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Abstrakt

Wallova Gabriela, Stanovenie prirodnych radionuklidov vo vybranych
hornindch z oblasti Hetaunda v Nepéle, Univerzita Komenského
v Bratislave, Prirodovedecka fakulta, Katedra jadrovej chémie, Prof.
RNDr. Pavol Rajec, DrSc., Viede , 2010, 29 stran.

Pou itim gama-spektrometrie sa vo vzorkach hornin z oblasti Hetaunda
(Nepal) stanovili $pecifické aktivity prirodnych radionuklidov #*8U, %2Th a “°K.
Specifické aktivity sa nachadzali v intervaloch: 17 — 95 Bq.kg™ pre *®U,
24 — 260 Bqg.kg* pre ?*2Th a 32 — 541 Bqg.kg™* pre “°K. Z nameranych hodnét
aktivit sa vypo itali davkové rychlosti aro né efektivnhe davky. Vypo itané
hodnoty sa porovnali s hodnotami uvedenymi v zbierke United Nations
Scientific Committee on the Effects of Atomic Radiation (UNSCEAR). Téato
praca otvara dvere k bezpe nému aplikovaniu va Siny skimanych hornin ako

finan ne nenaro ného stavebného materialu.

K U ové slova: aktivita urdnu-238, toéria-232 a draslika-40, gama

spektrometria, davka, Nepal



Abstract

Wallova Gabriela, Determination of naturally occurring radionuclides
in selected rocks from Hetaunda area, Central Nepal, Comenius
University in Bratislava, Faculty of Natural Sciences, Department
of Nuclear Chemistry, Prof. RNDr. Pavol Rajec, DrSc., Vienna, 2010,
29 pages.

The specific activities of the naturally occurring radionuclides 23U, #?Th,
and “°K were measured in rock samples from the Hetaunda area, central
Nepal, by using gamma spectrometry. The specific activities were found to be
in the range of 17 — 95 Bq.kg™ for ?®*U, 24 — 260 Bqg.kg’ for #*?Th
and 32 — 541 Bq.kg™ for “°K. From these data absorbed dose rates in air
and annual effective doses were calculated and compared with respective
data from the United Nations Scientific Committee on the Effects of Atomic
Radiation (UNSCEAR) compilation. The results from our study open the door
to the safe applicability of most of the investigated materials as a cheep
building material.

Key words: Uranium-238, Thorium-232 and Potassium-40 activity
concentrations, Rock samples, Gamma spectrometry, Dose calculation,
Nepal



PREDHOVOR

V su asnej dobe su na trhu dostupné rézne druhy stavebnych materialov. Je
vSak ve mi dbleité venova pozornos vyu ivaniu zdravotne nezavadnych
stavebnych materialov.

lonizujace iarenie aradioaktivne latky su neoddel ite nou su as ou nasho
ivota. Prirodzene sa vyskytujuce radioaktivne atébm y su pritomné v zemskej
koére, v stenach naSich obydli, Skol, kancelarii, v potrave. Radioaktivne plyny
st vo vzduchu ktory dychame. Samozrejme, e aj naSe tela obsahuju
prirodzene sa vyskytujuce radioaktivne prvky. Z kozmického priestoru k nam
zase prenikd kozmické iarenie. Zdroje iarenia mé u by aj umelé, ktoré
vytvoril  lovek. Hlavni zloku prirodzenej radioaktivity tvori aktivita
primarnych radionuklidov, predovsetkym 2%®U a?**Th s radioaktyvnymi
produktami ich premeny a aktivita “°K. V st astnej dobe st na trhu dostupné
rézne druhy stavebnych materialov. Je vSak velmi doleité, aby pou ité

stavebné materialy neboli zdraviu Skodlivé.

Cieom predloenej rigoroznej prace bolo stanovenie prirodnych
radionuklidov #*8U, #*2Th a *°K vo vybranych horninach privezenych z Nepélu,
za pou itia gama spektrometrie.

Zo ziskanych hodndt aktivit boli alej vypo itané davkové rychlosti v oblasti 1
meter nad povrchom zeme. Odhadnuté boli aj ro né efektivne davky
z vonkajSieho prostredia pre udi ijacich v danej oblasti, ako aj efektivne
davky z vnuatorného prostredia, predpokladajuc, e by dané horniny boli

pou ité ako stavebny material.
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1 uvobp

Prakticky vSetky materialy vyskytujuce sa v prirode obsahuju
radioaktivne nuklidy. Radioaktivita je prirodzenou su as ou nasho
ivota, preto e je vSade okolo nés.

