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Treatment of Air Quality in the Existing Plan and AVS

The existing Forest plan, conmpleted in 1985, had mi ninmal discussion of air
quality. The Plan sinply stated that air quality was excellent; nost likely
based on the fact that the National Ambient Air Quality Standards established
by the Clean Air Act were being met. This treatnment of air quality is typica
of Forest Plans developed in the 1980s, but consequently identifies no Desired
Future Condition for air quality.

Changes in Air Resource Managenment Since 1985

Many changes have occurred since 1985 whi ch have influenced air resource
managenment on the Forest. Most significant was the rel ease of extensive
research findings fromthe National Acid Precipitation Assessment Program and
subsequent amendnent of the Clean Air Act in 1990. Both of these events
received a great deal of nmedia coverage which in turn has increased public
concern that air pollution could be adversely affecting natural resources.
Sone people believe air pollution could be causing stress on forest ecosystens
or limting the production of goods and services on the National Forests. To
address these concerns the Forest has increased enphasis on air quality and
it's effects on forest resources. An air pollution effects inventory and
nonitoring programwas initiated in 1992 to establish current conditions on the
Forest. In addition, the Forest is an active participant in regiona
partnerships recently formed to address air pollution issues.

Anot her maj or change since the m d-1980's has been increased recognition of the
necessity of fire in nmaintaining the health and productivity of many forested
ecosystens. As the Forest Service noves to duplicate natural processes

t hrough the use of prescribed fire there will be increases in snmoke. How will

t hese enissions affect air quality?

This docunent will address: 1) the nost inportant air pollutants which could be
i mpacting forest resources, 2) results of air pollution effects nonitoring, and
3) changes that are needed in the Forest Plan to better integrate air resource
i ssues into ecosystem managenent.

Status of Air Quality in Relation to State and Federal Laws

The Cean Air Act (CAA) Anendrments of 1977 established three classes of air

quality across the United States. Cass | is the nost restrictive and all ows
the | east increase in pollution fromnew or nodified stationary sources (for
exanpl e, a manufacturing plan, a pulp mll, an electrical utility, etc.). The
Forest does not manage any Class | lands. Mammoth Cave National Park is the
closest Class | area and is located roughly 100 miles west of the Forest. The
Forest has a Class |l designation, which is less restrictive than d ass |
Class |11 designation allows the nost pollution, however no areas of the

country have been designated as Cass |11
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The CAA al so designates six criteria pollutants with established thresholds to
protect human health and wel fare. The thresholds are referred to as the

Nati onal Anbient Air Quality Standards (NAAQS). The State of Kentucky has been
granted authority by EPA to carry out inplenentation of the CAA which includes
nonitoring the air to determine if NAAQS have been violated. Wen air
noni t ori ng equi prent neasures val ues above NAAQS, the area (usually on a county
basis) is designhated as non-attai nnent. Mst regions of Kentucky currently
conply with the national air quality standards for these air pollutants,

however there are areas where ozone and sul fur dioxide pollution are
unacceptable. Ozone levels near Louisville and in northern Kentucky (Boone,
Canpbel I and Kenton counties) exceed the NAAQS, naking these non-attai nment
areas. Sulfur dioxide exceeds the standard in the southern end of Boyd County,
and again this is a non-attainnent area. National anmbient air quality
standards are being nmet in the rest of the state, which includes nationa

forest lands. This is good news; the bad news is that natural resources can be
i mpacted by air pollution concentrations below the national anmbient air quality
st andar ds.

VWhat are the inportant pollutants?

