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Abstracts Craters  of  bhe  Moon has  parbicipahed in zir quality
mon i boring projects  for the National Fark Service and  bther
agencies for  over  a  decads. Until recently, managers assumed &

pristine  airshed ewisted at Craters of the Moon, with fhe only”

pollution  ococcurring in the summet in the form of windblown dust and

vents such as  possible  pollutant-caused foliar

Tt

Smok . Recent
damage and increased industry  in southern Idaho raised guestions
about the cgrrent status and developing trends of air quality.
This paper examinés vizibility, tobal suspended particulates (TSP,
fine particulates, and pH levels, Over the past five years, visual
range  has  shown & sighificant ghegdy decliﬂe (pa0.01)y TER have
generally dectreassd) anved pHo has remained approsmimately the same.
Results of the fine Cparticulate  study suggesth that sulfates and

windblown  smoke are important conteibubors o fthe particulate make-—

up of the CRMO airshedd.
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0% of the fhotbal land mass at Craters of the Moon

s

Approsimately
National Monument (17,51% ha) was classified as wilderness in 1370
under - the naticonal wiiderﬁess system. The airzhed in wilderness
aress  greater  than 5000 acres (2025 had, officially designated as
Class I  air, has been afforded strict prqtaction according fo the
Gléan Air  Act  amendments of  1977. These amendments not only
established as & paticnal goal protection of visibility in Class I

Federal atreas, but also provided nablonal ambient &ir guality
{9 Gt o Jue Dy e

shandards  (NABOEY for six (Aow seven) criteria pollubants deemed to
2 harmful  ta human - health. A Mstandard" iz bhe  masioum
permittable pollutant level in the ambient air, while "criteria’ is

ed +to defing & pollutant  which oay be anticipafed to
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endanger public health and welfare.

Persomtel- et Craters of the Moon  hade participated in o air
monitoring  projects  for oover  a decads.  Since 1974, the park has

igh wvolume sampler  for the - state of Idaho. This
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sampler monitors  Tobal SBuspended Farticulates (TSR, recognized as
ane  of the oriteria pollutants.  According to Idaho's Department i>f
Health and Welfare, Craters of fhe Moon exhibits the lowest TSR

loading across  the contiguous 48 stabes. Data from Crabers of the
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Moon  are ukilized By the EFA &5 backaground levels represen

clean air (Robert Wilkosz, pers. comm. ).



In isg2  Craters of  hhe Momn became one of several units

/_,Ly ”TC,:
participating in  &n NP“~;ng%¢ﬁﬁ&ﬂ—Vl:lblll*y monitoring program,

originally  implemented in  1980. Visikility is a hey resource to
many NFE  units. Enabling legislation for many areas recoghlzes
specific  scenic  vistas a5 deserving special probection for the

gndoyment  of  fubwe generations. To  complemsent  Lhe vigsibility

-

study, & fine particulate monitoring network Was estaklished Lo

help the NF&E detarmine the cause of visibility reduction.

Farticlas Le g bhan 2084 (microns) in diameter (generally, pDehbween.

G.1 and  1.04)  are extrensly efficient atbt Scattering light, thus
they play & maior role in decreasing visual range (EPA 187%, Malm
i?ﬂﬂ, Icde v Dept. of Healhh ahd_Welfare L7840 . Flﬂw particulates
cause special  concern  because  they  are  generally thought o be
anthropogenic  in natwre.  From D982 through spring 1986 Craters of

Bhe  Moon  operated & series filtration sampler which sampled both

coarze and fine particles.

I addition to parbiculabe  monitoring,  Crabers  of  fhe Moon is

parbicipating in & nabticnwlde survey of acidi£7dép£§féian. Weekly

precipitaticn samples have ba&ﬁ mollesbed at bhe paek since 19E0

and  sent ko oan analytical laboratory in Illincis. Therey'pH.and

condustivity  and levels of savar%l ignic constituents of the sample
, , ; o . .

