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ABSTRACT

A simple and rapid method has been developed for the separation and successive

determination of total radiostrontium in soil. The method consists of three basic steps:

oxalate precipitation to remove bulk potassium, chromatographic separation of strontium fiom

most inactive and radioactive interferences utilizing a crown ether (Sr. Spec, EIChroM

Industries, II. USA), oxalate precipitation of strontium to evaluate the chemical yie:ld.

Radiostrontium is then determined by liquid scintillation counting of the dissolved precipitate.

When 10 g samples of soil are used the sensitivity of the method is about 10 Bq/kg. The

chemical yield is about 80%. The separation and determination of radiostrontium can be

carried out in about 8 hours.
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INTRODUCTION

Radiostrontium is one of the most hazardous fission products because it is

concentrated in bone. Relatively simple and rapid radioanalytical methods are available for

its analysis when only Sr-90 is present in a sample. These methods are based on the

selective separation and successive counting of Y-901 , the daughter of the long lived (half

life = 28 years) Sr-90. Far more complicated and time consuming procedures are required

when total radiostrontium has to be measured. Such a need may occur soon after the

accidental release of fission products in the environment, when the contribution of Sr-89 (half

life = 52 days) to the total radiostrontium activity is still significant

All procedures for the total analysis of radiostrontium2 are rather complicated and slow

since they require the separation and purification of strontium from various inactive and

radioactive elements present in complex sample matrices by chemical procedures exhibiting

only limited selectivity. Exemplary is the standard method of analysis of radiostrontium2 ,

based on the precipitation of strontium with fuming HNO3. This method, which consists of

nine different precipitation steps, requires between 20 and 30 days. Hence the search for

simpler and more rapid radioanalytical methods which should take advantage of more

selective separation agents. Rapid methods for radiostrontium analysis are particularly

important in emergency cases, when many samples have to analyzed in order to enable the

relevant authorities to make rapid decisions on the control of food consumption or implement

other radiation protection measures based on the contamination level of the environment In

the case of radiostrontium in food the analytical determination should jinable its identification
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at a concentration level at least one order of magnitude below the Derived Intervention Level •

(DIL) recommended by WHO and IAEA3, fixed at 100 Bq/kg, namely at 10 Bq/kg.

The search for selective separation agents for strontium. The synthesis of crown

ethers having the ability to form strong complexes with alkali and alkaline earths was first

reported by Pedersen4 in 1967. Since then considerable efforts have been made by chemists

to utilize these compounds for analytical chemistry applications. The attractiveness of crown

ethers lies in their property to form very selective complexes with many metal ions by

properly choosing the cavity size and the nature of the substituents present in the crov/n

ring3'6*7'. In 1986 McDowell et al.8 demonstrated by solvent extraction studies that the cavity

size and the flexible structure of dicyclohexano-18- crown-6 and its derivatives provide a veiy

selective complexing environment for Sr ions. On these premises several attempts have been

recently made at developing radioanalytical methods based on the use of this crown ether as

a selective solvent extraction reagent of radiostrontium*"14. However all these methods arc

characterized by one or more of the following limitations: high pHs are required for the Sr

separation, losses of crown ether occur due to its partial water solubilization, the selectivity

is limited since the crown ether is used in a solvent extraction procedure. To be practically

exploited for the analysis of Sr in environmental samples a crown ether must then be •

additionally characterized by high solubility in a non-water miscible environment, be

practically insoluble in water, its complexing power must be high in strongly acidic media

(to avoid troublesome neutralization procedures) and easily reversible, possibly by only

increasing the pH of the water solution in which Sr has to be recovered after separation from

other cations.
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Horwitz et aT. 15 have shown that such a situation holds when a 1M solution of%

bis-4,4'(5')[(t-butyl)cyclohexano]-18-crown-6 (from now on abbreviated as DCH18C6)

(Figure 1) in 1-octanol is absorbed on an inert chromatographic support. Such a compound

has recently become commercially available under the trade name SrSpec (EIChroM

Industries, Inc. ).

