 
fil bo1 (Taakish) 5 R 
ginqo 5 R 
haalx:ny (common) 2 R 
haltothorn (c:ocbpur) .. J 
ba1lllhorn (Washington) .. R 
hickory (mockernut) R 
bick.oIy (piJnUI) .. R 
hickory ( lhagbas"k) R 
bopharnbe:am (Eastern) .. R 
bornbeam (EUTOpean) 5 R 



Table 1.4 
Trees -- Deciduous: 

Temperature ZoDeS and SeDSilivity to OzoDe 

bone chestnut 
Japanese pagoda ITO: 

Larch (European) 
larch (Europa n) 
Ian:h (Japanese) 
linden (American) 
linden (biklca/) 
linden (Oimcan) 
linden (Ultlelca/) 
linden (Iilver) 
locust (black) 

e 

10ClISI (thornless honey) 
maple (Amur) 
maple (big-tooth) 
maple (black) 
maple (broadte.al) 
maple (hedge) 
maple (Norway) 
mBple(rcd) 
maple (silver) 
maple ('ugar) 
maple (sycamore) 
mulbc:n"y 
oak 
oak (blad,) 
oak (chestnut) 
oak (English) 
oak (Gam bel) 
oak (northern red) 
oak (Oregon while) 
oak (pin) 
oak (:scarlet) 
oak (shingle) 
oak (wbiIC) 
oak (white) 
olivc(autumn) 
Ouge orange 
peach 
pine (trW Iccone) 
planetnx: (London) 
poplar (hytrid) 
rainlree (panided golden) 
redbud (Eastern) 
red bud (Ea.s1crn) 
~ 

acrW:ebcrry (alder-lea/) 
KrViczbaTy (AlIqbcuy) 
ICI'Vicebc:fry (rouadteaC) 
ICYiocboTy (MStcrn) 

I)'C8lDOI'C 

l)'CUIIore (ADlelican) 
syam(W"e (~ll!omla) 
InlC of beaven 
tulip poplar 
walnul (bbtt) 
v.;llow 

Ilia peliolaris 
bi.nia pseudo - acacia 

led ilSia uiac:anl/los incrmis 
pnnala 
grandidenlalum 
nigrum 
m.crophyBum 

TClllp. 

.. .. 
3 .. 
4 
3 .. 
5 .. 
6 
4 
S 
.5 

S 
4 
3 
3 
3 
5 

4-7 

5 

5 

5 

5 
S 

.5 
5 

5-6 

5 
5 

2-5 
S 
6 

4 , 

.5 

5 
5-6 

.5 

4- 5 
5 
S 

Se-.llivi. ty 
c 

5-R 
R 
I 
I 
R 

S-R 
S 
S 
R 

l-R 
I-R 

I 
R 
R 
R 

R 
R 
I 
R 
R 
R 
1 

R 
R 

S-R 
I 
R 
S 

5-R 
S-R 

R 
R 
R 
I 
R 
1 
R 

5-1 

S-R 
I 
I 

S~R 

I 
R 
R 

S-I 
S 
I 
t 
S 

S-I 
S 
R 
I 



Table 1.4 
Trees -- Deciduous: 

Temperature Zooes aacI Seasitivity 110 Ozoae 

- TC8Ip. Seu.ilivity 
.. 011 tUllle "DC 10 <boDe 

3 S-R 
6 I-R 



Table 1.5 
Trees -- Conifers: 

Temperature Zoaea and ScDSltivity 10 Ozone 

Temp. 
Co_o.Name S..ae.N.ra~ Zoae 

Arbcrvilae (N. ~ cedar) I'hujaoacideDtalis 
cedar (1Docnse) c.kx:ainaa dct:urrem 
cedar (Incen.se) Calooedrus da:urTCllS, uboa:dnIa dec:.um:ns 
cc1aT (Northern while) Tbuja occideotaljj "P)nmidaIE" 

cedar (red) unlpcrus vir)iniaua 
fir "bCl mapi6ca 
fir (balalIl) "biCl balaalIlCS 
fir (big cone: Douglas) Pac:udoIaup lIlaaocarpa 
fir (Douglas) Peeudotaup IIIaCrOpbyIJ.a 
fir (Douglas) Paeudotaup menziClij 

fir (Fruer) "bies frascri 
fir (white:) MJiCl concolor 
hemloc.k (Eastern) TIUP C8nadeDllis 

holly (American) lex opaCII 

holJy(EnClish) !lex aqul!clium 
magnolia (umt:n.lla) Mapolill tripete:1a 
pine (A/gJwmtan) Pinu£ hrutia 
pine (Aleppo) Pin 1.11 balepc:m is 
pine (Austrian) Pinus nigra 
pine (Canary Wand) P in us csnariensis 
pine (CoulltT) Pious IXlUltcri 
pine (diggtT) Pious &abiniana 
pine (Eastern white) P in us Al.robus 
pine (jack.) Pinus t.uksiaoa 
pine (Japanese: black) Pinus thunba-gii 
pine (Japanese red) Pinus dcnWlcn 
pine (Japanese v.+ute) Pinus parvUlcn 
pine (Jeffrey) P inllS ielIreyi 
pine (Jcflrey/Couilcr hybrid) Pinus jeffreyi x Pinus coultcri 
pine (lmobcone) Pinus attenuata 
pine (knobeone/Montcrcy hytri: PinllS radiata J. Pinus attenuata 
pine (loblolly) Pious tac:da 
pine (lodgepole) Pin ua ()()Q tata 
pine: (maritime) lIinua pinaslc:r 
pine (Me:J.ic:an ~ing) Pinus paluLa 
pine (Monterey) Pinus n1diata 
pine (Montezuma) Pinus monlenunae 
pine (oocarpa) Pinus oocarpa 
pine (pitcbpilCh) I'mllll rigida 
pine (poadc:rosa) I'iollll poodI7'oaa 
pine (pon!U:rou) Pinus po~osa YU. iICOpulorulIl 
pine (red) PiDm rcsmoea 
pine: (1OOtdJ) Pin lIS aylw:atria 
pine: (lbortlcat) II mill ccbin.8ta 
pille (lingle leaf pinyon) Pinus IDOIIOpbyIla 
pine (Soulbwe$ten:l white) Pinua atrobUormis 
pi.ae (8llpf) Pinus Lambcnlana 
pille (table mountain) P mill puDgcus 
piDC (TOrTe:)') Pill .. ton'eyana 
plDe (VIrg\n.i.a ) Pmlll virpUana 
pine (Weslern while) Pmus motIliooIa 
~(Coast) Sequoia ICIlpcrvircDs 
sequola (gialll) Sequoia gigalltea 
ICC! uoia (Jiall t) ~~Jip.Dteum 
sp-uce (BIac.k HiI.Is) ~ gIaUC! YU. dcmata 
5pruce (black) P icr:a mariana 
spruce (blue:) Picr:a punrc:05'! 

Scuitivily 
toO_e 

2 R 

6 R 
2 
2 R 

I 
3 R 

S-R 
S .. R 
R 

6 J-R 

" R 
6 R 
7 R 

R 

S 

" J 
5 

7 5-1 
R 

3 S 
5 

S I-R 

" " S 
S S 

5 
[ 

I 
5 

6 I 
7 

7 S 
8 

R 
9 S 

R 
R 

3 R 

I-R 
J-R 
S-R 

I 
s 
S 

7 R 
R 

6 S 
R 

3 R 
3 R 



Common Name: 

spruce (O>londo blue) 
spruce (Norway) 
spruce (rod) 
spruce (white) 

Table 1.5 
Tree$ -- Conifers: 

Temperature ZoDt.$ aDd SeDSitivity to OzoDe 

SDCCiea N.me 

Pioca pungcns 
Pioca abies 
~ ioca ru bcns 
Piocallauca 

T£IIIp. SeultMry 
ZoDe: loChoDe: 

3 R 
2 R 

3 R 



Cn_OIIName 

canby 
~(Eugtlah) 
I\.y (JI1! pe) 
jllnipcr (creeping) 
mahonia (crecpiug) 
pacIIyIa ndra 
periwinkle 
periwinkle 
rusb 
1liiIe (wood) 
sase (wood) 
IICdge 
su-a wbc:rry 
Virginia aeepcr 

Table 1.6 
Ground Coven: 

Temperature ZoDea aDd SeDJitiYity to OzoDe 

Temp. 
S-.ieaName Zooe 

PadJystlma mymnlleS 

""eden helix pau. rhOUIbifolia 
bunipcrua com.aluoili dcpreasa p1umasa 
J.tabonla repcns 
Pacbysandn tcrminalili 
~iDC:8. miDor 
~illCl minor '"BrIght Eyes" 

IIDCUS Ip. 

euaiUIU lODrOdon ia "0221" 
cuai 11m lCOI"ocIonia "022.3" 

cares. sia:a La 

Frapria ovalis 
Panhenocwus quinqllifolia 

SeDaitiYi 'Y 
toO_c 

5 R 
5 R 

R 
2 R 
S R 
4 R 
S R 
~ R 
5 R 
S I 
5 I 

R 
R 

3 S 



Table 1.7 
Desen Flowers: 

Temperature Zones and ScDSitivity to Ozone 

Temp. ScuilMty 
Com OD. IName S e:a Name Zoae to Ozoae 

Canan heron bill odium ac:ulUilllD annual I 
creamc:up' La ~tcmoo c:aliIoruica aIIfIual I 
desert annual "leya plcniradial.l annual R 
dc:scrt annual lIliasonia caJilornica anDual 1 
desert aDJI ua I aneac:tis &emOD Iii annual I-R 
desert ao nua I PlIual R 
daen annual nt ha circum.scissa 8IlDual I 
dCSCTl annual annual 1 
dCSC"l annual annual S 
desert annual I 
desert annual aDnual S 
desert annual annual I 
desert annual annual I 
descn annllal annual S 
de;sen annual annual 
desert annual annual 
d=annual ngoisia schotti annual I 
dc:sen annual alacothrix gLalratli annual S 
d= annual Cdocarya hC:lerocarpa annual S 
desert annual oc:toc:aryB pia cycarpa annual S 
desert annllal crityle c:moryi annual R 
desc:n annual phac:nk:ea ambigll.ll aDnual R 
descn annual tephanomeria exigua annual I 
dc:ser1 annual U"ep8nthella IODgirostrU allllual I 
desc:n annual tylcdinc: filiaginea annual I 
desert pereonial I,uic:n deltoi:lea R 
desert winter annual missonia clavifOOD~ annual I 
desert Wlnta annual innual I 
daen winta annual ulanthus cooperi annual I-R 
desert wi111a annual ncactis carphoctinia annual I-R 
desat winta annual .neactis slevioides annual I-R 
desert winter annual Lanlha allgU5tifolia annual I 
desc:n winter annual tanll\a plC:roCII)'l\ annual I 
daen winter annual ium lasiophyllum annual I 
desert winta aOIlUllI y:anocarpus curvi pes annual R 
ph.acelia hacclia hetcropl1ylla annual S 
pbac:eli.a (harebell) haoelia cam pan ularia annual I 



Table 1.8 
Weeds, Wild Plants, Houseplants. and Uacalegorized: 

Weeda: 

bedstraw or madder 
bladder campion 
chic::t-.cd 
aabgus 
dandelion 
dod:: (bitter) 
dod:: (curly) 
goosefoot 
ironweed (New York) 
li:nolwced (prostrate) 
lMDt.quarteni 
millcwecd (common) 
milkwecx1 (tall) 
plantain 
plantain 
planlain 
planlain (common) 
pLaouln (common) 
plantain (common) 
plan lam (English) 
planlain (Iuw)') 
poison ivy 
ragweed 
ragweed (western) 
ragwon 
raput (Rugel'&) 
,1JlMt~ 

velcll (American) 
vetch (sweet) 
willowwced (hairy) 
yarrow 

Wild: 
angelica 
angelica 
IIni$crool 
belladonna 
bilt=-=t (Amman) 
chickory(oommon) 
crownbcard 
dalldilioo (mOllDtaln) 
Dycr'1 WOIId 
eplliph)tic bromeliad 
c:plli ph)tic IromelJad 
c:phlph)t ic brome.l iad 
ephiph)tie bromel.iad 
Cire9ieed 
ginBcDc (American) 
gI'1Ipc 

hemlock (~n) 
hyssop (nettle leafgiant 
!lW'5b pink 
D1itCl"lWn 

moss (apbagnum) 
mC*(aphqnum) 

Temperature ZoBes aDd SeDlltivity to Ozone 

umex crispus 
enopocium frelDoDtii 

cmonia nO\leboi ataJSiJ 
OlygCII um aviculere 

CZlOpodiulII album 
cpiQ syriaca 
IpillS o:altau 

lan tago oorooopus 
Lantago lnsularis 
!antago awitlma 
Isn\.3go maja' "a" 
Lant.ago maja' "b" 
Lanugo m.aja' "Grock" 
lanugo 1ancc:olata 
lanl.llgo media 

us I1IdicaRl (To»oodcndron radic:aas) 
broIia anemi&iifolia 
trOIia psilasUlChya 

"um maculatum 

N:a&laat e urtici.fol.ia 
u.an. amardla 

"t.elb Itc:a petala 
pbIIcnum Ocmoaum 
phagnum~m 

Trmp" 

3 
3 
3 

S 
afUlu.a1 
annual 

3 

3 
anDual 

3 

3 

3 
2 

6 
2 
3 

S 
10 
10 
10 
10 
3 
3 
6 
3 

3 

Scaailivily 
loOzoac 

R 
R 
S 
R 
I 

R 
I 
I 
I 
S 
S 
I 
S 
S 
I 
\ 

s 
S 
R 
I 
R 
R 
R 
R 
S 
S 
S 
R 
S 
R 
J 

\ 
R 
\ 
S 
R 
I 
S 
S 
S 
R 
R 
R 
R 
R 

J-R 
s-\ 
R 
\ 
I 
R 



Table 1.8 
Weeds, Wild Planta. Houseplants, and Uucategorized: 

ComDl08 Name 

moss (lphaJll um) 
neltle 
nettle (!tinting) 
onion/garlic? (wild) 
T\lC (meadow) 
s.anCrage 
s.orrc! (green) 
$OrTel (Illoep) 
.~well 
\.Il'Vottd 
Ihistle (Canadian) 
lickseed (wood) 
Iretoil 
wild buckv.tlcal 

Hou:scplaalS: 
fern (Boston) 
gloxinia 
kalanclloe 
pbilodendron 
poi nscl III 
polha; 

schemera 
violel (Abican) 

bridle'oWc.ath 
epiphytic orchid 
epiphytic orchid 

Temperature Zones ud Semitivlty to Ozone 

innillgia SpcciOia 
lanehoc bIossfeldiana 

b.ilodeDdron cordatum 
uphorbia puJcbClTima 
. nda psus 3UTCUS 

croers lIdinophyDa 
Ullp3Utia ionantha 

hypodium piDrullutD 
ph)tum ra:::etDO$um 

gusticum poncri 
C1lZC\.ia a 1 bic:a ul is 

Temp. 
e 

3 
3 

3 
3 

annual 
2 
7 

10 
10 

9 
10 
10 
10 

9 
10 

ScuiLivity 
loO-C 

R 
I 
I 
R 
I 

R 
J 
I 
S 
R 
R 
1 
R 

R 
I 
I 
R 
1 
R 
1 
R 

I 
R 
S 
S 
S 
R 
R 



Table 2 

Summary of Ozolle Seosidvity Clualficatioas. by Plant Category 

Ozolle Trcca Groaod 
SeaaltiYity In.. ••• Ie-. l~hnlia DedclIl_ Coaifen .Cow:n 

ScoaitiYe· 19 3 25 26 34 17 1 
ID~cdiate·· 47 8 36 12 1A 10 2 
Resistant 34 3 86 41 53 23 11 
No Assignment 3 3 2 4 5 11 --
Total 103 17 149 83 116 61 14 

• lncJllda planl$li.&Jed as sensitive only and as sensitive lbroup ialenDCdiate or rcslstaDl . 
•• JncJuda planl4 listed as lnlamediate only alId as inU2'lllCdiate tbrouab raistaDL 

I>esa't P 
Flowers 

7 
24 
6 

--
37 

T~I 

132 
\63 
257 
18 

580 



Table 3 

List of Plall" for Eastern OzoDC NOD-AttaiDmcDt Areas 
by Type and Scuitivity to OzoDC 

Pint Typc/ Temp. Seuhmty 
Co_01IName S caNamc ZoJlC toOzooc 

bentgru& (ooionial) \eDWs "EI:e4cr" cool 
bentgrus (00 Ionia I) \eDUis "Jii&hland" cool 
bent~ (c=A:ping) tis pahlSll'is "Emerald" cool 
bentgrass (creeping) tis paluatris "HIghland" cool 
bcIItgrass (creeping) tis palustris "Kinptown" cool 
bcIItgrus (redlop,oommon) tis alba 0001 
bluegrass 0001 
blucgnw (Kentucky) oa pra tensis cool 
bluegrass (Kentucky) os prateutis "A-34" 0001 
bluegrass (Kentucky) os pnllClUis "Adelphi" 0001 
bluegrass (Kentucky) oa pra tensi.$ "Baron" 0001 
bluegr~ (Kentucky) oa pnltCllSis "sirkl" 0001 
bluegrass (lwlIucky) oa pntensis "Delta" cool 
bluegriUS (l<entucky) oa praleD£is "Nugget" cool 
bluegrass (Kentuclcy) oa pratensis "P -142" 0001 
bluegrass (KentucJcy) os pratell5is "Parle" cool 
bluegrass (Kentucky) oa pratClUis "P1U&h" 0001 
bluegrass (Kentucky) os pratensis "Skofti" cool 
bluegrass (Kentucky) oa pra1.CllJis "Sydapat" 0001 
bluegrass (Kentucky) o.a pratcnsls "f oucbdown" 0001 
bluegr1!$S (Kullueky) oa pratensis "Vitia" 0001 
fescue (Qarwmgs) C:SlUca rum Yar. oommutata "Jamestown" cool 
fescue (aceping red) csttlCa ruIn "IUaboc" cool 
fescue (red) estuca rubra "Highligbt" 0001 
fescue (6heep) 0001 
fc:scue (tall) cool 
grass (taU 0&1.5) 3 
ryegrass (perennial) lium pccenne 0001 
ryegrass (perennial) liulJI pccenne "Lamora" cool I 
ryegrass (pa-conial) liulJI perenne "Unn" .. cool I 
ryegrass (perennial) hum perenne "ManhallJln" cool I 
ryegrass (perennial) lium pen:nne "N'K -100" 0001 I 
ryegrass (perennial) lium pcrenne "Splendor" cool I 
bluegrus (Kentucky) oa pra\eDSiIo "Merion" cool I-R 
(escue (tall) Clt1lCa arundinaccae "K-3J" cool I-R 
bluegrass (unada) oa oomprcasa "Canada" cool R 
bl uegT3.S$ (Ken t uclcy) oa pratCDIis "Ariata" cool R 
bluegrass (Kentucky) oa pralc:nsi.s "CDuga/"" cool R 
bluegras& (Kentuclcy) oa pratensis "Fyt.k.In( cool R 
bluegrass (KenlUCIcy) oa pralensis "Gla<ls" 0001 R 
bluegrass (Kent ucky) oa prateosis "Kt:Dbluc" 0001 R 
bluegrass (Kentucky) CIa prateoSis "Ne9pon" 0001 R 
blu~ (Kentucky) oa pral.eDlis "PenDaW" cool R 
bI uegra.u (Ken t ucky) oa pralCllis "Primo· 0001 R 
bluegrus (Kentucky) oa prateoSis "S.Dakota Certified" cool R 
blucgras (Keotucky) CIa pratc::Dais "W"mds«" 0001 R 
blucgr:us (Ken tuclcy) oa pnten&is (OOID.IDOD) 0001 R 
fCSClle cstuc:a odoDora cool R 
p-w (pepper) Idum luiocarpum aDIIual R 
ryegTU6 (118liaD) llum multlllarum 0001 R 
ryegra.ss (pere.nnia I) Uum pc:renDe "Norlea" 0001 R 
ryegra&S (pc:rcnuia I) lium pcrcnDc "Pelo" cool R 
ryqrus (pcce.nnial) lium pcreune "Pcnotinc· 0001 R 
l")'egI"US (pcrcnuiaJ) tium pc:n::nne 'Talbot" cool R 
beD tgrass (colonial) . \eDuis "hlaria" 0001 S 
bentgTaSS (colonial) tis tenuis "DryIaDd" cool S 



Table 3 

List of Plaats for Eastern Ozoae Non-Altaimncot Areas 
by Type aad Sensitivity to Omoe 

PlaDt Temp. 
CoIlUDOD Name S es Name Zone 

baJlg'Ua (creeping) is palutlcis "Aataria" CXlOI 
bcntgllSS (creeping) lis pall.lSU'U "Cobansey" cool 
bentgra&S (creeping) ,ost is pal usllis "Hol(jer" cool 
beoLP'U' (creeping) . pal I.ISlris "Seaside" cool 
bluegrau (annual) 0001 
blucgrus (Kentudcy) oa praLeillis "CIeri" cool 
bluegrau (Kentucky) ~ pratensis "Prato· 0001 
fescue (OIarwiDp) CIluca rubn var. COIDJIIUI.81.8 cool 
fescue (1.811) cool 
gus (Canary) aMual 
grass (pepper) idulII virginiculII annual 
fescue (creeping red) estuca rubra "PCIIIIUown" 0001 
bentgrus (creeping) ostis palusltis "Penncross· cool 

OO¥tta: 
rod clover rifoliwn pratensc "OIc:sapeakc" 3 
rod clover rifoliulII pralensc "Otl.8wa" 3 
red clover rifoli um phllcnac "PcnlllOOtl" 3 
whi Le clover . rilolium J"epen& (oroneresistaDI clODC) 3 
while clover 'rifolium repens (orone sensitive clone) 3 
white or ladiDo clover olium repens 3 
white or Ladino clover rifolium repetl$ • Alban" 3 
MUle sweel clover elUoulI al ba 3 
abike clover lrifolium ·bybridum 3 
while or ladino clover · olium rcpcas "Milunova· 3 
white or ladino c10vcr · olium rcpcm "Sonja" 3 
red clover · olium pratcnse "Kcnland" 3 
while or ladino clover rifolium repens "Lac1ino California" 3 
white or ladinG clover · olium repcns "lAdiooSacramento" 3 

Flowen: 
baneberry ea argula 3-5 
begonia nia sp. "linda" annual 
begonia nia 'p. "Tbouaand Wonden White" annual 
begonia ollia 'po "White TalllClldlc:hon" annual 
begonia (Elalior) ooiu biemalis "Heirloom" annual 
begonia (EJallor) nia x hiemalis "Improved Krefe\d Or3Dle" allJlual 
begonia (Balior) ool.a lI: hlemalis "Nixe" aonual 
begonia (Bauer) • J[ ~ "ReDailuDoe" allJlual 
begonia (Elalior) --ill x hlcmalis "Whisper 0' Pink" aonual 
c\tryIIanlhemUlXl tbemum 'P. "Ccna,e a.bioD" 3-5, t08 
cbrysanlbemulIl tbemufDap. "BabyTean" 3-5, to8 
~lbemum __ \heulumap. "OIria Columbus" 3-5, to8 
cbrysantbemulIl Dthemum ap. "O)'Ital Pal" 3-5, to8 
cbrysanlbemum Dtbc:mum Ip_ "Gay Blade" 3-5, to8 
chrysanthemum nlbcmum ap. "Oo&deII ArroW' 3-5, to8 
chryMnlbemum lhemum.p. -PaDCbo" 3-5,108 
chrysaDlbemum Ibcmum ap. -p~. 3-S,to8 
chryunlbemum lbcmumap.~ 3-5, to8 
cluyaaotbemum lbcmum ap. "YdJow Supreme" 3-5, to8 
gennium (common) dargoDium bonorum annual 
marigold a,ete:a patuJ.a "Kine Tut" BllJlual 
petunia e&1Ulia arudi1Jora "Rcd Ma,ic" (red) annual 
petunia etunia grudiflon "Roulet~" 811J1ual 
pet.llnia et.wLi.a grudiflon "'Narrior" BllJlual 
pelunia dum bybrida "Rote awm" lIUlual 

Seuitivity 
to Omse 

S 
S 
5 
S 
S 
5 
5 
S 
5 
S 
S 

5-1 
S-R 

I 
R 
R 
R 
S 
S 
S 



Table 3 

List of Plants for Eastern Ozone Non-Attainment Areas 
by Type and Sensitivity to Ozone 

PI8111 Type! Temp. Sc:oaltivi ty 
Co_oIIN.me S COl Nallle bile toOmlle 

petLlDi.'ii etunia multillon "FcstiYar annual I 
petunia elunia Ip. "ComaDChe" annual I 
petunia etunia ,po "Snowslorm" annual I 
phlOJi family olemanium follalillimum " I 
begoni.'ii oni.'iirex annual R 
begonia gonia 'p. "Olristmas" annual R 
begonia onia 'po "Scarlett.a" aMual R 
begonia (ELatior) gonia I hiemalis "FantasY' annual R 
begonia (Elalior) gonia x hiemalis '7uro" annual R 
bluebell or lungworl 3-5 R 
clu'ys.anthemum nlhemum moriCoIium 5 R 
chrysanthemum Ihemumsp. "Ann Ladygo" 3-5,108 R 
chrysanlhemum _nlhemum Ip. "Bonnie Jean" 3-5, to 8 R 
cluyLanthemulil nlhemum Ip. "Brighl YeJlowTuneCul" 3-5,108 R 
chrysanthemum nlhemum 'p. "Cameo" 3-5, t08 R 
chtyunthemum nthCIDum sp. "Darle YeUowTokyo" 3-5, t08 R 
cluy$anthemum olbemum lip. "Diltinclive" 3-5,108 R 
chrysanthemum nlhemum sp. "Dolli -elte" 1-5,108 R 
chtyunt'hCIDLlIIl Dtbemum sp. "Flair" 3-5,108 R 
chrysanthemum Plbemum 'po "Fuji leu WiJlitms" 3-5, t08 R 
c~nlhemum Dlbemum sp. "Fuji-Mefo" 3-5,108 R 
c~nthemum ntbemum sp. "Golden Olshion" 3-5,108 R 
chrysanthemum nthemumsp. "Golden Peking" 3-5, to 8 R 
chtyuDthemum nlhemumsp. "Golden YeUowPriDCC:SS Anne 3-5,108 R 
chtyunlhemum nlhemumlip. "indian Summer" 3-5, t08 R 
chrysanthemum nlhemumap. "J_mine Williams" 3-5,108 R 
chrysanlhemum nlhemum Ip. "Larry" 3-5, t08 R 
chrys.anlhcm LIlli nlhemum 'po "Lipslicl:" 3-5,108 R 
c.hrys.anlhemulll themum ,po "Mand.alaY' 3-5,108 R 
clu"ysanihemum nthemum Ip. "Mermaid" 3-5,108 R 
chrysanthemum Dthemum ,po "Muled SUlUhine" 3-5, t08 R 
chrya.anthcm u m nthemum .p. "Orqon" 3-5,108 R 
chryunlhemum otbemum sp. "Pillk Cliid" 3-5,108 R 
c:hryunthemum thcmum sp. "Queen's Uoe" 3-5,108 R 
chrysanlbemum nthemum ,po "Red Desert" 3-5, t08 R 
chrysanthemum themumap. "Redskin" 3-5, t08 R 
chryuolbcmum themum ,po "Resolute" 3-5,108 R 
chrysaDthemum nthemum ap. ~ Noole" 3-5,108 R 
chrysanthemum Ibcmum 'P- "Ru~ Mound" 3-5, t08 R 
chrys.a n them u m nlhemum sp. "Silver Sheen" 3-5, t08 R 
chrysanthemum nthcmum sp. '"SpinwhoeI" 3-5, t08 R 
chryIanlhcmum nthcmum sp. -rmkcrbelJ" 3-5, t08 R 
ebryBantbem um themum ap. '70uc:hd0wn" 3-5, to8 R 
chrysanthemum thcmum ap. '7nmquility 3-5,108 R 
c:brysanthemum themum ap. '"I'ridco t· 3-5,108 R 
chrysaothemum thcmum ap. "White Onndchild" 3-5,108 R 
ctlry&aothcmum thcmllm Ip. "YdJow leaDeue" 3-5, to8 R 
c:hryun them um thcmum ,po "Yellow Jaa WillJams" 3-5, t08 R 
chrysanthemum themumap. "YdlowMoolI" 3-5,108 R 
colCU$ (COaunOD) !:US blLuoci annual R 
geranium 2-7 R 
lily (Sqo) 3 R 
1D0o.ke)'flowcr (yellow) ulus guttat .. S R 
pelunia ctunia double pndlOora "Blue Danube" aDlluaJ R 
petunia ctunia pDdI1Jora bicoIor "Calypso" aeual R 
petuoia etunia graodifion "Blue leana" annual R 



Table 3 

List of Plants for Eutem OzoDe Non-AttaiDment Areas 
by Type and Sensitivity to Ozone 

petunia 
petunia 
petunia 
petunia 
petuoia 
petunia 
petunia 
petunia 
petunia 
petunia 
petunia 
petunia 
petunia 
petunia 
petunia 
petunia 
petunia 
petunia 
petunia 
petunia 
petunia 
petunia 
petunia 
snakeroot (white) 
snapdragon "Floral Carpet" 
sunnowcr(common) 
trumpet aeeper 
aster (purple stemmed) 
begonia (E1atior) 
begonia (Elalior) 
begonia (Elat ior) 
black -eyed Susan 
chryuDlbcmum 
chrysanthemum 
chrysanthemum 
chrysanthemum 
d!ryIaDthemum 
chrysanthemum 
cbrysantbemum 
coleus 
c:onefIov.a' (cutlea I) 
dahlia 
morning aiOf)' 
petunia 
petunia 
petunia 

Sbru .. : 
cotoneaster 
cotoneaster 
cotoneaster (.preadin g) 
lilac (commOIl) 
viburnlUD (linden) 
llZI\lea 
azalea cr rbododeDdron 
baxelder maple 

s 

etuoia pudiOorll "Blue Sea" 
ctUDia yandlflora "OIerry ~" 
ctunia grandiflor."Lilac T ime" 
etunia ~dlflon "Pani Pink" (pink) 
etunia grandltlon "Peach Blc*om" 
etUDia multUlora biooIcr "Pc:acba and <nam" 
duni. multiflora "Victory" 
dllDia sp. "Blue Danube" 
etunia Ip. "Blue Jeans" 
Clunia sp. "Blue Sea" 
etunia sp. "Bonanza" 
et\1nia Ip. "OtIyp5o" 
et\1nia sp. "Canadian - All Double Mix 
etunia sp. "ClIetT)' Blossom" 
etunia 'p. "Festival" 

. Clllnia 'p. "Lilac Time" 
el unia sp. "Pani Pink" 
elunia Ip. "Peach Blossom" 

. dUDia sp. "Peaches and Q-cam" 
Clunia Ip. "Red Magic" 
clunia Ip. "RooleUe" 
ctunia sp. "Victory" 
c!unia sp. "Warrior" 
upataium rugosum 

ophulatU? "floral Carpet" 
dianthus .nnuus 
mpsis radans 
ter punioeus 
onia x IUcmalis "Ballerina" 
onia x hiemalis "Milckell Limelight" 
oDia r bicmalis "Schwabc:nland Red" 

udbcckca hina 
nthemum Ip. "King" Ransom" 

tbemum sp. "Mango" 
themum sp. "MiDn While" 

nthemumsp. "MISnoW' 
nthemum sp. "IUd MUchlet" 

Dlhemum 'po "Tnnquilit)" 
Dtbemumlp. 

Icus '1'. "Paslel RainboW' 
bectia l.ac:iDiala 

etutlia.p. 
etUDia 'P. "Caprr 
eluuia ap. "Pink Calcadc" 

!~IOd<()dc::DdIrcn indic:um 
'~IOd<()dc:~rcln~Dum 

nqundo 

Temp. 
De 

annual 
annual 
ann Ill.! 
annual 
annual 
aUDual 
aDnual 
aDDual 
annual 
annual 
aDnual 
annual 
annual 
annual 
annual 
annual 
aunual 
annual 
annual 
annUAl 
annual 
annual 
annual 

3 
4 

annual 
4 
3 

annual 
annual 
annWlI 

4 
3-5, t08 
3-5,108 
3-5, (08 
3-5,108 I 

3-5, t08 I 
3-5, t08 I 

3-S,108 
annual I 

3 
ua/lbicn 
annual 
aDDual 
annual 
alUlual 

5 
5 
5 
3 
5 
6 
5 
3 

Scaaitivity 
toOsaDe 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 

J 
T 

I-R 
R 
R 
R 



Table 3 

List of Plants for Eastern Ozone Non-Attainment Areas 
by Type and SeDlitMty to Ozone 

Plut Typc/ 
Co_oaName 

b!uwood 
cuonymous 
euonymus (winged) 
ftrCthorn (Icarlet) 
l\ighbuah blueberry 
holly (Hettlapancsc) 
mounll!in laurel 
pieria 
raspberry (red) 
rhododendron 
s.agebrWh (big) 
spicebush 
viburnum (mapleleal) 
yew 
yew 
yew (Hat fields Anglojap) 
azalea 
azalea 01" rhododendron 
azalea (Hinodegiri) 
azalea (woolly) 
elderberry (American) 
f<nythia 
juniper (shore) 
lilac (ClIine&e) 
rhodooenciron (Catawba) 
I'OISe 

.UlIllIC (&I..1ghorn) 
sumac (winged) 
viburnum 
elderberry (black) 
mock -orange (sweet) 
azalea 

Trccs- -DccidIlOIll: 
hawthorn (oockspur) 
larch (European) 
lard! (Euro pesn ) 
locust (thornless honey) 
map\e(red) 
mulberry 
redbud (Eastern) 
B)Qmore 
sycamore (Amc:rican) 
uh (Hc&sc European) 
linden (aUver) 
100000t (bI.ack:) 
ldltova 
a.lder (European blade) 
ash (no-ring) 
beecl1 (European) 
birch (black.) 
birch (river) 
blackgum 
catalpa 
cherry (Sargent) 
cherry (sweet) 

s Name 

UXlasp. 
uoll)'DlOllS alatus compacta 
uOnylDOI!S ala t 115 

tha coccinc:a "LIIJaDCIej' 

ULlSJ: media 
ododendtOIl lrurume "SnoW' 

ododtodron kaemleri 'Camp file" 
ododcndron o~Lllum "Hinodeciri" 
ododendtOIl rOllCU.ID etegans 

mbucus canadcnsb 
onythia iOIc:nnedia spocLabiJis "Lynwood gold" 
uo.ipcr1.l6 ,po 
yrin gt. cbUIC:ns is 

ododcndron catawbiens.e album 
osa sp. 

lIS typhina 
u.s copallina 

Iburnum carlesi 
mbucus ,po 

biJadelphw CXlrOllllri 11$ 

ododeDdron 'p. 

lqwerwplli 
. decidua 

ili.acuropea 
led itaia triac:anlhos incrmis 

rubrum 

Teap. 
Zolle 

6 
3 
3 
6 
3 
6 
5 
6 
3 

3-8 
5 
4 
3 
5 
4 
4 ' 
6 
4 
6 
3 
3 
5 

2-5 
5 
5 

2-7 
3 
4 
4 

3-6 
4 

3-8 

4 

3 
A 
5 
3 

4-7 
6 

5~ i 
5 
4 
6 
4 
6 
4 
6 
5 
3 
5 
4 
S 
5 
A 

Saulti¥tty 
loO_e 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
5 

S-I 
5-1 
S-R 

I 
I 
1 
.1 
1 
I 
1 
I 
I 

I-R 
I-R 
I-R 
I-R 

R 
R 
R 
R 
R 
R 
R 
R 
R 



LUt of Plants for Butera Ozone Non-Attaingacnt Areas 
by Type and SeDlitiviry to Ozone 

Plut TJpc:I 
c.o-..OB IDe 

ooflee tree (Kcntuc:ky) 
cucumber tree 
elm 
elm (Amcri::an) 
em pre:sat.ree 
filbert (Turkish) 
ginkgo 
ballilhom (Wasbington) 
hic*ory (pignUI) 
hophornbca.m (Eastern) 
hornbeam (European) 
lapaoC6e pagoda tn:e 
1arch (Japanese) 
linden (liltleleal) 
maple (Amur) 
maple (hedge) 
maple (Norway) 
maple (ljlver) 
maple (,upr) 
maple (1)CaIDOf"C) 

oak (black) 
oak (oonhc:rn red) 
oak(~te) 

03k(~te) 

Osage orange 
pine (bristlecone) 
serviceberry (Allegh eny) 
walnut (black) 
ash (European lDounLllin) 
chCl'l)' 

ootlon\\OOd (black) 
linden (bigleaf) 
lind er> (Crimea n) 
sweet lUll) 

tulip poplar 
ash (green) 
ash (white) 
cherry (blacle) 
pLanetrec (Loodon) 
Iree of haven 
ash 
dopocd (tlowcrin,) 
elm (Clincae) 
hone cbealllu t 
Under> (J\mc!rican) 
oak (Engliab) 
oak (pin) 
oak (1aII"1et) 
nJintree (panided golden) 
saasatras 
yeIIowwood 

Trca--Collifrn: 
pille (Auslrian) 
pice ( IodJcpoI e) 
fir (white) 

S . Naalc 

palustris 
coa::iiIea 

uriapaaic:uWa 
albi41,!11) 

4raJti5 lu lea 

Teap. 
bee 

4 
5 

3-6 
3 
5 

5 1 
5 
4 
4 
4 
5 
4 
4 
4 

5 
5 

" 3 , 
3 
5 
5 
5 
5 
S 

5-6 
S 
5 
5 
3 

2~7 

" 4 

5 
5 
5 
3 

" " 5 
4-5 
3-6 

5 
6 

" 3 
5 
5 
5 
5 1 

" 3 

" 6 
,6 

$eIlaitmty 
to OZQllC 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
S 
S 
S 
S 
S 
S 
S 

S-l 
S-I 
S-I 
S-1 
S-I 
S-R 
S-R 
S~R 

S-R 
S-R 
S-R 
S-R 
S-R 
S ~R 

S-R 
S-R 

1 
1 

l-R 



Table 3 

List of Plants for Basten Ozone Non-Attainment Areas 
by Type and SeDSltivity to Ozone 

Pint TypcJ Temp. 
Co_ODtum.: SDeCia Nule ZoIlC 

pine (Japanese black) Piaua tbllllb!rgii 
cedar (incense) ~loccdnIs dcc:t.IrT-, Uboccdrus deaurens 
fir (balsam) ~bics baisamea 
fir (Douglas) Pscudotaup mc:ru:ieaii 
hemlock (Eastern) sup canadensis 
holly (American) Uaopaa 
pine (SOJlCh) Pinus sytvesuis 
spruce (black) Picr.a mariana 
spruce (blue) Picea puqens1 
'pruce (Color.ldO blue) Pioea pungens 
spruce (v.tlite) Picea glauca 
pine (EaSlern v.tlile) PjoU$ atrobus 
pine (Japan=: while) Pinus parvi.0178 
pine (JefCrc:y) Pinus jcffreyi 
acquoia (gianl) equoiadendron giganteum 

$aullivity 
to 0_.: 

S I-R 
6 R 
3 R 
4 R 
4 R 
6 R 
3 R 
3 R 
3 R 
3 R 
3 R 
3 S 
4 S 
S S 
6 S 



Table 4 

Summary of OzoDe Sensitivity CluaificatioDS for PlanlS PoteDtially 
Used in East Coast Urban Landscapes. by Plaot Cate,ory 

(bo.c Tr_ Woody 

SeDlltmt\' Gruac:a Coven Flowen s~ .. Ilc!cidgoaa Callilen PlaDu· 

SemitM:· IS 3 19 16 23 • 43 
ln~iate·· 3S 8 29 S 13 • 22 
Re$isUQI 19 3 79 19 37 10 66 

Toul 69 14 127 «J 73 18 131 

• Includes sbrubs ud \rca . 

•• Includes piaDIS listed as leIlSilive. only and as ICDIilive Ihrou&h intermediate or rcsisunt . 
••• Includes pilDIS I~tcd as inlermediale only and 11$ intermediate through resistant. 

