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ABSTRACT

A procedure for the determination of 90Sr in low-level radioactive wastes is presented in this work. It is a part
of a methodology developed for the sequential radiochemical separation of radionuclides in low-level radioactive
wastes. These radionuclides comprises the actinides and 55Fe, 63Ni and 90Sr, classified as difficult-to-measure
(DTM) radionuclides in the radioactive waste characterization, because they cannot be measured by direct mea-
surements, like gamma spectrometry. A variety of methods have been reported in the literature, based on precipi-
tation, liquid-liquid extraction and ion exchange. In this work, the separation was carried out using precipitation
and extraction chromatography using the Sr Resin (Eichrom). This resin is strontium-selective, the extratant is a
crown ether-derivative immobilized on an inert polymeric support. The 90Sr eluted from column was measured
by LSC. The counting was carried out within 5 hours of the start of yttrium ingrowth to minimize interferences
from 90Y. The counting efficiency was calculated by using a 90Sr standard solution purified by the specific resin.
The chemical yield of the procedure was determined gravimetrically by the addition of a stable Sr carrier. Opti-
mum conditions for the pretreatment, separation and LSC setting were determined using simulated samples. This
procedure showed to be rapid and achieved a good chemical recovery, with an average of 84 %, and a detection
limit of 0.6 Bq L−1.

1. INTRODUCTION

90Sr is a fission product with Emax of 546 keV and half-life of 28.5 y. Normally it is in equilib-
rium with its 90Y daughter, Emax of 2282 keV and half-life of 2.67 d [1]. It can be determined
by LSC (Liquid Scintillation Spectrometry) using three ways: (a) measuring 90Sr immediately
after isolation, (b) waiting until it is in equilibrium with 90Y and measure the sum of both (or
set the window to 90Y alone) or (c) using the Cerenkov radiation of 90Y for determination [2].
In this work it was chose the first manner, counting 90Sr immediately after isolation, in order
to reduce the time of analysis from 2 weeks to 1 day, very important in routine analysis.



Prior to the measurement it is necessary the separation and purification with the purpose of
removing the radiometric and chemical interferent elements. A variety of methods have been
developed based on precipitation, liquid-liquid extraction and ion exchange in order to obtain
suitable samples to count [3]. Extraction chromatography is a relatively new technique which
combines the selectivity of solvent extraction with the easy of use of ion exchange. The vol-
umes of acids and other reagents used are minimized and procedures may be simpler with
shorter analysis times and higher recoveries [4].

The specific resin for strontium (Sr Resin, Eichrom), developed by Horwitz is based in the
principle of ionic recognition, the stationary phase is an crown ether-derivative immobilized
on an inert polymeric support [5]. The extraction equilibrium is:

Sr+2
(aq) + Crown(org) + 2 NO3

−
(org) � Sr(Crown)(NO3)2(org)

The resin selectively binds strontium from nitric acid solutions, separating it from a sequence
of cations. There are several factors that affect the efficiency of isolation and separation, as
the dependence of the strontium capacity factor on the concentration of nitric acid, sodium,
calcium and potassium, the linearity of binding isotherm and the equilibrium conditions on the
column [6]. As shown by Horwitz [7] the strontium capacity factor increases with increasing
acid concentration and decreases with increasing concentration of sodium, potassium and other
cations. An adequate retention of strontium can be obtained with a load solution containing a
more concentrated nitric acid and strontium can be eluted from the column with either dilute
nitric acid or deionized water.

Horwitz et al [5] described the application of the Sr Resin (Eichrom) in the determination of
strontium in nuclear waste solutions and bioassay samples with good results, the resin exhibited
excellent selectivity for strontium.

The objective of the present work is to outline a procedure for the separation and determination
of 90Sr in low-level radioactive wastes, as a part of a methodology developed for the sequential
radiochemical separation of radionuclides. These radionuclides comprises the actinides and
55Fe, 63Ni and 90Sr, classified as difficult-to-measure (DTM) radionuclides in the radioactive
waste characterization, because they cannot be measured by direct measurements, like gamma
spectrometry.
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2. MATERIALS AND METHODS

2.1. Materials

The detection of radioactive strontium was carried out by the liquid scintillation spectrometer
Quantulus 1220, the vials used were the 20 mL polyethylene and the Optiphase Hisafe 3 was
the scintillation cocktail used, all from PerkinElmer Inc. (PerkinElmer Inc., Wallac Oy, P. O.
Box 10, FIN-20101 Turku, Finland). 90Sr, 243Am, 232U, 242Pu, 238Pu, 55Fe and 63Ni certified
standard solutions were obtained from IRD/CNEN (Rio de Janeiro, RJ, Brazil). TRU and
Sr Resin in pre-packed 2 mL columns, 100-150 µ particle size, were purchased from Eichrom
Technologies LLC (IL 60532, USA). The anion exchange column used was the Dowex 1x8-200
Cl− form purchased from Sigma-Aldrich Chemical Co. (MO 63103, USA). All the chemicals
used were of reagent grade.

