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INTRODUCTION

Sources of ionizing radiation have wide applications in various fields of human activities. The
most significant sources are usually connected with nuclear energy facilities and medicine.
Occurrence of radionuclides with origin from artificial sources can be controlled and
regulated in the environmental components to minimize the load from doses.
Radionuclide 90Sr is present in the surface waters and its surrounding. Dominant source of
this radionuclide, together with 137Cs, was accident in Chernobyl. Although relatively long
time passed since this accident, residual 90Sr remains in the environment due to its long half-
life (28.5 years). Additionally a small part of 90Sr activity in the environment originates from
nuclear weapons testing in 1950's and 1960's.
Strontium 90 is a fission product. Hence, its presence in fresh waters can be increased by
leakages from nuclear power plants and from indicator applications.
Strontium has similar chemical properties as calcium and barium. Its salts as chlorides,
bromides, iodides, and nitrates are well soluble in water. Insoluble compounds are fluorites,
sulfates, carbonates, and phosphates. This element is only minimally fixed in the soils. Due to
high environmental mobility it can be received by plants and transferred into food chain.
Considering the affinity of 90Sr in bone tissue, its long residual time in the human body, and
its long half-life, has this radionuclide high radiotoxicity.

Table 1. Basic parameters of 90Sr, its daughter radionuclide 90Y, and 89Sr

yuSr
90y

*ySr

Tl/2

28.5 years
64.1 hours
50.5 days

Emission
beta
beta
beta

Maximal energy, MeV (yield, %)
0.55 (100)
2.27 (100)
1.47(100)

Beta emissions give continual energy spectrum of electrons from zero to maximal energy
(Emax). It can influence the determination of 90Sr activity if greater number of other beta
emitting radionuclides is present in the measured sample. To minimize such effects, careful
isolation of strontium isotopes is necessary in the processed sample. Although, interfering
radionuclides were isolated quantitatively, still there are some radionuclides that can remain
in the measured sample.

(1) 90Y - daughter radionuclide of 90Sr with half-life 64 hour. Radioactive equilibrium can
be reached after time exceeding ten times half life of 90Y. In the case of accidental
leakage it can not be supposed, that activity of daughter 90Y will be in equilibrium. In
such conditions the request on quick analysis can be expected. Generally, the delay
necessary to establish radioactive equilibrium is relatively long; therefore the
determination of 90Sr is time consuming method. Maximal energy of 90Y beta emissions
is higher and exceeds Emax of 90Sr, see enclosed table 1.

(2) 89Sr - radionuclide with possible occurrence in various types of radioactive waste and
accidental releases of radionuclides. Maximal energy of8 Sr exceeds Emax of 90Sr but is
placed below Emax of °Y.
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MEASUREMENT BY LIQUID SCINTILLATION SPECTROMETRY

To measure the beta activities of 90Sr, 90Y, and 89Sr selectively, the relatively easy way is to
utilize liquid scintillation spectrometry (LSC). Solutions with isolated strontium isotopes is
transferred into the glass vials (20 mL) and mixed with the liquid scintillation cocktail.
The yttrium 90 counting window can be selected on clear area of 90Y emissions in the
resulting liquid scintillation pulse spectra [1,2].
Area of the corresponding beta emissions from 89Sr (above Emax of 90Sr) can be easy corrected
for overlap from 90Y, if 89Sr occurs. In the opposite case can be this window utilized to
enlarge counting efficiency for 90Y (i.e. when the activity of 89Sr is below significance level).
When presence of 89Sr is expected, smaller 89Sr detection level and uncertainties can be
reached if the measurement is performed immediately the after strontium separation (i.e.
smaller 90Y activity is connected with smaller uncertainties given by the corrections).
Analogically, the area of 90Sr beta pulses is corrected for overlap from 90Y (and 8 Sr, if
occurs). This way can be measured °Sr activity immediately after the strontium separation
(corrections from 90Y are minimal at such case).
When measured 90Sr and 90Y are in equilibrium, resulting activities can be statistically
compared. Significant surplus of 90Sr activity (measured in 90Sr window) indicates presence
of other radionuclide/radionuclides.
Greater discrepancy of results can be caused by the influence of quenching. This effect causes
shift of measured scintillation spectra (in more quenched samples are beta emissions of a
given radionuclide "pressurized" into lower channel numbers of resulting spectra). Hence, to
follow relevant areas of beta emissions, there is necessary to move the window edges in
relation of the quenching parameter.
Utilizing the dynamic counting windows also minimize the changes of counting efficiencies.
Although, quenching calibration (i.e. counting efficiency changes) is necessary in the case of
more precise measurement.
To determine yield of chemical processing, two methods can be utilized [3]:

(1) Determination of strontium amount in the final sample and comparison with initial
quantity (using A AS or ICP-MS instrumentation).