GraDd 

Total 

80 
94 

167 

341 
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Chart 1.1 
Ozone Concentrations by Plant Sensitivity: 5 % Injury 
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Chart 1.2 
Ozone Concentrations by Plant Sensitivity: 20% Injury 
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Chart 2.1 
Ozone Sensitive Plants: 5% Injury 
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Chart 2.2 
Ozone Sensitive Plants: 20% Injury 
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Chart 3.1 
Plants with Intermediate Sensitivity to Ozone: 5% Injury 
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Chart 3.2 
Plants 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 Plants: 20% Injury 
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Chart 5: Illustration of Economic Losses Due to 

Ozone Damage to Ornamental Plants. 
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Data Base of Plants and Sensitivity to Ozone 
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Appendix A: Dala Ba~c of Plants and Scn~itjvjty to 07.nne 

Ph"' Scn,.ilivity Clals T('mp. Leve I "f I)ot.';on "r Ihh 

TYDe Comlllon Nat,,.: SDec;e. Name I\ulh . NRC I'inal /'.one E.posurc Eu,o.urc H/fect. Polllllanl SOIlTce 

S ~ ,,,,;.1,,.11>.,,, \blr~ IlaIQfI"~ ~ M K , l,. ... ~ """ H 

S ~ (11:>11.1101) \hlt1 ... .Ilun~1Io I< '" 
, 

" 
,. (\ miul)' - Ff"H ~ r\~~ lilldy rl (1I1'C' p 

S ~ ( ... b',~) \hltt. ~('otlrnlnr , 1- R • · .. . r"'"' 0 

j " (""h"-t) ,hifo' r,,"(',",lc. ... 1- M • · · ~c("lcue I" "nMh ~i~. 'S()~, hr:..., ml" J1 

S i" (""hitt f \~If" cnn('l·k, I , - R • U'f'r'" I : b" rt:"(lof ,.,ct.)~ in l"IdtJ n{ dK'(. 'U' I J =-tliJrbC:~11 r.mnf \~ 

~ .. I_bill" \blu (nn(,I"'" 
, I-II • u\t.lI!n4 - - 1"\ f., 11'\1 , ,n HJrfi,n~: r)),l'oUp ,q'() II.III~IUU! .piDIl PI ~~I)C't<tn(" ''1id .... 1 ;Iii 1 ..... lhui~\1I ." S ... ...taill!l "bit!. rnnt(.I", M M I· N • I.h~ ,,, .. .. 

S k ("""<I f'\t.le\«\D('('Ilf'I'" M 1- R • .. ., I" Injllfr - __ l!tlDhou$1I' ~Hh1r ~rflut S' 

S t ( .... bltt~ ~blu ","'nc ... lfY I 1- R • · .. Mt.",,11 ~,,... \I 

} ~ ( .... bke) ~ .. te' c~I("I(I' I '-Il • -.!~ Pflf~1 hor_' ~l'It'(,Qhk.ll'lllury N"'" .. 
S t (Fuln) ~hl@I(IiIU") n. ~ • .. ~ton:\C!' til 'l('toMb r""'" SOl )l 

! ~ IF,.,tl. AblM fnuttl II R • · I'll Inl"'" - IIltldf-.btwalu ,1udlr:j ~"" '" P 

S ~ A hie:( '''''" iRu t I,J6ppUl I! lus(cI~~ In, , 7 t111.'~ 10 OI~t' DI doQ', 11tD., I ~ bi"hul, ~",",or ). 

~ cad_' Auc" ,Ielnt! R II R • ,t'\.)prm ~ .. ,,,~) In, J d .. )~ ro lroll. hll\,lt)' r7<ln .. S& 

~ cari,? UC ... IU .... 'I II H II 0 _1t)PI'M b,\/d,,)' (f>I'" rl.y. ~ 'nit. lulu')' mDt 5& 

~ cad,? ~carll _f .. ~_1 R II ~ • _ l~ ppnl b, \/d,)' ( ...... dillir ('I Inn .. "llu ry pmut' 5& 

~ tad,? ~Clc" .tell') II II N 9 !ttwn~ hf l/~ .. ), (1'1" • dillY' t'I '01'- Ipjury p, ... S& 

4 lIiplfl (had,o) ~n. ClU1W~"" R II 5 · · f'llnlut, - nett ~'u~r "" ... 51 

• ro",l. (AD"') ~Cllll' lIil)n1". A H .< • · rro inJulY - f~tt .Iutey " ..... 5 , 

• ~"'I·lbl.-too.b) ~c. "uDdlde-ol.tulll \I R · · ,.. 1,.IIIfV - "_f"~('II.I~ " .. dV "",.. 51 

4 ".",1. Ib'~ -."",b) ~c •• udlde-n,.tuDl II R -In '>pl,m h,. If! 1.( ..... " Itl}'\lty P""'" 60 

• ~oapl·lbo ... dl .. 11 \c. IIU<J opbyUu In .. .. .. IOOO-I)fH )nIAt~ ""'e. SZ 

I ~.ldcl ..... 1. ~c. 11 __ 'Uldo t II I .. .. bln(l!lts. P""" S1 

, ~ekJl!:r aUlplc ~r. aeluado I< R II } _2.S :> !'Pin ~n ~tCodllbl~ ~J"ry p;noo 6Q 

4 .rrple (bl.d) ~c .. DI"ulIl R II .. · o Inlury - nel:ll1 .. dy r .... • S' 

4 ~Io(/I""'.r) ~c. pl'l.nold.r:~ 1\ R • · · 1'1 h\lut)' - l\e\ifjitbC'nl:59 UU4Je1, d.,." ,,",I ""'. Sl 

4 ""pl. (',<001«<> ~(,'d' pUII~dopl_UOu.l II R } II · n "IJurr - ft.'kt ,htd)' , ..... JT 

4 ",,,,Ie (/.dl ~c .. rl.lbt-»lI\ "' I , ) ,()4ppm}. h,·f(!. ... (Of • wed", . ~'.()G •. ukUr pudp .. '.' 
4 IIIPI. (led) I4c. nah" .. 'l 0' I I ) ,f\B pp"l luf(t_.,fllf .wub YJ. I.d Inlut)' o.f JI~; Jt,t..,no..,h II) uom iii inroo,," uklk P'llI<lp" II 

4 ",,,,I. (r.d) ~. lubiUD' I , J .I)_MS, 01 0,1.\ ul. L- I bu d ... I tnr l. C'O"~C'\Irt"' days rtlf IllIIb. ~~flt Idul.t M'(tple ""'. OJ 

4 "'1f'1. (ltd) ~c. ru~'unl I 1 _JOppD'l hlucl..,. ("' } fltIVIlh.\ feD"llot"'f. Ie.r drop p",.. 13 

.j \.afl1c (ud) ft.c. lublUIn S I I I t l5 IJpnl hnfc:b):.) cr~ueoe. (b..".M J~ 16 ... b 011 .. lDjury; ,e-duUloD lu \.I_b~ "., VlUI .. p ..... 15 

~ ",,,,,10 ( .. dl ~l'. fubnHn S I 1 · · ~.'t .. lpplo p ..... 51 

• ",,,,,10 (led) ~cw rw,bn!1I'I II , ) • · p" lolurr - Ik'd , .... dr: d., ... tlpplC' ,no. P 

• ~",I. ('" ..... ) ~c. u('cb:u'-llm .. R I · · ectured~C'broh)''','e P1~cIIMl ,,,.,, II 

~ ",,,,10 (.Ih· .. > ~Clll' gtc:b.ltDulJ) II 1 .10 ppm bn/dav 1m $ ultlolh, 1~lnn.DI lI~h ICdocllou. p".m,lufe"''' 100' II 

• ~",I. (.11'·., ~. ",(ciaulol.lm R R I · .. o toJ"')' - 1I.1d ,.ute)' p..... 51 

• ~""I. ("'_") ~Uf ,.em'OI1n I R ,} ~ O,()1. (U o.1S rpn) ll~ra r", I~ ~ckJ ,owtb I&dDUlo:l: 1'I('IlnU .. b~Jr 1:OO."'('W,.ll' I' 
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.I edb"d (E .. I ..... or('b ~tI.deo'lt S I · • uk ItlpplE ,nlu: S' , .. 6bu6,E.,.&'1I) "t'fcJ. ranadcmk I I · · ~"'''' ~ 'I'll lt. In,.c S' , .t'fI,ud (F.:tUffal ",rb nDade-llI& R I h. .. (\ Il'Ilul)' - 1I.'d -"udy ,!"IDe 51 
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Appcndil A; Data italic of Plant.~ and SensiliviLY to 07.onc 

Pbnl ~n.it.i"ily Cll .. T,.rap. I.evelof Dllration of o.t. 
T,pe Co. IDOl> Naill" Sac,.;c. N.""c I\lIth. NRC Jliaal ZOllC Ellno.llr., P..no, .. e I!Uec .. Pollut.,,1 SODt-CD 

, 
t,tll 'NhUtl .lInu:lo1 ~.G •• n'k ('.~('o(lIpl. ~ I - R :'11""11' 11~ > PlI''''' {bB tWf'f ~Ij\hr~ ~~ Inlu,y rrm. ~ , 
ItJrtII _IDle. 'Iu~ulli ~.I)a.ctk r.a.rpbf'CltnIJ I 1- \I lit .. ,,1.1.' .to - n,} rl-l1l1 hl~{rbY'I" J-~d:\Y\ u(iulu1t' ~mn. S9 , 
e.w:1I .""uAI ~IOO'{1h. hUI\(lnlli I 1-11 8l1nu .. 1 _ 20 - OJ prH)) 11.. vcby h'I 4 - .\ 4't~\' ~ ~.t illlu,,. lOl11: I. 

I t~11 "IDle. lObUll1 ~&D .. (·'h JC,e\'k,iir, R 1- R .nll" .. 1 .1 .):1 )0 M"U ~'lI"(\~"l!I1(6h" n fIIl)!!IY ""'. , , .... , .... ,n(.' .IDl"l1111111 'bta •• nli ~.cdo\ctu I 1- R 2HH.lul _10 - n 1 r.,m h,,{rlayff11 ..1I-S da'YI- 'ilIlia~lr ""'. }" 

10 ".qutlnen 'b .aOlp('ldI" 0'1 • Illu.,.. r I .U'u~ .. 1 OS - n,n1 PI)fU •• 1Ilhtel'l! hU/ dillf P "I- 10.1 "Iury ",.. 1 r 

rn lit ~t.qu _r1 tf J 11 .b(l~lu 01 "Jhu 171 I I .,.n".1 .15 ""ID.' "'nolylS d<l~ 1m '" 11)0 f'-I '1-, .. f 1_lury "." I' 

10 .m~".'llIfl oeDopo,Uum album 1 I IInuu.1 .JO pPD' hi' d .. y' ~ t1"ydw\ '('11 " .,,0 0"'" lei' Iplurr.pO'l'lr'1' DN J\tIClhl<'. "' .. /1 

10 ~fn"hl4'u.11I1n Oeeopodluln .~m 1 I 11111 lI<I 1 ,Cr7l'PI:n hr<.ldllY 1(1' ,-..0 weC!lJ. , ";. ,eduC!d ~ICl"Mb 1.11' proot!' .. 
10 ~r"", OHOpOdIo .. """'D'~ S r . ISppm hno d.)'l \ (t"~I""k (01" Dln $ 'r ~., luf\llY ,"roo. !7 

10 OCMfoo. lI .. apnd'" In It' .atoo." S I , .lOwm hu day' ~ cf.)"'I"'U n, , Q\n ~ 01\ III~t lof\l'Y .... ~ua.I'" II'"ClWl.b I~d. ""'. 11 

10 00>01001 DMtClp.',dhltn Ii cG'K'III'1 S I .SIt -tl'?'(\rl'\I~ '<l.lnhJ.JlI) hI """'y In ~ (ol'-r tttj.,IY ..... !7 

10 00..'001 ""Qopnd~UI3l &t tnontl I I , . b""'ttJb r<'" j' 

10 ~""'riOOl ~.Dopndl~m & .. mtlO' E I I .1$ < ~P'" b" IIItC1lbl~ lolut)' ""'. 60 

} "bntpsh tlD_rk It R R 7 .()5 Pl'D~ t.w'dIY It"!( t ds~ o foil .. I"tury ""'. 51 

! rbllq:.tlt lIo.rK R R R , . lnVPol lll v day r", .t days. or~u .. Iq~lr 

_. 
51 

) rhUq:I1" Uo_rh It It It , .Up"", h'Jld<l)l f~ ... cb~ ~D foil. I")ory "'.0 51 

) """",. lI.arb It It It , .1Oppm bu'd.,..I .... , J dllol" ~o r~I" ">lury roDe sa 
1 ~.Hr1.DD ... 1 rbOfIe-ud •• ~IC01b'11 I R It _ntHnl .10 - 0.' PJ'u~ ~hrJ.'d.ylnI4-.Jd.)'J ",tI Inlury rOG. sq 
I Ft.YU'CIIlh"D1 ~"""UI'eD"1B DlO(UoluD'l It It } H) - 1)1 S pptl\ 11 ria)" Ip1»t tolaed .pt'II, berweeD \0'8101 ~ 10.11-' ""'. In 

l hrY'lelb ... m C1u,...a1bn.1n sp. S ~ ) -So 10 I . p. 'bfnwDNP:" 01 ekb_ .urfu. or .. 26 

Z .. ",0" ....... ~."..olb,.DJi", 11'. To .... ,", ru,b~- I r I )- s. ,., .blo lOb. " 2 ftlittulbanun ClIIl')'\lolb • .,...., sp. "'ADD l.I6yltO" R It ~ )-1. roa foblo 
_. 

" 
! m",.ol"' ... m ~f)'ND'hlnlll'l'p, -a,by Ttan,- I I I ) - S. '01 .b~ ""'. •• 
! kyu.lb .... m ~ryuD(h ... W1 tpo -9oaDk 'nn~ It II. R 3-5. '0. .hlo lOD. •• 
1 my ... tbellWln nryqDd,aawDl .p. "'&fIIP"a V.I'Io"" T\lP.(ur It II R '-5. '08 .bl. !<III, .. 
2 ... ,.,..,helftllft Ol)U:dtheD'llD"l .p. "(·Im.o· R Il It J-J,lok .hk 

_. 
•• 

Z ... ,....DtbiDlC' C"btyUDtb.bum 'po ~fl. ColutJ.tu, .. • I I ]- S.IO' .blo "'0' .. 
2 .. ..,..at".uuDt. C"brytafllt ....... .,.. ~')'II.1 hl~ I I I l-S. to. .blo ...... " 2 br tullith DII DI [\rysalllh •• m ... 0..,1i. y.no-. Totyo- II It R l-S. tol .b" "mo. t' 

2 ttr~Dtb.lIIWrn C':\I')"SIDlbe .. ., IP. "OhlhllC1Iv,· II II It I-S. roS .blo 02011. " 
Z "pa.t~ul;nn C"br)'J •• ,beo8't tp. "'Do1tI-.ae" II. II. It )-5. '0 I .hlo 0""" " 
1 .pellh_m "\r)VlllhPl" 'P. "'fl • ...- R II "- )-j. rot • .Me ""'. " 
! .Y' .......... m nr)'MDcbeD'Um. "'f.,1 '.11 Wlll!.ms~ R II R J-S.lol ·.hlo I)rnGe " 2 t..,.,.D,hftlEn r.'br)'MDthnlDltp. ·Fvll-M.r(l~ R - R , ·'. Ioa .hlo [)/'4'Iue •• 
! t.y.ablhftlln MtI')'MDchDJtm., "'(jay II.dlr" t I r J-s., '08 .blo .,"". •• 
! ")'U D(" I ftI Dt. n".,.Dlta.a:am 'P' "'Ooldt1l A",nw'" I I I )-5,108 .hlo ....... " Z "',...Dtb.1II'IJ1Il C\".,I"' ... D1 'P. "Gold .. (""u\h\o1r- II. Il R ) -So 108 ,hlo """'. " 
I "yuolHlnUn rIIr",.. .. tlhnun tp.. "(Jold.1II Peklnp:- R It R ) -s. 108 .blo ()fODO 4' 

I br)'SllPIb.P.,1II C\ryuolhoW" ,po "GokleD .... ellow PTID("ttJ l II ~ J- S. to' .hlo """'. " 
I .rntllbe~D'I ~,.,....lb • .,.. .... p. 1adbu Sua.~ .. ~ R II R )-S, loll ,blo mo. •• 
I _rsl,lhCl"'., lIt,."..B,h ..... n tp. -1",,11'11:.. Will. a.,. It " II J - I. ,,,S .hlo r .... " 
I "."..alhQIUD nryuvdlu .... m Ip.. ~; .. lh1)~f'Om- S S S )-S. '08 .hlo ft ... " 
! .... t"".tbocCal~ ~f)'U .Ib .... m II'- ~...,.. R It "- J-J,loS .blo IX ... 4' 

! hr )'Ultolbur"m C'\r~,u.thPlIJI ''P. "lJpnlc'c- Il It 11 )-S . '~8 • b .. reo. .. 
2 m,.,..DIt. .. DUD\ ::-'b1')"8 ocb II U1U D1 '9. "M: .'IId.l.,..- II II II , -S.lnl .bk ,..,. " 
I b:r yu.DI.U.D1 ~"""UCtlEd'II(D" -Matlfl<'- S S ~ )-S., Co a .hlo mo. " 
I ht,....QlbU"'tn Pat)'Pa1ttll .... lu tp. -M"-IllIId' II R II ,- S, 11\' .bk ""'. .. 
I btyqelho--II) ~lolb.,a.l'I:n ,po ~~D Wbtfe' S S S -' -So {,..8 .M. r'." •• 
J .. "' .. "Ih .... ., ~l'}'Iurlb~muU\ 't">. "MI Suow· S S S J -So (08 hh .. ,"". I. 

1 t. ,-,;.Dlb • .,.. ... ~ryNll:ubtOIUIn .p. "'M" ... d~"D'hll'e· R It R , -.J. to' lob'" ,"". 4' 

1 .. )"tDlbur ...... ~ryuDlbrD'llnt .p. "DfIl,,("oU- R I< R .J-) . to' hblt ""'. " I '-YMDdaeo".., "b~'nbrD&I"1 '" -P,Ddio- I I I , - ~. col .~. 1:> ..... " 
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Appendix A: TJata R'lSe or Plants alld Sensitivity to 07.one 

Pl.,,! _ Sensilivill' Cia .. Temp. I,evel DI l)arllion Dr 'hla 

TyJ>C Com l1li 0' Hlme Sueci,.. H'OIe ",,,Ib, NRC Pia,t 7..olle BI"".ore EIDolun I! fr"ela Pollulaal Source 

2 hr)'Sl.nbe" .... u r'b'l" ... ,hlnum J9. -hbJ:UIv." I I I , - 5. I()" r,hlo ".,. ,. 
! wyuotbepulJI ~f)'l'.lbrD"," Ip.. ~'ID" Cb~r R ~ R J-S~ If''' .~~ ~)lOIIot •• 
! lI',..,.OlbellJ1Ul7I rb'~'.I'oeD"Ollp. ·O ....... 'J tJi('t''' R R R J-S.lnA ,ok ""'. .. 
I tzrrualbn~1J) rbJYM"lb.oJol.,.. 'p. "Rt'''' ~~fI· R R R '-5.10" .l>~ , .... .. 
l "tI:ryu.Dlh.n.O'! :-1IrytaDllulIll.lm 'P, -Red Mk~hir'" 5 ~ ~ '-~_I(tK ,h~ """ " 
I kryuulbla..D'I ~t,..,..'l1h"r .. m.p. "Rcdslt." R R R \-.5.1('111 ,b~ """ .. 
l hrrs.Dllt. ........ ~t)'SllDI ...... H!\ JP. "RclOl'-Ife" R R R ) - J.I()' I.b~ " .... " 
I hrtyDtliulJttIo :--'.,...olhD"'Era~, -.C!JH), N~l· R R R J-S.lo8 ,b~ """ .. 
I .. ruat\ .. · ... 1TIo ~..,.,.Df .. DIUDl S'Jl. "kuby ~f'UDd· R R R ,-~ . 10' ,bk """ 

,. 
I ba"yuuth ..... ~..,.,.DthDaa., 'p. "SItv'. $bru" R R R )-} , I('IoI r,." "' .. " 
I br).,.a ...... ., t1.rya.Dlh D'II'" 'P' "S I, J,t.-Icf~- I I I , -So loA ',\.~ "",. .. 
I tw)'SaDt~ ... ., n.ryqoth.,.." tp. "'5"Io~ur R R R J-S. IO& fJ'lblo {('Ioeo .. 
I .rs·ot~ • .,. ... ~fJ'Mo'benlin 'p. ""flak.belT" R II II '-$. 101 ~,b" '''''. &4 

I t."r-.Dtlli.D1U1IO r.t..,.,.D1bemuln .". "',,*cbdown~ ~ II II l-'s. lol ~Ib" ""'t " 
I t.ynDth.awlft ~"""D(hD"'" tp. -rrtoqwll.y R R R J - 5. I(J I 'Iblo """ .. 
I brYJlath'nlln n'l""!)lbedl." "p. "'tDqtll.".. s 5 5 3-5.I()il .blt ....,. .. 
1 hryseatbta..tn nrfMD1b''''''.81 'I', ~'ldeDI- R R ~ ,-'s.lolI "Iblo ...... .. 
I t.ywalhnJD1 ~""'lithoO'UII\ '11. "'WMc:. c.;,ODMMkt' R R II. ) -S.lIdJ ~'blo to •• .. 
1 tl'yq,u1b ........ ~r)Modll.D'lUIn tr, -YeoUow Je.lu~ t'e· R II R 1-5.1011 ir.b~ .... .. 
I .)'NU1 ......... ~,.,...Dth.nt1n 'p. -,'.Ibw Je~l WIOI.D"rJ- R R It }-S,lnll !r,b" I')'" " 
l .,....Ih ..... Of)'Molbtn-. .. 'P, "ycno. M,...,,,- R II. II. J-S.I~I p··b~ ""'. •• 
! _"...I'ta ..... P.".,..Dcha.,..,,,, ~Y~IJo.Suj"( t.m.'" I I I J- S. c,,' jr.b" ... " .. 

II ~1d:0I"f ("""'..,0) Peb(l"lu Dl In(,.,.. I I , ~, , b!""O!Ib. ..... S7 

II 'I""", tkJUlhl ... ID'~ I I J t1.2S ppm ~" ~.IIICUible '-Jury ""'. (,I> 

" hlnle(C" • .ttoldb.) Or .. m a'YeaN II. II 1 P' · ~o I"'tary - (t"'Gh('llu~, nu6y "'" p 

II ~I" .. (c-. •• db.) nrNali _,vnte It R R I n .)6ppm h" 1Io,..,.bl. "Jury ""'. 6t> 

II bb.lolC •• ,db •• . ~('\"In .",..8.1_ II 1\ 2 p,40 < 1'1'''' hn ",."".ble lolury p ..... "" 
6 ivy,,,,,,,") 'nus rbotnhtfolll II. " r,ID -0 1\ ~P'" 0010, uthOl' dkt 001 Wfl-'I.I. from olbyl"eioflOil:l' , ... 10 

• • 110..--0<1 ,.", .. lIs 'ut ... " S-A , • ~ . alk 11lppla r"",· p 

• .1- Mlchltb lut .. S S-II , ra ~. uk IUpp~ ""'. l' 

1 ... <cr. odl.elun \'UltJlUlDl S*'UIP I I 10 r . IO - 0.1' ppm .... , ",IDUIIe ''''JIOO- otpet~lol """' . I" 

I r;ohUI tCCJInOtUo) ~o"". blu olel II R ."Dud , IO .. I\IJ ppn, ~,,. 1I1b.m did DOt ,.,.Ie hom,d,yltD"OlOno P"'" 16 

I tolo .. oM."p. -"?t,ltllhIDOo.r S S ~ ODMIII Iblo ,,, .. .. 
I olfl'lrilllo.,15 I I .2.S < ppm ~" ~."(1eblo 10",,,, '''''' 60 

" ... Ioct.(pol"",) ,00001..-mm", .. IIINDI R 1\ ) U,. ppm ~" ~'I~C'tIJblle tvJ1fry ""'. 60 

I 
.... _ .. 

'm"""l.b"' .... ,. I I .20 - o."n P'JI'Gl t..- /da), r.,... 4- S de,., ",I 1D1o'Y ..- S. 

II ku..dl_) O'Jt<rpSb .,..1« R II. 7 I · Q IDlllry - n.\:I/.h('fUH nud .... ..... 51 

• ~"f"""'d (.llky) OIoU I OIll(,D1U 15'1 I I • I cto,.. .. lppIo »0 •• H 

• ~.,...a06 (n __ I.~) otDUt new ht. s ~-R J • · .,knJpp" ..... S7 

• d",_ (n __ In~, ('I'lIIUS nm Ictl R $-R S I · o lolury - ,..HClbnu ... Jludy fnht S7 

• do..,...:.!,n..-ID,) O,b'lIJ n".lo. I ~-R S I • .,k .. tppl. mo. l' 

• b«". (("'CWD.n.Dl ""~\I' 1f'IIII' R II I • 01.1<"7 - 11,101 ro.dy " ..... P 

& dojo-(PI.y) CIf"''''UC'tIl'lOl' R R · · o hI}u,y - iWMftbo ... "~dy "MO' S , 

4 rIop«>6 ,rod-OIl", atOUI ulooll.-a I I , · .,l ulpple "." p 

• rib." (T\rt'bb, OtyN. C'ONCII R II. 1 · · 0\1:1)\11'1 - n.16 uudy """ 
J , 

) irolf'J1J"lIcr ~01I'.11. dl~kll'& S I J . 1.' rrun b" ~OIlfD t" blwlt. ol'(J .... 'Clltpplto,~ us:rprll~. ".., 6 • 

I fotoauMe" O'lOO"II" b(lf'll't'Yfllllln, S I J . IS I'P'" bn ~owo '0 t-.IK\. OIeuntlcu\pp}., no "".,.. tit. ,no" bl 

) FoIOG'''Ur (.p" •• dIClI) (J\trtt .. n .. rp, I I J • · ~" "lpplo , .... I' 

• .-"hom (WU,bh:..01l) rar.OIll' pblllaDop~Ul R R • · I C\ IOJury - 0. W m, dy , ... , s> 

• ,. ... lthf'fD (C~b'. "'t,lI'rlUS,." I I • · I Irk ,tlppll! ""', 17 

1 ~t.wtJI""lal.' IbOU_' ryplt'lillbl .o.u"rl 'l~ R I I ttnu.1 .IH =-Wtn \ bl\t'II .... llfl.bn l) Injury ""'. • 
, ~ .... u wlof., I.,Duo.l 'YPO_ 1'0 II h .... PIID" ' ," '" I I .\.11nlal r 20 - n .) I'PI~I hr,/d.y''''' l_" lib), ell-I 1~luf" 'l'I'lit I' 

., !.t.c,.r, aD!) ... 1 "nUIII~I't!. rtC"tlm"l"I"~ I I "'Inual r., zo - n.) "rll' t.r\/dl)' lnr It-S <t. ), i!'''' l"jufY ..... " 



I\ppenui~ 1\: Data Hal'c of I'lanL~ and Semitivily to Ozone 

Planl S<:nsilivily CI ... Temp. I.evel or 1)" .. I;on 01 Dall 

Type ComlD OD Nlme Soeci,," Name I\ulb. I NRC I'iaal Zone. EKPosure Ea.,oaD,e Erred .. POllul.,,1 Souree 

7 lI'.lot'lI .... 4H~ .. 1 ·'~I"utht u~h:,.nlh. I I ",lUlU I'll I I'::'" - f) ',I,!IH ~IV":II,.fO'\,/ ., -\ ~"\"" fk',,1 in lUI, r'not )0 

,. ~lIloefl3lIUIU.1 ·''-V,_olb •• 1t:va.4tu'lr. S , "'()"\I~I ,IClp'Pl I1 ""l.MJlrff'lol -I-'f'1.1\' .ufinl~I" r., .... oc: ,Q 

, ~It'JU1 ... illlf't :llwu~1 ")lll'UllllBlpltlt'lur),a II. I ",11.\11:10' Ill'" PI 1m \ "(5."" '" ~Ihhl' I~ ifllUr)I ,I'IIIIC" ~ 

'r ~JCr1 ... il'ltf.'I"U.Jl -1'('JlIIUl'lI"~INI"I("")'8I I I "ImllJ~1 I,~O - n,l'IfJUI hl1'/fh-,-'l" J · "i,h.p t.f Inl~ry ,,..,,~ S' 

tn~fUHJf1~JI:Iio\\ 'yuh(tnn (1:11 ("I ylnn It (I "'~'n' .. I: • . Uloll 7 

~"'"n'tt.Il1"'~ "ytI(Jlir'IIJ darly-Inn «("orulwm, M R R loWiIIIllll 1 .. 'ln'''IHu h" ""?Iler K"3Itrd uCla, Delli lut Il~_ ,hen ~leU" "'" 6! 

~fIlH.lrtjtlZlllS~ "yo('t(tOI) dn<I)'I01"I "I.:II1:1IU P- Ifl- I I I 'III .. :"In !;;,blr: "'., •• 
Ft(,ul~da~:II" rynodf'D dfl'CI)'IO'II "Tpf("n(c-- R II. \( .... ;11111 1,!O,..~ru b" 1f\"'I\lbIeod.QI1Ii~ N'lle SI 

~'n.~d''':II u "..OOf7u dfl'CI,;IOlI"hfu'lfC'· 1\ M \( • · .. 'In , :lOI\I~n' hr'\. .9- 1..1 d.r- .Jrn II'mllltpl'nee I o \'I.lh!e denw.1Il' '1'l4'~ SJ 

l\t,mDNlI!lIu "Hxl.,.., doctylcm"r "fn''IlIt- R II. M WIlli III .:J(Il'Pru lm. (60 - 'T I d.~ .. fh. ~"u"Jll't:n(") o \'i ~ i~e duta,ll' ~tn410 S3 

tkrmu,b.e llu roodt'G dO('lylO'D.1"l)f("Ol~· II. II M "":II lin .)°rrm ~" o,,·MthdalInIollC' "",. Sl 

tkf.twd ••• " 'toodoo docI,.to., ... r("jJ(e-" R II II ""'.'m In,lfHn ,,,~(CJ - I.!4,\t'.h('f un.flunq o ""idbh tbD\II,... ...... Sl 

~rn,uO'IIf'·' ",,!'doa d",,'''''' -ToI<",,' R II II ""m ~OI1ftlu bu {66 _11 14.,.,. _h. 1'D'llI'p,."ce I o';itl.-tbll'll,.. ,nn. S] 

~ra"'(h,.u, yuodoa docl)'koa , ... f('ttle- R II M ~lIfm .l°1"P1I1 b .. n ... ·hi .. "w\I,CIt runDe II 

~ruul(t'''. \J ~od" d~lJloD 1 uh~'" R II II ""m .SOppn. bu(O-t'd.I.,...It!ll nld,II'Mcl 10 IIhlbtt ds.'11Ilt IMe SI 

~,."ud'flJu.J ~od"" oIn<tyloo> 1 ·uf ... ",,· R R R ... ,m _snf"r'nI hU(66-1. da..,aJcG Im_j:teorel <' ~' ~Ibloe (b." •• ""'. Sl 

• ~n)U.d·flJa", ~odN b)b. "'S,nla An.- R R II. WAr", .SApprn h .. ~ur Mailed "PII'ISU }e.I.lpt..lbu bind ""'. 6! 

f Renuuda ..... ' 1 'p"",", hy" ,..r,..,,· II. II. II ,...nnt t>-~nl'1'''' 1>1. ~'''' )Qahd .r •• , Dclll \C., lips.. Ibu btnc1 ~""'. 6Z 

I iot ... (ol(b .. d) r-C1Y't ,'oftWala S R ~:i M'Q\ hit - '''''. , 
I i!trau(OKhwd, iD-ct>,l. ,loa .... a,. .- R · .. ~v cnl,hu.dYc:IJo.o ,.,... II 

I r'" (ofCt-.,d\ P.(1)'I ... k-nMJI" S II. tusp~", hos ~te('1:lblt '"Jury .)'V1"oms. ..... )1 

I J'~' ((,feb. d) ~(1)'b ,Iomel't -PotomaC II. 10 II .h~ "' .. 44 

2 • hll. .... hlla.p. S ~ nnu"llhJe - ~ . ~hc-.sflll\.e4,p~.'.nn nll,,'ulldD.I-'fIp mo~ U 

I ,.,.. (crln'll: I~ hi ) P.w-b. ""'_ n.h ['I'" I I Olppm hnldaylfYt ~~nh. ~ ..-.ch.C'.cI ~0W'I1i file -- 'I 
1 eM'.t "nDlIII P.Kuf.tala "Uforoln I I .15 VI"" h" ~t.'.""b" IlIlury m,,. 60 

1 tleU I'OD ... I p.tnnta'lplo •• " S S IInp .. 1 rOS -Q.O"F rpm (unb'epq hnloh.y '" I,., lolur')' "'flO 21 

1 •• trtuDul P.Kuntol • .,IDUI. S ~ ~nnu.1 r.15 PPI" hn d,),' 5 chI,v.t 10' 4 010 ~ ... I •• r 10Jury ""'" 27 

7 linrt-tOll .. I ~~"'f.ml,pIO.I'. S S annuli n.JOpp ... bu d.y' S d.ysI .. t rn, 4 ,"0 100.,. ... r 111",,1)1. MI ...... o' .. '..,OWIh ,ed_ ,,,,,,, 17 

., lh'ln IDoul p.,euftlllp .. plbCI'. I S IOnu.1 n.l0 - O.l 1'1'"' bu(4)y rOf • -S do)' tllllblUI')' ..... J9 

1 eM" .00 •• ' p..n.ralDb'l'. I I 11'11:11 UII I ~.n5 -itO; ppOI (;an;t.knq hrsrmt 'l1 •• 'IoIoory """ 17 

., delt n UD'" 1 ~f>lDb'1'. I I IHlIIlu.1 f'.I) 1'1'.' hu dlyl} 6a'f'i'W\ rO"l .. 1110 IS'" I"n-fury ""'. 17 

1 '''UUOU •• ~'_I"la'" I I ;Ioonu") ~UOI'f'OI J'." d'ylS cb.".r-..t 10'4. 0110 S "" le.r lolllll". IUMlIDIt&l p-OWIih r.d. ~"'" 17 

I p., ....... b"'I<II 
, I f1.07 w., "f.,dIY rn. t'IIrO 'W'CelJ ... ,&dueed .,~b ,.111 IOD. ~a 

1 .01110. (wb"'l ,Ig,) ~"O'bU' (:II,)"t1Jbynu~ S S 8 ~.n'5 PP'" w",1u ~ ... '" f"'''o II 

2 nJull(YD (.,.,111: ,hI') ~"btbU' ctf)'q'byUul S , , In.s ppln 10 dayj ~ept"l!ned bud rOf IlU ,100 "' .. 12 

! Mlfoell~ l-hllt lla •• ~Olt.., c'I~)'IJuI S S , 16-0.20 ppm d.)' \"> ,,",. "'0, n 
10 ctlt.IIIJI" ~,tt.." luptUI\ I I · . ~. 1M, 7 

] at't" .. .,1 l)nneD. rU[ll1lD't- m,ul0[l'IUII'. R R 10 It) -t\lS ppm ~ da.,., lid •• 110" , 11,0' .. \">pllD, >0 •• 10 

4 n~(tU'ulm:I\ !JI.,.,o,wII"INIt.,. I I · . _.k". allpplll ..... }7 

11 ppb),I<.,eMd ~acydl. ' .... 0.1,. R B Hpp", h'~ t'\ ""RIte 10Jl.lrJ. f'hIl".,10 ro~"r (,PO&lCI" "'., 4S 

II p\>b)'le ol<bld e.cydl.IIOl'iiotll II. R .In,.pm ... D vb&ble Inlu",. ch.,. to '0'''' rOIll6ilcl"G "'D' .S 

11 I'~b)'ll< ... cbld Eacyrltt l'q.'I06)1~ II II. '5 ppm h" Je vbJbI.IDJur,. chell"lo rolll, roodw",. r.o"_ 4S 

Il p\>hyol< ... bld EpldoD4"1o", ,It Idu Of II. 1\ . 15 PP"' ... o "1,ftlIe lolur)t "I.,. ID '0'''' eoo_.,. ..... 4$ 

12 p'I>b)1k ""bid ~pldeQo-uln ('plUGI II. II. ~ll>rpm ." ,.,. "b~e Il'Ituflt ,".D .. lo fonu cnochle:r.. M •• 4S 

H p\>hrok ",<bId ~lch.,tt\lD" r'~ldum II. It n ,\ 1'(>"' h .. I) \lb~e iolll'1t dt_Jlflll to (0.'" rooduluc "' .. 4S 

" hWo'ud ~rl)Ob4um •• ,IUc.tf'<t&,n1 II II , ,)0 ppm ." I[lec1lobla tn)'llIY ""'. p,I) 

10 ~1Ik>" .... d Ibel'}l ~pllot'uln bb .... tum II. II J .("PPPOI bl,/d.~hw ttwt .... t"b ","lIIdUHd srtoMb ut~ ""'. ... 
10 IEplloiP .. ..ou",,! II. R tUOrr"' hOi ~l:ceC1llbh: ,,";"11" "'''' "" 
" 1-"'811 IU"IIIu.1 ~lltII"IW1f~ .. Iko'tll I I 11 ... ,,1..1.1 P .ll> - 0)1'1"" bnt'-.r''''' 4-~d')1 ut lotrny ""'. j, 

II fo'lid 1nocn.tJ .. , F:,.,o.I:I"'~lleJlflrdel II ~ r U"PP"I b" ~Iu.bl" Intel', I"", 60 

, ·oukan bt"l"('Q hIm ~Iodkarn clOiIltchlm S I I 1"4'1 ... 1 Iln .. -.un ~ hi' 0'10_ 11~1II,. '" In .. " .... U. chilO •• ""'. I 

7 of4kao berno bll ~,odhl"" rlQ.lltdum I I I lI'fU"1 1_2." - 0 .'trpIU bfl /d ... ,.f", .. ~j d,t' po.llolu,," ""'. }. 

, ~"u.v.1 IF:><bodl~lrIo "","hI! ~ I • ml:l4ltll 1_"'l11 l n • h:t\/dl.f", 4 -j ('-1' t"Jlf 1,.lu, .. ..... JO 



2.~ - July - 9~ 

I\ppcndilt t\: Data /lase of Plants and Scm.itivily 10 Ozone 

Pia •• Se,ui.ivily Class Temp . J.e ... el Dr !lanlion or !h'a 

Type CommDD Nalllc Soccic. Name A •• ta , NRC I'inal ZOI": l!.oolure E.oo .. ne l!recta. PDIIDlul SDurce 

1 de"fn ~Dov"t 1F .• "l'J>{a .,Iert.lb. • 1 a,lIw_l I. ll) - O)l'rm hHJtti'~I"1 ,,-~ ,I,.), k.r h>j.IY p.1ntle 10 , Uf'III)'D\ust"llialt"d» ~.nvJ1l'O.' .1e'VI R R I " 
, In lulu..., - fk\hl.dy p ...... 57 

I .ClUyn'lC1UI ~VOO)'''YHI' ,1"uI t'O"~(I' k R J ~U5""m h., , ..... r"'"" .. 
2 "".,.,001 (White) ~.ptl{1'JUn'fUII~"" k R , .. 

" • r"'"' S1 

II '4)mN.Ua iF.uphtlfbla pDkbtr,fm. I I 10 r . tO -1\ 1.1 ppm 1.'110), ulbf\1' dtd oM M'P"',o\llI hom f.byl~Q""nlt'l)t r'l'Iue I" 

4 "'e,b 1F"»J.~ln .. " " · ~dr.WI Ia ,~toWI~ r~lt. $O~. h,uy nn' H 

4 ~ub(Am.ktbJ f.,.. ", .. dIJol~ R R r. P,Ol. C'I' J\ 15 rrm Of'(lJtt d'Y'lm ,r. Wf'1!\l ~". 
l",.tl.(\d,~1n )& 

• ~I!Kb (AmsktD) f ..... , ,. •• dllol~ R R ~. IS ",,". "m/d.y. ) cnDM:f. d~)',ftwtl In, )I)"', loeff .. a ~ ...... IS 
I • ~e("bIA"".kttll r.,...,., .. 61Jo'~ R ~ " · n Inlu" - ..... ., m~dy ""'. ~7 

4 ~",cb (e. cpo •• , "'P' ',Mln It R .s r. ".O",(\( fll1 rPm rl"J"IIm If. Wl'lIh "". f.<IDe1uklul1i ,. 
I ~.<b(E""""'D) f., ... """," It M S ~. 15 """' "..-/d,';. } c-on .. c. dllo.." ' "U,,, J6 wk. t'Oe«~a MO. .15 

4 boo<b(Elllnpo •• , f.,.. .. ytwln It ~ S ~. · o IDlu" - flokl Slu!\y: dirk nlpplo 
_. 