';\ar‘e determined. Lot RN VLS \(,‘J»x'-».“l“{u“k{,;. ',/('1.\; «.Luf Sl o GPCC (f’ig g},a;u:.‘d":.’v '

The p%mgrams in which Craters of the Mooh CGRMDY have participated

have besn  of & regiconal or nationsl intetresth. It became appareht

that although the park was receiving overall project summaries from

-
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cooperators, T managemant prErETITTEY really i nolk have  an

understanding of  interrelated air guality trends  at  the park-

as

specific  level. In the fall of 1989, 0r. James Bennett of the NFS

Air  fQuality Division (ARD)Y, nobed several types of foliar anomalies
which he abtribuked o possible damage by fluoride and omone.

This, accompanied by a lack of knowledas at the park level, helped

o | :
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I\ ] . . . .
o spatr-k an  interest by management petrsonnel bo determing what, if
. ) B
‘_\:‘ .7 i . 3 ‘. .
L0 P oany,  changes  were  ooolirming o hhe CRMO airshed, based on several
.. A\, . B
U U e
N years of data colleched.
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The chjectives af  bhis  study  were to o establish trends. and
correlakions  in bhe  data . thus o far  collected. o Due Lo & bime
constraint, (itatiztical morrelakions  were  not drawn between data
o o e
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STUDY AREA

Craters  of  the Moon Nabional Monument lies on bhe norbhern edde of

the  Snake River Flain, 30 km soubhwest of Arco, ID. The monument

contains  the madwrity'mf cinder cones ahd voloanisc fisswes of the
g5 km long Greah Rift, extending southeastward fiom the base af the
Eiona&r Mountains towards American Falls, ID. Elevations atb
Grétérs of  the Moon  range  from 1627 o to 2343 m. Thevadjacent

porbicn  of  the Snake River Flain slopes  downward Ltowards the

southeast from 1767 m fo 1613 m.

Average annual precipitation  from DPE7 0~ LFR7 i 4302 om with &
winter peak in  Januery  and & larger sgriﬂg7peak in May. A wind
Fose  generated From hourly data taken from November 1984 — May 1987

shows & mild northerly component occurting in the winter and spring

it

year, Southwast

hei]

and & stbrong  soubhwesterly  compobhent the entir
winds generally ooowe in bhe 160 - EZ2 km/h range, while norbherly

+

winds generally encompass the &.4 — %06 Km/h range.

The  monument was  established by presidential proclamation in 1924

- | 2 2

and enlarged Ho its present size of 215 km in 1926, The 173 Km

Class I air wilderness porbion of  the monument  lies  41.8 km

soobhwest  of Cthe  Idaho Nabional Engineering Laboratory’s CINELD
i >

coal=-fired Chemical Frocessing Flant (CPFY.  The potash fertilizer

plant  in Pocatells, & mador producer of 250
. ko]

Py

in southern Idaho, lies

o the southeast.

iXi
(el
=
3



METHODE aND MATERIALE

B . Data Collechion

al. Total Suspended Particulates

The -high volume sampler is the EFa-desighated instrument used Lo

s

sample TSFE,  The sampler draws i & specified volume of alr over

s
m

R4-hour,  period,  depositing particles 55 than 1OQM iﬂ_diameter oh
anm 8" ow 10" (20 W 25 Bond 6100 I (0= W filﬁer. Frrior to Sepbember 1987,
matted glass fiber filters ware  used. Etahdard prmﬁedures for
mpe*ating' & high volume sampler arre identified in Appendix B ufléo

CFR S0, Samples are hbaken every sixth day as specified by the EFA

to coincide with & national sampling scheme.

Bl

TP filters are pre-wgighed by st te laboratory personnel and

lative humidity fo eliminale

1

conditioned o less bhean S04
inberference by wakber-atbracting properties of  the Ffilter. - A
packet of pre-weighed filters ig sent to the monument Lo be run =T
the appraved sampling scheme. Empomsed filters are stmred»at the

patk until the end of fhe current monitoring month and  sent to the

Focatel Lo Divizsian of  Air Guality where laborabory analysis
CUDIZUEE . Tovteal suspended  particulate  mabter copncentration 1S

‘determined by comparing the ewact sample weight with the volumg of

A
ot

air sampled, and calculated as pg/m .