(2) Addition of 85Sr as a tracer (with gamma spectrometry measurement). This radionuclide
is influencing particularly low-energy part of 90Sr spectrum. Selection of the down edge
of 90Sr window above the most loaded parts is benefit. Corrections for 85Sr activity are
necessary in all counting windows.

SAMPLES WITHOUT 89SR

In the case of ordinary surface water, there is not expected to be significant activity of 89Sr
present in the sample. The system of dynamic counting windows and corresponding
corrections is simplified for only 90Sr and 90Y measurement (i.e. two dynamic counting
windows, and correction for overlap from 90Y in 90Sr area).

EXPERIMENTAL RESULTS

In the case of our experimental determinations model and surface water samples were
processed. The routine of strontium isotopes isolation was based on SrColumn from Eichrom
Company. This resin facilitates easy separation of strontium isotopes from interfering
radionuclides [4-6]. Applied liquid scintillation spectrometer was TriCarb 2900. TriCarb
instruments are measuring in linear mode - i.e. channel number in the spectrum is related
proportionally to maximal energy of emitted beta electrons [7]. Variations of quenching
parameter tSIE in final samples, processed by SrColumn, are relatively small in the range of
several channels.
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To determine position of beta emissions endpoints, there were applied solutions of 90Sr with
90Y in equilibrium, see enclosed table 2. Position of 90Y endpoint (number of channel
corresponding to En

spectrum area.

• 9 0
of Y) was then calculated as last 1% of resulting liquid scintillation

•90cPosition of Sr endpoint was calculated as crosspoint of regression line trough last 10% of
90Sr spectrum area and x-axis. This calibration sample was measured immediately after the
separation of 90Y. Measurement of 90Sr sample was repeated after partial ingrowth of daughter
90Y activity (about one 90Y half-life after Sr separation). From the ratio of pulse rate ingrowth
in 90Y and 90Sr windows correction for 90Y overlap in 90Sr window was calculated.
Down edge of 90Sr window was selected after the measurement of 85Sr standard in order to
minimize the influence of this radionuclide (if it is applied as a tracer).
Measurement of these samples was performed in 20 mL low potassium glass vials with
lOmL of sample solution (in 0.08 M HNO3) and 11 mL of liquid scintillation cocktail
InstaGel. Measuring time was 60 minutes per sample. Blank sample was prepared from
0.08 M HNO3.
To minimize the influence caused by small quenching variations, positions of dynamic
counting window edges were changed in the proportionality with quenching parameter value,
in a particular sample, and normalized onto quenching value of standard Sr with 90Y in
equilibrium. From this reason, too fine corrections of counting efficiency changes (in
dependence on quenching parameter value of a particular sample) were not necessary.
Uncertainties were calculated according the rules of uncertainty propagation with probability
of about 68% [8]. Levels of measurement significance were calculated as level quantification
with relative uncertainty value about 45%.

Table 2. Calibration parameters
Parameter
Activity of 90Sr standard
(with Y in equilibrium)

Measuring time

Channel number of 90Y endpoint

Channel number of 90Sr endpoint

Channel number of 90Sr down edge window

Normalized quenching parameter tSIE

Correction factor
(90Y overlap in 90Sr window)

Counting efficiency for 90Y in own window
Counting efficiency for 90Sr in own window

Parameter value (unit)

15.5 (Bq/vial)

60 (minutes)

1052

271

25

217.05

0.563

0.4670
0.6651

In the following step was performed measurement of model samples with addition of Sr, see
table 3.

Table 3. Results of model samples measurement

Sample
Standard addition of 90Sr
(Bq/vial)

Resulting activity of 90Sr!

(Bq/vial)
Difference

1 2,82 2,85 ±0,14 1,1
77,5 81,31 ±0,60 4,9

1 Resulting activities of 90Sr were calculated as weighted average of 90Sr and 90Y activity measurement
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Experimentally were processed and measured also real samples concentrated from river water
[9], see Table 4. Measurement was performed after the radioactive equilibrium with 90Y was
reached.

Table 4. Measurement of real samples

Sample

1
2
3
4

Original volume
(L)
21.52
21.84
20.20
23.09

Separation yield
(%)
35
57
48
39

Resulting 90Sr activity2

(Bq/vial)
<0.07
<0.07
<0.07
<0.07

" Levels of measurement significance were calculated for Sr measuring window

As shown in Table 4, resulting levels of measurement significance are slightly above expected
90Sr activity concentrations in river water, which reaches values several mBq.L"1. To
appropriate real activity concentrations values, improving yield of strontium separation would
be a benefit.

CONCLUSION

This preliminary study showed new experimental approach to the determination of the
radionuclide 90Sr in water samples. The new method of dynamic windows utilizing LSC was
applied on model and surface water samples. Our results show the demand of separation
technique with significantly higher yields.
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