Although the possibility that SrSpec could be successfully applied also to environmen-

tal analysis of samples containing radiostrontium, such as soil samples, was mentioned in the

title and conclusions of ref. [16], no such application has been so far demonstrated and

reported. The reason resides in the difficulties which are bound to be encountered in

obtaining very clean separations from K, an abundant constituent of all soils. The selectivity

data for Sr over Ca and K (two major components of all types of soils) have been in fact

obtained by Horwitz et al.16 using relatively low concentrations of these two elements which

were not representative of the conditions encountered in practical soil analysis. Since both

K and Ca also show some degree of affinity for the crown ether, it has to be expected that

they will tend to replace Sr when their concentration exceeds that of radiostrontium by several

orders of magnitude. Such a situation occurs in soil samples. In terms of chemical equilibria

such a situation can be described by stating that at high concentrations of K and Ca the.

equilibrium,

Sr2* + 2NO3- + DCH18C6 = Sr(NO3)2 (DCH18C6) / I /

very much displaced to the right in absence of K and Ca, will be partially reversed due to

presence of the other two equilibria

Ca2+ + 2NO3" + DCH18C6 = Ca(NO3)2 (DCH18C6) HI

K+ + NO," + DCH18C6 = K (NO3)(DCH18C6) /3/
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This paper demonstrates that, providing a suitable chemical procedure is followed, the

application of Sr. Spec to soil analysis is possible. The advantages over traditional methods

of separation and determination of total radiostrontium (Sr-89 and Sr-90) are the increased

rapidity and simplicity. The new separation and determination method requires only one day

against the 20-30 days of the standard method2. Moreover a sensitivity of 10 Bq/kg,

sufficient for many purposes, is easily achievable.

EXPERIMENTAL

Materials. -All reagents used were of analytical grade purity. For developing the procedure

and testing the results the IAEA's standard reference material, Soil-6 was used. The

composition of Soil-6 is:

Radionuclide composition Content [Bq/kg]

Cesium-137

Plutonium-239, 240

Radium-226

Strontium-90

Chemical composition

A1A

CaO

FeA

K2O

MgO

Na2O

53.7

1.04

79.9

30.34

Content [%]

8.9

22.9

3.7

2.9

1.9

0.6
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SO3 0.3 .

SiO2 38.5

TiO2 0.5

Material lost on ignition

at 900°C (water, organic) 19. 8

The tracers Sr-90(Y-90), Sr-85, U-232 + U-233, Pu-236 and Am-243 were obtained

from the stocks of the IAEA's Laboratories at Seibersdorf. Other tracers were prepared either

by neutron .activation (K-42) or by chemical separation of the parent - daughter couples

(Th-234 from U-238 and Ra-228 from Th-232).

Chromatographic separations. These were performed utilizing the Sr. Spec

chromatographic material purchased from EIChroM, Industries, Inc., Evanston, Il.US A. The

material consists of bis-4,4'(5')[(t-butyl)cyclohexano]-18-crown-6 absorbed on an inert

chromatographic support This chromatographic material exhibits selectivity towards Sr ions16

with respect to several other cations (Li, Na, Mg, AL Mn, Fe, Co, Ni, Cu, Zn, Cd) from 3M

HNO3 solutions. According to the manufacturer the amounts of other elements eluted with

5 free column volumes (fcv) of 3M HNO3 are: 65. 8% K, 98. 7% Ca, 15% Ag, <0. 4% Ba,.

6% Hg, 0. 8% Pb. It must be however taken into account that these selectivities were derived

from experiments performed with the elements present at comparable, low concentration

levels1516. Sr can be easily removed by very dilute (0. 05 M) HNO3 or simply water.

In most of the chromatographic separations the conditions specified in Table A were

used. The load solution containing Sr and the other elements to be removed was always in
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3 M in HNO3. The beaker containing the sample solution was in each run washed" with 2 fcv*

of 3 M HNO3 and the liquid added to the column. The non retained elements were in most

cases eluted (scrubbing elution) with 22 fcv of 3 M HNO3. Sr was then removed from the

column (stripping elution) with 6 fcv of distilled water.

Glass or polyethylene columns with plastic fittings were used. The proper flow rate

was assured only by gravity.

