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• Is an isotope specific analytical technique
for the qualitative and quantitative
determination of elemental content

• Was discovered in 1936 by George Charles
de Hevesy and Hilde Levi

• Is based upon the conversion of stable
atomic nuclei into radioactive nuclei by
irradiation with neutrons and the
subsequent detection of the gamma
radiation emitted during the decay of
these radioactive nuclei

Introduction to NAA

George Charles de Hevesy
1885‐1966

Hilde Levi
1909‐2003



• Instrumental Neutron Activation Analysis Activation
INAA

• Epithermal NeutronActivationAnalysisActivation ENAA
• Fast NeutronActivationAnalysisActivation FNAA
• Cyclic NeutronActivationAnalysisActivationCNAA
• In Vivo ‐ Neutron Activation Analysis Activation In‐vivo
NAA

Non destructive
The resulting radioactive sample 

is kept intact

• Radiochemical or destructive neutron activation analysis
RNAA or DNNA

Destructive
The resulting radioactive sample 

is decomposed

Types of NAA



Elements obtained by NAA



Analysis using NAA requires

Neutron Activation Analysis is not a “Push‐Button” Technique

Sample preparation

Neutron irradiation 
of samples

Decay periods 

Measurement of γ‐ray spectra of samples and standards 
with HPGe‐detector

Processing of the γ‐ray spectra using GENIE 2000

Calculation of element content



Sample collection and preparation

I.Collection

Moss

Soil



Con’t

II. Preparation
Optimal temperature for NAA‐40 °C



II. Preparation
For short irradiation For long irradiation

Con’t



Con’t



Irradiation of samples

TO IRRADIATE

Transport capsules

● The process of irradiation is based upon 
processes in the atomic nucleus when the 
samples are bombarded with neutrons from 
the reactor

● Neutron source : reactor IBR‐2 (pulsed type)



Irradiation of samples
Neutron energies Neutron energy Vs cross section

Thermal 0,025 eV ‐ 0,5 eV
Epithermal 0.5 eV ‐ 100 keV
Fast 100 keV‐25 MeV



Irradiation of samples
● Radioactive capture:

● We obtain new isotope which is radioactive and during its radioactive 
decay emits gamma ray with energy which is specific for every 
radioisotope.  



● With respect to the time of measurement, NAA falls into two
categories: 

→ Prompt gamma ‐ ray neutron activation analysis (PGNAA), 
wheremeasurements take place during irradiation

→ Delayed gamma ‐ ray neutron activation analysis (DGNAA), 
where the measurements follow radioactive decay

Measurement of Gamma



● Photons are measured by HPGe

→ Compton scattering 
→ Photoelectric effect
→  Pair production 

● For energy and efficiency calibration we use standard reference 
sources with similar matrix to the measure samples

Measurement of Gamma



Processing of Gamma‐ray spectra
● A full computer spectrum analysis includes 3 steps:

→ Set up data libraries for energy, peak width and efficiency 
calibration and for sample analysis

→  Use spectra of reference source to generate energy, width 
and efficiency calibration data files

→ Analyze sample spectra by referring to those data libraries 
and calibration files



IBR‐2 reactor
• Main parameters

• Average power‐ 2 MW

• Fuel‐ PuO2

• Rotation rate rev/min

• Main reflector‐ 600

• Auxiliary reflector‐ 300

• Neutron flux density‐

10ଵ଺ 𝑛 · 𝑚ିଶ · 𝑠ିଵ  



REGATA



REGATA

CH1‐CH4: irradiation channels
S: Storage (intermediate)
DCV: Directional control valves
R: Repacking unit
D: Detector
SM: Storage magazine
CB: Control board
R1‐ R3: Rooms locations of
system



Rabbit system Hot cell



Control board



Sample changer



Genie‐2000
● Output from the detector: spectrum



Genie‐2000 – energy calibration
● Using 152Eu
● Channels ‐> energies, calibration curve



Genie‐2000



Genie‐2000
● How large is the area under the peak?



Excel file



Neutron activation 
analysis (NAA)

Terrestrial 
environmental studies

Biomedical 
studies

Marine 
environmental 

studies

Biomonitoring 
of air pollution

Bionanotechnology

Material 
science

Studies in Sector of NAA & AR



International Cooperative 
Programme on Effects of 
Air Pollution on Natural 
Vegetation and Crops

UNECE

United Nations Economic 
Commission for Europe

CONVENTION ON
LONG-RANGE  

TRANSBOUNDARY 
AIR POLLUTION

adopted in 1979
entered into force 1983

Working Group on Effects - 1981



Advantages
• Primary analytical technique
• Ease of sample preparation
• High sensitivity and precision
• Simultaneous measurement
of multiple elements

• Wide possibilities of 
applications

• Outstanding replicability

Limitations
• Need for nuclear reactor
• Work with radioactive 
materials

• Time of analysis
• Sample preference



General outcomes

• NAA is a useful method for the simultaneous determination of
elemental composition of geological, environmental and biological
samples.

• Data analysis yields concentrations of major, trace and rare earth
elements.

• Enriched our knowledge in this important field during interesting
lessons, learned sample preparaion for NAA.

• It was a great opportunity to exchange experience side by side with
scientists from member and associated States in JINR, which helps us
to continue our research in home countries and cope with the latest
and recent achievements relevant to our scientific areas of interest.

• Visited amazing places, cities, etc.
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