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The National Park Service, Air Quality Division, is responsible for preserving,
protecting, and enhancing air quality and "air quality related values" in the National
Park System by ensuring compliance with the requirements of the Clean Air Act and
the National Park Service Organic Act. Air quality related values include visibility,
flora, fauna, cultural and historical resources, soil, water quality, and virtually all
resources that are dependent upon and affected by air quality. The Air Quality
Division monitors air quality; reviews proposed major emitting sources, air quality
legislative and regulatory proposals, and NPS and other federal or state air quality
plans; develops data on sensitive park resources; researches acid precipitation; and
develops meteorology and atmospheric dispersion modeling.

The National Park Service disseminates the results of biological, physical, and social
science research and monitoring through the Natural Resources Technical Report
Series. Natural resources inventories, scientific literature reviews, bibliographies, and
proceedings of technical workshops and conferences are also disseminated through
this series.

The purpose of this report is to present the final, validated gaseous pollutant and
meteorological monitoring data collected at a unit of the National Park System. All data
presented in this report have been collected using continuous monitoring methods
designated by the U.S. Environmental Protection Agency (USEPA) as Reference or
Equivalent Methods. Further, the data generally meet the USEPA monitoring and
quality assurance requirements specified in 40 CFR Part 58, and the data have been
entered into the USEPA's Aerometric Information Retrieval System (AIRS). All data
contained in this report are accessible through AIRS. The ambient air quality data
processing, validation and analysis was performed by AeroVironment Inc. of
Lakewood, Colorado under National Park Service contract number CX-0001-9-0004,
and the staff of the Monitoring and Data Analysis Branch of the Air Quality Division.
Mention of trade names or commercial products does not constitute endorsement or
recommendation for use by the National Park Service.

Copies are available from the following:

Chief, Monitoring and Data Analysis Branch (303) 969-2072
Air Quality Division

National Park Service

P.O. Box 25287

Denver, CO 80225-0287

Or
Technical Information Center (303) 969-2130
Denver Service Center

P.O. Box 25287
Denver, CO 80225-0287
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SUMMARY

The units of the National Park System contain some of the world's most spectacular
scenery, unique cultural and historic resources, and diverse wildlife and vegetative
communities. Millions of people visit the parks each year in search of rest, recreation, and
physical and spiritual renewal. Visitors continue to be astounded and inspired by these
national treasures and place a high value on knowing these resources are being protected
and preserved for future generations.

Air pollution can damage and destroy the very resources and values that units of the
National Park System have been created to protect and preserve. Data collected through
the National Park Service (NPS) air quality research and monitoring program show that
the units of the National Park System are not islands isolated from the by-products of an
urban and industrial society. Manmade air pollutants are transported long distances and
have been detected at all NPS monitoring sites. Air pollution effects are often subtle and
insidious. Therefore, it is important that air quality and air pollution effects on park
resources and values be monitored so that even slight changes can be detected.

The purpose of this report is to summarize findings from the NPS air quality research and
monitoring program based on data collected through 1987. This information helps the
National Park Service to remedy and prevent resource degradation so that future
generations can enjoy the parks in as natural a condition as possible.

Visibility monitoring has shown that, in addition to natural sources of visibility
impairment, there are varying degrees of visibility impairment from manmade pollution in
virtually all monitored parks. NPS research findings suggest that fine sulfate particles are
the single most important contributor to visibility impairment in most NPS units. Fine
sulfate particles, which can be transported long distances in the atmosphere, are
primarily the result of sulfur oxide emissions from energy and industrial sources. In the
Colorado Plateau area, where Grand Canyon National Park and several other NPS units
are located, fine sulfate particles are responsible for 40 to 60 percent of the visibility
impairment. In eastern areas of the country, fine sulfates play an even larger role in
visibility impairment. In the Pacific Northwest, sulfates are not the primary cause of
visibility impairment; instead, fine carbon from controlled burning of timber and
agricultural land and natural forest fires plays a prominent role.

Research on effects of visibility on the visitor experience in five NPS units indicates that
clean, clear air is one of the most important features of these parks. It appears that
visitors value an environment undisturbed by man above all other features of the parks.
Research findings on the effects of changes in visual air quality suggest that a small
increase in air pollution is more easily noticed and more disturbing to the human
observer when the atmosphere is initially relatively clean.

