
Measurementsof positiveionsand air-Earth current densityat Maitri,
Antarctica

DevendraaSiingh,1,2 VimleshPant,1 andA. K. Kamra1

Received4 October2006;revised1 April 2007;accepted4 May 2007;published13 July 2007.

[1] Simultaneousmeasurementsof thesmall,intermediateandlargepositiveionsandair-
Earthcurrentdensitymadeat a coastalstation,Maitri (70� 45�52��S, 11� 44�03��E, 130 m
abovesealevel),at Antarcticaduring January–February2005,arereported.Although
smallandlargepositiveion concentrationsdo not showanysystematicdiurnalvariations,
variationsin themarealmostsimilar to eachother. On the otherhand,variationsin
intermediatepositiveion concentrationsareindependentof variationsin the small/large
positiveionsandexhibit a diurnal variationwhich is similar to that in atmospheric
temperatureonfair weatherdayswith amaximumduringthedayandminimumduringthe
night hours.No suchdiurnal variationin intermediatepositiveion concentrationis
observedon cloudydayswhenvariationsin themarealsosimilar to thosein small/large
positiveion concentrations.Magnitudeof diurnal variationin intermediatepositiveion
concentrationon fair weatherdaysincreaseswith theloweringof atmospherictemperature
in this season.Scavengingof ions by snowfallandtrappingof a-raysfrom the ground
radioactivityby a thin layerof snowon groundis demonstratedfrom observations.
Variationsin intermediatepositiveion concentrationareexplainedon the basisof the
formationof new particlesby the photolyticnucleationprocess.

Citation: Siingh,D., V. Pant,andA. K. Kamra(2007),Measurementsof positive ionsandair-Earthcurrentdensityat Maitri,
Antarctica,J. Geophys.Res., 112, D13212,doi:10.1029/2006JD008101.

1. Intr oduction

[2] Electricalstateof theatmosphereismostlydetermined
by atmospheric ions. Their movements under electrical/
nonelectrical forcescausetheflow of conductionandconvec-
tion currents that determine their spatial and temporal distri-
butions at any place. Concentrations and mobilitiesof these
ions range over four orders of magnitude and are generally
governedby the processes which generate and destroy them.
The aerosol particles and trace gasesubiquitously present in
theatmosphereplay amajor role in their evolution. Temporal
and spatial variations of ions have been studied at several
places [Wait andTorreson, 1934; Norinder and Siksna, 1953;
Misaki, 1961; Jonassen and Wilkening, 1965; Misaki et al.,
1972]. Dhanorkar and Kamra [1991, 1992, 1993] have
extensively studied the diurnal and seasonal variations of
different categories of ions and their relative contributions to
theatmospheric electric conductivity atatropicallandstation,
Pune. Hõrrak et al. [2000, 2003] categorize the atmospheric
ions in fivedifferent categoriesandstudy their propertiesata
midlatitude station, Tahkuse, Estonia. Hirsikko et al. [2005],
fromtheir measurementsmadeat astation insouthernFinland,
observe that the concentrations and growth rates of the
atmospheric ionsandparticlesdisplayedaseasonal variability.

[3] Concentrationof atmosphericions over land areasis
determinedby severalsourcesandsinks.Further, character-
isticsof theseionson landareasin tropicalandmidlatitude
regionsare grosslymodified by the naturally and anthro-
pogenicallyproducedpollutants.So, their contributionsto
atmosphericelectricconductivity 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 background
aerosols. The inverse relationship observed between the
atmosphericelectricconductivityandaerosolconcentration
hasthereforebeenoftenusedasanindexof backgroundair
pollutionat suchplaces[CobbandWells, 1970;Kamraand
Deshpande, 1995; Deshpandeand Kamra, 2002].