V prirode nach&dzajuce sa réadionuklidy sa pod a poévodu

lenia na:
1. Kozmogénne
2. Antropogénne
3. Primordialne
Interakciami kozmického larenia s atbmami prvkov

v atmosfére vznikaju kozmogénne radionuklidy (napr. ®H, °Be, **C,
2N). Najva $ie zastupenie a aktivitu z nich ma **C (83% z celkovej
aktivity kozmogénnych nuklidov) a °H, ktoré vznika G inkom zlo iek
kozmického iarenia na jadra !N a'®0O v hornych vrstvach
atmosfeéry [1].

Antropogénne radionuklidy vyprodukoval lovek svojou
innos ou. Ako priklad mo no uvies 9°Sr, 3*%Cs, *'Cs at . Umelé
radionuklidy pochadzaju hlavne z jadrovych vybuchov,
jadrovoenergetickych  zariadeni, z prepracovania  vyhorenych
palivovych lankov, taktie z jadrovochemickych, jadrovofyzikal nych,
radionuklidovych laboratérii [2]. Zna na as antropogénnych
radionuklidov bola rozptylena do ivotného prostre dia v désledku
nehdd v jadrovych elektrar ach.

Primordialne radionuklidy su tie, ktorych doba existencie je
porovnate n4 s vekom Zeme a tie ktoré su su as ou prirodnych
premenovych radov, za inajdcich tériom (?**Th) a uranovymi
izotopmi  (**®U a ?%°U). Toériovy premenovy rad sa sklada

z rddionuklidov, ktorych hmotnostné islo sa d& vyjadri ako (4n),



kde n je celé islo. Prvym lenom térioveho premenového radu je
232Th s dobou polpremeny 1,4 x 10'° roka. Poslednym lenom
premenového radu je stabilné 2°®Pb, ktoré vznikd po 6 - a
4 - premenéch. Uranovy premenovy rad sa sklada z radionuklidov,
ktorych hmotnostné islo sa da vyjadri vzorcom (4n + 2), kde n je
celé fslo. Prvym lenom radu je **®U s dobou polpremeny 4,46 x
10° roka a poslednym lenom je stabilné 2°°Pb. Aktiniovy premenovy
rad sa sklada z radionuklidov, ktorych hmotnostné islo sa da
vyjadri vzorcom (4n + 3), kde n je celé islo. Aktiniovy premenovy
rad za ifna 23°U, ktorého doba polpremeny je 7,04 x 10%® roka.
Poslednym lenom tohto radu je stabilné ?°’Pb, ktoré vznikd po
7 -a4 - premenach.

Z kvalitativneho h adiska sa na prirodzenej réadioaktivite
podie aju vSetky hlavné typy nestability atbmovych jadier (alfa, beta,
gama, spontanne Stiepenie). AvSak hlavnu zlo ku prirodzenej
radioaktivity tvori aktivita primarnych radionuklidov, predovSetkym
238y a ?%?Th s radioaktyvnymi produktmi ich premeny a aktivita *°K
[3]. Tieto radionuklidy su taktie pritomné v udskom tele
a spdsobuju o iarenie vnutornych organov alfa, beta asticami, ako
aj gama iarenim. alsie primordialne radionuklidy, 2331
rozpadového radu, ®'Rb, '*%La, '*'Sm a '’°Lu existuju v prirode,
ale v malych koncentréaciach [4].

O iarenie obyvate stva z vonkajSieho prostredia je sp6sobené
pritomnos ou radionuklidov v péde a z vnutorného prostredia je
spdsobené pritomnos ou radionuklidov v stavebnom materiali.
Obdr ana ro na davka zo Zeme a z obydlia sa zna ne liSia pod a
miesta a pou itého stavebného materidlu. Vo svete e xistuja oblasti
z vysokym prirodnym pozadim iarenia, kde davky ia renia su vySSie
ako svetovy priemer [5].