Ambient air quality monitoring has found that ozone concentrations are high in some NPS
units and even exceed National Ambient Air Quality Standards in several of these areas.
These high concentrations occur not only in NPS units located near urban areas, but also
in areas that are relatively remote such as
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Acadia National Park. Some ozone occurs naturally, but most of the ozone in the lower
atmosphere results from the photochemical reaction of manmade hydrocarbons, nitrogen
oxides, and sunlight. Levels of sulfur dioxide as high as 40 percent of the short-term
National Ambient Air Quality Standards are also found in some parks. It is especially
significant that some injury to sensitive plant species has been documented at ozone and
sulfur dioxide concentrations below the National Ambient Air Quality Standards.

Biological effects research has found ozone effects, which appear as characteristic foliar
injury, on one or more species of plants and trees in virtually every park surveyed. This
suggests that ozone injury is a widespread problem that even occurs at NPS units remote
from urban areas. There is also evidence suggesting that reduced growth and increased
mortality of some sensitive species are occurring in some of the more heavily affected
areas. Research has found an apparent loss of lichens in two urban parks and effects on
these sensitive plants in many parks located near sources of sulfur dioxide. Elevated
levels of sulfur and heavy metals have been found in vegetation in several parks.

Information collected through the NPS air quality research and monitoring program has
been used in a variety of decision-making arenas. The NPS Air Quality Division has
reviewed permit applications for over 200 major industrial and energy facilities proposing
to locate near NPS units to ensure that no adverse impacts to air quality related values
would occur. Information regarding visibility impairment and ozone injury to vegetation in
NPS units has been shared with the Congress and transmitted to the U.S. Environmental
Protection Agency and state air quality control agencies to promote the development of
national air pollution control programs and standards that will protect park resources.
Air

resource information is also shared with the public through interpretive programs and
exhibits.
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1.0 AIR QUALITY RESEARCH PROGRAM RESPONSIBILITIES AND ACTIVITIES
LEGISLATIVE MANDATES

In 1916, Congress enacted the National Park Service Organic Act--a law which
established the National Park Service (NPS) and directed the new agency "to conserve the
scenery and natural and historic objects and the wildlife therein and to provide for the
enjoyment of the same in such manner and by such means as will leave them unimpaired
for the enjoyment of future generations" (16 U.S.C. 1). This mandate has two major
objectives: (1) to protect park resources and (2) to ensure visitor enjoyment. The value of
preserving scenic and natural settings has long been recognized as important for
maintaining national parks, monuments, and recreation areas.

The Clean Air Act, as amended in August 1977, provides one of the most important
mandates for protecting air resources in NPS areas. In section 160 of the act, Congress
states that one of the purposes of the act is "to preserve, protect, and enhance the air
quality in national parks, national wilderness areas, national monuments, national
seashores, and other areas of special national or regional natural, recreation, scenic, or
historic value."

The Clean Air Act also establishes stringent requirements for "class I" areas, national
parks over 6,000 acres and national wilderness areas over 5,000 acres that were in
existence on August 7, 1977. Federal land managers (defined as the Secretaries of the
Interior and Agriculture) and the federal official charged with direct responsibility for each
area have been given an affirmative responsibility to protect air quality related values in
these areas from adverse impacts. Air quality related values are defined by the National
Park Service as "visibility and those scenic, cultural, biological, and recreation resources
of an area that are affected by air quality" (43 Federal Register 15016).

Determination of an adverse impact on air quality related values requires identification of
a current or potential impact and consideration of how it might affect park resources and
visitor experiences. This determination combines information gathered from NPS
research, information provided by a proposed new source applicant, and the federal land
manager's judgment and experience about whether allowing this effect would be
consistent with the National Park Service Organic Act.

The Clean Air Act also defines a national goal of remedying existing and preventing future
visibility impairment in class I areas. The act requires that states incorporate measures in
their state implementation plans that will ensure reasonable progress toward this goal.

