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1. INTRODUCTION 

90
Sr is one of the main long-lived fission products, and it is transferred into human body primarily by food, 

with milk being a substantial contributor. Due to its biochemical similarity to calcium, most strontium is 

efficiently incorporated into bone tissues. 
90

Sr is characterized by a long physical half life (28.8 y) and 

decays by beta particles with an Emax of 0.546 MeV to 
90

Y.  This daughter isotope has a half life of 64 h and 

decays into 
90

Zr by beta particles with an Emax of 2.284 MeV.  

The milk components produce a high turbidity and light attenuation, causing a significant decrease of the 

counting efficiency in liquid scintillation counting (LSC) systems, mostly used for beta emitters detection. 

Most methods proposed in the past are time-consuming, as they are based on several stages of chemical and 

physical treatments, including precipitation, ashing, ion exchange and extraction (Wikins et al., 1984, Porter 

et al, 1961, Kimura et al., 1979).  

When measuring 
90

Sr/
90

Y activity by Cherenkov counting, most of the Cherenkov radiation is produced by 
90

Y (about 98.6%), due to the much higher energy of its beta particles relative to these from 
90

Sr. The 

counting efficiency varies strongly with color quenching, at a greater extent than in standard liquid 

scintillation counting (L'Annunziata, 2012), and therefore the quench correction is critical. The ‘‘external 

source area ratio’’ (ESAR) quench correction method was applied to measure 
90

Sr/
90

Y activities in aqueous 

samples with a wide range of quenching levels (Tsroya et al., 2009). This method was proved to be superior 

to all other quench correction methods (Tsroya et al., 2012) and is applicable also for determination of 
90

Sr/
90

Y in human urine (Tsroya et al., 2013). In the present work the applicability of the ESAR method to 

measurement of 
90

Sr/
90

Y activities in milk and some of its products was investigated.  

 

2.  MATERIALS AND METHODS 

2.1 The ESAR method 

A Quantulus 1220
TM

 LSC system (manufactured by Wallac Oy, Finland) is operated at Soreq Nuclear 

Research Center, Israel. It has an external 
152

Eu source, emitting radiation of sufficient energy to produce 

Cherenkov radiation. The ESAR method was developed for aqueous samples and is described in detail in a 

former publication (Tsroya et al., 2009). It is also described shortly in the latest edition of Handbook of 

radioactivity analysis (L'Annunziata, 2012).  

The experiments in the present work were performed using a 
90

Sr/
90

Y calibrated and certified liquid standard 

with a specific activity of 4070 Bq/g of 
90

Sr in 0.1 M HCl solution, provided by Amersham International. 

Polyethylene vials were used, as it is generally accepted that they are superior to glass vials for Cerenkov 

counting (Takiue (1996), L'Annunziata (2002)). The vials volume was 20 ml.  

2.2 The milk samples 

A set of representative milk samples was collected from the local supermarkets. The set contained 1% fat 

fresh and 1% UHT pasteurized skimmed cow milk (produced by Tnuva dairies), 3% fresh and UHT 

pasteurized cow milk, 3.7% fresh whole goat milk, about 6% raw sheep milk, 8% buffalo milk, and two 

cream types with different fat content: 15% (cooking cream) and 32% (whipping cream).A second set was 

also used, which contained 2% fat enriched milk, 3% fresh milk, 3.6% natural milk and 10% cooking. The 

fat contents mentioned above are as indicated on the packages. 

