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Polluted Parks in Peril:' 
The Five Most Air Polluted National Parks in the United States 
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Summary. Analysis of 1991-98 aiI'pollution monitoring data from ten US Natiollal Parks sh()ws 
that the five most polluted parks are, in order: 1) GreatSmoky Mountains(Tenp.esseeandNorth 

' ... Carolina); 2) Shenandoah (Virginia); 3) Mammoth Cave (Kelltucky);4)SequoiaJKil1gs CaI1yori" ... 
(California); and 5) Acadia (Maine) NationalParks. The ranking is based on a combination of 

' .. three pollutant-relatedmeasuTes for visibility, ozone pollution, and acid precipitation; aU . 
....• measured hyNational Park ServIce monitoring stations overtlle most recent eight years;. This .... 

. . ' time period als,O r¢presentsthe first eight ydusof results following the passage of the Clean Air. 
ActAmendment~ of 1990. With noted exceptions, the analysis shows more serious degradation 
of air quality inchidingrisks to hUniailand .environmental healthintheeastem US parks: 

, .' , . '., ;' 

All of these parks are cOilsideredClass i areas under the Clean Air Act Amendments of 1977. ' 
.' Class I areas are afforded the gteat~st degree of air quality protecti()n in the country under the . 
. Act. 

· The differences in the eastern and western pollution levels are attributed priJ:Jiarily to the burning" . 
. ,of large amountsofcoal, almost ~ntirely atelectricitygenerating~tations. Tlle coal burning 
. produc,es emissioris of two major pollutal1ts,'.nitrogenandsulfui- oxides, Both contribute to 
visihility.degradation(about70% of the problem) and sUbstantially to the aCid preCipitation .• ' 

• problem.' The nitrogen oxides also area major cOIlstituent of ozone. A large part cifthese sOtirc.es 
derive' rromelectric utilit)rplants withgrandfathered authority,for high emissions' ofsulfilr and .'. 
nitrogen oxides under ~the '1977 Clean AirActAmendnierits..' . 

Trends in air pollution for the eight year study perIod are especiallyeyidentfor the top three. 
parks,Great Smoky Mountains, Shenandoah; and Mammoth ,Cave NationaLParks.Each of~hese 
parks has experienced significantly higherlevels ofpolhitioriover the second haJfofthe study 

... period.·· .. .... 

Introduction. Appalachian Y oices, a non~profit conservation organizationfocused on protecting 
", < fotests of tbe Appalachian Mountain region,hasobtainedairqllality monitoring data from the 

NatiorialPark Service for ten National Parks across the United States: These data cover the 
· period 1991-1998 and include records on visibility, grobnd-levelozone and acid precipit~ti()n: • 
.. The sites forwhich datahave been smnrriariZed,as well asthefin.alninkings,ares~own in Table 
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1, andtheirlocations are shoWn on Map 1. 

· The goal of this analysis of National Park air quality data is tod~velop a composite measure, or 
: A~r'Pollu:tion Index, based onthfee datacategories,.and compare the results actos~ easterri, 
. midwest~and western National Parks. The result would allow the identification of the five mos( 
poli~ted N~tionalParks incl~dingthe trends ofpoUutioilin.those parks over time. Thetlrree 
pollutants have be:en used With thefdllowirigdefinitionsandresults. .••. . ' .' .. 

.... Visibility. Visibility is recorded as the distance thatone can:see, measured in mileS. Visibility·. 
dataw,ete takenftom the IMPROVE (Ihteragency MonitonngOfPtotected Visual. 
Environments) aerosol' monitoring program. The variable used in this analysis was the . average ' 
of the 2Q%haziest days each year, for each National Pati<:.F:or alltive top National Parks, most 
of these days occur in the sUnimer,the time of highest visitation .. Thus,' these are the conditions 

'thatthemajority ofthep(irkvisitors·encouilter .. Visibility at the four eastern parks averaged'" . 
about 15 miles over theeighf-year period. This compares to the 60 mile visibility estimated in .' 
previous studies (Trijonis 1995), for the worst season (sUnimer) if there are noanthrQPogenic air 
pollut~uits. The annual avenige (as opposed to worst-:season visibility) for the four easterIl parks . 
is presentJy about 33 miles,compared to~bout 95 miles Withouihumanpollutiolt . 

