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ABSTRACT 

 
A methodology for the determination of 

90
Sr in food is described. The procedure involved a preliminary 

freeze-drying of the samples followed by dry-ashing and sample digestion. The separation procedure was 

carried out using extraction chromatography with Sr Resin, from Eichrom, and 
90

Sr was measured by 

liquid scintillation counting (LSC).  A certified reference material, IAEA-375, was analyzed in order to 

evaluate the reliability of the method, and the results showed good agreement between the measured and 

certified values. The chemical yield was above 90% and the typical counting efficiency was 82%. The 

calculated limit of detection was 4.8 x 10
-3

 Bq g
-1

. 

 
 

 

1. INTRODUCTION 

 
90

Sr is a fission product with Emax of 546 keV and half-life of 28.5 y. Normally it is in 

equilibrium with its 
90

Y daughter, Emax of 2282 keV and half-life of 2.67 d [1]. 
90

Sr orig-

inated in the radioactive fallout could reach the food chain and contribute to exposure 

through ingestion pathway. With a high half life  it exhibits a biochemical behavior sim-

ilar to calcium and after entering the human body, most often by ingestion of contami-

nated foodstuffs or water, can be mainly deposited in bones and bone marrow, as well 

as in blood and soft tissues [2]. 

 

In this work, the procedure used involves the freeze-drying prior to steps of calcination 

and acid treatment. The extraction chromatography (EC), which combines the selectivi-

ty of solvent extraction with the easy of use of ion exchange, was used to separation and 

purification of 
90

Sr. The advantages are volumes of acids and other reagents used are 

minimized and procedures may be simpler with shorter analysis times and higher recov-

eries [3]. The specific resin for strontium, SrResin from Eichrom was developed by 

Horwitz and is based in the principle of ionic recognition. The stationary phase is a 

crown ether-derivative immobilized on an inert polymeric support [4]. 

 

Counting with LSC systems is the most widely used technique for measuring radionu-

clides that only emit low–energy beta particles [5]. The advantages of LSC in the de-

termination of Sr are the easy preparation of the samples, high counting efficiencies, 

auto-absorption absence and spectra acquisition, which permits confirmation of the ob-

served radionuclide within the limitations of spectral distortions.  



 

The aim of the present study is to determine 
90

Sr in food with an adaptation of proce-

dures described in literature, and outlining a methodology for our laboratory for this 

type of sample. 

 

 

2. EXPERIMENTAL 

 

 

2.1. Reagents and Apparatus 

 

 

Freeze-drying was performed in a Freeze Dry System from Labconco Corporation, 

USA. The beta-spectrometry measurements were carried out by the low-level liquid 

scintillation spectrometer Quantulus 1220 from PerkinElmer Inc. 

 

All the chemicals used were of reagent grade. 
90

Sr certified standard solutions were ob-

tained from Brazilian Dosimetry and Radioprotection Institute-CNEN, and the working 

solutions were prepared by transferring a known weight of the tracer followed by volu-

metric dilution to an appropriate working concentration. The certified reference soil 

sample is the IAEA-375 “r”. TRU and Sr Resin in pre-packed 2 mL columns, 100–150 

µ particle size, were purchased from Eichrom Technologies LLC. The anion-exchange 

column used was the Dowex 1 x 8–200, Cl
-
 form, from Sigma-Aldrich Chemical Co. 

 

 

2.2. Samples 

 

 

The samples analyzed were distinct sorts of frozen pork-meat without bones and fish. 

Prior to the application of the method in real samples, tests were made with meat market 

with the addition of a known amount of standard 
90

Sr. The procedure consists initially in 

freeze-drying the samples. After that they were transferred to porcelain crucibles and 

calcination was conducted in a muffle furnace at 450 ºC for 24 h. They were transferred 

to glass beakers and a 1 mL of Sr carrier solution (5 mg mL
-1

) was added. A 20 mL of 

concentrated nitric acid and 10 mL of oxygen peroxide were added to the samples and 

evaporated until dryness in a hot plate. A schematic of the procedure is showed in Fig. 

1. 
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Figure 1: Flowchart of the analysis procedure. 

 

 

2.3. Certified Soil Sample 

 

 

The procedure for the preparation of certified soil sample was based in Mahmood et al 

procedure [6] and Reis et al procedure [7]. The soil samples were weighed (5g) and 

calcinated in a muffle furnace at 500 ºC for 15-20 h until completely ash. The complete 

procedure is showed in the Fig. 2. 

 



 
 

Figura 2: Flowchart of the analysis procedure for soil samples. 

 

 

2.4. Separation and Purification of Sr 

 

The samples were 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 flowchart, Fig.3. 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 gravimetric yield of strontium, as 

strontium nitrate. The residue was then re-dissolved in 3 mL of 0.05 mol L
−1

 nitric acid, 



transferred for a vial and 17 mL of Optiphase Hisafe 3 scintillation cocktail was added. 

The vial was shaken vigorously and immediately counted.  
 

 

 

 
 

Figura 3: Flowchart of Sr separation and purification. 

