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1. INTRODUCTION

Due to the growing health and safety concerns over the use of nuclear technology,

it is required to develop reliable methods for the separation and determination of various

long lived radioisotopes in environmental and biological samples. Sr, one of the

hazardous fission products, due to its chemical similarity with calcium can enter the food

chain (1) and eventually get concentrated in skeleton of living beings after being released

into the environment. The radiometric determination of ^Sr in such samples requires its

separation from large quantities of inactive matrix constituents as well as from several

radionuclides (1-4) Development of efficient separation procedures of ^Sr from high

level nuclear waste are also desirable in view of the latter's importance as a compact

power source as well as its importance in generating ^Y.

In view of favourable characteristics such as convenient half life (64 hours), a pure

beta emitter, resonably high energy (2 28 MeV), a relatively cheap and dependable source

(^Sr) and a stable decay product (^Zr), ^'Y is often considered to be one of the most

useful radioisotopes for radiopharmaceutical applications. Also ^Y forms a kinetically

inert complex with a chelating agent such as diethylene triamine penta acetic acid (DTPA)

which can target the tumor through antibodies for radiation therapy (5).

Various separation methods have been proposed based on precipitation (6-8),

solvent extraction (2-4,8,9), ion-exchange (3,4,10) and chromatography (11-13).

However these methods are associated with certain limitations. Precipitation requires

several cycles to obtain adequate recoveries and decontaminations. Solvent extraction

method leads to production of organic waste in addition to consumption of large



quantities of ligand. Ion exchange methods require careful pH control particularly for

satisfactory separations from calcium which is a particular problem for samples containing

high concentrations of acids. Another drawback of the ion exchange system is the early

breakthrough of wSr due to radiation damage (14).

Several authors have reported solvent extraction of strontium using crown ethers

(15-18). However relatively few studies have been carried out for the development of an

extraction chromatographic method to separate ^Sr employing a crown ether (19-22). In

the present work, an attempt has been made to understand the elution behaviour of Sr

alongwith various metal ions relevant to environmental and biological samples and also to

arrive at the conditions for the separation of ^Y from ^Sr in order to make a suitable

^Sr / *Y generator.

2. EXPERIMENTAL

2.1. Reagents and Apparatus:

The resin material XAD-7 amberlite (particle size: 100 -150 urn) coated with

di-t-butyl cyclohexano 18 crown 6 (DTBCH18C6) in octanol medium (Sr.spec®), was

procured from Eichrom Industries, Inc. U. S. A, and was used as received. In order to

understand the loading and elution behaviour of ^Sr, a more commonly used radioisotope

85>89Sr was used. 8589Sr activity was produced by neutron activation of SrCO3 salt in a

reactor (thermal flux: 1 x 1013 n / cm2 / Sec) . This irradiated salt was then dissolved in

dilute hydrochloric acid. But prior to loading on the Sr.spec® resin column, the activity

was evaporated to dryness and dissolved in the required concentration of nitric acid.

Inactive yttrium in the form of YC13.6H2O (assay > 99%) procured from Indian Rare



Earths Limited, Mumbai, India, was used in part of the column studies. 85>89Sr was

assayed using a Nal(Tl) gamma scintillation detector. Ethylene diamine tetra acetic acid

(EDTA) based compiexometric titrations using xyleno! orange (procured from Fluka

Chemie AG) as indicator were carried out for yttrium estimation. ICP-AES technique was

used for the analysis of samples containing Sr, Y, Li. Na, K, Mg, Ca, Al, Fe, Co, Ni, Zn

and Cd. Carrier free "Sr in equilibrium with 90Y activity was obtained from BRIT,

Mumbai, India. Dioxane based scintillator cocktail procured from Prabhat Chemicals,

Mumbai, India, was used for liquid scintillation beta counting.

2.2. Separation Experiments:

All the separation experiments were carried out in a polypropylene column

(35 mm x 4 mm) containing ~ 200 mg of the Sr.spec® resin material. Flow rate of the

eluting solution was maintained as 5 drops / minute for all the studies. The column was

first conditioned with nitric acid solution of the desired concentration followed by loading

with Sr solution. Elutions were carried out using nitric acid solutions of different

concentrations. In most of the studies, 0.5 mL aliquot of sample containing Sr was

loaded and thereafter eluted with 0.5 mL of different HNO3 solutions. All fractions were

collected separately and estimated by the methods mentioned above. All experiments

were repeated three times and the average of each set is reported herewith.

