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ABSTRACT

The thoron survey was performed in granite quarries around Bangalore
rural district in the scope of alung cancer epidemiological study. Long
duration measurements of outdoor thoron and its progenies concentra-
tions were made around granite quarries of Bangalore rural district by
using solid state nuclear track detector based double chamber dosimeters
(LR-115, Type-11 Plastic track detector) during summer and winter period
(2006-07). The thoron concentration in granite quarries varies from 30 to
160 Bg.m®withamedian of 84.5 Bg.m® and its progeniesvariesfrom 0.1 to
4.0mWL with amedian of 1.2mWL respectively. Higher concentrations of
thoron and its progenies were observed where the granite rocks are expo-
sure to the surface and are containing higher concentration of thorium.
The concentration of thoron and its progenies and equivalent effective
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dose aretabulated with light limit of ICRP limits.
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INTRODUCTION

Inthe most human radiation exposure studies, the
contribution of thoron isusually neglected. But for a
longtime, itiswell known that residua sof high back-
ground areaslike Brazil, Chinaand Indiawherethe
predominant geol ogica materials, decomposed gran-
ites, which hasrelatively high content of 22Th, receives
high doses so, it isincorrect to neglect thoron studies.
The study areashows higher concentration of thoron
and its daughter productsand activity of 2?Thi¥, Ex-
posure of persons to high concentrations of radon,
thoron and their short lived progeniesfor along peri-

odsleadsto pathol ogicd effectsliketherespiratory func-
tional changes and occurrenceof lung cancer’?™. Many
authorshaveinvestigated radon, thoron and their prog-
eniesowingtotheeffect of natural radiation exposure
on hedlth, particularly in relationship with varioustype
of cancer®1, |n 1988, the International Agency for
Research on Cancer (IARC) identified radonisalung
concerning gas*®. Thegraniterocksrelatively higher
contentsof radionuclide™.

Surveysin Europeand Asarevea ed that the dose
contribution dueto inhalation of thoron and itsshort-
lived progenies could equa or even exceed that of ra-
don anditsprogenies. Thelow-level concentration of
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radiation emitted from thesemateria scontributesheavily
to the exposure dose to the public living around the
guarries and workers?, In view of the fact that the
study onenvironmental radiationlevelsfromthegranite
quarriesimportant. Theresultswould serveasbaseline
datafor the populated area near the granite quarries
aming at assuming therisk caused to the public by ex-
posureof theterrestria radiation. Therefore dataob-
tain from such study may beused locally to establish if
and where controlsare needed. Theam of the present
study isto measurement of concentrations of thoron
and its progenies and radiation dose dueto these gases
to thepopulation and workersin granitequarries.

Sudy area

Theareaof the present study isthe Bangdorerural
digrictin Karnataka, India Itislocatedinthe southern
part of Karnataka State. Bangalore is the capital of
Karnatakastate. Thedistrict occupiesan areaof 5854
sg. kmslying between Latitudes 12°15” and 13°31”
and Longitudes 77° 04’ and 77° 59’ covering parts of
thetoposheets 57 G and H.

Thegeology of thispart of southern Indid®-22 forms
predominantly agraniticterrain with numerousvarieties
of graniteand graniticgneiss, charnockite, kainerocks
etc. Therocksaround Bangdorerurd Didtrict arecdled
closepet granites. Theserocksare younger than penin-
sular granites. Theserocksarea so consists of pegma-
tite. The common rocks are pink, gray, porphyritic,
gneiss, feldspar and dol erite. Within thisvast granitic
complex, depositsof quartzite, sandstone, and marble
arefoundinggnificant quantities. Therocksareof pen-
insular gneissand arewidely distributed throughout this
area. Theemplacement of alkaline dykeshasdomed
up thearea. Themining activity inthisareacoveringa
strange of more than 80 hillocks spread between
Kanakapura, Ramanagaraand Bidadi over 500 square
kilometer (showninfigure1). About 40 granite quar-
riesare seen around thisareaout of which 28 quarries
aresdected. Nearly 4000 |aborersareinvolvedin stone
crushing and loading activities. Thesoil inthisareais
red sandy loam with traces of yellow and black soil.
The soil being porous, permitsfreeinterna and down-
ward movement of water. Mixed red and black col-
ored soil isformed theunderlying parent rock, whichis
mostly granite.

Studies on thoron and its progenies levels around Bangalore
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Figurel: Sudy area(Bangaloredistrict)
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Figure2: Twin-cup dosmeter

M ethodology

Thoron and its progenies concentrationsin some
dwellingsaround the granite quarrieswere measured
using Solid State Nuclear Track Detectors (SSNTD)
based double chamber dosimeters. SSNTDsfilmsare
thin sheetsof didectric materiassuch asCellulose Ni-
trate (CN) and polycarbonates. They are sensitiveto
alphabut not to betaand gammaradiation. They are
unaffected by moderate humidity, heat and light. Nor-
mally LR-115TY PE-Il (Kodak Pathe, France) plastic
track detector (C N film) ispreferred for measurement
of these gasesand their progenies.

