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European Atlas of Natural Radiation

A tool for the public to:

v’ familiarize itself with natural radioactivity;

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

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

v 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:

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

- Effect (exposure, dose, risk): on going
v’ Terrestrial radionuclides:
- geochemical concentrations: finished

v’ 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

v’ Cosmic exposure and dose: finished;

Sources of radiation missing:

v Food v Thoron,
v’ Water v Indoor gamma Anomalies:
v Rn in soil spatially small extremes, e.g. U

mining residues, local
v Outdoor Rn mineralization
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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 23°U (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: 4°K (0.0117% of the K total mass) which decays
either to 4°Ca (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.
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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 22?Rn in 238U decay series)

e geochemical processes involving uranium and radium
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Terrestrial Gamma Dose Rate Map

Mapping options:

1. Measurement: national surveys, EURDEP system

2. Calculate ambient dose rate from terrestrial radionuclide concentrations
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Terrestrial Gamma Dose Rate Map

Option 1: European map of Terrestrial Gamma Dose Rate, March 2017
>

AT,DE,HR,HU: Terrestrial gamma radiation has been n

estimated from the total ambient dose rate data e

transmitted to the EURDEP system o

(https://eurdep.jrc.ec.europa.eu) after subtracting: —

1) cosmic, e

2) Radon-washout and b

3) internal background effects.

For Belgium, the Czech Republic and Spain, data from e o i .

their national databases have been used. (TR

“nGyrh far Spain and Czech Republic

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
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*

European
Commission




Terrestrial Gamma Dose Rate Map

Option 2:
%‘a
£updat®
. : . e O
Input data: U, Th and K concentration (European soil maps) o fhe \1.‘5 . Q,ARPQ
We e~ nd viel®
1SS
TGDR(nGy/h) (UNSCEAR, 2008)= 0.0417 *C, + 0.462* C, + 0.604*C, eﬁe‘f%‘e
Unscear, 2008
. Concentration conversion factors
Hypothesis:
1 ppm U nat 12.355 Bg/kg %38U
* Secular equilibrium 1 ppm U nat 0.569 Ba/kg 25U
* Soil homogeneity and composition 1ppm Th 4.069 Bg/kg 32Th
1% K20 262.97 Bg/kg 40K
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U, Th and K concentration in soil Maps
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Terrestrial Gamma Dose Rate Map

European Terrestrial Gamma Dose Rate,September 2018
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A case study: Piedmont (Italy)

Methodology:

* U, Thand 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)

TGDRen = > ;- TGDRec,

w;: weights, calculated on areal basis.
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A case study: Piedmont (Italy)
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Digital version of the Atlas

# REMon &f Services @ Maps httpS://remon'IrC'eC'eurODa'eu & Share

On this page

AbD ut E u ro pea n Atlas o Annual cosmic-ray dose

¢ Indoor radon

Rel Time Monitoring of Natural Radiation

Indoor radon - Number
: - o ) o . of measurements
Matural Radioactivity The human population is continuously exposed to ionizing radiation from Uranium in soil
several natural sources that can be classified in two categories: o i
Thorium in soil

Potassium in soil
Terrestrial gamma dose

Who We Are

+ Cosmic contribution: high-energy cosmic rays incident on the Earth's
atmosphere and releasing secondary radiation

Publications « Terrestrial contribution: radioactive nuclides generated during the * Uranium in bedrock
formation of the Earth and still present in the Earth's crust: mostly * Thorium in bedrock
News uranium and thorium radioactive families together with 4K, which is a * Potassium in bedrock

Soil permeability
Geogenic radon

long lived radioactive isotope of the elemental potassium. In most
circumstances radon, a noble gas produced in the radioactive decay of
the Uranium progeny, is the major contributor to the total dose.

The European Atlas of Natural Radiation is a collection of maps displaying the levels of
radioactivity caused by different natural sources in Europe.

The Atlas is intended to familiarise the public with the radioactive environment, to give a more balanced view of
the annual dose that it may receive from natural radioactivity and to provide reference material and generate
harmonised data for the scientific community. The overall goal of the Atlas is to estimate the annual dose that
the public may receive from natural radioactivity, combining all the information from the different maps. Indeed,
natural ionizing radiation is considered the largest contributor to the collective effective dose received by the
world population.

The Atlas is developed and maintained by the Joint Research Centre of the European Commission.

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

Uranium concentration in soil

European map of uranium in soil, March 2017
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Description

The European uranium concentration in soil map displays the geometrical means [GM) of the
concentration of uranium in soil over 10 km x 10 km grid cells. The map has been created using
approximately 3000 data from topsoil samples belonging to two Eurcpean databases: al the
Geochemical Atlas of Europe [http://weppi.gtk.fif publ/foregsatlas/index.php), developed by the
Forum of European Geological Surveys (FOREGS): and b) the Geochemical Mapping of Agricultural Last Modified: 8128/02/2017
and Grazing Land soil in Europe [GEMAS; hittp://gemas.geclba.ac.at’), a project involving
geochemistry experts from EuroGeoSurveys and Eurometaux organizations. & log-normal distribution
can be assumed for the entire dataset, and a variogram of In-transformed data has been used in
ordinary block kriging. For Belgium, the Czech Republic and Estonia, data from their national
databases have been used. Pl

Additional Information

Resolution: 10000 m

Update frequency: Irregular
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Structure of the Atlas publication
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Conclusions

Thanks to the collaboration with ARPA Piedmont :

v’ Developed a European map of terrestrial gamma dose rate (10 km x 10 km)

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

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

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

FUTURE

v' Compare the map developed using geochemical data and the one with measurements (EURDEP)
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Any guestions?

Please contact us at
JRC-EANR@ec.europa.eu
giorgia.cinelli@ec.europa.eu

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