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Let explore the radioactivity: outdoor! 



Uranium in the Earth 

Effective Effective 

Emax (MeV) Signal  E(MeV) 
Relative 

Intensity 

238U 

234mPa 2.27 31 % 1.00 0.8 % 

214Bi 3.27 48 % 0.61 45.5 % 

232Th 

212Bi 2.25 20 % 0.73  6.6 % 

228Ac 2.07 1 % 0.91 26.2 % 

gn

Type of decays 
T1/2 

[Gyr] 

Ůɜ 
[kg-1s-1] 

Q  

[MeV]   

ŮH 

[µW/kg] 

238U Ŭ, ɓ, ɓɔ 4.5 7.46 x 107 51.7 95  

232Th  Ŭ, ɓ, ɓɔ 14.0 1.62 x 107 42.7 27 

40K ɓɔ (89%) 1.3 2.32 x 108 1.3 22 

The terrestrial radioactivity, due mainly to the presence of 238U, 232Th and 40K, 

can be considered a probe to study the Earth.  

Å A fraction of electron antineutrinos produced in ɓ 

decays along the 238U and 232Th decay chains, i.e. 

geoneutrinos, can be revealed. 

Å 40K and some daughter nuclides of 
238U and 232Th emit ɔ- rays having 

energy ~ MeV which can be easily 

detected.  



é in situ é in lab é airborne 

~ 0.1 m ~ 100 m ~ 10 m 

Where do we work? 



Gamma spectroscopy outdoor 

Terrestrial Cosmic 

40K 214Bi 208Tl 



* Compiled by Sally Barritt, 2005 - Radioelement Mapping, IAEA. 

Global gamma-ray spectrometry and total count coverage 



Uranium distribution in north America 
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 flight lines
 line spacing

 field of view

 height

 speed~  100 km/h  

~ 100 m  

~ 0.5 km  

We adopted the recommendations of IAEA*: it permits a 

comparison between different international experiences.  

The aircraft has to follow the morphology of the territory. 

* International Atomic Energy Agency. Guidelines for radioelement mapping using gamma-ray spectrometry data. IAEA-TECDOC-1363, Vienna; 2003. 

Airborne Gamma -Ray Spectrometry 
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4 NaI(Tl) detector 4 Lit. (102 x 102 x 406 mm) 

1 NaI(Tl) detector 1 Lit. (102 x 102 x 102 mm) 

Energetic resolution 8.5% at 662 keV (137Cs) 

Channels 1024 (512, 256) 

Real-time feedback notebook (smartphone & tablet) 

Power autonomy 3 hours (without external batteries) 

Dimensions L 75 cm x W 45 cm x H 50 cm 

Weight (total) ~ 115 kg 

Output List mode events (individual & composite spectra) 

Spectrum analysis (off-line) FSA with NNLS constrain (stripping ratio method) 

Auxiliary sensors GPS, Pressure & Temperature 

AGRS_16: our equipment 





Total activity 

(Bq/kg) 

2700 Ñ 52 

Total activity 

(Bq/kg) 

38 Ñ 6 

Total activity 

(Bq/kg) 

186 Ñ 14 

Total activity 

(Bq/kg) 

1080 Ñ 33 

Radioactivity measured in rock samples 



Map of U distribution  

E. Guastaldi  et al. 
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Journal of Remote Sensing of Environment (2013). 