 
 

2.5. Preparation of Pure 
90

Sr Standard Solution 

 

In order to calibrate the counter and to determine the region and the efficiency of count-

ing it were prepared a pure 
90

Sr and a pure 
90

Y standard solutions. For this it was used 

an appropriate volume of 
90

Sr standard solution and it was followed the procedure de-

scribed by Eichrom [8]. 

 

 

2.6. Counting Conditions 

 

All the samples were counted immediately after preparation, for 60 minutes, in the se-

lected counting window 300-700 channels. 

 

2.7. Calculation of 
90

Sr Activity 

 

The sample activity (Bq g
-1

) is obtained by Equation 1: 
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where Rs is the count rate in counts per minute (cpm) of the analyzed sample, Rb is the 

count rate in cpm of the blank, Eff is the counting efficiency, Y is the chemical yield and 

Q is the quantity of sample. 

 

The counting efficiency is obtained by Equation 2: 
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60
                                                                                                           (2) 

 

where Rst is the count rate in cpm of the 
90

Sr standard, Ast is the activity of the standard 

(in Bq). 

 

In these expressions it were disregarded the contribution of 
90

Y because the counting 

was performed immediately after the separation of strontium in the column. So the con-

tribution of the yttrium ingrowth was minimal. Besides this, it was selected only the 

counts in the region of 
90

Sr in the spectrum. 

 

The limit of detection was calculated using the formula proposed by Currie [9], Equa-

tion 3, where Ld is the limit of detection with 95 % at confidence level.  
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29.371.2
                                                                                                  (3) 

 

 

3. RESULTS AND DISCUSSION 

 

The procedure proved to be quite suitable for the analysis of 
90

Sr for this type of sample.  

Table 1 shows our 
90

Sr result for the reference material IAEA-375 (soil sample) ob-

tained, in order of evaluate the proposed procedure. The results showed a good correla-

tion between the measured value and the certified value. 

 

  

Table 1: 
90

Sr result for reference material 

 

Sample Calculated 

activity 

 (Bq kg
-1

) 

Certified activity 

(Bq kg
-1

) 

Chemical 

yield (%) 

Calculated 

activity/certified 

activity (%) 

IAEA-

375 

91± 7  

(n=2) 

108 ± 6 103 ± 0.02 84 

 

 

The meat market samples, spiked with a known amount of 
90

Sr standard solution, also 

showed a good correlation between the added value and the measured value, as showed 

in Table 2. 

 

 

 

 

 



Table 2: 
90

Sr result for a spiked sample 

 

Sample Calculated 

activity 

(Bq kg
-1

) 

Added activity 

(Bq kg
-1

) 

Chemical 

yield (%) 

Calculated 

activity/added 

activity (%) 

Spiked meat 7.66 8.85 95.2 87 

 

Analytical results for the 
90

Sr determination are presented in Table 3. All samples of 

pork-meat and fish had results below the detection limit, 4.8 x 10
-3

 Bq g
-1

. For some of 

the samples the 
90

Sr activity concentration values were not detectable.  

 

 

Table 3: 
90

Sr activities concentrations in foodstuffs 

 

Sample Activities (Bq g
-1

) 

Meat 113-1 (3.28 ± 0.75) x 10
-4

 (n = 2) 

Meat 113-14 (1.21 ± 1.56) x 10
-4

 (n = 2) 

Meat 937 n.d. (n = 2) 

Meat 377 n.d. (n = 2) 

Fish  n.d. (n = 2) 
n.d. Not detectable 

 

 

 

Council regulation (Euratom) No.3954/87 of 22 December 1987 lays down maximum 

permitted levels of radioactive contamination of foodstuffs and of feedingstuffs fol-

lowing a nuclear accident or any other case of radiological emergency, amended by 

Council regulation (Euratom) No. 2218/89 of 18 July 1989 [12]. For 
90

Sr activity in 

baby foods, dairy produce and other foodstuffs (including meat and fish) the maximum 

permitted levels are 75, 125 and 750 Bq kg
-1

, respectively, which allows us to conclude 

that the analyzed samples are well below the levels allowed by European legislation. 

 

A cause of concern is the presence of a higher amount of calcium in the samples. 

Calcium influences the strontium retention in the Sr Resin due to its similar chemical 

behavior. At high concentrations of Ca it was observed a significant loss of Sr. In order 

to circumvent the possible saturation of resin due to an increased amount of calcium 

present in the samples, it was used a larger volume of the resin in the column packing, 

3.4g,  as suggested by Landstetter et al [10], that proved to be very effective.  

 

 

4. CONCLUSIONS 

 

The results obtained had proved that the procedure adopted, using the freeze-drying and 

dry-ashing, provides a very effective method for the determination of 
90

Sr in food sam-

ples. The separation and purification of Sr using the Sr Resin are very advantageous, as 

shown in several works in the literature [11, 12, 13], and in the results we obtained with 

the certified soil sample in this work. 

 



The determination of 
90

Sr by LSC and the counting of the samples immediately after it 

isolation, improve the time of analysis which is very important in a laboratory’s routine 

analysis. 
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