


, Appalachlan Volces
Flrst Annual Report

T Polluted Parks in Perrl : 0 R
The Flve Most Air Polluted National Parks in the Umted States i
‘ (Complled by Harvard G Ayers Appalachlan State Umver51ty)

: Summary Analy31s of 1991 98 air pollutlon momtonng data from ten US Natlonal Parks show
that the five most polluted parks are, inorder: 1) Great Smoky Mountains (Tennessee and Northi :
ﬂ’j_'Carohna) 2) Shenandoah (Vlrgmla) 3) Mammoth Cave (Kentucky) 4) Sequ01a/K1ngs Canyon
~(California); and 5) Acadra (Malne) National Parks. The ranking is based on a comblnatron of

" three pollutant—related measures for v151b111ty 0zone pollutron and acid pre01p1tatlon all
-+ measured by National Park Service: momtcnng stations over the most recent eight years: ThlS
- time penod also represents the ﬁrst eight years of results followmg the passage of the Clean Adr -
- Act Amendments of 1990, With noted exceptlons the analysis shows more serious degradatlon
v of air quallty 1ncludmg nsks 1o human and envrronmental health in the eastern US parks L

- : ‘All of these parks are con31dered Class l areas under the Clean A1r Act Amendments of 1977
I Class I areas are afforded the greatest degree of air quahty protectron in the country under the
7;;"'Act R B ST Sy e

S The drfferences n the eastern and western pollutlon levels are attrlbuted prxmarlly to the bumm S
~of large amounts of coal almost entirely at electrlclty generatlng stations. The coal burmng :
e ijyproduces emissions of two ‘major ‘pollutants, nitrogen and sulfur oxides. Both contribute to
. visibility. degradation (about 70% of the problem) and substantrally to the acid pre01p1tat10n B
. problem. The nitrogen oxides also are a major constituent of ozone. A large part of these sources
- derive from electric ut111ty plants with grandfathered authonty for lugh emrssmns of sulfur and .

- -nltrogen oxrdes under the 1977 Clean Arr Act Amendments A O I P e

Trends 1n a1r pollutron for the elght year study penod are espemally ev1dent for the top three o
o parks Great Smoky. Mountams Shenandoah and Mammoth Cave Natlonal Parks ‘Each of these ;
i i\;parks has expenenced 51g:mﬁcantly hlgher levels of pollutlon over the second half of the study '
.fl_,_penod : B - o e D T

Introductlon Appalachlan Vorces a non—proﬁt conservatlon orgamzatlon focused on protectlng ’
’forests of the ‘Appalachian Mountam Tegion, has obtamed air. quahty momtonng data from the
‘:_',_;,Natlonal Park Service for ten National Parks across the United States. These data cover the
- period 1991- 1998 and include records on v151b111ty, ground—level ozone and acid preclpltatlon :
; ,j’The 51tes for whrch data have been summanzed as well as the ﬁnal rankmgs are shown in Tablef




l and he1r locatlons are shown on Mapl PR

Air’ Pollution Index based on. three data. categorles and compare the results across eastern,

o mrdwest and western Nat10na1 Parks The. result would allow the 1dent1ﬁcat10n of the ﬁve most I:: - _’ o
gt polluted National Parks 1nc1ud1ng the trends of. pollunon»ln those parks over time. - ,The three

> pollutants have been used wrth the'followmg deﬁn1t1 _s~and results L

data were taken from the IMPROVE (Interagency MomtonngkOf Protected Vrsual S
e Envrronrnents) aerosol monltonng program.. The variable used in'this analys1s was the | average s
“of the
£ of these days occur in the summer the time of hrghest vrsltatron .Thus, these are the condltlons
i {jthat the majority of the park Vrsltors encounter V1s1b1hty at the four eastern parks averaged
. about 15 miles over the elght-year perlod Thrs compares to the 60 mlle vrsrbrhty estimated i m

