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Abstract

Forty three natural stones used as building magesiad available on the Polish market have
been investigated and assessed with regard to twmitent of naturally occurring
radionuclides. Radionuclides concentrations (K% U in ppm, Th in ppm) have been
measured by means of the portable gamma spectnoiR&e230 with a BGO detector.
Radionuclides concentrations were recalculatedBajitxg. Average specific activities 61K,
225Ra and?®?Th are 774, 59 and 44 Bg/kg, respectively. Theseegaare similar to typical
specific activities in natural building stones imetEU which are 640, 60 and 60 Bqg/kg,
respectively. However, maximum values equal to 170® and 125 Bg/kg, respectively are
lower than those for building stones in the EU whiare 4000, 500 and 310 Bqg/kg,
respectively. The radilogical hazard due to inged8d natural stones has been assessed using
activity concentration indices &nd $ defined in Polish law. For 30% of investigated&® i

was equal to or greater than the limit value foifdimg materials used in buildings designed
for people and the livestocki€fl). The maximum value is 2.1. According to the dp@an
Commission this index should not be greater théor inaterials used in bulk amounts but for
materials used superficially the limit value is iidanone of the investigated stones exceeds
this limit. Index defined asg fshould not exceed the limit value of 200 Bg/kgtvim of forty
three cases this limit was exceeded, with the marinaalue of 400 Bqg/kg.

1. Introduction

Natural stones are commonly used as a materidhbtades of houses, fireplaces, gravestones
and for decorative purposes inside buildings wiieeg cover walls and floor as 3.0 cm thick
tiles or slabs. The stones contain naturally oaegrradionuclides of terrestrial origin and
some of them, such as igneous rocks, may be ckamst by elevated radioactivity
(UNSCEAR 2000). Typical specific activities 8K, ?*°Ra and?*’Th in natural building
stones in the EU are 640, 60 and 60 Bg/kg, respdgtivith maximum values equal to 4000,
500 and 310 Bqg/kg, respectively (EC 1999).

Radionuclides present in building materials argaoasible for both external and internal
exposure. The external exposure is caused by gaaysamitted mainly by radionuclides of
uranium?38U and thoriun?3?Th decay series as well as potassfidkh The internal exposure
is caused by radorf?Rn and??°Rn) and its short-lived decay products. Radon islaha
emitter that may be easily inhaled and its desceisdanay be deposited in tissues of the
respiratory tract (UNSCEAR 2000).

To predict absorbed gamma dose rate (in nGy/h)densa building on the basis of

radionuclides content in building materials, thetlmeaatical models have been developed.
Specific conversion factors have been establish&l/h per Bg/kg). Values of conversion
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factors vary depending on the amount of the bujdimaterial (whether it is used in bulk
amounts, e.g. concrete, or it is used as a sudrficaterial), the geometry (whether a
building material is used to construct walls, fl@ord ceiling or walls and floor or maybe to
construct only floor, e.g. in wooden houses) asl wslthickness and density of building
materials. Calculations are performed for a modehr of specified dimensions (Markkanen
1995, EC 1999).

In order to assess radiological hazard of buildimgterials, the activity index is commonly
used. In the most of countries only one limit vajagual to 1) is determined, not taking into
account the manner of application and thicknesguwlding material (OECD/NEA 1979,
Lindell 1984, DIH 1986, RM 2007). The European Cassion proposed different limit
values for building materials used in bulk amousmsl for building materials used only for
decorative purposes as a superficial materialhénfirst case the limit value for the activity
index is equal to 1 and in the second case is ¢qu@a(EC 1999).

The aim of this study was to characterize the tanarange of radionuclides content in
investigated stones and assess if any of them rosg @ radiological hazard on the basis of
the analysis of their radiological parameters. Whahore, absorbed gamma dose rate inside
a building, which all walls are covered by the makstones used as 3.0 cm thick superficial
material, was calculated.

2. Material and methods

Forty three natural stones available on the Paimgrket, both imported and produced in
Poland, were investigated. Among them, accordinghtr commercial names, there are
granites, basalt, sandstones, dolomites, marldbsts and travertine. It is important to notice
that commercial names do not coincide with petrnogia classification. Many of natural

stones are named as granites and it is not congpatith the petrographic classification. In
such circumstances, the use of commercial namdd beuwconfusing and the characteristic of
stones in terms of the type of rock would not bélée. Therefore, the names of natural
stones were replaced by codes (NS1 to NS43).

