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ABSTRACT 

 
Iron and nickel are constituents of a wide range of metallic materials used in nuclear reactor construction and 

their corresponding activation products are often encountered in reactor-derived solid low and intermediate-

level wastes. The most significant radioisotopes of iron and nickel, in terms of quantity and half life, are 55Fe 

(t1/2=2.73y), 59Ni (t1/2=7.6×104y) and 63Ni (t1/2=102y) and they are activation products of stable iron and nickel. 
59Ni is an X-ray - emitting and 55Fe and 63Ni are β-particle-emitting radionuclides and so they are radionuclides 

of interest for the performance of assessment studies of waste storage or disposal. For their determination in the 

radioactive wastes is necessary to know the chemical yield for the radiochemical separation procedures prior 

analytical measurements. In this work Inductively Coupled Plasma Atomic Emission Spectrometry (ICP-AES) 

technique was used for this aim. Total nickel and iron in waste samples from nuclear power plants were 

determined before and after the radiochemical separation at specific wavelengths, 231.604nm and 259.940nm 

respectively. The chemical yields for nickel and iron recovery were around 82 % for iron and 59 % for nickel 

according the analytical methodology adopted.  

 

 

1. INTRODUCTION 

 

 

The management of radioactive waste requires knowledge of the amounts and concentrations 

of specific radionuclides in the waste. The particular radionuclides of interest or concern may 

vary according to the safety case or other requirements of the waste management facility 

and/or the regulations of the Member State. Many of the radionuclides important for long 

term management of the waste are difficult to measure (DTM). Identification and 

quantification of these DTM radionuclides require methods that, in general, involve analysis 

of waste samples using complex radiochemical analysis to separate the various radionuclides 

for measurement.  
 

The determination of radionuclides present in radioactive wastes generated from nuclear 

power plants is important for the development of a scaling factor (SF) that is indispensable 

for estimating the radioactivity concentrations of long lived alpha- and beta-emitting 

radionuclides in the solid waste forms. This requires an analysis of the radionuclides and 

evaluation of a statistical correlation in the radioactivity concentration between the 

radionuclides (
60

Co and 
137

Cs) which can be directly measured for their radioactivity in the 
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bulk containers of the wastes. 
55

Fe and 
59/63

Ni, which are of interest in this study, should be 

individually separated and a quantified for SF evaluation.  

 

The determination of the chemical yield in order to evaluate de chemical recovery of these 

radionuclides is an important factor of separation steps. Some analitycal techniques can be 

used for this purpose such as atomic absorption spectrometry, ICPMS, ICP-AES and neutron 

activation analysis. 

 

The aim of this work was the determination of chemical yields for Fe and Ni by ICP-AES 

technique for the separation steps carried out in LLW and ILW samples from Brazilian 

Nuclear Power Plants –Eletrobrás Termonuclear Enterprise located in Angra dos Reis city. 

 

 

2. THE ICP-AES TECHNIQUE 
 

The most commonly used techniques for the determination of traces concentrations of 

elements in samples are based on atomic spectrometry. As the name atomic spectrometry 

implies, this technique involve electromagnetic radiation that is absorbed by and/or emitted 

from atoms in the sample. In general, quantitative information (concentration) is related to 

the amount of electromagnetic radiation that is emitted or absorbed while qualitative 

information (which elements are present) is related to the wawelenghts of radiation absorbed 

or emitted. 

Besides to be able to determine a large number of elements over a wide range of 

concentrations, a major advantage of the ICP-AES technique is that many elements can be 

determined easily in the same analitycal run. Its multielement capability arises from the fact 

that all of the emission signals necessary for qualitative and quantitative information are 

emitted from the plasma at the same time [1]. 

The precision and accuracy of ICP-AES analyses are considered sufficient for most trace 

elemental analyses. Even in the presence of interferences, modern signal compensation 

techniques allow the analyst to perform analyses with remarkable accuracy. 

In atomic emission spectrometry (AES), the sample is subjected to temperatures high enough 

to cause not only dissociation into atoms but to cause significant amounts of collisional 

excitation of the sample atoms. Once the atoms or ions are in their excited states, they can 

decay to lower states through thermal or emission energy transitions. In AES, the intensity of 

the light emitted at specific wavelengths is measured and used to determine the 

concentrations of the elements.  