: prevrous studles (Tnjoms l995) for the worst season (summer) 1f there are no- anthropogenlc a1r : b
‘pollutants The annual average (as opposed to worst-season vrsrbrlrty) for the four eastern parks R

o Summer v151b1hty at the eastern Natlonal Parks 1s poorer than other seasons because of the

I “the haze. These sulfate partlcles alone account for about 2/3 s of the v151b111ty 1mpa1rment

P generation by coal-fired utrhty plants to power air condrtroners Emrssrons from forests and

i " other vegetation contribute somewhat to the haze, resultrng in the naming of mountain ranges o
“such as ‘the Great Smoky Mountalns and the Blue erge Mountarns ‘But; these and other natural A
‘f.sources are only a small part of the present-day problem especrally in the haze-rrdden East e

e Mammoth k“ave Natronal Park has;the poorest VlSlblllty of any Nat10na1 Park in the country :

o . at Mammoth Cave for the 20% worst days is. 10 5-miles, which is less than 1/5 of what it would -

be’ without human pollutlon The apparent reason. for Mammoth Cave’s haze is the prox1mlty of

the park to several of the country s most. pollutlng coal- ﬁred utrhtres in the nearby Ohio Valley
L _Shenando_ ¢ ‘f(,ll 7 mrles) and Great ‘Smoky Mountains (13 2 rrnles) are also downwind from -

gty - electric utility plants. Acadia National Park (21.6 mrles) is somewhat more d1stant from these f",' e

o '_sources but has only about 1/3 of natural vrsrbrhty S

S .";Sequora/Klngs Canyon NatlonalParks at 22 7 mrles v1s1b111ty, although shghtly better than the

. jeastern parks, is still much ‘worse than has been prOJected for natural conditions. ‘Western air, as o S Rt

' a rule, is much dryer than eastern air, y1eld1ng an average annual v1sib_ ty of about 150 mrles
o (Trrjonrs 1990). In the absence of man—made pollutron ‘worst season visibility should not be

& most of the utrhtres have convertedf from: coal to natural gas‘\ a low-si

;The goal of thls analysrs of Natlonal Park a1r quahty data 1s to develop a composrte;measure' or

20% hazrest days each year; for each Natronal Park For all five: top | Natronal "Parks, most

5 hrgher sulfate concentrations in the air, whlch combme w1th add1tronal summer morsture to forrn

5 (Tnjoms 1990) Also ‘sulfate levels are hrgher in the ‘summer. due marnly to additional electnc e

(Table 1), with Shenandoah and Great Smoky:Mountains National Parks close behind: Vrsibrhty 5 o

jj;;lmuch less: Dust and nitrate particles are a much higher percentage of the haze 1n the west s1nce \:'

Table L. Air Pollution Index Based on 1991-1998 Data -~~~ oo
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 Ozone. Concentrations of this pollutant are measured in ppb (parts per billion), while the risks -
 to human health and forests usually are expressed in duration (hours) above a critical threshold

in this case the sum of all the hourly readings for the year, 60 ppb and above. Data for this study
_ for ozone pollution were obtained rom the National Park Service Gaseous Air Pollutant -
" Monitoring Network. =~~~ . L R e e

" “The ozone concentration of 60 ppb was chosen as the cutoff because it is widely accepted-as the

* species. The figure for human health damage is generally believed to be about 80 ppb..

. Because of its proximity to the agriculturally-oriented San Juaquin Valley and other areas of -
* high population in central.,.califorfrﬁa_, ‘Sequoia/Kings Canyon Natiopal;}?arks' had'thé,highest e
 ozone readings of all the National Parks in the study. Sequoia/Kings Canyon had an annual - -
~ ozone season (April-October) average 0f 127,000-ppb hours, -~ - sy

~ Close behind at 121,200 ppb hours, was Great Smoky ‘Mountains National Park. Next among the
"~ top five most polluted National Parks were Shenandoah (87,300), Mammoth Cave (37,300) and -
* Acadia (15,100). While ot high in ‘_ ¢ had 2 hig reading
~+ 0f 89,200 ppb hours. For comparison, among ‘monitored National Parks, Glacier National Park,
~ located it northiern Montana, was the lowest at 900 ppbhowrs. -~ RSN