SCHEMATIC OF THE AIR POLLUTION PROBLEM

In order to carry out these responsibilities, the National Park Service must understand
the cause and effects of air pollution. Figure 1-1 illustrates an air pollution problem from
a resource management perspective. The NPS air quality research and monitoring
program addresses the following questions that are illustrated in Figure 1-1.
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1. Is There an Identifiable Effect?

Can park personnel, visitors, or researchers identify an effect that might be related
to air pollution? The right-hand side of Figure 1-1 represents a park area where
effects on resources may be noticed. Such an effect might be impaired visibility,
visible injury or stunted growth of plants, or an accumulation of potentially toxic
substances in the ecosystem.

2.  What Might Be Causing The Effect?

If an effect is identified, is it being caused by air pollution? This involves
conducting studies in the park or in the laboratory, collecting and analyzing data
on pollution levels in the air, examining plant tissue, and investigating other
conditions that might be causing the observed effect.

3. Where Are the Pollutants Coming From?

If an identified effect is being caused by air pollution, what is the source of the
pollution? This includes a determination of whether or not the pollution is
manmade or natural. If it is manmade, the emissions sources need to be identified
and the transport and transformation of the emissions in the atmosphere need to
be understood in order for the pollution effects to be reduced or eliminated.

NPS AIR QUALITY RESEARCH AND MONITORING PROGRAM

This document summarizes the findings of the NPS air quality research program which
was established in 1979. Air quality research is conducted to determine the current
status of air quality in the NPS units and to identify any effects air pollution is having or
may have on NPS resources or visitor experiences. Air quality research is also conducted
to determine sources of air pollution in the parks and the sensitivity of park resources to
air pollution. The NPS air quality research program provides information needed to
participate effectively in decisions that can affect the air quality in and near NPS units,
and helps the National Park Service to manage air quality resources as a part of its
resource protection mandate.

The NPS air quality research program involves an extensive network of monitoring for
pollution, visibility conditions, and biological effects in NPS units. The monitoring
program has included the following:

e Teleradiometers for measuring visibility at over 30 parks.

e Cameras for measuring visibility at over 50 parks.

e Fine particulate monitors for identifying the causes and sources of visibility
impairment at over 40 parks.

e The use of biomonitors (species of plants known to be sensitive to air pollution)
to identify the presence of air pollutants in several parks.



e Ozone monitors at over 30 parks for establishing baseline conditions, assisting
the ozone effects research, and evaluating new pollution sources.

e Sulfur dioxide monitors at over 25 parks for establishing baseline conditions,
assisting the sulfur dioxide effects research, and evaluating new pollution
sources.

Air quality modeling is developed and used to study the transport and transformation of
pollutants in the atmosphere. Information from the visibility monitoring network along
with air quality models is used to determine the effect of manmade air pollutants on
visibility at NPS units. The Park Service uses the information obtained from the air quality
research and monitoring program to guide its participation in the following:

¢ Resource management planning within the National Park Service.

e Permit reviews concerning potential effects from increased emissions from
proposed new major industrial and energy facilities outside park boundaries.

o Participation with state and local officials and industry in reaching decisions to
minimize or eliminate potential impacts to the park resources and to the visitor
experience.

o Reviews of environmental impact statements developed by other federal agencies
concerning activities that might affect NPS units.

Regulatory and legislative analyses.

Development of interpretive programs for park visitors and training courses for
NPS employees.
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2.0 VISIBILITY

Most people have had the experience of visiting a beautiful park only to find fog, haze, or
rain obscuring the scenery. In the mid-1970s Congress was made aware of the possibility
that manmade pollution was affecting visibility even in remote areas of the country. In the
1977 Clean Air Act Amendments, Congress responded to this concern by establishing a
national goal of remedying any existing and preventing any future manmade visibility
impairment in major national parks and wilderness areas and specifically requiring
consideration of visibility in efforts to prevent deterioration of air quality in clean air areas.