P 
I •• 1< •• (1.11) F.".n .oodl.,ce •• •• ,,,,,I ~. · til'7lDutd.OO'I _,..,h' u,,: toa • .,.d ~OOI roo. " ...... , (,.11) F.,..u .uodh,e"" •• ~t\tltIt S ~ <""I p-o.'Ol'l'm b,lId.l' OP("I! ... nk. 10'1 ., 'ftt'U il-" ...... y\<Id(~4qol •• d _1,oItlpo1 till. ""'. N 

...... ( •• 11) Fu'.n woodlD.een ' FItWD~ S I ,,,,,I ,,-0.401'1'"' bUfdlilly. (lnf9 • IAJotct. fm 7 WMU IIoco .... to yield (JS"IoI •• d _1""".. .111 • ""'. IJ 

.u:u (,.11) .Awn wVD6Iuu.u: ~F.WD· R I I ,,,,,I p.lOppm I ... (66- 11 daytllha nla',tlDt)rlD) .... ((I M.d" N •• tntn"d ..... Jl 

.. co. (1111) F .... tltI .uo~ID'c:. .. ""F."'D • I I I ,,,,,I p.lOppm hu f~ - 1-4 d.Y' .. Ilft ema~c.Dc.) 10 ~ nf bl.d • ., .. luJutld ""'. II 

neue {(.JI, FeP/un .U1)dID,w .. -YaWD- I , I ,,,,,I n.40 ""m bn (611- JI &.Y' .fllt' erner@t"tIfI!) 10'" nr bl.dl! tn-_ lolute<l ...... SJ 

.l('ue(l.tl) PaMuC' •• uDdtou ••• rawo· S I I c",,1 11.111 ppm b" f~- 14 dill)'! .Od CIItc(~O<'e) 1 ... 01 bl.d. or ........ od ,no. H 

eKU.(I·m .1111('1 .UB.n..c.U --p .... S I I ,,,,,I 11.50ppOl b" (~-I" dlysah"", emet,oDCCI) 6 .. oJ blld ..... I_",.d LOll' H 

.""",,(I.U) F.,..-un .. uad,.." ... PFn~1I'" S I I ' .... 1 f..SO""m hit (66- 1 1 d.Y' du .. ea,.,e.,u) IS ~ ofbl.d • .,nln"'lId ""'. H 
ol(1rl! (I.n) -.,tu" • uadtDu2Iu -K - )1' S 1- II c",,1 b-o.~Oppm hWd.y. 1'l1~(I:. wed .. JOf ., ~t\' ~a •• '- bI yl.ld (li)"'l .Dd .... llb''P''(" IU. ,.," 2_ 

...... ( .. 11) Itl'\lu .,uod ....... "K-)I· I-R ("f'I,..1 b.SOppm un. 10 - (\(1. I~ )919 (II "n.CI ..... _I 

""". (1111) HttU" ... uad •• ho •• -K - J I· 1- R enol ~.I()pp .. kmJd.yhomJ\lDI! ZQ - 0" 191971) oelf.a """'. ~I 

...... ( .. 11) fl~l'htC ... ulttn •• c.u -K - JI- It 1-. cool ~.20pp .. b .. '" 0' bl.dun. Iof.",d roo. 51 

.tea, (,.11) tFutu.C'a .u.db::l.,. ••• t:; -)1· R 1- R cool p.lO"" .. ~11 (66-" ~ d.'fIi .1111" ell')G,..DC9) "'0 bhld •••• tDj\I,.d ,,, .. JJ 

""'. ( .. II) f"tlIIn _ ",ad •• a..e ·K -]1- I 1- R ,,,,,, ~.IOppm ~n If) '" of bl.d. er_ .. I:rIJ-led 
_. 

J3 

_( •• 11) tFnl_" .uwdhuCliu ·K -) I· I 1- II cool n IOpp .. 'rI" (9- I" d.,." .h. eIUo"~bce) 10" of bl.d •• , .. Lut-.ed ""'. S! 

--("II) Ftt •• u. uadtu""u ·K _]IP S 1- R cool n.40 ppm ~n (66-'" d.,., .'1 •• DMfl[eau) I~ .. 01 bl.dll .n. hl)· ... od """". H 
...... (loll) f.n.,t .1IDdl: .. CIB •• '"K-) I· I 1- R <'0<>1 n.IOppm ~" ..... 01 bl.c:t. .r., Int-TII d ..... n 
...... (1.11) F" •• c ... uadkl ... n -1(-)1- S I-R c",,1 .U)ppm lin (9-1" dtlys.f,S' cnn"pDce) J .. 01 bl.de If •• Iblu,ed ""'. S! 

.1(' .... ('-11) f",,_" .. uudll"~" -I( -)1- S 1- II "",I n.)Oppm lin (66-'" d.Y' "Itt" em_!llI'tIu) o ~ of bJ.6. 'J.' IOJUfed ...... SI 

oscue(I,II) fn1111r' .. uadhua!!u -K -} I· S I-It conI n.50pptn ~., (9-1 IS d.,., .hS' t!U1'I!I,eDU) 10 ~ 01 bIo d ..... "'J .... ""'. H . "". :F .MK'II o(lofkin II R "'01 Ill > ppOl 5811 0"5 216bn 01D/l'l' ""' . • 
I nC'ue FuttlC'l.OC101l::lri R ~ R ""', D.IO> ppm b,vd."h,. 4-J NY'- olnJv'l' ..... 59 

I .K\lt(,-,Up) F.!IIu,. 0'Yh!.. I I "",I ~.OJ ppm lIl""d.,.rnll..o*"I'''~ " 01 bloolo ... \oj_rod D ..... •• 
I .Kue (C'b.,.,.,ID,..' '."'.('1 rubt'. ""t". COlllmual. S S <""I ~ .'Oppm bn ....t. ,o- .. edn ... tlew IN"tpt. .beD ble.c:t P ...... 61 

l .. C'ut (C'b.rwID,.') F''''IIea fwbn Vlf. COllnmul:lll. -h 1J1I!'~. I I '00' n.SOppm ~n .... t. JoOIt..d .......... I .. rl""-lbeobl •• ( ",oo. 61 

I t'Ku_(redl F '''.c. rub .. 'H 1,II11p~ ,- • I «>01 D.ll-n'Oppm bn """.bt-. """,Ih>~ b,oo. , 
I .acv .. (f.d) F"u\lC=. rub ... ""Hl,lbl\lhl~ It I I """ ~ IS pp .. h'V,hyJOf rOd.)" '" < luflol9r)' !"tOO' I~ 

I "kV. (f.d) r .... c. ,ub" "HI~bl~" It , "",I rUJ 9pIP •• C'b lIn /tbylo. Ind." .. < foo( Injury OJISOZINOI 16 

I elClll! (I.d} f.",uC'. ,ub,.. 1I"bl~'" t I • "",I .b~ 1><0 •• If 

I • fAIl (cTe'Plo, ted) f'edue-. lub .... -lUdic.- I I «><>I ~.IOp,.... h .. ... •• u:,.IIf'd u ...... I •• h ... Ibn bluet p .... 61 

I ""u (C1'ipie. rrd. Ft'lIVn rvbn ~ol.WII· I ~-I cool ~ ll-nlOppm bn r4Wrll JI~Ue,. '''t'9 ot blu(~1D,. ro' I 

I H~UII (c"epn,. fWd, ftrJilvU ruM' -"1:IDII""'· • ~-I ",,,I ~U! pp •• hu/d.yl(', IOd.)'! ~ < 1 ... Iu ... oy 
_. 

.6 
1 ... C'ut {C1eIf'W, rt'd) tFu1t.lt.rtoltota ·PtClDl .... • R <-I ,,,,,I r 15pp'" .. ch hUIGI)'JIl1 In d a)" ... < I .. (lal.oy OJI'i OZIN 01 16 

l .. Kuo (""piol ,edl tFulVC"I r",b ... ·r.DDtliWV- I I ~-I '''''' !r.blt 
_. 

.4 

I .~D. (""plo, 'lid) f.'I'IlIt1Irubt. ~hOGlaWD· S ~ ~ -I '''''' .1()f"I'm h" l6 ..... 01 bl.d. .r •• 1~lu,e6 ~Yal). \) 

I uMte «'fuph)1 red' Fu,,,,, nAbr. -Peool.~~ R ~- I ,""I )fll"Pn, ""19-'4 ..t1tY' .f.a' tclHS'Ie.rll I "" (lr bl.d ...... Jy,e<I r .... • !l 

I VJC'\'" (C'leepID' 'I'til Ff"llIC" rub ... "'P'ChWG~ ~ <-, <""I .JOMIOl bl~fM- "I1 ~.~ .her I'",~~~nn) S .... 0( bl.d ..... Iplued 101. l) 

I uC'ut (neeph" rtd) FClJtvu r",bu ~PtDul."'ll~ S '-I , ,,,,I 1-OI'rl l\ h .. 6 ~ of bl.dc IU. m~'l!d "' .. I! 

I unit (Cl upb::! , Ie-d) C:J(UC"U,,",' • .., ....... b"'''· S ~, I ,,,,,I ·,,("II~~\ h" ~Q '1- o. bl,d •• In llJiuril:d '''''. ~) 

I t'S£\Ie fC1t'epkl, ItdJ tcquc. lut>n ~ 'rl1ll:;II ""C1- , , -I ,,,,,, ~j')(lI·Q' "" IM-" d • ..., .hl!'l" tDu .. ~.acel 8 ..... of bI.~ •• "'. Irlluled ""'. 5) 



;~ -.lilly - 95 

AppcndiJ. 1\: Data IJasc of Plants and Sensitivity to 07.one 

PI..,t Senlitiv'ly CI... ITem p . Level of i>droliOD Dr I)lla 

Type COlllmoD Name See"ie. Name Alllh. NRC l'in~1 'l;olle ExpoaDre CKpO.urc: Htree" PollataD! SODree 

I e~f" (CfhphU ted, eUun fu,",n "PcD .. I.,"· ~ ~ -I "",I IlOvpn l 11" IQ - 1.1 .... " .her ~lIurlieucr I t) .... f" Ilf t.lClld~ .. te. mlured r"'" !) 

1 .~r (CTHpln,. led) IF'e,uf,"a.utrt. "r.D"I.wn· S ~-I ('001 r·50 rv"' l'I,qM- 'I rt.,.,..nn C'll~IW('f'1 O'l- of bl.dt: .,n iDjund r'(lftf' Il 

1 II!KUt' (CU':~IDJllrd) :","(,. fubu .. ft;~"h~"",.· S <-I rnnl p50N)m , h'", I~-I" ~~Y\ .. hcs ,.I\ •• a""((: I I ~ orbl.dt: .,e. injured ""'. II 

I II!KU~ (rTltllpln"llI!d) -.... r. ,utotll .. ~ .. DI:J"".· I <. I ('nn! r\O('lpm 111, '1. ~'n KMIIkrd .,n, rU!1I! lu' Ilpt. 'heu blur "'I" ~I , .,,,)"Ob .. ofl"b_ iD'_PtUU, ,~,,(' ... "UI'l. -, ~ltM()d" S S \ ~U~Iif'nl 111<- ~~ t(\ blad. IU~(ff'll( Uipplu no u~pu In r.t>DII .1 

6 U.wt>ar.y !F,.,.i.o, .. 'h R 1\ .. .. bh.C"Jb ,",In~ Sf 

6 "1'Wboany rt,.." ft\,.th 1 • ,. .. hlf'foJls "' .. 11 

6 Ir • .meny -f.,.". ('\\fIlII ~ R 'OrrrQl h" ~IKtablt: h~I"ry '''P~ 60 

• ,b (""'I", 'I.lall •• ,nak'QI n. <-I • .I OMI1n ftodlY'''' S (tart"''' 1m f, wt'eh F--a~.,e 'a hll1ma~ 'fOOt. • • dc1lr: plf'dp .. j) 

~ .b (""'~.) fu,fou'ILI"Icr lnfll I <-I • · o.n7l ('of O.IS ul L-I II'. d-' "'" I (t11uuud""l! ib,..lnr U"'1. ~.'k .dulll Mlppto ..... IS 

~ ,b ,""'h.) ' .... u'lma·kuI 5-1 • .JOpIIM hu.lctlr't'tI S uU'''IIlb, p,C" nllll'U,t lur d,or ..... n 
~ ,~ (.t.h'lt r .. llu'lmalel,,1 S ~- I ~ 15 pptlt '1111(1 • .,.. '("'n~c. dapf...t, I,.,.. I~ ""'. ,..Ih, lol"()'~ ,1I.lbl duu6n: In \el,t.t pOWio1 ""'. H 

~ 'b( .... II.) ,ut.u'I..,.kIPI I I ~-I • .~t. ....... •• 
~ .b ( .... 11.) runtu, un. kin S ~ ~-I • Ill) ppnl rD'lU) (11'", ... 10.1 -.e'io('"a 198~ - ~el C'Ondtrloo, ~1<It1Pfe-.d. '0"'" d~lpUD~ <In quay p"O!~1 ...... 56 

• .b (""'II.) 1 ... I-aU, ,n'eflunl S ~-I , .I'PI~011~Uill.) ~"""'i ... .t JUY-'O 193, - (ttOUllft, ("nudlqll'lJl o vBtblalaf\lry .,'''' 56 

• ,,( .. bll.) 1 .. :i'Ou'.'lMI'lUnl R ~-I • • · "kIIIWIc- ..,... S1 

• ",,,,,,".) I.I:~U' .u*IUDI S ~-I • ,. · IiIIlk ~llppla, c-blttC')Sls .,"" 57 

• .~ (omll.) '1IIIa"'IIne-It.1II I ,-I • · • lII,t ~lIpple- "" .. 11 

4 '" (EY.·opelP) ,ul1)1,1. uu),.1G 1 1- R • · • .,lInlwle ""'. 51 

• ," (Hem E.,opelo) '1l""lcl:(ektO' ~ 1- R • ,. • ,.. ~j",y - fle-tillud)- P""" 51 

4 ,j, IE.rop .. ol .-.r.lput eu ehla II I-R • ,. · .,11 .. Ippl. roo. S? 

4 ",Or"oo) .-adDU' au,Po. S S • · . "' .. 0 

4 ., I"""-In.) r .. lpu.onu, R ~ 6 • ,. o ""(1)' - 1101:1 uud1 roo' !7 

4 .b (" ... ) ,"'bUt peoDo • .,.I~o 101. D' -~-I J · • ~ufed N~.t ."d M..-rb enol"al or.OOh "'0 • II 

• .. ( ..... ) tuhll., ptPtllytv.olm D' S-I ) . iOPflP\ ... /dl,..01 5 d.~ fot 6 ~,,\, t a .... Ip bloln.a .IODD. I('ldkp.-,,('ip .. IS 

• .. (" ... ) r ... la •• ptaa".......tlIQ ~ - , ) .)OpptD ~u'&ay In, S moatb, ~,malure leal d,op "'D' Il 

4 'I" (p.I.) ra.tQ ... p"D.~DIQ ~-I 3 . 10-(1" PJlO\ hntd1tfn, 21' daY' 1~lftnD' hl"bt ud m.". u(h,(Uop ..... 11 

• ,r. (,J.eu) n dlll\ll p-O'SytvIQ lea R ~-. J • · Q mtury - (lell "udy. d,,~ .. "", .. lnoe Sf 

• ,b (,. ••• ) tI ria lit. p-o, .ytvlltllea I ~-I 3 • · .,!r.U'rp1lo" mot' S' 

• .b (,. ••• ) 1F, ...... pt'u •• ytvtnlca S ~ - I I · · o!ar~ .. lpp" ..... p 

• • b (blu., IF,. .... q".drap,ul~. R R • · po 1D,0ry - lie III "oely M.O • 5' 

4 ,b IFnc.Ie".lp. S ~-R )-6 · · ~. 1011. 0 

• ,~ !F, ..... u, 'P' .0 ~-R )-6 · · ,",,,,.,.I,._b mO. I! 

~ ,b .. do~'1p. ~ ,-R 1- 6 · · ~o loluC)' - nald 'Uld,. JDoe 17 

1 "dI.l. .,b ... b",hIa I I 9 · 10 -1\..15 PJ'n\ wt. ~vtnI d.'oU'lloo "' .. 10 

10 ~dlQ" •• or Inl ddoar (J.llumbll<>llu .. R II .]Q ;00 ppU1 hrs "''''''~Ie 1.,.1)' "' .. M 

Il ~,yopta,"'LlIJ1'.UIn()I"m ~ R .. '0 rpm ~" tlel.nlble I.,.,y "'0. 60 

II ~,.'h plo~ u..oIl.., •• DI •• It. 1 I · • tlbMI. "",. P 

II ~, ... b pl.k ;1"IIID.lln •• n. S I , • M,.t05l. ""'. 51 

Ii ",_.hplak vu ...... m .... I I IS> ppm .r. ".<1>blo lor",,, lODt Ii/) 

l •• otuln (i"'DhlO'th.lnODla S S S .RS- on1 W m hi "t1.y 't.1 .. lhrJ"Dry IODt (.mh"'l I' 

2 ,...okolcn GMU)UV'I (,.It\O&'. S S IS ppm hu d.yt S ".tV .... ,"' 4 !nO n .. I •• f loJury ""'. 21 

1 ~.Iu ... vt',...IDm ',.O'lO'D" ~ ~ . l Qwm hn da)'1 S d.yst.t. (n( • mn I() ... 1 .. , lalu ....... btl .. ,"I,. ... , ,ed. "' .. 11 

1 ttuolum ;"",,,"101 ft • .-.oD18 I S .n <ppfl.m .. , CI,c1Ibhl h,Dry ""'" 60 

1 •• blum G.ualuD'lIk\lrdlO'Oll S S . ISWnt ." ~ltc1abla tDjwlY ..... bO 

I ... alum p.noluG1.,.. R R 1- , ... ppin ." :h-IClnlllbleh).,y'''''l'lntnll ""'. II 

1 Wtl5(D'l'OUD'llp) ~.u"" udllfVU1 R R • · o lu~ry - 'I&ld/ ....... u~ ""ctl •• p .... , P 

? ~HlJ1.ClDUlI ~1I1o ."11,,, 1 I al2null .2i) -ru ppm tu1id.tfofl( 4 -~ cia,... ~.'I.lul)' t>rnoo S. 

• lokI<" ."'ilI:<> hi""" R R ~ " · 10 IO}IIIY - nl!ld MU(ty: (bill MIp,1Ir "'.0 )1 

4 ~ .. (.b""'ln'~""OYI ·",dll.\!. IdIC.:!I''''' mMmlt. R 1 ~ • ,. ",Ii: .'IPflle ..... \1 

4 ~(lbotDlenb(llll,rrl fledluD 111.CDlbo!J "inflml' S 1 \ .. " Ie. "IPrI' "' .. l' 

~ ~II (Ibnrnltu bOG.Y) ;~dlll.,tllI'trll"nl 1~l!:lrnh I I I · ~. .. ,k'IIWIc- ",0' I' 

• 0('1,1111 (ihOfat.n h('IIMr) a.d-II •• 1'''C'M'h(''\~ ~r=frt\l, ~ 1 \ ·'\W1'l'l ,n ""tw." to ""Kia. tM'C'ff'lollC" 'IIMI'.' tift u,lf'e{ "". """ ~. 
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AppcndiJ: A: Data nasc of Plants and Sensitivity to 07.one 

Planl Sen-iliv;l, el ... T"",p. Level of Dnution .,f Ihh 

Type CO .. >!IiIOD Na ..... Soecie. N.llle Aulh. NRC "inal 7.o .. e Blloo, lire E.no .. ~ .. Etrecla PolhllUI ~"Iuce 

• ~"I(DI.DO.l il)C_'t nubilleni , S • .. . In". p 

• (\fIN It .. (Ku1u("'k\"J jyalaM~dut dli\ln R R • .. " ~,,\ '1~1c WOO' I' 

6 ')' W.,lhb) tid., hili: R R I ,25 pplll hf.\ on. 'N' 61 

'" 1Itcll(I.l!IIIC) l.d¥'wU01 'bo .... I. ~ ~ , I~ pprn ' lH~ ~f'le<1aoblt lnjwry .,... on 

1 ~nOn ...... (cncnm<"l) hl~n'hu l ,.,.UU1 R R lum).1 ,. , n JnJ\I,Y - .,fumh""'111 11~Ct'; ""', P 

Z uufln .. (" ""DW.) •• Ilau,bus. e .. avu1. R R 111111".1 .)0 .,. ppl'" 'hn ~ltle('ta"lt' tn,ury "' .. 6n 

Z uuno.. .. (("()Q1" .... , ~tl~Ddliul.DaDU1. R IiIlloklll -In ppm I') mlUltltli hn/d.,.Iflf 13 dlYS )0 ... 1~1bh. h.11Ir)' Of cbu.- In dry .... \IIb ... eoh ' 70IU!: b) 

1t~"( .. I ... , fob, Itot.o.a. I , ,()7I't'UI b,, 'd.,.1nt 1\IrIf\ 'IIIo"C'clu fl. ledu("lId 1If""\' nle r.KIDI 'B 

I ",.u 1~"'O'l",v'''um I I JHWn1 bl~d~,.'(\If lIAr() Wio'ech fl. leduC'ad 1l'0000b fin fo"'D. 43 

j olly(I!.,I,b) In.qu I( olu 01 R R ~ 7 r.b!. ""' .. " S oIlYlE."",) ruaQulfolu01 ~ R 7 " · ('I InlutY - n.\,\"" d)' 10 •• S1 , oily (HI'( JapaD".) ~ra"'11 R R 6 " · (J lulu ty - ,. .. a bWM Il'lIdy "' .. S 7 

S olly(Am.aD) InopIC'1 R R 6 · .. o loJgry - PJ.D1)h~,. Irudy p""'. P 

II o,w', wold uth tfactal. S S S .Uppal hl'Jd.)',S N~rnr '''M'! iu tJt, I.,..flol\llt .0 •• P 

II ~'·"IfiiIO.d .. I" ,'-tier. S S S .)0 Pf'at b,~ dlyJ,~ ~~ (or 4 'HO f) Of. 1"'ID~ry .• ub.,."t"l p'0-cb ... d. ""' .. 17 

II D)ooa(a BllQld "11"t*(I~" S S I ~~o -11 7ft PP'O' (.l1Ib.DII b,~d.y ~ 1 •• llolo,y IOD. p 

• ...... u.(b .. cl) l.I, .. u ...... R S .JO P9D~ b,"'d~t' 1m S Inoalh • premlnHo 'nl chop .... II , .. IDUI (blockl UI'.' .1".. R R S · , o "jv.y - 110 ld dlIdy .... S 7 

6 ..... u.cu. '9. I R j · • blcoOlh ""'. 57 

6 ...... u.cu •• p.. J( R S .'25 > prill ~" ~.I'C1IIble loJury ...... 60 , ~.Ipo< (rn"_1 u,pun C'bht'Dall·,,"I .. I.o .. ~ . .10 - f\ 40 pptll d.,...,04I01 6- 7 ,,'" ~.a.&"'d ct.laopbyn ""'. Ie 

6 u.~. ( ... ",10,1 u. __ nn C'ommoDk cSap"esa phul\ooit J( R 1 .1:.Sppm ~" 0" p_. 61 , uotptt ( ... 1.8) U. ~"'I occ-Id. .. Us I I ,. · . P"''' 9 

J UD"," ( ... n.'~\ UIP"" ore"'.all, J( R mMUI - - CA rC"W8'(' fe:~ tUt!UII'~ IhfOU~b 197ft o ebb-os'" lOG 111661" ddt.,,( ah poIllIl'~ '0 
] .D~' (5ovlo) U.rp.N" ... bt •• '"TII1'IlIKKtll\i! , .10 -'1<0 PI''" t'byV'IIIIl rOJ ,,-"...u. d.a •• ,..) ebb"""yll TOO. n 
] ~.""" (.bo .. ) u.prcn lP- S ~ l-J · , ocb .... 'Y'I"1"oms lOD' 51 

S <.d. (t.d) ualpirv' ... ~.III" .. II. ~ 1 • · o IDlbry - ne~""'dt 10 •• p 

9 • tudlot .... ...t."" bl" .. ldlla •• I , • 10 -1(15 ppm d.Y' tWWl!ly d.I.,..d Oo'*'CfID,. Br\cb ~oo.ad •• bl • "'0' 10 , p-.o".111D I .... ' K.elu'lll. blloU. II. ~ 5 · · o lolbry - p .. "bMl11:1 lrudy "' .. n 
I ~ ... MI •• Inll ..... ,b. I I 07 ppm bu/d.y hw I'M) ,"lib "" foch,.d ,,000b 'IItll ..... U 

4 .. \a I,., (peDkltd lt0kl .. ) f'4~.u ••• I. p •• k'u1.(e R S - R l · · dark.ttlppl .. "U, ... 11 

• .laln. (p'ak'uof ,oldtt6) """,".uetlll PIDlell"". S s- II. S · · dark. IlIpple "' .. 17 

II tbadllw (GlOUDU,itI) "' .. ~ .. "" .... S S · • DI~" 'Y"l"0"" """'. S7 

7 "" .. , .taD".1 La.'oI ..... bor.1 I I IDI:Io\1&1 .10 - 0, ) pPD' ',ald'yl", ' - SdA)' 1I11'IDIury b ..... SO , 
."(Eo'"p".) La.lad..,""'. I I I , .blo ""'. " , ""(E"."" ... ) !A," cIo<td •• ~ I S , • hb'n:d, ""'. S' , .,d! (hpUlon) ~.'" 1opI.lopth II R II. • .b~ ""'. u 

• .. (b ("pIlll8111 J 1.0,,,, I .... ol.pol. S R • • · blcY<nh "0'" P 

1 ,...,., pt". I.o'b,.-•• I ....... II R II. .1J > rPat ~n de'.C'1IIbk IDI"..,. """ 6n 

Z "~Ipe. l,albJ'u, ptuf'llav) 1 I . IS 1'1'''' hn d'18o('1IIt~ I"Jury "' .. r.o 
I ""'(~I'P") e.pldu at II. locarpu en ~ R &.,DU.' . ,0> PJH,' ht'l /dsrf .... 4-S da.,., .01'JulY to .. 19 

I "'''(I'''pp.) l..epktulll ..... ',D't\lDl S S ,,.8u.1 . IS PT'tll lm d.y!S d.,.,..,... Jt'If' 'D'O 100 ~ 1 •• 1 iapI.,. .., .. 17 

I 
""" 'I"'W-) 

urldu .... ,1. In '" S , 
tUllo'!l .," PI'''' bl~ art S da'f'J'W\ 1m. Dla 100 If. I •• ' bJu'l . .... bnnUall!l'" .... b l.d. .... I' 

I ",U 'P"P1'«1 .pWLlIn ",""lak1lm S S II IUIU.I .sn -0. 11) ppln (~UlMr:D') h,1.Id • .,. " 'l-I .. II-o,u.,. 'I?be 

) ;0-1 ... IA."'I "".Jlnfb,.mwUM R R .. · .,0 Inlury - p' ... hrrvMl "u~ "'.t P 

2 I." (E ... ", JUuD'lIoe,lI1o<un I 1 n)" "11$ """' .... \.J ,erner,&IH:6) letn~Jno ... doa .,,, .. 10 

2 I~· ,E .... ) 111.",100,1110<\"" I I II)-fll5 P1")\ .Q:I,flnW'tlb,) ~(,\fh~Dtd "tlm .. dlunspcll.,... I ..... "". In 

! ltv (F..It.) 11I.",Ioo,II,"",n I J ,10- (\15 PflOl I. daY' 1."",,..1-10 I ~"'H.btd .,.em .. "'m.~d I.,.,.. I .. ...., IOD' In 

J p't'tt..,b ~Gd •• bnlOlD R R • .. • o Il'Itvry - Reid 5lud., "' .. 17 

Il IDIQ.Ita.rm pontrl S S . tsprm ",4 d.tl S da)'ofllll 'I'll 4 nlQ " .. 1 .. (10)01)' rtln. 11 

I! IDJ"UIIIR.I~portt'rl S ~ .l"'rrlft h,~ da,.1 S ~ .. y;t. .''''k Inl -4 1'1110 lno ~ Inf "'I~I"J. ,ut.tnMI.llfnwtb Jed ...... 11 

I! 1",,,ulIl("tnll~"." 
, , .50 - 0. "1'0 ppm I~.,..brnl. ' "u1d.1)' r r-; lui 'I)j."y ,tlP( l' 

• ~."t pen .Iquldaoft>.al u~ a\ nva , , 
~ . o.n's, nt'O •. ~ vtl-I . h ... d - ! f'nl.C'OI!'efut~~d_)"Iftl1' Jl ..... 1n kJ.rlro .ct"J(~ .. 1 "~Ie .,.." I~ 



25 -Ju\y- 9~ 

Appendix A: Dala Base or Planls and Scn~ilivily to Ozone 

('la .. 1 Sensi(ivily CI... rem p. Level or n .. rillion of Ihll 

Type Co .... o. N.Blle Slteci". Name Aalh. NRC Final 7,oft" ".POIIare F.."o. Drc Err"clll 1'01lall,,1 Soorce 

• ..... "I,:um IquldtnNf ,.,,..dtua ~ < , U}r1H11 h.ud .. ,. j ("I~'r<:. ~~Y"/ ..... fro, I" 1M.!,., I'u. ~Jur)';I.(hllrllMllohe-l"bt.le.ru"I.' • lnnt: JI 
,. r.wtl,Um kpl&.,..brial II)'uflv. ~ ~ run .. Cll _~ ppm hl~d.yf(>f lit daY' 1""ltkaOI h\dll nd 11'1Is" le6'l.lt'lloo rlt"ue 17 

• WH'.tu1n Uqukbmhs, '1t)'rtC"hl. ~ 
, < S P_f20 'I1)nl (m~.J 1t\~II' 'n' ...... 1'11\<> - "(I C"I"Wnt1h'inoJ !w1da",.udfoU. ~~.plm~(i111I1'''lbyp''nIAl'\I rrnOf j. 

• "HI JUDI lquldanc..'lt')Iacflvl ~ < S P r~~ I'l)h' ("./11"' 1 1 ...... Up \t: ul'n l4laA - dlflU,Cth, f t'l1!dlth'Ol o vh,IWIl 10Jul)' flJnu !' s. 
4 r..u1,um kJukt.trtr.., n)l'1('lu. S ~ ! • " iuk .lIpp" rbl.,.('tc"k ...... 57 

• wert lIuU'II ~ukl, InNf .'Jf.( flu. R S S , · nlnt'l'y - n.\:! •• ~dy ".,., P 

• ... ,1 J'UIT'II lqutdUhf U,.-Icflul , < ) a · tla.IIIJIIWle "' .. S' 

4 vl~ p<>p'or hkrdt"'H~' ('In I"''c»'fu. G' < S · · t!durr:d ca-boby~ .. I .. ptcd\llcl100 >on, " • ul\> popIt, bkxlt:'1'Ut('f\ ,,,'~ltcf. D' S S 1.1'\4 p'pUlt. tHfday (nl "wt .. h , Mot . ot(ldtr p,erl~." ,) 
4 ul\> p"p1a, iJkxiual"n ""~UC'l.' .. S S $ 1.'IoIIf'JJ'" t.1/rllilly I", l' ...... Iu "'''tUP J .. ( lolu'l' nf 1, .... : ," •• '0 d,,(oUIIHl ,nnr: . todd" III edt •.. I) 

4 ul\> P<>P'" Irlodu&fln .ul~"If.I. , , ~ r. n.rlT~. 01 I) 1-\ ul , -, hi':' 0-1 ron l cnu.\c( lJd\o'e. d.p Inl 11 . ib . tlull .dul.'I.~e lno~ ,5 

• ul\lIKJP". IMod.od-co (uUplf~ .. , 5 ~ , )Oppm .. , .ud,yfn1 , mnolb1. I~D"IIII(UU 'tt' drop """ l! 

4 .'-' p"p'u Irbiuch'l(I luJlplhll ~ S 5 ~. ' S ppm .. ,"'dot). ;It'O.,~c..d.)''1.fwIt'c,, 1('''''', nIl. 'I)Jury; f.d~(lloD ID b"abc. leal GAl" ... ''''' . 11 

4 .'-' POP'" Ir~I)"'oo lullpUC'11 S S S 5 Ut~wm("'lillll Irwwto, 'd~n.tl ,91') - \ftl eOlldKlC'1o':' ..... de~ud tolhJ' N'ftplhlll (b In.aypl,nISfJI H'11t 56 

• ullp popl., Irkx'tDd"oa lullpll"r. S R < S '01 Prt,n ('C!lfU. .n ... 1Dji \eUfI"II l'9U - d,r.u.M f'O'II<UOOO,," flo ,.,blbho tDJury to .. S6 

• -'Ip popl •• b'loct.o~oa (uUplJ,n S < S " · ~.I\. 'dtpple """ !' 

• .'-.I"'PI .. ~riocS-lItkc. (ul~II.'" R S 5 · · o inl"'". - U,k1 Slud., ...... !' 

• ul\> p"p'tI ~lG6eocloe ,ul~IIe,. , S 5 · · ~"k Jttpph I.ODo 17 

, r--""" (h,n"l ~lIuln mullll«utn R R cool Lin ppm lIrlld'r'01' 6 ..... " c"t ~ ,ed~("lloo I'D le .. r lorn /0., I , )'IIP"" (hIUI6) ILollum mulll1cJ um R R """ 1.'9(\ppln lmJd.y''''' 6 atelt,b .s 4IfI. f.6YClIOG ID lur ...... "' .. 1 

, ~"au (lIall,.) ~lIlImD'1uhf"')a{uD'l D' R c"'" .. · .. dueod (001 .. I,.bl (J2~l.ed !bool ~llIhl .... ' II 

I rr-If'" (IIIIIID) ._t"'" m D'lU It t1ca u D1 S , R roo' ..I0pp .. h" 1-'-1 .. IOIIhd .1 .. ' DO. i..t lip&. Ibn blud ~ . 61 

, ~.", .. (I'""o.'ah lo' .... po" ... n. """ · .. ~ry ..,.I.bt, .dUc:1h '''''. " I fy""'''' C". ... pul.l) ~I .... po • ." •• s , roo' ..10 ppm h .. ~tCf ~k:ed tiel' 0 •• ",.I1Jp.. tbeo bl~.d '00' 6l 

I rr,,,,,a (p.,..Dal.l) ~1t."pwa1llo, "'LtDIOf'- I cool ~.n -n)O wo, h" ~aotk. "ft-bfoWD dbcoh:nrkn:l mo. 1 

I ~,... • ." (fM>rua •• I) ~1l'I11"p.1raGtl1A~"· I , rool .b .. """. ~. , 
)'1'"" .. (po,. •• lal) ~hlDpt •• rt.e "\.II1nOf. " S I '001 .jOppm bu In'. I(Jralr...t ., ... u. I.., lipol. tbOD Mea< "",. 61 , rrl~'" (p.t'1I8ar.r) ~lacnp".l)alll "1...n..,,- R , ,,,,,I .Mlppm bu Ct- 14 dlY1.f," C'Ol«,tebU) ... fo bl,d ........ ""1.1,.4 ...... )) , fy."." (por ..... I' ~lIutn pltTtIP •• "1...hilll~ , , '00' .)0 ppm hrl 166- 71 dtoY'_(' •• g'NfI.uce ) ,0'" 01 blado .,," "'1.,.6 ,."" !) , "'(1"'" (PO""''''> Lolhatn ,.r.oN ~Ioo· , , <I><>' '0 ppm hn (66-71 d.,., ., •• e~pDC'II) IJ ... of M,do or .. I.jv"d f'"" II , ry • .,.", (per ••• bt) 10iNm pe"'~. ""oo~ S , 

<"'" lOl'9m hu (9-1'" dlr' .h. "U"I",,"~a) J ~ of l>J.d_ u" toJured ""'. II , ,.. ...... (po, ..... " lon",1tI'I ".reD81 -lhloQ"' ! , <00' ,$OPPIn bn (9-( .. d.,.,. .re. ~m .. ,.ac:.) , .. 0{ blod ..... ,")urod ",., Jl 

" ,..".n (po ...... I, loU", 11'1 petttlo. ~UoIiI~ ~ I coo, ,$01'1'''' -e,u ,66 - 11 d.Y' .rt« .~~PCIIl 1 ... 01 blld ... , .. IIlJu'Clld ""'. H 

t 1')'I(Ir." (.,.~ •• hll Lollu In penoo. -liD.· S , ",01 ..1O""", ~" ~I. 'O.hd .u .... UHf .... ,,~ Ih,o b"ui ""'. 6l 

~"." (po,,,,'all L.olklm pttHUlie ""'.lIblll .. - I r",,1 ,1l-Q.JtI ppnl ~" to'O'II ... d.,k - bl"'O'Ml dIK'OIa-aI60D .. ,'" , 
y.".." C,.,en'.I) LoI"'mpetlllllle ""Mloh .. .,,· 1 roo' .I.S ppm h,,,d.y(,,, 10 daY' - U~ I •• r ••• btlW'rtld ""'. ,6 

ry.~ ... (pel •• D"') ~lha'l~."'a. "'Mtof)b.I',, - S roo) . tsppm uch .. ,"dar It'll 10 ~Y' IS ~ "> ... r .. lot lolw.-.d 011';01' '''01 ,6 

~" ... (po'''.'''> Lolftln p"" GIl_ ..,.. l'Oha (lat- , , ",.1 .blo '"'' ~. 

,.".IIJ (pet.Dolel) lb''-Q1 pNUa- "M.oh'I'''- R toni .30 ppm bn (0-'4 d • .,., .Ihi( e.,..",CllUI) '" 01 Mad. •••• Jar.d ""'. j) 

Y'f!Un (poreDol_') Lo'h,lGt,.t.OM ~'OhaURl:I;" A cool · )OPPIil hl1i (66-71 dt". Ih .. t:'Q1_@loar.) " or bh6t ..... )u.ed """ 5) 

~"I" (p.reDIIII.I) LoU~tn P"""oo. 'M toh. t'lD· I ,00' ,40 rPm hr. (66- 71 d.,."h., '''',,''D'''') I, ~ of hI.do .~, '")oJ'" ..... Sl 

y.II'ion (ptr4llDDI.I) t.oUu .. p ..... DII ...... ab .. ullD· , 
'''''' ,, 'hppm hn (9 - I" d.",anct ~D"MI",.o""') ,6" 01 blado If .. "''''' ... «>A' S) 

"'tren (Plrt •• "") LoUa.,. r-'.IIO. "M'''~liIIu_· , <0<>1 "SllrP"' tin f9 - 1' "."..ff" el7l.,.oC't) '6'" at bD6I.rll l't:ll\l,.d ""'. SJ 

,~".n (pultl.lIt) LoU"lnp.,...OIl:, ·W'D".tl .. - , ,0<>' JIlM'Ol hn (66 - 1 t dar' .lIn tll'lllf,leoc.r) (I .. 01 blt<h ..... mJ-r.d ""', j) 

relll'.n (1)'1''0'.11 LolhJIn peonD'Ot ·W tabu.· S ."'" .501'1'111 ~" .... ~« MMI .... d .,., .. n& ••• fltpt.. thn Mne ...... 61 

f1'p"'" (~D~DI'H LoUum poUGO, ·NK-lOO'" , , 
'''''' 1.2npptn h .. "" (0 bl.dll •• to ~Ju,e4 ""'. S) 

yep.'" (" •• eaul.l) fLoUump4u:ooe ·NK-lf'lO"" , I <00' . I~ ppO! lI,!'! I, 'I. 0/ bltdo ,,., 101'1'''' "' .. JJ 

ytp'.)5. (pe ... oot.l) ~Ihunpcnoo, ·NK-IOO"' S , 
<"'" ,4Inppm 'II' 6 ... DC bhde .,.., lolund ., ..... 5l 

.,. ... " (pttlGlohh oltvD1r-(.~n ~K-IOO· S , 
'''''' _~()ppm bl~ 1-"" J(nil.ed ., ••.• fl'. I .. h~, tbN blile ""'. 62 

.,. .... " (p"f'taal.l) ~f1"G\ftf1.no. "'(¥Jk-t· R R """ .,nprm IIn(6' - 7' "1,.,'(1'" 1tmd',eOU) ~ nf blldB ..... lulurcd ", .. j) 

)11"-" (I>', .. ahh ~Uf.ltn'U!.t'DO' --Nnl~l~ S ~ .".., 1)°rPm ,",,, (9-1' ~ • ., .ha ""I«."OU) 16"'" "r ttl. riot .'11. mlLlr"d ""'. Jl 

rrt,.-u .. fptJl'I!'at!lbtl nlh.llnprff'IIUt ""l"JNh1t· I R R ."'" .... n pp'" bfl(fi6-'llhiV"lhCf CI,u ... 'ltn~t I) "" n( ~hld~ aln IlIj,ned ,..". l) 

ht' •• n (,","tIIl_h L,r.liumf'lC'J~('Iae ""l"J .... 'u· S R " In",1 Uf\(lflln I'fl (9- I' ~aY" .t,~ tI'Il.,.b"l ,..,. ,.f bhd.leu In;\Ir.,4 "",. 5) 
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Appendix t\: Data na~e of Plant~ and Sensitivity to 07.0nc 

Pllnl SeD.il;V;I)' CI ... rem". I.evel "r DBrilitiolli Dr n ... 
TyI'C CoallDOO NI ... e Soeciu N.llle Aalh . NRC 1,;".1 7."oe JI..,,~urr: P.IlD01IlIrr: Elfee .. PolloiaDI isollree 

• ye,. •• , (p.,nnl.l) lollum ~~DO' "'NotJt.- ~ II. • ,""0' .so M'D\ ~ b" Ir~- 1 1 dl,.,..r, .. IrOkf~bn) IS,... 01 bilk If.' Iniu.d ..... , !J 

I ,.." .... (p"nD't), ~lIum pc-tcb1U -",oylu· S R ~ c .... "" .SRppO\ b,... ,O - I~ d,Y' .r.ft tn._prOCK) ~ -'or bl.dt-., •• Iplulld p ........ S) 

I rr-,,8" U"rIl'1lDI,I, ~lIuD1p.:'e1J.1r -P'ekt- I R II. ( 0'" "" 0Pl'''' hUI9 - .-I oa~, .. liD rln •• IIIKII) I. "l of W-.dt uca IDiufld "' .. S) 

hf'rt .... U (petttlotall ILolium ".,ePlit ·VO'lo- R R R coro' .Jnr,un hI': 1"6 - " I 4J)'J .tto tmft",.au, "f. 01 h'_d_ ... 'lIlWl,ed 1;')'" Sl 

I t'r"'1n" (~fUD'.h ~lh~"'''.I'$Dn ·Pc .... • ) II. II. ,,,,,I ,.. •• pp" !l1 ~ (66 - 'I dlo)'J .hO' UI.etjl:tOtt'. 10 ~ at Madr: ar •• 1 .. 1ow.D"d '1'011 JI 

II ye[ll""" (po .... b II ~liutn".tl!Du ·Pllk>- S II. II. cO<'l p.'.ppo> III~ (9- I' d.Y' dill' elnar"Uee) ) ,." at hl.d~ .,..,tutttiid ~. H 

I Y."'" (P"IreaD'-', ~Itvln ,.,~nn "ltlt't" I II. R enD' .JoPl'''' "II (66- 't d.Y' dhf 'II'IC1f,tcGte) I J ~" at bl.da aua _jMad In ... H 

1 )'&lJlul(pe'lIaDI,11 olhlln ".nolU ..,.""- ~ ~ II. ","I .SO~tm hll(Q - It dar_ .rur ~Ine .... ~~n} ~ ... CIt bl,dt at •• "'J.f.d "... SJ 

II )"8pa'l'CF"'r ..... I", ~iI'P".DD. ·'do" ~ I I "'"' .JOppa> b .. 1-'-1. IOlIIhchr ... nUl \olr II,.. 'bllll*.~ '''''. 61 

II yel!lll" (~reo.I.,) .."...- "..,.no It "?f.nofloe· II. II. II. "'0' .JOppo. In,(66 - 'TIIt.,.,arU. on_ilebee) ~o ,·ltlbI. GIOII,.. roo. $J 

I ~,..,.(JMtr.olll.ll ~n.~ pefC bDI ""~PbrIDr:· I ~ R ('0'>' ,J" p".' h" (C)oo 14 d.t" .f,. eVYlll'rDC"II} 'I '"" of bl~ •• ,n htS., •• d ...... H 

I ~"." (.,.'108111, loR-IDpM01)De "'.,.,oo"r:- I II. II (t'l0 ' .40p,," bu(66-1'de.,.,.hs • ..... IIr:~C'&) JI '" nI b',de ,'ea ~Q'''nd ...... J) 

I r-e,nu (p.JeDDIII) oihlDpett1)De "'.ooflDe"' S ~ " c~,,1 .'Dptm brJ (9 - ,.I ct.,..,( •• I'm_plu'.) t "of bl,de "tl InjLlftd ,.,.. 51 

I ".p'a.., (".,...D',I) Lm"'.pM.oa. ""'000.,- S II. II. enol .50pp,,, br, (4 - 141 ell,., .rtSl tr,ufP:tDu) ] '" of bl •• I.'" InJ~f'd. 
_. 