[4] Antarcticaprovidesa uniquesitewhich is practically
freeof anthropogenicpollution.Sincemorethan98%of the
continentis coveredby ice, the ionization producedby the
ground radioactivity and its emissionswhich is a major
sourceof ionizationneartheground,is almostnil. However,
beinglocatedneartheSouthMagneticPoleandasa result,
the lines of force of Earth’s magneticfield being perpen-
dicular to the Earth’s surface,the continentis exposedto a
greaterflux of high-energyparticles which are known to
penetrateand producemore ionizationin the lower atmo-
spherethan at other sitesat lower latitudes.Thereforethe
sourcesandsinksof ionsandtheir transportin theAntarctic
environmentaremuchdifferentthanthosein thetropicsand
midlatitudes.Althoughmeasurementsof severalatmospheric
electric parametershave often beenmade[e.g., Kasemir,
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1972;Byrneet al., 1993;Burnset al., 1995;Bering et al.,
1998;DeshpandeandKamra, 2001;Virkkulaetal., 2005],to
the author’s knowledge,no measurementsof atmospheric
ionsof differentcategorieshavesofar beenmadeatAntarc-
tica.Knowledgeof atmosphericionsis importantnotonly to
understandtheelectricalstateof theatmospherebut alsoin
understandingthe global electric circuit [Robleand Tzur,
1986;Tinsley, 2000;Rycroft et al., 2000;Singhet al., 2004;
Siinghetal., 2007],nucleationandgrowthcharacteristicsof
aerosolparticles[Tinsleyand Heelis, 1993;Carslawet al.,
2002;Harrison andCarslaw, 2003;NadyktoandYu, 2003;
Hirsikkoetal., 2005],monitoringof backgroundairpollution
[CobbandWells, 1970;KamraandDeshpande, 1995],and
in understandingthesolar-terrestrialrelationships[Markson,
1978;MarksonandMuir, 1980].

[5] Here, we presentour simultaneousmeasurements of
thesmall,intermediate,andlargepositiveionsandair-Earth
current density made at Maitri (70� 45�52��S, 11� 44�03��E,
130 m above mean sea level), Antarctica in January–
February2005during the24th IndianScientificExpedition
to Antarctica.

2. Instrumentation and MeasurementSite

[6] Positive ion concentrationswere measuredwith an
ion counterof thetypedescribedby DhanorkarandKamra

[1991] and shownin Figure1. It consistsof threecoaxial
Gerdienscondensersthroughwhich theair is suckedwith a
singlefan.Table1 detailsthemeasurements of all thethree
condensers.Rangesof mobility coveredby eachcondenser
aredescribedin Table2.

[7] Severalstepsweretakento minimize theeffectsof the
harshAntarcticweatheronourmeasurements.Nonmagnetic
stainlesssteelwasusedfor fabricatingthe ion counter. All
electroniccomponentsusedfor making the electroniccir-

Figure 1. Ion counter installed at Maitri.

Table 1. DimensionsandOtherParametersof ThreeCondensers
of the Ion Counter

Dimensions/Constants

Small
Ion

Condenser

Intermediate
Ion

Condenser

Large
Ion

Condenser

Lengthof the outer
electrode, m

0.4 0.8 1.2

Lengthof the inner
electrode, m

0.2 0.5 1.0

Diameter of the outer
electrode, m

0.098 0.06 0.038

Diameter of the inner
electrode, m

0.076 0.037 0.022

Potentialapplied, V 15 100 600
Critical mobility,

m2 V� 1 s� 1
0.766� 10� 4 1.2 � 10� 6 0.97 � 10� 8

Flow rate,l s� 1 8.6 1.8 0.29
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cuitry wereof military gradewhich canoperatewell up to
subfreezing temperaturesof � 40� C. Coaxial cableswith
Teflon insulation were usedfor carrying signalsfrom ion
counterto thedatalogger. To minimizetheeffect of strong
winds on the suctionratesin condensers,ion counterwas
placedwith its condensersperpendicularto the prevailing
wind direction.

[8] To checkthestabilityof theinstrument,zero-checking
of individual condenserswere performedperiodically by
grounding the inputs. No appreciable zero-shift was
observedin fair weatherandevenin light snowfall.When-
everthe snowfall continuedbeyonda few hours,zerowas
found to shift andobservationswerediscontinued.

[9] Air-Earthcurrentdensityis measuredwith a1 m2 flat-
plate antennakept flush with the groundand is shownin
Figure2. Theinputsfromall thethreecondensersof theion
counterand the air-Earthcurrentplate are amplified with
separateamplifiers placedcloseto thesensorsandthenfed
throughcoaxialcablestoadataloggerplacedin anearbyhut.

[10] Measurementswere madeat Maitri locatedin the
Schirmacheroasisin the DronningMaud Land, EastAnt-
arctica.The easttrendingoasisis exposedover an areaof
35 km2 with 16 km lengthanda maximumof 27 km width.
It hasa lakeandthensteepcliffs towardtheice shelfandis
coveredby polar ice on the southernside. The area is
dominantlycoveredby sandyandloamy sandtype of soil.
Measurementsof Rn222 andsmallionsmadeatMaitri show
that their atmospheric concentrationsclose to ground are
very low and not much different from that over sea
[Ramachandranand Balani, 1995].