Najzava nejSou zlo kou vonkajSieho o iarenia obyvat e stva je

gama iarenie z pbdy a stavebnych materidlov. RA&dio aktivita
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vo vnatri budov zavisi od obsahu 2??°Ra a ?*?Th, ktoré s alfa
lari mi. V uzavretych budovach koncentracia ich dcérskych
radionuklidov ?*°Rn a ?°Rn mdé e by a nieko konasobne vyssia
ako v dobre vetranych budovéach. alSou vyznamnou zlo kou
vonkajSieho o iarenia je kozmické iarenie. Toto i arenie nezavisi
od geologickych podmienok, ale od vySky nad morom a s vysSkou
exponencialne narastad. udia ijaci v oblasti Pamiru a Kaukazu
dostavaju davku 1,0 — 3,5 mSv. Posadky lietadiel dostavaju najviac,
za rok pribli ne 1,9 mSv, predpokladajuc vysSku letu 10 000 m a 1000
letovych hodin.

Neprirodna zlo ka vonkajSieho o iarenia asto prevysuje
davku spbésobenu prirodnou rédioaktivitou prostredia resp.
kozmickym iarenim. Do Uvahy sa berie predovSetkym radia né
za a enie spb6sobené lekarskou innos ou (diagnostika, terapia).

ivotné prostredie okrem prirodnych radionuklidov
je zne is ované aj vyS8Sie spomenutymi antropogénnymi
radionuklidmi.

alSia zlo ka vnutorného o iarenia pochadza z radiof armék.

Zava nou je davka, ktor& ma svoj pévod v radionukli doch
inkorporovanych do udského organizmu. Najva Sia je davka
z radionuklidov *°K, 2??Rn a z jeho dcérskych nuklidov. Suahrnné
radia né za a enie od ostatnych radionuklidov (®'Rb, **C at .) je
podstatne menSie. Ide o za a enie celého tela. Davky ktoré obdr ia
jednotlivé orgéany a tkanivd su podstatne vySSie, v zavislosti od
miesta ich lokalizacie.

Obdr ana ro na davka pre loveka je pribline 1 mSv celkovej
davky z prirodného pozadia.

Skodlivé 0 inky iarenia sG bu somatické (tykaju
sa oiareného jedinca), alebo genetické (tykaja sa potomkov
o iareného jedinca). U inky iarenia sa alej delia na stochastické

a nestochastické. U stochastickych sa predpokladad, e funkciou
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davky je skér pravdepodobnos ich vzniku ako ich zava nos .
Stochastické U inky sU pova ované za bezprahovu funkciu davky.
Pre nestochastické 0 inky sa predpoklada zmena zava nosti
od ve kosti davky, ateda tieto U inky mé u ma prah. V rozmedzi
davok uva ovanych v ochrane pred iarenim suU za sto chasticke
U inky pova ované predovSetkym genetické U inky. Stochasticke
su aj niektoré somatické 0 inky. Za hlavné somatické riziko
o iarenia nizkymi davkami, a teda i za hlavny probl ém ochrany pred
larenim sa pova uje riziko vzniku rakoviny. Somati cké U inky
nestochastického charakteru su Specifické pre jednotlivé tkaniva,
napr. zakal o nej SoSovky, nemaligné poskodenie ko e, poSkodenie
zarodo nych buniek pohlavnych liaz veduce k zni enej plod nosti.
V oblasti ochrany pred iarenim sa pouivaju dozime trické
veli iny ako absorbovana davka, davkova rychlos , davkovy
ekvivalent at [2].

V praci sa stanovovali aktivity prirodnych radionuklidov ?3%U,
232Th a “*°K vo vybranych horninach pochadzajicich z Nepalu,
pou itim gama spektrometrie. Aktivita “°K sa merala priamo,
vyu itim piku s energiou 1460,8 keV. Aktivity 2*®U a ?%?Th
sa stanovili nepriamo, vyuitim dcérskych produktov. ?2?°Ra
(186 keV, 3.28%), ***Pb (352 keV, 37,1%) a **Bi (609 keV, 46,1%)
sa pou ili pre vypo et aktivity 233U. 228Ac (911 keV, 29%), *'?Pb (239
keV, 43,1%) a 2°®T| (583 keV, 86%) boli pou ité na vypo et aktivity
232Th. Zo ziskanych hodnét aktivit sa alej vypo itali davkové
rychlosti v oblasti 1 meter nad zemskym povrchom. Odhadli sa aj
ro né efektivhe davky z vonkajSieho prostredia pre udi ijacich
v danej oblasti, ako aj efektivne davky =z vnutorného prostredia,
predpokladajuc, e by dané horniny boli pouité ako stavebny

material.
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Vysledky prace su publikované v zahrani nom karentovanom
asopise Journal of Radioanalytical and Nuclear Chemistry: datum
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ABSTRACT