The words "air pollution" can invoke different inages. Sone people may imagi ne
snog hanging over a city, snoke coming froma stack at a factory, or a dark
cloud following a vehicle. These sources of pollution and nany ot hers have an
i nfluence on air quality at the Dani el Boone National Forest. Mdydern society

i s dependent on the conmbustion of fossil fuels for transportation, electricity,
manuf acturing, and heating of homes and busi nesses. The conbustion of fossi
fuel s generates energy, but also toxic gases and particulates. The enissions
of air pollution fromhuman activity, along with gases and particul ates from

bi ogeni ¢ (natural) sources, have the potential to inmpact the Forest. It is
unlikely that any air pollution inpacts on the forest can be traced back to a
single source. Instead, any pollution inpacts occurring on the Forest are the

result of emi ssions originating across a broad regi onal area from sources near
and far. Pollutants emtted into the air with the greatest potential to

i npact forest resources include: sul fur dioxide, nitrogen oxides, volatile
organi ¢ conmpounds, and particulate matter. These primary pollutants undergo
chemical transformation into secondary pollutants which result in acidic
deposition inpacts to terrestrial and aquatic ecosystens, ozone damage to
forest trees, and visibility degradation. The follow ng sections address each
of these prinmary pollutants and the inportance of secondary pollutant effects
on forest resources.

A obal climate change, resulting from eni ssions of carbon di oxode and ot her
gr eenhouse gases, has received w despread nedia attention but will not be

di scussed at length in this report. There is concern that a warmng trend in
climate coul d possibly change forest species conposition. However, there is
great uncertainty associated with the nagnitude of future climte change and
this uncertainty makes it very difficult to estimate forest changes over the
next 50 years.
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Sul fur Dioxide, Ntrogen Oxi des and Acidic Deposition

Aci di ¢ compounds are deposited on forests through rain and cl oudwater, or
directly fromthe atnosphere (this is called dry deposition). The sum of these
three is what we refer to as acidic deposition. The primary acidifying
substances are sulfates and nitrates. Sulfates are formed when sul fur dioxide
reacts with other substances in the air. Likewise, nitrates result fromthe
chemical transformation of nitrogen oxides. Both sulfate and nitrate are
referred to as secondary poll utants.

There is concern about acidic deposition, because high anpbunts of acidic
deposition over a long period of tine can eventually have adverse effects on
sol |l productivity, forest health, and streamwater quality. As soils becone
acidified several things happen. Calcium and nagnesium essential nutrients
for plant growh, are |eached fromthe soil. Aluminumis also nobilized as
soi|l acidification occurs, which may further inhibit nutrient uptake. Acidic
deposition can also affect streamwater chemi stry, and again this is a

soi | -medi ated process. Streans flow ng through watersheds with little
buffering capacity (dependent on geology and soils of the area) are susceptible
to acidification. As the water chemi stry of the stream changes, aquatic

i nsects and fish can be adversely affected. Aquatic organisns are particularly
susceptible to water chem stry changes during the late winter and early spring,
when reproduction is taking place.

Three streans on the Forest were selected for baseline inventory and

noni toring; Rockbridge in Cdifty Wlderness, and Little Hurricane and Helton in
Beaver Creek W/ derness. These streanms were chosen because they were
considered "pristine" (relatively unaffected by acid m ne drai nage or other
human i nfluences), and therefore any air pollution effects would be easier to
detect. Mnthly water sanpling began in 1993, although all streanms had sone
amount of earlier data. Analysis of the streamwater chenistry indicates that
pH for all three streans stays near 7.0, dipping occasionally to 6.5 (Figure
1). Acid neutralizing capacity is well over 200 ueqg/liter (alkalinity of 10
ng/liter) in the springtinme in all streans, and clinmbs to 600 to 900 ueqg/liter
(30-45 ng/liter alkalinity) in the sumrer (Figure 2). These nmeasurenents
indicate that the streans are well buffered against incomng acid deposition
Aquatic insects were collected fromthe sane | ocations as the water sanples in
the spring and sunmer of 1993, 1994 and 1995. Results of this inventory

i ndicate that aquatic insects are not being adversely affected by acid
deposition at this tinme; aquatic insect diversity is good and species sensitive
to acidic conditions are still present in the streanms (Mangum 1995).

These findings were expected since Rockbridge flows over the Renfro and Nada
nmenbers of the Borden Formation and the | ower tongue of the Breathitt
Formation. The Renfro and Nada menbers contain shale, siltstone and |inestone
of fering excellent buffering capacity. The Breathitt Formati on contains at

| east minor |inmestone deposits and marine shal es which offer some buffering
capacity, however this formation has |ess of an influence on Rockbridge than
the Renfro and Nada. Little Hurricane and Helton are influenced by the

Penni ngton Formati on which is shale, dolomte, |inmestone and sandstone; al

of fer good buffering opportunities for the water resources. Based on the

geol ogy and the results of streamnonitoring, it appears that the aquatic
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ecosystens on the Forest are not likely to be affected by acid deposition in
the near future. Qher situations, such as acid nine drainage and

sedi nentation, pose a greater threat to aquatic resources in spite of high
sul fate deposition on the Forest.