'. Summer visibilityatthe eastern National Parks is"poorerfhanother seasons because of th~ :" 
higher sulfate concentrations In the air, which , combine with additiorialsUmmer mOIsture to fOrIn 
the h~e. These sulfate particles alone account for about 2/3 's oftne visibility .impaiiment . 
(Trijonis 1990). Also; sulfate leveIsare higher in the sUmmer. due mainly to additional electric 
generation by coal-fired utihty plants to poyver air conditioners. EmiSSIons from forests and . 
othervegetatiQn contribute somewn,at to thehaze,resultingiil the naming ofmount~inranges 
such as the Great Smoky Mountains and the BlueRidg~MountaiIis.'But, these and other natural., 
sources are only lismall part orihe present-dityptoblem, esPecially in tl}.e. haze-ridden East. .. 

Mammoth Cave National Park has thepootestvisibility ofa.nyNation~1 Park inthe country . 
(Table 1 ),With Shenandoah .and Great Smoky Mountains National Parks dose behind~ Visibility c 

· at Mammoth Cave for the 2Q%worstdays is.105miles, which is less than 115 of what it would 
. be without hurhan pollution~ The apparent reason for Mammoth Cave.'s haze is the proximity.of 

the park tos.everal offue country's most. polluting. coal-fired utilities infhe' nearby Ohio Valley. 
'. Shenandoah (11.7 miles) and (jreafSmoky ,Mountains (13.2 miles) are also doWnwind from .' 

electricutiiity plants .. Acadia National Park (2[6 miles) is somewhat more distant from these .. ' . 
sourc~s, but has only about 113 ofp.aturalvisibility; . . 

Sequoia/KiIigsCanyon NationalParks, at 22.7miles visibility,althougllSlightlybetterthan the. 
· eastern parks; is still much WOrse than .has been projected for naturai .conditions.Western air,;as 

'. arule, ismucll diyerthan eastern air, yielding an average annual viSIbility of about 150 miles 
(Trijonis 1990). In the absence of man-:-ptadepollution, worst season visibility should not be 

. much less: Dust and nitrate particles are . a much higher percenUigeofthe haiein the west, sinc~ . 
most of the ;utilities ·have .convertedfrom coal to natural gas, alow:';sulfurfueL .' . 

. . "'. ,.,' . , ' . \ 
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Ozone. CDncentratiDnsDf this' pDllutant are measured in ppb (parts per billion), while the risks '. . . 
to. human health and fDrests usually are expressed in duratiDn (hDurS)abDvea critical threshold, 

. in this case the sum Df all the hDurly readings fDrihe year, 60ppband abDVe. DataIor this stu.dy 
,for Dzone pollutiDn were Dbtained from the NatiDnal Park Service GaseDusJ\ir PolluJant . 
MDnitorjng Network. . . ... . 

The ~iDne cDncentratiDn Df60 ppb waschDsenas the cutDffbecause it is Wldelyacceptedasthe .' 
lowestlevel at which significant damage DCCurs to. sensitive vegetatiDn, including SDme tree 
. species. The figure fDr human health dam~ge is generally believed to' beabDut ~O ppb.~. . 
- . ., " , , : . - ',' ' , " .., , ' ' 

' .. Because Dfits proximity to. the agriculturallY-Driented San Juaquin Valley and DtherareasDf 
. high popUlatiDn in centralCalifDrnia, SequDia/KiIigsCanyonNationalParks had the highest 
.DZDne readings Dfall the NatiDnalParksjn the study; SequDiaIKingsCanyDn had an annual 

.. ' OZDne seaSDn (April-OctDber) ~verage of 127,000pph hDurS, . 

ClDse behind at J 21 ,200 ppb hDurS, .was Great SmDkyMDuntains NatiDnalPark. 'Next amDngthe ... . 
tDP five IIlDstpDlluted NatiDnalParks were Shenandoah (87,300), Mammoth Cave (37,300) and ... . 
Acadia (15,100). While nDt high in DtherpOllutiDn measUres, YDsemite had a highozDne reading' 
of 89,200 ppb hDurS. FDr cDmparison,amDng mDnitoredNationalParks,. GlacierNationid Park, . 

