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Presently available methods:
Until now two different approaches had been made to succeed in fast radiochemical

separation procedures for the determination of strontium-90 in environmental samples:

- Investigations dealing with the extraction of yttrium-90,

- Investigations to tailor precipitation methods for strontium-90 separation to the

needs of special sample types.

Optimal sample amounts:
Radiochemical procedures could be shortened considerably. The remaining bottle

necks still are the sample pre-preparation, like drying, ashing, evaporation etc and of

course the measurements. Large samples shorten the measurement process but increase

the time consumption for sample pre-preparation and in many cases also for the

radiochemical separation. Small samples facilitate sample handling but cause problems

regarding detection limits and measurement time. Having some knowledge about the

expected degree of contamination or just providing information that the contamination is

lower than a given level may help to find an optimal sample size. As an example:

Low level Proportional Counting Tube 50 g sample

11 = 35% Chem. yield = 90 % t(measurement) = 100 min 2a

background 0.5 cpm LLD = 0.017 Bq

MDA = 0.35 Bq/kg

background 1.2 cpm LLD = 0.027 Bq

MDA = 0.54 Bq/kg

Cerenkov counting 50 g sample

r\ = 35 % Chem. yield = 90 % t(measurement) = 100 min 2a

background 1.5 cpm LLD = 0.030 Bq

MDA = 0.60 Bq/kg

background 20 cpm LLD = 0.11 Bq

MDA = 2.2 Bq/kg

Such remarks can be considered being extremely trivial but thinking of planning

something like a guide book for rapid methods, some guidelines how to start with a

8



reasonable amout of sample material should be given. We are now dealing with such rules

and we gladly accept advice from the group if it sems to be reasonable to continue.

Extraction method applied to soil samples:
The original schedule which had been discussed during the last meeting has its

limitations. Equilibrium for strontium-90 and yttrium-90 has to be assumed; yttrium-91

can be determined by suitable measurement procedures. For application to soil samples

additional separation steps have to be included to separate the uranium, thorium and

daughter products. A coprecipitan'on step using iron hydroxide has little effect, it is not

specific enough. If that procedure is applied e.g. to average Austrian soil samples (4.0 ±

2.0 Bq/kg), the contribution of radionuclides of the natural decay series is much higher

than the yttrium-90 activity. Moreover due to the growth of daughter products the activity

is increasing. By reextraction from the tributylphosphate phase using 3 M HNO3 better

separation of yttrium-90 and natural radionuclides is obtained, but still a rather high

"background" due to natural occurring radionuclides is observed after the decay of

yttrium-90. Much better results are obtained after a precipitation step with zirconium

phosphate in acid medium. After that precipitation the activity of the yttrium oxalate show

the correct half life of 64 hours. In other laboratories that separation from natural

occurring radiohuclides had been achieved by liquid extraction procedures. The flow

sheet of the procedure is shown in Fig.l.

A very fast procedure using hexyldiethylhexylphosphate and hydrochloric acid

medium has been developed in other laboratories, which will successfully compete with

the above described method. This method has even found routine application in training

courses.

We have made detailed investigation related to the decontamination of the yttrium-

fraction from natural occurring radionuclides, zirconium and niobium.

If that method is applied for soil samples, the first step is a leaching process. This is

now commonly in use for soil samples. In earlier described procedures one still may find

the melting process using sodium and potassium carbonate to achieve total solution of the

soil sample material. This is certainly not necessary. By the above mentioned leaching

procedure all the strontium-90 which may be "available" for plants growing on that soil is

certainly extracted.
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Fig.1 Flow sheet of extraction procedure with preciptiaion steps for the removal

of natural occurring radionuclides
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Leaching procedures to obtain "available strontium-90"
It should be discussed if leaching procedures extracting "available strontium" should

also be applied for other environmental samples, like vegetables to avoid time consuming

drying, ashing and dissolving procedures. Presently we are investigating such leaching

procedures with plant materials. In these model experiments the strontium contamination

is either caused by root uptake from a nutrient solution or by spraying the plant with a

radioactive solution. The material is extracted by 6 M hydrochloric acid using a mixer.

The main difficulty is the separation of a clear liquid phase from the suspension. Ending

up with an aqueous solution of sample material any suitable separation procedure can be

applied.

Precipitation methods for aqueous solutions:
Radiochemical procedures for the separation of strontium may have the advantage that

also a strontium-89 determination can be done. So it may be worth while to investigate

also rapid methods aiming at the separation of strontium. The nitrate method is the most

common one. It can be applied for many type of sample material. The disadvantage is the

rather high time consumption and the inconveniences related to the use of fuming nitric

acid. At the last meeting a "shortened" nitrate method had been presented.

