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ABSTRACT

The atmospheric electrical conductivity was recorded during 2006 at
Mysore(12°N, 76°E), India, in fair weather days. The observations of con-
ductivities were made at three different locations in Mysore. The first
location is Maharani’s Science College Campus (MSCM), second is the
Manasagangotri, University Campus (MGM) and the third is St. Joseph’s
School campus (SJS). The total electrical conductivity variesfrom 4.4 to
64.6fSm'10.4t044.5fS.m*and 1.6t098.8fSmtinMSCM, MGM and SIS
respectively. Overall diurnal variation shows that in MSCM campus the
concentration of radon and its progeny and electrical conductivity values
are dightly higher than in MGM campus. Conductivity valuesin SIS are
higher than the other two locations even though the trend of diurnal varia-
tionissimilarinall thethreelocations. We have observed that even though
radon concentrationsat MGM are slightly higher than that of SIS conduc-
tivity values are lower. This may be attributed to air pollution in the area
resulting in the loss of small ions due to ion-aerosols and ion —ion recom-
bination processes. © 2008 Trade Sciencelnc. - INDIA
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INTRODUCTION

Uraniumiswiddy distributed in natureand it oc-
curs asamixture of mainly threeisotopes 2*U, 2°U
and 2U. Throughthe natural decay seriesit generates
22Rn. Theradon migratesthrough the mechanism of
recoil, diffusion and transport through porosity in soil,
fracturesin rocksand along with weak zones such as
shear, faults, thrust etc. From some geological situa-
tions, radon migrates|ong distancesfrom its place of
originand alphaparticlerecordersat theearth surface

candetect it. Thisisresponsiblefor ionization of air
moleculesintheatmosphere. Severd typesof eectri-
cally charged submicroscopic particlesare normally
found inthe atmosphere. Atmosphericionsare of two
principal types, small ions and largeions, although
classesof intermediateionsare occasionally beenre-
ported. Theionization processthat formssmall ionsde-
pends upon two distinct agencies, cosmicraysand ra-
dioactive emanations. Each of these consists of ener-
getic particlesthat ionizeneutra ar moleculesby knock-
ing out oneor more dectronsfromtheatoms. There-
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sulting free electron and positively charged atom (or
molecule) immediately attachesthemselvesto oneor
more number of neutra ar molecules, thereby forming
new small ions. In the presence of aerosol particles,
someof thesmall ionswill intern attach themselvesto
these particles, there by creating new largeions.

The atmospheric conductivity dependson the ex-
istence of positiveand negativeionsand it can be ex-
pressed intermsof theion concentrations and mobili-
tiesof theindividud ionsgiven by,
c= e(n+p+ + n_u_)
where p*and - are the mobilities and n* and n- are the number
densities of positive and negativeions, respectively and eisthe
electronic charge. If severa types of ions of different mobility
are present in the atmosphere, the above expression become

n
= eZ(nTuT + n?ui')
i=1

Itiswell known that, the mobility of large or inter-
mediateionsareafew ordersof magnitudesmaller than
those of small ions. Thereforetheir contribution to the
polar conductivity isrelatively smaller than that of the
small ions. Small ionsof opposite polarity recombine
and causeadecreaseinthesmal ion concentration and
consequently areduction in the conductivity of air. In
the presence of aerosol particleslossesinthesmall ion
concentration are caused both dueto theion-ion re-
combination process and attachment of small ionsto
the aerosol particles. Attachment of small ionsto the
aerosol particles makes them almost immobile and
causesafurther decreasein conductivity of the atmo-
sphere. Thisdevelopsinversereationship betweenthe
aerosol concentration and theelectrica conductivity!
% Duetothisinverserel ationship between the€dectrica
conductivity and the pollution, theel ectrica conductiv-
ity can act asapollution index.