Measurements of uranium U (in ppm), thorium Thgpm) and potassium K (in %) contents
in stones were performenh situ within the product warehouse, using portable gamma
spectrometer RS 230 with a BGO detectarsitu gamma spectrometric measurements are
commonly used to determine radionuclides contebuifding materials (Chen and Lin 1996,
Anjos et al 2011, Solecki et al 2011, Nowak et@l3. The gamma spectrometer was placed
on stacked stone slabs. On each type of stonedvimut measurements were conducted. A
single measurement lasted 180 s.

The determination of radionuclides content weresdasn the stripping technique of gamma
ray spectrometry. PotassiutfK content was calculated on the basis of its gamaya at
1461 keV. Uraniunt®U content was calculated on the basis of gamma aays765 keV
emitted by bismutl**Bi and thoriun?3?Th content on the basis of gamma rays at 2615 keV
emitted by thalliun?®TI. The calculations were based on the assumptidheoexistence of
equilibrium state between all of the radioisotopathin the decay series. It means that
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concentrations of following radioisotopes in thecale series, €.g2%%U, %*Ra, ?“Bi in
uranium series antf?Th, 2°T| in thorium series, are equal. Obtained in thaywesults of
uranium 28U and thorium?32Th contents are referred as equivalent uranium (atl)
equivalent thorium (eTh). U and Th contents in ppomd K contnt in % were recalculated into
specific activities of*®U (??°Ra)?*2Th and**K in Bg/kg using appropriate conversion factors.
In the case of the uranium decay series, the seatdt often reported d¥Ra instead of3%U
activity because radionuclides starting frofffRa are the most important from the
radiological point of view (IAEA 2003).

The exposure to external gamma radiation causebédynvestigated stones in the center of a
model room (5m x 4m area, 2.8 m height) which walls covered by the stones used as
superficial material, was assessed. The indoorrabdadose rate (in nGy/h) was calculated
on the basis of specific dose rates (nGy/h per @gdstablished for a superficial material of
3-cm-thick and density 2600 kg?raovering all walls (EC 1999). The indoor absoroede
rate (in nGy/h) can be expressed as:

D =K, [Bg, + K, 5y, + K5 [5¢ (1)

where &a, Srh, S are specific activities df°Ra,2%?Th and*’K, respectively in Bg/kg and K
K2, K3 are specific dose rates BfRa,?*?Th and*K equal to 0.12, 0.14 and 0.0096 nGy/h per
Ba/kg, respectively.

Radiological hazard of the stones were estimatetth@iasis of two activity indices, &nd §,
according to the Polish law (RM 2007). The firseph index, is a dimensionless value and
reflects the content of natural radionuclides irbwlding material, meanwhilez findex
determines the specific activity of radiuitfRa in Bg/kg. The findex is described by the
following formula:

fl - S< + SRa + SI'h (2)
300C 30C 20C

where &, Ska Srh are specific activities dfK, 2°Ra and?*?Th, respectively in Bg/kg.

The limit values for £ and $ indices in the case of building materials useduildings
designed for people and the livestock are 1 and B)8g, respectively. Nevertheless, the
excess of 20% of these values is acceptable (RM7)20@ccording to the European
Commission the activity concentration index whidarresponds toifindex should not be
greater than 1 for materials used in bulk amountddr materials used superficially the limit
value is 6 (EC 1999).

3. Results

A summary of the results is placed in Table 1. 8jpeactivities of “°K, ?2°Ra and?3?Th
ranged between 121 and 1775, 11 and 400, 8 and@/&fg, respectively. Average specific
activities of*%K, ??°Ra and?*’Th were 774, 59 and 44 Bg/kg, respectively. Thedaes are
similar to typical specific activities in naturalitding stones in the EU but maximum specific
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Table 1. Mean values of specific activities dfK, 22°Ra and232Th (Bg/kg), absorbed dose
rate (nGy/h) as well as activity indices,fand f2 (Bqg/kg) for particular stones

Code 40K 2Ra=+4 237Th Dose f1
(Balkg) (Ba/kg) (Ba/kg) (nGy/h)

