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Complication for gamma spectrometry - sample matrices

Sample matrices from industrial materials have highly
variable chemical compositions and densities:

• Rocks and minerals

– silicates, oxides, sulphides, hydroxides, etc

• Leaching residues

• Precipitates

• Sludges

• Ash (fly ash, bottom ash, bottom slag) from
combustion of coal, peat, wood, waste

• Slags and dust from smelters

➢ Typically the gamma-analyst does not know the
chemical composition (only mass, volume and bulk
density)
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Gamma-ray spectrometry

Canberra BE5030 detectors at STUK were used

Currently used method:

• Empirical efficiency calibrations for 2-5 geometries

• Corrections for sample height and density, but not for 
sample chemical composition

• Analysis with UniSampo-Shaman

Efficiency transfer method:

• One reference sample (20 mm water in 100 ml ’T-jar’)

• Corrections for sample geometries, densities and 
elemental compositions with EFFTRAN

• Corrected efficiencies used in UniSampo-Shaman
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Bottom ash sample spectrum: 

both 63 keV and 1001 keV peaks are present

Pa-234m (1001 keV).
Gamma intensity only 0.84 %

Th-234 (63 keV).
Gamma intensity 4.8 %

Yield is 5.7-times higher

compared to Pa-234m
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• Both 63 keV and 1001 keV peaks are typically
free of interferences
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• In addition to the better gamma intensity of Th-234 (5.7 -fold) 

the peak efficiency of a HPGe detector is 6.2-fold at 63 keV

compared to 1001 keV
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• Example of ~60 results from 2019-2021 
pulled from the STUK database

• Includes many matrices: ash, 
construction products, sediments, 
sludges, etc. 

• Most points plot below the 1:1 line
(Th234 ”too low”)

• Median Th234/Pa234m = 0.71

• Clearly there is an issue, but the full
extent of is not even visible, because
most samples do not have results for 
both nuclides, since Th234 is not usually
reported separately (Pa234m used for 
U238)

• Problem is present in all tested detectors
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Why use the low-yield Pa-234m in the first place? - Issues with Th-234



Sample selection and work flow

• Bottom ash samples from waste incineration facilities were selected on the basis that they show 
discrepancy of Th-234 and Pa-234m in the original analysis using gamma-ray spectrometry

• Compositional classes for bottom ash were formed using literature data

• Selected ash samples were assigned into compositional classes based in ICP-MS scanning-mode

• Re-analysis of gamma spectra was done using efficiency transfer (EFFTRAN)

• A subset of samples were analysed with ICPMS for uranium and thorium at two different
laboratories (STUK and NMBU), using different digestion techniques

➢ Original and corrected gamma spectrometry results were compared

➢ Gamma spectrometry and ICP-MS results were compared
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Compositional classes formulated for bottom ash samples

Ash composition 
(weight-%)

heavy medium light

SiO2 (incl. Al2O3) 25 45 58
Fe2O3 (incl. TiO2) 45 20 5
CaO (incl.K2O) 10 20 25
MgO (incl. Na2O) 5 10 10
CuO (incl. ZnO) 5 3 1,5
PbO 10 2 0,5
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TABLE 1. Chemical compositional classes of bottom ash samples created for 
Efficiency transfer calculations.
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Gamma-ray spectrometry: results

Sample
Compositional 

class of ash

Measured
mass [g]

Bulk density 
[g/cm3]

Original
234mPa

Original
234Th

Corrected
234mPa

Corrected
234Th

1 light 110.3 0.99 35.4 (14 %) 26.7 (9.8 %) 35.8 (13 %) 32.6 (5.2 %)

2 typical 192.8 1.72 37.3 (11 %) 17.2 (9.1 %) 36.0 (10 %) 28.6 (5.2 %)

3 typical 193.6 1.73 35.0 (19 %) 19.1 (9.6 %) 33.9 (19 %) 31.9 (6.0 %)

4 typical 193.5 1.73 28.0 (24 %) 15.3 (9.7 %) 28.4 (24 %) 26.1 (6.0 %)

5 typical 114.0 1.02 44.1 (12 %) 26.5 (8.2 %) 45.8 (12 %) 41.1 (4.9 %)

6 heavy 115.0 1.03 44.8 (14 %) 24.4 (9.6 %) 44.4 (13 %) 53.9 (5.2 %)

7 heavy 104.0 0.93 42.4 (14 %) 19.5 (9.2 %) 41.3 (13 %) 41.6 (5.4 %)
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TABLE 2. Results of gamma-ray spectrometry before and after the correction for chemical 
composition using efficiency transfer (the uncertainty refers to the coverage factor k=1).



Correction for chemical composition: Th-234 withefficiency transfer

• Original uncorrected Th-234 
are significantly lower (x2) 
compared to Pa-234m from
the same samples

• Corrected Th-234 is close to 
Pa-234m in 5 out of 7 samples

• Corrected Th-234 is better
than original for the remaining
2 samples

• Considering that general 
bottom ash compositions were
used the result is promising

• Analysis should be redone with
measured sample-specific
chemical compositions
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ICP-MS: results

digestion 1 [mg/kg] [mg/kg] digestion 2 [mg/kg] [mg/kg]

Sample mass [g] U unc k=2 Th unc k=2 mass [g] U unc k=2 Th unc k=2

1 0,5015 1,5 0,30 3,8 0,76 0,6075 2,97 0,28 7,89 0,74

2 0,4993 1,3 0,26 2,7 0,54 0,6039 1,34 0,08 5,02 0,16

3 0,5035 1,0 0,20 2,7 0,54 0,6070 2,21 0,32 7,99 0,84

4 0,4995 1,1 0,22 2,6 0,52 0,6081 1,87 0,18 4,45 0,30
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• Digestion 1: Aqua regia, Ultrawave stage 1: 20 min to 165°C and stage 2: 10 min to 190°C

– Visible solid residues remain after digestion

• Digestion 2: HNO3, H3PO4 and HBF4, Ultrawave 40 min, 260°C

– Barely visible small solid residues remain after digestion



Comparison of ICP-MS and Gamma-ray spectrometry
• ICPMS with digestion 1 gives too

low results for U

• ICPMS with digestion 2 agrees
with corrected Gamma-ray
spectrometry in 3 out of 4 
samples

• Since visible amounts of solid
residues were left even after
digestion 2, the results suggest
that digestion could be the
problem for discrepant sample

• Homogeneity could be another
issue with ICPMS since 0.5 g 
samples were digested vs. 100-
200 g for Gamma-ray
spectrometry
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Conclusions
• Bottom-ash samples showed discrepancy between Th-234 and Pa-234m up to a factor of two, when

only sample bulk density is corrected for in gamma-ray spectrometry

• Use of the efficiency transfer method together with information about the sample chemical
composition removes the discrepancy

• ICP-MS analysis of U and Th in bottom-ash is complicated by incomplete digestion

• Use of Th-234 instead of Pa-234m allows for better precision and lower detection limits in gamma-
ray spectrometry when analysing NORM-residues for U-238 

– careful with fresh samples and disequilibrium of U-238 and Th-234! -> ICPMS preferred

• Use of gamma-ray spectrometry with efficiency transfer allows for larger measured sample sizes
compared to destructive methods, which makes homogeneity of the sample less of an issue

• More accurate results from low energies enables improvement also for the gamma-ray spectrometry
of Pb-210 and Am-241 in ’thick’ samples, in addition to Th-234

• More samples with different matrices should be tested using sample-specific measured chemical
compositions
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