The specific activities of the naturally occurring radionuclides #*°U,
232Th, and “°K were measured in rock samples from the Hetaunda area,
central Nepal, by using gamma spectrometry. The specific activities were
found to be in the range of 17 — 95 Bq.kg™ for 28U, 24 — 260 Bq.kg™ for %*2Th
and 32 — 541 Bq.kg™ for “°K. From these data absorbed dose rates in air and
annual effective doses were calculated and compared with respective data
from the UNSCEAR compilation. The results from our study open the door to
the safe applicability of most of the investigated materials as a cheep building

material.
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INTRODUCTION

The radionuclides occurring in our environment can be divided into (i)
those formed from cosmic radiation, (ii) those with lifetimes comparable to the
age of the earth, (iii) those that are part of the natural decay chains beginning
with thorium (**2Th) and uranium isotopes (***U and #°U), and (iv) those
introduced into nature by modern techniques. The respective sources can be
categorized as: (i) cosmogenic, (ii) and (iii) primordial, and (iv) anthropogenic
[3].

One of the main sources of human radiation exposure is the
radioactivity of the soil and the underlying bed-rock. Usually more than 50 %
of our annual effective radiation dose comes from inhalation of the 33U decay
progeny %*’Rn and its daughters, and about 10% derives from intake of
radionuclides via ingestion of water and food stuff. External terrestrial
radiation sources contributing also around 10% of the annual dose are mainly
“0K and the -emitting decay products of 28U and #**Th. Thus, the knowledge
of the distribution of these radionuclides is of principal importance [6 - 16].

In this paper we measured the specific activities of the naturally
occurring radionuclides 232U, *2Th and “*°K in rock samples obtained from the
Hetaunda area, central Nepal. From these data we calculated the absorbed
dose rates in air at a level of 1 m above ground and made estimations of the
annual effective dose to people due to outdoors engagement by using the
occupancy factor and the conversion coefficient given by UNSCEAR [4]. Also
the indoor annual effective dose to people living in a house built of the
respective rock material was calculated. These results are of general interest

since such rocks are often used as building and ornamental materials.

15 J. Radioanal. Nu cl. Chem.
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EXPERIMENTAL

SAMPLING

The study area lies in the Central Nepal Himalaya between latitudes
and longitudes around 27°30’ north and 8504’ east (Figure 1).
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Fig. 1 Location map of the study area

Politically this area lies in the Makawanpur district of Narayani Zone
(Hetaunda Area). Geologically the area comprises three successions of rock
namely: The Siwalik, the Nawakot Complex (Lesser Himalaya) and the
Kathmandu Complex (Higher Himalaya). Starting from the south, the first
sample (code 64) was taken from the Benighat Slate of the Nawakot
Complex. This unit mainly consists of graphitic slate with few bands of
carbonate rocks named as Jhiku Carbonate. The next three samples (71, 70,

and 69) stem from the Robang Formation mainly consisting of phyllites. The

16 J. Radioanal. Nucl. Chem.
Received: 23.10. 2009
Published online: 3. 12. 2009
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Main Central Thrust (MCT) brings the high grade rocks of the Raduwa
Formation and the Bhainsedobhan Marble (sample 68) belonging to the
Kathmandu Complex above the Robang Formation of the Nawakot Complex.
The last sample (code 66) was taken from the Kalitar Formation of the
Kathmandu Complex built up mainly by mica schist. The name of these
formations was adopted after Stocklin and Bhattarai [17]. All sampling sites lie
between 400 and 1100 m a.s.l. north of the Main Boundary Thrust (MBT) and
in the vicinity of the MCT (see also geological map and cross-section in
Fig.2).

The collected samples were cleaned by removing the outer weathered
layer, grinded, sealed in plastic Marinelli beakers and stored for 1 month
before measurement in order to achieve complete ingrowth of ?Rn together
with its daughter products (the *°Rn daughters are in radioactive equilibrium

already after 2 days).