Sudy area

Theareaof present study isthecity of Mysore, in
Karnataka, India. Mysorelies between 12°C 15” and
12°C 25” North latitude and between 76°C 35" and
76°C 14" East longitude with a height of about 767 m
above mean sealevel, forming apart of catchment’s
zoneof the cauvery and Kabini rivers. Thecity hasan
areaof about 37.37 Sg km. A largereservoir namely
Krishnargasagar (KRS) issituated towardsthe north
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west of Mysore city. Chamundi hill(1048m) isanim-
portant landmark situated to the south. A moderatecli-
mate prevailsthroughout the year. Mysore City hasa
population of about onemillion. Thereareabout 2 lacs
petrol and diesel powered vehicles. About 50small scae
factories, mostly chemical and engineering, makethe
industria pictureof Mysore.

Mysore has essentially atypical monsoon climate.
Bulk of therainfall isreceived from south-west mon-
soon which setsinthe month of May or Juneand con-
tinuesup to theend of September. Whenthenorth East
monsoon starts, Mysorerecords about 760mmrainsa
year. The north-east monsoon ceases by November
and thewinter season commenceswhich laststill the
end of February. Summer beginsinthemonth of March
and will beintensetowardsthe end of May. The mini-
mum temperatureisgenerdly in themonth of Novem-
ber and maximumin May. Theannua meandaily tem-
peratureis 30°C maximum, and 19°C minimum. Rela-
tive humidity rangesfrom 49% to 80%. Theaverage
maximum wind velocity (5.5m.s!) wasobserved in
Juneand July and theaverageminimum (1.8m.s™') dur-
ing themonth of December and January.

Theamosphericdectrica conductivitiesinthelower
surface at Im-height radon and itsprogeny concentra-
tionwith meteorol ogical parameterswere measured at
threedifferent |ocations. Oneisthe Department of Phys-
ics, university campuswhichiscoveredwith greengrass,
clean surroundingsand aso lesspolluted area, Mysore
(MGM), theother at Maharani’s science college cam-
pus known with anthropogenic activitiesand vehicular
traffic, Mysore city(MSCM) and the third oneis St
Joseph’s school campus, Jayalakshmipuram, Mysore
(S3S), whichisopen field and very closeto theroad-
sidewherevehiclesmovefrequently, Smal ionsarepart
of theatmospheric aerosol sspectrum, and study of ion-
aerosol interactionsisfundamentd inatmospheric phys
icg38l,

Themain objectivesare comparing el ectrica con-
ductivity of air near the earth surfacein threedifferent
locations and correlate that with ion pair production
rate dueto radioactivity.

EXPERIMENTAL

Gerdien condenser
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Figurel: Schematicview of ger dien condenser

The Gerdien condenser isasmpleinstrument that
has been used for the measurement of atmosphericeec-
trical conductivity of both positive and negative polari-
tiessmultaneoudly, whichislocally fabricated as per
Dhanorkar et a., (1989)1". The schematic diagram of
theinstrument isshowninfigure 1. The Gerdien con-
denser isbasically acylindrical capacitor that collects
atmosphericions. It consistsof two coaxial cylinders
betweenwhich airisalowedtoflow. A voltageisap-
plied to one cylinder, known asthedriving el ectrode,
with respect to the other. Thisdriving voltagerepels
ionsof onepolarity towardsthe other electrodewhere
ionsget collected. The Gerdien condenser isinsulated
and is kept in athird cylinder, which is electrically
grounded. Thiscylinder shiddsthe measurementsfrom
externa disturbances. Theinner cylinder isused asthe
collector and the outer one asthe driving el ectrode.
Thesgnd sfromthetwo condensersareamplified sepa-
rately with two electrometers, with amplifiersandits
output isfed to the computer. Theair flow (about 19
litres per second) through the condenser can beachieved
by usngafan. Toreducetheintensity of turbulent mix-
ing, the ends of theinner electrodesthat facetheair
stream arerounded smoothly. To reducethe effect of
atmospheric windinthe condenser, theinner eectrode
isplaced well insdethe outer el ectrode away from the
entrance, dlowingtheinitia atmosphericturbulenceto
decrease considerably.

