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1. Introduction

Let’s look at the situation through an example:
• Determination of U-238 is mainly done by using Pa-234m peak of 1001 keV. The 

daughter nuclide Th-234 can also be used for U-238 determination but there are 

some problems...

• Basic assumption: There is activity equilibrium between U-238→Th-234→Pa-234m.

This is difficult to directly 

determine by using gamma 

ray spectrometry

This is easy to determine if 

there is 1001 keV peak in the 

spectrum

This is easy to determine if 

there is 63 keV peak in the 

spectrum (but take Th-232 into 

account!)U-238 decay serie
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Gamma ray spectrum from an ash sample
”Easy” case: both 63 keV and 1001 keV peaks clearly visible

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

Th-234 (63 keV).
Gamma ray yield 4.8 %

The yield is 5.7-fold 

compared to Pa-234m

U-238 decay serie
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Comparison of peak efficiency between Th-234 (63 keV) and 

Pa-234m (1001 keV): At the energy of 63 keV the efficiency 

is by a factor of 6.2 higher than at the energy of 1001 keV.
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Peak area

Measurement time

Gamma ray yield Peak efficiency

Different corrections 

(neglected here)

Determination of U-238 activity   

by using Th-234 (63 keV) peak 

could be more sensitive (e.g. 

5.7 × 6.2 = 35) compared to 

Pa-234m (1001 keV) peak.

However, the background is 

notably higher at low energies 

compared to high energies!
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2. The problem …

• A few years ago STUK participated in a proficiency test in 

which we determined too high value for U-238 (soil sample). 

• By using ICP-MS we got correct value, by why not by using 

gamma ray spectrometry ?
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766 keV 1001 keVIf the U-238 result is obtained from the 1001 keV 

peak, the contribution of Ac-228 peak at 1000.69 

keV must be taken into account! But but …

• U-238 activity concentration was determined by using 1001 keV 

peak of Pa-234m (there was a ”mess” in the 766 keV peak).

• We later found that the 63 keV peak gave correct value.

Nuclide Energy The peaks of other possible 

radionuclides ( ± 2 keV)
Gamma ray yield
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3. … and how to solve it

Let’s zoom 

the spectrum

presented 

above

Could Ac-228 (because of the high 

number of counts in the 911 keV peak) 

cause the problem?

And 

what’s 

this?
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Validated DDEP 

data of Ac-228 

shows large 

number of gamma 

transitions



Internal conversion      Z3 
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I looked DDEP-data and 

searched those states 

that have

1) large conv.coefficient

2) transition to state 12

3) large enough P+ce



12 → 1   (969-57.8 = 911.2 keV)

12

1
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Transition from state 

19 -> 12 has large  K-

conversion coefficient 

αk= 80 ja P+ce= 5,5%. 

So, in practice there is 

no 184.5 keV gamma 

emission. Instead 

there is emission of 

conversion electrons 

and K- x-rays.
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XKα2 

XKα1



911.196 + 89.984 = 1001.18keV 

911.196 + 93.351 = 1004.55keV

Note! Take into 

account also  

Ac-228 peak of 

1001.69 keV 

and possible  

escape peaks.

Ac-228 data from DDEP site 
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Intensity ratio 2.5/4.1 = 0.61. So, you must 

multiply the area of 1004 keV peak area to 

this number and, subsequently, reduce the 

area of the 1001 keV peak.



4. Comment

• After above-mentioned correction the 1001 keV peak gave 

correct value for the U-238 activity concentration!

• So, when determining U-238 activity concentration, please take 

care possible Ac-228 X-ray coincidences.   

• Note: Other explanations might be possible, too.

Comments, please!
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