Radiation measurements. Beta radiation was measured by a low background liquid

scintillation counter type 2250CA (Packard). To 1 ml of Sr solution in 1M HNO3 15 ml of

scintillation cocktail Instagel (Packard) were added. Blanks were prepared in the same way

as the samples. Samples and blanks were measured immediately after each other. In the

beta-spectrum "Sr-90" and "Y-90" gates were selected in the channel regions 15-250 Jind

250-1000, respectively. The first one contained the Sr-90 peak without its low energy

contribution and the tailing of the high energy Y-90 peak. In this way the often intense

fluorescence light was eliminated. The latter gate contained only part of the total Y-90 paik.

The detection efficiency of Sr-90 in the "Sr-90" gate was 90%, that of Y-90 in the "Y-90"

gate was about 50%. The time of measurement varied from some minutes up to 100 minutes •

for real soil samples.

The intensities of the gamma-radiations of the tracers used for the test experiments

were determined by a 75x75 mm NaI(Tl) detector connected to a multi-channel analyser, type

7150 (EG&G Ortec). Intensities measured in the selected channel region and corrected for

the background and the decay were related to the intensities of the load solution determined
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in the same way. Tracer activities were selected so that the time of the measurement of the«

given fractions was not more than 20 minutes. For checking the purity of the strontium strip

solutions gamma-spectrometric measurements were carried out by a GMX HPGe detector of

30% relative efficiency (EG&G Ortec) and a multi-channel analyzer MCA Series 90

(Canberra).

For checking the purity of the strontium strip some alpha-spectrometric measurements

were also carried out To the strip solution containing about a few pg of strontium 100 mg

of Fe(NH4)j(SO4)2. 6H2O or 2ml of a 15% TiCl3 solution were added to reduce the higher

oxidation states of the actinides. Then 50 pg of neodimium as nitrate and 5 ml of 40% HF

were added to coprecipitate the actinides (plutonium, americium, uranium). Samples, filtered

through a 0.1 jim membrane filter, were analysed by a silicon detector, type PD-600-24-100-

-AM (Canberra) connected to a spectrometer Alpha-King 676 (EG&G Ortec) and an ADCAM

System (EG&G Ortec).

The activities of the samples after the separation process were in all cases compared

with the initial ones'.

ICP-AES measurements. The strontium strip solutions were also analysed by

ICP-AES for some components. A PLASMAKON S35 instrument (Kontron) was used. The

concentration of the processed sample was related to the concentration of the soil, determined

by the same method, using an aliquot of the unseparated dissolved soil.
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Test experiments. For testing the ability of the SrSpec material to separate Sr from,

representative amounts of K and Ca, some synthetic load solutions containing 30 pg of Sr

carrier, various amounts of (Sr-Y)-90 or Sr-85 tracers in 3 M HNO3 and 3 mg (in one case)

and 30 mg (in another case) of K and Ca, were prepared. The 3 mg case simulates the

treatment of a soil sample weighing about 0. 1 g. The 30 mg case simulates the treatment

of a sample weighing about lg. The chromatographic separations were carried out using the

conditions I of Table A.

Separation and determination of strontium from soil samples. The separation and

determination of radiostrontium was carried out following the procedure schematically shown

in Table B. To a weighed quantity of soil ash, ranging between 5 and 10 g, 10 mg of Sr

carrier was added. The samples were dissolved with the repeated addition of 40% HF and

14M HNO3 (100-200 ml of each). Before evaporation to dryness 3 to 5 g of H3BO3 were

added and the sample was dissolved in 200 ml of 1 M HN03. The sample was filtered and/or

centrifuged and the residue checked for activity. To the boiling filtrate 5 to 10 g of oxalic

acid were added. The pH was then adjusted to between 5 and 6 with a 25% solution of NH3.

After 10 minutes the solution was cooled, centrifuged and the precipitate washed twice with

70 ml of distilled water. The oxalate precipitate was dissolved with three 20 ml portions of

concentrated HNO3 and the residue collected with 10 to 20 ml of 3 M HNO3 . Coluimn

separations of Sr were then carried out according to the experimental conditions IE of Table

A. After the stripping elution of Sr with distilled water the Sr chemical yield was determined

by gravimetry. To this aim the Sr strip solution was warmed, 200 mg of oxalic acid added

to it, and the pH adjusted between 9 and 10 with a 25% solution of NH3. The strontium

oxalate precipitate was boiled for 10 minutes, cooled, filtered on a weighed filter paper, aad
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dried in an oven at 50°C for 30 minutes. By weighing the precipitate the chemical yield was %

calculated. After this step the precipitate was dissolved in 2 ml of 1 M HNO3. The solution

was mixed with 15 ml Instagel and counted, together with a blank, in the liquid scintillation

counter.