2.2. Methods

The procedure outlined here was based in previously published methods for sequential analysis
of actinides and β-emitters [8, 9, 10]. The initial part of the methodology is showed in a flow
diagram, Figure 1, where the separation steps of strontium from the other radionuclides is
explained.

The sequential separation method was carried out on simulated samples, which were prepared
using the certified standard solutions of the radionuclides, with the addition of the Sr, Ni and Fe
carriers for evaluation of chemical yields. Sr(NO3)2 was used as strontium carrier in the con-
centration of 5 mg mL−1. The method was evaluated on low-level radioactive wastes samples
of PWR reactors provided by Eletrobrás Termonuclear S/A - Eletronuclear (Brazil).

For the separation and purification of strontium, specifically, the procedure developed was
based in methods for analysis of strontium in different matrices[4, 8, 9, 11].

2.2.1. Separation and purification of Sr

The combined effluent eluted from TRU resin were evaporated to dryness on a hotplate. The
evaporate was taken up in 10 mL of 8 mol L−1 nitric acid solution and loaded onto the Sr resin,
previously conditioned with 10 mL of 8 mol L−1 nitric acid, as showed in the Figure 2. The
column was rinsed with a further aliquot of 8 mol L−1 nitric acid (15 mL). This time must be
recorded as the start of yttrium ingrowth. Then 20 mL of distillated water was added to elute the
strontium. This effluent was collected and evaporated to dryness and weighed to calculate the
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Figure 1. Flowchart of sequential separation method
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Figure 2. Flowchart of Sr purification

gravimetric yield of strontium, as strontium nitrate. The residue was then redissolved in 3 mL
of 0.05 mol L−1 nitric acid, transferred to a vial and 17 mL of Optiphase Hisafe 3 scintillation
cocktail was added. The vial was shaken vigorously and immediately counted by LSC.

It was prepared a pure 90Sr and pure a 90Y standards for calibration of the counter and to
determine the counting efficiency. It was used an appropriate volume of 90Sr standard solution
and it was followed the procedure described by Eichrom [11].

For the LSC measurements the counting time for each sample was 60 minutes. The counting
window was set as 300-700 channels, the region of 90Sr, with minimum interference of 90Y.
The quenching was evaluated by measuring the external quenching parameter SQP(E).

2.3. Expressions

The used expression to determine the counting efficiency is as follows:

Eff =
Rst −Rb

Ast · 60 · Y
(1)

where Rst is the count rate of the 90Sr standard (counts per minute), Rb is the count rate of the
blank (counts per minute), Ast is the activity of the standard (Bq) and Y is the chemical yield
of the standard purification.
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The sample activity (Bq L−1) is obtained by the following expression:

A =
Rs −Rb

Eff · Y ·Q · 60
(2)

where Rs is the count rate of the analyzed sample (counts per minute), Eff is the counting
efficiency, Y is the chemical yield and Q is the quantity of sample.

In these expressions it were disregarded the contribution of 90Y because the counting was
performed immediately after the separation of strontium in the column. So the contribution of
the yttrium ingrowth was minimal. Besides this, it was selected only the counts in the region
of 90Sr in the spectrum.

The limit of detection was calculated using the formula proposed by Currie [12], Equation 3,
where Ld is the limit of detection with 95 % at confidence level.

Ld =
2.71 + 3.29

√
t ·Rb

60 · t · Eff ·Q
(3)

3. RESULTS AND DISCUSSION

The quenching was an important aspect taken into account as the samples were obtained in acid
nitric solutions, a well known chemical quench agent. Chemical quenching occurs when the
compound interferes with the scintillation process, causing non-radiative dissipation of energy.
This reduces the apparent energy of the decay event and the number of photons produced,
resulting in a loss of counting efficiency. To overcome this the sample/cocktail ratio chose
was 3/17 mL. This can be confirmed by the good performance obtained, with an efficiency of
counting of 83 %, a blank background of 4.7 ± 0.6 counts per minute and SQP(E) of 797 ± 3.
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Figure 3. 90Sr Spectrum

INAC 2009, Rio de Janeiro, RJ, Brazil



In the Figure 3 is showed a representative β spectrum of pure 90Sr standard and of a sample.
The limit of detection obtained was 0.6 Bq L−1 and the chemical yield, determined gravimet-
rically, was in an average of 84 %, which were in good agreement with results founded in the
literature. Spry et al [4] founded a limit of detection of 0.9 Bq L−1 to power station effluent
samples and Rodríguez et al [3] obtained chemical yields ranging from 58 to 82 % in wastes
from Spanish nuclear power plants.

4. CONCLUSION

The results obtained in this work demonstrate that the extraction chromatography, using the
strontium specific resin Sr Resin (Eichrom), in combination with LSC provides a very effective
method for the determination of 90Sr in low-level radioactive wastes samples. The extraction
chromatography increase the safety and decrease the amount of waste produced when compar-
ing to the classical methods. The determination of 90Sr by LSC, counting 90Sr immediately
after isolation, improve the time of analysis which is very important in an laboratory’s routine
analysis.
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