*Ozone in our National Parks has resulted in serious health concerns for vegetation and for -

" humans. Shenandoah, Great Smoky Mountains, and Acadia ‘National Park, in fact, issue ozone

- warnings to park visitors and staff. While the elderly and the very young, as well as anyone with -
a respiratory illness such as asthma, are especially susceptible to ozone, even the healthiestof -
~humians can exhibit ozone symptoms such as scratchy throat, burning eyes, respiratory distress, . .~
Candheartarmhythmia. o Vi

A total of 30 different plant species in Great Smoky Mountains National Park have clearly =
~ shown damage from ozone. The most ozone-sensitive plant species include black cherryand - .
~ tulip poplar trees and tall milkweed and thornless blackberry, and ‘many other species show e

. susceptible to ozone damage (Grulke and Miller 1994). The Giant Sequoia itself, after which the .
. park was named, has been found to be sensitive (especially seedlings) to ozone at levels present
“almost constantly in the summer (Ewell and Gay 1993). -~ R R R
~Natural levels of ozone would be expected to be always below 60 ppb, so any of the ppb hours
- calculated for this study would be caused by human pollution. The two pollutants that create
~ ozone pollution are nitrogen oxides and volatile organic compounds (VOC’s). Nitrogen oxides

: VOCs come chiefly from motor vehicles, and in the East, also from vegetation. .~

lowest level at which significant damage occurs to sensitive vegetation, including some tree

other pollution measures, Yosemite had a high ozone readin

For Sequoia/Kings Canyon National Parks, Jeffrey and ponderosa pines are especially

come from coal-burning industry (mainly electric uilities) and from motor vehicles, while




- QGreat :Snioky_ Mﬁuntains Nétional Park in 1998, 'rec,orvdé'd the 1arge$t single-year cuxnulatiVe o
ozone exposure of any National Park in the U. S. for the eight year study period, with 189,600

. ppb hours. At this level, the park had over two times the number of ppb hours over 60 ppb of -

‘even Atlanta, Georgia, the most ozone-polluted city in the eastern United States. While peak =

chCCntrationsin Atlanta were higher than in the park, ozone in the city drops to near zero at

‘night. Mountain locations, however, remain at high concentrations all day and night, sometimes -

for days at a time. While peak readings usually occur in the lowland cities in the mid tolate

 afternoon, the highest readings in the mountains may be in the middie of the night, when city .

- locations are very low. Like the eastern mountains, Sierra Mountain locations in the West such
- as Sequoia/Kings Canyon National Parks also have long periods of high ozone concentrations
- withnodropatnight. . - Coal e e e '

ingh'oZ'(.)néf lek-vé'lsv, like i‘mpaired’k visibility, occu(rv in the peak park visitor months of the summer

for all of the five most polluted National Parks. In many cases the two, hlgh ozone and poor

visibility, occur together. In the East, this is the case because pollutants build up when weather
. systems stall. While ozone is invisible, its associated pollutants, mainly sulfate particles, arethe -

'main constituents of the haze,

- Acid Precipitation. Acid precipitation refers to the quantity of strong acid ions (sulfateand -~ -
. pitrate) in rain, snow, sleet, and even cloud water or fog that are deposited on the ground. -~ - - '

Natural, unpolluted rainwater has a pH (a measure of hydrogen ion concentrations) of about 5.5. v

_-Since neutral on this scale is 7.0, natural rainwater is slightly acidic. Acid precipitation is only a

 part of total acid deposition, which includes the deposition of dry particles as well. The acid

- precipitation data used in this analysis were obtained from the National Atmospheric Deposition
 Program. R M T

In the higher mountain locations over much of the East, including Great Smoky Mountains.