51 

• rr-J.lUJJ (pnn.I •• ) l.ofhlnpet'nD ....... 0,,01111 .. ~ 11 11 ",.1 .50pp", 'm(66-1. d.~ .hll:l n ... ,tIJA) 16"" of bl,de •• e. I,.,u,.d ...... 51 

I ,.pau (p",,,olll) ~1""''''f1)o, ""000&4- S I 1 (04) [>.50,,0> 1/11 ~I. IOlbd .uu n .... , lip. Ibn t.Je.c "". 62 

I rr-"'" (p,ruold) ~I"III pM",OI -SpleDtCc:r-- S I 1 """ ,.sn,lpl' " .. oWa'. tce> .. t<t" .... t. Ir.'.lpLcbllDblnC' ~""" 62 

I )'ePI" (pMKolal) '"", .... pot ..... .,..Ibot'" II. II <o~1 . /1',,1"" hu/day'Of I.." ... eb ~ "dwc.~ ~h tI ' • 10.' •• 
) ~.l"ucl!lo ('''' ..... 1 u.. ...... """,'n II. A · · • ,,)wry - n. \I .. udt ""'. 5 7 

I ... ytVcI!lo f"''''-I 1..001< .. .,...""" 11 II • • o hlJury - l"-ubO'llI' IUldy If"" H 

II ,..roll Lot., to.'l.al"'" I I .211 - 0.111 ppm hr,/d.y 10' 4 ... , cb Y' .. I .. ,..., ~""" $9 

2 luplD. 1.10, .... ""' ..... u, II. I r · UJ > p.,.,. S htlo~ 216b" • "'Iury ~. , 
2 • plDI lAIpID.' cod ... u~ I I .20- n)n ppnl htllct..,.fD' 4- J 6lto." •• r .jury t>-• 59 

, p..,lonD,. ~hd"'~U.,.. 11 A 5- 6 • · o "'Jury - IIoI:l .. un~ - 57 

11 ...... d ~t<d .. ,to.,.. ••• ~ S annenl j'>.Hppor ~ ... dayt S da)'JWl rnf" DlO 100 ~ I .. , "''''.., ""'. V 

\I cwt.d ~ odlallo __ 'a ~ S InD".1 p.JGppm \,. day'S d.Y'''''' rttl ,. DlO 100 1IIf.1 ... ~jll'" wbtll.HI.I.f~h,..d. ton. 11 

II .... d "".d .. ,1oD'M'ttl $ ~ .ltDIU. ,S'-' -tl")()wm,ambltbl) huJd.y D ... Ioar "Iury "' .. 11 

• pC1t.,t.rUM ~.poIl lCU.I'" A II. $ · , o IDluty - n • ., M"d) .... )1 

5 1m_,ao I. (umtNllal ~,,,,,,,"Ipo"" II. II. • I o 'D"''1 - n.1d . Iudy 1<'.' 51 

j ~.'DO" (ucntnU.) ~a .. oh .'1"'1.la R R · • 11 k )I'pple l(\be 51 

6 im·b ... I.( .... pl." ~.botll.rllPeCl" II ~ 5IHO > PI'm "" ~.C1abl.lejo..,. f-o. eo 

J ~tef'.DIII .. t ~Ia.colhrb: ,lab-ala S ~ annual p_,n ppln b,,,d.y 1M <4- S dar' ,'/Ialury f-.. 19 

• " .. bof>plo 
~1 .... tO'Jm'"'tde, a R · · .Ia)w..,. - n.'d ,,_..,. ..... }1 

lI",bl .. .-.,Io .. , ~.nOlUI ,(b. 1 I I ) .b~ ""'. U 

12 ~.CI~r. .rboklU)b s S p_IOp,m huttt.y feu" - S daY" .. 'Io,...,. ..... 59 

I , .. b.ll .. tu.,....., ~.,..D"I ••• ht~\tl II R ) . j _'Opp" b" .'OC1Oblo ,.'-t)' .no. 60 

1 lIl ... totfb ... , (rail...,) ~lftll\I~ 1Vi'.n~. II R S 2j > rp~ "" ~.I.c.bl. IDJ~ry ...... 61\ 

1 ""u,l</1..- ~hrulvj Dlottbl'" a R ,If) < ppbm b .. ~' .... bl.IDI"'" ,.,.. 61\ 

II ",\1 .. _ ~ k.lI, staop.'III. II. R I ,le) o pptn h" ~'etbb'" tDI~ry l.f'IoQt 611 

• .. ulbcr y "'<rD. 'P_ I I .-, · · ~rb.lpplo "' .. S> 

9 ... ,-001 ~..,broltp" lraa: •• 1 II II I~ , It) - O, U pf)P\ I d.1" ulbm dktDot t apa ' I •• hO'G'l.f'b,.ltD"OlMe- .,.,.. 10 

4 I • ..,.., fi,.... 'y""dn II. 1\ • · · o tDtury - HtMfl-bou,. uvdt.. ...... 51 

1 ~,,,,,,,, ( .... 1.'1 PtDO'I)'" o ilion I" II. , p. Il ) > 1'1''' .\ ~11 Cltw U(.~u n 10,..., ""'. , 
l ~)fI~'tI!!I. ,'''''Din,) ionOlllb .. , nllfotol" I , r In - nJn "" .. h,J/d, )'If"If 4. - S cb ... ~.llalu", "... )9 

II nllll"OO'I ""mnrbl.:::e OCfld''''t.'~ 1 , P 2.1 pp •• ~n ~"<TIbl.IojlI.,. "' .. r.o 

• ophoreb4111l1 (Ea"If"D) Icn<rrt ~,IDlaa. a R • " • o tDJI"y ... n,k' .. "dy rne. P 

6 ,rbys:aad,. Ihc~ ~bd I I II e'liu ,Ib a II • tlUppn. 
~,. 0 •• r .... 61 

6 .uby ~dll""lla. DI)fdDIIU II. II S ». I ('t lu)u.), - I'uDbo",. Y1\1dy 10 .... • I ' 

6 lohy IC'.,.,clo. m,.,tDt1 ... A It 51')n > ppm ~ .. ~.1.~liIIbl.lolu", ""0 "" 
" IbJe-D.(A_lc-D} uU quIDq,,\fOr\.lj I , - II. ) · • 'Io.t .. 1pplo ",n, S' 

" In,tD" (Aa"I.I{ln I aOIl qpIDqu .. O ... .Ij A ,-" ) · , n (alu,y - fic~ /.hMl'~ ,I\lelh: \., d.,~ o~rt >nn, F 

6 'htrlo ... ntllp4l l"btQPlb, u, qulDq'IIilnh S , 
1 t>. · ~a ' k ""'ph: X' •• F 

, 
b~.«"ln,... ~ulnwrll. If)Q~~ 'nu: II 11 S .. · 11'\ jltlu11' - flt.tI.,u4'1\, /I'"'' n 



I\ppendix 1\: Dala /lase or !,Iants and Scmilivily III 07.onc 

I'!ant Scnsilivily Chs~ Temf'. Lcod of I>ur.lion or lhh 

Type C" .... eo" N.rne Soecie. Name Aut h . NRC J'in.1 Zone """ooule E.lloliHe Jl.ffects Pollulant Source 

) ncr! iIIPnu.d KI(JtJi'~'3 hClrt~"lr:ll 
, , a 1111" ,,} Inl'l~m hl\""~lIIt 1101 .. - ~ d,,), " ,( "'I·'Y ",n. S' 

I lI:~rn .nuual 1!(1N:ey. phlf( atJ'l- S , Jlnll\l~1 'l fI '}11Ill ",<..,h,yl", J-'i It,,\"\ n' jojulY \1~n" }' 

1 tf .. "Nrr. I<~mm( .. nl t.lufj:ftftll,l1n bflllnt'IHn I I .111111.0,1 In -H I~ IlfllU ' thY' .fll,qG fI('l_ ,talke.. &(,..'_11". rlnll~ 10 , 
IIII~~II iIInllu.1 nitric eornt'\fyl R k ~1I''1II101 '_'h > "I'"' hllUhl)" ,11 -i - \ c4:tl' 1n miw'Y r",m& 5' 

2 1'<1._'" ~l\lIlta dnuhlot (lundillnu ·(\111(, IbJ)u'\(,~ R M R :\n IHI :aI .~.c; prn' III, heHcct ",no /1 

1 ~tu"l. r-IV'DQ dnu"'~ .1.If)('fin.",. ABluf ll.l.rlU~I:" 1\ R M :,ollu.1 . ~n rl'~' 1111 'Ile-Htet '~Ie 21 

1 jleUlllhll h, • .,lr3dt"l,.I .tt " . pili(~1iII "l'ilur Ihuu'If' " 1\ R M "1 • ., u::. ( 10,11'IU I h, ";. In~uI Y It) rtu1 '''<N' 11 

I [)t'uu,i. If'I'IIIOb p-Iadlfl,,. ~k'n""" "'("",ltp,,,," I R ~ iII!lIID,1 1,~ rj1m I " In"Hen ""', /1 

Z ~I ... nl. h-filob pudl(l". ~kl'hy '"("Jht\\ ... ~ I R M iIInou~' , ~f) ppUt I h' f";, inlu.), It'I~lllOI rmu• II 

Z [)el uol. ental. pudt(br. MI:'r'lb1 *(-lIIh,.~o· I 1\ R .rmu.,l I_OMlln I ~, In ~ iill",)' In. plan 1 rln.,. II 

I t"lunl, el,,"I. "..,dYbtI ·lHu~ J~II),- II R R IIIlwud _ 2..~ ppm I h. InItHf:R r-· 11 

1 pc,uol. .. Iuolt ,,'IId1fbn -SIll. Je,m'" II II R Yl1uual _S"ppn, I III I oq.. 1"luf')' 10 plnl rma• !l 

1 pilluoill • uIDI. all nd\'.".. I. '"Rlul:' J&tD~- II II R ,uloul Il)rln" I h • I. "1- IDJUfY 10 pl.al rroo'll lJ 

1 ~l!luol .. ~tualll p'1I11d\fn .. ·ftlul' Su" ~ II I< .. oft".1 lu.l ~r" I h, I '" IDlury In rllll!.l rl'f'Ile 11 

I ~'""t. ~uClI. "u<,Kklta "Bhlt Su · S II R IUIUWII l->.5nrp., I h. I f1.lott-ty (hpl'UI rfll'O ! I 

I ~lUI!I. .. ",.1_ ,,..odlrbt. ~Blue !\.u- ~ II K III1~b.1 IOppm I h. k '1-loJ\lry '" plu' '0 ... 11 

1 pe,.o" • luDI •• "orUf\-". "'(-h,,), fUt, \voln" II 1\ II IIllnll.1 , l.} "p,n I h' ~o.rr"" , .... 11 

! p., •• " Itl\lobi .. ,.odlfnl. ~111:"1' blt>,tn~." II II II )l1I"u,,1 ,"\0 ppm I •• , ~ •• Juty to PMO( .oa, 11 

2 pt-IUO'_ ""1_01:. ~uadlfbl' -f"blf'lry RIt>'U'lD.~ A ~ R :ull1 ... al I , O~I" I h. l ~ lajuty 10 plaOI , ..... I I 

2 petunl. Pehlo\lIl11'udlfbu -Ullle TtJJt" II R R 'Ol\U,.' 15rplU I h. ~('I eCh'd ""'. 11 

2 p.llolol. tllUbl1l ,. •• dlfn ... '1JIIIC' T\u." II A R :lnou.1 _sn ppm \h, I f\. ioluty 10 pl.o 1 "", II 

1 p-Ivola IIIvbl. ftf •• dllb .... ~\III(, nll'lt- R II II 111",,\1.1 I_OpI'rn H. lP(, IDlut)' l('JplIlQI "",. II 

I p.tlvolll .tuDI. In"difhrt • ... fli Plu\'· Ipi" ... , I II A ",," •• 1 2S Win hI pa Ibll.o ~I<'II' II 

I petu.l. .,,,al. ".II~Ibf. ·P.,II J'lul.·lpio"') I II R "1'10 ... 1 ,5Qvrm hI I ,.. 'DjUt'J lopllillJlI w •• JI 

Z Itl1lnl. .. ",ul.,1,udlflDtl • .... ,11 J'lu\ ~ fplo") I II II .. uev.1 1.0ppm h. 1 .. IDJUty 10 pili'll I ""'. II 

1 ,,"tu.to Mu.I.,1nodIfIDu ....... rb 81m. . ... m· I II R 1I0aoai .2.!ppm b, "'lICrr.d ...... 11 

I .,uela ~lIttu.l. ~t1bdlf'bf. "hub BIOJ~nln· I II II 1II01)u.1 ..\OPP'" hI I ... "'I«ry 'opl •• , "' .. II 

t .Iu.b IPtueb IRbdtl1Du ·..-.II("h B)(n.tnl"- I R II uDud I_Of1Pm h, 7 "'" lotuey 10 plnl ,,, .. 21 

2 ,,"' .. " .IY'&J.. ~QdUlr:n. ""~d MIf1:I(" "td) S I III1ID..-.t ,Uppm h' odha "' .. 21 

I ,,"'una. "'-Ivet. I"udlfb1l -RCld 114.,1(" lI~d) S I .Dou.1 .50 Pl'D1 h. 12 "l-Io"ry '0 pl ... ' .... 11 

1 pe,u.'" .hrbbl "udlf'bn "R.d M"V\lsd) S I .oou .. ' I_OPJIIn " 1 "" taj~IY JO ph.,1 ""'. II 

2 I><'u.lo .nulllI "udtfbr"a ·)touh",· S I .,.,nul .151'1'"" hI o "n,d ...... 21 

2 i"',onl. .tulllllllll'udUbP'1louJ.eUIf'· S I lIuD •• 1 _so YPO\ H" ... lolur}' 10 plliDI , .... II 

1 pe1_ola "ual, ,t.ocflrlau ~ft(H.II.1t." S I .00'0111 I,OPPlu I h' 6"" IDlury 10 pl.nl ""'. 11 

Z ~Iwnl. Mualll ,IIGdlUou -W.II'I:f· S I .000111 .15 VP" I h, o.rr.(.1 ""'. 11 

I 1>""'01. Muwl. ,.....&Ddlf'bfll ·W.IlI ... - S I .aoual .50ppao I h. '" "'plY to pint ""'. 11 

! ~'ubl. .. uab p-ilDdlrbu ·W."lfI" ~ I alllul,,' 1.0pprn I h' I) "" 10}1l'l'fiOplaol ... "" II 

1 ~ltllloh r...lI.'I,uld ... ft.".,.. ('\IIIn- I IInbual .34 PrDl t.j ~ ~1,,"111"'" lol~ry Jrn~'nrl!l roo. J I 

1 1>"""'" erwDb ,"uhllk, .. hkolm ·'nC'h(''t tn~ { 'te / II IDnu.' .15 1'1'"' I ~. ('0 "fred "' .. 11 

1 1>"'"010 .r.ott In4.IIrIDot. btc'Okri "Pesrbe-., ud (",~ / 

I 
II .oftual ,SO PI"" I" II1r h*"ylopIaDI ""'. 21 

2 1"" •• '" .twalllll"nlhlo.c.,. b-Icolm ·'.I.fbt\ IDd ( -,. I K R lIoou.1 IJl pptn I h. Its Cl laiul), 10 plJlbc ..... II 

2 p.,"ol. .tvllli • .-.eltt6or. "'F ....... I· S I I al1Du.1 ·2.\PP" , M I '" lolu". ron. Z/ 

2 p..tvol. .,(ulIIIllI m.hMkrra ""FfJl~I- S I I • .,lIu.1 .50""," I hI ~ "'lulf I. pl •• I "' .. II 

1 elual. IbluO I. muh lDort -hu 1'\4111- S I I .Duu.1 1.0 rpm I ~r 8 .. loJury 10 pllYlI Ion. 11 

I polV.", .lu,l. a'lutt.m.,n ""\"k'lcry" 1\ II II .. .,11,,11 15 ppm I ~I l)cJ1td rnolf' 11 

I r.1 •• 1I .tuII. trlU~IQC'IhI "'\."IC'1(Ty'" 1\ II R .aeuIII ,50 ppm I hI oeflrrc:t """ II 

I e("'ol. ~ •• b m",hiOon. '\'\(1('1',.- II R II BloQual I .OJlpn' I h. ... 10",.., '0 pt."' ..... 21 

I ~'4D" tnmb,p- S ~ IInllu.1 . . dlVl!!llo,· ~r Ih II 10"I'1f fUrl. N! -. !~ 

1 1>",".1. p..htol •• p_ S S _"nu.' . , • , ... '6 

I p"IWotll. p..tvalll .p_ "8Il1' o..,ut.l' " II R R lI,,,,ull r.b~ ..... 4f 

I IthiDb tl .... I. ip. "'"8lul' 'tll.,lw 1\ R R "l1nu ... ~ r.~~ "' .. 4f 

1 po,uolo I'<uo I •• p. "Blue ~(" ~ R 1\ II .lllIIPU' I "~I!- ""'. .. 
1 polu_1I rf"'Clil~ , "RN:I""~ 1\ A R • uP .... ) r .. bl!- ",n' .. 



Appendi .. A: Data Hase or Plants and Scn~itjvily to 07.0nc 

PI ... t 5eUlilivily Cia .. Temr· Level of J)uulioD of Ihfa 

Type Com 1110" N~ ... e Soeciel N.me Auth. NRC Pinal Zone E~pol ure l!~r)O.ure r.:rrccu I'ollul.nl Soorce 

1 p.'o.o. eh.lDI. I:p, ~(·.IW'ln~ ~ R R IIIII1DUIiliI I.ME:· "'., •• 
l P.,uDla IIluoll.,,_ "C.a.db.a - AU D"" .... 'e Mb: II II R ~al~u.1 r.b~ "'0' OJ 

l P.,uDIa IIlvol.!.ft, ~('.,"r ~ • S IiOnDU 110 I hhe. tno< .. 
I ~'UD!. I!lulIll'fJ "nIlf'f)'BIO'Jlotlru" " II II ~~nulld I.t.t.! ,r,.,~ .. 
1 i"".DI. e-tuob.p. "'{"oll .. acbe- I I I IIInl)U III I lat.'I= r ... ue ~ 

1 p."(utJlt e1u Db .p. -fel'llva t R ~ II IIIJtnu1ili1 I.blr .n, .. '" 
1 p.fuul. e'ulIia Jp.. "1..1"" ncne~ II ~ II .r.I'ul r."'. 'Inti. •• 
1 po'oo" e(UD'" Jp. -"'ul P1c:lk" II II II lIIunoal r,M. ""'. ... 
2 ~'Ubl. ~tu." lP- ~C"b 8Ios50l11- II II II IiIIDDUI'III .b. u .... .. 
1 I •• DI. """111. rp. -P.,..c.be, IDd C"rnn'- " II II IiIIDI)UiIIl r.t.~ ....... •• 
1 ,. ... 10 ~Iull!ll. 'p_ -rlok ("nnW S S S ~II,,".I r~h'c ,on. .. 
I ,., •• Ia P., •• I. 'P. ·R.d ",.,1(" " II II annual robS. mo. .. 
I ,. ••• t. ~tu'IJI.,;p. -Rovllln." R R II IIInDU III I .~Io In, .. .. 
1 po ••• I. !Pt.""''' I. sp.. "'SDOW5'iOl"II1" I I III"'IIIU III I .10ppm h" (l.IC.t! """ l~ 

1 po,.ol. Ir.NIIIII lIP- "'SDowslorm- I I a,fH,,,,.I p.!S prm ~" It,b\ ..... 1 Jledl", 1111 IIIPjnllllW. of M1.I """'. JQ 

/ po",.I. ''''''111. rp.. -Sb~Of'bl· I I _an".1 """"Urn. "V .It _1 QlotIlh. t'b1li.lfbWltbVh"tI'vol-Dal--hhe ISIMr..,.,k no .,.t."I.k- JO 

1 po",. I. 1r.,u.l. op. 'VIc'try' II R R 8tloual ,blo ""'. .. 
/ po,.ol. olonll .... -W.nla~ " R ~ IIIGPu.1 fob. ""'. .. 
1 1>0""" eND II"" -While. ("1I('ad.,- fliJ:l IUU 1 ,12.S.n,0'7«.,.n Inll'Pro ~III ~D~ 2 - SeJ'1 I~~ 1968 nedlo,tcb ...... ml ... WllnlB ,,~I, D\OJ'IIyOb' mhteDt rhlC'eDIH 1iIIk' ~o 

7 pb.roll. (blt.bell ~Ic.nl f"ID1'!ID.lull I I nllnl lUI)' 0.)0""," bnJdllyfm 4· Sd&f' lI>afln"',y "'0, ~9 

7 b..n'I. r.. ... I~ b "'""'I'byl .. S S 1i111IIJUlilii ,15 PPIl'l b" d~yl S dl Yll'wlk '''1 .. 1110 S "'" 1 •• 110Ju", ~ID"I /7 

'1 pblC'eUI In. n I~ b"'""'I'bylla S S liIIlt.oUIiliI p.IOrpm hI' d~yl S dlillYJo,I\IJk '01 4 11'10 8n 0., I ... , ID""t~. fJOIWtb QOI ~I, I&duc. "'0' /7 , b ... l~ rr..nl~ b.' .. opbylle S S IiII!lOUIiliI .SO -I\?t)ppm (1II0~lIInl' n brlld." ~ Inlklj-afJ r1('\l'te 17 , beenl r...<ol~ b.t_byll. I S nnullil lu.I < ppm h" ".<IObl.loj'I)" rron. 611 

l,. ... (C· .. II)'} "'a. I, I q,.t .. ' lei •• • ~. I)' we\Jhc, I'duct'tra Ior"'D. II 

I ,..." (C"ltoltyl Pt. •• I. ,*8..,1.0.1. S S IInn\l,.1 • ~. • ""'~ 7 

1 ~"".hlHI<w)' lnubUb ""SC'uStc ()"Ih,a- S S a"Dulilil • ~. Ibl!f~oblJ ~I"III. S7 

.) !znOtIt-trtlll· (~.I) bllodepou. «<0<> ..... I ~-I • · ~. .olClpplil ~ID'" S7 

) !Enork-a'all,e (~II) r'Mlldo~G" C<l"0'IiI1,h». S '.J • • · .11 seipp'" ~""" S7 

q bllodo.d,oa ~no6rl"~o ~d.lul:I' R R 10 .10 -filS ""D' ",kJ \11'01 did: DO( MlpnuC' from .,(hyIBlUfolOlll !»oD' 10 

) lIH>I> ... k (dw.rf. ~yloO("p',n opIllfflohs S S Z • • "',k nippl. ...... P 

S pro" (""' .... y) "I_.~I. o. " Z • • ti.ereue b,lIIQ'11'1b r.t'lCM, SOl. bel"'Y." H 

S ~,,{"o ..... y) 'Ie-.. ablm " " R Z .blo ""'. " 
S 1"<0 ("0""'1) IC1II •• bl. II II I · • ~o 101"", - n ... I,.boo ...... dle. 

_. 
51 

.I ~co(""'''.) le .. ,I.vCII R It II ) .b. ..... .. 
S ~t".(wblill lUI ~1.uCII R II ) · • ~o 101.", - " ... ~ .... n.d, ""'. 51 

.I ",",CO (81.<\ HII~\ 1C"eI,II"c:l YIII,duJII1. II II • · "InJury - pn.bCNHI uud)' OlOtl. P 

.I 1'1"<0 (bladll Ic-.lmwl ..... II II II ) rlllb'l: ""' . .. 

.I iJPrOU ((""oloC'lIdo bhlt) 1~.pvDrll.J, II II J · · o laju..., - ~ltI)bou.& ""'dy . ""'. 57 

I lP'uC'IlI Cb'WII) 1»1('11. ptr;o,.IJ,7 II II II I .hlr 

_. .. 
S 'PIP" (led) P'IC1I'n.lboiIDI o. · • :t.0'e~ .. 10 1I'01tr'1' ...... SOl 11 

I 1.,1, rl,rl.,apOIDln R ~ 6 ".1.' ppm b" •.. ""'" 61 

• lu (brln~coe.l IDa. Atlnltl: ~"''IInu~ .... II II ~ · • Ibef ,~kt1m .... .I' 

S IDr (bobronl"' IlIIu.ahlBlllu.tl I I · • • "'D' 9 

.I 10 ~ (to OMoOI") 1"\I.an,,liuu. I ,'()l'rPI 12bn,da~ff'lf"J7dlY" fotUdM ot d.a, HD'I(I"Cb~eu) ""'. ,0 
S 11)0 (uob<'oDtl lou.IUetHI8,a I , m~iln( - • (""A 'n't~'s rtt ntIBIIII\(, lIuoup. 1()"11l -4 .IIIDval Dndl& ~Ol.h , .. t.ll)~d. ("blao.1. ddtlllltabpollullfl'll on 
5 I()t-(bo~el h~vt I .. .,autll o. I · · (OUO-1-,pe 1D""lo~ ..... ~ I 

} PtD' (J"~) ~u,butuIUioI I S , In'ppo' ~" ~ Clo o( pl.Du wet t IDJI.II1"1I6 "'I" S 

J ",.() .. ~) W-fav .. bal)'ulua S S ~ ,~0l'lpm h" 7 t1. 01 pb-D1' M!le 1"lured "' .. J 

J hi. (jock) lIuubuk.llu S , S .b~ Ino~ O. 
S 10. (jock) lo .. blab~lu S S · · blfToslL nlbd" r.OGI! I' 

J iu~ (Jac1.) lDU. bao .... ,B1T1 .. I , 
" · hlfTfl'lh Jo ... P 

j lot' (l1lC-.... ) i.,u, benk.lleoa R I ~ • · hl ............ t,. inD' I' 
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I\ppcndill 1\: Data Ba~c of Plants and SCIll'itivity to 01.Onc 

Plenl Scnoilivily Cia .. Temp. 1. ... ,,1 of nor-lition or lhla 

Type Common Name $DeC;"1 NII",e Aulb . NRC I'i"al Zone E.oolure E.oolore tHfec" POlla .... 1 ovrce 

I lin: (AlII~ukll1\l lowl brull. n' · ,., I<'D.-{)pf' tnnlll\'~ "' .. Sl 

j hu (ran .. r')" hind) ~~I tl.DU'''-'otk S ~ r."'l'l'm hi' In, IJ d.~ bkYrootk nlnlf!e ji'll.,e- II 

S lae (r.nary b ',OOI P'1'a. t cadllf Ito. k , r ,nrP lU hr,'rl.yIN I-Itb.,.,. hh,.,tic moll 111"/1 flu boedle, '<'00' II 

S "'. (1ocI,,,,,,I,, !'bu. ctnIlfI'I. I I h .. .. " , ..... 9 

I tobt:( IMllapole) 1"iD •• ctnllrw(a I I ~ n.t-~IU - - ( '". ( ..... I!:~, Ict fIIetimc Ib,nullh IqJ'() + ute-d~ .ho,'h n(ata,d. oJdll:" UiboJis cbl rl'(ld.~ , ,I, 1~lh.ln(\n 40 

s tnolll (Col.lh.) ~.I(oul(1!I'1 ~ $ - I 1 .. · , ro .. 
• i 

S ~t:«('ouh.) ~~"(Ollkl!!ll'l I $ -1 , ~.Jh p~" I! b,:v'.b)''01 .1 1 &)'1 iJI ",dr, of doCl'. "'D' (I :hlllhen, lO1>. 19 

S m .. (("'.0\1115) rio., co->".' ~ , - 1 7 Illh-rDI - - CJ\ II.c,u IU 1iI.,lilllr .h,o\l .. h 1'110 1-1 lOt. neodle ... lI""b." ,hOf1. cbt.-wo(\c-. rIoer dd .. ,,1 .1, rollalll,t) '0 I 
} IDt {J'JlUf.N rull ,, •• , •• ,IIla. no ~ " .. Tn ... c-t'lJl't mn11lh. "'0' S I 

S IDC (t.bOldo.n ,Iou, .d;h.ltl:l no " .. ~l1cU" I'olf(H101h C).1nne:.l01 12 
} ' •• 1.11'"1'1"') Plou, hl,pu,iI , r.l" Will t.r f<t:iylt)( 1.& dillY' blrrMk OVoUllu. (lU ne.dl." ..... JJ 

} I •• (1I1.ppoo) lous , .. 1 ... ,11 ~ S r.sn 1'1'.' h,~ 1« 14 t1_", '? bll"l"'ic: Ul flHII: "'" } I 

S IIUI (lef&.r) ID",}t"reyl S S I · • • 1('" 9 

S far O.l'&e,1 IBU.}ttfl.yl S 5 ~. )6 ppm I ~ b'~d~)' IN J1 dlY" '0 nldllr "r dllG'. StDl , (I -eblEthe-'" ...... 1° 

S ",. (1·ltr.YI ~"I~ft)'1 S S S I",,""\lftl - - ( 'A'rr e~U. ,l:1li liI~ t iu'llt" I}),f\r.," 1~Jr) I-luG. oud1e ...moth •• hon. C'b1f'1l')4k. Ller dd'lIIlah polhHIC'III '0 

S "'(I.lhn ~.'Jlllh~1 o. S I , · rol)~ -t.",.. rKllll'a~ "' .. SI 

} •• (J.lItoy({"""'" byIYkI) ~., Idf""'rll Pta., r",,"wi < p.lhppm I: h.,rt1ay If II J 7 &)'t I m(lfdel ~decr. ,eo.t..(I.br,il.,,) "' .. J>; 

I 111.( .. ,.,) ~ .. 1s.,.t.r11'n I I-R .' , , ""'. 0 

! 10. ( .. ~,,) pm" .. _tnt.r1I.n R I - II ·:tf>PPI1l 11 brpc.iayl", }7d.~ 12 gOlde, rIi deer, ""nl. (I ~blpnl) ,OIl' JO 

} in .. ft.,.,,) ~'O' ... .,.t.r1I.o. I 1-1\ mt.ito( - - ('"I\. f .... nh '~e ItJC"h.l~ tbrnu,ll:h 19?O .. ned'" wbotb rOI.IDod. okl •• 1 wbo,b ttll mild. In air poUutk'oa 4n 
S to. (.lo,1e 1 .. lpID,...,1 iPlo ... , lD'loaophyl1ll R 1'I1),,!tnl -- CJ\( .... ~~n Itt IUttim. (h'~JI!h "no ... nllu.1 Dt.dl. whOt'b, .,.lIIl'd VII ao ctlln 1JiciJDf.frpollutkrll '0 

S me ("f'ICIo,.n lila) I'lou, moa I. III D'" e . ' & · " l;tlGe -I",e DlnfcltIIo .. ro .. SI 

S ... (W ...... "",~.) ,.111", moo Ilmi • S ~ , · • "' .. 9, 

5 In(WIt" ....... "'ol "Iou, D1Milcol. S f._IO ""m I Z ",lIda)"OI J1 d.,., m nrde. (II doG', roeDl , CI:b~tf" MD. ,,' 
} to. (AutllIU) '1 •••• 1". I 1 I .. r.t>Je "' .. .. ! 
} 1111. (Auf.tf'u) '1 •• , .Ir I I · .. ~. bkr",~ to •• 51 

S lb. (.A.mln) raaw1o\p"1o R I • • ~. o IDlu,.,.. - fielllf,..tlfNJMI m,d., "' .. n 
s IDe CA.'CIlrl.lI) r-"'o'~. s , 4 • ~, Ib..- 'Y.OD1, ""'. S7 

I la·Cooe,~) r-.,OOCIII'pII .. • , bltr04:k molt.a,(JQ oeed"', "' .. S I 

S hi_ Ch.,..111.". ~I(.) ~1Up"vrrl('l'. S S • · , tJI4b.')"01l1:omt ".," I' 

S I •• ("hrioro ~ID~1 "'OUt p.llDb a. · , bk.oHr moll 1o .. ..,., DueU" """', SI 

S to. ( .... ,1''''.) IOUJpbu,., a. 1 · · blmotk "'IIBa~ on uedhl, ""'. II 

.! IDe (poo6o,,,.,) IDI.I1. ptrsde,o'U S S V • · • "", . • 

.! pig. (I""'rIo" .. ) P'ous ~derosa o. S 9 · p. ~a.. .... -4IOI .... bl, "lpJlr III"'.' fttC'llrteDI ,..,1I' """ II 

I >to. (potl6o,,,,.) Plo •• pondrtrou S 9 " _16pptn Cl brvday rOl J1 d.Y' to order or deer. 'II,U. f l-=li"bIJ.Jt) ...... 19 

J ,,,It ("""dot .... ) PIo •• po.rIo, ... S 5 • ulb~nl - - \1\ t .... ull IU IIfDUrne ,bfOIl"b 1~l'O 1-1 fDG. .Mdle wbO'lh.. 1btJn. cbIC't'('llk .• K ~ldlDl.1J Jlf)U .. tf"", 00 

J ;me (potldOl",.) ........ poo&.r01l S S • SOPPOI -1~4'r MI".-ntlc- mad.'''. ,.,.,ID.5 (U. - ~l. .'"-dol' ...... " 
J I •• ("",d.,_) PhMpcodttttta s 9 .2n Pf'hl 'fhl /& ,.. \If' In 2J <til,.,. bkrock O1ft'{rin. oe o.tell,., 

_. 
II 

} lb. (pood.fC>U) rmltl poodatMa > 9 .lOppm pI"'21("~ bkTcdc II1Mtla, Qd .... ttdlrot ""'" SI 

S 1 •• (_"" ..... ) Pl~~. pcadM('Q ~ • ,4nppl"ll I~ fn 21 dl~ bhotk mMllD,OD Dee.cU •• n"",. II 

I la, (1""'6'''0'') louJ potIdMO'D S 9 , J9 Pl'0I I~to 2. d.t' hk.otic DIOIlIDIi 0" o.&d ... .... , II 

j In. (pood.r"",) IDII1. pocdcr(J'M S Q 1.01>1'11' hf~ (utili! D • .dlc lip OKloth "'110 II 

S pl •• (potld .. .,..) PI ••• potldo" ... S 9 ~Op ..... h" ""Ie- D •• dJ- tip ~KtOl!lI:s "P'" SI 

5 pl., (potld.,.,..) PIDII! ('("Ud~lou S Q hNlU~'1).itIl" II"" hn blat}lk: D1Onlkl, DO Dnd.." nrnTU poUullld .rn(,'e II 

S pl •• ("""d ...... ) PI •• , """do, .... S S 
o .' " () InJury - p •• Dhnu •• ,tudy "',.,,, 5 , 

S 'n «('('1'd.rOt.ll) "0., po~dctou R ~ 0 · ,. ",La' 'YDl"(lo~ """ P 

J la, (P"Ddel"") r1tru poD6erOM ~. u:op'IIIMun, A r, J~PI'''' ) 1 ~,, 'dIY lo t ,P d)lJ" 11 hl O1dllr 0( ~CJ , JeItJ fI ~hllhn') r' ... • I' 

I ..,. ( •• bkl D'IIO'IDC.~) Ina .. JNDltnJ R <-R • · it- ..... p 

j t •• ('lIb', 010.01.'0) jtlo."O, puall'f'ul S < " R ~" ~. • r-' p 

s hu ' .... OD!", .. V) lPIDI.I' rid ..... S < , " ~. p. 
_. 

• 
J 'Dt- fWoOh ... ~) ,ID'lfS ndi.,. S S , l:nb1r:fll - - f 1\ ffY r.U I~C lirC'H"~ Ih"'tUllb IQ'?t) 1- 2 .Dn. u~dlt ~k. ,bl')f1. rlIlf'1ndc. OK r-IdIl.I"" pnl ..... I!t.1l .0 

5 loe tM""" .. eYl In"J f.~I.u < S 7 lo_llI"p", bf' 10' ,,,(h,., t.11'WC"lh w"nlile ""'. II 

I lot (.cntllCtrey) 11J .... 'r.~I .... , ' r!.lOW'" In ' '''.tf'''' 1..1 ds)"> h"'.l'IIll .. ML"IlIliufj nn oHc(ln ""'. II 
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Appcndil A: Data Base or Plant~ and Sensitivity 10 OZone 

Pln,t Senlitivity Clau remp. 1.evel nf IhuliOIl of 1>1'. 