Annual geomebric  means  are  debtermined to monitor compliance with
hakicral standards  (NAAQE)  as  set  forth in the Clean Alr Act

-
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amendments. Frimary standards fTor TSR are 750 gg/m annual

' o
]

geometric mean, and 260 Ha/m Dh4-fymur masimum. Secondary shtanderds
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: 5 :
arre A0 pg/m and 150 ua/m . Frimary standards perotect human health
anid secandary  standards. protect public welfare by protecting
plants, vegetation and soil.

A2, Fine Farticdlates
The SFS-500 series filtration sampler capbured cosrse and fine

particulates on the following two stages:

coarse particles (15 - 2.3 @ in diameter) on stage 1y and

fine particles (less than 2.8 u in diameter) on shtage

The NES AQD contrached with the University of California-Davis fto
Fun bhe  Fine parbicalate study in condunchion with 16s visibkility

- March 1985, the network consisted of 31

gty From  June  19E2
sites. Craters of the Mooh participated in the study from JQHE‘
1982 ~ May 1986,

tio bhe monument for

ot

1

Blank filters in sesled cassebhes welre san
operation  and retwrned to the Crocker Nuclear Lab in Davis, €& for

final analysis. Every week,  bwo samples of three days! duration

gach wars run by park personnel.

.



At the iabaratury; cach filter was weighed and mounted in & IS—mm
slide frame, Shen subijected to proton beams from & éyclotrmn. The
particulate makeup of the Filters was determined oy eﬁargy gmitied
From  w—rays Tormed  during prrohon bombardment. Conmentrations of

all elements heavier than fluocrine wers calcuwlated with The x-ray

techniogule.

Generally, soil-derived elements dominated the ocoarse filters,
while +the fine parbiculake make—up  consisted of industrial—type

particles.
A%, Visikpility Monitoring ;

Firom  Juneg 1982 - June 1985, visibililty instrumentation ab Craters

of  hhe  Moon  consisted of & manually-operated teleradiometer and &

SEe-mmo CEmetTE. The teleradiometer iz a sorh of telescope with an
clectronic  phobasensor  which meassures conbrast between the sky and

a  dark distant object. Simbliatically, conbrast would be a masimum
with no interference from lighh-scebtering particulates.

Séasumai ranger  personnel ook contrast readings thies times each
day  ab 0F00, 1200, and 13500 and phobographs hwice daily at ORO0 and
1500 fo correspend with & nabionally-approved monitoring scheme,
Big Soubhern Bubthbe and the Caribou Mpuntaims wete bhe bwo mandabory
monitoring  targets, while the ophional £arget5 were Moore, Crescent

Butte, and the Tabons.

fag]
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The heleradiomeher had fows filhers cotresponcding o the green,

blue, and ultravioleh wavelenghths, though the gresn wavelength

-

treid,
cortesponds most to the human view. Weekly contrast measursments
and  ewposed slide film were seht to Bhe Bir Resource Specialists
(BREY  group in Fh. Collins, €O for analysis, The ratio of sky and
target  light intensities weﬁe,combined with the térget's inherent

conkrast  in & series of eguations which yielded visual range (NFS

193830, Minimum visual range was the target distance and maximum
theoretical  visual range  was  E¥L 0 km (ARE,  pers. uadict 13 IPRPR In

addition  bo  bhe caloulated  visual  range, & perceived visual &ir
quality (FVARY  was | recorded. A linear relaticnship between FVAR

and teleradiomeber contrast readings ewists (Malm 1983 .

Monitoring aschivities ooourtred primarily  in fhe  summer  months
Clune,  July, and August) when pergonnel were available and weather

conditicns made monitoring eguipment accessible.

In  summer 1985, manually-operabed equipment was replaced with an

automatic cametrag—teleradioneter system.

teleradiometer  took  measurrements  in the  graen wavelength only,

continually  sending information to Fh. Collins via satellite. Park
i

@arﬁmnnal changed camers Film  and checked the telera
weekly, recording all achivities in & log book.  The aubomatic
ph&tographic system consisted of & 353-omm camers oy o YES mm lens,
databackh  which would imprint_ the ﬂay of month and time an o each

slide, and & three—alarm clock  which operated the camera, EBig

K<

Samubhern Bubhte  was bhe anly target ubilized, and photos wers taken

>



thres himes per  day at 000, 1200 and 1500 Etandard opetrating

procedures  specified manvally phobographing & color documentabion

chart with zach rall of film.

