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This paper presents the results of natural radionuclide concentration
and activity index study in materials used for construction in Latvia. Special
attention is given to clay and clay ceramics. Concentrations of K-40 and Th-
232, U-238 radioactivity were determined using gamma-spectrometry method.
In some building ware, maximal concentration of K-40 was 1440 Bq/kg, and
of U-238 — 175 Bg/kg. In granite, the determined maximum concentration of
Th-232 was 210 Bg/kg. It was found that radionuclide content in different
period clay deposits can differ by more than two times, and up to five times in
different clay ceramics. The results obtained are compared with analogous data
from the other Baltic and North European countries.
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1.INTRODUCTION

Surveys show that modern people spend approximately 80 % of their lifetime
indoors [1]. Most of materials used for construction purposes are made of natural
raw materials: stone, sand, lime, clay, etc., containing naturally occurring radioac-
tive materials (NORMs) K-40, and Th-232, U-238 (Ra-226) decay chain products.
Therefore, building materials can be a significant source of external and internal
gamma-ray exposure for the population [2]. Knowledge of natural radioactivity level
from the used building materials is important in order to adopt precautionary mea-
sures and reduce harmful effects of ionizing radiation.

The European Commission has developed recommendations [3] for classifi-
cation of building materials according to their radiation safety. With regard to these

58



recommendations, the European [4] and Latvian national [5] regulations have been
developed stating that the maximum permissible level for activity concentration of
NORMs in building materials is determined using activity index I (in Bg/kg):

I=C,/3000 + C, /300 + C,,/200,

where: C, — the concentration of potassium-40 (Bg/kg);
C,, — the concentration of radium-226 (Bg/kg);
C,, — the concentration of thorium-232 (Bg/kg).

The maximum permissible level is set so that the annual gamma-radiation
dose for the exposed population does not exceed 0.3-1.0 mSv.

Our study presents a synopsis of NORM activity measurement results for a
representative range of raw and building materials used in Latvia. Samples of mate-
rials subjected to certification with regard to the above-mentioned regulations have
been provided by various supplier and construction firms during the last ten years.
The most attention has been given to building materials of Latvian origin: specifi-
cally, clay and clay ceramics which are widely used in construction due to local
availability.

The knowledge of NORM concentration in raw and building materials is es-
sential both to national and local authorities, as well as to construction firms in order
to develop guidelines for the use of these materials reducing possible radiological
hazards for the population.

As yet, Latvia is one of a few EU countries for which one cannot find pub-
lished results of NORM activity measurements in building materials [6], [7]. The
aim of this study is to fill that gap and to present data which could be included in
European and global databases [1], [7], as well as used for comparison with
analogous data from the Baltic region countries [8]-[10].

2. EXPERIMENTAL PART

In order to determine concentrations (specific activity) of natural radionu-
clides K-40, and the decay products of Th-232 and U-238 (Ra-226) chains in vari-
ous materials, we have employed the gamma-ray spectrometry method LVS/ISO
257:2000 [11] developed on the basis of ISO 18589 standard [12]-[14].

Gamma-spectra of samples have been measured within the energy range
of 50-2000 keV using the high purity germanium (HPGe) detectors and gamma-
spectrometers Ortec and Canberra with the Genie™ 2000 software system [15]. A
detector is placed in a well made of 8 cm thick layer of lead lined on the inner side
with cadmium, copper, and plexiglas coating. The energy resolution of the experi-
mental set-up was 1.9 keV at 1332.5 keV gamma-line of Co-60.

Gamma-spectrometers have been calibrated for gamma energy and efficien-
cy measurements using certified mixed standard volume source (Czech Metrology
Institute) traceable to NIST. The regular energy and efficiency stability checks of
gamma-spectrometers have been carried out using certified Co-60, Cs-137, and K-40
sources.
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Before starting measurements all samples were homogenized, dried at 105 °C
to achieve constant weight, filled into 1 1 Marinelli beakers and weighted. In order
to allow Ra-226 and its short-lived decay products to achieve secular equilibrium in
accordance with the Bateman equation [16], the hermetically closed beakers were
stored for at least four weeks.