The experiments performed for testing the influence of the various parameters on the

chemical separation procedure were conducted by adding tracers to the soil samples (without

addition of the carrier). The chromatographic separations were performed according to the

experimental conditions II of Table A.

RESULTS AND DISCUSSION

Preliminary experiments on simulated solutions. In order to test the ability of the

chromatographic material to efficiently separate radiostrontium from yttrium-90 (i) and from

relatively large quantities of K and Ca (ii), experiments with a 3 M HNO3 solution traced

with (Sr-Y)-90 (for i) and with 3 M HNO3 solutions, also containing K and Ca, labelled with

Sr-85 (for ii), were performed. The experiments were conducted using the conditions I of

Table A.

The results of the experiment (i) are shown in Figure 2 in the form of measured

intensity vs. number of free column volumes (#fcv). The separation of Y-90 from Sr-90 is

quantitative. Small quantities of Sr-90 appear in the scrubbing elution only after having

passed 20 fcv of 3 M HNO3. Strontium is then easily stripped in a concentrated form with

a few fcv of distilled water.
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The results of experiments (ii) are shown in Figure 3 in the form of % of strontium*

released from the column during the scrubbing elution, calculated with respect to the initial

Sr-85 tracer activity of the sample vs. number of free column volumes (#fcv). The data

indicate that when the quantity of K and Ca is 30 mg the strontium fractions not retained by

the column, after 20 fcv of 3 M HNO3 have been passed through it, amount to 7% (30 mg

K) and 2. 5% (30 mg Ca). The fractions become negligible (<1%) when only 3 mg of K

or Ca are present Since in practice soil samples ranging from a few grams up to several

tents of grams have to be analyzed (the actual sample size depends on the activity

concentration of radiostrontium), K and Ca quantities ranging from few milligrams up to

some grams have to be expected in actual soil analyses. This means that, due to the

competing role of K and Ca for the active material of the chromatographic column (the crown

ether), some losses of radiostrontium will occur during the scrubbing elution. This effect can

be however accounted for by carefully checking during each analysis the chemical yield of

the radiochemical procedure. A very large error on the successive determination of

radiostrontium will be on the other hand caused by the non negligible amounts of K which

will accompany the stripped radiostrontium. The error is caused by the natural radionuclide

K-40, emitting high" energy beta particles which strongly interfere in the liquid scintillation

counting of radiostrontium. These experiments therefore lead to the conclusion that the •

degree of selectivity of the SrSpec material, although good, is not high enough to permit a

sufficiently clean separation of Sr in a single chromatographic step.

Separation and analysis of radiostrontium from soil without previous removal of

the bulk K. The just mentioned conclusion has been further confirmed by an experiment

which data are shown in Figure 4. In this experiment a 5 g sample of Soil-6, ashed and
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solubilized in 2 fcv of 3 M HNO3, was labelled with Sr-85 and K-42 tracers and then passed

through a SrSpec column using the conditions II of Table A. The elution chromatogram of

Figure 4 indicates that after a scrubbing elution with 18 fcv of 3 M HNO3 78% of the initial

Sr can be recovered by a stripping elution with 6 fcv of water. This recovered Sr is however

not sufficiently purified since it contains 0. 6% of the initial K. In practical soil samples,

weighing between 5 and 10 g, this would represent a K-40 activity of about 3 to 10 mBq, i.

e. an activity often comparable with that of the radiostrontium itself. It follows then that a

reliable radioanalytical procedure for radiostrontium requires the previous removal of the bulk

quantities of K present in the sample.

Separation and analysis of radiostrontium from soil with previous removal of the

bulk K. Optimal precipitation pH. The removal of the bulk K can be easily accomplished

by oxalate precipitation. In this way also other alkaline metals, such as cesium and rubidium,

also having interfering long-living radionuclides (Cs-137, Cs-134, Rb-87) can be eleminated.