GAMMA SPECTROMETRY AND CALCULATIONS

The activity concentrations of the primordial radionuclides *°K, #*®*U
and #?Th in grinded rock samples were determined using a Reverse
Electrode Ge Detector (Canberra GR 2020) with 20% efficiency relative to
Nal and 3keV resolution. The detector calibration was verified with the
standard reference sample IAEA-135 (radionuclides in Irish Sea sediment)
measured in the same counting geometry as used for the samples of interest.
Samples were counted for 17 hours, while the counting time for the
background was 60 hours.

While the *°K activity was measured directly (peak energy 1460.8 keV,
10.7 %), U and *?Th were evaluated indirectly via daughter products:
2°Ra (186 keV, 3.28 %), ***Pb (352 keV, 37.1 %) and #*Bi (609 keV, 46.1 %)
for 28U determination, ***Ac (911 keV, 29 %), **?Pb (239 keV, 43.1 %) and
208T| (583 keV, 86 %, branching ratio 36.2 %) for *Th determination [6].

17 J. Radioanal. Nucl. Chem.
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The specific activity A; (in Bq kg™) of a nuclide i, is given by:

A - I\lEi
E t Ei Ms

where Ng; is the netto peak area of a peak at energy E originating from
a decay of nuclide i, g is the detection efficiency at energy E, t is the counting
time in seconds, g is the decay probability of nuclide i via the measured
transition at energy E, and Ms is the sample mass in kg.

From these specific activities A;, elemental concentrations Fg of
thorium, uranium, and “°K were calculated by the formula:
_MuC Lo,

Fe ™ v N7 fyonog

where Fg is the fraction of element E (K, U or Th) in the sample (in %
or ppm), My and  is the atomic mass (kg.mol™) and the decay constant (s
of the respective parent radionuclide (“°K, ?**U or #*?Th ) and fy is the
fractional atomic abundance of “°K, U or #*Th in natural samples, N is
Avogadro’'s number (6.023 x 10*® atoms mol™Y), C is a constant (with a value
of 100 or 1 000 000) that converts the ratio of the element mass to soil mass
into a percentage and ppm, respectively, and A is the specific activity of “°K
(n=1) or that of the above given daughter nuclides in the decay series of %*Th
(n=3) and #*®U (n=3). Total elemental concentrations are reported in units of
parts per million (ppm) for thorium and uranium, and in percent (%) for
potassium [7 - 9].

The absorbed dose rates in air at about 1 m above ground due to the
terrestrial gamma radiation were calculated using the following equation [18,
19]:

D (nGy.h™) = 0.043Ci.40 + 0.662Ch.232 + 0.427Cy.238

Ck-40, Crh-232, and Cy.238 are the respective specific activities in Bg/kg,
and 0.043, 0.662 and 0.427 are the corresponding dose conversion factors in
nGy/h per Bg/kg.

18 J. Radioanal. Nucl. Chem.
Received: 23.10. 2009
Published online: 3. 12. 2009
DOI: 10.1007/s10967-009-0401-3
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Fig. 2 Geological map and cross-section of the study area
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The annual effective dose rates He from outdoor exposition (in mSv/a)
were calculated as follows:
He=DXxT x F,
where D is the calculated dose rate (nGy.h™'), T is the outdoor
occupancy time (0.2 x 24 h x 365.25 d) and F is the conversion factor (0.7
Sv.Gy ! [4, 5].

RESULTS AND DISCUSSION

Table 1 summarizes the specific activities of ?°Ra, **Pb and ?*Bi
(**U daughter products) as well as of ?®Ac, ?*?Pb and 2Tl (**Th daughter
products), obtained by -spectrometry of our samples together with their
corresponding 1 -uncertainties.

23y and ***Th daughter products in the investigated

Table 1 The activity concentrations of
samples (with 1 -uncertainties). “’*TI” is the measured *®®*T| activity concentration divided by

the branching ratio 0.362.

Rock type *U series [Bg.kg ] *Th series [Bq.kg™]

“*Ra ““pp “Bj “Ac “pp w208

Granite.Schist
66 100+ 4 873 98+ 4 295+ 12 200+ 4 284 £ 9
Marble 68 17+ 2 17+ 2 17+ 2 26 £ 4 212 25+£3
Phyllite 69 39+£3 43+ 2 38+3 98 £ 7 803 106 £5
Amphibolite 70 23+3 19+2 22+ 2 35+5 33+3 46 £ 4
Phyllite 71 41 +£3 48 £ 2 40+£3 98+ 8 83+3 86+5

Graphite Slate
64 90 +£4 79+3 884 50+6 46+ 3 655

In the decay chains both #°Ra and “?Ac are precursors of the
respective radon isotopes, while the other investigated nuclides are radon
daughters. The good correspondence between precursor and daughter

values shows that radon could not escape from our samples during
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measurement and confirms the reliability of our data. In order to make the
comparing of the #*?Th daughter results more convenient, the real 2Tl
activity was divided by the branching ratio 0.362 and given in quotation marks

aS “208T|”.