T May 1926, the teleradiometer at Craters of the Moon was returned
to  Air  Resource Specialists, but the phohographic system remained.
Visusl tange and FVRAG data are now caloulated directly from daily

slides, and mote reliable information can be cbtained for a longer

pericod  throughout the yese. ALl supplies are sant to bhe park from
AL Resource Specialists.  Any changes in film guality are detected

By ARS through the use of unesposed "seasonal conbeol” trolls stored

on—site and rehurned to AR gach seasan.

All  dabs are anslyzed Ey ARS{ AT L eacM indiviwuaI mhwervation is
monsicered, bhe Shtandard Visual Range (EVR) data set is analyred &5
& rrank-order cumilative Frequency-diétributimmn All values for a
particzular season  are sorbed from low Bo high. Daily SVR data are

plotted  for -h season and retwned bo the individual park.  Eac

1t
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i & three-month inherval beginning with winter represented

B4, NMADP sampler

The Natisnal Atmospheric Deposition Program (NADF)Y was created by
Chhe Association of  Stabe Agricultwral Experiment  Stations  to

conduct ressarch  on abmospheric  depogition  ahd  its  effects an

P

sur-face waters  and  lands (NADR L®B2). The sampling nebtwor

10

P



consishs  of over 100 sites, of which 22 are within the natiocnal

patrh  domain. Crabers  of the Moon's involvement in the NADF began

-

i 1920,

Instrumentation  consists . of an Asrochem Meti-ics Weh/Dry ocollector

and & Belfort universal recording rain gage.  The mollector has &

[

senso- Unit  which sighals the movement of a collector 1id ta2 swing

over  a  dry? bucket, . thus exposing the "web! bucket o periods of
precipitation. Thus, the weh huchet collects weh depositiaon only,
while +the dry bucket collects diy deposition. The tain gage

Fecods all  pericds  and  amounts  of  precipitation for one—week

intervals.

Specific  standard mperétimg ot =T W) =3 Chave been prepatred by the
CNADE ko ensure  a uniformity  of sampling prohoeol and aﬂalyti;al
technigues. Earclh  wesk, parRl personnel  change  the wek buzket
accerding bo detalled instructions, Laking care not to Contaminate

the sample in any manner. Rain gage recorder paper 1s also changed

weekly . Every eighth week, the dry bucket iz replaced and stored
at  monument headguarbers. At hesdguarters, the web bucket is

weighed and its cmntgnts analyzed For pH and conductivity. AlL wet
buckets, whelher they cmmtéin preciplitation o ok, are ol lected
weehly and sent bo the Central Aralytical Laborabtory in Dﬁampaign,
IL. to be analyzed for pH, conduchivity and the Ffoullowing ionic
coﬂstituehtss - sulfate, nitrate, -ammuhiﬁm, ’ zhloride,
orthophosphate, - sodium, potassium, caloium, and maghesium. Results

are in tuwrh sent fto individual parks.

i1



The shatistical software package, . "Number © Cruncher Statistical
Systems? (Hintzs L85y WES utbilized for computerized data
analysis. Vigipility, -TSF, and NADFP data were analyzed at the
park  level; however, the fine particulate data were P, A

detailed aoccount  of Fine perticulate data for all participants was
prepared  at UC Davis  (Alr  Quality Group 1985).  Synopses of the

repor-t are included in this document where applicable.

Two—way Analysis of Variance (ANOVA)Y  was ubilized +o assess

differences 1in  mean annual  and/or seasonal data. ANOVA is ah

approprriabe stabistical tethnique koo ubilize for trends analysis

because it offers fFlexibility. The user can  introduce  year,
SEREON o omonth berms inkto the  model  for multiple effects

comparisons CEPA 1981, O Inhraducing sessonal dabtas helps increase
the chance of finding the correct annual mean (EFA LREL) 0 TSR data
were nob normally  distributed, but because of & large sample size

(n=1&75, thisz ANOVA assumpbion was relased.

