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Abstract

 The classical procedure of Strontium separation using fuming nitric acid has been successfully substituted by extraction chromatography  via Sr Spec resin. Radiochemical method will be discussed in this paper. Reliability of the method will be illustrated by the results of 90Sr in soil in the frame work of  the analysis of IAEA proficiency test samples 1999. The method  consists of sample dissolution, coo-precipitation of Sr as oxalate, Sr spec chromatography and source preparation. Chemical recovery is determined by gravimetry. Sr  is measured directly after separation by Quantulus Ultra Low Level Alpha/Beta Spectrometer correcting for the Yttrium ingrowth. The lowest detection limit for 90Sr is calculated 8mBq. The radiochemical method has some advantages; short chemical analysis time, high purity of the Sr source, direct measurement  of Strontium and Yttrium ingrowth,  increasing the sensitivity of the counting. Being fast  and reliable this method is suitable in emergency situation.

Introduction

Radiostrontium is one of the more hazardous fission products due to its chemical similarity with Ca. Being pure beta emitters 89Sr (E(,max = 1463 keV) and 90Sr 
(E(,max = 546 keV) can not be identified by direct measurements without sample destruction and purification. Among the interference elements like Calcium, Barium,  Magnesium, Radium the most significant interference element is Calcium, which in most of environmental samples is in gram amount (considering 10g samples), while Sr is in milligram amount or even smaller. 

Among several procedures published in the literature, recently the extraction chromatography using the crown ether is becoming widespread. In some procedures using this extraction material several purification steps are added in order to reach the required purification of the source. The chemical procedure described below using extraction chromatography with crown ether based Sr Resin seem to remove efficiently Calcium from the

matrix of environmental samples. The radiochemical method is improved in both hands; chemistry and measurement. The purification of  the Strontium source is controlled by 
ICP-AES for concentration of Calcium and Barium. The measurements show high decontamination factors for Calcium and Barium.  

Sample preparation and preconcentration of Strontium


The soil samples were dried at 105°C and ashed  at 550-600°C. A quantity of 10g ash was taken for the analyses. The ash samples were dissolved by leaching with nitric acid 8M, or total dissolution. Selection of the dissolution procedure depended on the origin of the sample. For the environmental samples leaching in the case of Sr would be suitable. After filtration, the filtrate was analysed for strontium stable. In our laboratory this was done via ICP-AES measurements. An aliquot was taken from the filtrate (200ml 0.5-1M HNO3) for the analyses. In this case it was supposed that the radioactive Strontium in the sample was leached completely, this did not mean that all the Sr-stable in the matrix was leached. The Sr-stable in the filtrate served as carrier for 90Sr. Depending on the Sr stable in the matrix the analyst can conclude if additional Sr stable is necessary. When Eichrom  Sr Resin would be used, the analyst should consider working under working capacity of the column. For Sr Resin 
100-150(  the recommended working capacity is 20% of the calculated capacity (12.8 mg Sr/ml of bed). In the case of  the last IAEA proficiency test samples the filtrate contained about 1,6 mg Sr/g sample after 8M HNO3 leaching. So in this case it Sr stable content was considered sufficient to proceed the analysis without additional Sr carrier. (The resin bed contains 3g Sr Resin material).  The preconcentration of Strontium was made by Calcium oxalate precipitation. Ammonium oxalate 10g was added and the pH was adjusted at 5-6 adding ca. 10 ml NH3 25%. Depending on the matrix additional of Ca  some times it was needed in order to have a clean oxalate precipitate, free from Fe, Ti,  Zr, which would make problems in the following steps. This step was one step of purification from potassium, which being present in the load solution would low tremendously the recovery [3]. The second and third purification from potassium was the washing of the precipitate, after centrifugation,  with water ca. 70-100 ml. 


The oxalate was destroyed using 20 ml HNO3 65% in the hot plate covered with the watch glass. In this step it is important evaporation to near dryness without baking. The residue was dissolved in the lowest possible amount of 3M HNO3.
Strontium separation column chromatography

Resin (3g Sr spec per column bed) was slurried in the water before passing it in the column. Preconditioning of  the column was done with 100 ml 3M HNO3, the samples were loaded in the column. The loading time was notified. The following step was passing the washing solution of 100 ml HNO3 3M in four separate sub-steps. This step wash out the interference elements like Ca, Ra, Ba. Strontium was stripped  with 30 ml double distilled water. The purification of  Ca and Ba was controlled by ICP-AES. An aliquot of the Strontium effluent was taken for ICP analysis. The ICP measurements have approved a high decontamination factor of the Strontium effluent. 

Source preparation

The water effluent of the column that contains Strontium was heated in sand bath, 
0.2-0.3g oxalic acid was added. Additional of 3 ml ammonia 25% brought the solution at 
pH  9-10. After crystallisation, filtration was performed in a pre-weighed fast paper filter, 
23 mm diameter. The filter was washed with  diluted ammonia and finally with ethanol 80%.  After drying  in 50°C oven for ca. 30 minutes is put  in the desiccator, weighed and transferred carefully in the 20 ml plastic scintillation vial. Solution of 1 ml 1M HNO3 was added to dissolve the precipitate, following by 14 ml Insta-Gel( Plus scintillation cocktail. The sample was ready for Liquid Scintillation Counting. 

90Sr Chemical Procedure Flow Chart











Results and discussion 


Strontium activity is calculated by the formula below,
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where
A
-
is 90Sr activity concentration in Bq/kg at the elapse time t,


I
-
is count rate cps


M
-
is sample mass in kg units,


r
-
is chemical recovery


(
-
is counting efficiency,

The respective 90Y and 90Sr was measured using a 90Sr standard. A standard aliquot was taken in 10ml 3M HNO3, together with Strontium and Yttrium carrier in nitrate form (10mg Sr stable, 6.3mg Y-stable). The solution was loaded in the column and followed the purification and source preparation procedure in the same way as the samples. The loaded time was notified. The 90Y and 90Sr efficiency was calculated evaluating the recovery gravimetrically and knowing the standard activity. In our measurement conditions 90Sr efficiency was calculated (90 ( 3)%, while 90Y efficiency was (95 ( 3)%. A spectrum of the 90Y and 90Sr source is shown in the figure. The quench parameter for each source was the same 770. The blank value was measured 3.9 cpm in the same window. 
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fig.1. Liquid scintillation spectra of  90Sr (light line), 90Y  (dark line),

(1220 Quantulus, Wallac; standard quench parameter 770)
The minimum detectable activity for 10g ash, recovery 90% and 400 minutes measuring time was calculated after Currie method as 1 Bq/kg ash for the first measurements reaching half of the value after two weeks. The quality control is very easy calculating the activity at different times, the value of 90Sr concentration in the first weeks (considering the half  life of 90Sr 28.6y) should remain the same taking into consideration the statistical error. 

The table below presents values taken for IAEA proficiency test samples.

Sample Code
Measured Values
IAEA Values


[mBq]
[mBq]

114B1
19 ± 2
19,4 ± 0,25

114B2
19 ± 2
19,4 ± 0,25

114B3
15 ± 3
19,4 ± 0,25

114B4
137 ± 12
144 ± 1,9

114B5
189 ± 16
193 ± 2,6

114B6
237 ± 19
242 ± 3,2

114B7
4741 ± 242
4840 ± 63

114B8 (BL)



114B9
19550 ± 650
19460 ± 260

Reference date: 1999- 01- 01 



The values are presented with one sigma overall uncertainty, where it is included the uncertainty of all the parameters which are introduced in the formula for calculating the 90Sr concentration.
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