[11] Figure 3 showsthe location of Maitri (70� 45�52��S,
11� 44�03��E, 130 m above sea level) at the Antarctic
continent,the locationof instrumentsat the Maitri station
andascatterpolardiagramof 3-hourlysurfacewindsfor the
periodof observations at Maitri. Maitri is located� 80 km
southof the coastalline. Prevailingdirection of winds is
southeasterly. Ion counterwas placedon the groundwith
the inlet of the small and intermediatepositive ion con-

Table 2. Mobility andSizeRangesof Ions

Category Small Ions IntermediateIons Large Ions

Mobility range,m2 V� 1 s� 1 >0.77� 10� 4 1.21 � 10� 6 to 0.77 � 10� 4 0.97 � 10� 8 to 1.21 � 10� 6

Diameterrange,nm <1.45 1.45� 12.68 12.68to � 130

Figure 2. Air-Earth currentplateantennainstalledat Maitri.
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densersat50cmandlargeioncondenserat60cmabovethe
ground.The air-Earthcurrent plate was placedflush with
theground.Thesinglestoriedbuildingof Maitri station, the
generators, gas plant and incineratorare about � 300 m
awayin thesouthwestdirectionfrom theinstrumentssothat
anypollutantsreleasedfrom themhavenoor little chanceof
reaching the site of measurementswith the prevailing
winds.

3. Observations
3.1. Daily AverageConcentrationsof Ions

[12] Figure4 showsthedaily averagevaluesof thesmall,
intermediate,andlarge positiveion concentrationsandair-
Earthcurrentdensityfor theentire periodof measurements
at Maitri. Verticalbarsshowthe standarddeviations.Con-
centrationsof small, intermediateand large positive ions
vary in the rangesof 2 to 6 � 102 cm� 3, 7 � 102 to 3 �
103 cm� 3, andfrom 5 � 103 to 1.2� 104 cm� 3 respectively
and the air-Earth currentdensityvariesfrom 0.5 to 1.6 �
10� 12 A m� 2 during this period.Valuesof all categoriesof
ions start increasingbetweenthe Julianday 15 to 18 and,
exceptfor a dip observed aroundJulianday 22, are1.5 to
2 times largerup to the Julianday 45 as comparedto the
periodsimmediatelybeforeor after this period.Variations
in air-Earthcurrentduring this periodfollow similar trend.
In comparisonto continental stations in the Northern
Hemisphere,thesevaluesareroughly 50–80% lower than
that at a tropical station, Pune [Dhanorkar and Kamra,

1992] and more than those at midlatitude station at
Tahkuse[Hõrrak et al., 2003] in theNorthernHemisphere.
In particular, the intermediatepositiveion concentrationat
Maitri is aboutan orderof magnitudehigherthanthoseat
Tahkusein this season.

Figure 3. Map of Antarctica,showingthe locationof Maitri station.Locationof instruments(Kamet
observatory)atMaitri andthewind roseshowingthemagnitudesanddirectionsof wind speedduringthe
Januaryto February2005period.

Figure 4. Daily averagevaluesof thesmall,intermediate,
and largepositive ion concentrations and air-Earthcurrent
density for Julian days in 2005. Vertical bars show the
standarddeviations.
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[13] The variationsin electricalparametersdo not show
much similarity with the variations in meteorological
parametersat Maitri (Figure 5). The daily averageatmo-
spheric temperature, however, from Julian day 15 to 47
dropsby 4� C, from 2� C abovefreezingpoint to 2� C below
freezingpoint. Very strong winds prevailedafter 1800UT
and the station experiencedsnowfall during the night of
Julianday 46.

[14] A characteristic featurein our measurementsis 2–
4 hours periods when the small and large positive ion
concentrationssimultaneouslyincreaseor decreaseby about
anorderof magnitude. Air-Earthcurrentdensityalsoshows
a similar changeduring theseperiods.However, intermedi-
atepositiveionconcentrationdoesnotnecessarilyshowany

correspondingchange.Figure 6 shows two examplesof
suchchangeswhentheintermediatepositiveion concentra-
tion does not show (Figure 6a) or shows (Figure 6b)
changessimilar to, small/largepositiveion concentrations.
Suchchangesarenot associatedwith changein any of the
3-hourly observedmeteorologicalparameters at Maitri.
Further, an examination of the 5-day back trajectories
aroundand during such eventsdoesnot show any signif-
icantchangein theplaceof origin of theair mass.However,
associationof suchchangeswith changesin thehigh-energy
particle fluxes which may causechangein ionizationand
thus increasethe small ion concentrations,cannotbe ruled
out. The corresponding changesin largepositive ion con-
centrationmayfollow becauseof theion-aerosolattachment
process.

