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Executive Summary

Scientific evidence has established a solid linkvieen cardiac and respiratory
health risks and transient exposure to ambientdarécle pollution. The same fine
particles that are capable of penetrating deeptidungs are also in the size range that
is most efficient at absorbing and scattering Veslight, thus impairing visibility. The
emission sources, atmospheric chemistry, and nwtgpcal phenomena that influence
ambient concentrations of fine particle polluti@nact on scales that range from
hundreds to thousands of kilometers. Fine part@tesnot exclusively a secondary
pollutant; primary fine particle pollution from latsources can have a significant effect
on ambient concentrations in some locations. Far&gbes are also not exclusively a
summertime pollutant. There are important diffeesnbetween the meteorological and
chemical dynamics that are responsible for higa particle levels during summer and
winter.

In 1997, the U.S. Environmental Protection Agend$EPA) issued a national
ambient air quality standard (NAAQS) for fine palds with an aerodynamic diameter of
2.5 micrometers or less. In 1999, the USEPA fodldwp with the Regional Haze Rule
that enforces a national visibility goal laid ontthe Clean Air Act. This will ultimately
restore natural visibility to 156 national parkslamlderness areas across the country
(called “Class I” areas). To address these Claa@ét requirements, states will have to
develop State Implementation Plans (SIPs) detaiheg approaches for reducing fine
particle pollution to meet the health-based findiple NAAQS. They also must develop
plans that address the degradation of visibiligt #xists in various parts of the Northeast
(referred to as the Mid-Atlantic/Northeast Visibiliunion (MANE-VU) region). As part
of this process, the USEPA urges states to indlutleeir SIPs a conceptual description
of the pollution problem in their nonattainment aldss | areas. This document
provides the conceptual description of the findipalate and regional haze problems in
the MANE-VU states consistent with the USEPA’s guide.

Scientific studies of the regional fine particl®pilem have uncovered a rich
complexity in the interaction of meteorology angddgraphy with fine particle formation
and transport. Large scale high pressure systewesiog hundreds of thousands of
square miles are the source of classic severgéirtele episodes in the eastern United
States, particularly in summer. These large, sijogpale systems create particularly
favorable conditions for the oxidation of sulfupgide (SQ) emissions to various forms
of sulfate which, in turn, serves to form — ornsarporated into — fine particles that are
subsequently transported over large distancesesd hynoptic scale systems move from
west to east across the United States, bringingadiution emitted by large coal-fired
power plants and other sources located outside MAMENto the region. This then
adds to the pollution burden within MANE-VU on dayeen MANE-VU’s own air
pollution sources are themselves contributing tor@r quality. At times, the high
pressure systems may stall over the East for dagating particularly intense fine
particle episodes.

In the winter, temperature inversions occur thatedfective at concentrating
local primary particle emissions at the surfaceroight and during early morning hours.
This pollution can then be mixed into regionallgrtsported particle pollution (aloft) later
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in the morning when convection is restored. Addisilly, the lower temperature in the
winter can shift the chemical equilibrium in thenasphere slightly toward the
production of nitrate particle pollution relative sulfate formation. As a result, nitrate
can become a significant fraction of measured fiawticle mass in parts of the eastern
U.S. during winter months.

Primary and secondary emissions of carbon-conigicémpounds (e.g., diesel
exhaust, biogenic organic carbon emissions, arttr@mbgenic volatile organic
compound emissions) all contribute to a signifigangsence of carbonaceous aerosol
across the MANE-VU region, which can vary from urlta rural locations and on a
seasonal basis. In addition, short range pollutiansport exists, with primary and
precursor particle pollutants pushed by land, seaintain, and valley breezes that can
selectively affect relatively local areas. Witle tknowledge of the different emission
sources, transport scales, and seasonal meteotiolegyious locations adjacent to and
within MANE-VU, a conceptual picture of fine pafggpollution and its impacts
emerges.

The conceptual description that explains elevaggibnal PM s peak
concentrations in the summer differs significarfitym that which explains the largely
urban peaks observed during winter. On averagensurtime concentrations of sulfate
in the northeastern United States are more tharetthiat of the next most important fine
particle constituent, organic carbon (OC), and ntbaa four times the combined
concentration of nitrate and black carbon (BC) titurents. Episodes of high
summertime sulfate concentrations are consistehtstéagnant meteorological flow
conditions upwind of the MANE-VU region and the agwlation of airborne sulfate (via
atmospheric oxidation of S{followed by long-range transpat sulfur emissions from
industrialized areas within and outside the region.

