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[1] Simultaneousneasurementsf the small,intermediatendlarge positiveionsandair-
Earthcurrentdensitymadeat a coastalstation,Maitri (70 4552 S, 11 4403 E, 130m
abovesealevel), at Antarcticaduring January-February2005, arereported Although
smallandlarge positiveion concentrationdo not showany systematialiurnalvariations,
variationsin themarealmostsimilar to eachother On the otherhand,variationsin
intermediatepositiveion concentrationareindependendf variationsin the small/large
positiveionsand exhibit a diurnal variationwhich is similar to thatin atmospheric
temperaturen fair weatheidayswith amaximumduringthe dayandminimumduringthe
night hours.No suchdiurnalvariationin intermediatgositiveion concentrations
observedn cloudy dayswhenvariationsin themarealsosimilar to thosein small/large
positiveion concentrationsMagnitudeof diurnal variationin intermediatgositiveion
concentratiomn fair weatheaysincreasesvith theloweringof atmospheritemperature
in this seasonScavengingf ions by snowfallandtrappingof a-raysfrom the ground
radioactivityby a thin layerof snowon groundis demonstratedfom observations.
Variationsin intermediatepositiveion concentratiorare explainedon the basisof the
formationof new particlesby the photolytic nucleationprocess.
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1. Intr oduction

[2] Electricalstateof theatmospheres mostlydetermined
by atmogheric ions. Their movements unde electrical/
noneectrical forces causethe flow of conduction and cornvec-
tion currents that determine their spatal and temporal distri-
butions at any place. Concertrations and mobilities of these
ions range over four orders of magnitude and are generaly
governed by the processes which gererate and destroy them.
The agosol paticles ard trace gagesubiquitously presert in
the atmasphere play amgor role in ther evolution. Temporal
ard spdial varations of ions have been studied at severd
places [Wait and Torresa, 1934; Narinder and Sksna, 1953;
Misaki, 1961; Jonassen and Wilkening, 1965; Misaki et al.,
1972]. Dhanorkar and Kamra [1991, 1992, 1993] have
extersively studied the diumal and seasonal varations of
different caegories of ions ard their relative contributions to
the atmospheric eledric condudivity atatropical landstation,
Pune Horrak et al. [2000, 2003] categorize the atmospheric
ionsin five different categories and study their propettiesata
midlatitude station, Tahkuse, Estonia. Hirsikko et al. [2005],
fromtheir measwemertsmace at astation in sauthem Finland,
observe that the concentrations and growth rates of the
atmopheicionsandpaticlesdisplayed aseand vaitiability.
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[3] Concentratiorof atmospherigons over land areasis
determinedy severakourcesandsinks.Further character-
istics of theseionson land areasin tropicalandmidlatitude
regionsare grossly modified by the naturally and anthro-
pogenicallyproducedpollutants.So, their contributionsto
atmospherielectricconductvity arecomplex.However at
cleanplacessuchas over openoceansand polar regions,
contributionsof different typesof ions to the atmospheric
electric conductivity is mainly determinedby the rate of
small ion generation and concentrationof baclkground
aerosts. The invers relationship obseved betwea the
atmospheri@lectricconductivityandaerosolconcentation
hasthereforebeenoftenusedasanindexof backgroundair
pollution at suchplaceq Cobband Wells, 1970;Kamraand
Deshpandgl995 Deshpandeand Kamra, 2002].

[4] Antarcticaprovidesa uniguesite which is practically
free of anthromgenicpollution. Sincemorethan98% of the
continentis coveredby ice, the ionizaton producedby the
ground radioactivity and its emissionswhich is a major
sourceof ionizationneartheground,is almostnil. However
beinglocatednearthe SouthMagneticPoleandasa result,
the lines of force of Earths magneticfield being perpen-
dicularto the Earths surface the continentis exposedo a
greaterflux of high-energyparticles which are known to
penetrateand producemore ionizationin the lower atmo-
spherethan at other sitesat lower latitudes.Thereforethe
sourcesindsinksof ionsandtheir transporin the Antarctic
environmenaremuchdifferentthanthosein thetropicsand
midlatitudesAlthoughmeasuremenbf severahtmospheric
electric parametersave often beenmade|e.g., Kasenir,
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Figure 1.