All  data were analyzed ubilizing arithmeblic means. However, NAARD
Forr  TEF are specified in terms of geomebiric means,  The purpose of

this teport was nob bt determine whether the park exmcesded specific

it
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standardsy rather fto  as ‘the amount and direction of a change.

It was felt that an arithmetic mean would suffice. Data from-July



1983  through August 1987 were ubilized for TEF calouwlations. Since

an imbalance existed, these data may be skewsd toward the summer.

Visibility daha werse sent to Crabers af the Moon from ARS through
the NFE Seathle tregichal office. The data consisted of seasonal
graphs  representing visual range (kmd and perceived viguxl air
quality. Visual range Hdata From 1982 - 1986 were sorbed as & rank-
otrder freguency  distribution, in huch Lhe same manner &s seasonal

data were analyzed at ARE.

NADF  data, though chemically analyzed foF saveral conskhituents,
were stabistically analyzed Ffor changes in pH only; Time did not
permit  detailed correlation ahalyses bo e run betwesn pH and ionic
conskbituents.,  However, & iineak Fegqression was run between pH and
sulfate cmﬂceﬁtratiom, since  sulfates play & mador  role in
viéibility Feduction (Air Quality  Group 1983). xAll identifiable
non—~standard  samples  were  onitbed from o park analyses (i.&s Dulk
samples  whete the callector  lid did  nob operéte prroperly; and
samples longer than one wesak in dufatimm)y Hicks (1984) determined
that bulk  samples  allowssd  time  for Eeaﬁtions T oocur bebween
precipitation and  dry .atmaspﬁeric fallouk, thus causing higher'QH

values and ionic concentrations.

-r
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RESULTS AND DISCUSSION

-

For  the period 1982 - 1986 there wers BEY summer visual range
shservations  and  l1&&  fall ohservations. Generally, fall months
exhibited. higher vizsibkdlity bhan summeat. On thejayerage, sevenhy—
Five percent of the time we wete able to see 1%5 and 140 Km duting

gt, averayge

]

summer and fall, respsctively. Fror fhe entire data
July wvisibility was lowest (171 + EE km)y howsver, each July did

hot  have the lowest summer visibility. Two low years pulled dowh

i

~the average (1384 IEE.S 4+ 40 kmy 1983 = 124.0 + 27 Kmy o  The

L
o

(a8}
3
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lowest  mean  mohkbhly  visikility ococcurred  in August 1986 (10
1.5 km), while the highest oocurred in July 1983 when visual range

was caloulated as 20%.7 £ 78 K.

There was & significant decresase in maah summer visual range from

1982 -~ 1984 (pd0.01). Figure 1 graphically deplcts mean annual

N

SVR's, where each year is represented by summer months only. Mean
standard - visual ranges  ab  Craters of | the Moon were higher'than
nationally-calculated median  summerbime vigibility ranges for this
area (72 km, EFA 197%9). Génerallyy fhe mountainous soubhwest is
cons iderend as having Lhe highesh visq%l rahges actrross  the

coterminous  United States (EFB L1979, NPE L198I), with visual ranges
P ar 113 Kmw Acoording  to & 1984 Idaho  Deparbment of the
Environment report, dats from Crabers of the Moon weres uhilized by -

the EFA  as 'bacRQPDQﬂd vizibility levels (Robert Wilkosz, pers.

CTOMM D -
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Aczording to the EFA, Craters of the Moon eshibits the lowest TSP

loading actross  bhe contiguous 48 states  (Robert  Wilkosz pers.