The effects of acid deposition on terrestrial resources is under investigation
Cenerally, soils on the Forest are able to buffer acid inputs fromthe

at nosphere due to a high sulfate absorption capacity and favorable cation
exchange capacity. However soils that are formi ng on nore exposed, higher

el evation sites I n quartzose sandstone and shale, have a relatively | ow
buffering capacity due to | ow cation exchange capacity and base saturation

Two sites on these nore sensitive soil types were chosen to nmonitor soil water
chem stry.

Soil water chemistry nonitoring is being conducted to establish baseline
condition, but there is not enough data to nake any definitive statenents at
this tinme.

Where does the sulfate and nitrate cone fron? Coal-fired electrical utilities
are the largest emtters of sulfur dioxide in Kentucky and nearby states and
sul fur di oxi de sources (em ssions exceed 25,000 tons per year) ring the Forest
(Figure 3). These sources, as well as others at further distances, are
contributing the precursors of sulfates that have the potential to affect
forest resources. The largest contributors of nitrogen oxides are electrica
power plants, and vehicles traveling the extensive road network. These two
sources have roughly equal annual enissions. N trogen oxides are inportant
because they are a nmmjor precursor to ozone, and they conmbine with water to
form aci di ¢ conpounds.

How much sulfate and nitrate is deposited on the Forest? There are no acid
deposition nmonitors |ocated on the Forest, therefore indirect techniques have
been used to hel p understand deposition on the Forest. A statistical nodel,
the Pollution Exposure |Index nodel (CH2ZM Hi Il 1995), was used to estinmate the

i mpact of sul fur dioxide enissions on the Forest. Data from point sources

| ocated within 100 kil oneters of the Forest and enmtting nore than 100 tons per
year in 1993 were used for this analysis. The output shows relative exposure
to sul fur dioxide across the Forest with the hi gher nunbers representing
greater sulfur dioxi de exposure. The Mrehead District, on the northern tip of
the Forest, shows about tw ce the exposure as Berea and Districts to the south
(Figure 4).

Anot her way to estinmate exposure to acid deposition across the Forest is to

| ook at deposition data from existing National Atnospheric Deposition Program
(NADP) nonitoring sites | ocated of f-Forest and extrapol ati ng deposition
on-Forest. The nost recent NADP data, from 1994, shows that sulfate deposition
was around 20 kil ograns per hectare per year (kg/ha/yr) in eastern Kentucky
(Figure 5). This nap al so shows that the Forest |ies between two of the

hi ghest areas of sulfate deposition in the nation; southeastern Chio and
eastern Tennessee. Figure 6 indicates nitrate deposition |levels of 10-15

kg/ ha/yr in 1994,
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The NADP infornmation was further refined using a longer-termestimte of wet
deposition based on precipitation and topography-wei ghted interpolation of wet
deposition between NADP nonitoring sites (Lynch 1995). The process uses NADP
chemical data (1983-1990) fromlocations in the eastern United States, along
with Unites States Geol ogi cal Survey (USGS) digital elevation data sets and
Nat i onal Cceani c and At nospheric Admi nistration (NOAA) rainfall neasurenments to
nodel deposition chemistry spatially through the eastern United States (SAMAB
1996). This analysis considered the influence of regional topography on
deposition and estimted an average background sul fate | oadi ng of 25-30

kil ograns per hectare per year across the Forest (Figure 7).

Nitrate deposition was estimated at 10-15 kil ograns per hectare per year
(Figure 8). Although the sulfate estimate in particular is higher using this
anal ytical technique, both sulfate and nitrate are nost likely stil
underesti mat ed because they represent only wet deposition. Dry deposition and
cloudwater are nore difficult to neasure, but research has shown that they can
contribute significantly to the total chenical load falling on

f or est ed- wat er sheds.