1972;Byrneetal., 1993;Burnsetal., 1995;Beringetal.,

1998;DeshpadeandKamra 2001;Virkkulaetal., 2005],to

the authots knowledge,no measurmentsof atmospheric
ionsof differentcategoriehavesofar beenmadeat Antarc-
tica. Knowledgeof atmospherigonsis importantotonly to

understandhe electricalstateof the atmospherebut alsoin

understandinghe global electric circuit [Roble and Tzur,

1986;Tinsley, 2000;Rycoft etal., 2000;Singhetal., 2004;
Siinghetal., 2007],nucleatiorandgrowthcharacteristicef

aerosolpartices[Tinsleyand Heelis 1993; Carslawet al.,

2002;Harrison and Carslaw 2003; Nadyktoand Yu, 2003;
Hirsikkoetal., 2005],monitoringof backgroud air pollution

[CobbandWells, 1970;Kamraand Deshpandg1995],and
in understandinthesolar-terrestriakelationshipgMarkson

1978;Marksonand Muir, 1980].

[s] Here, we presentour simultaneousneasuremeastof
thesmall,intermediateandlargepositiveionsandair-Earth
current density made at Maitri (70 4552 S, 11 4403 E,
130 m above mean sea levd), Antarcti@ in Jaruary—
February2005during the 24th Indian Scientific Expedition
to Antarctica.

2. Instrumentation and Measurement Site

[6] Positive ion concentrationsvere measuredwith an
ion counterof thetype describedy Dhanorkarand Kamra

lon courter instdled at Maitri.

[1991] and shownin Figure 1. It consistsof three coaxial
Gerdiensondenserthroughwhich theair is suckedwith a
singlefan. Table 1 detailsthe measuremesf all thethree
condenserskRangef mobility coveredby eachcondenser
aredescribedn Table2.

[7] Severabktepsveretakento minimizetheeffectsof the
harshAntarcticweatheion our measurmentsNonmagnetic
stainlesssteelwas usedfor fabricatingthe ion counter All
electroniccomponentaisedfor making the electroniccir-

Table 1. Dimensionsand OtherParametersf ThreeCondensers
of the lon Counter

Small Intermediate Large
lon lon lon

Dimensios/Constants ~ Condense Condenser Condense

Lengthof the outer 0.4 0.8 1.2
electrodem

Lengthof the inner 0.2 0.5 1.0
electrodem

Diamete of the outer 0.098 0.06 0.038
electrodem

Diamete of theinner 0.076 0.037 0.022
electrodem

Potentialapplied V 15 100 600

Critical mobility, 0766 104 12 10° 097 108
mVv st

Flow rate,l s * 8.6 1.8 0.29
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Table 2. Mobility and Size Rangesof lons
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Category Smalllons Intermediatdons Large lons
Mobility rangem?V *s ! >0.77 10 * 121 10 ®t00.77 10 097 10%t01.21 10°
Diameterrange,nm <1.45 1.45 12.68 12.68to 130

cuitry were of military gradewhich canoperatewell up to
subfreeing temperatureof 40 C. Coaxial cableswith
Teflon insulation were usedfor carrying signalsfrom ion
counterto the datalogger To minimizethe effect of strong
winds on the suctionratesin condensersion counterwas
placedwith its condensergperpendiculato the prevailing
wind direction.

[¢] To checkthestability of theinstrument,zero-clecking
of individud condensersvere performedperiodically by
groundng the inputs. No appreciale zero-shift was
observedn fair weatherandevenin light snowfall. When-
everthe snowfall continuedbeyonda few hours,zerowas
foundto shift and observationsvere discontinued.

[s] Air-Earthcurrentdensityis measuredvith a1 m? flat-
plate antennakept flush with the groundandis shownin
Figure2. Theinputsfromall thethreecondensersf theion
counterand the air-Earthcurrentplate are amplified with
separatamplifiers placedcloseto the sensorandthenfed
throughcoaxialcableso adataloggerplacedn anearbyhut.

[10] Measuementswere madeat Maitri locatedin the
Schirmachepasisin the Dronning Maud Land, EastAnt-
arctica.The easttrendingoasisis exposedover an areaof
35 km? with 16 km lengthanda maximumof 27 km width.
It hasalakeandthensteepcliffs towardtheice shelfandis
coveredby polar ice on the southernside. The areais
dominantlycoveredby sandyandloamy sandtype of soil.
Measurementsf Rr??? andsmallionsmadeat Maitri show
that their atmosphsc concentrationglose to ground are
very low and not much different from that over sea
[Ramachandrarand Balani, 1995].