NS1 1153 75 112 36 1.2
NS2 288 19 14 7 0.2
NS3 758 29 32 15 0.5
NS4 501 30 31 13 0.4
NS5 1198 82 83 33 1.1
NS6 561 153 68 33 1.0
NS7 1775 83 73 37 1.2
NS8 288 38 16 10 0.3
NS9 819 43 49 20 0.7
NS10 379 26 22 10 0.3
NS11 910 35 53 20 0.7
NS12 925 47 41 20 0.7
NS13 804 33 34 16 0.6
NS14 607 25 25 12 0.4
NS15 910 73 88 30 1.0
NS16 1229 27 125 33 11
NS17 1244 47 70 27 0.9
NS18 865 40 37 18 0.6
NS19 1411 400 55 69 2.1
NS20 121 15 8 4 0.1
NS21 1471 197 112 53 1.7
NS22 121 21 9 5 0.2
NS23 1563 79 49 31 1.0
NS24 243 17 21 7 0.2
NS25 1047 47 54 23 0.8
NS26 1001 52 72 26 0.9
NS27 152 32 22 8 0.3
NS28 121 11 8 4 0.1
NS29 379 27 24 10 0.3
NS30 137 15 9 4 0.1
NS31 1153 47 55 24 0.8
NS32 774 24 27 14 0.5
NS33 167 16 17 6 0.2
NS34 167 19 16 6 0.2
NS35 182 15 12 5 0.2
NS36 182 14 14 5 0.2
NS37 1244 163 42 37 1.2
NS38 1138 34 61 24 0.8
NS39 1259 50 75 29 1.0
NS40 819 212 12 35 1.0
NS41 152 17 8 5 0.1
NS42 1456 32 43 24 0.8
NS43 1608 74 99 38 1.3
Average 774 59 44 21 0.7
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Figure 1. Frequency distribution for absorbed doseate (nGy/h) and specific activities of

226Ra, 4K and 2%2Th (Bg/kg)
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Figure 2. Frequency distribution for f1 and f2 index (Bg/kg)
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Figure 3. Contribution of 23Th — blue, 2% (??°Ra) — yellow, %K — violet in forming f1
index

activities of*°K, ??°Ra and®®*2Th are lower than those for building stones in B¢ Modal
interval for#%K, 22°Ra ancP*2Th is 0-200, 0-40 and 0-20 Bg/kg, respectively (Big

Calculated absorbed dose rate ranged from 4 tad&@hnwith the maximum value for NS 19
stone which is characterized by the greatest speaiftivity of 22Ra among all of the
investigated stones (Table 1). Modal interval foselrate is 0-10 nGy/h (Fig.1).

The value of f index ranged from 0.1 to 2.1 with the maximum eafor NS 19 stone. Modal
interval for f index is 0-0.3 (Fig.2). The contribution #K, ?2Ra and?*2Th in forming f
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index ranged between 20 and 60%, 10 and 70%, 16@8td respectively (Fig.3). For 30% of
investigated stones fvas equal to or greater than the limit value foilding materials used

in buildings designed for people and the livestffek1) according to the Polish law (Fig.4).
Taking into account that the limit value for supadl materials, suggested by the European
Commission, is equal to 6, none of the investigatedes exceeded this limit.

Index defined as>franged between 11 and 400 Bg/kg (Table 1). Modtrval for § is
0-40 Bg/kg (Fig.2). According to the Polish lawihdex should not exceed the limit value
equal to 200 Bg/kg. In two of forty three cases timit was exceeded, with the maximum
value of 400 Bqg/kg.
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Figure 4. Contribution of 232Th — blue, 238 (*?°Ra) — yellow, %K — violet in forming f1
index with marked limit value equal to 1

4. Conclusions

According to the Polish law, 13 out of 43 investeghnatural stones should be considered as
materials which may pose a radiological hazardviod beings. Nevertheless, there is only
one limit value for f activity index established not taking into accotat building materials
may be used in bulk amounts or superficially. Cdesng that investigated stone slabs will be
used as a superficial material, the limit valuédbr activity concentration index, proposed
by the European Commission, seems to be more rallgorin this case, none of the stones
are hazardous in radiological point of view and rbaysafely used in buildings designed for
people and the livestock.
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