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INTRODUCTION

The assessment of the radiation dose in humans due to natural sources is
particular importance because the natural radiation is main contributor to the
collective dose of the world’s population. The determination of the radioactivity of
granite and building materials containing granite is important for the estimation of
the enhanced radiation hazard due to the use of granite. Knowledge of the
natural level of radioactivity is important to evaluate the gamma ray exposure
contribution from building materials. The main contributors to indoor dose are the
members of 28U,2*2Th decay series and “°K. These radionuclides are widely
dispersed in the environment and their concentrations have a broad range from
one place to another. Radon (**Rn and ?Rn) is produced in 28U and #*Th
decay series and is the product of radium. Radon is a colourless, odourless and
chemicaly inert gas. Radon has produced in terrestrial and building materials and
the production rate depends on the activity concentrations of the radium content.
Usually, granites have high, basalt have low radium content and sedimentary and
metamorphosed rocks have intermediate values. They are the main source of
radiation in soils and rocks from which traditional building materials are derived.
During recent years, surveys on the radionuclides concentration in building
materials have been carried out in many countries [1-10].

EXPERIMENTAL PROCEDURE

In this work, samples were randomly obtained from the local building material
suppliers in Ulaanbaatar, Darkhan and Erdenet cities samples were analyzed by
Gamma spectrometry in order to determine their natural and man made
radioactivity content. Experiments were carried out in the Department of Nuclear
Analytical Techniques of Nuclear Research Center, Mongolia.

To evaluate the contribution of the radioactivity of the building materials to the
natural exposure, simple formule of the exposure rate and dose limitation were
used. Soil samples were collected in order to gain some information about the
environment. The natural radioactivity and man made radioisotopes were
measured with a HPGe Coaxil (GC3020-7500SL) detector coupled to an
amplifier Mod.2020 and PC Board card S-100 (Canberra) analyzer. Each sample
was crushed into powder with a grain size <0.5 mm and then dried at 105°C for
10-15 hours. Each sample was weighed and sealed in a container box O 70 mm,



H12 mm for about 28 days to give the sample sufficient time to reach equilibrium.
Sample masses varied from 30 g to 70 g in containers.

The gamma spectra were obtained in the 60 keV to 2700 keV energy range for
a period of 3600 - 6000s. The background correction was accounted for by obtain
a gamma spectrum after replacing the samples with an identical water filled
container. The activitzy of “°K was determined by measuring its 1461 keV gamma
rays. The content of “°Ra was determined using the gamma rays of 295.2; 351.9
keV (*"Pb) and 609.3, 1764.5 keV gmBi). The content of ??’Ra was determined
using the gamma rays 238.6 keV (“'?Pb); 583.1, 2614.7 keV (*°*TI) and 338.7,
911.2 keV (*®Ac). The content of U also was measured using the gamma rays
63.3, 92.6 keV (2*Th), 143.8, 163.4 keV (**U) and 1001.0 keV (***"Pa). As
Certified Reference Materials for the Gamma-Ray Spectrometry Analysis we
used uranium ores DH-1, DL-1 (NBL, USA); minerals SARM 3 NIM-L Lujavrite,
SARM 1 NIM-G Granite (South African) and Soil-375 (IAEA) samples.

RESULTS AND DISCUSSION

Table 1 shows the natural activity concentration of the samples collected near
Darkhan city’s sites. The activity of the soil samples varies from 24 Bq.kg™, to 40
Bq.kg™' for *®Ra; from 42 Bq.kg™ to 56 Bq.kg™ for ?*Ra and from 190 Bq.kg™ to
230 Bq.kg™" for “°K. For the building materials the corresponding ranges are: from
12 Ba.kg™" to 68 Ba.kg™ for **Ra; from 17 Bq.kg™" to 81 Bq.kg™ for ?*Ra and
from 150 Bq.kg™" to 575 Bg.kg™ for “°K. This indicates that no other materials with
more elevated radiation content (such as industrial wastes) were added during
manufacturing.

Table 2 shows the range of the activity concentration measured in building
materials from Mongolia and other countries. These values are arithmetic mean
of the content measured in different materials. The building materials from North
of Mongolia showed background and intermediate contents of ?*Ra and #’Ra
lower than, those of other places. Some materials from Brazilian ES State [7]
showed a high natural radioactivity content and high 2*Th concentration in
samples of granite from RN State [6]. The higher content of >°Ra in Bangladesh
was measured in sand samples [4]. Finnish building materials showed higher
22Ra content in by-product gypsum [5].