[1] Figure 3 showsthe locatbn of Maitri (70 4552 S,
11 4403 E, 130 m above sealewel) at the Antarctic
continent,the location of instrunentsat the Maitri station
anda scattempolardiagramof 3-hourlysurfacewindsfor the
period of observatias at Maitri. Maitri is located 80 km
south of the coastalline. Prevailingdirection of winds is
southeasterlylon counterwas placedon the groundwith
the inlet of the small and intermediatepositive ion con-

Figure 2. Air-Earth currentplate antennanstalledat Maitri.
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Figure 3. Map of Antarctica, showingthe locationof Maitri station.Locationof instrumentgKamet
observatorypat Maitri andthewind roseshowingthe magnitude anddirectionsof wind speediuringthe

Januaryto February2005 period.

denserat50 cmandlargeion condenseat 60 cmabovethe
ground. The air-Earthcurren plate was placedflush with
theground.Thesinglestoriedbuilding of Maitri station the
generéors, gas plant and incineratorare about 300 m
awayin the southwestlirectionfrom theinstrumentsothat
anypollutantsreleasedrom themhaveno or little chanceof
reachig the site of measurementsvith the prevailing
winds.

3. Observations
3.1. Daily Average Concentrationsof lons

[12] Figure4 showsthedaily averagevaluesof thesmall,
intermediateandlarge positiveion concentrationand air-
Earthcurrentdensityfor the entire periodof measurenmas
at Maitri. Vertical barsshowthe standarddeviations.Con-
centrationsof small, intermediate and large positive ions
vary in therangesof 2to 6 10°cm 3,7 10°to 3
10°cm 3 andfrom5 10°to1.2 10%cm °respectivly
and the air-Earth currentdensityvariesfrom 0.5 to 1.6
10 > Am 2 duringthis period.Valuesof all categoies of
ions startincreasingoetweenthe Julianday 15 to 18 and,
exceptfor a dip obsered aroundJulianday 22, are1.5 to
2 timeslargerup to the Julianday 45 as comparedo the
periodsimmediatelybeforeor after this period. Variations
in air-Earthcurrentduring this periodfollow similar trend.
In comparisonto continental statons in the Northern
Hemispherethesevaluesare roughly 50-80% lower than
that at a tropical station, Pune [Dhanorkar and Kamra,

1992] and more than those at midlatitude station at
TahkusegHorrak etal., 2003]in the NorthernHemisphere.
In particular, the intermediatepositiveion concentratiorat
Maitri is aboutan orderof magnitudehigherthanthoseat
Tahkusein this season
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Figure 4. Daily averagevaluesof the small,intermediate,
and large positiveion concentrabns and air-Earthcurrent
density for Julian days in 2005. Vertical bars show the

standarddeviations.
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Figure 5. Daily avemge values of meteorologicd
parameters.

[13] The variationsin electricalparameterslo not show
much similarity with the variations in meteomwlogical
parametersat Maitri (Figure 5). The daily averageatmo-
spherictemperaturehowevey from Julian day 15 to 47
dropsby 4 C, from 2 C abovefreezingpointto 2 C below
freezingpoint. Very strong winds prevailedafter 1800 UT
and the station experiencedsnowfall during the night of
Julianday 46.

[14] A charateristic featurein our measurmentsis 2—
4 hous peiods when the smdl and large positive ion
concentationssimultaneouslyncreaser decreaséy about
anorderof magnitudeAir-Earth currentdensityalsoshows
a similar changeduring theseperiods.However intermedi-
atepositiveion concentationdoesnot necessarilghowany

(a)

5x10*
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correspondingchange.Figure 6 showstwo examplesof
suchchangesvhenthe intermediatgoositiveion conentra-
tion does not show (Figure 6a) or shows (Figure 6b)
changessimilar to, small/largepositiveion concentraons.
Suchchangesrenot associateavith changein any of the
3-hourly observedmeteorologicalpaameers at Maitri.
Further an examinatbn of the 5-day back trgjectories
aroundand during such eventsdoesnot show any signif-
icantchangen the placeof origin of theair massHowever
associatiof suchchangesvith changesén the high-energy
particle fluxes which may causechangein ionizationand
thusincreasethe small ion concentrationszannotbe ruled
out. The correspading changesn large positiveion con-
centratiormayfollow becaus®f theion-aerosohttachment
process.