COMmMm. ) . Mean annual TEF values are represented in Figure 2. For

the pericd July 1983 - December 1986, overall mean TSP loading at

A

ot
Moon  was  13.3  + 8.7 pg/m . The extremely high
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standard deviation can be atbribubted to & mawimum value of 7% Mq/m

ht.

h(]

ozourring  in garly July 1983, with many lower values also pres

o
1

TEF levels wetrs less than 2% ug/m FOY of the time. The national

A

- - -t
2b4-hour standard for TSR iz 260 ug/m .
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TEF  values from 1983 were significantly higher than the ather three
years (pel.0L1). Contrast  values testing the periocod 1784 — 1984

reveal no significant differemces between years (p=0.26 and 0.351).

Mean TSP values are as follows:

Table 1. Mean annual and seasonal TEF values (Pg/m ). (Standard

error values are represented parenthetically)

Yea Value (SE) e EE N Valus (SEY
15 2T 6 (F.ID Sping 10,2 CL.4)
19aY4 10,7 CLa4) Summer Coa1, (1)
15 1%.7 (1.2) . Fall O LLLE L1
198E 12,1 €099 Winber 7% (l.1)

Summer  TEF values were significantly higher than all other ssasons

oo o

Cpes 0010, again due fto bhe outlying value ocococurting in July 138E,

Levels of fotal suspended par+1-u1d+* for  July 1983 were high

(u=4E.7 ug/m 2, while average visibility for this same month was
glzso & maximum.  (U=20&  RKkm). This may not make ssnse at first

|__:
r[x
d‘
it

glance, but when considering the nature of metecrologic

Crate

1
3
i

1

f the Moo, the possible ressoning becomes intuitive.
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Duwiring . summe% gxtremely high afternoon winds cén push particulate
matter  into and out of the region in a matter of hours, so that one
day visikility may be poor while the Mesh day it may be E%cell&at.
Ne wimd  dabta  are available for D98E, but Z2% of all summer 198G

winds were greater than 1& km/h.

On  July 7, 1983 visibility was & low &0 kmy while one week earlier
visual rtanges were &t & maximum  ab IR0 km.  Data from Facific
Norbhwest  studies indicate  that vegehbative burning and windblown
dust are i&portant sources  of light-scattering particulabes (EFA
19795 . Approwimately  B50¥%  of  the mass of smohe particles frrom
forest fires ;s in the size range 1.0, making khem effective
Viéibility—reducers (NS 1T9EE) . Wildfires burn_éppro%imataly 1.8
milli&n acres par. yeér. and émit an estimated 2 million baons of
particulate  mabher annually, causing general haze aver broad
reglons. Although I have not collechted western fire frequency
cata, particuléta mat et from forest and range fir&é could account
fFior monsiderable visikility degradation.in southeast Idaho during

the summers.

One mebhad of  “tracking wildfires is  bo measure Fine nonsoil
Cpotassium (KDY, the best  indicator of the presence of smoke (EPA
1%7%,  Air Quality Group 1985).  Fine K has bobh & soil and & pY=Ta

soil compobent. Smurces  of nonscil K oare vegehbabive burning and

[N
3

potash  industries. | Craters of the Moon exhibited several peaks

1l

Fine Aonsoil K levels during the fine parbiculate study. Th

largest pesk occurred in early July 1983, followed by smaller peaks

oy
0



in  September  198%  and  another  large peak in Auqus+ 1284, These

ot
1)

i
it

ohal  suspended

we

peaks &ll correspond bo periods of  elevat
particulate concentration, making it appear that vege gtative burning
plays an  important  role  in TER concentrabion ab Craters of the

Mot «

The association of 75F and fine nonsoil pobassium with visibility
is nob as apparent. In scanning raw data, periods of high TZF seem

to correlate with pericds of lmwared'viﬁibility during the summet

198% potassium  peaks. During August 1924, ;uuh a ooorrelation is
pot as tecsghnizable. ™ Mo statistical correlations  were drawn
bebween TSR, fine ks and vigibility for several reasons.