The radioactivity concentration of building materials can be compared using
their radium equivalent activities. This index was defined using the assumption
that 370 Bq.kg™"' 2®Ra; 259 Bq.kg™ ?*2Th and 4810 Bq.kg™" *°K produce the same
gamma ray dose rate [1] :

CRa.eq = CRrsy + 1.43 C, + 0.077 Ck
where Cra, Ctn and Ck are the activity concentrations of ??°Ra, 22Th and “°K in

Bq.kg™, respectively.

The radioactivity content can also be used to estimate the external radiation
exposure. The gamma ray exposure rate in air, at 1 m above an infinitely



extended and thick slab, due to ?*®U, 2*2Th series and “°K uniformly distributed in
the material, is given by [8] :

X=190Cy+282Cr,+0.179Cx (1)

where X is the exposure rate (uR.h"), the activity concentration are given in
pCi.g™ and Cy is the concentration of 228U. The constants on the right-hand side
of Equation 1 are related to the average gamma ray energies for each
radionuclide of the series. Using the current units for absorved dose (8.7 mGy.R
") and for activity (Bq), the estimated absorbed dose rate in air (in nGy.h™") due to
gamma radiation is:

D = 0.446 Cy + 0.662 Crh + 0.048 Ck

where the activity concentration are given in Bq.kg™.

To limit the external radiation dose from building materials to 1.5 mSv.y" (150
mrad.y”') and to reduce the acceptable maximum concentration of radium to half
the normal limit, critierion formule have been proposed [1] (with current units):

CRra/370 + C1n/259 + Ck/4810 < 1 for external exposure and

Cra/185 + C1/259 + Ck/4810 < 1 for internal exposure where
the concentration are given in Bq.kg™".

The radioactive equilibrium in the uranium and in the thorium series cannot be
assured without further measurements, the precursors of ®Ra and *®Ra emit
weakly penetrating radiation. The concentrations of 2®U and %2Th can, therefore,
be replaced by the *°Ra and *®Ra concentrations, respectively, to estimate the
exposure rate, radium equivalent and hazard indices. For these samples, Craeq
varied from 78.4 Bq.kg™" (sand) to 232.6 Bq.kg™ (aggregate); 702 (granite) and
123.2 Bq.kg™ for soil. Table 3 shows the measured dose rate using Dosimeters
on the surface of the building materials’ products in Darkhan. The gamma dose
rate varied from 0.09 pSv.h" ( metals wire ) to 0.27uSv.h" ( lightweight
aggregate); 0.36 uSv.h™ ( granite) and 0.16 uSv.h for soil.

The external hazard index varied from 0.21 (sand) to 0.63 (aggregate) and
0.32 for soil. The internal hazard index varied from 0.26 (sand) to 0.81
(aggregate) and 0.40 for soil. The hazard indices are always lower than unity.
The arithmetic mean of the activity concentration and the corresponding radium
equivalent activity, absorbed gamma dose rate and hazard indices are shown in
Table 3, for each type do the material. It can be seen that, on average, the
exposure due to local building materials is greater or approximately equal to
those due to local soil samples. These results indicate that such materials are not
a major source of exposure. Taking into account that in Mongolia (Darkhan,
Erdenet, Ulaanbaatar city) the temperature usually ranges from -35°C (too long
winter approximately 6 months) to +35°C (summer) and the building are not
ventilated commonly. This means that, one needs to ventilate houses regularly in
winter, to reduce the indoor radon concentration.



Table 1. The natural activity in some building materials of Darkhan city, Bq,kg:1.

No Materials u Th K-40, CrRa.eq
(Ra-226) | (Ra-228)

1 Sand, coarse 25.0+1.2 | 20.4+1.5 | 400+30 85.0
2 Sand, fine 25.0+1.2 | 20.841.5 | 405430 85.9
3 Crushed stone 12.3+1.0 | 28.1+1.2 | 472420 88.8
4 River gravel 22.2+1.5 | 24.0+1.2 | 462+20 92.1
5 Cement (Darkhan) 18.5+1.3 | 40.6+1.5 | 391430 106.6
6 Lightweight 68+2.0 81+2.1 661+18 2347

aggregate, coarse
7 Lightweight 64+2.0 77+2.1 575119 218.4
aggregate, fine
8 Dolomite powder, 21+1.2 17+1.2 347+25 72.0
white