'IDcated in nDrthern Montana, was the IDwest at900ppb hDurS..··· .' 
., '" . 

OZDne in DOr National Parks has.resulted in seriDus healthcDncerns for vegetatiDn and fDr 
humans. ShenandDah, GreatSmDky MDUntains,and Acadia NatiOIialPark, in fact~ issue DZDne" 
. waniings. to. park visitors a.nd staff. While the' elderly and the very young, as'wellas anYDne with .'. ." 
a respiiatDryillness such as asthma, are especially susceptible toozDne, even the healthiest Df ' . 

. llunians can exhibit DZDne symptDmssuch as scratchyilirDat, burning eyes, respiratDrydistress, 
. and heart arrhythmia. . . . 

. A tDtal of 30 different plant species inGreatSmDky MDuntains Natio~al Park have clearly" 
'. shown damage frDm DZDne. The mDst Dzone-sensitive plant species include black c1;l~rryand 

tulip poplar trees and tall milkweed and thornless blackberry, and ·many other species ShDW'" 
. mDderate symptDms. . 

. FDr SequDiaIKings CanYDn NatiDnal Parks, Jeffrey and pDnderosa pines are especially'·. . 
. susceptible to. .DZDne damage (Grulke and Miller .1994 ).The GiantSequDia itself,: after which the' 

park was named, has been fDundtD'be sensitive.( especially seedlings) to Dzone at levels present· 
almDst cDnstantly in the sllffimer (Ewell and Gay 1993). .' . ... 

, ., -' , ". '. 

Natural levels Df OZDne wDuld be exp~cted to. be always bel~w 60 ppb, so any Df the ppb hours 
calculated for this study wDuld be caused by human pDllutiDn. The tWo. pDilutants that create 

..•.. '., DZDne pDllutiDnare nitrDgen Dxidesand vDlatileOrganic compDunds(VOC's). Nitrogen.oxides '.' 
. CDme from cDal~btirning industry (mainJy electric uilities) and frDm mDtor vehicles, while . ..' 
VOC's CDme chiefly frDm mDtDr vehicles; ahd in the East, also. frDm vegetatiDn. . 
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Great Smoky Mountains National Park in 1998, recorded the largest single-year cumulative 
ozone exposure of any National Park in the U. S. forthe eight year study period, with 189,600 
ppb hours. Atthis level, the park had over two times the number of ppb hours over 6? ppb of. 
even Atlanta, Georgia, the most ozone-polluted city in the eastern United,States. While peak 
concentrations in 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 to late ' 
afternoon, the highest readings in the mountains may be in the middle of the night, when city 
locations are very low. Like the easternmountains,Sierra Mountain locations in the West such 
as SequoialKingsCanyon National Parks also have long periods of high ozone concentrations 

with no drop at night. 

Highozone levels, like impaired visibility, occur in the peak park visitor months of the summer 
for all of the five most polluted National parks. In many cases the two, high 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, are the 
main constituents ofthe haze. ' 

Acid Precipitation. Acid precipitation refers to the quantity of strong acid ions (sulfate. and 
nitrate) 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 a bout 5.5. 
Since neutral on this scale is 7.0, natural rainwater is slightly acidic .. Acidptecipitation 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. 

III the higher mountain locations over much of the East, including Great Smoky Mountains 
National Park,precipitation can be 10 to 100 times more acidic than natural rainfall (i.e. pH 4.5 . 
or 3.5). The latter pH tendsto be true of the cloud water,which hangs on the mountaintops for 
many days of the year. Cloud water In the park bas been measured as low as pH 2.5 which is 
1000 times more acidic than natural rainwater. 

Great SrnokyMountains National Park had thehighest 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. 