Ty~ Comm01l N .... ., SDecieo 'hme I\llIh. NRC I'illal Zone Hlll>OIare ~n,oa1lre Eflull POIIIII.D' Sotlree 

5 If)e ,luIo\.rt'Ge:lMol)lI""y bvNI .. ) ~'-I' r.dl.11II I r~~, .. UUk»a.t I ' · ]~r('1)· I ~ hl!V(i.~'f III' -' 7 dllr' In O1d~, of dl'Q . \c.D. (I -: ~I.b"., "'." )' 

5 I.,. <",dl P12l'UII!-I)Dr411 II t /I .!.S rpm 'htl ... fIl plao(, -'ne iDluled nO,. ) 

S ~'(Iedl '.ul.tUnf"oU , I R .~Orl)m ·"n 7.,. ot pint. WUt; lolun:d "' .. 5 

S ( •• (nd. ~u.'.dllou II R R I'ilh\t: .,.,.0 ~ . 
S lueln"d) r-. ••• , •• lbO'" R R .. ~. ~ lofuty - p-e.oho'-ls.o .\ud,. "' .. SI 

S I •• (pllCbpll<b) P ..... I,Id. ., R .. " ~ta8llY mJfO"Mth r',nnt . ~nl )2 

5 I •• (pllelopU,b) !PID~U fl,.1d. II . Io·nl.~ f'r1l1 h.( I<b,;, 'm 1ft <faY' \luIO .... u( bal(l:bl and IntH , ..dDcclna ."'De )1 

5 "'. (ph<hpU<b) Plaat.I,.1c:Ie R R I! r ... ~ _Nt_ U 

5 !>h>. (ph~h,b) Pllllllrl.tct. .' R · ., ",.d!e blo<t'e. "".011"11 ... IIJI:!Kt'>OCiI . De~( "' ... 52 

S !>h>. (pII<hp~<b) Il)u:!Irlp\d. R R II ., n~ I",,,,y - ne1d(p.~nllH J.ludlOJ , ..... !1 

5 !'I.' (pII<bph<b) lou'fl"klil S R • .. hlrw()!lb D' .... P 
j !'Io· .Cd",,,) FlouJ .. bot., ... I! R Blb.,OI - - ("A 'OI't-,u IU! lifeillne Ihtau.ab 197() ... 0., ... 1 u.d" ""(I'" ' .... "' .. d.' 10 C'Mo I'"«Klullih pnltulYm '" 
j •• (!09d1W..'tlnJ ..till!:, hioul Mtobtl'tflfnb I , ~ R • · "'b.~ ...... ""'. Sl 

j p.a. (SCN'b~".flI whill') 10u$ .II fob4ltfm" R 1- R · · ",he '..-.."" ~""" !1 , ~. (EeMCI"D ... h_) ~1J'~lr(lbul R S ) .2.SppOl b" iO % of pllDU faJu, .. d ~""" 5 

J "'.(Ea","" I0Il110) 10UI slrobu. • S I .S nWDl hn ~ ~ 01 ,,1 •• )(. toJ",~d ~m." S 

S IDI (Eul.W'D -.hili) ~"'~lrob'H D. S I · ~. ("(".I.nled "D.~n(-M or ('11th .. DMcH. ~"." II 

5 lu (Eallen -bll.) huu, ltTobul S S S l .0' .",01 h .. ~ •• d\o blltb' """ II 

! IDe (£alieni -tall,} ~DU"J.trotNI, S S S , .OTppl'n b" ~ •• d" bl~bl '"'''' 12 

5 10. (Ell1tn qll,) ~USSIrObut S S J~\yIl./I,"." - 1 moolh, 'laolkJ1:wo~fr"oM neet. 0'0 IJlltldJ.l. n •• ' mh.DI NyC .... ~n )n 

5 I •• (Eo".." .... h.) ~'II~U' s S S I .hlo "' .. .. 
5 I •• (Eo.,.." .... h.) r.ou •• nob"t I S J · · ~1(J'ntl. ."''' 5' 
S I •• (eo,,,,.,, .... ".) l'auI''lfobu, R S 1 · · bJ,..08b. ~\. to •• ST 

5 ID. (E...st..-o whit.) Pbut. U'Iobut. ~ S l • · blQ'OIIJ ""'. 51 

5 I •• (Eo .. ...., .... ~., r-v. JII(t\lu't. R ~ J • • o ID~'" - n.kilg."oll ....... dln.. 0'1111 .. Itllu, PIOO' 51 

5 I •• ( .... tb) Irteu, fYl,~,.tfb. R R R J hbk ~""" " , I •• (KOItb) ~1I,q~'I'I' R R , · · o hi"" -n.~ :t.1.d., ..... j' 

j IDe (wO'Ccb) ~1lI'l~"'''''O'b S R , · · bkrMb .. alh. ...... jl 

S I •• (loblroDy) ~t.n'I".'" S ~ "lIflJD'IIlIIlffYM.1 a~ · ~ ~ re<fgr=I~D III pboIO'lJ'Dtb •• k ... D. I 

! I •• (lobIo8y) ~u'tl.cho ~ In- h.1~ J'l'PI'U "U/li-,.. f hf l& d • ." IJolfinD' be.lfibc IIIIUS,-"U I.ducta "' .. l' 

J I •• (lablollr) Itt-u, , .. 4t .. S · , Pl('IIDO-1)pO mQll(dh. ""'. 51 

5 I •• Clablolly) ~u, ••• cb R ~ · , ~.I>j ..... - ... ."b"" .. ",udy ""'. j' 

S lIP. (1.".vIII" billieS) ~UJ l~ulllba,)1 D' '-R S · , plODe-lp mon\bll 'no. Sl 

! ID_ (l_peon_M.et) 'ltou,'b ..... "1 R 1- R ) • , ~lb.l)'U1Jla.,..., """ 57 

! 101' (hp .... tbl.cll ~DO' _"uabet.1I I I-I! J • · plb. ''fG''V'OInl rou. p 

S lot (Ttmet') jrwu,IOrU)"IOI I I • · . Ptoo' 0 

S I •• (T"".y) ~U"OltC1"JlO' I I atb'rPl - - CA. ft"l"t~" IU nrtlkr!t Ibl'OUllb Iq"l'Q .f- oe061. "'01), rUlillo.d, old .... .&.,.15 chi ~Id.,u • ., "",,11g,tor. .n 

S I •• (\110,'010) ~u, v\',loIII D. S S 15pp", '" ~hYOIIt tnl'l(HC t~ Of Dt.dk uaOIls " ..... " 
5 I •• ('"b"nlo) p.tDU'f. W~IDlaDtl 5 S S 'h" "". ... 
5 I •• (VIt,I.Io) inaloll ,-t.lfIIl .... S ~ · · bl ... ",10 . ."" 17 

5 I •• (\"h,I.Io) ~u, "",Ial ..... R S · , ~o IDI"" - ffaklt~h(n)", 11,,<1'" 

_. 
S1 

10 IIDlalD ~DIII'O('(I'ODO'p\I' 1 .01 pr'" hnJdll."I t'l llw.oo",·ub t3 ~ ,oduc-.d p-o."b IIle .... n 
10 1'~lllo Plto"",,,,,,,,,, ~ I , Ill,. Prm ~ "'f."~ Z16b" ~o I.'ury "' .. a 
10 h.Dllla P ... "lO ,.", ... ,. I I .20 - O,}O pro' b, .vdll)'fn,"·' diay" , ... rl •• u .... rn.-.e 5' 

10 1ro."ID(ED,11JIr1 bnlJllf"llI.",ola'l I IlJPrIu hurd .. ,. Int 1.-0 1fo'I'1!k.i ~ ,..6Y.c-Dd ,,~b ,ale ,.,." .. 
'" ItI~ •• ",(rn""~D) t-DI.,.OV'laJa ..... S .Il'ppm blVdllY I ... , 1M" ",uk' 4 .. ,.~('e-d 1,0Mb 'ille ' ..... .~ 

IP I_D(,q,(C'Ot7'Ur-.oD) !PI .... ' .... j .. ". 5 . j)"ppm luvdll.,.I~I 1M"F~I!k.1 1 ~ ,ochced "oMh ,.If: ..... ... 
In l'Uutl:l(C'OII"IInOIIJ laDD,o a)ap "Vfae-k" ~ .07p'pm b."dIlY ,,,, (\loin Ilree~~ I '" uctuced ,fOWlt. ,I', roo. 4~ 

)0 IIDUIq IIIUI,O ~..,"11IDa 1 . 1l"TM'm bfHdll),fr"ll '-..o ..... ~d.~ .,. fCldvC-16 .. ,o",h ,,,Ie "'., •• 
10 laQla1a (boa,,) Pilineap a.,dll ~ .O"TN"'. t..,'d,)"nll-..o~r\'I; ~n le<iuc-.d ,.t*,b r""" .~ 

4 ~tu"tr".(lnDdop) Ie' ... ',. 1(..,11.". S ~-I S .. · ~,,\ "lpplo ~)lno" P 

.. \\Iut""oe (loudon, IlIIaau, .crrllf'11:a I <-, < · · ~III\. nlpple ' .... ' S· 

4 btc"IIIO"1Ot. (Amarlru) irI.,aau\ ocrldt-PQU, n. I \ · , u~lInli'OOI .. rl~hll 'l'1-)anci ~h~ 'kC'\,bt lJot.,. II 
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Appendix A: Data Rase of "lanL~ and Sensitivity to Ozone 

I'bnl SeD.ili_ity CI ... Temp. I.evel or Oar.lion Dr I)ala 

Type CO ... .,o .. N ... e SDCciel N .... c: i\uth. NRC I'iaal Zone tlaD"" .. re Er.t>o.ure E [recta PolI.tan I !source 

4 ,c..",."... (Amellr.~) IlIe.au, fl('('lduDII'J. I S .)°11(,11} h"/~~y ("f $ U\t\OtlH Ip:lllfinal "n ..... " ft(tLJrt~ p'.lN,,,r,, "'3' "'D. n 
• ynn-.xe (,\me-Ilnn) !1I',OU1.C'IC'dkDtaUI I S .10- rus .'rHI' , h" f(h),I .. , :'IoAAY' ip:nir,UOI hri .. M au~ 1I'''' 'U ,0<1\,1('(""'" ,floe l' 

• )'C'.In:'I~ l"-.nu', .... ) 1.'J.GaJl"ICridutlJh S I , .. .. IIIf~ ,'i,.,te , ... S' 

• rrUIlOU ("DI~IJra))l lellovloccldealllU, < I j , 
" IIf" tlipplf. ""'. ." 

4 )<'.~rll (C.IUrrni., 1 ••• 0 .... fafrmOJ.l , , · " · or.fY1IIt 9 

4 YC'Q~ tCa'Hrru'" 1."0 .. ' fn.moon n. < · · tlIOe--1w-e leo,~Ilo' "' .. S2 
4 ~ .. ..., ... ' ... IIUI.Yp. I I \ - fi \;a " .. ,,: nlwlt "' .. Il 

7 ~ ... m('"" lalYl'11fOZI nlfDnlIn.. R I IIIUD"I' ~ . IJl>~"m '\; bit (yIIr.( ~Ift hi' Oil'lj\lf., ...... l 

7 FI''''DI("~ 1.1)"t.~ nlf(lf"Dln , I 1.llua' .:" ~ Cl~ ",,01 lJ'\ld~y In, 4 - ~ d.), I .. "")vir "'n. SO 

liII hl .. ~t" (loou.l) 01 _aaPI ~ S """I . .n~f\~" rpUl h" 11'1 to re"("1""oean~h. "'lu(lIlo41 pKlnc: ) 

I. 1~l!pJ'u (I./lOU') D'II 1.1l~1 R S 00111 ,Mppm hl~ tltCIlib!e iuJUIY'Y'll'IOD'D !<'O. J! 

I. luep:ruJ; (l.oul) O. IflD~a 5 S 'MI I. · • ,",,' J6 

I. luelZ'l'" (aoout') N • ...,~t S ~ ~ ('onl hhlo [uno. " ,. l~elZ'.u ('IOU.') M .aou. I S cnol .M'f'p"" H bl"fcia)"~ tWo Wed.~ "" ,Hluced Il"t'Mh 1.11 [0""" ca 
I lu • .,.", (nDtsll) 01 •• ou .. S S S "",I .1O~~ .. ~" (\ 'l- of bl1tie .r.1II Il)lu,td '''''' II 

I h, •• "..u (Iuul) oa '.OUI S S S rool ·JOPV" ~ ... 0 "'" of bllM ".111 lull.lrtd '00' H 

I N.,....n (IDOlal) O't ,Doua S S S ,,,,,I ·4I)prm ~" • ft. 01 bltdtl,r.1 IDJu,ed <=0. S) 

I 11.1«"." ({"IDld,) "oct (00",,"'" "C.o.d .... I R R ,,,,,I .)0 ppDl hn (9- J.4 d.Y' alief a."..._fDte) U ~ n( blld. " .. Inlu,ed .,"'" Sl 

I lu.~,. (r:. nd.) nt co~ "'{".o,da- R R R rool .10 ppm bn (M-11 days .her elncr~nu. ... ofbllde., •• "~'cd " .... S) 

I IU.lJ1In (C.load,) N coo1Hu", "'Cloul .. - R R R , ,,,,I ."0 ppm ~n (66-71 dar' .h. c.a1dp,ea(e' ". ro bl.,.o ••• faJ'ufld ~. 51 

I lUll,...'" (r".".d.) oa COI,,,nIM acIDI.t." S II II ronl D.40 ppm 'tIJ' (q-14 d,)"C, • • a'u!II"@! tlDCC.) ) tf. 01 t-II(I, ,ualut-,od ,,,.It 51 

I lu.,. .. (rlo.d,» oa co..,.,; ... *C'"aot.ta" S A R cool .SO I'I'm hn (66- 11 dillY' .flu It'UtIl'".la('~. IA ... 01 bl,d~aJ .. ID).lod ""'. 5) 

I IU.,..." ((" •• ul.) 01 eoa",.,q *r.o.cb- S A II rool . • snpPIn hu(9-14 dlyufllI'" em_,nce} • ~ 01 bl, d~ tr., .,1'1 ad """ S) 

I Wu.".ap (K.eotu('ky) rol"..I ... k 1 I cool · · IJkwnd, "'., 57 

• ~t'''I", (K..DUld;,y) o. P'flihtll'" I • ('()OI ".2-11'1'''' h .. eleClable hI~..,. W.' 60 

I hh.".".. (Kealt:"lryl ctI p ... u~sh -A-"'· S I I "'01 n.50pPII> bn ""tt!( ,o.k."d .,.., n ....... (IIpt." thD ba."f' "'D • 62 

I .....,,"I!D.IS (K.III\IIrky) oe p'.tIDII~ "A*lpM- II I 1 mol . IS pp" hnlcloy rnr ID <10" !I- < 1 .. 111010'1 LO •• ." I .... ".u (K.DI.rtl:yJ oe. pt.'I.'" .. A6tlphr S I con' .I.s ppm .Irb bf,rdll,. rnor Il'hb)" U ~ > "11.1. 1eJI,I,.d ~3iS02IHo! 16 

I~ hi ....... (It.",orlly) .. "' ..... 1. "Adolpbl" I I ,,,,,I .snp",," b" 1I1.1d' toek.d .,e" oe .. le., lips.. IbeD b.H1 "' .. 62 

I. I •• " ... (K ..... ,\y) 01 "., .. t.I, "Atlu.'" R II '001 .SOpp" b" ...... soehd I"" l1li11' I.,., lip1\. rha bllut "' .. 6? 

,~ I •• ,. ... (K""'"YI De "al •• tl, "BI'OG" R I ,001 . IS 1'1'''' bl"dlY 10.1 fa d.Y' '" < II If IIIIILllr)' 1001 16 

I~ 1 •• ",."(IC.e.,ucty) P"OI "a'.,lb "'8lff)Q- ~ I ,,,,,I .IS ppm eo.eII tuvd.V fo, '0 dlY' IS 1. )0 I .. , ••• laJu .... & OIISOI~Ol J6 

I ......... (IC •• ,U<'<,) 01 praln.b "el,oo" I I cool .SOppm b" .,.1. 'IOIbd ."" n. 11D.'!lpi. ,b,a bl .. rt ro., 61 

I lu.~,. tKeDlvC'ky. oii pttl ... ,tt -St:rk,- II I "",I · Jl 1'1'01 b,s/d • .,. fOlIO dilly! .,. <; I .. , lo)vr¥ '-<10. 16 

I lu."...u (KDOU.rky) 01 p11Il ... h "'ekb4 M I "",I . IS PPP'l cle\. bu /d.y'ef 10 d.Y' CI,(, < 1 •• 'lllilury OJIS02IN I)! 16 

I lu"IU (Klo'.c:ky) oe pf1I(nsh: "'(:barr S ~ ««I .IS 1'1'"' b."<Ioy rOf ID do,.. 11 ot.)o 1.lf .e.lloJ~,ad "' .. 16 

I tv.pld (K.pu.cky) 01 pJ,t8.,k -cb.,t s s cool . 11 ppDl e1t'b h,,'ci.y h" 10 ~." 1S .... )o f .. r., .. hlJund rlllSOllNOl 16 

I tIh.p:.1t (K.o,,,,II:,) " P'"',nd. -cb.rr S ~ ,,,,,I ~ . IO 1'1'01 hnldoy r ... In 010" 1S .. )o t..rl1nIDluud "' .. " , b'It ...... (Ka .. rwc\Yl M VI."D,I. "'C'b., r S ~ <nol n. IOpp", hufch,. (t)f II') di,.. I S 1- ,. ~II r .,. .. IDlu"ct OIIllZO .. I" n 

I b' .. " ... (1C.eoIocky) hn ",I •• atl. U.rr S S eool ~ . IOpp", OJ. 0 IS !'I'm NO//1; " .. fdl,.(O'f IOda.,., IS ~ > a.., ..... laluud O)INOlJ.tOlllllO ., P 

I~ ......... (K01I'.uy) ~ pr.'I,,,I. """.J" S S canl ' . IOpp<n 01. 0. 1$ PP'" N01~ hr./d.,.tllf IOda.". IS '" >- t..r ••• 10JutMi O}!N OM> 0 1 P 

I~ ... ,.. .. (K,.,u<'<;) '01 pn I •• ,b '"'("..O'IJ,,"- II 1\ A enol .snl'P'" b" ... 1 • .s.o.bd.' ... .a •• I"'llpot.~ Iheo bh!tI(" "' .. OZ 

I~ 11,1,,...931 (KI1IIuC'ky) ~ ""', ... 1. -o.k.· 1 I '0<>1 .1l-n IOppm ~" ~I'II' UaoIh, W.lchlDI , ... , 
1 __ I~ • .,.n (K.lbbl~(ky) o:a pfll .. lb -0.,..- I I I e",.1 .... 1"" .. 
I. lUll",,, tKo.otudry) oa ppl.,,~IJ ~yIkID'P ~ R " ... 1 ISpp", h,"dlrr~ 10&'y. "" c ... f h1IDry lflOe I~ 

I lutp'u, (Kntecky) ()A pt.I .. Jk 1='ylkhll .... I R rnol .ISVp"" nrh brSld,),hw IDd.J'I - tS"- I .. , .'1 htlu...,6 DlIS02IHOl ,~ 

II tu." .. , (K..Cllv('kyl O' phl.nk -F,.lkl'lll," I II II rool r. IO PI'''' J bUftldtylnr S d,p 'r .. bbde •• 1 Ia}\ued PonD. 5' 

I h ...... (K..ollll('hl •• """.,ah "Fylklop" I II A ,,,,,I . In ppOl br\Id, ,. I,,, S dlY' I) ", ", bI.de Ifel InjufY6 .... H 

t ~,p,u (K"I\ldr:yl ro. pc_load", -Fyr.:.~· R II II ,nol JIl""", h,. (9-14 d .. Y" I(ter u·I4f,.O{., pf/o ,,1,lbI. d'DI'~ lObe S) 

.. "I.,,, ... rl(n,urtYl "oo p ... "o.\~ ·Fyn: ... , " R II. II ,,,,,I 
.)0 """' 

b" f66 -., 1 cbY'n'u~ ... m'-'I!I(t"1 '" 01 hlld, If.' tofur-d I.'f"oe II 

"""' ....... (K •• ,uelYI "011 p'ul~Dd, -f,JlIIllp,- R II R , ..... 1 . 4n rrOI "'5 (M-' I d",Y' ,nd e,""_ .. entt I '1- oJ bl,d. ve' lolund "' .. n 
11~lvc.It',. (~eD' .. dr» ,.,. p"I~D'I( ~Fylklnfl~ I ~ II ,,,,,I 1""0 ..... 1)1 Of' (9-1. dlY' .hrs rnra,co(~) I) ,..,. 01 hI.de "I" ttl~,ed roo, H 

hbh'.""1~ {I\.DAIU(t.)' ) fro .. fWII.tJJi t ·FyIU"t!- II R • rN)1 I,-~nwm 1I" fM- "P I tbt' .h. f'R\(If,lII'flce 1 "':. n' M,d" .,-.,. hlJ\llod , ...... H 
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PIa.C SenlitiviCy (:1 ... Tel11p. l .e • .,lor I)ur.'ion or I)el. 

Ty_ CO •• OD Nallle Spe_ci ... Nlme A.III. NRC Pin .1 Zo.e I! &POS lire I!."o."re P.rfecll Pol/lIll.C SODICC 

I 

• ~"I!IJ1III' (Ktl.eluC"t.:YI 0. prelnuh -Frftmae S R ~ ,,,,,I .snppm hfl(9-1.( d_)'Idlrr rmGf',eh(c.I " "'$0 nf Mute. afu InlufCl6 l"'It <) 

I luolf.U (ku1uC'IIYI 0. ,... •••• 11 eFyJkla_- I< ~ R ,,,,,I .5"1'1111\ tin ~(CIl' ~l«d .f ... nt • .... 1 lips. Ibn MnC' Mft' .1 

I I" .... at, (keOhlrky) c.- p't, ... h -nl.ch- , R R ,,,,,I ,jD PI'ftl h .. 'lit"' JNbd' .( •• , neW lui lip' ,lIicro Mu<i ,..,ft, 61 

I! h,lc ... .,. (KeDluk)" ". pritt •• " -" ... blut- ~ M R ,,,,,I . IOWQ, tln/d.V'("If S d"Y-' I~ 1"(, toll ht .... e un htJu,.d ,nn< }' 

I IUe>IP:1.l (KuluC'Ic~) 1,01 PT ••••• h -Ktl)blue" J R R (0()1 .n,..Jlrn ,\ t.t\(('Jd."l nr ~ d:l~ II ... "" bt.de.lru hl~ltod ""'. H 

I! luep ... " (KtDUH'ky, Irot ",.lIa,h ·Knhiu,. ... R R R '''''' ,10 1'P"' hI' o"'ls~ d •• ,. .. ""'. }-' 

I! luep .. ,." (K.ntud.t') 011 pt.ltalk "K.Dbluc~ ~ R A '''''' 'OPPOI hit (~- "1 d.,., .hn 80Ml.UD(C I () "'I'd~ "'-rn.,. " ... }' 

, lo .. ,...u (Kel)tlKk),) ~ ,.a ••• th "K,pbliit'" ~ R R <""I .J€'ppm hn (Iol'blhltdtll'l'" 104le H 

I! hl.,..t! (K.Dt ... d.y) r- p'1',a,h "Ke-Dblu,'" II. A II , ..... 1 . 'OI'Vnt hn (9-1. &..,. In« ntll·,."~e) '1- ttl blad ••• 1 lul ... r.d ....... H 

10 h,I.I!IJU$. (Klllo(udrrl )P- PlI, •• t'" ·KeGblul~ , R R ,,,,,I .40pplII hllf'9-14 cM)1.0tt emtt~n<e) II "'" nt bl.de., .. IDJt.u.d ""'. H 

, lliflllu (Ku.uet,.) "w PI,'I.sl, "Ktnbhl. " , R R Cf'Jol .4Qppm ." IJ '" 01 ~lIIdo.re. loj .. ,ed ""'. JJ 

I ht'p .. ttKnl ... c-\y) ~ot p','I.,h "Ktobhut"' ~ R R (""I .4"pplll hn (66-1'1 da)'J- 1('11' elnll"pltlc:.) "" 0( bl,d •• '1 h'llured 10 .. H 

I ~r,.Ut (Ku(uck}') ~ ,.1'.D,lt ·Keob ..... ~ II. R ,,,,,I .50''1'10 hn (66-"1 dt)'J- .nl!( O""'tf'~tftn I q. of bl.d. If .. Inlur.d ""'. H 

I ' •• ,..-". (K.oludy) Iroa S:-"eD,I, '"Kee Mu· I R R ,,,,,I ,.s0ppG' bu (9- 104 d.,.. ,'lcf cm.,utt) 'I , 01 bl,de ., .. lolu"d ""'. 5] 

I ,... .. .,. (Ke.h.l("ky, Ole pnltlllt.l, ..... kiD- , 1- /1. ,nol _23-II}. PI"" bN ,"b~oo .... "'I' blo.mla, r""" 1 

I ""1"". (K .... "tky) rCR PI.Ilotls"'M. ~I)- I J - K r('lol . IS Wa, b,,(doy 10' 10 d ... - IS~ 1.lt wu InJ .. ,ld ~""'" 16 

I ...... 11 CK.Dlur\)') o. p-•• ,aik "".101)- I I-K '001 .ISppd, urh hrltdayl(1' lO dl)"l - IS"'" 1 .. 1 ... Iol.,.d PJJ'SOllI<02 16 

I .... ,...u (K4IIol~ek)') !roe p .. ,ebtlt '"Maloo- , 1- R ,0<11 ,IOppa, hrl/<h), (C"M" In d.~ - IS" I .. , ... lolur.d p..... • P 

I "''''" (1<.0".,1<)') ro. ,..".btlt. "M.IoD· I ,- R ,001 ,IOppo> 'midi)' hI( 10 d.)"- - 1S"luf IJU Inlurd IoJ{I'20 mbl 17 

I "'." ... (IC.M!""I<)') ro.a PI1II'b,l, .... ktIII- S 1- R '001 .10pp'" OJ, ~.'S W'" 1'01'" t.,./d.)' Int" 10 d.Y' IS' > ... f .... lel •• od 10)111011501 17 

I w"P"" (1C •• ,.,k" ~OII put.Dd, -"'_100- S I-R ,,,,,I ,IOppn' 0), I). IS ppm N01~ hrvd'f tOf 10 ct.)" I' '" > 10." ... !o1'Hod iollllO!I$O 1IlilO '" ., 
I "'." ... (1C •• "',\y) !Poe pur •• iIs ""Maloo- I I 1- R ,,,,,I .bl< ~""" .. 
I tv ...... (K •• "',~y) 011 pu,.o,lt"",a lob- I R 1- R "",I ,'OW" S bnlcld.y (Of S da)'J- lit, ro bl.dt ." IDlu,.d ~"''' II 

l Iu.,..n (kAo ••• ,l,) :ro. pr ."D,I. -M.ICtO- I R l-R ""'\ .IOppm hl:trda),'("J'J S dl.,. , ~ of blade .... IIIJured "' .. Sl 

J ........ (1C.M! •• <ly) ~0tI ptlI1.b'" 'M_ ",D" R R I-I( ,,,,,I .2:0 ppm hn o _bible do.,.,. "0' n 
I ~.,... (K ..... ,ky) ,~pr.l.otl, ·"".100- R R I-R "",I .)t}ppm bB (66- 71 da.". all ........ 'DDr.) " of bl. d •••• IDlurld 'oo. SJ 

I "' .... " (kAo ... ,I<)', 'Po. p ..... ,h • .... It'IO .. R R ,- R cMI .J()ppm hn o .. 1011>10 "'",,,,,. ",.u !) 

I ~.p. (1C •• "" ,k" Ir-ollpt .. uth -,...100· , 
" 1- R ,,,,,I .'Ol)PDl bu (0- 14 d.~ .Itel' 1Ib'l .... t:b~l o ... of bllde ,r •• 1",'ul.d 'M. !l 

I "'" ...... (K.a"',\~) Ito- pUleal1s ...... lr'IO .. /I. II ,-1\ «><>1 .04 0 M'In h" o""lbI~dlrn.p ""'. » 
I ho.,.... •• (Kto'vc\y) Ir~ p'.I.D.h ~Ml(lroa- 5 II '-R (""I r-.·I'I'", bn (9-1" dillY' .fls e.tnC!l"Jr'I\c.) .... f)r bl.d. If I. IDI~ .... d '''''''' 

s} 
I Iv.,.. .. (K .. ,u(~YI It., ",II' •• " "Mer 1011· I 11 1- )1 ,001 r-•• WDl hn ,66-71 dill,.. 11ft •• m."uf"e) I' .. of bl.d. Irn lolu ..... P"'" n 

,-... ,.. .. (1C"""'y) Ito. pt.I • ..,h ·W .. kHI " 5 Q '-II (""I . ,SOppn, hn (6l.-" I dl,.. Ihew eDI.,!on:) IS .... or bl. d •• n.:. lol .... d p ..... n 

I ".p .. (K"''''''Y) 1Pc-,,11"'11 -M_I(,s- 5 II. I - II ,,,,,I 
P.SO "" .... 

'hn (~-I" • ." Ins e-",s,uoctl I:u .... or bl.d ...... lol"r.d ""'. 51 

I 1oH,.. .. (K.oo'.'\r) &I. ........ " .,..\00" , K '-II cool .j()pp.' h" ~u ... ,otked .r ... our _rllpl ... lbea bI •• rt "'D. 62 

I I.,,,,,u (lCe.tucty) Oil ,...t •• t" -Nlwpot'" ~ K II tnol . '01'1''' .. \ ht,dcJdIY (Of S ftyt () "ltn.l. d.oJapt PI.O'D. SI 

I , .. ", .. , (K •• tu("kYl jpe.)plletl.I.I ·"Iwport" ~ R K <nol /HOpl"" J.IUdl),fOf S dl.,. ... of bI.dI .... IDIDIN ~MDeo II 

I I.'p'lu IK •• 'u("ky) ,.. put.Dds "N.-.pon0 ~ R /I. '''''' Il.sn ppm h" ~I • .-beill., nell' Inh""- cb.o b~ui tnl)eo 61 

I I .. ,.. .. (Kn'.'I<)') !Poe "Il •• th ""v,,.t* I , 
""" P,!}PI'''' tlU/dly r()1 U d,Y' - IS~ a..r .... 1a}u,.,6 '''''. ,6 

I ' ... ,...U (K •• tud·r) ~ .... pr •• "sb ....., .... I"!. ~ , ,,,,,I ~. I! pp .. ea,h hu/daY'l'1 In d.,., S'" > 1.lf ... hsi"lld pJlSnZlNnl ,6 

I hI.,_ .. (K.alCirky) IPO& phIItaG.h ~.,.t" R I ,,,,,I p.sOppm hI' ~I. toa'red UN. n_u ... rtioplol b .&! bl .. et """ 61 

I '.,,,'.51 (Kuuuky) IP~ ".et'I),ls '1'-IU- , I ",nl p.sOpp •• h" ~I'" )O.k •• un' at ... ., 1)pt. I1.. O bind ..... 62 

I tUI!!"u fKlDt ... rkr) 1,01 pr1Icao,l, -P"k- I I ,,,,,I ~. SOpl''' hIt ~I. w.lbd .,0 .. "'. t..lttp ... ,b.DMnd r-'""c 61 

I ".",1" (K. •• lludcrl I..c. ","'G,I, .,. ... ",,- A. M ,001 r.sOppm bn ~t. ao.\ed .r.,. ODe "If ttp,..lhea hI.l< ""' .. 61 

, ht, ..... , fKK1UCky) !PM ptal ... b -Plu,"· R I ,,,,,I r-II ppm hnJdo.,.(nf IOd.,.. ~ < I .. r IaJvry ~L<'D' '6 

I httl". ... ' l~nt ... (ky) ],,"" pn.OI"1s "PIv'b' , , ,001 ~_I} rpm ."h tllil<b~ (jl' 10 d.:rY' - l.s~ 1,,1 VII Int.l.d ~lJS01""Ol 16 

I )UPI" IKIOlurky) Jro.. ,",In," ........ 100· 
, S "",I r ,SOpl'''' ~" fw.ld ~"'cd 1t,..1' a~ ~ •• lip .... Ih.o bl.lr '''''' 61 

J ltH ...... (k'&llurty) Jro. pt'1I lnP,b .."Imo" R " «>01 p.sOppm ~" ~I« v)lbd 'I~II new I .. fttp .... thD blur ",n. 61 

I lv,,"" (I(,,"'oty) tree plA'elllls "'Skot.r M , «><II r , 'S PI'''' tus/dlfloy I"" 1'1 dlY' '1. < I .. U:aJury "' .. ,6 

, I .. ,"" (K •• ",,~,) Iroo p ...... k -Stof,I' S I """ r I~ ppm ntb t.u /d.) ,ro, tfldll)'1 IS" > I .. ruflllilluftod PJ'l;Ol/IlO! I-

I lutllP" (K.al\)f"YI Iroo 1" ..... 1s ~,","' I I "',,' r ,\ PP"' bIl/dl r,,.r Ind.,.. ~ - J S ~ I .. ' .. n IlIlIIIlld "'D. /. 

I! h.leo"l., (KtIU"c-kt'l O. pc'1I.b''''' ""Sychp()ft O S I '''''' r I~ pJ"lUI nth hrI/doty'r-.IOd')'1 1.\ -c. > lui u u I.-.ju • .-d pJJ';OI/lolOl H • 

, Ive-pI..,. (Ku(ucky) o. PC1l1tD,b ~y(hpM"f° R I ('0,,1 11°1"'1'01 .. ~ "'lleldt)' ''"' S d~Y' '"" .. ~ hlade uu Injurld J:(lonc I' 

, h".II""1 (Kutuck),) oa prtI1t'fI';' "Syd'""u
O I , en,ll Iln"pm ' br./rl,.., ,,.., ~ da)"l II ... ~ 01 bhd. I(U Injvlcd ",po U 
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Pla,,1 Sensi! ;V;I)' Cia" remp. Leyel,,' Uur.1ioh or ".Ia 
Type COllllllon Name Socci ... N.me "olb . NIlC Pinal ZOI'llC E."".arc E."osarc Effect. r"Uulnl Sogrcc 

.1"'l:jlriU" I Kturur'tVI N ptA"rlck " .().1ln4a ( rlliftli-
I , K nv-I IIr111rm hl'l<('IlI.'Y h'l S litH .... If,. "f. nr .. I.de .'c.1I i"'lu(~(t ""I< H 

'~t'~21~' I i'\eUI\lr1c.YI '0. plalr .. ,h "S.lh"-",~ ( '".Utlt' I K (" .... 1 11f'I'I'III ~ hu.:c!rllll)' IN .s "I},:\ ,I) 0; 01 ~1.dC' .,U injored , .... Sl 

\1u,eilB'"~'\' Keu I II ... ">', 'na rl.U'n~;\ "'S.tl,. .. f'Of.\ ('cUllinI'"" ~ K 1"1'i',1 I '''prn .. h",f,-\- ~I da";lh~ (Uln.lC:IIC"'C'l '1- nI bl.de: IU'n lllj\tIt=c4 r"lIto Sl 

~Iu('~u\ (Keuu~d(VJ '(). puu',,';, "'S .l'a"ror8 ('('I,Ubl"' ~ K r ...... ,' IlhM'lll h" (0 - ... ~ ;t\"1. ,.(1" f"mlll~U( ej ,. \'Id~ d:& rna,. "". " 
~h'."IIJ." (':I.Qhll""),) Irna p"ftll\l~ -S , l)lI~nl'" .-1:11 if in I" 1 K ("f"oI\1 ,,tl"lp,IU\ hI ' ('1(. - 7, d~l" =tIll'( tlllot'f.~nnl f)." of .... n'lt "n 11I}uled ~tnl\", S' 

.Iue .... ' IKe-ohlch p IrOIL p"f~nd~ "'S,na~OI. C«:II jfir l'~ R R ("on, Il"t'pIU ~fJ.IQ-fl<l:1lrcllfl("l eIUCf}l:f'JICO fl. td btlllc life,. l~j~led In". S) 

lu~., •• ~ (J.;,eOht."\' IrOI pU1C'Mi~ ~S.,I)akol.l ( cll"irt f~ I • ("flnt \nl"I I I~ .,(, f~-! J da)'. 1111("1 "1U.~enU) .,. '(1 bl.~c 1If1t" i,.tuft<t ,np& II 

~Iue.us (t',eptud.yl 01 pt'.tf'n.s i~ "'S.I'-tr"l~ ('uO,~ , I~ I • ,...,,,1 I \0 Pili" bn(M-11 ctl~lftO' ~~u"petlC"el I' ~ nI hI.de lin lolufor~ """ .Il 

lu,"".u (l\.cotU(k.yp 01 pr,te-u.' '' l'€"o("bdp",'fI· R I ('nnl _I.! rl'"' bU..Id.),lo.l HI dip flo < au'lnjury '''''' '6 

luc~us Il\.elHUdr) '01 pUle-II" " -rourla .... .....,· ~ I (\"11\1 _IS r(1m 1".1.("" bl,,/day'ol In dl..,. "I- < ' .. rlnlu,y Ut<:t)..!/l"IIOl " 
~lut"'IJ' (1\.1tr.1",(t~. 01 ptl ' ... u,.l, -rOUdlrioWD· I I c~ol I.IOrpp, bn..ldllt' In, 10 day1 - I~~ ..... f.,..,. 1~'~I!,d ~.'lrIl0I.llhl J1 

~fye,...n (Rer.,ud; ), ) 01 ptlt*D,h Iftu('bd,,'WI}· R I "",I l_tllrJ"lli bn.Jd~~ In( .n daY' <. ''$- 'e.I'leI lujlJJe" I.ftDe " 
~tue ... u (Keluu('k"),) "I putead, 1('Jv('hd .... wo· ~ 1 "",I I_allrr"" 0\,0.1$ (l'Jl01 N02tS ,h,vd~'1fnr In ct;t"\-'1 t.'i ~ "> lelr.n InlUftd ~)fJIIOl~011"!fl m " 

I"e,..· ... (Ruuuck),) "'pT.ttlllll'~()Q('''dlt"I'M)· I t ", ... 1 UII'flnt o_,~ (\.1$ f'P"' Nn~~ • ~H .. /di\Y''''f 10 d.\.,., - a .. .-c. luf "COl 1~lv,~d OllNOISOI 17 

I"c~au (t\.enluclr~)'l ro. pla'eG,k ~Ici.· I I I ,,,,,I . IS f"l'rUI h.)(ct.y'nt 'OdAY' - U~ )ul ~& .,,'"I&d t:O". 16 

lut-"ul (t\.e-Dluck.Yl "0. pn1e •• k ~Icla- R I (",..,1 · ., I~ f"l'rUI urh tl.fvdly fnt 10 ilhy" .. < Infla,."y mlSoVNOl I. 

lutll"u (t<.enluck)'l POI pt_.elub -Wladt. ..... ~ R ("(>t., Inrvm tlft l~y fn( S (b)" 15 '" rot hl.dl! ,,.alu)l.l.d """ II 

lue"..u (1\I:Iu~d.)' ) '0. JH.II:D~b ~V.·IC'I(t1("'· " R ", ... 1 Ilnppm _~ IHvelc:h,. (("If ~ ri..,., os, ol)'l.de. atet ""juted "' .. .13 

lut': ...... '. (KnIoIMCIt)') ,,,. ,ratus" ·Wkld,<I- R R ~ ,,,,,1 .10prn1 hn (0 -I. d .. ,., .ft .. eDllf,eo('&, os, of bl_de WClt mjule-d 10 •• Sl 

luoti .. ·.u (KI:6IU(,ky) ro- pol.lush "Wbld,(("" II R "",I ,'''ppm hu (fro6- ., I ~)1; til If ~Q'Ic(jtf.u(t) ." (J' bl.do • ..,e "",ured JOO. Jl 

lue,,·.'" (KeD'u(~y\ a. 'P,ate.o.h ·Wbd" ... - A R rrHll .topp", tl.u(6ti- 1 ' dtyull. e-VICf"~l.In) ~ '0 bI.de.u Inlul.d "'0' H 

lut.a" I K~ocud.Yl (IIa pr.tn," ·WttdlCl"" S M ,,,,,I ' ,JO I.P'" hr, (9-1..1 daY' atl •• 1\'.~_Uct' ) -;. 0' hlade IIJU miDI ad "' .. Sl 

. Ivell'us (l:.eotu('\ly) Po_ p".'U1" ·VI',.GtJ(T· S R ("('ftl _.50 pptU ~,,(9-f"(b,...hQ" ~lI'IerIUIUtll) I ~ t'lr hi_de .," io'~ftd l'O.,e Sl 

J,,~p"'" (K..eootucky. o. ,..a.eo,l, ~WaodM"C· I R ,"".1 .SOpp1l.' h(lI66~'1 cJ8,., .h ... Cmd,-tuu) In ~ 01 hilidio IIU InJu,ed 
_ . 