3.2. Diurnal Variations
[15] At Maitri, concentrationsof smallandlargepositive

ions do not showany systematic diurnal variationson fair
weatherdays.However, they exhibit a very high degreeof
similarity in variationsamong themselves.For example,
Figure7 showsdiurnal variations of the concentrationsof
threecategoriesof positive ions and the air-Earthcurrent
densityon a typical fair weatherday, 10 January2005. On
this day, atmosphericpressurevariedfrom 971 to 973 hPa
with no trace of cloud throughout the day, except for
moderately strong southeasterly winds during night and
morninghours.Windswerecalmor very light andtemper-
aturegraduallyincreasedfrom � 1� C at 0100UT, attaineda
maximumof 6� C at 0900UT andthendecreasedto 2� C at
2400UT. Sunshinelastedfor almostall the24 hoursof the
day. Smallpositiveion concentrationson this daywereless
than3 � 102 cm� 3 andwereminimum at about0900UT.
Large positive ion concentrations,though more than an
orderof magnitudehigher, closelyfollow the variationsin
small positiveion concentration.The intermediatepositive

Figure 5. Daily average values of meteorological
parameters.

Figure 6. Variationsin small, intermediate,andlarge positiveion concentrationsandair-Earthcurrent
densityon (a) 12 Januaryand(b) 3 January2005.
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ion concentrations changelittle in the rangeof 1 to 2 �
103 cm� 3 andvary independentof variationsin small/large
positive ion concentrations. In contrastto the small/large
positive ion concentrations, the diurnal variation in inter-
mediatepositive ion concentrationsare much regularand
generally follow the trend in atmospherictemperature
andarecomparatively higherduring the day thanthenight
hours.Theair-Earthcurrentdensityvariesfrom 0 to 1.8 �
10� 12 A m� 2 and almostexactly follows the variationsin
small/largepositiveion concentrations.

[16] During afternoons, the values of small and large
positive ion concentrations at Maitri are comparable to
thoseobservedat tropical station, Pune [Dhanorkar and
Kamra, 1993] andat midlatitudestation, Tahkuse[Hõrrak
etal., 2003].However, themaximaobservedin themorning
hoursat Punearenot observedat Maitri. Thedayandnight
values also do not show much systematic differenceat
Maitri as at Pune and Tahkuse. On the other hand, the

intermediatepositiveion concentrationsat Maitri areabout
an order of magnitudehigher than that at Tahkuse.The
intermediatepositiveion concentrationsat Maitri arecom-
parableto the afternoonvaluesbut much lower than the
morning maxima values at Pune. Diurnal variation of
intermediateion concentrationsshowsa distinct maximum
at all the threelocationsbut at different times,e.g.,during
0600–0800UT atPune,during1200to 1300UT atTahkuse
and during 0900–1600 UT at Maitri. Unlike at Puneor
TahkusethemaximaatMaitri is muchbroaderandis almost
flat for severalhoursin the afternoon.

[17] In sharp contrastto the diurnal variationson fair
weatherdays,theintermediateion concentrationson cloudy
daysdo not showanymaximumin theafternoonhoursand
follow the variationsin small/large positiveion concentra-
tions(Figure8). For example, on 18 January2005,thesky
remainedcoveredfor theentiredaywith morethan6 octaof
clouds.Southeasterlywindsof 2–5 m s� 1 andtemperatures
from � 2 to + 3� C prevailedoverthestation.Concentrations
of all categoriesof positiveionswerecomparatively small
andshowedmuchsmallervariability during thewholeday.
Variationsin air-Earthcurrentdensityon suchcloudy days
closely follow the variationsin eithercategory of positive
ions.

3.3. Effect of Snowfall
[18] Snowfall, just like rainfall, is consideredto be an

effective scavengerof atmosphericaerosolsand ions. Our
observationsat Maitri provide severalgood casesof its
demonstration.For example,Figure9 showsthat with the
startof snowfallat about0400UT on theJulianday22 the
concentrationsof all categoriesof ions fall by about an
orderof magnitudeandcontinueto be low until 0800 UT
whenobservationshadto bediscontinuedbecauseof heavy
snowfall. During this period, sky remainedovercastwith
southeasterlywinds remainingbelow 5 m s� 1 and atmo-
spherictemperatures in the rangeof 0 to � 2� C. Lowest
valuesof the ion concentrations encounteredduring this
period are 10 ions cm� 3 for small positive ions, 102 ions
cm� 3 for intermediatepositiveionsand3 � 102 ionscm� 3

Figure 7. Diurnal variationsof small, intermediateand
large positive ion concentrations and air-Earth current
densityon a fair weatherday, 10 January2005.