Visibility measuwremgnts wers »mada daily and TSR measUremsnts were
taken every siwxth déy; Operator inexperience may have 95 nerated
oncorresponding,  guesticonable data hases. Other investigators
have abbtemphed to use mulbiple regression analysis tm. relate
several variables to visibility reducbion  C(EFA 1?7?}y ukilizing
technigues  that were beyond the soope af this study. = Lags =ould
exist betwesn the time when TEF samples were faken and when
visibility tmwa?ds Big Southern Bubte may have been affected. It
iz difficult o determine, by simply scahningAraw dats, to what
.dagree 'visibility might be affected by particula teé. Some

particles are more  effective at  scatbbering light than others,

S
making their effect on visual range not easily recognizable.  Also,
thers are inherent problems with  the TEP system. Filters are

ng over-inflation of

Uy
b
=
o
—
~
i
o

exposed to muwsh handling, P2

particulate matter

£



Figures 3

and

4 depict mesn monthly TEF and standard visual range

positive or negative correlation.

data, showing no apparent
2 ,
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particulate filters., Ferhaps degradaticn was amcongpl ished

ntration (summers ahly)  Doth

period (Table 2). Fossible explanations for this are:

improved TSR filter hamdliﬂg technigques by park personnel has

led to less conbaminatbion and unrelisbly high filter weightbs;

more accurate visibility measurements with automatic

gqulpmant

visibility degradation mould be caused by particles nob

captured on TEP Filhery

visibility measuwrenents are taken in the direction of Eig

Soukhern Bubte, away From the site of the TEF and fine

by parbticulate matter which ewsbended to Big Southern Bubbe,

but due to prevailing winds, did nob resch CRMO.

2. Meah summer visual ranges @) and TEP concentration

Visual range (En)

Year

1733 208. 5 4.7
1784 ekl 1ac %
1785 15%.1 RR2LG
1984 141.% 1509

5 intereshting to nobe  that mean annual visual range and T3F

gxhibited & decline during the

.



The puwpeose of  Lhe fine particzulate  study was Lo determine the

particulate make-up  of the zir and thus answer qQuestions regarding

visibility dearadation. The series filtraticon sampler was &

shtacked unit which separafed coarse and fine particles.

The rcoarse mass ab CRMO was dominabed by silicon, & Lypical sail-
detived elaemant. Coarse mass  concentirations  were  highest  in

summer,  when  wind would be an important Fachor in spreading 501l

=

parhisles.

Four mador  components of fine mass wers L34 sulfabe compounds, 144

O 'v‘ . . . — t T o .
s0il, 12% soot, and bhe remaining 494 tabhert  mass included
hitrates, fydi-ocartors , and crrgand o Tmatter. Fine mass
concentrations  were highest  in winter. Overall, CRMO exhibited

higé raﬁncentrétimnév of  Fine sulfur, which cmrrelaﬁed highly with
bioth  fine Mass and hydrogen. This iz nob surprising, considering
the Foles of sulfur and hydroget to bhe particulate:make-up of fine
MESS Levels of fine lead were low and did pok correlate  with

fine sulfur, suggesting a sulfw  source ochher than automobiles.

t

The stacked filter was situsted appromimately 23 From the Visitor
Center, where oil was ubilized &5 a winter heat souwrce and diesel-
kpmwered maintenance. equipment was allowed lengthy warm—up pericds.
These may be likely sowrces for high sulfur levels in winter and
sprring. It is possikle that fine particulates from cosl-burning or
an  increase  in potash fertilizer production during the oold months
would  have been  branspoebed hé CRMO. The odil burner was remo&ed

el
Fuipria



From  the Visito Cepter in labe 1986, It would be interesting to
mote  any changes in o fine  sulfur and hydrogen since thab time.
o - ab : .b},

operat o .

-t

& series filbration sampler is  no longer  in

A simple linear regression run be g pH o and aulfatu (representead
2

i owebh samples as 50 0 reveasled no corrglatdon (Fo= QL04%).  This

suggests that sulfur compounds,  though present, had no effect on
the pH at CRMO. &enerally, pH of “normal’ rainwater is pastulated
as  ocoourting betwgen H.6 and 5.7 (EFA LFE1), although new data pilat=1i1

that dug +to pnetural  factors, the

LD

mote  recent studies uel
]

whpol lubed pHoof precipitation 1s oloser e S0 (NAFAR 1R . Mes s

apnual  pH st CRMO has shown no significant changes belween 1982 and

1987 (pe=0.75), ranging  from 9.6 in 1987 to SOH in 1984, For hbhe
entire six-year pericod, average pH was D.7.