J} 

I hle,.. .. a 1I\:e-o.udIl.Y) oa p'.c • .,lh ""WfodKll"" I ~ <""I .lOpl'l'l ~" ..... "lNlled "n~ lie. 'llir I ........ thu bJ.ui 010 •• &2 

I hi • .., In I Ken'\I rky J rol put.adl f(o~m(Q' R R R <""I .!Oppm b .. .aIm INked ar. .. our j,e.ahl-p", IbeD b •• ( _., 62 

I Nt!,JlU '0' tt":'lllh I I "",I _I}irpm hls/d.y.,.,., IWO weel ... .... td"ted ,lIIowtb 1_1_ ...... " I ~101 ".,1>' Po"",oolulflfollml.."IIIn • ." I I 4 · • hlof",h """. S1 

Z bIQ.r .. ,1Iy o\e.'ooiulJJfollo11",lInum ~ r , . )0 Will hu • 'K1Iblolo)u,), "' ..... 60 

10 ImM~.d (proM, •• e) 'O~OUIn IIvl""Ltn S , .. 110",.1 , as ppat h,,, daYI j da~ lot 4 mo .s "1 .. 11a"", .," .. 2' 

10 uotu..ee-6 (pt('t'U'lt) Pol)'JCIDum 1"'1",,1,,. S S ,ullu.1 ,'"ppm \I"oa,/5 da~ lor 4 010 S .. 1001 tolwrY. ",h" ••• ~1 ,,_b ,.05. ..." 2' 

10 QM ...... f''' (pt'O'tt( ••• ) rolyt:naum ..,1",,1,11 S S ",unu.l . ,sn -(\ 70 ppm (a'nh~nf) )uvd.y 0"'1"1..,.,,, """ l' 

10 D\., ... eri toll'l! ..... d""pla,1 S < .ISPP1n hu da yl S d. )'1f'N) lor 4 mo S .. \001 ">!orr ", .. !' 

10 n\~e6 ol)"OGvm dou,laJ' S ~ .10.1.,..-. bn dl,f.s dlia)"JIltl.'t lel' • UIO 91 ..... d '-Jury. ftlbsll.,lbl.,nwth .. u1 toO. l' 

10 D""tIII't't'd PtrIY_M\Un ckNJIII)' S ~ 50 -01p ppin (.rublaall h"/NY tot. Infh:t.luf1 .co, 2' 

10 .n"'~ed 'oly,,,,, ... d,,,,,I0.1 R ~ _25 > Pt'ln h" delectable lliolury D_' 60 

I ....... (,.bbIiJoot) •• ."."""" ...... p<\~ .. 1< I t · · • "'OIl 1 

• MCfOr\WONi ."""1.,,,,,110 1"'" ~ ~ Ill<lpp .. ~, .arty 1.lllb!.c'lutoG: bt,:ber DtopS(n eoot.D\ "" .. lJ 

• IIOrlu ('ybtld) • "",,1., 'p- .. !-~ · · 8-duc-.d c.bobyd"lte- ptociUc1InD ""'e .. II 

• 'flO" (qu.kl·PI ~IUl IJIID1~IoId., S , 1 , • n. ~ ..... 9 

• Ipca (qu.kh,) OP"lul l,e.U1~lokk, ~ S , I ,bk .1"" .. 
• "'" 1'1"··10,) OJnIlu J lumu Io\!" R , ! , PI d. •• "Ipp!a 0""" S7 

• 'fIOo fq.,ktoJl opwhu ItIO'lVlokl., I S 1 • •• do, ... "", .. ., .. " S1 

• ."eo (qu.k Jo,) I"opv:luJ "I!Ululo'dlll S S 1 · b. ,eaodl ....... P 

• tpt'D (qua\(o,) opwhH Uetr1uleldu 5 S I I p- Lb,' JtlppJc r""" S7 

• J~D (Qua'll"" opohll htlnulcldu S ~ ! •• S rr"' hu tt.llltbbJ. lolury b,.... 6/1 

• 0I100~ 4h1-dl. ~ oput.. hkN'.,.1 S S I " · • «TI' Q 

, Ioqlf,IoII("".bl "('O,.ocU" rrulkou I ~ 1 • • bl~aa r ...... • l' , I.""otoll ("",h) rol-lIIIlan. 'nlkOA It R 2 " I blrt"otl' ..... S' 

J to"" ,loll ("",b I FOIII.llltI'r4l ..... ou R R 2 \t"I ppm hn ~'.' .. bl. "')orr ..... fill 

• a."I)' (1i .. nll trl-"IIUl,,,'IDen R R J .. · n 1~lary - fleY f1ud, "' .. " • ll:l('b jr.1,.!bU' p .. " Ie-1 I I -lAflrtn hn tttrtaflit ItLjuly lyllT"' .... 1Wl r"'·· JI 

4 p..<b .... u~u. rt,~ltI ~ I · · • (JMk ~"'" . ! , 
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Appendix A: Data Base or Plants and Sensitivity til Ozone 

Plul Sen.ilj~ily CI ... Temp. Level or Duraliou or nal. 

Tv..., COlli III OD Name $Dee:les Name: I\II,b. NRC Pinl Zone «nu,.are: EIl"o, ... e IHle:e:ta Pollul.'" SOllrce: 

• hS"fY (SIl.~U'~ ,",until niI"~l'ull R H ) , ~, o iDJUr)' - ne~ J11i1 dt' t.o ... e 5 , 

, b .. ry tbl"ll hUDUJ. 1eH'Ik.. D' ~-I 4 .n..t Pf'1n hl/dlll)' In. 8 ""1"It"b , ~"e. u·ldlll ",rdl'., II 

4 h"ry tbl4,l, P'TVDUJ .efoliDI .. ~ ~-I 4 .n~ I'pm hf/rl')"NfI~tlb l.'ft' ue- lu( IDJ"'I)' or f.,'" ~ le" biolllW'n l(l"e .• ,M~JHNil'.' IJ 

• h .. ry tM>tk) PrWDUI. ler('lIiD. S ~-I 4 I. ft.015. nt P L\ til I.-1M""" h"ct-I nil) 2C(lD~("\lIi1.'" d ... rslt'lf 11 ... 'h, I:ut ,(fnl .. 1 ,Upplt """ IJ 

C hll!!l"lt (black) nIDU~ "'<"lID' ~ • S -I , .I?I)PJH'I) (lU:IIJ.) • .........tnll ~r,.~'" IWl9 - 'All" ("on.1.~nUI n",klNI! "'Jury '""' 56 

C htrly (bl.,k) 'UDM. "'o(llioa S '-I 4 197 VIII,. Ona!!: t ,l"'1IIinjil n~&""D l<llUt; - &,.,kt,d,. ('nndloolU il \·~lN, lalur)' ",n, ~~ 

4 h.·IY (blu· .... '1110.' •• laEl •• S S - I • • " dll.k .lIpplt /:flUe " 
C b.,y Ibl,dl trU.II6' .,.otln I S-I • , ~. d.,II !'I llpple.. c:bbc::rtl, ~ne p 

, b ... y(bl"~1 """1UII ","ottel S S-I , , •• dalk.llwl • ...... 51 

• b..., PJUDV. "Ipp.. S ~ 1-7 • .. , "IOn. 9 

j til (bl~ rtnH! f)oo~ I,,) ""UdOU.III~1 meGOC'IJ~ S s- R , · . .'"'' 9 , til (00v,1,,> PMvdt"l'ts~'1 IMGOC'IJp' R ~- R J6Wfti '!lrn/dlyfo, H&.,... Illun:rdryurdla_uIIJ.(I .. b\,tb ... ) ""'. ,. 
S ~(D"",I .. ) h"dot:Jv,. mla opbyl" S ~ mhleol - - .'/t ,,, ~,.I.l IU lUet1rur Ihlou,h 1':)70 h~otl,(" U1Oft'ill. ddallMkI1::.. ,'bPl't Dudl. Mld..,I.I, jWlJlUllnp •• , '(D .. ~I .. ) ""odQuv@"a m.oritJB R R R ~ .bk Pz"'" .. 
5 ~ (1X>u,1,,) jh.vdotl"P mf'orJ.J6 R ~ • · • It m,...,. - .....,nb(1uJ6 ""dy ~"o'" S7 

) ~.tho" (Karle,) jr,,1C'IDtbl C'"M"Ctou -1 ... la1ldel- R ~ 6 -~pp .. h .. .... p'''''' 61 

• p.k ( .... ft.) P.1.tIU .Ib. R ~ S • O.O"lS. '" o..S uL L- I kn 1'1- r 0'1) 1 C"rvM<U!:MI d.,., 1(!If I Z "'h, ~.Ik aclnl.1 "WJe p' ..... U 

C ~k( .. b".) p.."t'\UII~ R R S _IS ppru ~ b, Lfd.)t J fOO.K. dlill)'~ (or 16...,b ~.,H.a ,,,,,,,a IS 

I .t( .. b~.) P..'fll.llba ~ R S , • ~rk .. lppl~ """"k ""'. P 

• Ikt"bk'l pvenll'llba R R S , • ~o "'1"1)' - n.W"bg .... ",dl .. r:one 57 

4 ,t ('""tl~l) P..trlil' c:o«ht. I s- R ! , • ~rt .. lpplo. eIIl .. ",). ""'. 51 

~ ""'('<1Oder) P"tlcwS [O«iDNI 5 5- R ! , , ~r ... 1ppl' 100tl J7 

• ""'('nri," Quercus coccio .. R 5- II S , , ~o IDJ",", - 1Io1rS ... dy ",n, J7 

4 ""~ ({;.mhol) Qv .. "" "mt. III I I • · blennb ICII. P 

• "'. (O • .,hol) Q\lMN' pmt:.m I I ,25 ppUt h" ~(Klllbl.".JufY ICII. 61) 

, .. k (Or.~ ...... h.) QueKUt ,_r ytD. 5 5 • • ~, GlOD. 0 

I p..k (.bIoBI.) Q\rernt 1..,'tnca,l. R II , · ~o I.J.Il' - IIoIdI~bou ... rvdlo. ""'. J7 

C p..' (pia) (".)\Itf(:ulpa.llllltrh S 5- II S , • blu0'9k. DecrO'lb irlp. J7 

I p.ok (1'10) Ou,,{'Ut pekuuh I S- R S · · ~" ... b "'D' " 
4 pok (pie) QufltCU.' PIII~~(I' R s- R ! • , ~o 1.,"1)' - n.1d "dy 10 •• J? 

• pok 
Qun(-u" paille. .' I , Imam. t pooMb "' .. II 

I pok t .... h.) o...llf[""''' pa.ll!llk1t R R , • · () btwtY - ~.oh(1u" "Nr roll. " 
C ".k tE.,IIlb) o..tllrullobur D. S- R ; • · btie.m.I".~b f""". II 

I p.k (E.,I~b ) Q\lt("Ut robvr S S-R J ~. · ~,,~ "lpple "" .. S7 

I p.k (ED,I.b) au_KUt robur II S-R J ~. · o 10)"Il' - IIoIdl"bo .... ""dIo~ dan "Wi ""'. ;7 

4 I>ok (E.,II.b) (JuUfUJ fOb\lt" I ~-R J , · ~"k"~10 "" .. J7 

C ".k tDonbt .. rod) O\Ier('u, •• bn D. R ! _OCppm bl/d'rlot" ! a.eoU , NI'tI t .• del\" II'.C 11'_. II 

4 "". (nOli b ... r.dl t)vucu," rubla •• R J _ne.ppm b./d.)" fOf ~ t¥tI~1u IhJ (Htt. ... d dry .... ~, tI rD041 IDd "., •• r>rnfJII .• ddk: pl.tip... I! 

C ""k loonb.,. ,.dl Oru.rcul J'tI bl. R R ; .0.0",5. en n 15 ull • I lw" d-, 00 l rPIIM'("uliw d,)"II h,... 12. w\.s.. dill" .da.I.I.IW. oro .. IS 

4 ook (o."b,nr ",dl Q..IIIrt"lI,ntbu R R S , · "" tolofy - n.ldI~bo ... ,,"din D'''''. Sl 

41 I:)I.k ramtb-tl"'ll red' Qu.("('u,Nbt. R R S , • olololl' - n.lrSl,.b"" ..... ell .. D""" J1 

• "'k(blotk) Ov·,("uS\-.lullcl. R R S , , o Ie .. I)' - I'"".~"." .rvdy 0""" S7 

~ ",k «bu •••• ) Ol,I."ruJ Plkn .. , R ~ • , 00 ""'Y -n.ldt~h ..... ,,11411" "''' 5' 

) ilIl .... 01 rb~e-ndf(1D "bo6od .. o&:oo CJlJOIID •• eudl R R ; IU.sppm h" "". ,,,"". 61 

) b(Jdn(l~t:I"'h'mlf'al'~) ~~o6odt~6t'oa nl.wb>lI!utl ~IbU)ll S ~ S t.2SPJlm b .. lOW'll (0 bl ... " I)eCTOIIe .dpVI" 00 Vpp.f lu ""'. •• 
I PIlle. ~bndod.Tlldr<XI IDdlf-.rm R R 6 In -n.s !'pOI ",k, o ohs ....... d e.flcCl "' .. ,0 
1 lJIln Of ,1I~ud'DD ~bododtll)droo bu,r«1 \.J Ill' Ih· 5 S I tu~I'I'.' h" ~Oillo"i:!lIO bbtk Dluolkni-ppt..oD "P'F'" k. 10.' 61 

J Die. ~b adn<Il! DdJ"PII ltv 1-" mill """S rxt,.t'" S , 6 ~.!S 1'1'"' h" ~fI"'fI) 10 bl.rk .,IlClotk J1Irrl •• OIl upper '" ~. 61 

I Dlln Of fbododl'1iIdf("rD ~hodod'lJdfC'lO DlOU. R R , ~UJI'I'''' h .. M. ...... " 
J ~I .. t Of rb~Cldlh'CI ~bododn~dfO'D 1110'" JIlIUt.1rI S ~ r-I5W" h" J~ It) blwk urrolk" ulppl" 011 lIIJrP41' tel .... n. 61 

J ml .... (Hll)o(h:,lidl bododt-ndroo oblvw .... ·14ID(\r!rl',llrl· S < · ~. , u'l,(lpplll 'OG' S> 

] ,.Iu (KoJUG) bodoOrodJO"n P'"u" hurplh S , .. , . ,,,,, . P 

J l .. ln(..,-a.nl~l ~)'~deo(h<"'A (TI~UOl ~Ic: .. ." S , J ,,1..< PP" h" ~nwn ,,.. bltct otCfrolic ,.Ipplt:, on UP'fl'I'I In , ..... " 



z_~ -Julv-Q.~ 

Appendi:.: 1\: Data Base of PlanL~ and Scn~itivjly tn Ozone 

PI.nl Seuilivill' <:, ... Temp_ Level o' I)ural;oa of D.la 

Type C .... mon Name Soecics Name Anllo. NRC 1'in.1 I.DDt I!IlDOIUre J~""o.ure Effects Pollal.ol Source 

I min ~bododndroa .p_ I '\-M I - I .. , ~., ... "Ipple ,n,,, S) 

J lAin ~h~Ddf'<YD'p. R '!>-M. ,- ... I~ .. n'lljury - IId:lf.h('l\l~ "udle' ..,.. ~, 

I laid ~~ndod."drc. 'i' ~ ' -M J-O ,. ,. ~altt uipple ~ .. P 

) bodf'dendroD ~rodebdrflO "p ... bodnduthvD R I( ., -, ,. .. 1(\ illjury - lIClkI ~'lIc4~' "' .. S> 

) ule. 3utflClo&.,,,droo lp. -Al .. ,b- R R " hMr: "nrl.t 0' 

J ,,,h:. (Oel .... e. ",bile) JUodod..,choo "'P' ~()el"" ... e .... 1wi.r .. I , p. • ~;U""IIP9111 ,nil,. S , 

1 I1Itc. ({il.DO Oalt .. yf;tldt Rb~t.dIOQ "p. "(iI ..... • I , 
r .lS P""' bl \. 6_ DHr .4 .. b .t "" It •• IDlul)' M,,, H 

I ttl.!. (K\tIWD.,. b~ld) Rbododll"Dl,hoa Jr. -t-jlllblD), RIE"~· , , n,n'll~m hn. 6. ("0'\" 1 .II wk\ 1'1-1""011,11" "'0. j. 

I olea ('t,k •• b). Nt, JtbocJodnd,oa 'P. -'-o4.u 'etlnt- • R r UI"f1 111 "r~ (.X()\~, J .... 1(, C',"'U(ioj\lfY ''It'Ib~ S' 

I D'.' «ud". b),lu'd) ~h~rodf(IG 'P- il.4r.l. C; (;.{i"rMp~· ~ R p.lS Mlm ~ hi:\,. 6x ..... -.:1 .t u.k. ~ .~ I .. , iIIl • .." n'noc Sf 

J tlillu (s: ... "ll byhlcl) Rbodod.lI.oo 'P- "'PIDl. C;UI"fl'<''' R R ~.Z~ ,'PU' h,~. "II)\~I .t ...... ~ ~ "'" Ie II Il)lury ,no, SO 

3 ral •• (Kuru-.nt b,.h\d, IIlhododf,OIdtOll!p. 'R~d Lu"PII~ R R ~'-lS pr" hn .. ~M~I".J..~ ~ ~ '''' 'oJury 'no' H , ,., .. ('.db. b...,.,~, Rbodo6eodJ .. '1'. "R.d \\',.,. • R n.lS rpm "fJ. 6-';;M'!'f" ... ..., 1 ""lnc.lk.l.u mJur~d ,.",. s. , .In (Ku'u01~ hylr" lei) ""odoOead,oa Yp. "c::1)~ R • r .LI ppm hfl. 6 .. O\·,.r ...... b r "I- I .. Oo,o,y rrnao SO 

J ."u(' IItll.,. n .. <leo,l. S < · · .,k ~n\ppl. 100' n 
J IIm.e '--Rod) !abua top-Bloa ~ 

, • .. , ~. PJrlDID P 

3 II ~'C' (unorol") Iab,n,llt .. S ~- , 2 ,. , ~Ink ttlpp'" P'oo~ p 

, r-O'I.". 'I1fIOO1 b) ~h"'~ . 'I.t .. , s-, ! " · ~'~"'pp" ..... 5' 

10 po'''''' "7 jRbln r.dl~p, (To.:lcod60dr"oP ,;:.dk.&,) 1 R I ,. ~. .,k: 'lippi, chln'Q'.Cb r.noe_ l' ,. po''''''''!' ~"lldICl"'1 (TOIClcodc"OtOflladlrlo'l R R I · · hlCWMh 101'1' S7 

'0 PO'-"" 1ft bID, 'ldlaM (f OJt:kodt'od,CM1 f"~ I" a 1)'1 R • I .19> 1'1'1>", h" eleo(arbl. IoJu1Y , ..... IrQ 

3 IR\D. IrUobw III • , , )lS p'pGI lHi/day(,... • d,y... 0(1'111 .. ID~fJ 1nII. Sl 

3 ~bUI ultabla R , I _in p'pu~ "us/dIY lot .. dlliys. I ~ toll. loJu". ~'" .. U 

I ~hUt t .. ltobatl , , , .1:;M·Rl bnJd.y Ifl'I • days. '0 ... roll., ,.,_.." "' .. s. 
) ~hl.,nobt1ll. I , , In pp.:n b, ,,day rnr .t daY' I ..... IoU .. Inlu(y rrobP: II 

) ~a'I.C' (.''''~b(..-o) "-... .",.,iII. S S 1 · · I,l: "Ipple rnGt S1 

I ""'~""Y ~I"" .vdJOlllloUIn R R ,. · bwo.l, p ..... S? 

I 
,..,.,..I>en}' !RIb ... IUld.Jo"r.DU m , • • · bb-otb -. S 7 

) ,.,.,..borry jRlbrrel bU!lhoO"DYD1 R ~ -)Qpp .. h,. .1.nabllD lDjDry 1 .... 1111 60 

I P.U.GI (IDdln) ~,",tp. S S · , ,,~ .. lpplo r",·· S1 

j Ioc ... rb,.<il) ~oltllllt. pMudo - nub I ,. R j · · ~rk S1lppkl. IAn .lIpplc r'M" S' 
j Qntn(bblS.} ~Obl6" pM.do - .cu. R ,- R 0 1I · o IDlu')' - o.kliludy ~'Of)O S 7 

J OM (lOullll('fl) ~o,. mu"hflfln S $-1 · · uk nipple prObe 5' 

J 01* (!nuh'I", •• ~ota rnulffl('f. , ,-, • .. •• k Ilipplo 10,,, " , ... ~ .... 'P' S S 2-' .10 -fU_~ PPll) wb ofol.UO'I) .ad b.d abatl"'" ,no. '0 

J ... "' .... .". R S 2-' ,. · o 'D)~rt - fl"1I-•• hhU'~ J.ludy nlnn!l SJ 

I ... ~ __ II 
II • }ft )0 prill ~'" ~1~cClltfe 1"'\l1Y ...... 60 

I lldl.bc,ry Itborole .... ) ~Ubvl "O'ld81U" S S · • ",h .. ,~""" MO. S' 

1 ''l'bony(r.d) ~ub\l. kla,ul " R , • • o Inlury - 1I.1d/1lbOlr.lle ,Iud \Ie. mil. S' 

J l.drbuTY !a.but. Ip. S S ~ I 29pprn (mu) Itf.,...trt,l U',,~ I"lU - ,"I C'OtIdlri"'1u ~t"".ld 10iMt SI'pp''''' (lw En''Pypbo''''' lFoat 56 

J I ...... ny R..but 'P- S ~ ,Q1p,nn InIU) ,"0'11'10' iUJ,M 1,",,11 - ml"lValu (f'ftdll:ioslo! "" "."hI. lol\lry "' .. S~ 

I ~ck-l'~dSu .... o Rudbecb. Mnll S ~ • " • tGo,b , ..... 5' 

I """.Ii>w.. ("", •• 1) k"AoeC"l-llucla.I' s , ) " • Ifll. "..." .. ro •• S' 

1 hl..:t.. -ey.d ~u'IC ~.,d"tHIrl.ll DC'ckl~"'I.lk R R _Jllppm bn t'IK1IIbl .. "pry "''''.>0 611 

II nntl ((lfCCO) ~UD'lO" at .. f" ... R R ) ·I't1Jii\ lh hi l /c4a,;, r('o, twn .HIt t I '" ,oduc.d ,,~b ,.'1 ~ ..... ., 
" nne' (,b!!epl ~UIII""H"IOH" 1 , 1 01~pl)' h".r~t1yf .... , IloIo1'\we~h 10", rr-du.c.d rowtb fife rinD!! .. 
,0 ~O<~ (cu,ly) 1a"G'lU n"Pb' , , 1 · · pb .. 'JIIJ" .... "' .. S' 

,0 ~O<~ (cu,"') Jp.1:t1R"'"'~' , , I .!S flrl)l b" ~efu~Me Iblury "' .. "" 
10 ~\(b''''') ~\Ia.1t nbtu,Uoh, , 1 1 .00Pf!m . hr,/d.y ''''' I~ "'"", ~ "" I.du<'ed .,~b 11111 ,.... 4~ 

0 'Inld (Alfku) ,IDlp-uUI mUI~' R R ,~ 10 - t\t~f'P'" ~ .. ulb~ d'kJ ~m uIJl.n(~ rmM f1l1.w.o"-nfflM: "'" tn 

• 1-'''- .11 •• onddl.~11 ~ , t _ ... ~ pfJD1 hl,d,y rl"l .t ct.." ~o '~I). "'.'Y t>,,... )1 

4 ,ntrw "" ~ood~'.~' II. , , ,np('lU' hf 'da) 'n, J d .. .,.,. ('t In\l. toJur; P""" I' 

• 10111". • UII: ,000ddl,,_' " 
, , 'S pp" ~l/d.) rl"" d • ..., \10 (n". 'o,urr h,., •• SA 
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Appendix A: Data Base or Plant!> and Sensitivity to 07.0ne 

pr ... , . Sen.i(ivi.'), Cia .. Temp. I.evel or Danl;oD of Ihh 

.~ Co.moll Name SDe:ciu NaDle Alllh . NRC l'i".1 Zon" UIDo, ... e EJ:DO'lI~e Errett. Pollal •• ' Source: 

• IlImo .lbI~dl.p8 I I I .l"p"", h"<b.o;In, "d~", I! t'i- IoU .. Inluf')' """ 
! ~. 

I ,lvI> ,lvI. t('atu,.~rlu II. It II. ,IH "('1lm ~hntwt!lllflbn t\ lnt"'y "''' ~ 

! ,h.·la • hd .. tOl'-IlUt., 1&& I I .In-(lJ,n pfun ",,~ldJII' f.,. -4 -s ..t.,~ 0'" 1nl''')' "'0' so 
) Id.btu'l(AU'ltrkIQ) _mbw-cu, UD1&..uh ~ < 1 · · ~a,. ,HP9I, Inl1c 51 

l Id ....... y ... tMiCIliS rlU da.ul!. ~ S ] · · ~.'k It1J'Ple lOft. P 

l kI ..... ''I' fbl.'1 • .nbun., ,I •• PI '" · · r,na~ -I~ JellODl "'0' H 

J ...... ,ry lathu"" IrIIllIlIIZOClillrpl II. II. • · hlr'lfJ"k " ... 51 

) I_b·'r • rnbpt.t ~"III N"'atpl I II · · hl('l(U" ,'f('Iinl Sl 

J Id_.,.,. &.Ii motr.rvs 8t.t lL!IIor&"'P1 R " - ~~ > prn, ~" ~cllIC' .. ble .. ,.,y 10 •• 6/! 

J Ida"',,)' (1),""1 ambu1D sp. ~ $-1 ;1-6 · · ~.,. ""tpple ro •• P 

1 Id .. be",. (bl.",) emban., IP. I $-1 )-~ • · ~., ... ipple ""', J1 

• ..,i .. h •• ... hl .It."tuln II. S-R 4 • " o Ie,",y - n • .,.,o"" ..... J 1 

4 ..... ft •• • .. hlilbld\am S ~- II. • • , ~llk .Uppl • 
_ . 

Jl 

II ... 11'1,. I dfr I,. _IIIU'. I I • • bbMIt. ..... J' 

11 ... th,. ."'Ite IIIP'1 R I ,)0 < ppDl b" iIe··<1ablo .... ry 

_. 
61) 

9 IC~_' .... m. •• " .. ""byll. I I 0 10 -QIS rPm r(. '-'_')'10 Vlb01 6~ 101 •• p.U(f hom .,b)"'b.Orooc ..... 10 

o ""~'" kladtprul.UfIIUI ~ II. 10 .In -1111 "" .. W\, utb(lf dtd 11101 Mp"'I_ 'r~m 'lhyleb.lOEtlO& ...... 10 

l ~lpdJlltOD -Plor.1 Cltpll1~ f"tO'pbt,lt.rl.7 -"bel ("'-'pe'- I!. I!. I!. 4 • blt """' . u 

1 ~Ipdrtp "Rotk"t MbaD'.- tTO'pb .. lull? ~A.(Jrhl ""I!IIun· I!. II. I!. .b~ """'. .. 
10 """'" eDKloM,.,1 S S ISI>I'D> h" """,,"blo I.Jory '00, 60 

5 ~,,"nfto(,I ... ) eqooll flIw I .. , R · , • MIl' 0 

5 .q ..... (II ... ) llquob _'..-' •• II. R tnbltut - - rl\('(tru r.~ lIre.lb.,. Ibrou~b 19m o ("bki'Cdb 00 o.lId_. tald.llllatf polJul\on '0 

5 _(Co ... ) ·CfU· .. ~M". , II. 1 · , o. ...... 0 

I ."-0<1 (Coo,,) oquola .. up......, .. , II. II. , D1b.ol - - CA rn 11m rile IIrel~ tbrnu,,~ 1'>10 o cbkw01h OIl Dud., "old.", • ~ roll., I<m 411 

J "luol. (III •• ,) ~OI.6tDd,OQ !!IlpOIWIn ~ S 6 · · .. a .... cf " "lis or c .. boD. ,e<luC'\kI!Ilo "bol .. no. I 

! -.quoll (l11~") ~quol.cI.Ddfoa ,IIEUII!"llIDi < ~ . IO-n.221 p'pm " ommdt. 19l1'l. I 'Nl tUJdllt dn'" - - fhl.r retpO'l'tll 10 doH ",no. 10 

S ..q"0" (,III') lqVol.d60cfroo ,I~'"m $ 6 . IS-Q))2 1'1'.," umm., 10M., 191' .. dled ... t" -- htlalrr.apot:IWlIOdo1P "'0. lD 

10 I.d .. co"l'IOD U.oencubahn S 16<) .,.,rnl SOlno _pon! OJ 
_ . .., 

,,~b hn4y.lrKIIId. 00 I'kroftrbl, O~OI 19 

10 I.drler taq>l ... it.De C'UC'\lb'ttu. S 0.",,,,, ....'~b lI'fowtb bnty .UKIcd., DO Ocrw.rfa. "' .. •• 
9 100101. IDDlDlII1:. ,ptciOtI I I I" 10 -.UJ ""or 1501'(J .Y1I_'" '.',rded n.,...lD, ""'. 10 

11 btldl ........ b Ir ...... obouU S S · n. d.,k "lpplo "'DO 17 

• .D""I) P'IfCM1, If .. <>ph",. )'poIIla R 1\ • • · o lelo,y - n.kS "vely "' .. 17 

• Ih (ELllfO'pOIID BlOialaln) orb\l, '.<'upoIrta I S ) · , dl,k ,tipple 10 •• S7 

• Jb (EutoptlO 11'I0000.,'IID) Ofbtt. IUc:~tl.ll S S 1 • , ~.,k ,1Ippl. "' .. Il 

4 .b (F.ut'<Jlf'e-. mOllI)'IID) Ofbu •• \lC'~th R S 1 • · o lb~'" - n.kI.cudy '''''. II 

• ,b (Euf'O'J*lo Dlma II" It" CllJbul .u~rll S S I .2J pplO h .. MOUlD (0 blKk ~.nodcSllppk, f)oO "pp"r ho. " .... 61 

I ,. ... ('ob."",) orfbu m b. J.p.v ... R 1\ 1 • · . .,., 1 

1 d,.,..., .000ueJ phlecllHlllnblpul R R nnu,1 .10> 1'1"" hlJ/cf_)lr,., ,,-I eli)" o I.jvry ""'. 19 

" ""." (.ph ...... l pbl"O~ no.mum .06 -'1I! ppm 811 h" Ov.Jlf Irt~ckJ 0'WtIf po..,b. Cbt . D •• ptlt .. 10 ,,1.iN, hltu,." ...... Ll 

II .. " .. (op..,. •• ,) pb.p"ln Dl"to'ilIDINU' .M! -1111 PP'" n bu"ye' IO...ed. ~ IfOW'lb. ChI. D.' plh .. an \lblbl,lbllllf")' r<>a, U 

" ..... (op..,.".n ph.,. •• "" ... , .... .04 -III/ ppm IObflo ... IO...ed., ~~ .. IIfO'lll'1I1. Chl. I'te' 1"-1 .. GO .... ,,(N. mluf")' """ u 
I 1. AU.lullloe P". 1.IIIOClpfuUVl "'C'1odarudl R II. ""on snrJ)Ul h .. iwll" .lOIrbcS ....... De. lurl\pl.1hto bl.I' lOa. 1>1. 

1 Ihte" IDba.1 '.pblD0Il1_11 elllfYt I I IDoud ~ I" - 0.) ppm hI.,/dlY I~r .. -1"")1 "fl.jury ...... 19 

1 flc'U IODUtl uep •• uhJI. Jcm,tomll I I ."tHI.1 ".10 - 0.) ppm tu"d~) 1m .. -16..,... 1 .. 'loJury """ . so 
7 .... rt 10D, ... 1 'yioc:l". /l1~~h". I I .nauII .2.0 - 0,., f'P"'~ hf Ifmy 1(\, .. - 5 ho.,., ... 'Iolu'l' '0" 19 

} ~ooobo".,. yorpk<I"'llCI • Ibn S ~ · ~" ~r. I1lpplr ~",,",. j1 

) aO'Wboerryot cUllb.rf")' y1Ophorlr...".,. .. «."Iold •• R R ,JOppm bn ~'tt"b" lopry p .... 10 

I ........ rry(o.t.h.1 y1Oplrorit"'l"" .110. R A · · ~o lnlury - II"HahouJ.l .rudy "." J1 

) r~c(n""' .. ) )1'm,. cbIDC .. b. 5 S I · · ~ICICI'01I' ""'. S7 

) UIlt: (C'('~tr01I) ,.II>~ ... 1,.10 I I 1 . 1" ppm bu(,by 1M I'" dly1 ~O ,1I.a ""'. }n 

) \~, f""""''''') YJID,* \.Vt,.-h I , ) . Inrpm bn pn III'II.n mljl' In 

J. ~l"C r«"b~""") Y!ln(ta ''\I I, ... ., I I • ~. Inl"p,,) hn I n tH,n "' .. ,n 
J. l"'('"«('"('\m~~ ) .. in .... "I ....... i' , , 1 'tl\ I'l'''' h .. nhH'elo.l ud D'dllIlk'1_1 ~U, rh. .~'4IlI'_lIIt!I """ 10 



I\ppcndj,ll\: Data Ba~c of Plant~ and Sensitivity 10 Ozone 

PI .... Scnl,!ivity Clan Temp. Level of n .... lio .. of 11.1. 

T-,~ CORlmOD Name Spccle. N.me l\"Ib . NIU-; Ilinal ZODe E~r>o ... rc n.DO",,.e BrrCl~\a PolIlIl.DI Soorcc 

) i.e «('('oOl.,,,,,o) rrlDJli vut,wll I I 1 . l \rrm 'h, ... NtIW\'e:I .. III.,.r1 D'IoIJli/lna.l Krt ~b, .),1.1 .. 1 hon ' 1't'IIIt I" 

l lillie (I:OD'UfYl'Gl yt'ID,. nat, .. fs I I 1 ,S°rt>III b' ,t "If \le-.Io_' tDG DIIIII,h,., tcIY rb. .h ..... II.o. ''"'' J" 
) ~ .. ( (co bln'C<TII) )'1"10,. wl.t_b I I I _ ~n,,,,,,, , } h ..... IU ... \~Ia.) IIDd mw.IC'lll u(W"rb. . h •• a., "'"n \.H"llf )0 

) '''c (conlll'W"nt yrln •• \"111" .. 1, I I , ~1"nll\1'-N" alt • ~ "u~llb\ ~1.\"C ".I.tt(f UUJ.~t" U(I'"(b. .h."laJtUD mililln. "'''t'( ' ~~ Ilot .1I ." 
I U.(' «'oolnlOl)l yt'h)," ",,,,.h. ~ I ) ~. lJ P11111 h .. ''''''' 10 bile" oe<',t'J"Ik ,ctrpk-, no IfPpel ..... l It'". 6' 

! "'1f~ld rr·,..",.·,,,,11I no a llnu:tl II " educed 100'1 .ao\cbl 116"'1 liad ~bft<n Utt-I,hl rHf'lIIt! \I 

l ..... I~old ~.Ptlf. plilul. "K.ID' TUI~ I I ).,,"1,111 fI ·)O PP"' hf.Jliflle'otWIf'!'III~ IS 4lo (up 101'1'111. blj1.lfY rrNI4!! !I 

10 aodelbo r ... u.cum OUlrilUh: R R ) IlS > flpbm hn ~ele(tlibl .. mJlI')' rfflllC- .. 
) YO"' • an nI Jpldatl R ~ S fI.l~PI,"' h" .u. r""" 61 

I yeoW((ieoOIoa, 'U1It .w('U. ""I>I.,llrt'ullJ- • .lO - {I,JOf)pnl 0.)'1".... 'nt 6-' ... b ~t.nnMld ('bl(lf€rf'byll MOe )1 

) YO" tuu,...,. R R ~. , n ht)"ry - n.l.1'I~ciy ""'. S7 

:. Ylt'" (UatRllids Anplriapt ~ " fN" ... odl> N K • .. " " i'll ;~ry - ~.Dbn-..~ IIV,.,. ,,,,,, 57 

)~" nus I me-dlt "JHc\.sl· R K • P.!5 ppm h" ~. m,,, 61 

6 ~,.(OOOO<I. eualvln .'01'0410111, "O2l'- I I , n."' ppo, h,.vd .. y'Of {lIMn wtd,I In '$ 'ldt.lC't'd ,.~b nlll ,0, .. 'S 

6 .,. (0000<I) I! uQ'1u DI .cotodoall -OlU- I I I 1>.07 ppm t..V.t .. y'ort"lm ..... tb 10 "" nd~('ed .... oMb .lIle >011. •• 
" ... (o ... 6owl n..lktl"m fead" .. 1 R R .25 > ppm h" dtlectlliM~ IGJury """ 

r,(I 

7 ~uel1 _ IDlo. aODu1l1 'b.l)lH>clho", lulophyll ... R I '1)0\1,1 ~U )) > pt~"1 (tm()tU U 6 J,n () lnJ~f')' """ e 
1 ~.,.rt ...... , .aDnl b.lJ!>od"'m 1 .. lopbyllulIl I I .ulllva f r .!II - ff I pp.' ht"cU)'tN J- J dlY' '-., "'Jory "' .. j. 

I f.vborvl'.e(N . .,b"t .::td.l r-ItJIOCddtIll1IJh R ~ A 2 .• ~1t "'0' ~. 