In order to optimize the pH of the precipitation procedure 10 g of Soil-6, ashed and

solubilized-in HNO, , were brought to dryness and then dissolved in 200 ml of 1 M HNO3.

After filtration Sr-85 and K-42 tracers were added to the solution. The solution was then,

divided into two equal 100 ml portions, one was further diluted to 200 ml with 1M HN0 3 ,

and 4 g of oxalic acid were added to precipitate the alkaline earth metals. The pH of the

solutions were adjusted to about 2 to 3, in one case, and to 5 to 6 in another (the one diluted

to 200 mlX using a 25% solution of NH3. After 10 minutes the solutions were cooled,

centrifuged and the precipitate washed twice with 70 ml of distilled water. The supemates

and the precipitates washing solutions were then counted for Sr-85 and K-42. The results
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indicated that when the precipitation is carried out at pH between 2 and 3, 63% of the initial,

Sr and 37% of the initial K are present in the liquids. When the precipitation is instead

carried out at pH between 5 and 6 and at higher dilution, 2% of the Sr and 100% of the K

go into the liquid. Therefore this pH range appears to yield optimal Sr -K separations. The

use of higher pHs has to be avoided because of the precipitation of iron hydroxide.

Separation and analysis of radiostrontium from soil with previous removal of the

bulk K. Optimization of the scrubbing elution. To evaluate the optimal number of fcv of

3 M HNO^-to be used for the scrubbing elution of the column two different tests were

performed, using 18 fcv and 26 fcv, respectively. Two 5 g samples of Soil-6, ashed and

solubilized in 3 M HN0 3 , were labelled with Sr-85 and K-42. After oxalate precipitation at

pH between 5 and 6, the two residues were dissolved in 2 fcv of 3 M HN03 and passed

through chromatographic columns, using the conditions II of Table A. After the scrubbing

elution with 18 fcv and 26 fcv of 3 M HNO3 , Sr was eluted with 6 fcv of distilled water.

The results of the two tests are summarized in Table C and in Figure 5. Although the

scrubbing elution with 26 fcv of 3 M HNO3 increases the loss of Sr from 6% to 17%, a more

pure solution is obtained, especially in terms of Ba and Pb. In both cases the amount oi" K

is below the detection limit (< 0. 1%), indicating the efficiency of the oxalate precipitation

step in removing this interference.

ICP-AES measurements were also used to determine the degree of removal of various

inactive elements from the initial Soil-6 dissolved sample. By adding selected tracers to lhe

dissolved sample the purification obtainable from various actinides was investigated as well.

The entire set of results obtained is shown in Table D.
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Determination of the Sr chemical yield. The chemical yield of the radio-analytical«

procedure cannot be determined by using Sr-85 as tracer because this radioisotope increases

the background of the liquid scintillation counting, mainly through Compton electrons

generated in the interaction of the gamma radiation with the scintillation cocktail. The yield

must therefore be determined gravimetrically. To this aim about 1 mg of strontium per g of

soil ash was added to the soil samples. This quantity is dictated by the need to reduce the

error introduced in the gravimetric calculations by the non accounted presence in the sample

of natural strontium. This amounts to about 20 ug per g of soil. The chemical yield of our

radiochemical procedure has been determined by using the chromatographic conditions III of

Table A. The need to use larger columns arises from the presence of larger quantities of Sr.

The gravimetric determination of Sr was carried out by adding 200 mg of oxalic acid to the

heated Sr strip solution and then adjusting the pH to between 9 and 10 by a 25% solution of

NH3. The chemical yield, determined by weighing the strontium oxalate precipitate, was

always in the range 80% to 90% (average 85%±5%) for Soil-6. After the determination of

the chemical yield the strontium oxalate was carefully dissolved in 2 ml of 1 M HNO3 ,

mixed with 15 ml of the scintillation cocktail, and then counted.

Radiochemical purity of the radiostrontium in the stripping elution fraction. In •

absence of Sr-89 the radiochemical purity of the separated radiostrontium can be checked by

following as function of time the ingrowth of Y- 90, the daughter of Sr-90, in the stripping

elution fraction. If by the time radiochemical equilibrium is reached the total activity is twice

the one measured at the very end of the separation procedure, the radiochemical purity of the

separated radiostrontium can be claimed.
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In Figure 6 the total activity of the radiostrontium, purified by the scheme of Table*

B, is plotted as function of time. Also shown are the intensity of Sr-90 (Sr-90 gate) and of

Y-90 (Y-90 gate). The time zero corresponds with the end of the radiochemical separation

process. The data show that after about 600 hours the equilibrium between the Sr-90 pairent

and the Y-90 daughter is reached and that the total activity is twice the activity at time 2£ro.