Naﬁon_al' Park, precipitation can be 10 to 100 times more acidic 'thannatural_r,ainfavll (ie.pH45 =
“or 3.5). The latter pH tends to be true of the cloud water, which hangs on the mountaintops for 0

~ many days of the year. Cloud water in the park has been measured as low as pH 2.5 whichis -
1000 times more acidic than naﬂiral rainwater; ’ ' L

Great Smoky Mountains National Park had the highest deposition of acid precipitation for any
~ National Park during the study period. A annual average total of 38.2 kilograms per hectare

- (about 34 pounds per acre) of nitrate and sulfate was measured. Mammoth Cave and -
‘Shenandoah National Parks were close behind with 36.1 and 31.1 kilograms per hectare
~ respectively, while Acadia measured 27.4. Far behind are the western parks, with Sequoia/Kings
~ Canyon National Parks having 7.5 kilograms per hectare. S T

ThJS level of deposition is an impprtant risk for soils, stream water, aqnaﬁc organisms, and
“vegetation. The amount deposited at Great Smoky Mountains National Park is three to four

times the critical load above which sensitive soils and vegetation will be damaged (Schultze et - - i

al. 1989). The nitrate levels have, in fact, accumulated to the point that the soils in the park are

saturated. Such high levels of soil nitrogen are associated with removal of critical nutrients -

4

 needed by vegetation and aquatic organisms such as calcium and magnesium. Also, scientists
" © " have found that normally inert aluminum goes into solution at the low pH levels,-and inthisstate =
" is toxic to vegetation and aquatic organisms. Thus, the-combined effects of high nitrate levels =~ .
" and low pH both starve the plant of nutrients and poison them at the same time. Reduction of .
- tree growth, reduction of disease and pest resistance, and even tree death, can occur. Inmost . - o

e ‘cases another agent such as drought, ice, winter cold, disease or pest attack is the final stress that

- kills the tree. Air pollutionv,"WBjCh,inclvude's_pr»imafi_ly'ia'cid"dépdsitidn and ozone, thusleadstoa - e o
~condition in the trees similar to AIDS in humans. . .. R s e

- . Mortahty of 1afge nilmbefs of ‘éoiﬁé,of fchef best knOW“Spemes 1n Gréat’lSrﬁéky Mountams ke i e
- National Park also can be traced to the high Jevels combined air pollution. Park populationsof -«

- ""‘:;,jf;;ﬂow‘erving dogwood have been reduced by half or more, an Qutcomé already I,iiikedto acid . - - S
' deposition (Anderson 1993). Fraser fir and red spruce, the dominant trees in the highest - I et

. “elevations of the park, are declining and dying over large areas, attributed inarecent .

. government report to acid deposition (NAPAP 1998). American beech populations arealso

" declining and dying. While each of these species has its own special disease or pest, many -
. scientists believe that air pollutants are the underlying stressor, the common denominatorof -~ - .
0 forest decline. - e T T e R A T e i

~ Methodology. This study evaluated National Park Service data from all the National Parksfor = ,
~ " which the three pollutant measures, visibility, ozone and acid precipitation are available. This ™~ .~
" included the ten National Parks listed in the two tables herein. Four are the eastern parksthat = .

‘emerge on the list-of the top five most polluted National Parks. A fifth major eastern National =
~ Park, Everglades, was not included in the analysis, since it did not monitor visibility. © Coe

" Theten National Parks were ranked using two different approaches. One was the calculationof
~_anAirPollution Index. The most polluted site was given a score of 100 for each of the three air’
- pollution characteristics, visibility, acid precipitation, and ozone: The other nine parks were -~~~
. expressed as a percentage of the highest pollution level observed. The three percentages for each .~
. park were then averaged to give the Air Pollution Index. The highest possible index was thus =
100, which would have meant that a park was the worst on all three characteristics. Average. = -
. values ranged from 92 for Great Smoky Mountains National Park to 15 for Glacier National e
Pk e B e S i D Ve

. " The alternate ranking approach calculated what statisticians the “standard deviation fromthe = =
. mean” for each of the three pollution measures (Table 2). These also were added together toget
. the ranking. The higher the standard deviation from the mean, the worse the poliution. Here,a
- value of zero indicates the average across all the parks. Individual park values ranged from .~
. +3.78616 for Great Smoky Mountains National Park to -2.93311 for Grand Canyon National ~ S
SR Park e s SR N e

i ' ‘;The:se,two apprOaches yielded difféfétit- faﬁkihgs aang thé“cléa}lﬁer‘pafksv,f but no‘tkf(})r 'thev,‘ ﬁvéfi | o e