Thedoublechamber dos meter cupsused for moni-
toring thoron and its progenies are showninfigure 2.
Each chamber has alength of 4.5cm and aradius of
3.1cm. The SSNTDs used are 12um thick. The
SSNTD1 placed in compartment 1 measuresonly ra-
don, which diffusesinto it fromtheambient air through
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TABLE 1: Average®Rn and itsprogeny concentrationsand equivalent effectivedose

Conc. Progenies conc. Eq.eff.dose
Zone Villages Quarries (Bg.m?) (mWL) (mSv.y™h

220Rn 23, Total
A.Kanakapura Taluck

Q 136 2.00 0.25

| 1 Maralebekuppe Q, 160 117 0.30

Qs 87 1.20 0.16

2. Alanahally Q. 100 2.22 0.19

3. Hosahally Qs 130 0.65 0.24

4. Terinadoddi Qs 130 1.40 0.24

Q 142 2.10 0.27

I 5. Kodihally Qs 115 2.56 0.22

Qo 110 1.23 0.21

. Quo 60 1.16 0.11

6. Nayakaradoddi Qu 150 112 0.28

Q. 70 0.75 0.13

7. Ramanahally Qus 112 1.20 0.21

Qu 60 0.15 0.11

i 8. Maharajakatte Qs 66 0.45 0.12

Qs 38 0.4 0.07

) Qw7 42 0.13 0.08

9. Puttadasanadoddi Ous 39 0.18 0.07

i Quo 42 0.10 0.08

v 10.Moolegondi Qo 30 4.0 0.06

) Qxn 42 0.20 0.08

11. Kabballi Qa 35 0.60 0.07
B.Ramanagar a Taluck

Qs 89 3.20 0.17

12. L B Palya Qu 82 2.80 0.15

Qus 128 1.42 0.24

I 13. K G Hosahally O 79 1.30 0.15
C.Bidadi Hobli

Qx 76 2.10 0.14

14. KallugopaHally Qux 118 1.30 0.22

Average 88 1.32 0.17

asemi-permeablemembrane(e.g. latex, cdlulosenitrate
etc.). Thesemembraneshave permeability constantsin
therangeof 108-10" cm?.s* and alow morethan 95%
of theradon gasto diffuse and suppressthoron gasto
lessthan 1%!%1. Ontheother hand, theglassfiber filter
paper in compartment 2 allowsboth radon and thoron
gastodiffusein and hencethetrackson SSNTD2 are
rel ated to the concentration of both gases. The SSNTD3
exposed inthe bare mode(placed on the outer surface
of thedosimeter) registersal phatracksattributableto
theair borne concentrationsof both thegasesandtheir
progenies?l, To measure thoron and its progenies
concentrationsthe detector wasmounted insideanin-
verted 1-liter plastic cylinder on protection against di-
rect sunlight and anylon stocking covered the entire
assembly to protect the dust filter frominsects. At the

end of the stipul ated period of exposure, usualy about
100 days, thedos metersareretrieved and al thethree
SSNTDsareetched with 10% of NaOH solutionsfor
1hr at abath temperature of about 60°C.Thetrack den-
sty of dphasinthefilmwasdetermined using aspark
counter. Thethoron levelsand its progeniesworking
level concentrationsare ca culated by thefollowing re-
letions.

C.(Bq.m3=T /d.S, )
C,(Bqm3=T,-d.C.S,/d.S, @)
Where, d=Period of exposure, (days); T,= Track density of the
filminfilter compartment; S, =Sensitivity of radoninfilter com-
partment; S, =Sensitivity of thoroninfilter compartment; C_=
Radon concentration; C. = Thoron concentration

R, (MWL)=C_F /0.275 @)
Where, R, = Thoron progenies concentration; F, = 0.91f _ +
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Wheref _andf__areactivity fractionswithre-
spect to parent gas, F, be the equilibrium factor for
thoron progenies, corresponding to the extracted ven-
tilation rate!. From the equilibrium factorsworking
level concentrationsarecd culated. Theinhdation dose
duetothoron was cal cul ated by using conversion coef-
ficient 32mSvy* and equilibriumfactor 0.1 for thoron.
The dose coefficient for thoron dissolvedin blood are
cd culated using conversion coefficient 0.11nSv. Findly
an estimation of theinhal ation dosein mSv.y* may be
provided usingtheformula?.

D(MSv.y?) = (0.11 + 32F ) C. x1750x10° ®)
RESULTSAND DISCUSSIONS

Measurement of thoron and its progenies concen-
trationswere performed in 28 granite quarries during
thewinter and summer period (2006-07) by using Solid
State Nuclear Detector (SSNTD). To understand the
roleof geology of rocks, the study areaisdividedinto
four zones on the bases of types and colours of bed-
rock.

