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Motivation of the study
• Radioactivity is everywhere but its invisibility creates 

unfounded anxiety among public.

• High school curriculum focus on theoretical concepts 
over practical hands-on.

• Transition towards experiential learning to measure 
natural radioactivity using GammaEDU detector. 

• Engaged 40 high school students from 8 countries at 
National Laboratory of Frascati (LNF), Italy.

• Goal is to clearing this misconceptions through hands-
on experience.
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analyzer

Scintillator

Photomultiplier
tube

Field of 
view : 70 cm

• Hardware: 3” NaI(Tl) scintillator with 70 cm 
field of view.

• Interface: operated via Android app with live 
spectral visualization and real-time graph 
monitoring.

• Data: records measurement IDs, survey 
environment and acquire precise 
latitude/longitude, that can export in CSV and 
KML format.

Backpack radiation detector

Element Daughter isotope Energy [keV] Region Of Interest [keV] Unit

K 40K 1460 1384 - 1536 %

eU 214Bi 1765 1684 - 1852 µg/g (ppm)

eTh 208Tl 2614 2512 - 2716 µg/g (ppm)



SurveyID K% eU (ppm) eTh (ppm) Surface type Total activity latitude longitude

• Student’s direct engagement with scientific 
instrument.

• Acquisition time: 7 minutes/ measurement

• Strategy: random positioning. 

• Start of acquisition required logging surface 
type and ID.

• The structure of CSV and KML report these 
information:

S. No
Surface 

type
No of 

measurements

1 Asphalt 29

2 Bricks 4

3 Cement 2

4 Grass 32

5 Gravels 1

6 Porphyry 2

7 Playground 1

Total 71

Field survey strategy



Visualizing and analyzing data 
• Digitized all surface types and plotted measurement locations for map visualization.

• Collocated Co-Kriging :a multivariate analysis that estimated values at unsampled location by 
correlating variables.

• It interpolate the K, eTh, eU, 
& total activity concentration 
by corelating radioelement 
abundance with surface type 
and generates the spatial 
distribution in entire area . 



Total activity concentration
• Visualized complex interpolation datasets as 

easily-readable map to streamline data 
interpretation.

• Map displays total activity concentration in 
Bq/kg.

• Masked building footprints maintain high spatial 
integrity.

• Viridis color mapping ensures clear class 
distinction.

• Five classes categorized using the combination 
of Natural Breaks (Jenks)  and percentiles 
balance public scientific needs.



Distribution of radioelements
• Shift from physics to chemistry

• Mapped individual abundances using IAEA ternary 
color scheme.

• Measured K in percent(%) ; eTh, eU in µg/g.

Element Sector Key Indicator

K Agriculture
Nutrient density and clay 

content.

eTh Geology
Heavy mineral sand 

deposits and rock type.

eU
Public 
health

Radon gas risk and 
mineralized veins.



Radioelement abundance by surface type
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• Composition of surface type affect the 
abundance of radioelement.

• Asphalt K(%) spikes reveal unique mineral 
compositions as compared to gravels.

• Brick surfaces indicate transported, low-
radioelement materials.

• The minimum potassium 
concentrations found in gravel validate 
its diverse cross-sectoral use.



Surface type

All measurements 
with uncertainty

Total activity concentration mapDescription of the activity

Abundance of Potassium 

Abundance of Thorium 

Abundance of Uranium 

Inset map

Download LNF Map

Final product of activity 



Conclusions
• Hands-on experience: students gained technical proficiency in operating gamma-ray 

spectrometer and executing the full experimental cycle.

• Scientific visualization: participants developed the "data literacy" needed to 
transform raw radiation metrics into accessible user-friendly maps for end-users.

• Visualizing the invisible: by mapping environmental radiation, students moved past 
common misconceptions to conceptualize radioactivity as a tangible, ubiquitous 
natural phenomenon.



Thank you 
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