No matter how it is neasured, the Forest receives high levels of acidic
deposition due to it's position downw nd of high sulfur dioxide and nitrogen
oxi de em ssions in Chio and Tennessee.

What is the expected trend for acid deposition on the Forest? Sone indication
of trends can be found in "The State of Kentucky's Environment: 1994 Status
Report" published by the Kentucky Environnmental Quality Comm ssion in February
of 1995. Anbient sulfur dioxide concentrations declined between 1980 and 1990,
even though coal consunption increased (Figure 9). This can be attributed to
better pollution control at coal-fired power plants. Between 1990 and 1993

sul fur di oxide em ssions in eastern Kentucky appear to have renmi ned steady.
Concentrations are expected to decrease in the near future as SO2 enissions are
reduced as a result of Title IV of the 1990 CAA Anendnent which stipulates a
50% reduction in sul fur dioxide enissions by the year 2010. The expectation is
that this will have positive benefits on air quality across the nation, but
especially in those areas near concentrations of fossil fuel burning power
plants. While nmany Kentucky power plants have shown great decreases I n sulfur
di oxi de emni ssions between 1980 and 1993, the two that are |ocated closest to

t he Forest (East Kentucky Power Cooperative plant in Cark County and the
Cooper Plant in Pul aski County) show increases (Figure 10). When nore recent
data becones available it nay show decreases since 1993, but not necessarily.
This is due to the fact that the market-based em ssions reduction strategy in

t he CAA Anendrents of 1990 calls for conmpanies, not individual facilities, to
neet sul fur di oxide reduction targets. This gives the conpany flexibility in
determ ni ng where the reductions will be net, but also allows for increases at
sone facilities. Unless future reductions are made at plants closest to the
Forest, it is likely that sulfate deposition on the Forest could remain the
same or increase.

Ni trogen di oxi de (NO2) concentrations in Kentucky showed a fairly steady

decrease between 1980 and 1991, nost of which is attributed to enission
controls on vehicles (Figure 11). Although NO2 |evels remain well below the
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NAAQS, concentrations have increased slightly since 1991. Due to limted
ni trogen oxi des reduction strategies in the CAA Amendnments of 1990, these
pol lutants are expected to increase in the future as vehicle mles driven
i ncrease.

Ni trogen Oxi des, Volatile O ganic Conpounds, and Ozone

Ni t rogen oxi des contribute to acid deposition, but they are also an inportant
conponent in the fornmation of ground-Ilevel ozone. Ozone, a chenical conposed
of three oxygen atoms |inked together, is highly beneficial in the upper

at nosphere. At ground | evel, however, sensitive plants can suffer tissue
danmage when exposed to sufficient doses of ozone. G ound-level ozone is not
emitted directly froma source but is formed when nitrogen oxides and vol atile
organi ¢ conpounds undergo a chem cal reaction during hot and sunny weat her.
Interestingly, one nain source of volatile organic conpounds is trees. Current
scientific evidence indicates that nitrogen oxides are the linmting factor in
the formati on of ground-|evel ozone, especially in rural areas; and al nost half
of the pollution contributing to ground-1evel ozone fornmation cones from
vehi cl es.

Ground- | evel ozone affects plants by entering the | eaf through openings called
stomates. Once inside the |eaf, ozone can kill cells that produce food for
plant growmh. The results of cell death can be seen on the upper |eaf surface
and are referred to as synptons of injury. The Forest conducted a survey of
ozone injury for three years, 1993-1995, and found |ow to noderate ozone injury
on all Districts, except the Redbird (Brantley 1995). The Redbird District
found no injury for the first two years and only slight injury the third year
due either to | ow ozone concentrations or drought.

What does it nean if plants show injury; are they also suffering growh |oss or
are trees weakened and predi sposed to damage by ot her agents such as insects
and di sease? These questions are still under investigation but research has
shown that growth | oss due to ozone exposure can occur in forest species. Both
t he magni tude and durati on of ozone exposure, as well npisture availability

af fect whether growth loss will occur. Since ozone enters a plant through the
stomates, and stomates close during tinmes of nobisture stress, ozone is able to
affect plants only when there is adequate noisture available and stomates are
open.