 

3.  RESULTS AND DISCUSSION  
3.1 The parameters analysis 

Due to the opaqueness of the milk bulk which is influenced by its complex composition and the variety of 

the milk matrix characteristics, it is expected that the counting efficiency will be influenced by the specific 
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properties of the various milk products (density, fat content, conductivity, etc.) in different ways. Six 

parameters were chosen for investigation in the present work: fat content, electrical conductivity, specific 

gravity, transmittance at 420nm, transmittance at 650 nm and the ESAR quench indicator parameter. The 

efficiency was the response function. The Minitab statistical software tool (Minitab 16) automatically 

performs a variance analysis for each factor and the interaction between them. For a quantitative analysis, a 

best subsets linear regression of the efficiency using different parameters sets (variants) was performed. The 

regression results obtained are presented in Table 1. The parameters (predictors) included in each specific 

model are marked in the property columns. The results for one parameter presenting a simple linear 

regression are given only for illustration, to stress their relative values. 

Table 1. The best subsets regression results 

 
A best fitting line to the experimental points will be obtained when the correlation (R

0
) of the function 

(efficiency) expressed by the variables (predictors) in the model is as large as possible. "Stdev" is the 

standard deviation, representing the random experimental error in the efficiency values, and it should be as 

small as possible. 

As seen in Table 1, for ESAR alone the R
2
 is about 95%, more than twice the value for fat alone. Based on 

the experimental data and the defined statistical criteria, the best linear regression should include 5 variables, 

but we can see that adding more variants to the fit has only a minor influence on the R
2
 compared to ESAR 

alone. 

3.2  The contribution of 
40

K 

The 
40

K contribution to Cherenkov counting can be estimated by assessing separately the activity of 
40

K by 

HPGe (High Pure Germanium) gamma detector and converting the activity to counts using the efficiency 

calibration function.  

The actual concentration of potassium in milk may depend on several factors, as the kind of milk giving 

animal and its diet. 8 samples from each of the milk types investigated in the present work were analyzed by 

γ spectrometry using an HPGe system with calibrated containers. The counting time was 100,000 s for each 

sample.  The average activity concentration of 
40

K for the different milk products is presented in Table 2. 

  

Table 2:
40

K activities in different milk products 

       Activity[Bq/L] Milk type* 

10.4 ± 54.0 1% - skimmed    

6.4 ± 38.5 1% - skimmed UHT 

7.1 ± 50.9 3%  

7.3 ± 57.5 3% - UHT 

7.4 ± 49.3 3.7% - goat milk 

5.9 ± 42.1 6%  - sheep raw milk 

6.1 ± 29.8 8% - buffalo milk 

9.2 ± 60.4 15% - cooking cream  

Bq/L) (18.1  ≤MDA 32% - whipping cream  
 Cow milk if not otherwise noted 

The average activity in all types of milk products (except the 32% cream), is 47.8±10.3 Bq/l.  The standard 

deviation within each group is up to about 20%.  No significant variation of 
40

K activity can be observed for 

all milk products examined within the given uncertainties. The efficiency of the 
40

K Cherenkov counting was 
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estimated by measuring milk samples after adding a known amount of potassium. As each milk product has a 

different composition, the quenching effect will be type-dependent, therefore, the 
40

K contribution will also 

be type-dependent. 
40

K counting efficiency was obtained as a function of the relative ESAR index of the 

different milk products. The 
40

K counting efficiency range is from 2.3% (for 32% fat cream) to 7.3% (for 1% 

skimmed milk).  

 

4.  
90

Sr/
90

Y activity determination in milk samples 

4.1  Application of the ESAR quench correction method 

Samples were prepared by adding 16 Bq of 
90

Sr/
90

Y (as solution) to 20 ml from the different milk types. A 

linear function was fitted to the efficiency results obtained for all milk samples, and Fig. 5 presents the 

ESAR dependent efficiency curve. The full line in Fig. 5 relates to all natural milk samples, starting with 1% 

fat content up to 6% (raw sheep milk). The striped line includes the milk cream products, with 15% and 32% 

fat content. Standard 
90

Sr/
90

Y calibration solutions were added to 3% fat milk samples which were not used 

in the preparation of the calibration curve. These samples are shown in Fig.5 as open circles. 

  

 
Figure 5. Correlation of the Cherenkov counting efficiency of 

90
Sr/

90
Y to the ESAR quenching indicator 

parameter in milk samples. 