1. Therocksarepink colour inthefirst zone. They are
extended to severa kilometersand theserocksare
observed in quarries of Alanahally and
Maral ebekuppe.

2. Therocksaregray colour in second zone. Theserocks
areobservedinquarries of Hosahally, Terinadoddi,
Kodihdly, Nayakaradoddi, Ramanahdly (Kanakapura
Taluck), L B Paya, K G Hosahally (Ramanagara
Tauck) and Kalugopahdly (Bidadi Hobli).

3. Pink granitesare overlapped by altered granitesin
thethird zone. Theserocksareobservedinquarries
of Mahargjakatte and Puttadasanadoddi.

4. Pink granitesare overlgpped by Dol erite (Black type
rock) inthefourth zone. They are extended to sev-
era kilometers. Theserocks are observedin quar-
riesof Moolegondi and Kabballi.

All the quarries are surrounded by hillocks. Ac-
cordingly zonewisevariation of thoron and its prog-
eniesconcentration levelsare summarized in TABLE
1. From the Tabl e, the concentration of thoron varies
from 30to 160 Bg.m= with amedian of 84.5 Bg.m=
anditsprogeniesvary from0.1to 4.0mWL withame-
dian of 1.2mWL. Thereisno correlation was observed
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between thoronand its progenies. Thewidevariation
may be dueto the human activity and atmospheric con-
dition. The progenies concentrations show negative
correlation with parent gases. The present study estab-
lishesthat the correl ation between thoron and its prog-
enies, geological formation of that area, stone cracks
and breaks of the bedrock dueto mining activity.

Themaximum concentration of thoron anditsprog-
enies were observed in first zone quarries Q, Q, of
Alanahdly and Q,, Q, of Maralebekuppevillages. All
these quarriesare attributed by pink granite. Theseare
younger than altered granites and these rocks may be
containing higher activity of radionuclide. Emanation of
thoron dependson theactivity of 22Th presentinrocks,
porosity, grain sizeand permeability?29, Dueto the
mining activity, thestructure of thebedrock inthevicin-
ity of the quarries gets destroyed and fissured. Dueto
thesetransformationsin bedrock, thoron iseasy to mi-
gration over theground and the subsequent penetration
into atmosphereand housesnear thequarries. Therocks
arebrokenintofiner grainsdueto themining activity.
Asaresult thegrain size decreases and the activity of
Z2Thincreasesresulting higher concentration of thisgas.
This is an addition exposure to the public and the
workers.

Gray graniteswere observed in second zone. Quar-
riesQ,of Hosahdly, Q, of Terinadoddi, Q,, Q,, Q,of
Kodihaly, Q,,, Q,, of Nayakaradoddi Ramanahaly,
Q,.: Q,,0f L BPalya, Q,, Q, of K GHosahally and
Q,,» Q,,0f Kallugopahally villages belong to second
zone showsdlightly less concentration of thoron com-
pared tofirst zone. Thegray granitemay be consists of
low concentration of 22Th. Pink granitesare overlapped
by atered granitesin thethird zone. Theserocksare
observedinquarriesof Mahargakatte and Puttadasana
doddi. Quarriesof Q_,, Q,, Q,, of Mahargjakatte and
Q,,» Q,,0f Puttadasanadoddi villagespink granitesare
overlapped by altered granites. These rocks may be
containsless concentration of 22Th. Thesegranitequar-
ries show slightly low concentration of thoron prog-
enies compared to second zonequarries.

Thelow concentration of thoron andits progenies
were observed in fourth zone quarries of Q,,, Q,,
Moolegondi and Q,,, Q,, Kabballi villages. Thismay
be duethe mining activity iscompl etely stopped and
the pink graniterocks are overlapped by doleriteat a
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depth of 3-7 meters. Dolerite (Black color) rocks may
be containing low concentration of 22Th.

CONCLUSION

Themaximum concentrationsof thoron anditsprog-
enies have been observed infirst zone, attributed by
pink granitesand placeswherethemining activity was
takes place. The concentration of thoronismainly de-
pends on the activity of radionuclidespresent in soil,
rocksand mining activity. Inthethird and fourth zone,
low concentrationsof thoron and its progenieswere
observed. Thisisbecause mining activity was stopped
and these zones attributed by altered granitesand dol -
erite. Theactivity of radionuclidesin altered granites
and dol eriteislesser compared to pink and grey gran-
ites. Theresult showsthat theimpactsof radiation haz-
ard dueto mining activity (crushing andloading) onthe
laborersand public near thequarriesareconsiderable.
The concentrationsof thoron and itsprogenieslevels
arehigher than globd average.
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