National assessments have indicated that in theewyisulfate levels in urban
areas are higher than background sulfate levetsad¢he eastern U.S., indicating that the
local urban contribution to wintertime sulfate l&vis significant relative to the regional
sulfate contribution from long-range transport. étwork analysis for the winter of 2002
suggests that the local enhancement of sulfatebanuareas of the MANE-VU region
ranges from 25 to 40% and that the long-range pamsomponent of Pbj sulfate is
still the dominant contributor in most easternasti

In the winter, urban OC and sulfate each accouralbout a third of the overall
PM, s mass concentration observed in Philadelphia avd YXark City. Nitrate also
makes a significant contribution to urban P\fevels observed in the northeastern
United States during the winter months. Wintertecoacentrations of OC and nitrate in
urban areas can be twice the average regional stratiens of these pollutants,
indicating the importance of local source contribmos. This is likely because winter
conditions are more conducive to the formatioroohl inversion layers which prevent
vertical mixing. Under these conditions, emissitrom tailpipe, industrial and other
local sources become concentrated near the Eatbface, adding to background
pollution levels associated with regionally trangpd emissions.

From this conceptual description of fine partictélytion formation and transport
into and within MANE-VU, air quality planners netaldevelop an understanding of
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what it will take to clean the air in the MANE-Vi@gion. Every air pollution episode is
unique in its specific details. The relative imhces of the transport pathways and local
emissions vary by hour, day, and season. The ensaale weather patterns that affect
pollution accumulation and its transport underst¢besimportance of local (in-state)
controls for S@ nitrogen oxides (N¢) and volatile organic compound (VOC)
emissions. Larger synoptic scale weather pattamds pollution patterns associated with
them, support the need for $@nd NG controls across the broader eastern United
States. Studies and characterizations of noctilonalevel jets also support the need for
local and regional controls on $@nd NQ sources as locally generated and transported
pollution can both be entrained in low level jesgsnied during nighttime hours. The
presence of land, sea, mountain, and valley braedesate that there are unique aspects
of pollution accumulation and transport that amaaspecific and will warrant policy
responses at the local and regional levels beyantessize-fits-all approach.

The mix of emission controls is also important.gi®eal fine particle formation
is primarily due to S@ but NG is also important because of its influence on the
chemical equilibrium between sulfate and nitratdupion during winter. While the
effect of reductions in anthropogenic VOCs is sl characterized at this time,
secondary organic aerosol (SOA) is a major compooieime particles in the region and
reductions in anthropogenic sources of OC may laasignificant effect on fine particle
levels in urban nonattainment areas. Therefocengbination of localized NQand
VOC reductions in urban centers with additionab&@d NQ reductions from across a
larger region will help to reduce fine particlesigrecursor pollutants in nonattainment
areas as well improve visibility across the entieNE-VU region.
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1. INTRODUCTION

1.1. Background

Fine particle pollution is a persistent public tiegroblem in the Mid-
Atlantic/Northeast Visibility Union (MANE-VU) regin. Because of its physical
structure, fine particulate matter (Py can bypass conductive airways and deliver
exogenous materials, such as reactive organic clasrthat adsorb onto the particle
core, into the deep lurfgStudies of particulate matter (PM) in urban afesse found
associations of short- (daily) and long-term (arm@uma multiyear) exposure to airborne
PM as well as PMs with cardiopulmonary health outcomes. These effewtiude
increased symptoms, hospital admissions and emgrgeom visits, and premature
death (Popet al.2004).

In addition to health implications, visibility impenent in the eastern United
States is largely due to the presence of light#ddnsg and light-scattering fine particles
in the atmosphere. The United States Environméhtatection Agency (USEPA) has
identified visibility impairment as the best underd of all environmental effects of air
pollution (Watson, 2002). A long-established pbgbsand chemical theory relates the
interaction of particles and gases in the atmosptvith the transmission of visual
information along a sight path from object to obser

The Clean Air Act requires states that have areagydated “nonattainment” of
the fine particle national ambient air quality stard (NAAQS) to submit State
Implementation Plans (SIPs) demonstrating how filag to attain the fine particle
NAAQS.? The Clean Air Act also contains provisions foe tlestoration and
maintenance of visibility in 156 federal Classéas® SIPs for dealing with visibility
impairment (or regional haze) must include a lomgrt emissions management strategy
aimed at reducing fine particle pollution in theseal areas.

