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ABSTRACT
Most building materials contain naturally occurring radioactive elements the most important

of which are 40K and the members of two natural radioactive series, which can be represented
by the isotopes B2Th and 226Ra. The presence of these radioisotopes in the building materials
causes external exposure to the people that live in the house. 226Ra can also enhance the
concentration of 222Rn and of its daughters in the house. Concentrations of natural
radionuclides (226Ra, 232Th, 40K) in the samples of building products, building binders, in
lightweight aggregates, normal-weight aggregates and in industrial by-products used in
construction industry of Israel were determined by gamma-ray spectrometer with a
Ge-detector. A methodology was introduced to regulate the use of building materials that
cause increase in indoor radiation exposure.

INTRODUCTION
Most individuals spend 80% of their time indoors and natural radioactivity in building

materials is a source of indoor radiation exposure [1, 2]. Indoors-elevated dose rates may arise
from high activities of radionuclides in building materials.

Building materials contain naturally occurring radioactive elements, as 40K and the members
of two natural radioactive series, which can be represented by the isotopes 226Raand 232Th. The
presence of these radioisotopes in the building materials causes external exposure to the people
that live in the house. 226Ra and 232Th could also enhance the concentration of the inert gases
of 222Rn and 220Rn and of their daughters in the house. The above mentioned radionuclides
contribute to the external exposure, while the inhalation of 222Rn, 220Rn and their short lived
progeny lead to internal exposure of the respiratory tract to alpha particles [3, 4],

To minimize the exposure of the population to ionizing radiation, there is a need to control
and to limit the content of radioactive materials in dwellings.

Building materials with high concentration of naturally occurring radioactive materials
(NORM) have been used in several countries. In some cases these are materials of natural
origin (i.e. granite or alum shale concrete), and in other cases they are by-products from
different industries (by-product gypsum, waste rock from mining etc.).

Local authorities can limit the use of building materials that cause a significant increase in
radiation exposure due to higher levels of indoor radon, and external gamma exposure.
According to international recommendations quoted in the Basic Safety Series No 115 from
the IAEA, the use building materials containing enhanced concentrations of NORM could be
controlled and restricted under the application of the radiation safety standards. As a practical
consequence the use of natural origin and industrial by-products in building materials should be
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treated as a practice, therefore must be justified, optimized and dose limited. The Radiation
Safety Division of the Israeli Ministry of the Environment after the justification and
optimization of this practice proposed to limit the dose to the general public to 0.3 mSv/y for
the practice. Assuming an average current exposure of 0.4 mSv/y, the public exposure from
building materials will not exceed 0.7 mSv/y including internal and external exposure
Following this criteria a methodology, which links activity concentration of the material and
annual exposure doses, was proposed by Soreq Nuclear Research Center (NRC) in 1996 [5]

The activity concentrations must fulfill the following expression:

150 185 3500

This criterion assumes an annual dose limit of 0.7 mSv and includes the dose due to external
exposure from gamma-emitters and an average internal exposure due to radon emanation from
the building material, although an action level for radon gas concentration already exists in
dwellings (regardless the source of the radon either from ground or building materials). The
expression (1) was calculated using default values for the material density p = 1500 kg/m"\ wall
thickness d = 0.24 m and Israeli typical ventilation rate, occupancy etc.; for different values of
the above mentioned properties the coefficients of expression (1) will change accordingly.

MATERIALS AND METHODS
Concentrations of natural radionuclides 226Ra, 232Th and 40K were determined in samples

from the different groups of building materials (see Table 1). The samples of building products
and aggregates were crushed and milled until the fineness of mesh No. 100 (0.15 mm). All the
samples were dried at 105°C for 24 hours before testing. Constant sample volumes of 200 cnv
in sealed cylindrical polyethylene containers of 69-mm diameter and 53.5-mm height were
measured after 30 days, to achieve secular equilibrium of the 226Ra progeny.

The building materials samples were measured on top of the laboratory HPGe detector
(Canberra) of 25.6% relative efficiency and 1.76 keV energy resolution. The gamma-ray
detection efficiency of this detector was calibrated by a mixed radionuclide gamma-ray
standard reference solution consisting of uranium reference ores (CANMET; Energy, Mines
and Resources Canada) with sodium carbonate. These reference materials were certified for
226Ra and the recommended values are within 2% of the predicted, assuming secular
equilibrium in the 238U decay series and by a solution of potassium carbonate (for the 1460.832
keV, 10.67% emission probability gamma-rays of 40K). All calibrands had identical geometries
of the samples and very close densities.