I ~booVII" (whl .. ...t .. ) ~vt- oc-rldt.ulI. II R 2 · • o mluC')' - II":IIOQ p' •• o~" Nudl" 10DL $I 

I .dot (North ..... "bl1.) ~vl' ()('1:1d1l8 •• 'b -,.,.raml<hllb~ 1 r . 20 - 11.4" ppm d_:p.M fPf 6-7 Mel doauM<! cbbopbyll mo. le 
7 ~ .... ., __ 'lit 1100",.1 r.YlDnQrpII' nniph R Il. .allulIl n. ll) > 1'1'"' S bit 0'\,," 216111" '0 InJu,,!, ..... 3 

7 ~s:.., .,.r IIDDUIII ~"'DOQrpu. ('Un'IF*' I IIIUtl litll I n.lO - III ppm hfl/dll"f01' 4-S d.,., Io.f "Jut'! ""' . 59 

4 Indo. (4"""lno) III1.malaDI I S- R ) • · ... ,. "Ippl, ""'. IT 

• ~dta (AbMIIICUl It'" .1II«k'1Da II S-R 1 " · n Inlury - (IIf ... b~t. ""d,. mo. S7 

" ~dtD (AolllrInGl II'" ... .,....InD. S ~ - II. ) , · tLt,k S1lpple ...... !7 

• lado. (llId •• "1) n~ C'(I'di;'. R R 4 • , o IDJ"" - n.\V~ l'1l.I" "udles. " ... 51 

• ... doD(OI .... ) nit aucbkll'll S S I .. , .s.,t tllppl. ""'. 51 

f ,,"cb (I!ur_n) lilt •• 'ope. I I 4 • · i",ktllppl. ..." 57 

4 b ... ..ood (whit.) 1110 bo ... ",..yll. I I D' , LIork "'pp" ...... Sf 

4 la"'" (.1_) 11110 polloi ... II I-II 6 D' , o 10JIoI". - n.lI ,....d, mo. !7 

4 lacl.~(.r .... ) flllo!,","'I." I I-JI 6 If. · IhIr" stlppl. toO. P 

• I.do. (\>1,10'1) fllio pllfw!>yfloo S S · ~, · "',k "Ipp" toll. S7 

.,.-.bl'l,Io'Cl."II.d TIII>.6II. bolb~I ... R II R 10 I>-,Spp", bit (I ,,\tIbia ht~1')- ct~.D~. foMtr eoodvl:\aDCI roo. • 
""-'.)'IIr_oIl.d 11"116110 blllb~I'II' R R II 10 ~U"pp .. h" o vIJlbi. I.ju~ cbo." .. (0110, «>01"""'. ""'.,. 4 

p/Io~b)'lIc_.JI.d TII".6II, baM I ... R R R 10 b.os PS'"' h" G Y\tlbl. '0,,",- cblD.f:,1D ro", COIId"I:I., ._. 4 

~~b,.l< It._n.d 'rulo."' .. p .. ,KoU. R ~ R 10 h.11 P!'"' 60" It ""'W ..... I")I. t'b.D'1' ta faHlrlr C"OO~('ln ""'. 4 

""~)'Ilt It~.,.n,d rillo."'. p'",~olb II R II. 10 .I0Pf"" 60" o "11~. klJ"1")I. ebu.jlolzi fa", C'ootSwC1l. "'00' • 
p~"""I' It._n.d TII~lIIdJb paut:lfotb II. R II. In .'Sppm hn It v"fhI. htJvI")l. ebulle tm fa"r N)p~I,)(,'ID "' .... 4 

pb~)'Ilt Or • .,.\I.d rnn • ..ct.le.r.CVf'\"II. R ~ II 10 .llppm hn n vlilb1 ... tvf"1. CbIDJ. i:a 10l1lr coo$te"9) "rOIl. • 
pb-.b)'ll< It._n.d ~U'-NI"'r.CW1"\"l'" ... ~ ~ 10 .I0rr'" h .. !'I v~1Welll"'l' tbUIII. rol., C'ood\.lr'.o. 1'1.(06. 4 

pb"",.lc ,"0 ... 11.6 ~1I".d .... rltnrnlli II ~ II. 10 .'SWIll ~" "vft;fbI.18 .... 'l' I:bufle to rolD' cOOCh.lnllDo ..,... 4 

I 
, ."b~)'I1r '",,_Ilad ~U~Dd.b ~hk-ll •• II. ~ R 10 IJppD'I ." o "hAle -JaI'J "btD,.1a ron., I:QllldUCI.D(' oreD. 4 

."b..,,. ... 1>-" .... II.d :nn..d'Iou" ........ ... .. R 10 .10 PP'" ." ,., "k('bl.IoD,t.I~ ebeD,.1D r"n:., rnaducl.D(' 01"'" 4 

~'I>I>I' ... tr" .... I"d Ilbld.11I ~tfk1lh. ~ R R 10 , ' .~ ppm ~" o "11~1t kJjt.l'~ rban.t0" rol., rooduclul(' .""'. 4 

hlbdo~ ,Wollltn btb'ktam R R II ) '.h~ ~D' '1 

1"1"'''''''~r ,IIOhtn La(.,.IIIUtQ .DPu,1 ,lOpp';" . h"./dIY 1m 6 .... Iu In"" < ,&duelh"" ~ lit., ana ,"" .. & ) 

~hn~rl~r ,ffohm hC.,.lItlllP ~n"uat H'Xlprln . h,.atdlyfm 6 ..-...:\' f)" ,edvf1"'" ID lur .rn "' .. ) 

p'mloCO('I~, ,Hoi. III "'c ..... llm OJ .... .,uat ~a , t1iu('cd ft)()lt .. .,.be (1''''') .n6 Jbonl *'II1.hI ./<>0. " 
Hltl~ ,Kobll'fpu'G1UI S ) P.)lpp .. h" ~'t('.bk-I"""" ."",,,,("Om, "' .. II 

IKI(I~ ~'If(l&lItnpn,\IrD'c. "r6rulptab· I I I ) .hk ""'. .. 
eod c:1"",1I' ~'1f1'l1"1I) ,...."II!I!H( -I-:n.'-d~ , S ~ ) I at-Ie In .. 4' 

I!d (InloW t',UtllIClU.I p,lre.!!oe .. Otl''', · I 1 h ·)Orp", hl1 ldllyf ...... cht, "'*'W N -na.~. lufbrreJ7IJ1' 

_. 
I~ 
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I\ppcndil; 1\: Data U;uc of rlanL~ and SCOIiilivily 10 Oz()ne 

Plalll _. Seolilivily CI ... Tem". Level or Dural;08 or l)ala 

Type COlllulloa N ...... S .... ciet N.me 1\0111. NRC l'iD.1 Zone R'Dolorc IllDa.ure I! Hec .. Pollol.DI Source 

ft eddnVll' r.(ohm p"1.ea,. '"Punx".,· I 1 I J .M. roo' H 

tt~h' ('If l,dlDO C'1o\-a' .lIolum le~o. n. 1 , J .os -0. IS ppD.\ · .d"ntt N'oO' UlCt dry wel,be ",n. JI 

J li.ta II t Of I.dloo ctowr .Ifolum tepta. n. 1 I J _.'"yt,l1n h .. n 'i .. dry .,.I~ I tell f~; fOOl ... t,bt, dropp ,nae II 

l"~hll.ot bdIDOdO'oo'. .Ifolum t&peD' .. 1 I J .WtppGl h ... flli. dfy.".iPI ,.If Uf1 : ,not ... I""~' drop r"" • II 

wbt1e or led.Gcl"., •• Ilrolu.,.. U!ptJD! I I 1 3 .hlo r ... CO 

",b\4. or Ild",o d",_ IIfo'uln ,ept'd' aAfbeo- 1 r 3 •• 6 u,./u(l .. ~~n (IN u./m) 0'1 'h,,'dly la, ~ "'Y' 0.7 '" of "tao .. '\I'\wed _J,rI •• rf'Mle. I 

**,tte or I.d"n C!O\..,. ~rlfolucn topeDS ·Alb.u" I I J .. - ((,0 uil fro) tnI'''n (641-1!*. hnlthy I~, ~ <bY' 11 .• " of plaots .boowed IIJ .. fl •• roo. 1 

itltbhec 01 I.dlao tit,." ... rrrlfol'ltn tepeD' ""lbau - I I J m .... ot (~ .~ - I"" u.lm)1 -9welfb eaf IDjUf')' .,.. bl .. '" 0' .pbad., r .... I 

.-blce Of I,dklo (In" .. ,lIal .. ., f'".'" --u.dIDO ,alINal,- 5 , ) 1.6 u.I ' tn} lOn~ (104 u,tlm) D hufck)' 'nl .. ml' ' .1 '1- of p"D."b-.d "Ju,for rno. I 

.tiUe Of I, diDO e lo~ ,H'olu .. "~paD. '"1....1"100 (""'.",,1311- 5 S ) 4 - 1M) uA'fro) moun (6.-lIt#. t-''' ''dayJf"'1 '(b,,.,. tU ~ 01 plo." ,b_d It, ..... ""'. I 

-'It. tIC Ildklo do\oOC" rUoh", re,..,1..tdl"o C',IWNQI," ~ 5 J m"'~111 (SS -!f.4'ht,a/tnlj - 9 we."', uf lolu,),.',. hlph 0' c-pnodM ..... 1 

"II. or Iidioa do, .... rUolvm "9",1..tdIDo SanlmenlD- 5 ~ 3 146 u~mJ n-,e.llD (l'O4 u,tlm) G'I bnfch.,. fnl .. tla", "'.6'" 01 pi ..... h""",, Iolorltr ..... I 

_h.ot' l.dl~o'k:I~ rlf'ohm ,~. "1..A .... 0 SU'lalntow- S S ) fc.t - 16() ufl:lm:J tn'.ltn (6. - 2()6. bn(cilllY fnl a dII.,.. S.1 f!I, or ptauc" IbOtn<t IoJ .. , ... """. I 

~U' Of l.dIDockrvw' rltahm 'epee. "'l. .. dlaoS.("faU1l'OI('l- 5 S J .. M.o' ISS - 16Il .~:m)) -9 week., .. I IDJu'y ./,. bl,b 03 .pl_r ." .. l 

~II. or I.dloo r.~ rllohm rep"" "N nbno"ll- II R ) l.c6ullrnl a'WI&o(10. ullm)., bll/cby fnl 4 d.Y' ~.l' of pl •• t.< oI>-..II.,.rlot '0'" I 

!-t.1I1 or l.dlDO dOIilr ,Wob. repeOt -MIJU"on- II ~ ) • - I boO ule/m) n~C'ltn (6. -lO6 b, .... d.yfnlltd.)"I "" nf plIO'S "OWI d htj., ... IPO' 1 

~II' 01' l,dlDO dm .. dfoh-D) r.peet "Mlrtauonl- II R ) .. hko, (11- 11<1 u~I .. J) -O~ekJ. ~""ju,y ,It. bl,b Ollp' __ "","' I 

l ~II' or I.dla()c$o\.'. ,"oh.., rlptiOS "'Sao,." ~ R J .-I(.() u,/lI'} mnn (6. - 2~ bISldllo,.rf'lf I de,., ,2 ... at plulI."o ... d II}""" ~ .. , 1 

I J.,MI' at "6Ia.odO". .lfo""",_ '$"'10- I I J Ulb~tH (JJ-160u.alml. - 9 ",""b ,,"I \e,.ry .11. bl_b 01 ""ood" P""" I 

"padlDorlow, rlfoh<n "'P'''' 'TU .... • 3 IHOw"' (.mbl..,,) un 20 - 0C119 1,.79 eduC1Id fOOl + Ib()(J1 <ltf .. IIIb" Il!."rcr. t p",., &1 
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Appendix A: Plant Types 

Code fipc 

18 Gnaa 
lb CioYa' 
2 PIowen 
3 Shnlt. 
4 'I'rce5 - - Oa::id uous 
5 Trees - - Coni&n 
6 Ground Coven 
7 DexnFlawen 
9 Houseplants 
10 Weeds 
11 Wild 
U Uncategorizod 
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1987. Plant Hormone: Key Co Ozone Toxicity? Science News. 131: 357.358. Researchers 
found that pea seedlings exposed to between 50 and 150 ppb 0 3 for seven hours daily for their first 
three weeks of growth showed no visible leaf injury. When seedlings grown in the absence of ozone 
for three weeks were exposed to 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 diminish 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 to high levels of ozone produce more antioxidants to overcome oxygen stress. Experiments 
by the U.S. Forest Service discovered that giant sequoia seedlings exposed to increased ozone levels 
lost carbon, indicating reduced photosynthesis and possible cell damage. Seedlings exposed to ozone 
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 mortality rate, with only 10 to IS percent surviving their 
first year." 

Becker. K., M. Saurer, A. Egger and J. Fuhrer. 1989. Sensitivity of White Clover to Ambient 
Ozone in Switzerland. New Phylologist. 112: 235-243. Three experiments were done to test the 
sensitivity of five cultivars of white clover (Trifolium repens) to ambient ozone levels in Switzerland . 
I) 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: T repens Ladino Sacramento> T repens Ladino California » T repellS Alban 
> T repens Sonja> T. repellS Milkanova. Injury symptoms were seen when plants were exposed to 
ambient ozone levels In the most sensitive cultivars, injury occurred after episodes with one hour 
maximum concentrations of above 120 to 140 uglm3 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 Ozone on Plant Competition. 
Journal of Applied Ecology. 14: 877-880. Monocultures and mixtures of crimson clover (Trifolium 
incarnawm) and annual ryegrass (Lolium multiflorom) 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 , leafarea, 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 uea by 50 percent and of I)'egrass by 35 percent 
in monocultures, while total mixture leaf area was decreased by only 26 percent . 

Benzing, David D., Joseph Arditti, Leslie Nyman, Patrie 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 
perfonned on epiphytic orchids. It was conducted to I) establish threshold exposures for injul)' and 
physiological effects from exposure to S02 and 0 3, 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: S02 (0.3, 0 .6, and 1.2 ppm) or 0 3 (0.15, 0.3 and 0.45 ppm) for six 
hours on four consecutive nights, foUowed by sequential exposure to 03. 0 3 and S02 in combination, 
and S02 alone for a total of six hours each time. No visible injul)' was observed, nor was foliar 
conductance or crassulacean acid metabolism (CAM) affected. Tolerance to the pollutants was 
probably due to low stomatal conductance, the "insulating indumentum of absorbing foliar hairs," and 
slow metabolism. Epiphytic Tillandsia 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 . 

BelT)', 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 (Pinlls resinosa), jack pine (P. banksiana), and white pine (P. strobus) seedlings were 
exposed to 25 pphm and 50 pphm 0 3 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 article includes a table that compares the relative sensitivities of the three species to both 0 3 and 
SO,. 

Brennan, E., and P.M. Dalisky. 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 turf grass cultivars (seven 
species) from exposure to 0.30 ppm ozone for six hours. The table comparatively ranks the cultivars' 
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, Ind J. Wolf. 
1988. Responses of Desen 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 Desen may be exposed to increasing levels of ozone. To detennine 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 hirlelJa, Caulanthus cooperi, Chaneaclis 
carphoclinia, Chaneactis stevioides, Cryptantha angustifolia, Cryptamha plerocarya, Erodium 
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cicutarium, Festuca octojlora, Lupinus concinnus, Deno/hera californica, Plantago insularis, 
Platystemon calif ornico, Salvia columbariae, Thylepodium lasiophyllum, and Thysanocarpus 
curvipes. Plants were exposed intermittently to a gradient of ozone of concentrations ranging 
between 44 and 133 ppb (nLlL) for 35 hours over a total of 216 hours (nine days). Only three 
species were injured by ozone at the highest concentrations: Camissionia c1avijonnis (two percent 
total foliar injury), Camissonia hirtella (one percent total foliar injury), and £rodium cicutarrum 
(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 jejjeryi), 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 monitoring sites near or in forested areas to 
develop ozone isopleths in the forested areas of California. CARB cited Miller et al. (1983) who 
fumigated II 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 jejferyi x P. coulteri hybrid, P. monticola, P. ponderosa, P. jefferyi, Abies concolor. P. 
coulreri. A. magnifica, P. radiata x P. attenuata, Calocedrus decurrens, Pseudo/suga macrocarpa, 
Pinus lambertiana, P. ponderosa var. scopulorum. Ozone levels in forest ecosystems have been 
observed 10 be sufficiently high to alter tree species composition in forest succession. The report 
includes 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 various 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 pollutant, it is "a 
common and serious problem in the florist industry." Nineteen ornamental plant species, usually at 
"saleable" size were exposed to 500 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 high dosage of ethylene, typical ethylene effects were not always observed. 
In general, slower growing species such as Boston fem, Croton, Pothos and Philodendron showed 
less damage than Coleus, Fuchsia, Geranium or Scheffiera. 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 Oxido.nls. Washington, DC: National Ac.ademy of Sciences. Ch. 11. This 
chapter is a critical review of research on the effects in plants and microorganisms of photochemical 
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 
biochemical 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 
ornamental 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 ozone mixtures. It briefly discusses economic assessment of 
ozone injury to plants, but focuses largely on crop plants . It examines 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 
0 3 stress by partitioning relatively greater amounts of assimilate 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. Ozone 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." Leafbrowning 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.O., and J.M. Skelly. 1992. Growth Response of Four Species of Eastern Hardwood 
Tree Seedlings EIposed 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 (Pronus serotina), red maple (Ace,. 
rubrum), northern red oak (Quercus rubra), and yellow-poplar (Liriodendron tulipifera) seedlings. 
Seedlings were treated with either 40 or 80 ppb OJ, combined with acidic precipitation at pH 3.0 or 



4.2 and S02 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 II percent. Red oak only averaged five 
percent foliar injury. The article includes a table that lists different response variables based on either 
40 or 80 ppb ozone exposure. 

Davis, D.D., and J.M. Skelly. 1992. Foliar Sensitivity of Eight Eastern Hardwood Tree Species 
to Ozone. Water, Air, and Soil Pollution.. 62: 269-277. Seedlings of black cherry (Pronus 
seratina), red maple (Acer rubrum), red oak (Quercus rubra), sweetgum (Liquidambar styracifIua), 
white ash (Frarinus americana), white oak (Quercus alba), yellow-poplar (Liriodendron tulipifera), 
and yellow birch (Betula allegheniensis) were exposed to zero, 0.075, or 0.15 uLlL 0 3 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 uLIL 0 3, the most sensitive species to 0 3 was black cherry, 
foHowed by sweetgum, yellow-poplar, white ash, red maple, and yellow birch. Red oak and white 
oak foliage did not exhibit stipple." 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 levels. 

Davis, D.D., and F.A. Wood. 1973. The Influence of EnvironmenlJll Factors on the Sensitivity 
of Virgmia Pine to Ozone. PhytopaIlwlogy. 63: 371-376. Virginia pine seedlings and plants were 
exposed to 25 pphm OJ for four hours to test for the influence of humidity, temperature, and light on 
ozone sensitivity. Seedlings and three-year old plants were injured more severely during exposure 
to ozone and higher hurn.jdity than when exposed to ozone and lower humidity. Plants conditioned 
or maintained 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 article contains several figures that illustrate the 
influence of hurn.jdity, 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 Sensitivity of Virginia 
Pine to Ozone. Phytopathology. 63: 381-388. Seedlings were exposed to 25 pphm 0 3 for four 
hours at various stages of growth to detenrune 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 
to 25 pphm 0 3 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 to be the most susceptible of 18 coniferous species 
exposed to ozone. 

Dowsett, Salley, Robert Andenon and William BofTard. 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 201 species that could be used as 

B-5 



indicators, rating them on the basis of high, intermediate or low sensitivity to 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 
intennediate and 89 as susceptible to 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 Gfllrge Taylor. 1992. Three-year 
Growth Responses of Pinus taeda L (Ioblolty 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 nUL average, 
40 nUL peak), ambient (about 35 nUL average, 70 nLJL peak), and twice-ambient (about 60 nLlL 
average, 110 nUL 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, Sulpbur Dioxide, Nitrogen Dioxide or Their Mixture. 
Water, Air, and Soil Pollution. 16: 177-186. "Cheri," "Merion," and "Touchdown" Kentucky 
bluegrass (Poa pralensis) cultivars were grown with complete nutrition or with low S or low N. 
Treatments included 1) control; 2) 10 pphrn 0 3 for six hours per day; 3) 15 pphm S02 24 hours per 
day; 4) 15 pphm NOz 24 hours per day; and; 5) a combination of2), 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 S02 or NOz, respectively, but not ozone. 

Elkiey, T., and D.P. Onnrod. 1980. Response of Turfgrass Cultivars to Ozone, Sulfur Dioxide, 
Nitrogen Dioxide, or their Mixture. Journal of the American Society of Horticultural Science. 
105(5): 664-668. Eighteen cuitivars of six species (Poa pratensis, Agrostis alba, A. palustrls. 
A. tenuis, Festuca rubra. and Lollium perenne) of cool season turf grass were exposed to 15 pphm 
ozone or a mixture of 15 pphrn 03' 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 ofleaves. with some cultivars 
showing dark brown necrosis and stippling due to 0 3 exposure. CuItivars 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 PoUutaot Ozone on Acetylene Reduction 
and Shoot Growth of Red Clover. Journal of Plant Pathology. 4: 237-42. Red clover (Trifolium 
pralense) was exposed to ambient ozone levels (a maximum of 0.8 ppm to 0.12 ppm) and to 0.20 
ppm ozone for six hours per day for four days. In both experiments, plants exposed to ozone showed 
leaf 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 Buech.). New 
Phylologist. 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 
+ 0,26Ox). In both years, higher ozone levels killed more needle cells. Cen death in the e~periments 
ranged from 0,9 to 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: 1038-1039. 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 iinitiation. 
The authors concluded that "carnations grown in the presence of ozone at levels below which visible 
injury usually appears were adversely affected." 

Feder, \\'.A., F.L. Fox, W.W. Heck, and F.J. Campbell. 1969. Varietal Responses of Petunia 
to Several Air Pollutants. Plal'lt 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 to the others. 
The most sensitive variety was "White Cascade," while "Red Magic" was "quite sensitive" to four 
individual pollutants. The least sensitive were "Cherry B'lossom" and "Blue Danube." 

Findlay, S., and e.G. Jones. 1990. Exposure of Cottonwood Plants to Ozone Alters 
Subsequent Leaf Decomposition. Dec%gia. 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, 

Flagler, RB .• 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 0) 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. Kamosky. 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. In this study, three species of Sphagnum 
(Sphagnum mage/lanicum, Sphagnumfleruosum, and Sphagnum 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 chlorophyll content. Differences were also recorded among species. 

Glater, R.A.B. 1956, Smog Damage to Ferns i~ the Los Angeles Area. Phytopathology. 46: 
696-698. Smog damage to ferns is distinct from injury caused to other plants. "Damage manifested 
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, injury 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, Herbert Hull and Wilfred Noble. 1952. 
Investigation on Injury to Plants from Air PoUution in the Los Angeles Area. Plant Physiology. 
27: 18-34. Spinach, endive, beets, oats, 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 unsaturated 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 offive to seven pphrn 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 leaf 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 pphrn. 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 to ozone exposure. Most species were highly sensitive to ozone. Only 
two (Chenopodium album and Descurania sp.) were moderately resistant. 
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Heagle, AUen, Joseph Miller, Dorothy Sherrill and John Rawlings. 1993. Effects of Ozone and 
Carbon Dioxide Mixtures on Two Clones of White Clover. New Phyt%gisL 123: 751-62. 
Ozone sensitive (NC-S) and resistant (NC-R) clones Dfwhite c1Dver were treated with OZDne levels 
oftive and 82 nUL fDr six hours per day and with carbDn diDxide treatments Df380 (ambient), 490, 
600, and 710 ppm for 24 hDurs per day for eight weeks. CO2 enrichment decreased foliar gas 
exchange in NC-R more than in NC-S, while 0 3 decreased gas exchange ofNC-S more than that of 
NC-R. NC-S was severely injured by ozone, while NC-R was slightly injured. Ozone decreased the 
growth ofNC-S, but not NC-R, while CO2 enrichment increased the growth of both. 

Beagle, 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 aruntiinacea "Kentucky 31") were grown 
together in a field fDr two seasons and exposed to six OZDne 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, Surviving 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 teml 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 tenn 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 fDliar injury) . This series of experiments 
indicates that white clover can develop ozone resistance when ozone is a predominant selection 
pressure. 

Beck. Walter, John Dunning and LJ. Bindawi. 1965. Interactions of Environmental Factors 
on the Sensitivity of Plants to Air Pollution. Journal of the Air Pollution Control Association. 
15(11): 511-515. This 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 soil (moisture, aeration, nutrient 
levels, and texture) . Relative dose~response levels are given for : photoperiod in annual bluegrass: 
light intensity in alfalfa, tomato, pinto bean, cotton, tobaccD, and endive; temperature and tobacco. 
alfalfa, and buckwheat ; soil moisture and petunias; nutrient levels and alfalfa, buckwheat, tobacco, 
pinto bean, spinach, lettuce, barley, and Dats, 

Bibben, c.R. 1969. Ozone Toxicity to Sugar Maple. Phytopathology. 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 visible injury to maple foliage after shon 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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A tmosphere. Plant Disease Reporter. 53(7): 544-48. Over a period of four years, snowstorm 
petunia, ornamental 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 heavily 
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 ornamental 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 ozone was one of the phytotoxicants. 

Hill, A.c. 1961. Plant Injury Induced by Ozone. Phytopathology. 51: 356-362. Phytotoxicity 
of ozone to 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 ofless 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 
American and Europe. The total affected area is at least seven million hectares (16 .5 million acres). 
The Union of Gennan Forest Owners estimated the 1985 loss due to forest death at $1 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 pseudo platanus]), and two species of oak (Quercus robar and Quercus 
paTraea) . 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 weD-buffered soils develop symptoms oflate 
winter injury . Trees on poorer soils develop chlorosis on upper surfaces of older needles. Ozone 
levels contributed 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 fou nd 
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. JAPCA. 39: 852-55. For 16 weeks seedlings of ten 
eastern hardwood species were subjected to fumigation and acid rain treatments in greenhouse 

B-IO 



conditions. The treatments were: zero, 0.07 and 0.15 ppm 0 3; zero and 0.02 ppm S02; and acid rain 
treatments with pHs 00 .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, yeUow 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 signjficant decline in leaf production. 

Juhren, Marcella, Wilfred Noble and F.W. Went. 1957. The Standardization of POQ Qnnua 

as an Indicator of Smog Concentrations. I. Effects of Temperature, Photoperiod and Light 
Intensity During Growth oftbe Test-plants. Plant Physiology. 32: 576-586. Poa annua (annual 
bluegrass) has been reponed 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. I. 
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 O. ) ppm ozone and I-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. Onnrod. 1978. Effects of Ozone on Growth of Four Woody 
Ornamental Plants. Canadian Journal of P/anJ Science. 58: 769-773. Four coniferous species: 
pfitzer juniper, tamarix juniper, dense yew and pyramid white cedar, were exposed to zero, 10 or 20 
pphrn of ozone for four consecutive days each week, six hours per day, for six or seven weeks. No 
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visible 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 levels of 
ozone. Tamarix juniper grew most with no ozone exposure. Under high levels of ozone, plants had 
generally lower chlorophyll content, while Pfitzer jumper had increased levels of chlorophyll a and 
b under low levels of ozone. It was proposed that ozone may promote stem elongation by interfering 
with the balance of growth promoters and inhibitors. 

Miller, P.R, J.R Parmeter, O.c. Taylor, and EA. Cardiff. 1963. Ozone Injury to the Foliage 
of Pinus ponderosa. Phytopathology. 53: 1072-1076. Ozone injury occurred in needles of 
ponderosa pine exposed to 0.5 ppm 0) for nine to 18 days. The chlorophyll content of needles was 
decreased when exposed to ozone for 18 days. 

Miller, Paul R, and Arthur Millecan. 1971. Extent of Oxidant Air Pollution Damage to Some 
Pines and Other Conifers in California. Plant DisetlSe Reporter. SS(6): 555-60. Air pollution 
damage was investigated on 16 native conifer species in California over a three-year period. Pinus 
ponderosa. P. jeffreyi, P. coulteri, P. radiata and Pseudotsuga macrocarpa were the most 
susceptible to damage. Damage to trees was consistently associated with areas downwind of 
population centers. "Choose-and·cut" Christmas 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 
moule. 

Montes, RA., U. Blum, A.S. Heagle, and R..l. Volk. 1983. The Effects of Ozone and Nitrogen 
Fertilizer on TaU Fescue, Ladino Oover, and a Fescue-Clover Mixture. n. 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 0 3 concentrations, that the concomitant loss of clover in fescue-clover pastures 
could result in reduced forage quality, and that the effects of 0 3 on net system nitrogen were not 
modified by nitrogen fertilization." 

Mortensen, Leiv M., and Oddvar Skre. 1990. Effects of Low Ozone Concentrations on 
Growth of Betula pubescens Ebrh., 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 nUL) for 50 days. In all three species shoot 
and root dry weight decreased almost linearly with increasing ozone concentrations. Shoot/root and 
leaf/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 nLfL and above. Wilting occurred at 35 nLIL ozone. 

Nyman, Leslie, David Benzing, Patrie Temple and Joseph Arditti. 1990. Effects of Ozone and 
Sulfur Dioxide on Two Epiphytic Orchids. Ellvironnunllil and Exp~";ltU!lltal Botany. 30(2): 
207-13. EncycJia tampensis and £pidendrum rigidum, two epiphytic orchids, are species that carry 
out gas exchange at night via crassulacean acid metabolism or CAM. In this study they were exposed 
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to SO, (0 .3, 0 .6, and 12 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 0 3, 0) and S01 in combination, and then S02 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 resistance to the poUutants may be due to structural factors of the 
plants as well as to generally higher resistance of CAM plants to air 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): 141-55. Bromus rubens plants, a species of exotic annual grass widely 
distributed in central and southern California, were exposed to three levels of S02 (0.05, 0.2 and 0.5 
ppm) and 0 3 (0.1, 0.2 and 0.4 ppm), alone and in combination, for five weeks . Seeds from two 
populations were used in the experiment, one from an area growing downwind from an oil refinery, 
the other from a relatively pollution-free area. Plants originating from the polluted site were found 
to be substantially more vigorous when exposed to S02 and slightly more resistant to OJ than those 
from the unpoUuted site. Resistance to pollutants may be due to a decrease in stomatal conductance 
(a poUution-avoidance mechanism) and/or a fertilizer effect from S02 ' The results have 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 European 
species were tested for sensitivity to ozone levels of 70 nLiL given for seven hours per day for two 
weeks Six species showed visible injury symptoms, and 14 showed significant reductions in relative 
growth rates . There was little correlation between visible symptoms and growth reduction . There 
was significant variation within genera and species. Root/shoot allometry was also affected in 14 
species, most markedly in grasses . 

Reinert, R.A., A.S. Beagle, J.R Miller, and W.R Gec:keler. 1970. Field Studies of Air 
Pollution Injury to Vegetation in Cincinnati, Ohio. Plant Disease Reporter. 54(1): 8-11. 
Plantings of petunia bean, radish, squash, tomato, alfalfa 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. 
}968, and correlated with damage to plants. Injury to 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 20.1 pptun) . 

Reinert, R.A., and P.V. Nelson. 1980. Sensitivity aDd Growth of Five Elatior begoll.ia 
CuJtivars to SOl and Q, Alone and in Combinations. Journal of the American Society of 
Horticultural Science. 105(5): 721-23. Five cultivars of Elatior begonia ("Schwabenland Red, " 
"Whisper 0' Pink," \IF antasy," "Renaissance," and "Turo") were exposed alone and in combination 
to S02 and 0 3, "Schwabenland Red" and "Whisper 0' Pink" were the most sensitive to ozone (0.25 
ppm) based on foliage and flower weight. "Fantasy" was the most sensitive to S02 (0 .5 ppm) with 
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reduced flower production, though showed no visible injury. The combination of S02 and 0) affected 
only the flower weight of "Schwaberuand Red," though less than was expected from an additive 
model. "Ture" 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 
] 960) 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 I) 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 yeUowing, 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. Journm ofEnvironmenllll Quality. 9(1): 49-53. Both 
wann and cool season turfgrass species were exposed to various concentrations of ozone at several 
stages of plant development. Warm season species exhibited a high 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 RA. Reinert. 1982. Screening Azalea Cultivars for Sensitivity to Nitrogen 
Dioxide, Sulfur Dioxide, and Ozone Alone and in Mixtures. Journal of the American Society 
of HorliculturaJ 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 (S02) and ozone (03), 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 N02 nor S02 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 Joss occurred in leaves 
or stems from exposure of "Hershey Red," "Red Luaon," and "Red Wing" to treatments containing 
0) and from exposure of "Mrs. G.G. Gerbing, " "Glacier," and "Red Luann" to treatments containing 
S02· 

Sanders, J.S., and RA. Reinert. 1982. Weight Changes to Radish and Marigold Exposed at 
Three Ages to N01, SOl' and 0;, Alone and in Mixture. Jou,,,al 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}, S02 and 0 3 . 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 to controls. N01, SOl and 0) in combination had a significant impact on the weight of 
marigold plants. 502 by itself reduced the dry weight of marigold flower and roots; this effect was 
reversed in the presence ofN02 or 0 3, 

Schulze, E.n. 1989. Air Pollution and Forest Decline in a Spruce (Picea abies) Forest. 
Science. 244: 776-783. This study found that deposition of sulfur, nitrate and ammonium 
significantly modified plant nutrition for spruce trees and soil chemistry in northeast Bavaria, West 
Gennany. Gaseous pollutants, such as 502> NOll 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 soil 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 theorized, resulted 
in fo rest decline. 

Semuniuk, K., and H.E. Heggestad. 1981. Differences Among Coleus cultivars in Toleranu 
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 to 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 night. 
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. controUed experiments indicated that Rhus trilobata could be injured by exposure to 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 0 3, 

Thompson, C.R, n.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. Forry-seven annual plant species were exposed to 0) and S02 in open-top field chambers to 
test their relative sensitivity. Exposure levels were zero, 0.05, 0.1, 0.2, 0.3, and 0.4 ppm 0) or zero. 
0.2.0.5,0.8, 1.0, and l.S ppm S02 for eight hours per day for four to five days. Results from the 
open-top chambers indicated that three species were very sensitive to both pollutants (Camissonia 
clavi/ormis, Camissonia hirte//a. and Cryptantha nevadensis), two species (Festuca octoj/ora and 
Lepidium lasiocarpum) were tolerant to both, and the rest exhibited intermediate sensitivity, with 
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sensitivity to 0 3 and S02 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 SOl often 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 Desert and exposed to SOl with a modified 
chamberless zonal air pollution (ZAP) system. Exposure to the ZAP system totalled 37 hours over 
a six day period with levels at zero, 0.4, 0.8, and 1.0 ppm S02' Plants exposed to S02 with the ZAP 
system experienced much less injury than plants exposed in the open-top field chambers. Only 
Camissonia clavijormis was injured at 0 .8 ppm S02 and Oenothera calijornica injured at 1.0 ppm. 

Treshow, Michael, and Dennis Stewart:. 1973. Ozone Sensitivity of Plants in Natural 
Communities. Biological COnservatiOIL 5(3): 209-214. Field fumigation studies were done on 
grassland. oak. aspen., and conifer commW'lities to determine the sensitivity of dominant plant species 
to ozone. Plants were exposed to ozone at concentrations averaging 15, 25 , 30, or 40 pphrn for two 
hours. "Bromus tectorom, Quercus gambei, and Populus tremuloides were injured by a single two­
hour exposure to 15 pphm ozone Over half the perennial forbs and woody species studied were 
visibly injured at concentrations of30 pplun or less." This suggests that lower, chronic 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 Hybrid Poplar Clones to Ozone. 
Phytopathology. 62: 501-502. (abstract) "Individuals of 1 J hybrid poplar clones were exposed to 
0 .25 nL/mL 0 3 for four hours at 24 C, 75 percent relative humidity, and 3,300 ft-c oflighL" The 
sensitivity of the clones varied over time. 

Wood, F.A., and J.B. Coppolino. 1971. Tbe Influence of Ozone on Selected Woody 
Ornamentals. Phytopathology. 61: 133. (abstract) Nine hundred plants of 24 woody ornamental 
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, Cotoneaster divaricata, C horizontalis, Forsythia intermedia spectabilis "Lynwood 
gold," GleduSla rriacanthos inermis, Rhododendron kaempheri "Camp fire ," R. kurome "Snow," R. 
catawbiense album, R. nova zembla, R. roseum e/egans, Sorbus aucuparia, Syringa vulgaris, and 
Viburnum car/esi. The following were not sensitive (i .e., did not sustain injury from exposure) : 
Euonymous alatus compacta, Hedra helix, Juniperus communis depressa plumosa, Pachysandra 
terminalis, Pieris japonica, Pyracanfha coccinea lalandi, Rhododendron caroliniana, R. mollis. 
Taxus cuspidata, T media hicksi, and Vinca minor. 

Youngner, V.H., and F.J. Nudge. 1980. Air Pollution OJ.idant Effects on Cool-SeAson and 
Wann-season Turf Grasses. Agronomy Journal. 72: 169-170. Cultivars of common turf grass 
species were germinated in a greenhouse under charcoal filtered air. One treatment was then 
fumigated with 0.50 ppm ozone for three hOUTS. There were significant variations in leaf injury 
among species and even between cultivars of the same species. All Lolium perenne (perennial 
ryegrass) cultivars showed severe injury, while Paa pratense (Kentucky bluegrass) varied from very 
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intolerant to very tolerant Agroslis tenuis (creeping bentgrass) and Festuca rubra (creeping red 
fescue) had moderate injury. Warm season grasses in general were less sensitive than cool-season; 
only "Emerald" Zoysiagrass and "Tufgrass" Bennudagrass 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. II 

Zwoch, I., U. Knorre and H. Schaub. 1990. Influence of SOl and Q, Singly or in 
Combination, on Ethylene Synthesis in Sunflower. Environmental and Experi1f'U!fttal Botany. 
30(2): 193-205. Sunflowers (Helianthus annus L.) showed no visible injury after 18 days of 
exposure to S02 (100 ppb) and/or 0 3 (100 ppb). S02 exposure reduced ethylene releases from intact 
plants, while 0 3 and combined p IS}) exposure enhanced ethylene releases in two of five 
developmental stages. The ratio of ethane to ethylene production was increased in most cases. The 
aminocyclopropane-I-carboxylic acid (ACC) concentration was smaller than the malonyl-I­
aminocyclopropane-I-carboxylic acid (MACC) concentration in most cases. Fumigation effects 
depended 'on type of tissue and plant age. In conclusion, changes in ethylene synthesis and release 
caused by a long-tenn fumigation with low doses of SOl and/or ~ did not appear to represent a 
stress reaction . 
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A Specialty Conference on Ozone/Oxidants-Interactions with the Total Environment. October 
14-17.1979. Galleria Plaza Houston. Texas [edited by Edward R. Frederick), Air Pollution Control 
Association; sponsored by the Southwest Section and the Technical Council of the AirPollution 
Control Association .LOCATION: Blue Hill : BLUE lffi...L QC879.72.S65 

Abelsof\ Philip H Ozone and acid rain. (editorial) by Philip H. Abelson.PUBLISHED IN: ScienceOct 
9 1987, v238. pI4l(1) 

Adams, M . B .; Edwards, N . T.; Taylor, G. E ., Jr .; Skaggs, B . L. Skaggs. 
Whole-plant)4C -photosynthate allocation in Pinus taeda: seasonal patterns at ambient and elevated 
ozone levels , Canadian Journal of Forest Research, 1990 VOL. 20, NO. 2 (February), p, 152 
DESCRIPTORS: Carbon-14; Photosynthate allocation; Pinus taeda.; Seasonal pattern; Ozone level, 
ambient and elevated 1905048 

Adams, M ,B. . KeUy, J.M" Taylor, G.£. 1990. Growth of five families of Pinus taeda L. during three 
years of ozone exposure . The New Phvtologist 116(4):689+. 

Adedipe, N ,O. et al . Phytotoxicity and growth responses of ornamental bedding plants to ozone and 
sulfur dioxide, J Amer. Soc. Hort , Sci . 97:341 -345, 1972. UMass/Amherst or Wellesley 

Agrawal, M .. and P .K. Nandi . 1983 . Ozone and sulphur dioxide effects on Pallicum miliaceum --plants Bulleting of the Torrey Botanical Club 11 O( 4) : 435-441 . 

Ainsworth, N " Ashmore, M ,R. 1992. Assessment of ozone effects on beech (Fagus sylvatica) by 
injeCTion ofa protectant chemical. Forest Ecology and Management 51(1/3) :129+. 

Amundson, R G .: Stroo, H . F.; Schoettle, A. W .; Reich, P . 8., Acid rain and ozone influence 
mycorrhizaJ infection in tree seedlings, Journal of the Air Pollution Control Association, 1986 VOL. 
36, NO . 6 (June). p. 724 , DESCRIPTORS: Acid precipitation; Ozone influence: Mycorrhizal 
infection; Tree seedling; Plant pathology; Environmental impact 1519793 

Amundson, Robert G .; Schoettle, Anna W .; Reich, Peter B. Effects of 0 3 and acidic rain on 
photosynthesis and growth in sugar maple and northern red oak seedlings . Environmental Pollution 
Series A: Ecological and Biological. 1986 VOL. 40, NO. I, p. I DESCRIPTORS : Acid 
precipitation; Plant growth; Photosynthesis; Ozone; Air pollution exposure; Tree seedling 1509457 

Amundson, Robert G .; Lassoie, James P.; Reich, Peter B., Reduction in growth of hybrid poplar 
following field exposure to low levels of 0) and (or) S02 . Canadian Journal of Botany, 1984 VOL. 
62, NO, 12 (December), p. 2835 NOTE: New Trends in Phytochemistry and Plant Senescence and 



Postharvest Physiology DESCRIPTORS: Air pollution exposure; Sulfur dioxide; Poplar, hybrid ; 
Ozone; GroVv1.h reduction 1411268 

Ashmore, M.R., and M. Onal. 1984. Modification by Sulphur Dioxide of the Responses of Hordeum 
vulgare to Ozone. Environmental Pollution. Series A: Ecological and Biological 36(1 ):31-43 . 

Ashmore, M.R., and M. Onal. 1984. Modification by Sulphur Dioxide of the Responses of Hordeum 
vulgare to Ozone. Environmental Pollution. Series A: Ecological and Biological 36(1):31-43 . 

Barnes, J.D ., Eamus, D ., Brown, K.A. 1990. The influence of ozone, acid mist and soil nutrient 
status on Norway spruce [Picea abies(L.) karst.]. II. Photosynthesis, dark respiration and soluble 
carbohydrates of trees during late autumn. The New Phytologist II5( 1): 149+. 

Barnes, J.D., Brown, K. A 1990. The influence of ozone and acid mist on the amount and 
wettability of the surface waxes in Norway spruce (Picea abies(L. )Karst.) The New Phvtologist 
114(3):531 +. 

Barnes, J.D ., Eamus, D .. Brown. K.A 1990. The influence of ozone, acid mist and soil nutrient 
status on Norway spruce [Picea abies (L.) Karst .]' 1. Plant-water relations . The New Phytologist 
114(4) :713+ . 

Barnes. J.D .. Davison, AW., Booth, T.A 1988. Ozone accelerates structural degradation of 
epicuticular wax on Norway spruce needles. The New Phvtologisl 110(3):309+. 

Bames. 1.0 .. Eamus, D., Davison, AW. 1990. Persistent effects of ozone on needle water loss and 
wettability in Norway spruce. Environmental Pollution 63(4) :345+. 

lBeckerson. D.W., and G. Hofstra. 1981. Foliar responses oftive plant species to ozone and a 
suJphur dioxide o.zone mixture after a sulphur dioxide pre-exposure. Atmospheric EnvironmenT 
15(3): 383. 

Bell. J.N .B, and R.A Cox. 1975. Atmospheric ozone and plant damage in the United Kingdom. 
Environmental Pollution. 8(3): 163+ . 

Benedict, H.M . et al. Economic lmpacct of Air Pollution en Plants in the United States. Final 
Report . SRI Project LSD- ~ 056. Menlo Park., CaJif.: Stanford Research Institute, 1971 . 77 pp. 

Bennett, J.P., M.K. Esserlieu, and RJ. Olson. 1986. Ranking Wilderness Areas for Sensitivities and 
Risks to Air Po.lIution. USDA fo.rest Service General Technical Report !NT -- Intermountain 
Research Statio-no No. 212. p. 73-85 . 

