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Abstract: The paper provides an overview of the most recently developed ion-chromatographic meth-
ods for the determination of radioactive strontium. The basic principles of the determination methods
of radioactive strontium in liquid waste and natural samples have been presented. Furthermore, the
semi-automatic method of determination, developed in our laboratory, has been described.

1. Introduction

The radioactive isotopes of strontium 89>90Sr are exclusively of antropogenic origin, which have
reached the natural environment in large quantities after atmospheric nuclear weapon tests and large-
scale nuclear accidents such as those in Chernobyl. Apart from the isotopes of caesium and plutonium,
these isotopes rank among the most dangerous radio-pollution sources in the human environment. In
nature they are included into a complex range of physical, chemical and biological processes which
determine their distribution in the environment and thus also the ways of contamination of the human
food chain. They enter the human organism most easily through contaminated water and food. If they
are deposited in the human body in larger quantities they may cause malign processes in bones, leu-
kaemia and genetic malformations. For this reason, the obligatory control of radioactive strontium con-
centrations in various kinds of samples has been introduced within the monitoring of environmental
radioactivity, particularly within the control of nuclear power plants release. Consequently, it is neces-
sary to have precise and reliable methods for its determination.

2. Methods for radiostrontium determination

The methodology of determination of the isotopes 89>90Sr is defined by their radiochemical properties.
That is, both isotopes are pure P-emitters, impossible to be determined without their prior chemical
isolation from the sample. This implies their separation from all interfering elements such as e.g. cal-
cium, potassium, barium, iron etc. by means of all available physical-chemical techniques. For the de-
termination of radioactive strontium numerous methods have been developed and in the recent time
ion-chromatographic methods, which enable a rapid and simple determination, have been introduced.
In other words, the chromatographic determination of elements is particularly favourable due to the
possibility of a continuous selective separation of strontium and its connection with a flow P-detector,
which in turn enables its automatic determination. Through the connection of a chromatographic col-
umn and the flow p-detector the foundation for the ion-chromatographic determination of radioactive
strontium is obtained. The basic principle of the method is the following: the prepared sample is in-
serted into the chromatographic column through the injection system connected with the pump P.
Strontium is separated by eluting on the columns. On the column exit there is a flow scintillation p-
detector through which the eluted strontium (and/or yttrium) passes to be detected. Prior to entering the
column strontium (and/or yttrium) is mixed with the scintillator S - Figure 1.

Figure 1. Principle of ion-chromatographic radiostrontium determination
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The above described procedure represents only a principle approach. The actual realisation depends on
the kind of sample and the level of activity in the sample because they are the key moments the separa-
tion on the columns (number of columns and their dimensions) and the detection (retention time in the
detector) depend upon. For the samples with a high level of activity, such as radioactive waste, it is
necessary to separate strontium from the mixture of radionuclides that regularly show a low concentra-
tion and a high level of activity. For that reason the column should fulfil the condition of the separation
of pure strontium with as little eluent as possible. Therefore, in order to separate strontium from the
mixture of radionuclides the column must have either a high selectivity for strontium or must bind all
radionuclides except strontium. Furthermore, with regard to its detection there is a requirement of an
optimum time of passing through the detector and/or retention time in the detector. Since the column is
usually directly connected with the detector, the flow rate through the column must enable an optimum
detection. The optimum detection implies a high level of reliability of the registered activity in the
shortest possible time. In the samples with a high level of activity this mostly does not represent a
problem because even a more rapid flowing will not cause a mistake. GRATE et a l^ have constructed
an ion-chromatograph for the determination of radioactive strontium in liquid waste by means of which
it is possible to determine 90Sr. The separation column in that chromatograph is Sr.spec and the detec-
tion is carried out by means of a specifically constructed system which uses the liquid scintillator. This
method does not require any previous sample preparation since a certain volume of waste is directly
injected into the column.

Unlike the waste in the samples that have macro quantities of some elements and a relatively low level
of activity, the previous preparation of the sample is regularly required, with a specific requirement
imposed upon the column capacity. The capacity must be sufficient for the separation of strontium with
a high purity and a minimum loss. This regularly causes an increase of the column dimensions and the
quantity of the eluent needed, which in turn creates difficulties in the detection process because it re-
quires an additional column for concentrating or the increase of the detector volume. The problem in
case of a low level of activity is even greater, which is the case in natural samples, because of the re-
quirement of long retention in the detector. However, the solution in this direction was provided by
ALFARO et al(2) by constructing a computer-controlled chromatograph consisting of two high pressure
pumps (max. 200 bar), two separation columns and flow [3-detector with the liquid scintillation system.
Prior to the determination the samples (milk, soil, air dust) are converted to a soluble form with the
removal of interfering elements (e.g. iron from soil samples). For the separation of strontium cation
exchanger columns are used and EDTA as eluent. Strontium is separated by gradient eluting along with
the careful control of pH. Two columns of the 15-mL and 2-mL volumes are used. They are filled with
the BIO-RAD highly specific strontium exchanger without the need for additional stable strontium. In
the detection 89Sr and 90Sr are simultaneously detected in the separate canals on scintillation counter.
The activity ratio 89Sr/90Sr for such a determination must exceed 20/1. Otherwise, 90Sr is to be deter-
mined through 90Y (staying on the column overnight, separation from yttrium and its detection on the
flow p-detector).

A similar system for the strontium determination in water and urine was developed by COBB et al(3).
They have used the ion-chromatograph DlONEX for the isolation of yttrium and the detection itself was
carried out regardless of the isolation, so that this procedure was a semi-automatic system for the de-
termination of 90Sr.

The semi-automatic system for the radioactive strontium determination has also been developed in our
laboratory and is presented in Figure 2.
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Figure 2. Apparatus for semi-automated radiostrontium determination

1 - eluent
2 - membrane pump
3 - valve for maintaining constant pressure in columns
4 - anion exchange column
5 - cation exchange column
6 - atomic absorption spectrometer

In this case an anion exchange column has been used for the isolation and the separation of strontium
and yttrium(O). Strontium-may be separated from the other elements except yttrium on the column
filled with the anion exchangers DOWEX AG 1x8 or AMBERLITE CG-400 and with 0.25M HNO3 in
methanol-ethanol mixture as eluent. Yttrium and strontium may be separated from each other on the
cation exchange column. The detection is done regardless of the isolation and the isolation itself is ob-
served on the atomic absorption spectrometer. (The separation of calcium from strontium is observed.)

Characteristic of all these methods is that in the rapid determination of radioactive strontium ' Sr a
chemical separation of 90Sr from 90Y is needed. In order to avoid this separation and to determine
89'90Sr in a reliable and accurate way, a method of mass spectrometry for their determination has been
developed(6,7). In such methods 89Sr and 90Sr are separated in a mass spectrometer and detected sepa-
rately. However, these techniques are highly sophisticated and unavailable to a broad circle of users.
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