=f  the United States are often "protected!

Ha

L?

Aricd  western eqion
frrom  acid deposition through high cohcentrations of neuwtralizing

aboms, =such as Ca  and NH . (% is possible, therefore, for pH oo
Li *

exceed 5.5 yet  contain significant concentrations of gulfabes and
nitlrabes. Az seen  in the fine pdr imWlabe study, coarse and fine
oohcentra +1ﬁns of Ca were nobt high (3.6% and 0.%% of coarse and

fine MASS respechivelyd, suggesting little importance as &

F
Hydrogen ion  neubralizer in CRMO precipi chn.  This preliminary
correlabich  suggests thabt the abtmospheric pH at Graters of the Moion

has been relatively untouched by acidic deposition.
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Figures 5

seasanal

pH

and & depict mzan annual and seasonal changes in pH.

tranged from S, 40 in summer bt 5093 in spring.
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CONGLUETENE AND RECOMMENDATIBNG

Over the entire study period, visual range exhibited a significant

d

r{x

SIS RS E, Tokal suspended particulates during the same period also

genetally deczlined, inval idating assumptions  that visibility

IR

egradation  at  Craters of  the Moon could be solely reliant upon

]

wihdblawn dust and vegetabive burning._ Total suspended
particulates ez o w2V gelfd cortelate with visibility
degradation, fThaugh no specific conclusions can be drawn Decause of
insWfficient statisticzcal informaticon.

Vegetative burhlmq appears to be an important source of part iculate

i

matier as fine potassium () appears fto correlate with TSR, Fine

potassium  is indicative of wildfires. Incidents of high potassium

Is3

levels do nob seem bo correlabe with & resultant decrease in visual
range,  making conclusions about visikbility, TSP, and fine pobassium

difficult ho achisve.

Fetrhaps fine potassium itself was too small to be capbured on & TEP

Filter, while associabed particles were nob. It has been suggeste d

3

that the hmtassium in smoke is a:;mmpahied by larger elements such
as  hydrocarbons which coulsd be res ponsible for producing visikility
impairment (Al Quality Group LREEY . This could help exsplain why
fine K itself ' is not associated with visibility reduction, but is

agsociated with increased ToSF.

25



The TSP and fine particulate filters were located at the CRMO
Visitor Center, approsimately 40 Kkm north of the visibility target,
Big Southern Butte. It is @Dssible that winds from the soubh cmuld“
push  particulate matbter in the direction of Big Scubthern Butte and

affect visual range without depositing the particles on CRMO's air

filters. Climatological data  from net only CRMO, butb surrounding
areas  in southeast Idého should be investigated and correlated with -
part;culata clata. Twin impmrtaﬂt areas for ohtaining such data are
the INEL and Pocatello, tHhe sites of a chemical processing mlant
and  potash plant, respectively. Wind/particulate roses could be
generated to use as  indices of visibility degradation assoicigted
with particuiata mahter. Thig may help determine the role and
oigin Df specifioc partliculates o viéibiiity degradation.
Conclusions  regarding  sulfahes and visibility cannoh  be drawn.
SulfuP >:rntents wette  highest  in .winbEF arid ea#ly sprring when
‘visibility measurements  are  lacking. blncreasad coal  use o
heating purposes duriné these months could acocount for an increass
in  swifur, as perhams ﬁmuld 'tﬁe' use of heating oil  at CRMO
hesdaquatr-ters. Snow {remmval diesel eqﬁipment, lefh to warm up in
the maintenance ares could also be a source of sulfur.
Meaﬂ values from 1982 - L1987 reveal no significant changes in pH.
Highest pH levels occcur in spring; lowsst in summetr. Many Western
. i

areas exhibit buffering capabilities, producing unrealistically

" —

high pH values due fo acid neubralizers present in the air. This
dogs not  seem  to be bthe case with CRMO; howsver, more work should

Be done to correlate  the  btotal {onic consituents of NADF waber

b

amples to resulbant pH levels.

b
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