Bennett, J.P., and v.c. Runeckles. 1977. Effects oflow levels of ozone on growth of crimson clover 
and annual ryegrass. Crop Science . 17(3): 443+. 
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Beyers, 1 L. 1992. Effects oflong-term ozone exposure and drought on the photosynthetic capacity 
of ponderosa pine. The New Phytologist 122( 1): 81 +. 
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on Plant-Herbivore Interactions. I. Biochemical Changes in Ornamental Milkweed (Asclepias 
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Appendix D: Table Dl 

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

EPA : NOD - Atlaiamcat , OzODe I Temp. 1990 
Re 00 , Area ! Cl s . Zone Po ulation 

\Boslon - Lawrence 4 5-7 5.786.021 
~reater - Connect 4 5-6 2.4~9.471 

ancock & Waldo 6 .5 79.966 
Knox & Lincoln ~ .5 66.667 
lewiston - Auburn 5 5 221.163 
Mancbester. NH 6 :; 120.005 
~ortland. ME ~ .5 441~n 

. onsmoulh-Dovc 4 .5 104.233 
I ~rovidence - Pawl 4 6 1.003.464 
1 ~pringfield. MA 4 5 812.322 

1-2 ~ewYork-N . New 2 6-7 17.041.786 
2 ~bany-Schenecl 6 4-'; 874.304 
2 ~llanlic Cit)'. 5 7 319.416 
2 Buffalo- Nia!!'lra 6 J-~ 1.189.288 
2 Essex Co. NY 6 4 37.152 
2 Uefferson Co. N 6 4 110.943 
1 !"ough~ecpsie . N 6 ~-6 343.403 

2-3 rhiladelphia- Wi 3 6-7 6.010338 
.~ ~Jlcnlown- Bethl 6 ~-6 .59~.OBI 

3 ~toona.PA 6 6 13OS42 
3 flallimore. MD 3 6-7 2348.219 
3 Fbarleslon. WV 5 6 250.454 
3 !Erie. PA 6 5 275_~72 

3 Ic;reenbrier Co. 6 5 34.693 

.' J-iarrisblJrg - Leba 6 6 587.986 
3 Uohnstown. PA 6 ~-6 241.247 
3 Kent & Queen An 6 7 51.795 
3 Lancasler. PA 6 6 422.822 
~ Norfolk- Virgini 6 7-~ 1365,976 
3 .,arkersburg - Mar ~ 6 86.91~ 

3 ~llSburgh- Beav ~ 5-6 2.468.289 
3 !Reading. PA .5 6 336523 
J !Richmond - Pelers ,'; 7 738.964 

.' ~ranlon - Wilkes 6 5-6 734.175 
3 Smyth Co. VA 6 6 32.370 
3 SlJ$se~ C.o. DE 6 7 H3.229 
3 !Washington. DC- 4 6-7 3.923_~7-4 

3 !vork. PA 6 6 417.848 
3-4 H unlinglon - Ashl ~ 6 226355 
3-5 ~ouDgs!OWn-Warr 6 5 613.622 

4 (!anla. GA 4 7 2.6~3.6D 

4 53irmingham . AL 6 7 750.883 
4 Darlone - Gasto 5 7 686526 
4 Cherokee @ Gree 6 7 44506 
-4 ~monsoD Co 6 6 10.357 
4 reensboro- Wins 5 7 767.834 
4 backsonville. F g 9 672.971 
4 KD~ne.11'l 6 6 33:".749 
4 E"'~'" -F.,., 6 6 249.233 
4 emphis. TIoI- AR- 6 7 826.330 
4 iami - Fort Laud 5 9-10 4.056.100 
4 ashville . TN S 6 881.331 
4 Owensboro. KY 6 6 95.053 
4 Paducah. KY (No 6 6 36.267 
4 ~a!cjgh - Durham. 5 7 643560 
4 rrampa-Sl. Peler 6 9 1.685.713 
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Appendix D: Table D1 

Ozone Non-Attainment Areas. by Region. 
Class. and Temperatore Zone 

EPA I NOD - Auaiameat O&o.e I Tcmp. 1990 

RcJtioa ; Area Clau I Zo.e P~al.alioa 

4-5 ~in<i"M;-H~; 5 6 1,70~.289 

4-~ uisviUe, KY- ~ 6 897,948 
5 RLOR.OH 6 5 367_~85 

5 ~b~O-Gary-La 2 ~ 7.937.452 
~ eve land - Alron 5 5 2.859.644 
5 ~Iinion Co. OH g 6 I 35.415 
5 .olllmblls. OH 6 5 J.I~6 .666 

5 Oayton - Sprin~ 5 5-6 
I 

951.270 I 
i 5 petroil- Ann Arb 5 ! 5 4,590.468 

5 CoorCo. WI 6 i 5 I 25.690 
5 ~vansville. IN- I 6 

! 

6 

I 
165.058 

5 ~inl.MI I 8- 5 430,459 I 

5 rand Rapids. M I 5 5 688J99 
I 

5 ndianapolis. I 6 I 5 ! 797.1~9 

~ ~rscy Co i 6 ! 5 I 20.539 
5 ewaunee Co. WI I 5 j 5 I 18.818-
5 ~nsing. - EaSt La 

i 
8 I 5 I 432.674 

5 Manitowoc C.o. W 5 I 5 80.421 
5 Milv.·aukee - Rae;n ~ I 5 I 1.735364 

I 
, 

5 ~u.skegon. MI 5 5 I 158.983 
5 Preble Co at Da it i 6 I 40.113 
5 ~beboypn. WI 5 : 5 ! 10H77 
5 South Bend-Misb 6 5 i 403.250 
5 ~eubenllille-Wr 8. 

I 
6 

I 
80.298 

5 , oledo.OH 5 5 575.630 
5 talworrh @ Milw 6 I 5 75.000 

5-7 I Louis . MO-IL 5 5-6 i 2J89.616 
6 ~aton Rouge. LA I 4 I 8 I ~81.853 

! 
6 ~e.aumonl- PorI A i 4 8-9 I 361.226 
6 lDallas- Fort War 5 7-8 I 3_~60.474 

iEl Paso. TX 
; , 

6 4 7 I 591.610 
6 ~ollSton - Gaivesl 2 8-9 I 3.731.131 
6 Lafayette . LA t\ g 

I 164.762 
6 Lake Cbarle~, L i 6 8 168.lJ.4 
6 ~ew Orleans. LA I 8 8-9 i 1.054312 I I I 
7 Kansas Cil)'. MO 7 I 5 I 1..36U~7 

8 Deliver - Boulder. i 8 I 4-5 I 1.&48319 
e. Salt Lake City-

, 
5 i 6-7 I 913.897 

9 Oico. CA 
I 

8 

I 
8 182.120 

9 fresno. Sak &. Sur. I 4 8-9 , 
2.742.000 

I 
9 

[~~~,_c~" o,M" l 8 

I 
9 109..303 

9 1 9-10 11.273.720 
9 Angeles-San B & Rive 2 9 2_~88.793 

9 on'erey Bay ~ 9 621.091 
9 ~hoenix.AZ 5 9 2.122.101 
9 eno,~ , 6 7 254.667 
9 ~ameRlo.CA I 4 8-9 1.545_~17 

9 §D~"'CA , 3 9 2,498.016 
9 n Fra.nciseo-O 5 9-10 6!mSl7 
9 La Barbara-S I 5 10 369.608 
9 enlura Co 

I 3 9 669.016 
9 ~Ub8 City. CA I 8 I 8- ~8.228 

10 onland-Vancoll 

I 
6 I 8 1.411.344 

10 atUe- Tacoma, 6 I g 2_~59.164 
: 
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Appendix D: Table D2 

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

I EPA ! NOD - Attaiamea'l I 

I I <hoBe Temp. 
I 

1990 
ReRioD! Area I State CoUDty Dcam, ZoDe P~ulatioD 

I 
~amstable Co 

j 
1 BaSion - Lawrence ~_h~"" 4 7 L86.605 
1 ~oslon - Lawrence assacbusellS ~rislol Co 4 6 506.J2.~ 
1 ~oslon-Lawrence uuchuscllS pukes Co 4 6 11.639 
1 

r'-U'''~ ~assachusct\$ ~exCo 4 6 670.080 
1 oslon-Lawrence assac h use lis ~iddlesel Co 4 6 · 1.398.468 
I Ion - Lawrence assach use tls ~anlucltel Co 4 61 6.012 
1 Ion - Lawrence ~~~'" ~orro1k Co 4 6' 616.087 
I oslon - Lawrence assachusetts Plymollth Co 4 6 1 435.276 
I ~oslon - Lawrence 3$S8.C huselts ~uffolk Co 4 6 ' 663.906 
1 ~oston-Lawrenu assachusetlS ~orce$ler Co 

:1 ~I 709.705 
I BoslOn -Lawrence New Hampshire iUsborough Co 336.073 
I eOSton - uwrenee. ~w Har;npshire ockingbam CoO 

• I 
245..84~ 5, 

I breater- l£lnnect nnccucul ~anford Co 

:1 
6 ! 851.783 

1 ~rcaler- C.onnecl Connecticut 'tchfield Co 5j 174.092 
I breater- Connec! Connecticut ~iddlesex Co 

i 
6 1 143.196 

1 K'realer - C.onlleCI ~onneeticut ewHaven Co 
4 1 6 : 804.219 

1 IGreatcr-C.onnecl ,onneclieut ewLondon Co 6 i 254 .9:17 
Grealer - C.onneel rrolland Co I 4! I 

I Connecticut 4 . 5 : 128.699 
I Grealer - Conneci CotIneclicul jwindham Co I 4: 6 · 102_~25 

\ lHallcock & Waldo ~aine Hancock Co 6! ~ : 46.941\ 

1 jHaneod & Waldo Mainc Ealdo C.o I 
6 5 1 33.018 

1 Knox & Lincoln Maine !'lOX CO 5 ~1 36310 
1 

1 Knox & Lil)coln ~a;ne 'ncoln Co i 5 .~ I 303~7 

1 Le"";slon - Auburn alOe !Androscoggin Co 
1 5 . ~I 105259 

1 ~wislon - Auburn ~aine ~ellnebCC Co r 51 ~I 115.904 
I Manchesler. NH New Hampshire errimacic Co 

I 
61 5 : I:!O.OO~ 

!Portland. ME ~ainc 
, 

243.135 1 _umberland Co , 5 5 
~dahocCo 1 

! 1 !Portland. ME ~aine 5 ~ , 33535 · , 
I !Portland. ME ~aine lYork Co i 5 ~ 1645e.i 
1 lPorlSmouth- Dove cw Hampshire Strafford Co 1 4 5 , 104.233 
I IProvidence - Pawl IR hode Island ~rislol Co I 4 6; 48.859 
) Providence - PaWl ~hodc Island ICe!'ll CoO , 4 6 : 161.135 

~ewporl Co 
I 

) Providence - Pawl IR hode Island : 4 6 · n19~ 

1 providence - PaWl Rhode Island Providence Co 
, 

4 6 596270 
1 Providence- PaWl t;ode Island ~ashinglon Co , 4 6; 110.006 
1 /SpringfIeld. MA ;w;ach usc lIS ~erk&hire Co 

, 
4 ~, I393~2 1 · I 

I Springfield. MA ~assachuselLS franklin Co ! 4 5 , 70.09! 
I 5prin~eld. MA ~assachusetlS [~<"C" I ~ I 

5 . 456.310 
I Isprin@.lield. MA ass.achuse lIS ampshire Co 5' 146568 
1-2 tole,,· YorJc-N . New ~ewJersey r~nC.o 1 6 :' 82.\380 
)-2 ~cwYork-N . New ~ewJer$ey ex CoO I ;1 6j 778.106 
1-2 NewYork-N. New ew Jersey udson Co ! 6 ~ 553.099 
1-2 lNew York - N. Nelli ~ewJersey ~unlerdon CoO i 2 6 107.716 
1-2 New York-No New ~ew Jersey iddlesex CoO I 2 61 67\.78Q 
\-2 ~e\lol York - N. New elll Jersey Monmoulh Co 2 7: 553.124 
J-2 Nelli York-No New ~ewJer5ey Morris Co 2 61 421.353 
\-2 New York-No New 

r'"~ 
Ocean Co 2 71 433.203 

1-2 f"Iew York-No Nelli ew Jersey Passaic Co 2 6 453.060 
]-2 ~CWYOrk-N . Ncw ew Jersey Somersel Co 2 6 1 240.179 
1-2 ewYork-N. New _Jersey ~U$Sex CoO 2 6 130.943 
\-2 ~eIllYork-N . New ew Jene.y Union CoO 2 6 493.819 
1-2 t-!ewYorl;-N. New ~eWYOrk ~:;~: 

2 6 1.203.789 
1- 2 ~CII/ York-No New ewYorl; 2 7 2.300.664 
\-2 NewYork-N. Nelli ewYork assau Co 2 7 1.287348 
\-2 ~ew York - N. Ne ... ' ~eWYOrk elllYork Co 

I 
2 6 1.487.5306 

1-2 ~ew York-No New ewYorlc range CoO 2 6 ' 307.647 
)-2 lNewYork-N. New ewYork pueens Co 21 71 L.951598 
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Appendix D: Table 02 

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

EPA ~ NOD-Attainment I Ozone 1 Temp. I 1990 
! ~ I 

Rc on Area State Coun Dc:ai i Zone I P ulatioD 

I 

:1 1-2 ~CWYOrk-N . New rV~k ~h_'~ 2 )78.977 
1-2 ew York-No New ewYork ocltland Co 2 265.475 
)-2 ~ew York-No New ew¥ork ffolk Co 2 71 1.321.864 
1-2 ew York-No New ew York eSlChesler Co 2 6, 87-4.866 
~ IAlbany- ScbeTlect ewYorlo: 

eb&nYCo 6 
i 

292_~94 

2 ~bany-Schenecl 

r
VMk reeDe ('~ 6 ! ;1 44.7)9 

:2 ~bany- Schenecl ewYorlo: onlgomery Co 6 1 

~ I 
51.981 

2 , bany-Schenecl ew¥ork CJl$Selaer Co 6 1 5 15-4.429 
:2 ~bany - Schenecl ewYork atoga Co 61 4 181.276 
2 b&IlY- Schcnect ew York henectady Co 6 

~I 
149.285 

2 lenlown- Bethl cwJersey arren Co 6 91.607 
:2 ~llanliC 01)'. ~'WJ"~ Ilanlie Co S 224.327 
2 Ilantic Cil)'. ewJersey pe May Co 5 7 . 95.089 
:2 =urtalo- Niagara ew York 'e Co 6 51 968.532 
2 uffalo- Niagara ewYork 6 3, 220.756 
2 ~ew York-No New .onneclicul 2 

~I 
827.645 

2 oughkeepsie. N ewYorlt 6 259.462 
:2 pau~keepsie. N ~ew¥ark 6 : 6' 83.94) 
:2 IEsseJ[ Co. NY ew¥ark 61 4 ' 37.152 
2 ~effersan ('a. N ew York efferson ('.0 6, 4 110.94) 
2-3 IPhiJadeJphia- Wi ~Iaware ~enl ('.0 ~ I 7 I 110.99) 
2-) Philadelphia-Wi elaware ewCastle Co 7' 441.946 , 
2-) ~hiladelphia-Wi aryland .ecil Co 3 1 7; 71.347 
2-:,\ lPhiladelphia - Wi ~eWJersey ~Urlinglan CO ~ I 

6: 395.066 
2-3 ~hiladeIPhia-Wi ew Jer5ey ..amden Co 61 502.824 
~-.1 . hiladelphia- Wi tlew Jersey unlberland Co 31 7, 138.053 
2-3 Philadelphia- Wi JIlew Jersey Gloucester Co ) ' 6 ' 230.0{l2 
2-3 \Philadelphi a - Wi "ew Jersey Mercer ('.Q 3 1 6! 325.824 
2-3 IPhiladelphia - Wi ~ewJersey ~Iemco 3 7 . 65.294 
2-3 !Philadelphia - Wi , ennsylvania ucks Co 3 6

1 
5-41.174 

2-:,\ Phila.de lphia - Wi Pennsylvania peucrCo 3 6, 376.396 
2-3 fhiladelphi a - Wi Pennsylvania pelawateCo 3 6 1 547.651 
2-J Philadelphi a - Wi Pennsylvania MOnlgomery Co 3 6 678.111 
2-3 Philadelphia-Wi ~erlnSYlvania rhiladelphia Co 3 6' 1.585~~77 
3 iAllenlown - BeLhl ennsylvania (o.arbon Co 6 5: 56$46 
,1 ~Ienlown- Bethl ~eDnSYlvania ~high Co :, 6: 291.130 I 
.1 ~lenlown - Bethl ennsylwnia r~p~,c, 6 247.105 
J lAltoona. P A r-;' ~ I 

6 ; 130542 
~ =altimore. MD aryland lie Arulldel Co 7 ; 427.239 
3 allimore. MD aryland alLimare 6! 736.014 
3 ~ahjmOre. MD aryland allimore ('.0 31 61 692,134 
3 ahimore. MD aryland , .arroll Co 3 6 : 123372 
) =:himore. MD ~aryland arford Co 3 6' 182.132 
3 llimare, MD aryland award Co 3 6 187.328 
) t:hacleSlan. WV eSI Virginia 5 6 207.619 
3 ~ .. ~~ esl Virginia 5 6 42.83S 
3 ·e. PA ennsylvania 6 ~ 275~~72 
3 amsburg - Leba ennsylvania 6 , 6 195.257 
3 . burg-Leba en nsylvania :1 6 237.813 
3 , arrisburg- Leba ennsylvania 6 1l).744 
3 ~arrisbur8 - Leba ennsylvania 6 6 41.172 
3 ohru;town. PA ennsylvania 6 5 163.029 
3 ~ohnSlown. PA ennsylvania merset ('.0 6 6 78.218 
J enl &. Queen An aryLand enl Co 6 7 17 .842 
3 k.Ul( &. QUeen An aryland ~Annes('.o 6 7 33.95) 
3 ~nc.asler. P A enosylvania IU ('.0 6 61 422.822 
3 Norfolk - Virsini irginia bcupeake 6 81 151.976 
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Appendix D: Table D2 

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

EPA Non - AUaiameal : I I Ozone I Temp. I 1990 I 
Re2ioD Area 

, 
State County Desiil.. . Zone PopulatioD 

, I I 3 ~orfoll( - Vir~ni !virginia ~a.mplon 6 7 133.793 
3 ~orfolk-Virgini !Virginia &D\e5 Ciry Co 6 7 34.8~9 
3 orfol);- Virgini rvirginia ~ewpon News 6 7 170,04~ 

3 ~orfoll:. - Virgini rvirginia ~or(olk 6 8 261.229 
J P'l0r(olk - Virgini rvirginia Poquoson 6 ' 7 1I.00~ 

3 ~orfoJk - Virgini rvirginia PorlSmouth 6 8 103.907 
J ~orfoJk - Virgini r"irginia ~ucrolk 6 8 52.14] 
J Norfolk - Virgini r"irginia rvirginia Such 6 8 393.069 
.:; Norfolk - Vir@.ini rvirginia r-viUiamsburg 

j ;1 
7 lU30 

3 t-I or(olk - Virgin; !Virginia !york Co 7 ! 42.422 
~ far~ersburg. - Mar test Virginia r-vood Co 6 ) 86,91~ 

J lPimburg.h - Beav ennsyJvania ~Iegheny ('.0 I ~ I 5 ' 1.336.449 
J. lPit lst>ursh - Beav Pennsylvania ~slrongCo 5 1 ~ r 73.478 
3 lPitl5burg.h - Beav ~ennSYlvania ~eaver ('.0 

i 
51 61 186.093 

.' lPilisburg.h - Bea\' ennsylvania :utler Co 5 1 ~I 152.0D 
3 lP,nsburg.h - Beav ~ennsYlvania ayelle Co 

I 
5 5 : 145351 

J lPiusburg.h - Beav ennsylvania ~ashin~ton Co 5 6 ! 204_~t\4 

pillsburg.h - Seav pennsylvania 
, 

. estmoreland Co 5 ~ I 370321 

i . I 
3 f{eading.. PA t~n~lvania ~erlcs Co 5 

~ I 
336_~23 

:.; iRichmond - Peters >rglnl" .harles City Co I :'i 6 .282 
.' Richmond- Peters ~irgi[lill ~hesterfield Co I 5 7 1 209274 
-~ Richmond - Pelers IrgJnla .olonial Heights 

1 
5 " 16.064 

.' !Richmond - Pelers ivirginia anover Co I :I 7 l 63306 
lRichmond - Peters /Vir@.inia ~enrico Co I ~ : 7 ; 217.88l 
IR ichrnond - PeLers /Virginia §w'" 1 

:'i I 7! 23.101 
.1 lRichmond - Peters /Virginia ichmond :'i 7 1 203.0:'i6 

I 
I 

.' !Scranton - Will;e~ jPennsylv:ania .olumbia Co 6 ~ l 63.202 
, 5cral)lon - Wilkes lPennsylv:ania kawanna Co 6 1 5 , 219.039 

-' !Scranton - Wilkes !Pennsylvania emeCo I 6 i 5 328.149 
:; !Scranton - Wilke; !Pennsylvania ~onroe C".o 

, 
6 9~.709 ; 6 , 

!Scranton - Wil~cs \pennsylvania yorning Co 
, 

6 j 28.076 
:- ~ashin[!ton . DC- Dis!. Columbia , ashington I 4 6 606.900 
, Wa.shln~ton. DC- Maryland ("-'llvert Co 

i 
4 7 ~un 

.- Miashlnt2lon. DC- Maryland k:harles Co 4 7 IOJ.l:'i4 
:- 'W·ashin[!ton. DC- ~aryland frederic\.: Co i 4 6 150.2OS 

lINashin~ton . DC'- aryland ~ontg.omery Co I 4 6 757.027 
'Washington . DC'- Maryland . rince Georg.c's Co 4 6 i 729261\ 

~ M'ashin!!ton. DC'- ~~r~n~a I-\Je~andria 4 6 ' 1 I 1.183 
-' i\.Vashington. DC- "g.JnI8 l4.rlington Co 4 6 1 170.936 , 
~ !Washington. DC- lvirt2inia fairfax 4 

: 1 

19.622 
J !washington. DC- ~irginia ~airfax Co 4 1 818~~84 
J Iwashinglon. DC'- irginia ails Chureh 4' 6 , 9,"~ ill 

.~ lWa£hington. DC- !Virginia ~udoun Co 4 
~ I 86.129 

3 ~lI1hington. DC- !Virginia anllSSas 4 27 .957 
J Iwashington. DC- ~ir@.inia M anas.sas Park 4 6' 6,734 
~ !WashingLon. DC'- trgJOla Prince William Co 4 7 215.686 
;I r.vashington, DC- irginia Stafford CoO 4 7 61.236 
J ~or~. PA Penruylvania A.dams Co 6 6 78.274 
:l rPA ~"~'IW"" :Vork ('.0 6 6 339.~74 
3 U5sex CoO. DE eLaware ~LWex Co 6 7 113.229 
3 myth CoO. VA irginia ~myth Co 6 6 32.170 
J reenbrier CoO, est Virginia p~enbriet ('.0 6 5 34.693 
)-4 HuntinglOn - A$h I entuelcy ~OYd Co ~ 

:1 
51.150 

~-4 Hunlinglon - Ashl ~en(uc1cy breenup Co 5 36.742 
)-J Hunlington - Ash) est Virginia ~ellCo I ~I 

96.827 
3-4 ~llnting!on - Ashl ~es, Virginia ayne Co 

I 
II . 4).636 

3-~ Jyolln~town- Warr bhio .ahoniog Co 6 1 .~ I 264.806 
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Appendix D: Table 02 

Ozone Non - AttammeDt Areas, by County, Class, and Temperature Zone 

EPA , Noo-AttaiDmeot i Ozooe i Temp. 1990 , 
Re OD AYea Stale Coua : Dcai ! Zooe Po ulation 

~oun~lown-W3rT phio 
I 

3-5 
61 ~ 221.813 

3-5 

r"'-'-w~ 
~nlUYl\Iaf1ia 

11 
5 121 ,003 

4 Ilanta. GA ortDa 7 90..204 
4 IlanLa, GA orgia 7 182,052 
4 Ilanta, GA 

r~ 
7 447.745 

4 IlanLa. GA orgla 4 7 53.853 
4 ~llanta. GA orgia 4 7 545.837 
4 f'\tlauta. GA orgia 4 7 71.120 
4 IAllanla. GA 

~:;:: 
4 7 62,41 ~ 

4 ~11&J\t.a. GA 4 7 44,OL, 
4 \lI.llanta, GA orgJa 4 7 648,9.\1 
4 ~Ilanta, GA orgia inneH Co 4 7 352.910 

\4.tlaota , GA orgia enry Co 4 7 58.741 
4 IA.llarllll, GA ~org!a au.lding C-o 4 7 1 41.611 , 
4 IAllanta. GA . orgJa ockdale C.o 4! 7 , 54 .091 
4 Birmintwam. AL ~abama pefferson Co 6 7 ' 65U25 
4 !Birmintwam. AL abal'lla rYeo 6 7[ 993~8 
4 (harlout - GaslO North Carolina aston Co 5 7 ~ 175,093 
4 (:hlU'lolle - G8510 North C.arolina eckJenburg Co ~ 71 511.433 
4 !Greensboro - Wins North C.arolina avidson Co 5 7 ' 126.677 
4 !Greensboro - Wins ~onh C.JIrolina ~avie Co 

5 [ 
7 ' 27.8W 

4 Greensboro - Wins orlh C.arolina orsyth C.o ~ 7! 26.~.878 

4 Greensbom- Wins I'lonh CMOlina uilford Co ~ 7 347,420 
4 ~ acksonville. F ~orida puval C.o 81 9 672.971 
4 J<,noxVille. -rn ennesse.e. 

r~ :1 
6 33:'i.749 

4 l.exin~on - Fayel ~enLUcky ayene Co 6 22B66 
4 L.exinglon- Fayel "eMucky 011 ('.0 6, 6 23.867 
4 Memphis, l1'l-AR- ITennessee helbv Co 6 1 7 826.330 

1M iami - Fort Laud Florida 
' ' 

~ ~roward Co ~I 10 1.2:'i:'i.4!l1( 
4 iMiami-Forl Laud Florida ~ade Co :'i 10 ' 1.937.094 
4 lMiami- Fort Laud florida . aim Beach CO ~ I 9: 863,~IB 

4 !Nashville. -rn h"ennessee ~avidson Co 6' 510.784 
4 lNashville , -rn frennessee ulherford Co 5 i 6 : 118570 
4 Nashville. TN ~ennessee ~mner Co of) ~ 6 103281 
4 ~ashville, -rn e"'leSSee illiamson CO ~ I 6 81.021 
4 Nashville, TN ~''''''tt ~ilJOn Co 

:1 
6 67 ,675 

4 Owensboro, KY entucl-y aviess Co 6 1(7.189 
4 Owengboro. KY entucky ftc. 6 7,864 
4 ~&ducah, KY (No enlucky 'vinploo Co 6 6 9.062 
4 Paducah, KY (No Kenlud,-y arshall CoO 6 6 27..205 
4 Raleigh - Durham, ~orlh Carolina urbatn Co 5 7 181.835 
4 Ralei~- Durham. orlh Cuolina ranville C,£l :'i 7 3834S 
4 ~aleigh - Durham. ~Oflh Carolina ~'.co ~I 

7 423380 
4 [rampa-SI. Peler 

[~ ills borough Co 9 834.0:'14 
4 trampe-SI. Peter lorida inellas Co . 61 9 8~1.6:'i9 
4 l:dmonson CoO en lUCky monson Co 

:1 
6 10.3 .~7 

4 herokee @ Grer: ulh ('.arolina . erokee Co 7 4·006 
4-5 incinoali - Ham; ~entucky cCo 51 6 n589 
4-5 incinnali - Hami f:::: pbell Co 5 6 83.866 
4-5 incinnali-Hami 5 ' 6 142,031 
4- 5 incinDati-Hami hio 

;1 6 291.479 
4-5 incinnal;- Hami hio 6 150.187 
4-5 incinnal; - Hami hiD 5 6 866.l28 
4-5 (:incinnali - Hami Phio 

~I 
6 113,909 

4-:'i Louisville. KY- ~ndianll 6 87,777 
4-5 l...ouisville. KY- ndiana 6 64.40-4 
4-5 J..ouisviUe. KY- ~enlucky 51 6 47.567 
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AppeodiJ D: Table D2 

Ozooe NOD-AttainmeDt Areas, by Couoty, Class, and Temperature Zone 

EPA I NOD-AtlaiIlJllCDt I 
! 

l~oDC j Tcmp. 1 1990 
RcllioD ' Atea State Cou~1Y DesiR.. i ZoDC ! PQJ]uLalioD 

i I 
4-~ ~uisville. K Y- Keotucky ~tffen;oo Co :'I 6 664.937 
4-5 ui5viJle. KY- Kentucky 

~k~~ 5 6 33.263 
5 ~.8Jlton. OH Ohio lark Co 6 5 367_~8~ 

5 .hicago- Gary-La llioois k Co 2 :'I 5,105.067 
:; Picago- Gary-La lIinois u Pase Co 

I 21 ,\,1 781.666 
5 ~hicago-Gary-La llinois rundy Co 21 51 32.337 
~ Chj~o-Gary- La llinois taue Co ;1 ~ I 

317,47l 
5 ~jcagO-Gary- La lIioois eodal! (".0 39.413 
5 icago-Gary- La lIinois . ke (".0 ;1 s ~16A18 
:; t:bic.a.go- Gary- La riOOis ~CHenry(".o 51 183.241 
.~ bicago- Gary- La Uinois ill Co 

I 
21 5. 3:'11.313 

5 Chica{!o- Gary - La ndiana Ice Co 2 51 47B94 
5 Chicago-Cary-La ~diana ~rter Co 1 2 .. ! 128.932 
5 tleveJand - Akron hiD hubula Co I .5 · I 99.821 5 1 
5 ICleveland - Akron ~hiO ~ahogaCo i ~ 51 \.412.140 
5 ICleveLand - Akron hiD , uga Co j 5 : :; 81.119 
5 ICleveland- Akron bbio Lake Co 

, 5: :; 215 .499 i -' Cleveland-Akron ghio ~rain Co 1 5 i 5 271.126 
5 beveland - Akron hio 

rM~ 
I ~ I 5 122.354 

5 CleveJand- Akron bhio orl~e Co I 5 }4~58-" 

5 ~Ieveland - Akron ~hiO ummil Co 

I 
5 :; 514.990 

:; olumbus.OH hiD elaware Co 6 5 66.929 

" C'.olumbus. OH . hio ranklin Co 6 .5 961.437 
5 Columbus. OH Ohio iUcltinl! Co ! 

6 , 
:; 118300 

5 payton - Springfi bhio eark Co I :'I 5 147548 , 
... l)a)'1.on- Springfi IOhio reene Co I 5 ~ .'\ 136.731 
~ Dayton - Springfi bhio iami Co I 5i 

5 93.182 
5 OaYlon - Springfi bhio Monlgomery Co I 5 6 .~73.809 

~ 1)<:lroil- Ann Arb ~ichigan ~vin@Slon Co i 51 5 115.645 , 
~ Detroil-Ann Arb ichigan ~acomb Co i 5 61 717.400 
5 pelroil- Ann Arb Michigan ooroe Co 

I 
~ i ~! 133.600 · : · , 

5 iDeo-oil-Ann Arb ~ichigan lOakland (".() ~ , 6i 1.083_~92 · I 
~ IDe Iroil- Ann Arb ~ichigan ~. Clair (".() : 5 I 5 ' 145.607 
5 lDelroit-Ann Arb ichigan uhteRaw Co ! 5i ~ . 281.937 • I 
5 pelroit-Ann Arb ~ichigan Iwayne Co I 5 ~ , 1.111.6£11 • 1 
5 IEvansville. IN- ~diana tnderbur{!h Co I 6 ' 6! J6.~.05f1 

" IFlinl. MI ichigan nesee Co , 81 5 . 430.459 , 
5 Grand Rapids . M S;o,,''" Kent (".0 

i ~I ~ . 500.631 
bllawa (".0 I 

• I · , 
5 Gr and Rapids. M iCbigan .'I i 5: \87.'16£1 
5 ~ ndianapolis. I ndiana ~arion Co 6 1 5 1 197.159 
5 ~5jng- EaSt La . klUgan .Iinlon (".0 I :1 ~ j 57.883 
~ Lansin!!- East La Michigan Eaton Co 5' 92.879 
S ~nsing-East La ~~Chi~ tsham CO ~ I ~ I 

281.912 
5 ilwaukce - Raein lJConslR enosha Co 128.181 
5 l\1ilwaukee - Raein ilconsin 5·'u~ ~I 5 959.27~ 
5 ~;""'.'U-'k;' Wisconsin kce Co 5 7:2.831 
5 ilwaukee - Raein Wisconsin acioe Co 21 5 175.034 
5 ilwaukcc - Raein ~isconsin aslUDgtoR Co 2 5 95.328 
5 ilwaukee - Raein r,visconsin ~aukClha Co 2 5 304.715 
5 uskegoo. MJ Michigan r.tuskegon Co S :'I 158.983 
5 beboygan. WI Wisconsin ~hcboygan Co 5 5 103.877 
5 jSoulh Bend - Mill! ndiana ~khan Co 6 5 156.198 
~ ~lIlh Bend-Mish ndiana ~1. loseph (".0 6 5 247.051 
.5 5leubenviUe- We Phio efferson Co 8 6 80.298 
5 [role do. OH Phio ~Co .5 5 462361 
~ rroledo.OH bhio ~ood Co 5 5 113269 
5 lJersey (".() Uioois er&ty Co 6 S 200539 



2~-July-9~ 

AppeDdd D: Table D2 

OzoDe NOD - Attainment Areas, by CoUDty, Class, aDd Temperature Zone 

EPA ' NOD-AuaillmeDt 1990 

Re iOD Area Stale Po alatioD 

~ ~~'~"".OH 8 6 3~.415 
5 reble Co al Da 8 6 40.113 
5 oor (".0. WI 6 ~ 2~.690 

5 e.waunee Co, WI S 5 18.878 
~ iManilowoc (".0. W 5 5 , 80.421 
5 lWalwonh @ Milw 6 5 75,000 
~-'I 51 Louis . MO-IL 5 6 249.238 
5-7 isl Louis. MO-IL 5 6 22..422 
5-7 51 Louis, MO-IL, S 6 262,8~2 

5-7 lsI Louis, MO- IL 5 5 80.603 
5-7 5t i..Duis, MO-IL 5 5! J71..3tlO 
~-'I ~t Louis, MO-IL 5 5 I 212,907 
5 -7 51i..Duis, MO-1L 5 

il 
396.685 

5-'1 51 Louis. MO- lL S 993_~29 

6 ~aton Rouge, LA uisiana 4 .~8.214 

6 Jialon Rouj!e. LA uisiana 4 :1 380.105 
6 Caton Rouge . LA Louisiana 4 31.049 
6 , alan Rouge, LA ~uisiana 'vin~lon Par 4 8 70~~26 

6 !Baton Rouge, LA Louisiaoa oinle (".oupee Par 4 8 22540 
6 iBaton R ou~e, LA Louisiana e-sl Baton Rouge Par 4 8 19 ,419 
6 Beaumonl- PorI A ~ex~ ~ardin CO ~I 8 41.320 
6 Beaumont- Parr A elias ~rferson Co 9 239.397 
6 Beaumonl-Port A elias , range (".0 4! 9 80509 
6 Pallas - Fort War r f:".ol1in Co 5 7 264.036 
6 lOallas - Fan Wor ex.as ~aUa& (".0 5 8 1.852.8)0 
6 pallas-Fan Wor eJtas eoton Co 5 'I 273_~25 

6 Dallas-FOri Wor exas trarranl Co 5 8 1.170.103 
6 101 Paso. TX e.xas ~I Paso (".0 4 7 591.610 
6 Houslon-GalveSI trexas Brazoria (".0 ;\ 9 : 191.707 
6 Houslon - Gaivesl h'e~as ~hambers Co 9 20,0&8 
6 Houslon-GaIvcsl ~exas orr Beod Co 

I 

22S.421 21 8 
6 iH ous I on - Galves I exas Galveston Co 2 1 9 217399 
6 Houslon - GalVCSI h'exas Harris ("0 2 1 8 2.B1B.199 
6 J-jollSlon - Gaivesl rrexas ~berry Co 2 B 52.726 
6 HOU5lon - GalvcSI 

r 
~onl~omery Co 2 8 182.201 

6 ~ouUon - Galvesl exas a1ler Co 2 8 23390 
6 lafayeue . lJ, ui&iana 8 8 164.762 
6 lake Charles, L uisiana 6 8 168.D4 
<> ~ew Orleans. LA uisialla 8 8 448306 
<> ~ew Orleans . LA uisiana 8 8 496.938 
6 ew Orleans. LA ~Uisiana 8 9 66.631 
6 ~e", Orleans. LA uiSlan3 8 [I 42.437 

J{ansas City. MO ~ansas "} 5 355.M4 
'I KafW,S Ciry. MO [- "} il 161.993 
7 tamas Cily, MO ~our~ 7 153,411 
7 ansas ary, MO lSSoun "} 633.232 
7 kansas Ciry. MO issouri 7 .:'i 51J36'1 
8 ~"~' -'0"'" r~ :1 

~ 265,038 
8 eover-Boulder. lorado .:'i 391.511 
B enver- Boulder. .olorado 4 225.339 
It over-Boulder. lorado over Co 8 5 467,610 
8 nver-Boulder. lorado uglas Co 8 .:'i 60.391 
8 [lenver- Boulder, rMO efferson Co 8 SI 438.430 
8 t:1 Lake Ciry-

~ornia Ff"" 
S 61 187.941 

8 "Lake Ciry- II We (".0 5 ~I 725,956 
9 (:CO.CA Utlc Co 8 182..120 
9 Angeles-Ana :aJifomia Al1gele5 (".0 9i M63.164 



2~-July-95 

Appendix D: Table D2 

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

EPA i Noa-AlLainmeat 
! 1 Ozone Temp. I 1990 , 

RClI:ioD Area Stale County 1 ':lu il/.. Zone i Ponulatioo , , 
9 ill An,d" - A,,, pwComia prange Co 1 10 2.410.556 
9 onterey Bay ~(omia ~o[lterey Co 5 9 355.660 
9 onlereyBay ~ornia San BcailO CoO 5 9 36.691 
9 onlereyBay ~lifornia Santa Cruz Co 5 9 229,134 
9 mpcrial Co. CA California mperial Co 8 9 109.303 
9 ~entura Co California ~enlllnl Co 3 9 669.016 
9 Phoenix. AZ ~ona ~aricopa Co 5 

~I 
2.122.101 

9 Reno.NV evada WasboeCo 6 254.667 
9 5acramenlo. CA lifornia EJ Dorado Co 4 81 12.~.99~ 

9 !Sacramento. CA K:aliCornia 

~"co 
4 81 In.796 

9 Sacramento. CA ~ifomia amenlo Co I 4 9. 1.041.219 
9 )Yuba Cily. CA ifornia utter Co 4 9: 64.415 
9 e;acramenlo. C.A ~iforn;a 010 C.o 4 9 1 

141.092 
9 ~n Diego.CA ifornia Diep,o CoO 3 9

1 
2.498.016 

9 ~n Francisco- 0 lifornia ameda Co 5 91 1.279.182 
9 San Francisco-O ~ifornia Contra Costa CoO ~ 9 803.732 
9 /ian Franc~o-O ifornia ~arin Co .'\ 10 230.096 
9 !San Francisco-O ~fornia taco 

5 9 1l0.76~ 
9 5an Francisco- 0 'Cornia Francisco Co 5 10 723.9S9 
9 San Francisco-O lifornia n Maleo CoO 5 10 649.62:t 
9 Iian Francisco- 0 ~;fOCru, Enta Clara Co 

I 
51 9 1.49·'-~7'7 

9 San Francisco-O lifornia lano Co 51 9 340.421 
9 San Francisco-O iCornia noma CoO 5 9! 388.222 , 
9 Fresno. CA .alifomia roo Co 

i 4 9' 661.490 
9 8akerslield. CA K:-.aIifornia ern CoO 

I 
4 9 ~43.477 

9 IFresno. CA blifornia jngs Co 4 9 101.469 
9 Madera Co. CA ~lifornia adera Co 4 8 88.090 
9 ~erced.CA .alifornia ~era:d Co i 4 9 178.403 
9 ISlocklon. C A k:'.alifornia n Joaquin Co 4 9 48Q.628 
9 Modeslo. CA K:-.alifornia 5tanislaus Co 4 9 ' )70.522 
9 :Vi&alia- Tulare- (-.aIifornia trulue Co 4 9; )lJ .921 
9 5.an La Barbara - S PJifornia !Santa Barbara Co ~ 

, 
10 : 369.6OS 

9 Il.os Ang.e1es-Ana IC'.alifornia ~iver&ide Co 2 9, J.170.4B 
9 Il.os Ang.eles - Ana ~lifornia 5an Bernardino Co 2 9, 1.418.380 
9 !yuba CiIY. CA .alifornia ~ubaco 8 8! 58.2211 
10 I'orlland- Vancou egon .Iaclcamas Co 6 8; 278.850 
10 forlland - Vancou ~reg.on Muhnomab CoO 

I 
6 8: 583.887 

10 i'orlland- Vaneou regon ~ashinglOn Co 6 8: 31U54 
1(\ 1P0rtland- Vaneou lWashinglon IlIJ'k Co i 6 81 238 .0~3 

10 5callle- Tacoma, lWashinfllon King. CoO 6: 81 U01.J19 
10 5eallle - Tacoma. tashington ~ierce C.o I 61 81 586.203 
)0 5e8\1lc- Tacoma. a.shinfl1on nohornish Co 6 1 ~ 465.642 

i 
! 

I 

I 1r0tal: 146,423.413 
: 