238, | 232
f U,

Table 2 Activity concentrations o Th and “°K in the investigated samples.

Rock type Specific activity [Bg.kg™] + 1 -uncertainties
U **Th K
Granite Schist-66 95+3 260+5 359 +18
Marble-68 17+1 24 +3 136 + 15
Phyllite-69 40+ 2 94+3 541 + 22
Amphibolite-70 21+2 382 32+3
Phyllite-71 43+ 2 89+4 412 +21
Graphite Slate-64 86+3 57+3 430 £ 22

Table 2 gives the specific activities of 28U and %**Th calculated from
the data given in Tab.1 as well as the specific “°K activity of the investigated
rock samples.

These values were converted to elemental concentrations given in

ppm uranium and thorium, and % potassium in Tab.3.

Table 3 Elemental concentrations of Th, U and K in the investigated samples with 1 -

uncertainties.

Rock Type Elemental concentration
U [ppm] Th [ppm] K [%]
Granite Schist 66 7.7+0.2 64.0+ 1.3 1.16 £ 0.06
Marble 68 1.4+01 6.1+0.7 0.44 £ 0.05
Phyllite 69 3.2+01 23.3+0.7 1.74 £ 0.07
Amphibolite 70 1.7+0.1 9.3+0.6 0.11+0.01
Phyllite 71 35+0.2 21.9+0.9 1.33 £ 0.07
Graphite Slate 64 6.9+0.2 14.0+0.7 1.39 £ 0.07
21 J. Radioanal. Nucl. Chem.
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As in soil samples, also in most of these rock samples “°K exhibited a
specific activity one order of magnitude higher than that of **®U and **?Th.
The specific activities were found in the range of 17 — 95 Bq.kg™ for ?%*U, 24 —
260 Bq.kg™ for %2Th and 32 — 541 Bq.kg™ for “°K.

These values will now be compared with data from UNSCEAR, giving
median values from reported radionuclide surveys from all over the world.
While the UNSCEAR values are 35, 30 and 400 Ba/kg for 28U, #*?Th and *°K,
respectively, 4 of our investigated rock samples showed radioactivity levels
clearly higher than the cited median levels. Concerning “°K, three samples
were only slightly higher than the median, concerning %*®U and ?**Th, 2 and 3
samples were higher than the median level by at least a factor of 2. Striking
was the high ?*2Th level in the sample Granite Schist-66 (260 Bg/kg), being
an order of magnitude in excess of the median (this sample showed also the

highest ?**U concentration: 95 Bg/kg).

Table 4 Calculated absorbed dose rates in air (1m above ground) and annual effective dose

rates outdoors and indoors (with the respective rock as building material)

absorbed dose rate  annual effective dose  annual effective dose

Rock Type [nGyh™] [mSv.y "] [msv.y™]

1m above ground outdoors indoors
Granite.Schist 66 228 0.28 1.57
Marble 68 29 0.04 0.20
Phyllite 69 103 0.13 0.70
Amphibolite 70 35 0.04 0.24
Phyllite 71 95 0.12 0.66
Graphite Slate 64 93 0.11 0.63

In Table 4 the absorbed dose rates in air at a level of 1 m above
ground are summarized. Although we investigated only a limited number of
samples, we suppose the order of magnitude of our values to be
representative due to the fact, that the selected rock types are predominant in

the respective sampling areas. With the exception of the marble and the
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amphibolite samples (29 and 35 nGyh™, respectively), all calculated dose
rates were higher than 90 nGyh™, with a maximum dose rate of 228 nGyh™
(Granite Schist 66). UNSCEAR summarized countries with results less than
40 nGyh™ as “countries with the lowest values”, while “countries with the
highest values” showed numbers greater than 80 nGyh™. The world-wide
population-weighted average is 59 nGyh™ and the variability for measured
absorbed dose rates in air (outdoors) is from 10 to 200 nGyh™. This means
that 4 out of our 6 samples would be classified as delivering high dose rates
in air. However, one has to keep in mind that we measured only isolated
samples; to be able to give a comprehensive survey of the region direct dose
rate measurements on the spot would be necessary.

