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European Atlas of Natural Radiation  

A tool for the public to: 
 

 familiarize itself with natural radioactivity; 

 be informed about the levels of natural radioactivity caused by 
different sources; 

 have a more balanced view of the annual dose received by the world 
population, to which natural radioactivity is the largest contributor; 

 make direct comparisons between doses from natural sources of 
ionizing radiation and those from man-made (artificial), and hence to 
better understand the latter. 
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Atlas, current state - overview 

Sources of radiation already covered: 

 Indoor Rn: 
    - Source: indoor concentrations: only ground floor; 35 countries  

        - Effect (exposure, dose, risk): on going  

 Terrestrial radionuclides: 

     - geochemical concentrations: finished 

 Terrestrial gamma radiation: 
     - Ambient dose rate (ADER) calculated from geochemistry: complete           
     - ADER from surveys and EURDEP: some countries complete,  
             many only partly; to be continued  

 Cosmic exposure and dose: finished; 

 

 
Sources of radiation missing: 

 Food 

Water 

 Rn in soil 

 Outdoor Rn  

 

 

 Thoron,  

 Indoor gamma Anomalies: 
spatially small extremes, e.g. U 
mining residues, local 
mineralization 



Terrestrial Radiation: gamma dose rate 

Natural primordial long-lived radionuclides in rock and soil: 

 

• Uranium: Unat mixture of 238U (99.274% of U total mass) 
and 235U (0.72% of U total mass), both decaying separately 
through long and complex radioactive decay series ending 
with stable lead. 

 
• Thorium: 232Th comprises 99.98% of Th total mass. Thorium 

decays throughout a long radioactive decay series ending 
with the stable lead. 

 
• Potassium: 40K (0.0117% of the K total mass) which decays 

either to 40Ca (89.28%) by emitting a beta particle, or to gas 
40Ar (10.72%) with emission of a gamma ray of the energy 
1.46 MeV after an electron capture. 

 

̴ 1 m above 

the ground 



Secular equilibrium 

Secular equilibrium in the U and Th decays chains 
 
Very good and useful approximation BUT not strictly true 
 
Because of: 
 
• the presence in the middle of the chain of the radon gas 

isotope (> due to 222Rn in 238U decay series) 
 

• geochemical processes involving uranium and radium 
 

 

 

 

Isotope Half-life Decay-mode 

238U 4.47 109 a alpha (100%) 

234Th 24.10 d beta (100%) 

234mPa, 234Pa 1.17 m, 6.7 h beta (99.8%), Internal Transition 

234U 2.45 105 a alpha (100%) 

230Th 7.54 104 a alpha (100%) 

226Ra 1600 a alpha (100%) 

222Rn 3.824 d alpha (100%) 

218Po 3.05 m alpha (99.98%), beta (0.02%) 

214Pb 26.8 m beta (100%) 

214Bi 19.9 m alpha (0.02), beta (99.98%) 

214Po 164 μs alpha (100%) 

210Pb 22.3 a beta (100%) 

210Bi 5.013 d beta (100%) 

210Po 138.4 d alpha (100%) 

206Pb stable 



Terrestrial Gamma Dose Rate Map 

Mapping options:   

 

1. Measurement: national surveys, EURDEP system 

 

2. Calculate ambient dose rate from terrestrial radionuclide concentrations 
                                  



Terrestrial Gamma Dose Rate Map 

Option 1:  
 
AT,DE,HR,HU: Terrestrial gamma radiation has been 
estimated from the total ambient dose rate data 
transmitted to the EURDEP system 
(https://eurdep.jrc.ec.europa.eu) after subtracting: 
1) cosmic,  
2) Radon-washout and  
3) internal background effects. 
 
For Belgium, the Czech Republic and Spain, data from 
their national databases have been used.  

Bossew P. et al., 2017. Estimating the terrestrial gamma dose rate by decomposition of the 
ambient dose equivalent rate. Journal of Environmental Radioactivity 166 (2017) 296e308 



Terrestrial Gamma Dose Rate Map 

Option 2: 

Input data: U, Th and K concentration (European soil maps) 

TGDR(nGy/h) (UNSCEAR, 2008)= 0.0417 *CK + 0.462* CU + 0.604*CTh 

                                                                                                      Unscear, 2008 

 

Hypothesis: 

• Secular equilibrium 

• Soil homogeneity and composition 

 

 

Concentration conversion factors 

1 ppm U nat 12.355 Bq/kg 238U 

1 ppm U nat 0.569 Bq/kg 235U 

1 ppm Th 4.069 Bq/kg 232Th 

1 % K2O 262.97 Bq/kg 40K 

 

 



U, Th and K concentration in soil Maps 

Maps of estimated U, Th and K total concentrations in topsoil over Europe, based on data collated from FOREGS (ICP-MS) 
and GEMAS (XRF) European datasets. The colours are attributed according to the percentiles estimated map points. 

Acknowledgment: Antonio Ferreira, Bob Lister, Andrew Tye (British Geological Survey)  



Terrestrial Gamma Dose Rate Map 

Resolution:10 km x 10 km 

min 17 nGy/h 

Max 189 nGy/h 

mean 62 nGy/h 

median 59 nGy/h 



A case study: Piedmont (Italy) 

Methodology:  
 
• U, Th and K concentration in 154 topsoil and 239 rock samples  

 
• 26 "radiogeolithological" classes (RC)  

 
• Estimate the TGDR (Unscear 2008 formula) in each RC 

 
• Calculate the TGDR in each cell (10 x 10 km) 
 
 
  

j
RCjcell jTGDRw=TGDR

wj: weights, calculated on areal basis. 



“radiogeolithological” Piedmont’s map”  Extract from the European Map 

A case study: Piedmont (Italy) 



Digital version of the Atlas 

https://remon.jrc.ec.europa.eu 

Cinelli G. et al. 2018. Digital version of the European Atlas of Natural Radiation, Journal of Environmental Radioactivity. 

Article in press. https://doi.org/10.1016/j.jenvrad.2018.02.008 

https://remon.jrc.ec.europa.eu/






Structure of the Atlas publication 

 

Color code 

  

Map-results available 

On going  

No maps planned (in this phase)  

First draft: December 2018 
 
Publication: Summer 2019 



Conclusions 

Thanks to the collaboration with ARPA Piedmont : 
 
 Developed a European map of terrestrial gamma dose rate (10 km x 10 km) 

 
 Developed a Piedmont map of terrestrial gamma dose rate using regional data 

 
 Compared in Piedmont the two maps (regional and European approach) 

 
 Tested updated gamma energies and yields (LARA) (values higher than UNSCEAR, < 10% ) 

 
FUTURE 
 
 Compare the map developed using geochemical data and the one with measurements (EURDEP) 
 



Any questions? 
Please contact us at  

JRC-EANR@ec.europa.eu 

giorgia.cinelli@ec.europa.eu 

dip.rischi.fisici.tecnologici@arpa.piemonte.it 

 