This level of deposition is an important risk for soils,stream water, aquatic 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 . 
a1. 1989). The nitrate levels have, in fact, accumulated to the point that the soils in thepark are 
saturated. Such high levels of soil nitrogen are associated with removal of critical nutrients 
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needed by vegetation and aquatic organisms such as calcium aridtnagnesium. Also, sci~ntists' 
have found that norma,llyinert aluminum goes into. solution at the low pH levels,and in this state 
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 andpestresistance, and even tree death, cart occur. In most .,.', ," 
cases another agent such as drought, ice, winter c,?ld, disease or pest attack is the final.stress that ' 
kills thetree. Air polhltion, wfuchincludesprimarilyaciddeposition and ozone, thus leadsto a 
condition in the trees similar tOAIJ)S in humans. ' , 

. - ., 

Mortality ,of large numbers ofsonie of the best known species in Great SmokY Mountains . ' 
"National Park also can be traced to the high levels combined air po;llution. PaJ:"k populations of 
flowering dogwood have been reduced by halfor mote,.aD outcome already linked to acid 
deposition (Anderson 1993) .. Fraser fir and redspruce,the doniinanttrees in the highest " 

'elevations of the park, are declining and dyingoverlargearea,s, attributed in a recent .' 
govemmentreport to acid deposition (NAPAP 1998). Americanbeech popula~imis are also 
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 com,mon denominator of ' 

forest decline. 

Methodology, This study evaluated National p'ark Service data from all the National Parksfor 
which the three pollutant measures, visibility,ozone (ind acid precipitationare.a.vailable. This 
included the ten National Parks listed inthe two tables herein. Four .ate the eastern parks that 
emerge on the list of the top five most polluted National Parks. A fifth major eastern National ... 
Park, Everglades, was not included in theanalysis,·since it did not monitor visibility. 

. " . " 

Theten National Parks were ranked using two different approaches. One was the calculation of 
anAitPolhltion Index. The most polluted site was given ascor(! ofl00 for each of the threeair 
pollution characteristics~ visibility, acid precipitation, and ozone. The other nine parks were . 
expressed as a percentage oithe highest pollution level observed. The three percentages for each. 
park were then averaged to giv€:: the Air Pollution Inqex. Thefughest possible index was thus" . 
100, which would have meant that a park was thewon;t on . all three characteristics. Average. 
values ranged from 92 for Great Smoky Mountains Natiomi.l Park to 15 for G}acierNati0113l 

Park: 

The alternate ranking approach calculated what statisticians the "standard deviation from the 
mean" for each of the three pollution measures (Table 2). These also were added together to get 
the ranking. The higher the standard deviation from the mean,the worse the pollution. Here, a 

. value of zero indicates the average across all the parks. Individua1.park values ranged from 
+3.78616 for Great Smoky Mountains National Parkto-2.93311forGrandCanyon~ationat 
Park. 

These two approaches yielded different rankings among the' cleaner parks, but not for the five 
most polluted parks. Numbers one through six were identically ranked, Numbers seven through 
ten shifted places. Because thestiIdysoughtto identify the five most polluted National Parks, the .. 
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correspondence .between·the twoapproac~es givesconfldence inthe iapkings. 
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This report clearly indicat~s that an1llnber ofourcQuntry' sN ational Parks have a serious air .' 
pollutionproblein~ These Class I areas that are supposed to havethe Cleanest air inthe.eountrY 
are iIi some cases; mote polluted tha,n tile most pollutedcities . in their region .. Clearly; significant 
reductions inthe major pollutants (nitrogen, sulfur, and VOC' s ) will be necessary to protect the . 

. features thatare the reasons that the public wants to visit these"erowTrjewels" ~f our country, . 

. . The most important cause .of the air ponu~ion at the National Parks and across the country is the' 
burning of fossil fuels, chiefly coal and gasolene. In the East, the Illostimportantstep tb.atInust 

. . be taken to clear the air in our Nati()nal Parks' is the' reduction of emissions from coal-burning. . 
industry; mainly electric utilities,Withoutthefirst step of drastically reducing sulfurand 
nitrogen emissions fr()mthe older, grandfatheredelectricity producing power plants, 'little 

"improvement will he seen in any of the measures of pollution used in this stUdy, and,more 
importantly,our National Parks will remain in peril. . . 
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