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In the nature with relatively long half-life occur the following
thorium isotopes:

»232Th with abundance 99.98%
»230Th with abundance 0,02%

»>228Th in trace amount

232Th, for many reason, is by far most requested to be measured
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Th-232 - Metrology

dPure alpha emitter

dT,,,=14 billions years

dSpecific activity is low, about 4 kBq/g
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Thorium isotopes could be determined in environmental samples by
various instrumental techniques which include:

0 Gamma spectrometry via daughters, however many assumptions are necessary ....
 |ICP MS
 alpha spectrometry - additional tracer is necessary for chemical procedure yield evaluation
* solid state nuclear track detectors
* liquid scintillation counting

e proportional counting
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Determination by means of alpha spectrometry requires:

J wet digestion in concentrated inorganic acids,

.l tedious radiochemical separation to isolate thorium from matrix and avoid
interferences from other alpha nuclides,

J thorium tracer for chemical yield evaluation

Being alpha emitters, Th-229 or Th-227 may be considered here. It needs to be taken into account,
however, that the decay of Th-228 produces short-lived daughter nuclides whose alpha energies

complicate determining Th-227; for its part, Th-229 has alpha energies that lie close to those of the
Th-230, so that determining the latter may sometimes not be possible.

Moreover, the need for a tracer increases the measurement complexity and generate additional
Costs...




An opportunity ...
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Measurement options

Intermediate Decay Gamma Ener
Radionuclide : . products/Measured . 2
radionuclide . i line [keV]
radionuclides
583
208
L 2614
232Th 212pb 238
212pj 727

Chemical yield evaluation by 2%8Th as the tracer - samples were measured by gamma spectrometry
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Figure 8.1 Typical Th a-particle spectrum. Tracer isotope: **"Th.

P. Martin, G.J. Hancock, Routine analysis of naturally occurring radionuclides in environmental samples by alpha-particle spectrometry,
Supervising Scientist Report 180, Supervising Scientist, Darwin NT, 2004.

A
l Instytut
Badawczy

g ,




TESTS

Samples of NORM where no equilibrium in thorium decay series is expected:

d  Sediments created from radium rich brines
d  Coal combustion products




Chemical separation

- .

: Digestion steps:

e about 1 g solid sample, ashed in 600 °C for 20 hours
* wet mineralization with conc. HNO,, HF at low heat
* additon H;BO;, HCI, evaporation near dryness

* dissolution in conc. HNO;, dilution up to 1 M HNO,
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Chemical separation

Radiochemical procedure:

 thorium coprecipitation with Fe(OH);

[ dissolution in 8 M HNO,

 separation on Dowex resin

A thorium elution from resin by means of 9 M HC|
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Electrodeposition — alpha test sample preparation

. evaporation to dryness eluate from Dowex
with thorium

J addition 40% NaHSO, and 1 M H,SO,

] electrodeposition on the stainless steel discs —
2h,1A
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Results

Nuclide concentration in sample
[Bqg/kg] d.m.
No. Sample type 226Ra 228Ra 228Th 232Th 230Th
1 sediment from - 1110100 | 750+5 | 610+40 |[78+10| 87+11
underground coal mine
2 fly ash 115+ 10 98 £ 5 101 £ 10 18+ 2 20+ 2
Rotok mi t i
g | oroNmINe Warerresevolll 12400 +390 | 1080 +50 | 1590 + 100 | 36 + 3 3142
bottom sediment
4 CRM 5A 1957 +65 | 1727 +76 | 620 +40 7+2 11+2
5 CRM 7 716 £ 226 244 + 12 340 + 21 26+ 4 34+5
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Sample number

Mineral composition [%]

3 4 5
Quartz (SiO,) 49.5 2.5 26
Feldspars (potassium feldspars + calcic plagioclase <1 5
feldspars) 4
Kaolinite (Al,[Si,O,,](OH),) 4 - 15
lllites (KAI,[AISi,O,,](OH,) 7 1 9
Chlorite (Mg,Fe).[(AlSi)O,,](OH).) 2 - 3
Barite (BaSO,) 4.8 2 13
Halite (NaCl) traces - 1
Calcite (CaCO,, - 90.5 4.5
Dolomite (CaMg(CO,),) traces - 1.6
Amorphic substance 17.7 3.5 20




Chemical composition of analysed sample

Sample number

Chemical composition [%] 3 4 5
Sio, 47.5 4.5 32.8
TiO, 0.36 0.08 0.4
Al,O, 8.4 1.4 10.5
Fe,0, 4.8 0.6 4.4
CaOo 0.52 48.4 4.1
MgO 0.5 0.26 1.4
BaO 8.1 1.1 9
SrO trace 0.2 0.3

K,O 1.4 0.4 1.2
Na,O 0.5 0.06 1.8
SO, 4.2 1.1 6

Cl trace 0.04 2.1
Lol 22.5 40




Conclusions
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Thank you for your attention

These tests have been done in frame of preparation of RadoNorm
project deliverable on scientific rationales for improving regulatory
approaches of NORM treatment and management.
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4. RadoNorm
l’A“ Managing risks from radon and NORM
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