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Natural radioactive elements occurring in building materials constitute a major

source of exposure of the public to ionizing radiation. Of the radionuclides that

contribute to this exposure, members of the 238U and 232nd series and 40K are of

special interest, because usually they occur in building materials in the highest

concentration (relative to other radionuclides).

40K and part of the radionuclides of the two above mentioned series cause external

exposure while the inhalation of and 222Rn Thoron (220Rn) , emitted from these

radionuclides, and their short lived progeny lead to internal exposure of the respiratory

tract to mainly alpha particles.

The exposure of humans to ionizing radiation can result in harmful health effects. For

high doses these effects are acute and deterministic, with a dose threshold. For low

doses the effects are delayed and of stochastic nature, whereby the risk of actual

occurrence (and not the severity of harm) is proportional to the radiation dose. Of all

delayed somatic effects, the most significant and prominent is the manifestation of

malignant illnesses in the exposed individual 2-40 years following a single exposure or

the onset of chronic exposure. The International Commission on Radiological

protection (ICRP) evaluated in 1990 the fatal cancer risk of exposure to ionizing

radiation to be 5%/Sv. This means that the chronic exposure of a population to an

affective dose of 0.01 Sv (1 rem) per year will lead, eventually, to an excess of 500

cases of cancer deaths per year per 106 population. This ri^, factor was evaluated for
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low doses of low LET radiation delivered at low dose rates. There is no dose

threshold to this risk i.e. any radiation dose poses a risk.

The dose to members of the public attributed to natural radioactive elements in

building materials, at their normal average concentrations, is usually low and does not

exceed a few hundreds of nSv per year. The exact value of the dose depends on many

parameters, e.g. the concentration of specific radionuclides in the material, the density

and thickness of the walls, their geometrical configuration and the level ofthe

emanation of Radon and Thoron from these walls.

In recent years there is a growing tendency to use new construction materials with

naturally or technologically enhanced levels of radioactivity (e.g. phosphogypsum, fly

ash exotic minerals, etc.). This trend causes a growing health concern. The result of

this concern is legislation activity and publication of guidance notes by national

authorities and international professional organizations related to the radiological

implications of these novel technologies.

The ICRP considered, for many years, the problem of exposure to natural radiation as

a chronic exposure situation which is subject only to "intervention" activities .

However in its recommendations published in 1990 the commission suggested to treat

some natural sources causing public exposure as "practices". As such these sources

are subject to all the three basic principles of radiation protection i.e. . Justification,

Optimization and Dose Limitation.

The Ministry ofthe Environment in Israel is authorized by Israeli legislation to control

the exposure ofthe public to ionizing radiation. The ministry asked in 1996 a

professional group in the Radiation Protection Division ofthe Soreq NRC (the authors

of this presentation) to study the radiological implications ofthe use of building

materials with naturally or technologically enhanced concentrations of radioactive

substances, and to submit draft regulations setting primary limits on excess exposure

ofthe public to ionizing radiation from building materials and derived limits related to

concentrations of specific radionuclides in these materials.

for presentation ofthe proposed draft proposal for the Israeli regulations we are using

the following special notations:

The concentration index:

The concentration index for a set of concentration values (C(Aj), C(A2), ... C(An)) of

radionuclides Ai, A2, .... An is defined as the sum ofthe quotients
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C(A,) [ C(A2) | C(An)
C ( A ) ••"C(A2), |

Where C(A,),, C(A,),, ,C(An), are limiting values set on the concentration

of the above radionudides for legislation purposes, as defined bellow.

Limiting Concentration Values

The limiting concentration value C(A,),, is the concentration value for the

radionuclide Aj that, if present in a building material, will cause, alone, a specified

additional annual dose to the residents of a standard building built of this building

material ( e.g. for the "exempted level" specified bellow this annual dose is 0.5

mSv (50 mrem)).

Concentration Index Criteria

The "concentration index criteria" is the compliance of the set of concentrations

(C(Ai), C(A2) ... C(An)) with the requirement

C(A.) | C(A2) |

C(A) "",), C(A2), ""C(An)«

The proposed draft for Israeli regulations related to limitations of the concentration of

radioactive substances in building materials are based on the following principles and

guidance values:

1. It is recommended to regard the exposure of the public to ionizing radiation from

radioactive elements in building materials at their regular average levels as a chronic

exposure situation.

2. There is no justification for intervention (taking remedy actions or setting limits on

the concentration of radionuclides in building materials) as long as the additional

exposure of members of the public (as compared to outdoor exposure) due to these

materials does not exceed 0.5 mSv (50 mrem) per year due to external and internal

exposure. This level will be called the "natural level" or "the exempted level".

The derived "limiting concentration values" for the exempted level of 40K, 226Ra

and232Th are (2500, 110, 135).
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3. Exposure of the public to ionizing radiation due to naturally or technologically

enhanced levels of radioactive elements in building materials should be regarded as

exposure to sources within a practice (building methods and technology) and should

be thus subject to dose limits and optimization. As part of the optimization process

a dose constraint of 0.5 mSv (50 mrem) per year, in excess of the average 0.5 mSv

caused by natural levels of radioactivity in building materials, is recommended.

The derived "limiting concentration values" of 40K, 226R a nd 232Th for this level are

(5000, 220, 270).

The "limiting concentration values" specified in pa. 2) and 3) above were derived

by calculating the external and internal exposure to residents in a standard building

constructed from building materials with specified concentrations of 40K, 226Ra and

232Th. This model assumes wall thickness- d of 0.24 m, density of the walls- p of

1.5xlO3 kg/m3 and an emanation coefficient- e (the fraction of radon that is emitted

from the walls) of 0.05.

4. If the "concentration index" of a specific building material does not comply with the

concentration index criteria, using the "limiting concentration values" specified in

Pa 3 above, there is still an option to use the building material if it can be shown

that it complies with the "concentration index criteria" using the "concentration

limiting values" (5000, 400/(1+0.046 epd), 270) e, p and d being the actual values

of the emanation coefficient, the wall density and the wall thickness respectively.

Example

To illustrate the use of the "concentration index criteria" and the "concentration

limiting values" let us check the following actual case:

A request to allow the use of a building product (e.g. concrete based on the use of fly

ash from coal fired power stations) with concentration values of 1000 Bq/kg, 100

Bq/kg and 80 Bq/kg for 40K,226 Ra and232 Th respectively.

to check compliance with the exemption level criteria we calculate the sum

5000 110 135
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obviously the building material does not comply with the exemption criteria.

However checking compliance with the "concentration index criteria" using the

"concentration limiting values" (5000, 220, 270) specified in Pa. 3 above, for 40K, 226Ra

and 232Th respectirely we, find that:

1000 100 80
• + + = 0.9465000 220 270

i.e. the building material complies with the "concentration index criteria" for this

optimized level and can be approved for use
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