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Techniques typically used to 
characterize natural radioactivity

Direct -ray counting

• Sensitive to the background 
creating isotopes of the 
decay series directly.

• Requires long counting time 
and large sample mass to 
achieve good sensitivity.

10-14g/g U produces only 1 
decay per day per 100kg of 
sample mass.

Mass spectroscopy

• Sensitivity limits of:
– 10-9g/g K

– 10-12/-13g/g U and Th

• Requires sample to be 
digested by acids (ICPMS) or 
conductors (GDMS).

August 28, 2010 Ryan MacLellan, LRT 2010 2



Neutron Activation Analysis

• Sensitivity limits of:
– 10-9g/g K

– 10-12/-13g/g U and Th

• High sensitivity measurement can take up to 
one month due to long half life of Th
activation product: 233Pa.

• Only applicable to matrix materials with low 
neutron capture cross sections (most metals 
not suitable).
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Gold plated silicon wafer
(etched for ICP-MS)
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2d after neutron activation 1 month after neutron activation
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Neutron Activation Analysis

• Sensitivity can be increased by removing 
uninteresting side activities before counting.

• For liquid scintillator samples, post-radiation 
chemistry increased sensitivity to 10-15g/g U/Th
at UA.

• A group at TU Munich achieved 10-16g/g U/Th
utilizing chemistry and an onsite reactor.

• Only feasible for screening limited number of 
materials as each requires custom tailored 
chemical processes.
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Neutron Activation Analysis

• Any neutron activation analysis requires a sample 
handling facility to handle considerable amounts of 
open radioactivity.

• Consistent pre-analysis treatment is critical to avoid 
surface contamination
– At UA this is done in a class 500 clean room

– High purity solvents, acids, and water for cleaning

• Activation costs for UA 1000--2000USD.

• Sample counting on, ideally multiple, large Ge
detectors to combat decaying signal.  Low background 
detectors are not required (except RNAA).
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Procedure at UA

• Sample preparation in class 500 clean room.

• All lab supplies etched with ultra pure acid and rinsed with purified water.

• Depending on the required irradiation duration, sample activated in a  
small PE bottle or miniature quartz vial.
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A few examples of reactors

Thermal neutron flux of some reactors with 

pneumatic sample insertion:
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Reactor Location
Thermal n Flux 
(cm-2s-1)

MITR MIT 5x1013

HFIR Oak Ridge 4x1014

MURR University of Missouri 6x1014

RFM II TU Munich 8x1014
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NA Analysis
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K ng/g60

 Upg/g45

Th pg/g30

Evidence of natural 
radioactivity tracers
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K pg/g60

 Upg/g45
Th pg/g30

Time evolution of 
measured activity



Simply calculating constituents
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Number of activated nuclei
Fraction remaining at 

time t

Concentration of parent nuclei: ng/g
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Parametrize the neutron flux:
thermal vs. epithermal neutrons
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Parametrize the product of 
neutron flux and cross section;

thermal vs. epithermal neutrons

thn  
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Parametrize the product of 
neutron flux and cross section;

thermal vs. epithermal neutrons
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Global 2 minimization of
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MITR n as a function of reactor 

power
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MITR f as a function of reactor 

power
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Summary

• NAA has been successfully used in the 
preparation of previous successful low 
background experiments.  It offers ppt to sub 
ppt-sensitivity depending effort made to avoid 
source related background.

• Complements ICP-MS technique.  Well suited 
for most plastics that are inaccessible to 
traditional MS.
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One final note: document surveys
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D. S. Leonard et al., Systematic study of trace 

radioactive impurities in candidate construction materials

for EXO-200, Nucl. Instrum. Meth. A 591, 490 (2008)

[arXiv:0709.4524]

10 pages of table (small font) listing all materials characterization for 

EXO-200 construction (useful and otherwise).  Most cited EXO paper 

to date!



1. Collection of Scintillator
• Ship samples to US

2. Preconcentration
• Remove Reactor-unfriendly organics

3. Irradiation at Reactor (ORNL/MITR)

4. Post-chemistry
• Separate “Signal” isotopes from 

“Background”

5.  Counting (HPGe)

6. Analysis and Results

UA KamLAND scintillator analysis 
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