These results therefore confirm that the developed radiochemical procedure yields a stripping

elution fraction which can be defined as radiochemically pure.

Determination of radiostrontium in soil samples. Comparison with reference

material. The reliability of the developed method has been checked by comparing the results

of the radiostrontium analysis, performed on samples containing known values of radiostron-

tium with recommended (intercomparison material) or certified values (reference material).

The analysis of the intercomparison material Soil-375 has lead to a value of 88. 2

Bq/kg±10% (recovery 62%), in reasonable agreement with the recommended value. The

analysis of the reference material Soil-6 (certified value 30. 34 Bq/kg, confidence interval 24.

2 - 31. 67) has lead to the value 24. 2 Bq/kg ± 12% (recovery 84%).

Multiple use of the chromatographic columns. The possibility to reuse the same,

chromatographic column for multiple analyses is particularly attractive in order to reduce both

the time and cost of analysis (in 1991 the cost of Sr. Spec is 22. 5 US$/g). To check this

possibility known amounts of the Sr-85 tracer were added to 5 g samples of Soil-6 after

these had been ashed and solubilized in 3 M HNO3. The radiostrontium solutions were then

successively analyzed by the same chromatographic column using the experimental conditions

II of Table A. The strontium recoveries in the five consecutive runs were: 83%, 89%, 85%
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and 90%. The results clearly indicate that a reuse of the column for at least five times is

possible.

CONCLUSIONS

The method developed for the separation and successive analysis of radiostrontium in

soil presents the following advantages:

It can be successfully used for the determination of total radiostrontium (Sr-89

and Sr-90), a need arising in accidental conditions. If necessary, the separate

_ content of the two radionuclides can be obtained utilizing the different

energies of the Sr-89 anS~Sr-90 in of the beta spectrum17.

It is relatively simple as basically consists of only three steps, i. e. oxalate

precipitation of alkaline earths (removal of bulk quantities of potassium),

chromatographic separation of strontium (removal of most other inactive and

radioactive elements), oxalate precipitation of strontium (determination of

chemical yield).

It is relatively fast since the separation and counting procedures require about

_ 8 hours (to this time the time of leaching the sample - about 1 day - or for

destroying it - about 3 days - has to be added. )

The main limitation of the method consist in its limited sensitivity, mostly due to the

relatively high background of the liquid scintillation measurements. For soil samples

weighing about 10 g the limit of detection of radiostrontium is about 10 Bq/kg. Soils with

lower activity require larger samples and therefore larger columns.
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Among the possible interfering radionuclides (see Table D), only those of Pb, Pu, and

some other actinides, may cause problems in the determination. However this will only occur

if their concentration in the soil is extremely high and that of radiostrontium is close 1.0 its

limit of sensitivity.
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FIGURE CAPTIONS

Figure 1. Crown ether used for the separation of radiostrontium.

Figure 2. Chromatographic separation of Sr-90 from Y-90 from 3M HNO3 (simulated

solution traced with (Sr-Y) 90).

Figure 3. Influence of K and Ca on the release of Sr from the chromatographic column

during the scrubbing elution with 3M HNO3 (simulated solutions traced with

-- Sr-85).

Figure 4. Chromatographic behaviour of Sr and K when the bulk concentration of

potassium is not removed by precipitation (dissolved Soil-6 sample traced with

K-42 and Sr-85).

Figure 5. (a and b) Chromatographic behaviour of Sr after removal of the bulk

concentration of potassium (dissolved Soil-6 samples traced with K-42 and

Sr-85). In both chromatograms no K-42 was detectable.