This leads to the question "what ozone exposures are known to cause growth

| osses and how cl ose are current ozone exposures and environnmental conditions
to those that cause growh reductions for species on the Forest?" It is a
conbi nati on of consistently high ozone concentration conbined with frequency of
peak concentrations, that causes damage to a plant. The potential for ozone
damage on the Forest has been estinmated utilizing data and a techni que

devel oped for the Southern Appal achi an Assessnment (SAA). The anal ysis comnbi nes
i nformati on on ozone exposure and soil noisture availability to estinmate
potential for ozone damage. Details of this analysis can be found in the SAA
At mospheric Technical Report (SAVAB 1996)
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Potential for ozone damage was estimated for 1988, a year with record high
ozone exposures; and for 1993, a nore average year for ozone exposures.
Conparison of results fromthe two anal yses allows us to see the differences in
predi cted i npacts of varying ozone exposures. The results of the 1988 anal ysis
predicted growth loss for the nost sensitive species, |like black cherry (Prunus
serotina), as well as noderately sensitive species, like tulip poplar
(Liriodendron tulipifera), on all Districts except the Redbird (Figure 12). The
Redbird did not reveive as high an ozone exposure as the rest of the Forest,
therefore only the nost sensitive species were likely to have been affected.
These predictions assune that adequate noisture is available for plant growth.

In 1993 ozone exposures were considerably less. Results of the analysis showed
that only the nbst sensitive species on the Mrehead and Stanton Districts
woul d have suffered grow h | oss under this ozone exposure scenario; again
assum ng adequat e avail abl e noisture (Figure 12). It is inportant to renenber
t hat under drought conditions, regardl ess of ozone exposure, mninmal damage is
expected on any species. This is due to the fact that stomates remain cl osed
during drought conditions and ozone uptake is very limted.

Ozone has been referred to as potentially the nost significant poll utant
affecting forests in North Anerica (Barnard and others 1991). Based on the

i nfornation presented, it appears that ozone could be affecting growh in sone
forest species. Wat do we expect for the future?

The State of Kentucky has made great strides in reducing ozone, and bringing
areas into attainment. Figure 13 shows how average ozone | evel s have
fluctuated over the past 25 years (Kentucky Division of Air Quality 1994).
There are still two areas in the eastern part of Kentucky that do not neet the
air quality standard for ozone: Louisville (Jefferson Co. and portions of

A dham and Bullitt Counties) and Northern Kentucky (Boone, Canpbell and Kenton
Counties). Areas closer to the Forest, Lexington and Ashl and- Hunti ngton, have
had ozone problenms in the past but these areas have recently been redesi ghated
as attai nnent for ozone based on several years of data indicating that the
standard i s now bei ng net.

WIIl this downward trend in ozone continue? Efforts are underway by the
Conmonweal th to bring the remaining areas into attainnent. |t is expected that
ozone levels will renmain stable or decrease slightly by the year 2010, but
exposures could increase on the Forest if the regional popul ati on expands
rapidly. An increasing population is likely to result in nore nitrogen oxide
em ssions fromvehicles. Also, electrical facilities nay need to generate nore
power which could result in increased nitrogen oxi de em ssions. Both of these
situations would likely increase ozone which could pose a threat to the nore
ozone-sensitive species on the Forest.

Particulate Matter and Visibility | nmpairnent
Prescribed fire is the one activity on the Forest with the potential to

significantly affect air quality. Snoke generated during burning contains
small particles that affect the human respiratory system and scatter |ight
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causing visibility reductions. Because prescribed fire activities produce
particulate matter we need to be aware of the regul ati ons governi ng open
burning in the State of Kentucky. Open burning (specifically prescribed fire)
in Kentucky is regulated by two agencies; the Division of Forestry, and the
Division for Air Quality. The air regulations generally discourage open
bur ni ng, however prescribed fire for silvicultural, range and wildlife
managenment purposes is allowed. The Division of Forestry has additiona
regul ati ons focused on preventing wildland fires. These generally prohibit
daytime burning during the nonths of highest fire danger