The preservation of unique scenic resources is very important to the National Park Service and
specific vistas are often mentioned in legislation or congressional reports concerning the
establishment of an NPS unit. For example, in a House report recommending establishment
of Shenandoah National Park, the Southern Appalachian National Park Committee spoke
of being able to see the Capitol and the Washington Monument on a clear day. Yet today,
Washington, D.C. is rarely visible from Shenandoah, and there is evidence that the cause
is manmade air pollution. In fact, NPS visibility monitoring has shown that in excess of 90
percent of the time scenic vistas are affected by manmade pollution at all monitoring
locations within the lower 48 states. Even at Grand Canyon National Park, the color and
textural detail of the canyon are nearly always impaired to some extent by manmade haze.

The NPS visibility research program was established, in part, in response to the concern
that important scenic resources are being affected by air pollution or might be affected in
the future. The program was also designed to provide decision makers with the tools,
methods, and data needed to manage and protect visibility in the parks.

An important part of the NPS visibility research program is a visibility monitoring network
which gathers information about current visibility conditions at the parks. The monitoring
network also provides information about the composition of the particles in the air
associated with visibility impairment. This information can be used to determine how
much of the observed visibility impairment is manmade, and what types of sources emit
the identified particles. Analysis of the monitoring data and research on the transport and
transformation of pollutants in the air help to identify the region and sources of the
manmade pollutants that cause visibility impairment. Information from the visibility
research program is applied to NPS resource management decisions, and conveyed to
visitors through interpretive activities. Since the Clean Air Act requires NPS involvement
in certain regulatory and permitting decisions, the information is also used to promote
development of programs needed to protect NPS resources. The findings of the NPS
visibility research program to date are summarized in Table 2-1.

WHAT IS VISIBILITY?

Atmospheric conditions, including particles and gases in the air, determine visibility
conditions which influence how easily a person can see through the air. There are several
different quantitative measures of visibility conditions that characterize different aspects
of these conditions.



Table 2-1. Highlights of Findings of NPS Visibility Research

CURRENT STATUS OF VISIBILITY AT NPS UNITS

In excess of 90% of the time, scenic vistas are affected by manmade pollution at all
NPS monitoring locations.

e The best visibility at monitored NPS units is in eastern Nevada, western Utah, and

southern Idaho. The next best area is the Colorado Plateau region where the Grand
Canyon and several other NPS units are located.

e The worst visibility at monitored NPS units is in Shenandoah and Great Smoky

Mountains National Parks.

e Visual range at NPS units is typically best in winter and worst in summer when

meteorological conditions are such that more pollution is transported from urban
areas and industrial developments to remote areas, causing more uniform haze to
occur than in the winter months.

CAUSES OF VISIBILITY IMPAIRMENT AT NPS UNITS

e Fine particles (diameter less than 2.5 microns) are generally responsible for a major

share of visibility impairment at monitored NPS units.

Fine sulfate particles are the single most important contributor to visibility
impairment in NPS units except in the northwestern United States where fine carbon
from manmade and natural burning plays a more prominent role. Sulfate particles
are primarily the result of manmade sulfur oxide emissions.

In the Colorado Plateau area, fine sulfate particles are responsible for 40% to 60% of
the visibility impairment. In Shenandoah, fine sulfate particles appear to be
responsible for over 70% of visibility impairment.

On the average, soil-related ("crustal") material is responsible for 10% to 30% of the
visibility impairment.

Air masses containing the highest levels of sulfate particles at Grand Canyon appear

to have previously passed over southern California. Air masses lowest in sulfate
particles arrive at Grand Canyon from north of the park (Nevada and Utah).
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Air pollution can be visible in three forms: uniform haze, layered haze, and plumes. The
three photographs in Figure 2-1 illustrate uniform haze, which is a homogeneous haze
that reduces visibility in every direction from the observer. The two photographs in Figure
2-2 illustrate a layered haze and a plume, respectively. Layered haze is seen as a band or
bands of discoloration, with a noticeable boundary between the more polluted and the
cleaner air. A plume is a band of discoloration that can typically be seen to be coming
from a nearby source.

Which of these conditions might occur when pollutants are present will depend in large
part on atmospheric conditions. Uniform haze occurs when the air is well mixed and
pollutants are evenly distributed. A plume is formed when there is a surface wind to carry
visible pollutants horizontally from an emission source into a stable atmosphere.