Figure 6. Ingrowth of Y-90 in the Sr-90 separated from a Soil-6 sample.
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Table A

Experimental conditions used in most of the chromatographic separations

II III

column packing [mg] 250 750 2500

column length [cm] 8 8 8

column diameter [mm] 3.6 6 11

flow rate [ml/min] 0.1 to 0.2 0.3 to 0.6 1 to 2

1 free column volume, 0.8 2.5 8
fcv [ml]

The Sr load solution had a volume of 2 fcv. The Sr load was completed by adding 2
additional fcv of 3M HNO3 used to rinse the beaker containing the dissolved sample
in 3M HNO3.

The Sr was separated from the non retained elements by
eluting them (scrubbing elution) with 3M HNO3 . In most experiments 22 fcv were
used.

Sr was recovered from the column (stripping elution) with 6 fcv of distilled water.
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Table B
Separation scheme of strontium from soil samples

5 to lOg soil ash

addition of 10 mg Sr carrier

SAMPLE
DISSOLUTION

POTASSIUM
REMOVAL

REMOVAL OF
OTHER
ELEMENTS

destruction of soil with
mineral acids:

concHNO^ 40%HF, H3BO3

evaporation, dissolution
in 200ml of 0.5M HNOj,
addition of 5 to lOg oxalic
acid, pH adjustment with NH3

calcium-magnesium-strontium
oxalate precipitation

at pH 5-6

centrifuging,
washing with 2x70ml of water,
oxalate destruction with
cone. HNO3, solubilization
in 2 fcv 3M HNO3

strontium separation with
Sr.Spec chromatographic

column

scrubbing elution stripping elution of
of non retained Sr with 6 fcv of dis-
elements with 22 tilled water, boiling,
fcv of 3M HNO3 addition of 200 mg oxalic acid

CHEMICAL YIELD
DETERMINATION

RADIOSTRONTIUM
DETERMINATION

strontium oxalate precipi-
tation

at pH 9 - 10

Sr determination
by gravimetry, dis-
solution with 2 ml of
1M HNOj, addition of
15 ml Instagel

LSC
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Table C

Optimization of the scrubbing elution conditions after

removal of bulk potassium by oxalate precipitation

Element Concentration of the various elements in the Sr
elution strip

Sr
K
Ca
Mg
Ba
Fe
Pb
Cd
Al

scrubbing elution
with 18 fcv of
3MHNO3

94
<0.1
0.002
0.0002
2.6
0.0003
2.1
not measured
not measured

scrubbing elution
with 26 fcv of

3MHNO3

83
<0.1
0.00015
0.0003
0.04
0.0003
1.1
<0.4
0.13

The results are expressed as % of the element in the 6 fcv of the elution strip,
calculated

with respect to initial activity in the dissolved Soil-6 sample.

239



Table D

Degree of removal of various inert and radioactive elements
from a Soil-6 sample

(Elution scrubbing with 26 fcv of 3M HNOV elution stripping
of Sr with 6 fcv of water)

Element Initial
or amount or
radionuclide activity

in the
dissolved
sample

Fraction of Method of
element in analysis
the 6 fcv of
the Sr elution
strip (%)

K

Cs-137
Mg
Ca
Ba
Ra-228

Al
Pb
Sb-125
Y
Mn
Fe
Cu
Cd
Ac-228

Th-234
U-232+
U-233
Pu-236
Am-243

60 mg

30 Bq
55 mg
815 mg
0.8 mg

240 mg
0.3 mg
0.6 Bq
0.1 mg
3.2 mg
130 mg
0.06mg
O.Olmg

<0.3
<2xE-3
<5xE-4
1
<4

<0.2

<E-3
<5xE-4
<0.3
<0.4
<5

<2

<40

tracer study, gamma
counting
gamma-spectrometry
ICP-AES

tracer study, gamma
counting
ICP-AES
tt

gamma-spectrometry
tracer study, LSC
ICP-AES

tracer study, gamma
counting
tt

tracer study, alpha
spectrometry

For tracer .studies the initial amount of the carrier is
usually not known/given.
The fraction [%] is calculated with respect to the initial
quantity (or activity) in the dissolved Soil-6 sample.
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Figure 1

4,4'(5')-bis(tert-butylcyclohexano)-18-Crown-6

Cavity Diameter 2.7-2.9 A

Sr crystal ionic diameter 2 .26 A
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Figure 2
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Figure 3

% Sr released
from the column
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O 30mg Ca + 0. 3mg Sr
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Figure 4
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Figure 5
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