Low level radon detection system
The concentration of radon in the atmosphereis

measured using the Low Level Radon Detection Sys-
tem (LLRDS) following the well-established proce-
dure’®, The procedure consists of collecting the air
samplein an evacuated chamber and exposingacircu-
lar metallic disk of 50 mm diameter totheair containing
radon insdethecollection chamber. Thediscismain-
tained at anegative potentia of 800V with respect to
the body of the chamber, which isgrounded. Radon
decay products, as they are produced, are known to
bepositively charged. Thedecay productsformedin-
Sdethechamber get attracted to thedisc, whichisnega-
tively charged. The decay products are collected for
75 minutes. Thediscisthen taken out and counted for
aphaactivity typically for about 5000 sec. The advan-
tage of thispresent systemisthat, no pumpisrequired
for sampling. The evacuated chamber can betakento
thesiteof sampling andthegrab sampletaken by opening
the stopcock, after which it is sealed automatically.
Measurement isdonelater at acentralized place. The
minimum detectableaccuracy for radoninLLRDSis
aslow as 1.7-8.8 Bq m, depending on therelative
humidity conditions. Theconcentration of radonRn (Bq
m) iscal culated with theexpression (1)

_1o00C "

" EFVZ @)
Where C is the total number of counts observed during the
counting period, E isthe efficiency of alpha counting system,
F isthe efficiency of collection of RaA-atoms on the metallic
disc, V isthe volume of LLRDS chamber, Z is the correction
factor for build up and decay of radon daughter atoms on the

metallic disc during the exposure and counting period.

Air flow meter
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Figure2: Diurnal variation of relativehumidity, wind speed
and ambient temper atur eat threelocationsin M ysor ecity

Radon progeny concentrationsaremeasured using
anair flow meter® of 15cm longand 1 cm diameter.
Airisdrawnthrough aglassfiber filter paper by means
of asuction pump at aknown flow rate. Theradon
progeny inair sample areretained on thefilter paper.
Total activity onthefilter paper ismeasured at three
different countingintervasof 2-5, 6-20and 21-30 min-
utes. Activitiesof RaA (*®Po), RaB (?*Pb) and RaC’
(#4Po) areca culated using the equations(2),(3), & (4)

Raa - 4:249019(C,) - 2.062417(C,) + 1.94994%Cy) Eam=) (2)
VE

Rap - ~0:355129(Cy) + 0.006232(C,) +0.240618(C5) Eam=) (3)
VE

Rac— ~0-215175(Cy) + 0.3753I519(02) —0.502945(C) Bam=) (4)
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Where C,, C, and C, are the gross counts during the three
counting intervals, E is the efficiency of alpha counting sys-

temand V isthe sampling ratein liters per minute.
lon pair productionrate

Theion-pair production rateisestimated fromthe
measured radon and its progeny concentrations. The
total energy released ¢(eV m=s') dueto both radon
and its progeny iscomputed from radon and itsindi-
vidual progeny concentrationsand isusedto calculate
ion-pair production rate Q(x10°No. m3s™)
£ =5.49x 10°Rn + 6.00x 10°RaA + 0.85x 10°RaB
+7.69x10°RaC' and Q = ¢/32 ionpairscm™3s™*

Where Rn, RaA, RaB and RaC’ are the concentrations (Bq m~)
of 22Rn, #8Pg, 24Ph and 2“Po respectively.

RESULTSAND DISCUSSION

Radon and itspr ogeny concentrationsand ion pair
productionrate

Concentrationsof radon in theatmosphereare & -
fected not only by the magnitude of theexha ationrates,
ingenerd, but a so by amospheric mixing phenomena.
Solar heating during the daytimetendsto induce some
turbulence, so that radonismorereadily transported
upwardsand away from the ground. During night at-
mosphereisrelatively cam with low windsand little
convective motion. Radon exhaed from the soil accu-