The difference between layered haze and uniform haze is a matter of perspective. If the
observer is positioned high enough to be looking over the top of the haze, it will appear to
be layered. Layered hazes are usually seen from viewpoints overlooking a valley or canyon.
Layered hazes are typically associated with stable air masses where there is little mixing of
the air. This occurs more often in the winter than in the summer. Layered haze can be
seen some of the time at almost all parks. Recent NPS studies have found that layered
hazes can be seen at Mesa Verde and Bryce Canyon National Parks on about 80 percent of
the winter mornings. The condition usually does not occur in the summer, but does
periodically occur in the spring and fall.

The most common measures of visibility as related to uniform haze are standard visual
range, apparent contrast, light extinction, and contrast transmittance. Standard visual
range, probably the most familiar measure, is the distance from an observer at which a
black object just disappears against the horizon. This is a measure of how far a person
can see and is one indication of how clear the air is. Apparent contrast is a measure of the
contrast between the brightness of a large feature in the vista and the background sky.
Light extinction is a measure of the light that is scattered and absorbed as it passes
through the atmosphere and therefore does not reach an observer. More pollution in the
atmosphere will cause more scattering and absorption and therefore increase the light
extinction. Contrast transmittance is a measure of the ease with which the atmosphere
transfers the image of the vista to the observer.

Figure 2-1 shows three forms of visibility impairment in a view at Big Bend National Park.
Each photograph shows the estimated level of standard visual range, apparent contrast of
the dominant distant feature, and light extinction. Note the change in color, texture, and
form that accompanies the change in the visibility conditions. The ability to see color,
texture, and form is what has the most effect on the observer's enjoyment of the view.

It is important to evaluate visibility conditions from the point of view of what the human
observer sees. NPS research has made important contributions toward developing a
measure of visibility that is appropriate for evaluating conditions in the parks. Standard
visual range is a useful measure because it is easy to understand and is widely used, but
it is not directly related to human visual perception and does not always reflect changes in
how well an observer can see specific vista features. The results of NPS visibility



Visual Range = 340 km
Sky/Target Contrast = -,34

Light Extinction (Pext) =
.00149

Visual Range = 65 km

L e

Sky/Tarael ContrastL = -.09

B e

Light Extinction (Pext) =
. 00498

Visual Range = 38 km
Sky/Target Contrast = -,04

Light Extinction (Pext) =
00917

FIGURE 2-1

EXAMPLES OF THE EFFECTS OF UNIFORM HAZE ON VISUAL RANGE AKD CONTRAST IN A
VISTA AT BIG BEND NATIONAL PARK

2-4



g

-------

Layered Haze in Front of the Chuska Mountains as Viewed from
Mesa Verde National Park
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perception research indicate that understanding the visual effects of a change in air
quality requires consideration of the features of the vista as well as what is in the air, and
that the most appropriate measure of visibility is one that reflects the change in color,
texture, and form in a scene that is associated with a change in air quality. Contrast
transmittance is a measure that meets these goals, but it has not been widely used
because it is difficult to measure and is not as easy to understand as visual range.

NPS VISIBILITY MONITORING NETWORK

Visibility conditions are monitored by the National Park Service at over 50 park units
throughout the United States. Figures 2-3 A and B show the locations of these NPS
monitoring sites. The NPS visibility monitoring network has been growing and evolving
since it was established in 1978. Most of the selected sites are at class I areas, which the
Clean Air Act Amendments of 1977 singled out for special visibility protection. Some
other sites were included in response to a particular visibility problem, or because visual
air quality was an especially important value at those parks, or because they were
situated along an important pollution transport pathway. In parks where sufficient data
were collected, monitoring stations have been transferred to other NPS areas.

Special congressional appropriations in 1986 and 1987 allowed for the addition of 17 new
class I sites to the network, including Arches, Badlands, Carlsbad Caverns, Haleakala,
Hawaii Volcanoes, Isle Royale, Lassen Volcanic, Petrified Forest, Redwood, Virgin Islands,
Voyageurs, and Yellowstone National Parks; Denali National Park and Preserve;
Bandelier, Great Sand Dunes, and Pinnacles National Monuments; and Point Reyes
National Seashore. Also, in 1986, 14 existing NPS class I area monitoring sites, as well as
Denali National Park and Preserve, became part of the Interagency Monitoring of
Protected Visual Environments (IMPROVE) program. The IMPROVE program was
established to meet regulatory requirements and is managed by a committee composed of
the U.S. Environmental Protection Agency, the National Park Service, and other federal
land managers. In 1988, Tonto National Monument was added to the IMPROVE network
as a surrogate for a class I wilderness area managed by the U.S. Forest Service.