The measurement time of each sample was 20 hours. The activity concentra-
tion of Ra-226 (U-238) was determined from the 351.9 keV gamma-line of Pb-214,
and the 609.3 keV gamma-line of Bi-214; the activity of Th-232 - from the 911.1
keV gamma-line of Ac-228, and the 583.1 keV gamma-line of T1-208; but the activ-
ity of K-40 — from the 1460.8 keV gamma-line. The secular equilibrium state in the
measured sample has been checked by comparing activity concentrations obtained
from gamma-lines of nuclides belonging to different decay chains: Pb-214 and Bi-
214 for U-238; and TI1-208 and Ac-228 for Th-232.

The uncertainty of measurement results was within the range of 2-10 %, the
minimum detectable activity — 0.3 Bg/kg. The credibility of the obtained results was
ensured by the quality assurance and control in accordance with the main require-
ments of ISO/IEC 17025:2008 standard [17].

3. RESULTS AND DISCUSSION

All tested materials were grouped according to their usage as follows: auxi-
liary materials (hydro-insulation, concrete additives, anti-corrosion agents, glues,
and others); granite, marble; sand, gravel; cement, lime, putty, finishing materials;
building ware (plumbing, expanded clay and concrete blocks; plastic boards). Clay
and clay ceramics (bricks, tiles, pipes, etc.) have been considered paying more
attention as a separate group. Data have been obtained from 173 samples of different
building materials and products, manufactured in Latvia as well as imported.

Table 1 shows mean values of K-40, Th-232, Ra-226 radionuclide concentra-
tions C, and their statistical error AC (in brackets) for the largest groups of building
materials (N — number of samples). In Fig.1, we present maximum concentration
values found in each of the groups, while Fig.2 shows corresponding activity index
I values.

Table 1
Average Natural Radionuclide Concentration in Building Materials, Bq/kg
Material N C.(AC) C,Aac,) C.AC.)

Granite 11 810(73) 87(19) 40(14)
Cement, lime 19 114(28) 20(6) 18(3)

Sand, gravel 9 425(14) 14.9(14) 15.4(13)
Paint 12 25(17) 2.3(7) 5.6(21)
Building ware 15 425(105) 29(10) 42(13)

The highest concentrations of all three radionuclides have been found in gran-
ite, and in some kinds of building ware, e.g., in concrete blocks, expanded clay
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products. In some sorts of granite, expanded clay blocks and firebricks, radioactivity
concentration exceeded the limits allowed by regulations. High contents of Th-232,
and U-238 have also been found in clay.
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Fig.1. Maximum concentrations of radionuclides in different building materials used in Latvia.

2.5
2
U-238
W Th-232
mK-40

T . T - T — T e T l

granite marble sand dolomite lime cement

Fig.2. Maximum activity index values for tested building materials.

In Latvia, clay is obtained from two deposits (Fig. 3) belonging to Devonian
and Quaternary periods [ 18]. With regard to the results obtained, we have undertaken
a systematic study of natural radionuclide content in clay-based building materials
produced by various firms in different years.

Figures 4 and 5 illustrate the results of natural radionuclide concentration
measurements for clay samples taken from two Latvian deposits (N=3 for each de-
posit), while Figs. 6 and 7 present data obtained from N=5 samples of clay bricks
produced in Latvia and widely used in construction.

61



Fig.3. Latvian clay deposits (A — Devonian period; B — Quaternary period).
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Fig.4. Average concentrations of radionuclides in different clays
used in Latvia and Estonia (Estonian data taken from [8]).
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Fig.5. Average activity index values of measured clay samples.
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Fig.6. Average concentrations of radionuclides in clay bricks used in Latvia and their
comparison with the data from other Baltic region countries [1,8-10].
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Fig.7. Average activity index values of clay bricks.

Table 2 presents a comparison of NORM activity values obtained for Latvian
Devonian, and Quaternary period clays with corresponding world average values
for soil [1]. One can see that Latvian soil contains comparably high concentration of
K-40 exceeding world average values.