TABLE 1: Diurnal variation of radon, itsprogeny concentration, ionization rateand atmospheric electrical conductivity at

manasagangotri, M ysor ecity

Time Concentration (Bgqm™) lon. Rate(n)  Conductivity (o) (fS.m™) o/n
(Hours) Rn RaA RaB RaC  (nom3%)x10°  Positive Negative  fSm*(no.m’s") 'x10°

0 7.31 269 028 0.13 1.80 16.9 15.8 18.2

2 9.30 362 0.26 0.82 2.48 21.8 20.0 16.9
4 15.24 514 041 0.16 3.63 25.2 21.2 12.8

6 16.15 589 0.35 0.37 3.97 18.6 12.6 7.9

8 6.10 553 0.28 0.31 2.17 52 58 51
10 3.15 201 031 0.22 0.98 51 4.8 10.1
12 4.73 225 028 0.20 1.29 4.2 4.4 6.7
14 4.56 279 0.66 0.19 1.37 29 1.7 34
16 4.65 232 010 0.79 1.43 8.8 8.1 11.9
18 5.20 1.08 0.46 0.74 1.28 9.1 84 13.6
20 7.92 549 0.38 0.05 241 95 9.3 7.8
22 3.99 6.05 0.80 0.01 1.84 17.4 14.2 17.2
GM 6.46 331 034 0.20 1.88 9.8 8.6 9.8
Min 3.15 1.08 0.10 0.01 0.98 29 1.7 34
Max 16.15 6.05 0.80 0.82 3.97 25.2 21.2 18.2
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TABLE 2: Diurnal variationsof radon, itsprogeny concentration, ionization rateand atmospheric electrical conductivity at

M ahar ani’ssciencecollege, Mysorecity

Time Concentration (Bgm™) lon. Rate(n)  Conductivity o(fSm™) o/n
(Hours) Rn RaA RaB RaC' (nom3sHx10° Positive  Negative  fSm™(no.m®s?) x10°
0 13.44 7.68 0.15 0.01 3.75 21.8 215 115
2 1461 542 0.14 0.02 3.53 27.1 26.9 15.3
4 1500 7.75 036 0.10 4.06 31.8 30.8 154
6 22.31 9.42 0.71 0.05 5.62 32.4 32.2 115
8 16.44 6.02 0.23 0.11 3.98 14.8 14.5 7.4
10 8.83 0.57 0.14 0.58 1.76 2.4 2.0 25
12 6.90 4.99 0.09 0.06 2.14 35 31 31
14 9.02 2.06 017 022 1.99 7.8 7.5 7.7
16 7.54 1.61 0.19 0.19 1.65 10.8 10.5 12.9
18 10.38 5.80 022 0.02 2.88 13.9 12.8 9.3
20 10.57 5.89 0.50 0.03 2.94 154 15.1 10.4
22 10.81 8.08 0.19 0.07 3.39 16.3 15.8 9.5
GM 11.49 4.36 0.22 0.07 2.95 12.9 12.3 8.6
Min 6.90 0.57 0.09 0.01 1.65 2.4 2.0 25
Max 2231 942 0.71 0.58 5.62 32.4 32.2 15.4

TABLE 3: Diurnal variationsof radon, itsprogeny concentr ation, ionization rateand atmospheric electrical conductivity at

S. Joseph’sSchool, Mysorecity

Time Concentration(Bgm™®) lon.rate(n)  Conductivity o(fSm™) o/n
(Hours) Rn RaA RaB  RaC' (nom®s)x10° Postive Negative fSm™*(no.m>s") 'x10°
0 12.05 7.18 0.91 0.34 3.52 26.8 20.2 134
2 13.20 3.66 1.12 0.74 3.16 26.6 22.6 15.6
4 10.67 5.49 1.24 0.56 3.03 329 31.0 21.1
6 38.39 3.23 1.38 0.98 7.46 53.2 45.6 13.2
8 7.92 9.99 1.15 0.20 3.31 1.6 2.1 1.1
10 2.60 5.33 1.04 0.47 1.59 1.8 1.4 2.0
12 5.32 3.69 1.38 0.47 1.75 8.1 59 8.0
14 4.62 6.10 0.99 0.39 2.06 59 9.1 7.3
16 6.46 4.92 1.62 0.28 2.14 3.3 2.4 2.7
18 2.20 16.35 1.85 0.01 3.49 1.5 1.3 0.8
20 2.40 8.12 0.78 0.30 2.03 32.0 29.0 30.1
22 17.88 5.00 0.98 0.49 4.15 33.0 30.3 15.3
GM 7.22 5.91 1.17 0.32 2.86 9.9 9.0 6.6
Min 2.20 3.23 0.78 0.01 1.59 1.5 1.3 0.8
Max 38.39 16.35 1.85 0.98 7.46 53.2 45.6 30.1