Figures 2-3 A and B also show, that most of the monitoring is conducted in western
parks. This is primarily because the weather conditions, open panoramas, and the
relatively clean air typical in western parks result in long-distance views that are sensitive
to small changes in air pollution.

Before 1986, the NPS visibility monitoring effort consisted of cameras which produced a
photographic record of how the view changes under different weather, sunlight, and air
pollution conditions; the use of teleradiometer equipment to measure visibility levels in
terms of contrast; and a measurement of the particles in the air using particulate
samplers and laboratory analysis. A "fully complemented" site included a camera,
teleradiometer, and particulate sampler. Some sites had automatic equipment, while
others required a park staff person to take photographs and/or measurements manually
each day. Most of the NPS monitoring sites were fully complemented, but some had only
one or two of the monitoring components, usually a camera or a camera and a particulate
sampler.
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Standard visual range estimates were derived from photographs and from the information
recorded by the use of teleradiometers. Teleradiometers measured the contrast of a
landscape feature against the background sky. The target was typically a dark dominant
distant feature in the vista, such as a mountain, and the same target was used for each
reading. Because teleradiometers needed a dark target, accurate readings were not
possible if the target was covered by snow or clouds. Teleradiometers have been phased
out, since techniques have been developed for determining standard visual range and
contrast values directly from photographic slides. In addition the camera network has
been fully automated.

Particulate samplers, which capture particles up to 15 microns in diameter are still being
used at about 30 parks. However, since 1986, most particle monitors have been upgraded
to allow measurement of additional visibility reducing aerosols, such as carbonaceous
materials and nitrates. Particles are analyzed for elemental composition which suggests
potential sources. Further analysis of visual range and particulate data helps determine
the effect each pollutant has on visibility.

In 1986, the National Park Service also began deploying instruments called
transmissometers that are capable of directly measuring light extinction. A fully
complemented site now consists of an automatic camera, an upgraded particle monitor,
and a transmissometer. The 17 new monitoring sites added in 1986 and 1987, as well as
all sites in the IMPROVE network, are expected to be fully complemented.

VISIBILITY CONDITIONS AT MONITORED NPS UNITS

Although weather conditions certainly affect visibility, results from the NPS visibility
monitoring network show that reduced visibility is almost always associated with the
presence of particles in the air that are known to be manmade.

Differences in Visibility Levels Among NPS Units

The visual range levels described in this section are the result of a combination of
manmade and natural conditions. Teleradiometer readings taken when the target is
covered with snow or completely obscured by clouds are not used in the median visual
range calculations, because dark-colored targets are necessary for accurate contrast
measurements, but the figures reflect the effects of fog, rain, and naturally produced
particles, as well as manmade pollution.

Figure 2-4 shows median standard visual range for the western United States for the
summer of 1983 from June through August. The median value means that 50 percent of
the time visual range is at this level or above. Summer of 1983 is used as an illustration of
the typical geographical variation in visual range during the peak visitor season. Other
summers generally show a similar pattern. Median visual range is approximately the same
within the like-colored areas, each of which represents an increment of 20 kilometers
visual range. For example, within the noncolored areas, median visual range is more than
190 and less than 210 kilometers.
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Figure 2-4 indicates that the area with the best visibility is in Nevada, Utah, and Idaho,
with a median summer visual range between 190 and 210 kilometers. The second best
visibility is in the area including most of the Colorado Plateau region where several well-
known NPS units (including the Grand Canyon National Park) are located. The next best
visibility occurs in southern Arizona, most of New Mexico, and the Front Range area of
the Rocky Mountains. The worst visibility in the western United States occurs along the
coastal areas of California and Washington.

NPS research indicates that at least 50 percent of the visibility impairing particles in the
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