Fig. 2 shows the flow sheet of a procedure without the use of HNO3. It was mainly

designed for rainwater or drinking water investigations.

At the beginning a precipitation is done using a small amount of strontium carrier but a

rather large amount of barium carrier. Barium serves also as a non isotopic carries for

strontium. For precipitation from that large amount of liquid volume 20 mg strontium

carrier is not enough, but a greater amount will be uncomfortable at later steps of the

procedure. The bulk of barium together with radium is separated by chromate

precipitation.

After some carbonate and hydroxide separation and purification steps the chemical

yield is determined by taking a small aliquot before and after the last carbonate

precipitation. The results obtained are compared and the strontium amount in the sample

can be calculated. Not to lose time the AAS measurement can be done during the same

time as the radioactivity measurement
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21 water

addition of carriers:
100 mg Ba+ + , 20 mg Sr++,

10 mg Cs+,10 mg I".

CO3" - precipitation

Carbonate-
precipitate

6M CH3COOH, pH = 4.5

BaCrO4

CO3" - precipitation

Carbonate-
precipitate

F e + + + , (Ce, Zr-carrier)

NH4OH,

Fe(OH)3

1 ml for AAS

CO3" - precipitation

Carbonate-
precipitate

1 ml for AAS

[Measurement

Fig.2. Flow sheet for strontium separation from aqueous solutions
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Investigations using seditions of short living fission products.
It seems rather doubtful if these few purification steps are sufficient to remove the large

number of short living fission products. We tried therefore to do investigations using a

model solution containing short living fission products. This solution had been prepared

by irradiation of natural uranium in our TRIG A reactor. The results of the

decontamination regarding fission products had been much better than expected, but we

consider that our investigation failed because of the high amounts of uranium which made

it impossible to obtain a proper carbonate precipitation. Uranate compounds precipitating;

at lower pn values caused unreliable results at the carbonate precipitation steps.

Investigation have to be repeated either after removing the uranium from the model

solution by liquid extraction or by using a fission product solution from a nuclear power

reactor. A primary coolant solution will be a suitable sample.

The finally obtained strontium sample contained an excess activity of strontium-89

compared to that of strontium-90. We did not succeed in a reliable determination of

strontium-90 using this model solution because of the short irradiation time.

Determination of strontium-89/90 and yttrium-90 in the same sample.
The simultaneous determination of strontium-90 and strontium-89 is usually done by

separation of yttrium-90 after a suitable time for the growth of yttrium-90. Investigations

are of interest to try a yttrium-90 measurement without separation by observing the

increase of activity of the strontium sample due to the production and decay of the

daughter nuclide yttrium-90.

Also it can be tried to use liquid scintillation spectroscopy to discriminate strontium-89

(1.46 MeV) from strontium-90 (0.55 MeV) immediately after the strontium precipitation.

Until now all these determinations are only possible if the strontium-90 activity is not too

low compared with the the strontium-89 content of the sample. Unfortunately regarding

this possibility of determination but fortunately from the point of view of radiation

protection immediately after a nuclear accident in most cases the activity of strontium-90 is

much lower than that of strontium-89. Liquid scintillation spectroscopy does not give

reliable results for low strontium-90 activity if a high strontium-89 activity is observed in

a sample.

The growth of yttrium-90 in a sample of strontium-89/90 will increase the total

activity. After a suitable period of time this increase might be sufficiently high to provide

reliable information about the strontium-90 content. Due to statistics no reliable

information will be provided for samples with an excess of strontium-89. If the

strontium-89 activity is 20 times higher than the strontium-90 activity, no reliable

information can be obtained, if it is 5 times higher, it is possible to provide a quantitative
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information about the growth of yttrium-90 after 36 hours, and if twice the activity of

strontium-89 compared to the strontium-90 were observed, there would be no difficulties

for the simultaneous determination of both radionuclides. Dealing with the situation of

high strontium-89 contribution an yttrium separation probably is unavoidable.

Economic considerations.
It might be of interest to compare the costs of chemicals necessary for nitrate separation

procedures and TBP extraction method. The expenses for one strontium analysis using

nitrate method is approximately three times higher than for the TBP extraction which costs

about 2 US$ (based on FLUKA chemicals status 1991). Economic considerations

regarding manpower and equipment is not included in these calculations. Cost of

equipment are about the same for both methods, manpower costs may be higher for the

nitrate method
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