As part of the SIP process for both of these aalijuissues, the USEPA urges
states to include a conceptual description of tiieifion problem. The USEPA has
provided guidance on developing a conceptual detswni, which is contained in
Chapter 11 of the document “Guidance on the Uddarfels and Other Analyses for

! PM, 5 or “fine particles” refer to those particles with a diamet@r5 micrometersym).

2The 1997 PMs NAAQS includes a requirement that the three-year averageaofyannual average
PM, 5 design values must be below 15 pjamd a requirement that the three-year average of the 98
percentile 24-hour average concentration must be below 8% tii October 2006, the USEPA acted to
change the daily standard (9gercentile value based on valid 24-hour average concensatieasured at
a site) from 65 to 35 ugfn

% The Class | designation applies to national parks exceé¢d@ acres, wilderness areas and national
memorial parks exceeding 5,000 acres, and all internatioria fheat were in existence prior to 1977. In
the MANE-VU area, this includes: Acadia National Park, MaBrggantine Wilderness (within the Edwin
B. Forsythe National Wildlife Refuge), New Jersey; Greaf @lilderness, New Hampshire; Lye Brook
Wilderness, Vermont; Moosehorn Wilderness (within theobtdhorn National Wildlife Refuge), Maine;
Presidential Range — Dry River Wilderness, New HampshieRamsevelt Campobello International
Park, New Brunswick.
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Demonstrating Attainment of Air Quality Goals for@he, PM 5, and Regional Haze”
(EPA-Draft 3.2, September 2006) (Appendix A of tléport reproduces Chapter 11 of
the USEPA guidance document). This report providlesMANE-VU states with the
basis for their conceptual descriptions, consisietit the USEPA’s guidance. In the
guidance, the USEPA recommends addressing 13 qossglated to Pl and eight
guestions related to visibility to help define fireblem in a nonattainment or Class |
area. This report addresses these questions, basywbvides some in-depth data and
analyses that can assist states in developing paraledescriptions tailored to their
specific areas.

1.2. PM Formation

Fine particles directly emitted into the atmosphamecalled “primary” fine
particles, and they come from both natural and hustairces. These fine particles
commonly include unburned carbon particles direettytted from high-energy
processes such as combustion, and particles eragtedmbustion-related vapors that
condense within seconds of being exhausted to andie Combustion sources include
motor vehicles, power generation facilities, indiastacilities, residential wood burning,
agricultural burning, and forest fires.

Fine particles are also comprised of “secondamyg fparticles, which are formed
from precursor gases reacting in the atmosphetterough the addition of PM to pre-
existing particles. Although direct nucleation frdine gas phase is a contributing factor,
most secondary material accumulates on pre-exigangcles in the 0.1 to
1.0 micrometer (um) range and typically accountfaignificant fraction of the fine PM
mass. Examples of secondary particle formatiorushelthe conversion of sulfur dioxide
(SO to sulfuric acid (HSOy) droplets that further react with ammonia ()b form
various sulfate particles (e.g., ammonium sulfatid4),SO,, ammonium bisulfate
(NH4HSOy), and letovicite ((NH)3sH(SOy),). The dominant source of S@missions in
the eastern U.S. is fossil fuel combustion, pritgaat coal-fired power plants and
industrial boilers. Similarly, secondary B¥is created by the conversion of nitrogen
dioxide (NQ) to nitric acid (HNQ) which reacts further with ammonia to form
ammonium nitrate (NENOs) particles. Nitrate particles are formed from M@x
emitted by power plants, automobiles, industrialdss, and other combustion sources.
Nitrate production in the northeastern U.S. is amiaxdimited and controlled by the
availability of sulfate and temperature, especialtyng the East Coa$ivhile human
sources account for most nitrate precursors irmtimosphere, there are some natural
sources, including lightning, biological and abmitmal processes in soils, and
stratospheric intrusion. Large sources of ammonsz drom major livestock production
and fertilizer application throughout the Midwesylf Coast, mid-Atlantic, and
southeastern United States, in addition to theca&suof ammonia associated with human
activities.