By using the quenching efficiency curve given in Fig 5, the 
90

Sr/
90

Y activity in any milk sample and milk 

products can be determined, without considering its source or fat content.  The evaluated activities and the 

difference from the known activity added to "unknown" samples are presented in Table 3.  

 

            Table 3: 
90

Sr activity determination in four different kinds of milk products 

(3 natural drinking milk sorts and a 10% fat cooking cream). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Difference 

 ]%[
Evaluated 

activity [Bq] 

Actual  

activity [Bq] 
Fat [ % ] 

1.45 0.30 ± 8.41 0.18 ± 8.29 2 

-2.65 0.29 ± 8.07 0.18 ± 8.29 2 

8.62 0.64 ± 18.02 0.36 ± 16.59 2 

5.30 0.62 ± 17.47 0.36 ± 16.59 2 

2.90 0.64 ± 8.53 0.18 ± 8.29 3 

6.03 0.66 ± 8.79 0.18 ± 8.29 3 

-1.63 1.22 ± 16.32 0.36 ± 16.59 3 

7.96 1.34 ± 17.91 0.36 ± 16.59 3 

4.22 1.41 ± 8.64 0.18 ± 8.29 3.6 

4.95 1.42 ± 8.70 0.18 ± 8.29 3.6 

-5.55 2.56 ± 15.67 0.36 ± 16.59 3.6 

3.86 2.81 ± 17.23 0.36 ± 16.59 3.6 

20.87 2.80 ± 10.02 0.18 ± 8.29 10 

23.88 2.87 ± 10.27 0.18 ± 8.29 10 

27.49 5.90 ± 21.15 0.36 ± 16.59 10 

23.63 5.72 ± 20.51 0.36 ± 16.59 10 
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For the natural milk samples (2%, 3% and 3.6% fat), the mean difference between the actual and real 

activity is about 4% and the results for all samples are within 8.6% from the target values. For the 10% 

cooking cream there is an average difference of about 24% from the target values. Although this difference 

is within the uncertainty range of the evaluated values, there seems to be a bias (as all differences are in the 

same direction).  

4.2  The limit of detection 

Due to its simplicity and short processing time, the Cherenkov counting method is especially suitable for 

emergency situations. However, if assessing 
90

Sr activity in milk and its products without applying any pre-

concentration procedure, a relatively high MDA (minimum detectable activity) is expected. The applicability 

of the proposed method was checked against the corresponding regulations for emergency situations. The 

results are presented in Fig. 6 for 4 hours counting time. 

The highest MDA for drinking milk is for the buffalo milk (containing the maximum fat percent in natural 

drinking milk - 8%), which is about 108 Bq/l, lower than both limits of the FDA (160 Bq/kg) and the 

European regulations (125 Bq/l - EU No 961/2011, FDA 1998). For the most popular and widespread 

drinking milk products (1%-3% fat content) the MDA for 
90

Sr when applying direct Cherenkov counting for 

4 h is much below 100 Bq/l. For the processed milk products (creams) with the highest fat content of 32% 

the MDA values approach the limiting levels, but due to their related high uncertainties applying the ESAR 

index in this case seems not to be applicable. 

  

 
Figure 6. The 

90
Sr MDA levels for 4 h counting time in milk products for various ESAR values. 

 

5.   CONCLUSIONS 

Cherenkov counting is a fast, reliable and non-destructive method for detecting high energy beta emitters in 

aqueous solution, but it is sensitive to quench correction, especially for colored or semi-opaque media as 

milk. The ESAR quench correction index is shown to work well also for milk, in spite of the high turbidity 

and strong light attenuation. The ESAR index is the main parameter which uniquely defines the counting 

efficiency for all kinds of milk tested. There are no major differences in the 
40

K content in different sorts of 

drinking milk, enabling a direct evaluation of the 
90

Sr/
90

Y based only on the ESAR value.  
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