mulates near theground leading to gradual increasein
the concentrations. Diurna variationsof radon andits
short-lived progeny concentrations, ion pair produc-
tion ratedueto radon and its progeny concentrations
and atmospheric eectrical conductivity measured at
Manasagangotri (MGM), Maharani’s Science College
(MSCS) and St. Joseph’s School (SJS) are shown in
TABLES 1-3. Theradon concentrationsgradualy in-
creases and reach maximain the early morning, 03-07
hrsand decrease after sunrise, attaining minimain the
afternoon, 12to 16 hrsat al locations. After sunrise, as
temperatureincreases, thehumidity decreaseg(figure 2)
resulting in the decrease of relative humidity inthe at-
mosphere. Thiscausesincreased vertica mixing that

result inlower concentration of radon and its progeny
at theground level. Asaconsequenceat ground level,
the aerosol to which radon and its daughters are at-
tached will be present at higher concentrationsduring
night and inthe early morning hours, whichinturnin-
creasestheionization ratein the atmosphere1®24,
Itisasointeresting that the concentrations of ra-
donfollow thetrend of therdativehumidity, ingenerd.
Thisisduetothefact that astemperatureincreases, the
humidity decreasesresulting in the decrease of mois-
ture content in the atmosphere. Thiscausesincreased
vertica mixing and rising of agrosolstothe higher alti-
tudesresultingin lower concentration of radon at the
ground level. When thetemperature decreasesand hu-
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Figure3: Diurnal variation of ion pair production rateand
atmosphericelectrical conductivity at threelocationsin
Mysorecity

midity increases, theverticd mixingandraising of aero-
solsto the higher altitude reduce. Asaconsequence,
the aerosol towhich radon isattached, will be present
at higher concentrationsduring night andin the early
morning hoursat ground level. Thisresultsinthein-
crease of radon concentrations near the surface of the
Earth(*>16],

At MGM radon concentration variesfrom 3.15-
16.15 Bq m with ageometric mean of 6.46 Bqm
showing significant diurna variation by afactor of 5-6.
Itisseenfromthe TABLE 1 that the concentrationis
maximum during the early morning hours, between 04
and 06hrsof IST at Mysore*Y. It decreases after sun-
rise, attaining aminimum between, 10to 16hrs. The
individual radon progeny such as RaA (?*Po), RaB
(**Pb) and RaC(#*Bi) dso exhibit maximaintheearly
morning hours between 4to 6 and minimaduring 12to
16 hoursin the afternoon. Theindividua concentra-
tionsaremeasured sinceeach will contribute separately
intheionization of theatmosphere. lon pair production
dueto radon and its progeny concentrationsat MGM
variesfrom 0.98x10°to 3.97x10fion pairsnr3stwith
ageometric mean of 1.88x10°ion pairsm3s™.

Slightly higher radon and its progeny concentra-
tionswereobserved at MSCM and SJSlocations. This
may be dueto higher radium content in soil at these
locations. At MSCM the radon concentration varies
from 6.90 to 22.31 Bg m with geometric mean of
11.49 Bqm. lon pair production duetoradon and its
progeny concentrations varies from 1.65x10°to
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5.62x10°ion pairsm3stwith ageometric mean of 2.95
ion pairsm3s1x10°. Where as at SIS radon concen-
tration variesfrom 2.20 to 38.39 Bq m with geomet-
ric mean of 7.22 Bqm=. lon pair production dueto
radon and its progeny concentrations varies from
1.59x10°ft0 7.46x 10 ion pairs mr3stwith ageometric
mean of 2.86x10°¢ ion pairsnr3st.