Figure 8. Diurnal variationsof small, intermediateand
large positive ion concentrations and air-Earth current
densityon a cloudy day, 18 January2005.

Figure 9. Changein concentrationsof positive ions and
air-Earth current density due to snowfall on 22 January
2005.
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for large positiveions.Although ion concentrationsin each
category fall, time variations in one category need not
exactly follow the variationsin other category. Air-Earth
currentdensityalso falls to very low or almostzerovalue
during the periodof snowfall.

3.4. Effect of Blizzard
[19] Simpson[1919] observedthatblizzardsareintensely

electrifiedandproducehigh positivepotentialgradientson
the ground.In our observationswe observethat whenever

high winds are accompanied with some snowfall, i.e.,
atmospherictemperaturearebelow freezingpoint, positive
ion concentration of all the three categories begin to
decreaseabout3–4 hoursbeforethe appearanceof snow.
For example, on 15 February 2005, winds begin to
strengthenat 1800UT andsnowfallstartedfrom 2255UT.
Concentrations of all the three ion categories begin to
decreaseat 1830 UT and decreaseby approximately 2–4
timesby 2200UT (Figure10).Althoughblizzardcontinued
for the next two days, our observationscould not be
continued beyond midnight on 15 February when wind
speedexceeded30 m s� 1.

3.5. Effect of Snow-CoveredGround
[20] a- andb-raysemitted from the ground areprimary

sourcesof ionization closeto ground.a-raysareemittedby
the radioactivedecayof radon.The soil aroundMaitri is
found to have an uranium (U238) content varying from
0.036to 0.364ppm which is very small in comparisonto
the rangeof levels of 1.47 to 4.07 ppm estimated from
various types of Indian soil [Ramachandranand Balani,
1995]. In the region free of human activity, such as at
Maitri, presenceof U238 in the soil is mainly attributed to
geochemicalprocesses. Theseemissionscanbe effectively
trappedby athin layerof iceoverground.Duringtheperiod
of our observations,ampleopportunitywasprovided when
theEarth’ssurfaceatMaitri wascompletelybareor covered
with a layerof snow. Thesnowthatdepositedon theground
during the snowfall on 22–23 January2005 completely
coveredthe ground but meltedaway and left the ground
bareby 25 January2005.Figure11 showsthe positiveion
concentrations and air-Earth current density on 23 and

Figure 10. Changein concentrationsof positiveionsand
air-Earthcurrentdensityduring a blizzardon 15 February
2005.

Figure 11. Diurnal variationsof the small, intermediateandlarge positiveion concentrationsandair-
Earthcurrentdensityon two fair weatherdayswhentheground(a)wascoveredwith snowon23January
2005or (b) wasbareon 25 January2005.
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25 January2005whenthegroundwascompletelycovered
or bare,respectively. Bothdayswereotherwisemarkedwith
fair weather and bright sunshine. Concentrations of all
categoriesof positive ions increaseby 100 to 400% on
25 January. An important featureof observationsis almost
uniform concentrationof about3 � 102 ionscm� 3 of small
positive ions throughoutthe day on 23 Januarywhen the
groundis coveredwith snow.

4. Discussion

[21] Thesmall ionsproducedin theatmosphere soonget
attachedto aerosolparticlesand form large ions. In the
absenceof any othermechanisms directly producinglarge
ions,thevariationsin small andlarge ion concentrationsare
thereforeexpectedto closely follow eachother. The close
parallelism observed here between the small and large
positive ion concentrationsduring the fair weatherperiods
strongly supports this fact that the ion-aerosolattachment
processis the only dominantsourcefor the productionof
large ions at Maitri. It also demonstratesalmost total
absenceof any effect dueto the ionsor aerosolsproduced
from anthropogenic sources on land on the Antarctic
measurements. Further, almost parallel variations in the
air-Earthcurrentdensityand small/largepositive ion con-
centrationsconfirm the fact that the air-Earth current is
mainly determinedby the small ions. The electric field
measurements made in 1997 in the sameseasonat this
stationshowthatits diurnalvariationexhibitsamaximumat
1300UT andanothersecondarymaximumat 1900UT with
its daily averagevalueas83Vm� 1 [DeshpandeandKamra,
2001].During thesameseason, themeantotal conductivity
valueis 2.1 � 10� 14 Sm� 1 [DeshpandeandKamra, 2001].