The carbon fraction of fine PM may refer to blaeklmon (BC) and primary
organic and/or secondary organic carbon (OC). Mtzstk carbon is primary, which is

* Ammonia reacts preferentially with sulfuric acid, andlifficient excess ammonia is available, it can then
combine with nitric acid to form particulate nitrate.
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also sometimes referred to as elemental carbon dEE)ot. Black carbon is the light-
absorbing carbonaceous material in atmospherifegicaused by the combustion of
diesel, wood, and other fuels. Organic carbon ohetuboth primary emissions and
secondary organic PM in the atmosphere. Secondgan particles are formed by
reactions involving volatile organic compounds (V&)Gwhich yield compounds with
low saturation vapor pressures that nucleate acdease on existing particles at ambient
temperature. Organic carbon in both the gas and gbbase is emitted by automobiles,
trucks, and industrial processes, as well as byyrhges of vegetation. The relative
amounts of organic carbon from different sourcesaia highly uncertain, and data are
needed to be able to assess the relative contibafiprimary versus secondary and
anthropogenic versus biogenic production.

1.3. PM Impacts on Visibility

Under natural atmospheric conditions, the viewhm éastern United States would
extend about 60 to 80 miles (100 to 130 kilomet@viIim, 2000). Unfortunately, views
of such clarity have become a rare occurrencedrctist. As a result of man-made
pollution, the average visual range in the eadtaihof the country has diminished to
about 15-30 miles, approximately one-third the aigange that would be observed
under unpolluted natural conditions.

In general, the ability to see distant featuresa stenic vista is determined less by
the amount of light reaching the observer tharhigycontrast between those features and
their surroundings. For example, the illuminatadra light bulb in a greenhouse is
barely discernible on a sunny day but would be Igigtsible at night. Similarly, a
mountain peak is easily seen if it appears reltigark against the sunlit sky. If, on the
other hand, a milky haze “fills” the space betwdenobserver and the mountain peak,
the contrast between the mountain and its backgraidiminished as both take on a
similar hue (Figure 1-1).

Figure 1-1. View of a good visibility day (left) ad a poor visibility day (right) at
Acadia National Park, Maine in June 2003.

Source: CAMNET http://www.hazecam.net

In simple terms, this hazy effect occurs when sipaiticles and certain gaseous
molecules in the atmosphere absorb or scattereibght, thereby reducing the amount
of visual “information” that reaches the observérhis occurs to some extent even under
natural conditions, primarily as a result of thghti scattering effect of individual air
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molecules (known as Rayleigh scatterjrand of naturally occurring aeros8lsThe
substantial visibility impairment caused by manmpdBution, however, is almost
entirely attributable to the increased presendiefparticles in the atmosphete.

Figure 1-2 presents a simplified schematic of tlag wuch small particles interact
with packets of light or “photons” as they travedrh a distant object to an observer.
Along the way, particles suspended in the air agftedt or scatter some of the photons
out of the sight path. Intervening particles clo @bsorb photons, similarly removing
them from the total amount of light reaching theeafver.

Figure 1-2. Schematic of visibility impairment dueto light scattering
and absorption (adapted from Malm, 2000).

) s

Light from clouds
scattered into
sight path
\ Light absorbed
(]
—— .

Sunlight
scattered

Light reflected Image-forming
from ground light scattered
scattered into out of sight path
sight path

® Because air molecules more effectively scatter light of short egttls (i.e., blue light), Rayleigh
scattering explains the blue color of the sky.

® Atmospheric aerosol is a more general term for fine@estisuspended in the atmosphere and refers to
any particle (solid or liquid) that is suspended in timeosphere.