9 Wooden saw-dust <12 <20 150+12 <52
10 Soil No.1 36+1.8 42+1.5 220+20 113.0
11 Soil No.2 40+2.5 49+1.1 230420 127.8
12 Soil No.3 244+1.2 56+1.5 190+18 118.7
13 granite 320+10 249+15 337415 702

Table 2. Range of the mean radionuclide content (Bq.kg™) in building materials.
Place 23'Bu* 232Th* 40K
Mongolia (Darkhan) 12-68 17-81 150-661

Mongolian granite 120-350 150-250 200-350

Note: * -Assuming #**U-**Ra and 2*Th-??’Ra are equilibrium.

Table 3. Dose rate range of building materials and products of Darkhan.

Mean Hazard
activit.concentration CRa.eq D indices
Materials Bqg.kg" Ba/kg uSv/h
Ext. Int.
238U 232Th 40K

Roof tile 40.0 56.0 430 | 153.2 | 0.11-0.16 | 0.41 0.52
Concrete block 38.0 64.0 412 | 161.2 | 0.13-0.20 | 0.43 0.54
Concrete products | 44.6 54.0 395 | 152.2 | 0.10-0.24 | 0.41 0.53
Aggregate 66.0 81.0 660 |232.6 | 0.16-0.27 | 0.63 0.81
Sand 18 - 20 20 400 | 78.4 0.16 0.21 0.26
Cement 15 =22 40 391 | 105.8 0.15 0.28 0.33
Granite 120-350 200-250 340 702 | 0.28-0.36 | 0.47 0.80
Soil 24-40 42-56 210 | 123.2 0.16 0.32 0.40
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I'spOurn 1., TauGonn I'., Tangumor T E16-2000-246
EcrecTBeHHas paiMoakTHBHOCTb HEKOTOPBIX CTPOUTENTBHBIX
MaTepuaioB B MOHromuu

EcTecTBeHHas paJMOaKTUBHOCTh HEKOTOPBIX CTPOMTENIBHBIX MATEPHAIOB, HC-
I0JIb3yeMbIX B roponax HapxaH, DpasHet u Yinaan6aarap B MOHronuu, usmepena
C IIOMOIIBIO raMMa-CIHEKTPOMETPa CBEPXYUCTBIM IepMaHHEBbIM JeTeKTOpoM. Pa-
JMEBBIH SKBUBAICHT KOHLCHTPALMU U MOIIOLICHHAS 1032 UITYYEHHS B BO3IyXe
OBUIH OLCHEHBI KaK BHEIHHMH M BHYTPCHHHII I0Ka3aTeNu ONACHOCTH. PesyibTaTs
U3MEPCHUS IOKa3bIBAIOT, YTO 3TH MATEPHAIbI HE SBIISIOTCS NOIOJIHUTEIbHBIM HC-
TOYHUKOM OOJIy4eHHs.

PaGora Beimonnena B OTAeNEHUH paqualiMOHHBIX 1 PpanuoOHONOIHYeCKUX HC-
cnemoBanuit OUSIN.

TpenpunT OGBEAMHEHHOr0 MHCTHTYTA SePHbIX MccrenoBanuii. Iy6Ha, 2000

Gerbish Sh., Ganbold G., Ganchimeg G. E16-2000-246
Natural Radioactivity of Some Mongolian Building Materials

The natural radioactivity of some building materials used in cities of Darkhan,
Ulaanbaatar and Erdenet in Mongolia was measured by gamma-ray spectrometry
with HP-Ge-detector. The radium equivalent concentration and the gamma ab-
sorbed dose rate in air, were estimated as the external and internal hazard indices.
The results indicate that these materials are not a major source of exposure.

The investigation has been performed at the Division of Radiation and Radio-
biological Research, JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna, 2000




Makert T.E.ITonexo

IMoanucano B neyars 09.11.2000
®opmar 60 X 90/16. Odcernas neyarp. Yu.-u3j. muctos 0,76
Tupax 240. 3aka3 52332. Ilena 90 k.

HW3parensckuii otaen O6beqUHEHHOIO HHCTUTYTA SEPHBIX MCCIIEA0BAHUIA
Hy6Ha MockoBckoii 06actu