G ven the current particulate matter standards, nonitored PMLO | evel s have been
bel ow t he NAAQS since neasurenents began in 1987 (Figure 14). Likew se there
are no PMLO non-attai nnent areas in Kentucky. However, EPA is currently
reviewing the particulate matter standard and is considering devel opnent of a
new st andard whi ch enphasi zes particles 2.5 nmicrons or smaller (PM2.5) in
size. Each of the previous changes in NAAQS has placed an enphasis on snaller
particles (total suspended particles to a PMLO standard) and has al so reduced
t he maxi mum al | owabl e concentrations. The reason for considering a PM2.5
standard is that current nmedical research has shown that fine particles have
the greatest inpact on human health. Also, fine particles are prinmarily
responsi bl e for regional haze and the associated visibility reduction present
t hroughout the Eastern United States (National Research Council 1993).

Fine particles, PM2.5, are known to be nore efficient at scattering |ight than
| arger sized particles. Results fromthe southeastern United States show that
sul fates (which are very efficient at scattering light) conprise the ngjority
of the fine particle mass in the atnosphere, especially on days when regi ona
haze is the worst (SAMAB 1996). The |ight scattering appears as a uni form haze
that veils scenic views. Sources of air pollution outside the Forest cause
regi onal haze. But Forest Service activities, primarily prescribed fire, have
the potential to cause short termreductions in visibility . About 80 percent
of the particulates generated fromprescribed fires are one micron or less in
di ameter (USDA Forest Service 1976). Therefore, there is a potential for

em ssions fromprescribed fire to i npact human health and reduce visibility if
snoke at ground | evel has high particulate matter concentrations. Visibility
conditions becone especially significant if the snoke crosses hi ghways.

In addition to the visibility issue related to prescribed fire, it is also
possi bl e that the PMLO NAAQS can be violated within one mle of a prescribed
fire. Studies conducted downwi nd of prescribed fires in Florida (Florida
Depart ment of Environmental Protection 1993) and Texas (Hunt and others 1994)
have denonstrated that nonitored maxi mum 24-hour concentrations exceeded the
NAAQS. Since the Dani el Boone National Forest covers nore conplex terrain
snoke di spersion will be different, but the possibility remains for exceeding
t he NAAQS at some distance fromthe fire for a short duration (24 hours or
less). Currently the Forest uses snoke managenent gui delines designed to
nmnimze inpacts to snoke sensitive targets, such as visibility reduction on
hi ghways. The same guidelines also help reduce the inpact of snmoke on air
quality, through rapid dispersion of snbke. The Forest has recently expanded
the prescribed fire programfor nanagenent of red cockaded woodpecker habitat.
The Pl an Revi sion may consider additional changes to the prescribed fire
program if so the short and long-terminpacts to air quality should be
consi der ed.
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Changes Needed in the Forest Plan

The Forest Plan Revision needs to recognize air quality as an inportant basic
resource that touches and affects the entire ecosystem Air quality may neet
Nati onal Anbient Air Quality Standards, yet still affect natural resources.
The eastern United States is overwhelmngly affected by regional air
pollution. Many sources enit a variety of pollutants into the atnosphere,

whi ch are transformed and transported on wind currents over |ong distances,
ultimately being deposited far fromthe source. WIderness areas are not
imMmune fromair pollution, and the Plan Revision needs to recognize that air
quality may be affecting the WI derness resources adversely.

The Plan needs to explain how the Forest will address air pollution inpacts to
forest resources when the pollution is mainly generated off-Forest. First, the
Forest needs to monitor the inpacts of air pollution to forest resources, and
this should be integrated into other inventory and nonitoring activities on the
Forest. Second, the Forest needs to make sure that the effects are understood
by the air regulatory community, so that this information can be used in the
devel opnent of regul ati ons.

Prescribed fire is the main forest activity that affects air quality.
Particulate matter standards are currently under revision by the Environnental
Protecti on Agency, and are expected to change. Depending on the results,
prescribed fire prograns could be affected. Therefore, prescribed fire
prograns considered in the Plan Revision should be evaluated for inpacts on air
quality and visibility.
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