The only light-absorbingaseougpollutant present in the atmosphere at significant cure#ons is
nitrogen dioxide (N@). However, the contribution of NQo overall visibility impacts in the Northeast is
negligible and hence its effects are not generally includéusrdiscussion or in standard calculations of
visibility impairment.
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At the same time, particles in the air can scéityét into the sight path, further
diminishing the quality of the view. The extransdight can include direct sunlight and
light reflected off the ground or from clouds. Bese it is not coming directly from the
scenic element, this light contains no visual infation about that element. When the
combination of light absorption and light scattgr{poth into and out of the sight path)
occurs in many directions due to the ubiquitous@nee of small particles in the
atmosphere, the result is commonly described az="ha

1.4. PM, 5 Design Values in the MANE-VU Region

SIP developers use monitoring data in several ilapbivays to support SIP
activities. This section as well as Section 1é&spnt measurements from the FRM and
IMPROVE network needed in establishing SIP requests. Following USEPA
guidance (40CFR Part 50, Appendix N; USEPA, 20QB3EPA, 2003b), we use these
data to preview the Design Values and Baseline flond that SIP developers must
consider for each nonattainment area and Classl ar

The current annual fine particle National Ambiemt A@uality Standard was
established in 1997 at 1®/m’. To meet this standard, the 3-year average é's s
annual mean concentration must not be greaterttigievel. The current daily standard
was set at 6fig/nT at the 98 percentile level. To meet this standard, th& p&rcentile
value (of valid measurements recorded at a sitest mot be greater than this level. No
counties in MANE-VU have been designated nonattaimnfor the daily standard,
however, the USEPA has revised the NAAQS with resfmethe 24-hr average
concentrations and states will have to comply withnew standard (35g/m® at the 98
percentile level) within five years of designatiqegpected in 2010). Fine particle data
from the USEPA'’s Air Quality System (AQS) datab&meyears 2002 through 2004
were used to determine the attainment status oftororg sites in MANE-VU.

Table 1-1 shows a summary of areas found to extteednnual standard (no
areas exceed the daily standard). As tabulatedreds fail to achieve the annual
standard, with design values ranging from 15.10td @g/m®. The nonattainment areas
are concentrated in Pennsylvania and the coastahworridor. Sulfates and organic
carbon represent the largest contributors to thagefine particle levels.
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Table 1-1. 2004 PMs Design Value for Nonattainment Areas in MANE-VU

2004 Annual | 2004 24-hr

State(s) Nonattainment Area Design Value | Design Value
MD Baltimore 16.3 41
PA Harrisburg-Lebanon-Carlisle 154 41
PA Johnstown 15.3 40
PA Lancaster 16.8 42
PA Liberty-Clairton 20.4 65
MD Martinsburg, WV-Hagerstown 16.1 39
NY-NJ-CT New York-N. New Jersey-Long Island 16.8 50
PA-NJ-DE Philadelphia-Wilmington 154 39
PA Pittsburgh-Beaver Valley 16.5 45
PA Reading 16.1 42
DC-MD-VA |Washington, DC 15.1 42
PA York 16.9 43

1.5. Regional haze baseline conditions

The Regional Haze Rule requires states and trdsslimit plans that include
calculations of current and estimated baselineratdral visibility conditions. They will
use monitoring data from the IMPROVE program ashihgs for these calculations.
Table 1-2 and Table 1-3 present the five-year @yémaf the 20 percent worst day mass
concentrations and 20 percent best day mass coatiens respectively in six Class |
areas. Five of these areas are in MANE-VU and(8henandoah) is nearby but located
in a neighboring regional planning organization (Rfegion’ Table 1-4 and Table 1-5
give the corresponding worst day and best day ibutions to particle extinction for the
six Class | areas. Each of these tables showethgve percent contribution for all six
Class | sites. Sulfate and organic carbon domithetdine mass, with sulfate even more
important to particle extinction.

To guide the states in calculating baseline vatd@sconstructed extinction and
for estimating natural visibility conditions, theSBPA released two documents in the fall
of 2003 outlining recommended procedures (USEPA2PUSEPA 2003b). Recently,
the IMPROVE Steering Committee endorsed an altermatethod for the calculation of
these values. The IMPROVE alternative methods weeel, to create Table 1-6, which
provides detail on the uniform visibility goals fibre 20 percent worst conditions at the
six Class 1 areas.

8 Great Gulf calculations are based on four years of data (20®4)-2

° Note that values presented for Shenandoah, a Class | aheaMisibility Improvement State and Tribal
Association of the Southeast (VISTAS) region, are forgamative purposes only. VISTAS will determine
uniform rates of progress for areas within its region.