[22] Large ion concentrations in our observationsare
certainlyhigherthantheexpected atacleansite,like Maitri.
Someof thelikely reasonsfor thisobservationareasfollows:
(1)Beingacoastalstation,someof themarineaerosolsbeing
generated over oceanmay be transportedto the site, this
being especiallyso during the periodswhen the cyclonic
stormsrevolvingaroundtheAntarcticcontinentpenetrateup
to the Maitri station, which happens quite frequently.
(2) Someof the intermediateionsbeinggeneratedover ice
glaciersouthof theMaitri grow to the large ion sizeduring
their transportationto Maitri with theprevailing wind from
southeast.(3) Ion counteris placedwith its inlet60cmabove
thegroundwhichis barein thisseasonatMaitri. High winds
prevailingatMaitri canstripoff somedustparticlesfrom the
sandy and loamy sand type of soil. Such dust particles,
through expectedto be large in size, may carry multiple
chargessoasto becountedaslargeions.

[23] Another factor that may contribute to large ion
concentrationis theformationof somedoublyandmultiply
charged aerosolsduring ion-aerosol interactions.These
multiply chargedaerosolparticleseven though larger in
sizeascomparedto large ionscanbecollectedin large ion
condenserbecauseof their highermobilitiesandbecounted
aslarge ions.Thepercentageof multiply chargedionsin the
aerosolsplaysa significantroleonly in verypureair having
aerosol concentration of <5000 cm� 3 [Hogg, 1934a,
1934b]. Moreover, multiply chargedions gain in impor-
tance only when radius of the particlesexceeds10 nm
[Israel, 1970; Fuchs, 1964]. The environmentalconditions

at Antarctica where aerosol concentrations are low and
aerosolsgenerallyconsistof agedparticlesaresuitablefor
the formation of such multiply charged ions. However,
percentageof such multiply chargedions is not likely to
exceed20% of singly chargedions [Hogg, 1934a, 1934b;
Fuchs, 1964] andis not includedin our calculations.

[24] On the contrary, almostindependentbehaviorof the
variations of intermediate positive ion concentrations at
Maitri suggeststhat the mechanismresponsible for their
productionis independentof themechanismresponsiblefor
small/largepositiveion production. Moreover, theobserva-
tions that the variationsin intermediatepositive ion con-
centrationandatmospherictemperaturearealmostparallel
to each other on the fair weatherdays and this parallel
behaviorbetweenthe two parametersdisappearson cloudy
days,strongly suggestthat the mechanism responsiblefor
the production of intermediate positive ions is strongly
dependenton thesolarradiation.Supportingthis is the fact
that in spiteof differentsurfaceconditionson the two days
in Figure 11 the diurnal variations in the intermediate
positiveion concentration andsurfacetemperatureon both
daysaresimilarbecausebotharefair weatherdaysandhave
plenty of solar radiation throughout the day. With the
abundanceof solar radiation,sulphateand low humidity
conditionspresentin theAntarcticenvironmenttheproduc-
tion of intermediateions can occurby nucleationprocess.
Hõrrak et al. [1998] suggestedthat clusterions can grow
into intermediatesize ions throughion-inducednucleation
processes,i.e.,accumulation of environmentalvaporsunder
properconditions.

[25] The decreaseobservedin all types of positive ion
concentrations and the air-Earth current density during
snowfall indicatesthat 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 observations
that the decreasein different ion categoriesis not always
parallel to eachotherare likely to result from the nonuni-
form rateof scavengingof the ionsof differentsizes.

[26] The observeddecreasein all categoriesof positive
ion concentrationswhen the ground is coveredby a thin
layer of snowshowsan effectivetrappingof a andb rays
from theground by a thin layerof snow. Thoughsmallbut
ratherdistinct differencein small ion concentration over a
snow-coveredor baregroundsupportsthe observations of
Ramachandranand Balani [1995] that radioactiveemis-
sions from the rocks at Schirmacherare low and almost
comparableto that of seawater. Further, almost constant
concentrationof small positive ions throughoutthe whole
daywhenthegroundis coveredwith snowindicatesalmost
uniformproductionof small ionsby cosmicraysandg rays
in the lower atmosphere.
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