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1. Introduction 
 

There is only a few presentations for evaluating 
measurement uncertainty in the field of 
radiochemical analysis although quality assurance is 
more emphasized than ever before. In general, the 
reliability of the analysis results in most studies are 
still defined by the standard deviation of only 
repeated measurements obtained through the final 
instrumental analysis with no regard for source of 
uncertainty such as sample collection, carrier 
concentration, chemical yield and detector efficiency, 
etc. The purpose of this work was to demonstrate a 
procedure to evaluate sources of uncertainty in the 
determination of 59Ni in a radioactive waste sample 
by low energy photon spectrometry (LEPS).  
 

2. Experimental 
 
2.1 Dissolution of Radioactive Waste Samples 

 
Thirty grams of a dry active waste sample was 

heated at 450  for 12 h and then 0.6~0.8 g of the 
resulting ash was transferred to a 100 mL Teflon bomb 
vessel. 6 mL of 70% HNO3, 3 mL of 37% HCl and 1 
mL of 48% HF were added. Sample dissolution was 
performed using a microwave acid digestion system. 
The acidic sample solution was transferred to a 20 mL 
volumetric flask and diluted with deionized water.  
 
2.2 Preparation of a Loading Solution 

 
After 8 mL of the acidic sample solution, 0.2 mL 

of a Ni carrier solution (10 mg/mL) and an aliquot 
mL of Re, Sr, Nb and Fe carrier solutions and conc. 
0.5 mL HF were pipetted to a 50 mL beaker, the 
mixture was evaporated on a hot plate. The resulting 
residue was dissolved in 10 mL of conc. HCl with 

stirring. After pipetting 0.5 mL of saturated boric 
acid, followed by evaporation. Ten milliliters of 0.5 
M HNO3 was added to the beaker, and the residue 
was dissolved.  
 
2.3 Separation of Nickel from a Sample Matrix 

 
The loading solution was injected on the anion 

exchange resin column for separation of Re as a 
surrogate of 99Tc. Effluents containing  Sr, Fe Nb 
and Ni was collected in a 50 mL centrifugation tube. 
According to the separation procedure shown in Fig. 
1, Sr was separated by extraction chromatography 
and Fe and Nb by anion exchange chromatography. 
Finally, Ni was recovered by pipetting 9 M HCl on 
the Ni-resin column stacked in series with the anion 
exchange resin column and its recovery was 
measured by Inductively Coupled Plasma Atomic 
Emission Spectrophotometry (ICP-AES).  

 

 
 

Fig. 1. Separation procedure of 59Ni in radioactive waste 
samples. 
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3. Result 
 

3.1 Reliability of the Nickel Separation  

 
The effluent was collected to prepare a 59Ni source, 

and Ni-recovery measured by ICP-AES was 
92.6% 0.6% (n=5) [1].   

 
3.2 Chemical Yield of 59Ni Sources 

 
Ni(DMG)2 precipitates as a 59Ni source was 

obtained at pH 9~10, and their chemical yield of 
measured gravimetrically was 88.5%±1.3% (n=5) 
[1] .  

 
3.3 Radioactivity Analysis of 59Ni 

 
Radioactivity 59Ni was measured with low energy 

spectrometer which was composed with Ge detector, 
HV Supply and Pulse analyzer [2].  

 
3.4 Evaluating of Measurement Uncertainty   

 
Uncertainty produced in the chemical process from 

weighing of the radioactive waste sample to 
radioactivity analysis of 59Ni in the Ni(DMG)2 
precipitate were evaluated  according to the 
following steps: Specification of measurand, identify 
uncertainty components, quantify uncertainty 
components, calculate combined uncertainty [3]. 
 

3.4.1 Specification of Measurand. The equation 
for the calculation of activities of 59Ni in radioactive 
wastes is expressed as follows. 

 

     (1) 
 
where A: 59Ni radioactivity of sample (Bq/g), W: 
weight of sample, Vt : total sample volume,  Vs: 
sampling volume, NiCarrier: weight of Ni carrier plus 
weight of Ni in sample, NiPPT: weight of Ni(DMG)2 

precipitate, NNi: net count of 59Ni in Ni(DMG)2 

precipitates and : counting efficiency.   
 

3.4.2 Identify Uncertainty Components. The 
components to evaluate measurement uncertainty 

were as follows; sample weight uncertainty: [u(Wt)], 
sample volume uncertainty: [u(Vt)], sampling volume 
uncertainty: [u(Vs)] weight uncertainty of nickel in 
carrier and in the sample: [u(Nicarrier)], weight 
uncertainty of Ni(DMG)2 precipitate: [u(Nippt)], 59Ni 
activity uncertainty for 59Ni in Ni(DMG)2 precipitate: 
[u(NNi)] and counting efficiency uncertainty: [u( )].    

 
4. Conclusion 

 
The uncertainty arising from each individual source 

evaluated as the standard uncertainty is either of type 
A or type B. Combined relative uncertainty calculated 
by using results obtained through evaluation of source 
measurement uncertainty was 2~3%. Expanded 
uncertainty calculated on the basis of the component 
measurement uncertainty was 4~6% (at confidence 
interval of 95%, k = 2). The major uncertainty 
contributions were found to be the repeatability of the 
chemical yield determination and the counting 
efficiency of 59Ni.  
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