- mostpolluted parks. Numbers one through six were identically ranked, Numbers seven through

o ten shifted places. Because the »study"~spughtl_t:() ‘idenyifyvthe"ﬁve_‘m(js't' pollutéd Natiothl' Parks, the - - i
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;correspondence between the two approaches grves conﬁdence m the rankrngs

,Conclusmns The overall results of thls report mdrcate that wrth notable exceptlons in’
;-Calrfonna the- worst National Park air pollutlon ‘problems in the United States are mamly in the o
‘East. Four eastern Natlonal Parks comprise four of the five most polluted parks A fifth, B i

verglades Natronal Park would in all lrkehhood, rank srxth or seventh but VlSlblllty data are ‘

-Inot ava1lable

};One must ask why Natronal Parks in the East are more polluted Part of the answer is that whrl
_both the East and the. West have Jarge numbers of motor vehicles, the East alone burns large

... amounts of coal, almost entlrely at electrlc1ty generatmg stations. The coal burning’ produces '
: " :large amounts of two major pollutants, nitrogen : and sulfur oxrdes Both contrlbute to v151b111ty

Qdegradatron (about 70% of the problem) and substantlally to the a01d prec1p1tat10n problem

- Both motor Vehrcles and coal bumlng contrrbute about equally to acrd pre01p1tatlon (m the form
- of sulfur and nitrogen compounds in precrprtatlon) and roughly equally to the formation of’

. ozone through the reaction of nrtrogen oxides and volatile: organic compounds with sunlrght

e Thus, in the West, without substantial sulfur pollutron the National Parks have maintained -

. Q}better vrs1b111ty and much less acid precrprtatlon The hlgh ozone readmgs at SequorafKJngs i

i ‘Canyon and Yosemite National Parks are due to their proximity to centers: of motor vehrcle and

S vagncultural mtrogen emrssrons 1n the Central Valley and the San Francrsco Bay area

' Coal burmng electrlc ut111t1es in the East thus rnake up the prln(:lpal dlfference in the pollutlon

o - levels reported here. The problem 18 especrally serious because of électric utility plants with

P grandfathered authorlty under the 1977 Clean Air Act: ‘These plants produce from four to ten .

trmes the amount of pollutron released from the newer state of the-art power plants

Pollutron trends at least in the East are on the upswmg desprte the 1990 Clean Alr Act L
Amendments. Great Smoky | Mountams Shenandoah and Mammoth Cave National Parks all
-~ show an increase for an annual comp051te of the three air pollutron measures (V151b111ty, acid -

: Lf_.f':":’_precrpttatron and ozone) taken over the eight year study period. Each of the three parks hada :
- slight decrease over the first half of the study period : followed by a steady increase for the- second

: half. The increase is dnven by steadlly rising. concentratlons of ozone pollutlon Both vrsrblhty 23
~and acrd precrprtatron show no apparent. trend either up.or ‘down, which is surprising, since . 5 " o
_sulfur emissions are said to be going: down natronally as. drctated by the 1990 Act F 1gure l L

o shows graphs for these three parks annual comp051te values

Trend analysrs for Sequora/ngs Canyon and Acadla Nat1onal Parks were not attempted due to g
mcomplete data. Sequoia lacked visibility data for l99l 1993. The calculatron of'a mean for the
. five years, of available visibility data’ was possrble but trend analy51s was not. Acadia was
- missing ozone data for 1998 as ‘the station was moved to another locatton in the park The 1998 '
~-data from- the new station could not be used in conjunction w1th the data from the previous: '

~ station. ‘As'with Sequora/Klngs Canyon, the: calculation of a mean for rankmg purposes was

B 5‘: : poss1ble from the seven years of ozone data from the ongmal statron i

: 61_; 'J ;¥ .‘ B
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