Page 1-6
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The first column of data in Table 1-6 gives theadative proposed natural
background levels for the worst visibility daysla¢se six sites. MANE-VU has decided
to use this approach, at least initially, for 28 planning purposes (NESCAUM,
2006). The second column shows the baseline hgibonditions on the 20 percent
worst visibility days. These values are based oRR@VE data from the official five-
year baseline period (2000-2004) and again werilzded using the IMPROVE
alternative approach. Using these baseline angaldiackground estimates, we derive
the uniform rate of progress shown in the thirdiomh’® The final column displays the
interim 2018 progress goal based on 14 years afawgment at the uniform rate.

Table 1-2. Fine mass and percent contribution foRO percent worst days

20% Worst-day Fine Mass gg/m3)/% contribution to fine mass
Site SO, NO3 oC EC Soll
Acadia 6.3/ 56% 0.8/ 7%| 3.2/ 28%| 0.4/ 4%| 0.5/ 5%
Brigantine 11.6/ 56% 1.7/ 8%)| 5.8/ 28%| 0.7/ 3%| 1/5%
Great Gulf 7.3/ 59% 0.4/ 3%| 3.8/ 31%| 0.4/ 3%| 0.6/ 5%
Lye Brook 8.5/58% 1.1/ 7%| 3.9/ 27%| 0.5/ 3%| 0.6/ 4%
Moosehorn 5.7/ 54% 0.7/ 7%| 3.4/ 32%| 0.4/ 4%| 0.4/ 4%
Shenandoah 13.2/ 6890.7/ 3%| 4.2/ 22%| 0.6/ 3%| 0.7/ 4%

Table 1-3. Fine mass and percent contribution foRO percent best days

20% Best-day Fine Mass;(g/m3)/% contribution to fine mass
Site SO, NO; OoC EC Soil
Acadia 0.8/42% 0.1/ 6%| 0.8/ 41%| 0.1/ 5% 0.1/ 6%
Brigantine 1.8/ 43% 0.5/ 11%| 1.5/ 35%| 0.2/ 6% 0.2/ 5%
Great Gulf 0.7/ 43% 0.1/ 7%| 0.7/ 40%| 0.1/ 5% 0.1/ 6%
Lye Brook 0.6/ 44% 0.1/ 11%| 0.4/ 33%| 0.1/ 5%| 0.1/ 7%
Moosehorn 0.8/37% 0.1/6%| 1/47%)| 0.1/5%| 0.1/ 5%
Shenandoah 1.4/ 45%0.5/ 16%| 1/29%/| 0.2/ 5%/ 0.2/ 5%

19We calculate the rate of progress as (baseline — natural bac#yfgfuto yield the annual deciview (dv)
improvement needed to reach natural background conditi®@6ih starting from the 2004 baseline.
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Table 1-4. Particle extinction and percent contrilition for 20 percent worst days
20% Worst-day particle extinction (Mm™) /% Contribution to particle extinction
Site SOy NO3 0oC EC Soll CM
Acadia 69.2/ 649 8/ 7%| 11.2/ 10%| 4.3/ 4% 0.5/ 0% 1.9/ 2%
Brigantine 127.1/ 66% 15.7/ 8%| 24.2/ 13% 7/ 4% 1/ 1% 5.4/ 3%
Great Gulf 76.6/68% 3/ 3%| 14.4/13%| 3.9/3% 0.6/ 1% 3/ 3%
Lye Brook 87.3/67% 9.1/ 7%| 15.3/12%| 4.8/ 4% 0.6/ 0% 1.8/ 2%
Moosehorn 58.5/ 60% 6.4/ 7%| 11.9/12%| 4.4/ 5% 0.4/ 0% 2.1/ 3%
Shenandoah| 155.5/ 7996 5.8/ 3%| 16.1/8%| 5.7/ 3% 0.7/ 0% 2.5/ 1%
Table 1-5. Particle extinction and percent contrilntion for 20 percent best days
20% Best-day particle extinction (Mmi®) /% Contribution to particle extinction
Site SOy NOs oC EC Soll CM
Acadia 6.8/28% 1.1/4%| 2.2/9%| 0.9/4%| 0.1/0%| 0.7/ 6%
Brigantine 14.8/35% 3.9/9%| 4.5/11%| 2.4/ 6%| 0.2/ 1%| 3.2/ 11%
Great Gulf 5.8/ 279 1/ 4% 2/9%| 0.8/ 4%| 0.1/0%| 0.9/8%
L