3.2. Diurnal Variations

[15] At Maitri, concentrationsf smallandlargepositive
ions do not show any systemati diurnal variationson fair
weatherdays.However they exhibit a very high degreeof
similarity in variationsamong themselvesFor example,
Figure 7 showsdiurnal variations of the concentration®f
three categoriesf positive ions and the air-Earthcurrent
densityon a typical fair weatherday, 10 January2005 On
this day, atmospherigressurevariedfrom 971 to 973 hPa
with no trae of cloud throughoutthe day, excep for
modeately strong soutteaserly winds during night and
morninghours.Windswerecalm or very light andtemper-
aturegraduallyincreasedrom 1 C at0100UT, attaineda
maximumof 6 C at0900UT andthendecreasetb 2 C &
2400UT. Sunshindastedfor almostall the 24 hoursof the
day Smallpositiveion concentrationsn this daywereless
than3  10% cm 2 andwereminimum at about0900 UT.
Large positive ion concentrationsthough more than an
orderof magnitudehigher closelyfollow the variationsin
small positiveion concentrationThe intermediatgpositive

(b)
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Figure 6.
densityon (a) 12 Januaryand (b) 3 January2005

Variationsin small,intermediateandlarge positiveion concentrationandair-Earthcurrent
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Figure 7. Diurnal variationsof small, intermediateand
large postive ion concentations and air-Earth curren
densityon a fair weatherday, 10 January2005.

ion concentratios changelittle in the rangeof 1 to 2
10° cm 2 andvary independenof variatonsin small/large
positive ion concentratins. In contrastto the small/large
positive ion concentations, the diurnal variaton in inter-
mediatepositive ion concentations are much regularand
generally follow the trend in atmospherictemperature
andarecomparativly higherduringthe day thanthe night
hours.The air-Earthcurrentdensityvariesfrom 0 to 1.8

10 2 A m 2 andalmostexactlyfollows the variationsin
small/largepositiveion concentations.

[16] During afternoons, the values of smal and large
positive ion concertrations at Maitri are comparale to
those observedat tropical station, Pune [Dhanorlar and
Kamra, 1993] and at midlatitudestation Tahkuse [Horrak
etal., 2003].However the maximaobservedn themorning
hoursat Punearenot obsered at Maitri. The day andnight
values also do not show much systenaic difference at
Maitri as at Pune and Tahku®. On the other hand, the

Figure 8. Diurnal variationsof small, intermediateand
large postive ion concentations and air-Earth curren
densityon a cloudy day, 18 January2005
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intermediatepositiveion concentrationat Maitri areabout
an order of magnitudehigher than that at Tahkuse.The

intermediatepositiveion concentationsat Maitri arecom-
parableto the afternoonvaluesbut much lower than the

morning maxima values at Pune. Diurnal variation of

intermediatdon concentationsshowsa distind maximum
at all the threelocationsbut at differenttimes, e.g.,during

0600-0800UT atPuneduring1200to 1300UT at Tahkuse
and during 0900-1600 UT at Maitri. Unlike at Puneor

Tahkuseghemaximaat Maitri is muchbroaderandis almost
flat for severalhoursin the afternoon.

[17] In sharpcontrastto the diurnal variationson fair
weatheays,theintermediatéon conentrationson cloudy
daysdo not showany maximumin the afternoorhoursand
follow the variationsin smal/large positiveion concenta-
tions (Figure8). For example on 18 January2005,the sky
remainedcoveredor the entire daywith morethan6 octaof
clouds.Souheasterlywindsof 2-5ms ! andtemperatures
from 2 to + 3 C prevailedoverthestation.Concentrations
of all categorief positiveionswere compaatively small
andshowedmuchsmallervariability during the whole day.
Variationsin air-Earthcurrentdensityon suchcloudy days
closelyfollow the variationsin eithercategoy of positive
ions.

3.3. Effect of Snowfall

[18] Snowfdl, just like rainfall, is consideredto be an
effective scavengenf atmospheri@erosolsand ions. Our
observationsat Maitri provide severalgood casesof its
demonstrationFor example,Figure 9 showsthat with the
startof snowfallat about0400UT on the Julianday 22 the
concentrationsf all categoriesof ions fall by aboutan
orderof magnitudeand continueto be low until 0800 UT
whenobservationdiadto be discontinuedecaus®f heavy
snowfall. During this period, sky remainedovercastwith
southeasterlyvinds remainingbelow 5 m s * and atmo-
spherictemperaturg in the rangeof 0 to 2 C. Lowest
valuesof the ion concentations encounteredduring this
period are 10 ions cm 3 for small positive ions, 107 ions
cm 3 for intermediateositiveionsand3 107 ionscm *

Figure 9. Changein concentationsof positive ions and
air-Earth current density due to snowfall on 22 January
2005.
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Figure 10. Changein concentationsof positiveionsand
air-Earthcurrentdensityduring a blizzardon 15 February
2005.

for large positiveions. Althoughion concentrationin each
cdeqory fall, time variatons in one caegory need not
exactly follow the variationsin other category Air-Earth
currentdensityalsofalls to very low or almostzerovalue
during the period of snowfall.