It isobserved that conductivity of both polarities
andion pair production rate show maximain theearly
morning hoursand attain minimaafter sunshine. The
positiveand negative conductivitiesare approximatdy
equal andtheir diurnal variationsaregeneraly mirror
images of each other. The average positive and nega
tive conductivity measured at MGM are 9.8 and 8.6
fSMm,inMSCM are12.9and 12.9fS.m! andat SIS
are9.9and 9.0 fS.m! respectively. We can also ob-
servethat during day time even though radon concen-
trationsat MGM are dlightly higher that of SJS con-
ductivity vaduesarelower. Thismay beattributed tothe
effect of aerosolsnear SJS.

Diurnd variation of eectrical conductivity, ion pair
production rate dueto radon and itsdaughter products
and total conductivity measured at threelocationsare
showninfigure 3. Itisobserved that the conductivity of
both polaritiesandion pair production rateshow maxima
intheearly morning hoursand attain minimainthe af-
ternoon at al thelocations. Thisisdueto thefact that
astemperatureincreases, the humidity decreasesand
causesincreased vertical mixingand rising of ionsto
the higher altitudes, that result in lower value of con-
ductivity at thegroundlevd.

Theincreasein conductivity during theearly morn-
ing (04-06 hours) ismainly because of theionization
produced by radioactive substances present inthe at-
mosphere. As the day advances the temperature in-
creasesand hencetheturbulenceincreasesand thereby
reducing ionization leading to the decrease of conduc-
tivity inthe afternoon. Hence, thediurna variation of
conductivity followsthetrend of ion—pair production
rate especialy intheearly morning hoursasshownin
thefigure 3. Also, during day timethe UV radiation
stimulates gasto particle conversion and generates ul-
trafineaerosol particleswhich aremain sink of small
airiond*”. Thisprocessresultsin depression of con-
ductivity during day time. During daytimein MSCM
variationsisattributed entirely to theeffect of airborne
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pollution dueto large number of motor vehiclestravel -
ing near the station, reducing small ion concentrations
and consequently theatmospheric dectrica conductiv-
ity. InMGM the atmosphereisrelatively calm, less
polluted andlessanthropogenic activitiesand their con-
ductivity valuesremainsconstant after thedepression.

Theratio of total atmospheric conductivity toion
pair production at MGM, MSCM and SJS are 9.8,
8.6 and 6.6 (10°ion pairs.m3s?) (fS.m)trespectively.
Lower value of theratio observed at SISand MSCM
may bebecause of decrease of smdl ionsand conduc-
tivity dueto the effect of air pollution and anthropo-
genicactivitiesnear these stations.

CONCLUSION

Theatmospheric el ectrical conductivity measured
over threelocationsshowssimilar typeof diurnd varia-
tions. At MGM radon concentration variesfrom 3.15-
16.15 Bg m~ with ageometric mean of 6.46 Bqm™,
at MSCM from 6.90to 22.31 Bq mr® with geometric
mean of 11.49 Bgm=and at at SISfrom 2.20t0 38.39
Bgm=with geometric mean of 7.22 Bqnr3. Theaver-
age positive and negative conductivity measured at
MGM are9.8and 8.6 fS.m™!,inMSCM are12.9 and
12.9fSm' andat SISare9.9and 9.0fS.m ! respec-
tively. Theratio of total aamospheric conductivity toion
pair production at MGM, MSCM and SJS are 9.8,
8.6 and 6.6(10° ion pairsm3s?) (fS.m™1)* respectively.
Lower value of theratio observed at SISand MSCM
maly be because of decrease of small ionsand conduc-
tivity dueto the effect of air pollution and anthropo-
genicactivitiesnear these stations.
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