Clays from the Devonian period deposit (Tuja, Salacgrivas district, Latvia),
in comparison with those of the Quaternary period (Nicgale), have almost two times
higher K-40 activity, and about 3.5 times higher activity of Th-232 and U-238 decay
chain products. Notably higher Th-232 and U-238 decay product activity was also
observed in the imported firebricks.
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Table 2
Average Natural Radionuclide Concentration in Clay, Bq/kg

. Latvia Latvia World
Nuclide . .
(Devonian clay) (Quaternary clay) (soil average)
K-40 1078(108) 553(52) 400
Th-232 51.6(6) 14.2(13) 30
U-238 or Ra-226 34.8(4) 10(11) 35

The evaluated activity index I value for the clay samples taken from Tuja is
0.73, for the measured samples of clay bricks produced in Latvia—0.65, while for the
firebricks I=11.6, which considerably exceeds the permitted activity limit. Accord-
ing to the EU recommendations [3], two groups of buildings are provisioned with
regard to received annual external gamma radiation dose: a) <0.3 mSv; b) <I mSv.
For the first group of buildings, materials can be used in bulk amounts only when
their activity index 1<0.5, while for the second group, when I<1 . Therefore, clay
bricks produced in Latvia are not suitable for construction of buildings with higher
radiation safety standards. But the imported firebricks cannot be used for construc-
tion even on the restricted basis allowing I<6 for the second group of buildings.

Natural radionuclide contents in clay bricks have also been compared (see
Figs. 6 and 7) with the available data [1, 6-10] from different North European and
Baltic countries as well as with the European average values [7]. One can see that
the average activity index value for the Devonian clay in Latvia is approximately the
same as for the local origin clay in Estonia (Siimusti) [8]. Estonian clay has higher
activity of Th-232 and U-238 decay products, characteristic of such North European
countries as Finland and Sweden. Latvian clay and local production clay bricks have
higher activity of K-40, slightly above that of Lithuanian bricks [7], [9]. It is worth
noting that, while the natural radionuclide level in Latvian and Estonian clay is simi-
lar, the activity index for bricks differs by almost two times. A possible explanation
can be that the bricks measured in [8] were either imported or produced from the
imported clay.

4. CONCLUSIONS

The obtained results have been compared with the national and EU radiation
safety requirements. It has been found that:

1. Activity index for all tested building materials, except the imported granite
and firebricks, is below radionuclide concentration level permissible in Latvia [5].
Hence, the use of these materials for construction is safe for the inhabitants.

2. Average concentrations of natural radionuclides and activity index values
for clay and clay bricks used in Latvia are on the same level as in other Baltic and
North European countries, except Sweden.
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3. However, radionuclide content in different period clay deposits of Latvia

can differ by more than two times, and up to five times in different clay products.
Therefore, clay products should be subjected to more stringent control.
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DABIGA RADIOAKTIVITATE MALOS UN LATVIJA PIELIETOTOS
BUVMATERIALOS

D. Riekstina, J. Bérzins, T. Krasta, R. Svinka, O. Skripnika

Kopsavilkums

Darbs prezenté dabigo radionuklidu koncentracijas un aktivitates indeksa
pétijumus Latvija izmantotajos blivmaterialos. IpaSa uzmaniba pievérsta malam
un mala keramikai. Lai noteiktu K-40 un Th-232, U-238 radioaktivitati, pielietota
gamma-spektrometrijas metode. Atseviskos izstradajumos konstatétas maksimalas
koncentracijas bija: K-40 — 1440 Bq/kg, U-238 — 175 Bqg/kg. Granitam noteikta
maksimala Th-232 koncentracija bija 210 Bq/kg. Konstatéts, ka Devona peri-
oda mala depozitos radionuklidu koncentracija ir vairak neka divas reizes lielaka
neka Kvartara perioda mala depozitos, bet dazados mala keramikas izstradajumos
koncentracijas var atSkirties pat piecas reizes. legiitie rezultati tiek salidzinati ar
analogiskiem datiem no citam Baltijas un Ziemeleiropas valstim.
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