3.4. Effect of Blizzard

[19] Simpsorj1919] observedhatblizzardsareintensely
electrifiedand producehigh positive potentialgradientson
the ground.In our observationsve observethat whenever
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high winds are acconpanied with sone snowfall, i.e.,
atmosphericemperatureare below freezingpoint, positive
ion concentration of al the three categories begin to
decreasebout3-4 hoursbeforethe appearancef snow
For example, on 15 February 2005 winds begin to
strengtherat 1800UT and snowfall startedfrom 2255 UT.
Concertrations of all the three ion categories begin to
decreaseat 1830 UT and decreasdy approxinately 2—4
timesby 2200UT (Figure10). Althoughblizzardcontinued
for the next two days, our observationscould not be
continued beyond midnight on 15 February when wind
speedexceede®0Oms 1.

3.5. Effect of Snow-CoveredGround

[20] a- andb-raysemited from the grourd are primary
source®f ionization closeto ground.a-raysareemittedby
the radioactivedecayof radon. The soil aroundMaitri is
found to have an uranium (U%® cortent varying from
0.036to 0.364 ppm which is very smal in comparisorto
the range of levels of 1.47 to 4.07 ppm estmated from
various types of Indian soil [Ramachandrarand Balani,
1995]. In the region free of human activity, such as at
Maitri, presenceof U?*® in the soil is mainly attributed to
geochemicaprocesse Theseemissionsan be effectively
trappedoy athin layerof ice overground.During the period
of our obsenations,ampleopportunitywasprovided when
the Earths surfaceat Maitri wascompletelybareor covered
with alayerof snow Thesnowthatdepositedntheground
during the snowfall on 22—-23 January2005 completely
coveredthe grourd but melted away and left the ground
bareby 25 January2005. Figure 11 showsthe positiveion
concentrations and air-Earth currert dersity on 23 amrd

Figure 11. Diurnal variationsof the smal, intermediateandlarge positiveion concentrationsind air-
Earthcurrentdensityon two fair weathedayswhentheground(a) wascoveredwith snowon 23 January

2005or (b) wasbareon 25 January2005
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25 January2005whenthe groundwas completelycovered
or bare respectivelyBoth dayswere otherwisemarkedwith

fair weaher and bright sunshine. Concentrations of all

categoriesof positive ions increaseby 100 to 400% on

25 JanuaryAn importantfeatureof observationss almost
uniform concentratiorof about3 107 ionscm 2 of small
positive ions throughoutthe day on 23 Januarywhen the
groundis coveredwith snow

4. Discussion

[21] Thesmallionsproducedn the atmosphee soonget
attachedto aerosolparticlesand form large ions. In the
absenceof any othermechanims directly producinglarge
ions,thevariationsin smal andlarge ion concentrationare
thereforeexpectedo closelyfollow eachother The close
parallelisn obseved here between the small and lamge
positiveion concentrationsluring the fair weatherperiods
strongly suppats this fact that the ion-aerosolattachment
processs the only dominantsourcefor the productionof
large ions at Maitri. It also demonstratesaimost total
absencef any effectdueto the ionsor aerosolgproduced
from anttropogenic saurceson land on the Antarctic
measuemens. Further, almost pamllel variatons in the
air-Earthcurrentdensity and small/largepositive ion con-
centrationsconfirm the fact that the air-Earth currentis
mainly determinedby the small ions. The electric field
measuremas madein 1997 in the sameseasonat this
stationshowthatits diurnalvariationexhibitsa maximumat
1300UT andanothersecondarynmaximumat 1900UT with
its daily averagealueas83Vm * [DeshpadeandKamra,
2001]. During the sameseasonthe meantotal conductvity
valueis 2.1 10 **Sm * [Deshpandand Kamra, 2007].

