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Trigger  &  target

• Limit the public external radiation exposure indoor 
due to natural radionuclides in building materials

• Key radionuclides for exposure evaluation: 
K-40, Ra-226, Th-232

• Additional issue: Rn exhalation from construction 
material and internal exposure due to Rn progenies 
 but: main indoor Rn from building underground

• EU: EC proposal to revised Basic Safety Standards 
for radiation protection (2011)

 Excess exposure due to natural radionuclides in building 
materials E < 1 mSv / year 
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Average natural exposure situation

Natural exposure outdoor :
H*(10)  0,9 … 1,3 … 2,3 mSv / year

E  0,4 … 0,7 … 1,2 mSv / year

Radioactivity in natural building materials: 
K-40  200 ... 370 … 700 Bq/kg
Ra-226  25 … 40 … 75 Bq/kg
Th-232  20 … 25 … 60 Bq/kg



Radionuclide activity  human exposure

a  ingestion Hing

measurements E



U-238 decay chain

• Low-level gamma-ray spectrometry
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Th-232 decay chain
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Low-level gamma-ray spectrometry
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Activity concentrations of stone samples

a (Bq/kg)
K-40              Th-232            Ra-226



Average annual exposure (2010)
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Dose model EC RP 112 (1999)

Activity concentrations K-40, Ra-226, Th-232 

 effective dose E
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E

a• Analytical
• Numerical
• Monte Carlo



Practice in Europe

• 4 EU countries: CZ, FIN, POL, AT  /  but not harmonised

• Czech Republic

Draft regulation No 2005-452-CZ:

• Ra-226 < 150 Bq/kg

Regulations of the State Office for Nuclear Safety No 
307/2002:

• EC RP 112 (1999) Index < 0,5  E < 0,3 mSv /year
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Practice in Europe

• Finland

Technical guide 12.2 STUK (2010): 

• EC RP 112 (1999) Index < 1

• Specific evaluation possible

• Poland

• EC RP 112 (1999) Index < 1 

• Ra-226 < 200 Bq/kg

limit tolerance: + 20%
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Practice in Europe

• Austria I < 1   Eexcess < 1 mSv / year

Austrian NORM Ordinance BGBl II 2/2008:

Austrian Standard ÖNORM S5200 (2009):
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ε … radon emanation factor,    ρ … building material density,    d … thickness



 EC BSS proposal 2011

• Article 75 (2) / Annex VII    EC RP 112 (1999)
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 Category (corresponding default dose) 

Use  A (≤ 1 mSv) B (> 1 mSv) 

{1} materials used in bulk amounts I ≤ 1 I > 1 

{2} superficial and other materials with restricted use I ≤ 6 I > 6 

 
• Allocation of materials into A or B and into {1} or {2}  national 

building codes
• Where appropriate, actual doses for comparison with the reference level 

should be assessed using more elaborate models, which may also take 
into account the background outdoor external exposure from local 
prevailing activity concentrations in the undisturbed earth’s crust.
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Index (3)
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Improvement: application parameter
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(4)

d ……. thickness of the wall, superficial or other material in m 
 ……. gross dry density of the material in kg/m³

470 kg/m² is the weight per unit area of the model room in EC
RP 112 (1999) 

e.g. bricks: d = 0,3 m,  = 700 kg/m³   d· = 210 kg/m²
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Building material examples



Application parameters formula index (4)
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Index (4)
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Three evaluation formula index 
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Index formula
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CEN TC 351/WG3

• European Standardisation Institute CEN 
Technical Committee 351 ‘Construction Products 
- Assessment of release of dangerous substances’
Working Group 3 ‘Radiation from construction 
products’ 

• Start: 2011 Februar  proposed end: 2013

• Task TG 31 ‘Gamma radiation measurement of 
building material

• Task TG 32 Dose modelling (a  E)
– FJ Maringer (AT), M Markkanen (FIN), ML Perrin (F), D Rosen 

(D), M Taylor (UK), P Vuorinen (FIN) and G De With (NL)
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TG 3.2: Questions to be answered

• ‘Typical’ level for outdoor exposure  
reference limit for exposure due to building material’s radioactivity 
is defined as the “excess to typical outdoor exposure”; 
outdoor exposure rates vary locally

• Geometry of the standard room used in the dose model

• Indoor occupancy time

• Shielding effect of building materials for cosmic 
radiation

• Assumptions on other materials in the building than the 
examined

• Factor for converting the ambient dose equivalent in air 
to the effective dose
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Conclusions

• ALARA for indoor exposure from natural 
radionuclides in building materials 

• Legislative setup of effective dose limits only 
but not activity concentration limits

• Harmonised dose modelling: from effective dose 
to activity concentration limits including general 
building material application parameters

• Establishment of a harmonised standard for 
indoor exposure 
 in Europe: EU BSS & CEN TC 351/WG3  2013
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Thank you for your attention!