By using an outdoor occupancy factor of 0.2 and a conversion
coefficient of 0.7 Sv.Gy* the annual effective dose (outdoors) was found to be
between 0.04 and 0.28 mSv/a (world-wide average: 0.07 mSv/a). If earth and
rock materials have been used as building materials, indoor exposure is
inherently greater than the corresponding outdoor exposure. The indoor to
outdoor ratio can go up to 2.3, with a population-weighted value of 1.4 [4]. As
again data from direct indoor dose rate measurements are not available we
used this factor 1.4 together with an indoor occupancy factor of 0.8 for the
estimation of the indoor annual effective dose. Our results lie between 0.2
and 1.6 mSv/a (world-wide average: 0.41 mSv/a). We recommend that the

investigated granite schist should not be used as a building material.

CONCLUSIONS

Gamma spectrometry provides a sensitive experimental tool for
studying natural radioactivity and for determining elemental concentrations in
various rock types. We investigated 6 samples from an area in southern
Nepal and found specific activities in the range of 17 — 95 Bq.kg™ for 22U, 24
— 260 Bqg.kg™* for #?Th and 32 — 541 Bqg.kg™ for “°K.
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From these data we calculated the absorbed dose rates in air at a level
of 1 m above ground and gave also an estimate of the annual effective dose
to people living there assuming that they spend 20% of their time outdoors.
Compared to UNSCEAR data collected over the whole world we found that 4
out of our 6 samples would be classified as delivering high dose rates in air.
The highest annual effective dose outdoors is the fourfold of world-wide
average of 0.07 mSv/a. Only speculative is the calculation of indoors annual
effective doses, but we can at least conclude that the investigated granite
schist should not be used as a building material.

To give a comprehensive survey of the region direct dose rate
measurements on the spot would be necessary. Additionally the
determination of natural radionuclides in drinking water (leached from the
surrounding bedrock) from local wells is recommended as a significant part of
human radiation exposure derives from radionuclide intake via ingestion of

water.
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3 ZAVER

Gama spektometria predstavuje uito ny nastroj na Studovanie
prirodnej radioaktivity vo vzorkach ivotného prostredia. Skimanych bolo
6 vzoriek nerastov (granit, mramor, dve vzorky fylitu, amfibolit a grafit) z ju nej

asti Nepalu. Vypo itané aktivity boli v rozmedziach 17 - 95 Bq.kg™ pre U,
24 - 260 Bg.kg™ pre *Th a 32 - 541 Bq.kg™ pre “°K. Zo ziskanych hodnét
aktivit  boli alej vypo itané davkové rychlosti vo vzdialenosti
1 meter nad povrchom zeme. S vynimkou mramoru a amfibolitu (29 a 35
nGy.h™), ostatné vypo itané davkové rychlosti boli vy$sie ako 90 nGy.h™.
V pripade granitu bola davkova rychlos stanovena na 228 nGy.h™. United
Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR)
ozna uje krajiny s hodnotami davkovych rychlosti ni $im i ako 40 nGy.h™* ako
“krajiny s najni Simi hodnotami”’, zatia o krajiny s hodnotami davkovych
rychlosti vys3ich ako 80 nGy.h™?, ozna uje ako “krajiny s najvyssimi
hodnotami””.  Ako  svetovy priemer davkovej rychlosti v oblasti
1 meter nad povrchom zeme udéva hodnotu 59 nGy.h™.

Odhadli sa aj ro né efektivne davky z vonkajSieho prostredia pre udi
jjucich v danej oblasti, predpokladajuc, e stravi a 20 % svojho asu v tejto
oblasti. Pou ity bol konverzny koeficient 0,7 Sv.Gy ™. Bolo zistené, e v 4 zo 6
skuamanych vzoriek boli hodnoty ro nych efektivnych davok z vonkajSieho
prostredia vysSie ako svetovy priemer (0,07 mSv.rok™*) udavany v UNSCEAR.
Vypo ty ro nych efektivnych davok z vnuatorného prostredia boli len hrubym
odhadom, predpokladajuc, e obyvatelia stravia 80 % svojho asu v miestnosti
vybudovanej z daného materialu. AvSak méeme vkone nom dbésledku
konsStatova , e skumany granit by nemal by pou ity ako stavebny materidl,
resp. hlavny komponent stavebného materialu.