[22] Lamge ion concertrations in our observationsare
certainlyhigherthanthe expected atacleansite,like Maitri.
Someof thelikely reasongor thisobservatiorareasfollows:
(1) Beingacoastabtaion, someof themarineaerosoldeing
generéed over oceanmay be transportedo the site, this
being especiallyso during the periodswhen the cyclonic
stormgrevolvingaroundthe Antarcticcontinenpenetrateip
to the Maitri staton, which happes quite frequently.
(2) Someof theinteremediateionsbeinggenerateaverice
glaciersouthof the Maitri grow to the large ion sizeduring
their transportatiorto Maitri with the prevaling wind from
southeas{(3) lon counteris placedwith itsinlet60cmabowe
thegroundwhichis barein this seasorat Maitri. High winds
prevailingat Maitri canstrip off somedustparticlesfromthe
sandy ard loany sard type of sal. Sud dust particles,
through expectedto be large in size, may carry multiple
chargesoasto becountedaslargeions.

[23] Another factor that may contribue to large ion
concentationis the formationof somedoubly andmultiply
charged aerosolsduring ion-agosol interactions.These
multiply chargedaerosolparticleseven though larger in
sizeascomparedo large ionscanbe collectedin large ion
condensebecaus®f their highermobilitiesandbe counted
aslargeions.Thepercemageof multiply chargedonsin the
aerosolplaysa significantrole only in very pureair having
aersd concentrationof <5000 cm * [Hogg, 1934a,
1934b]. Moreover, multiply chargedions gain in impor-
tance only when radius of the particles exceeds10 nm
[Israel, 1970 Fuchs 1964. The environnmental conditions

SIINGH ET AL.: ION MEASUREMENTSAT ANTARCTICA

D13212

at Antarctica where agosol corcentrations are low ard
aerosolgyenerallyconsistof agedparticlesare suitablefor
the formaton of suc multiply chargedions. However,
percentageof such multiply chargedions is not likely to
exceed20% of singly chargedions [Hogg 1934a, 1934b;
Fuchs 1964]andis notincludedin our calculations.

[24] On the contrary almostindependenbehaviorof the
variations of intermedate positive ion concentrations at
Maitri suggestshat the mechanismresponible for their
productionis independendf the mechaismresponsibldor
small/largepositiveion productio. Moreover the observa-
tions that the variationsin intermediatepositive ion con-
centrationand atmosphericemperaturare almostparallel
to each other on the fair weatherdays and this parallel
behaviorbetweernthe two paraméersdisapparson cloudy
days, strangly suggestthat the mecharém responsiblefor
the production of intermedate paositive ions is strongly
dependenbn the solarradiation.Supportingthis is the fact
thatin spiteof differentsurfaceconditionson the two days
in Figure 11 the diurnal variatiors in the intermediate
positiveion concentation and surfacetemperaturen both
daysaresimilarbecausdotharefair weathedaysandhave
plenty of solar radiation throughout the day. With the
abundanceof solar radiation, sulphateand low humidity
conditionspresenin the Antarcticenvirormentthe produc-
tion of intermediatdons can occurby nucleationprocess.
Horrak et al. [1998] suggestedhat clusterions can grow
into intermediatesize ionsthroughion-inducednucleation
processes,e.,accumuléon of environmentavaporsunder
properconditions.

[25] The decreasebservedin all types of positive ion
concentratios and the air-Earth current density during
snowfallindicatesthat snow particleseffectively scavenge
the ions. The fact that the air-Earthcurrentdensityalmost
reducesto zero value indicatesthat scavengingof atmo-
sphericions is almost total at that time. The obsenations
that the decreasen different ion categorieds not always
parallelto eachotherarelikely to resultfrom the nonuni-
form rate of scavengingf the ionsof differentsizes.

[26] The observeddecreasen all categoriesof positive
ion concentationswhen the groundis coveredby a thin
layer of snowshowsan effectivetrappingof a andb rays
from the grourd by a thin layer of snow Thoughsmallbut
ratherdistina differencein smal ion concentratio over a
show-coverewr baregroundsupportsthe observatios of
Ramachandrarand Balani [1995] that radioactiveemis-
sions from the rocks at Schirmacherare low and almost
comparableto that of seawaterFurther almost constant
concentratiorof small positive ions throughoutthe whole
daywhenthegroundis coveredwith snowindicatesalmost
uniform productionof smal ionsby cosmicraysandg rays
in the lower atmosphere.
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