  

 

3. EXPERIMENTAL 

 

3.1. Reagents and Apparatus 

 

All reagents used were analytical grade. Certified standard solutions of Fe and Ni for analysis 

calibration were obtained from MERCK (Merck CentiPUR ICP – multielement Standard IV 

Lot. HC957274, Val. 2012/11). The concentrations measurements were carried out using the 

ICP-AES Spectroflame from SPECTRO Analytical Instruments. 
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3.2. Separation and Purification of Iron and Nickel 

 

The sequential determination for 
55

Fe and 
59/63

Ni analysis is based on radiochemical 

procedure that consists of three steps performed by anion-exchange chromatography, 

extraction chromatography, using Eichrom resins, and precipitation techniques [2]. For each 

aliquot was added 2 mL of Ni (2mg/mL) and 2 mL of Fe (3 mg/mL) as carriers and yield 

monitor. In the first step, the separation of Pu by ion exchange chromatography, anion 

exchange column (Dowex 1x8, Cl-form. 100-200 mesh, Sigma Chemical Co. USA). In the 

second one the effluent 
55

Fe and 
59/63

Ni from the anion exchange column was used to separate 

Am and Sr by co-precipitation with oxalic acid of U, Fe and Ni that remains in the filtrate. In 

the third step we use the filtrate to separate Ni of U and Fe [2]. The pH of the solution was 

corrected with ammonia hydroxide for co-precipitation of iron hydroxide and uranium. After 

filtration, a nickel resin extraction chromatography column (Eichrom Industries Inc. USA) 

was Ni separation. 

 

3.3. Chemical yield measurement 

 

Before and after separation steps two aliquots of samples were used for concentration 

determination of iron and nickel in order to measure the chemical yield. Total Ni and Fe 

elements were determined at 231.604nm and 259.940nm respectively using calibration curves 

of 0.2 mg.L
-1

, 0.50 mg.L
-1

, 1.0 mg.L
-1

and 2.0 mg.L
-1

for Ni single aqueous solutions and 1.0 

mg.L
-1

, 2.0 mg.L
-1

, 5.0 mg.L
-1

 and 10.0 mg.L
-1

 for Fe single aqueous solutions. The 

associated calibration curves are presented in the figures 1 and 2. The LLDs in ICP-AES for 

Ni and Fe are 0.04 mg.L
-1

 and 0.05 mg.L
-1

, respectively.  

Most of the interferences in ICP-AES come from spectral interferences and from high 

concentrations of some elements or compounds in the sample matrix. 

Spectral interferences are simple background shift, sloping shift, direct spectral overlap and 

complex background shift. In this work the samples and standard solutions were composed 

by simple aqueous solutions and fortunately we don’t have any type of these interferences. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Calibration curve for Fe 
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Figure 2. Calibration curve for Ni 

 

 

 

4. RESULTS AND DISCUSSION 

 

In the table 1 is evident that for all the waste samples the recovery yield obtained was in the 

range of 39% to 100%. From the results showed in the table, the chemical yields for iron in 

most of the cases were bigger than those for nickel, which were explained by Warwick [3] as 

a reflection of the variability in the amount of nickel that may become occluded in the 

Fe(OH)3 precipitate. Hou [4] founded results showing that only 80 % of nickel exists in the 

supernantant and about 20 % is co-precipitate with Fe(OH)3. 

 

 

 

Table 1.  Iron and nickel chemical yield  

 

Sample Iron chemical yield  

(%) 

Nickel chemical yield  

(%) 

Evaporator concentrate  
39 - 100 59 - 78 

Resin 
60 58 

Filter  
95 52 

 

 

5. CONCLUSIONS  

 

A chemical methodology was proposed for the chemical yield determination of iron and 

nickel for 
55

Fe and 
59/63

Ni analysis in low and intermediate wastes samples by ICP-AES 

technique.  

 

The main advantages of the proposed methodology are the fast and efficient analysis of the 

iron and nickel and low consumption of reagents. The period of time required for the total 



INAC 2011, Belo Horizonte, MG, Brazil. 

 

determination is about 4 hours. It makes possible to determine the activity of 
55

Fe and 
59/63

Ni, 

in a radioactive waste sample.  
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