RESULTS AND DISCUSSION
Specific radioactivity concentrations of 226Ra, 232Th and 40K, measured in the building

materials chosen for the study, are shown in Table 1.
Lightweight aggregates showed higher activity concentration, therefore not every

lightweight aggregate meets the proposed norms. For example, tuff aggregate, which is of
volcanic origin, like basalt stone, but with a porous structure, has two times more radium
equivalent concentration than its basalt "brother". The most problematic is the use of pumice
and artificial lightweight aggregates made of coal fly ash. It has to be emphasized that
aggregates made of fly ash are nor industrially produced in Israel, neither imported from other
countries. Regarding the pumice aggregate the majority of which is nowadays imported from
Greek island Yali, it is used only in the production of lightweight blocks having the lower
radioactivity coefficient than that of raw aggregate. The last recommendations of Israeli
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Ministry of Environment permit using pumice aggregate for the production of lightweight wall
blocks in dwelling construction.

Table I. Specific radioactivity of 226Ra, 232Th, 40K in building materials available in Israel
Building materials

Building
products

Building
binders

Light-
weight
aggregates

Normal-
weight
aggregates

Industrial
by-products

Pumice block (made with Portland
cement grade 300)
Pumice block (made with Portland
cement grade 250)
Aerated concrete block
Coal fly ash block
Ordinary light-weight concrete block
Ordinary normal-weight concrete with
coal fly ash as part of sand
Ordinary normal-weight concrete
Ceramics (Italy)
Ceramics (Israel)
Portland cement grade 300
Portland cement grade 250
Gypsum plaster
"LECA" (Norwegian product, made of
expanded clay)
Experimental aggregate (Israeli
product, made of coal fly ash)
Pumice aggregate (Greek product)
Tuff
Dolomite coarse aggregate
Limestone coaaggregate
Basalt coarse aggregate
Limestone sand
Gravel
Quartz sand
Coal fly ash
Oil shale ash
Phosphogypsum

Specific radioactivity (Bq/kg)
2 2 6Ra

42.9

60.2

9.5
146.5
24.5
24.9

18.1
242.9
45.7
48.2
66.3
10.5
66.1

61.2

53.2
33.1
28.0
18.3
12.0
12.1
15.0
3.1

202.0
246.3
747.0

2 3 2 T h

47.7

65.5

6.2
9.3
8.2

11.8

5.2
76.1
48.2
19.6
39.2

5.9
58.3

55.1

65.9
41.1

3.1
7.4

13.7
4.1
3.0
3.7

62.9
17.3
14.4

4 0 R

870.1

801.1

96.5
107.3
73.5
63.9

51.3
1131.0
776.3
139.6
138.1
51.4

1149.0

1015.0

1155.0
534.3
33.6
77.1

308.5
51.1
50.4
90.9

377.7
181.7
63.1

Coal fly ash alone is problematic from the radionuclides content point of view. However,
this by-product is used now in local building industry mostly in two applications: as an addition
to Portland cement in the amount not exceeding 10% (according to the Israeli Standard No. 1)
and as a substitution of fine fractions of sand in normal-weight concrete production. In both
these cases the use of coal fly ash increases the radioactivity coefficient insignificantly, because
the total content of fly ash in such concrete mixes usually does not exceed 150-200 kg/m3. The
use of coal ash (both fly and bottom) in the production of light-weight aggregates, where the
specific radioactivity is expected to be significantly elevated because ash constituent becomes
dominant, should be investigated separately, taking into account the real contribution of radon
emission as well. The problem of emanation and exhalation of radon from normal-weight
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concrete enriched with coal fly ash as part of sand was investigated by a group of Soreq NRC
[6]. For other building materials further investigations must be performed.

The radioactivity coefficient of both Italian and Israeli building ceramics is relatively high.
At the same time, the total mass of these products in dwellings is small, in comparison with
other elements of the building skeleton: walls, floors and foundations. Obviously, the
contribution of this building material into the total radiation dose should be also evaluated from
the point of view of geometry and mass of related structural elements in the given type of
building. These factors should be taken into account in the future regulations of the allowable
radioactivity level in dwellings as well as radon exhalation from the product.

Finally, the topmost value of radioactivity coefficient was obtained for phosphogypsum. As
the last laboratory investigations show, it is technically possible to produce environmentally
friendly phosphogypsum from phosphate rock [7], however such processes should be
evaluated economically and proved on the industrial scale. In the meantime the elevated
radioactivity level of phosphogypsum does not allow its direct utilization in construction.

CONCLUSIONS
Samples of typical raw materials, industrial by-products and building products and their

components were collected from different productive quarries and building factories in Israel
Concentrations of natural radionuclides (226Ra, 232Th, 40K) in the samples of building products,
building binders, lightweight aggregates, normal-weight aggregates and industrial by-products
were determined using gamma-ray spectrometer based on Ge-detector.

The results of the present study can help to create a primary database on radionuclides
content in typical building materials available in Israel, to calculate expected radioactivity levels
in the material, composition of which is known, and to prepare the national standard on the
radioactivity of building materials.
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