Skimané bolo len limitované mno stvo vzoriek, predp okladali sme
e v ka dom mieste odberu bola dominantna prislusnd hornina. Na to, aby bol
podany zrozumite ny obraz regionu by bolo potrebné priame meranie davkovej

rychlosti.
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5 SUHRN

iarenie vSetkého druhu sprevadza Zem od samého po iatku jej
existencie, ba dokonca tu bolo skor ako ona sama. lovek ije v mori iarenia
svetelného, ultrafialového, tepelného, ionizujiceho. Tepelné a svetelné
iarenie mdé eme vnima , no ionizujice iarenie je nevidite né. lonizujuce
iarenie vSak mé eme ve mi jednoducho zisti pou itim detektorov. Zdrojom
ionizujuceho iarenia su radioaktivne prvky vyskytu jace sa na Zemi, jadrové
reakcie prebiehajuce na sinku a vo vesmire, ale aj radioaktivne prvky umelo
vytvorené lovekom.

Prirodna radioaktivita je prirodzenou sU as ou nasho ivota.
Z kvalitativneho h adiska sa na prirodzenej radioaktivite podie aju vSetky
hlavné typy nestability atdmovych jadier (alfa, beta, gama, spontanne
Stiepenie). AvSak hlavni zlo ku prirodzenej radioak tivity tvori aktivita
primarnych radionuklidov, predovietkym 23®U a?®**Th s radioaktivnymi
produktmi ich premeny a aktivita “°K. Najzava nejSou zlo kou vonkajsieho
o iarenia obyvate stva je gama iarenie z pddy a gama iarenie staveb nych
materialov. Obdr and ro né davka zo Zeme a z obydlia sa |iSi v zavislosti
od miesta kde ije a od pou itého stavebného materi alu. Zakladnou veli inou
popisujucou U inok iarenia je davka. Jej jednotkou je gray (Gy). V oblasti
ochrany pred iarenim sa pou ivaju dozimetrické vel i iny ako absorbovana
davka, davkova rychlos , davkovy ekvivalent at .

V sU asnosti vedci na celom svete monitoruju obsah prirodnych
radionuklidov v péde a v hornindch pou ivanych ako stavebny materidl. Je
ve mi dbleité sledova obsah prirodnych radionuklidov v stavebnych
materialoch, a tym eliminova pripadné U inky iarenia na loveka.

Cie om predlo enej rigoréznej prace bolo stanovenie prirodnych
radionuklidov #*®U, #*?Th a *°K vo vybranych horninach privezenych z Nepélu.
Na tento U el bola pouitd gama spektrometria. Aktivita “°K bola merana
priamo, vyuitim piku s energiou 1460,8 keV. Aktivity U a 2**Th boli
stanovené nepriamo, vyu itim dcérskych produktov. *°Ra (186 keV, 3.28%),
24pp (352 keV, 37,1%) a 2*Bi (609 keV, 46,1%) boli pouité pre vypo et
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aktivity 2%%U. #®Ac (911 keV, 29%), 2*?Pb (239 keV, 43,1%) a Tl (583 keV,
86%) boli pou ité na vypo et aktivity 2*Th.

Zo ziskanych hodnét aktivit boli alej vypo itané davkové rychlosti
v oblasti 1 meter nad povrchom zeme. S vynimkou mramoru a amfibolitu (29
a 35 nGy.h™), ostatné vypo itané davkové rychlosti boli vy3sie ako 90 nGy.h’
1. Ako svetovy priemer absorbovanej davkovej rychlosti v oblasti 1 meter nad
povrchom zeme udava hodnotu 59 nGy.h™.

Odhadnuté boli aj ro né efektivne davky z vonkajSieho prostredia pre
udi ijacich v danej oblasti, ako aj efektivne davk y z vnutorného prostredia,
predpokladajuc, e by dané horniny boli pou ité ako stavebny material. Bolo
zistené, e v 4 zo 6 skimanych vzoriek boli hodnoty ro nych efektivnych
davok z vonkajSieho prostredia vyssie ako svetovy priemer (0,07 mSv.rok™)
udavany v United Nations Scientific Committee on the Effects of Atomic
Radiation (UNSCEAR).

V kone nom doésledku mé eme konStatova , e skimany granit by

nemal by pou ity ako stavebny material.
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