3. RESULTS AND DISCUSSION

3.1 ...Evaluation of column capacity aisd Sr elutiosa beliaviour:

3.1.1. Column Capacity of Sr.spec® resin material: It is important to know the loading

capacity of the column, defined as the amount of Sr that can be loaded per gram of the



column material. For this purpose, breakthrough curve was used where a solution

containing 1.193 mg/mL Sr in 3 M HNO3, spiked with the 85>89Sr tracer was loaded and

counted successively in aliquots of 0.5 mL. 3.5 mL of this solution passed through the

column without any detectable85>89 Sr activity in the eluent (table 1). Therefore, maximum

amount of Sr that can be loaded onto the column was 4.175 mg / 200 mg of the resin

material. The column capacity was thus determined as ~21mg of Sr per gram of the

Sr.spec® resin material.

3.1.2. Elution behaviour of Sr: A systematic study was carried out to understand

the elution behaviour of Sr(II) using 85>89Sr tracer at varying nitric acid concentrations

(0.1 - 3 M). Breakthrough curves were generated for 1.0 and 3.0M HNO3 and are shown

in figs. 1-2. Loading of Sr was carried out at 3M HNO3 in each case. Fig.3 shows the

elution profiles at 0.1M HNO3 with loading at three different acidities. Table 2 indicates

that breakthrough volume as well as peak elution volume increase with acidity of loading /

eluting solutions. At 3 M HNO3 , the breakthrough and peak elution volumes for 85>89Sr

are 7.5 and 20.5 mL respectively. Elution could alternatively be carried out using distilled

water where peak elution volume was 1.5 mL (fig.4). It is therefore preferable to employ

higher acidity for elution as this could give improved decontamination from early eluting

interfering metal ions. On the other hand, at higher acidity the reagent itself gets slowly

depleted due to the increasing interaction of the crown ether with HNO3 . Therefore,

3 M HNO3 was used as an optimum choice for loading as well as elution throughout this

work.



3.1.3. Separation from several elements present in environmental / biological samples:

The separation and assay of Sr in environmental / biological samples often gets

complicated due to the interference of several elements present in the bulk matrix. With a

view to study the separation behaviour of Sr in such samples, column runs were carried

out using a synthetic mixture containing elements of significance such as Li, Na, K, Mg,

Ca, Al, Fe, Co, Ni, Zn and Cd (table 3). The elution profiles are shown in fig. 5 as

obtained using 3.0 M HNO3 for loading as well as elution using 0.5mL aliquots each time.

It is clear that almost all the elements were eluted out to insignificant level in the first 1.5

mL of the eluent. Steady interference of K (30 ppm) and Li (5 ppm) was observed even

upto 5 mL of the eluent. Strong affinity of the crown ether for K+ ion is expected in view

of its compatible ionic radius. It is evident that Sr can be easily separated from a host of

interfering elements of environmental / biological interest.

3.2. Separation of V from Sr:

3.2.1. Studies with natural yttrium: It was thought of interest to study the loading and

elution behaviour of yttrium to arrive at the optimum conditions for Sr-Y separation. A

solution containing 4.3 mg of yttrium in 200 \\L (3M HNO3) was loaded on the column.

Elution of the loaded yttrium was carried out by taking 0.2 mL aliquot of 3 M HNO3

successively. All the eluted samples were dried and estimated for yttrium by EDTA

complexometric titrations in acetate buffer medium at pH 5.0. A peak yttrium

concentration was observed at 0.6 mL. Fig. 6 clearly shows that the entire amount of

yttrium could be eluted out using 1.0 mL of 3 M HN03 . This elution behaviour of yttrium



indicates that it can easily be separated from Sr at 3 M HNO3 since the breakthrough of

the latter is distinctly at higher elution volume (~10mL).

3.2.2. Separation studies using synthetic Sr/Y mixture: A synthetic Sr / Y mixture was

prepared by dissolving Sr CO3 and YCI3 . 6H2O salts in 3 M HNO3 After proper

dilution, this solution was loaded onto the column and elution was carried out at 3 M

HNO3 solution using 0.5 mL aliquots each time. All the eluted fractions were further

diluted and analysed by ICP-AES. Another set of experiments were carried out in identical

manner using yttrium solution alone. It is clear from fig. 7 that synthetic S r / Y mixture

(320/158 ppm) as well as pure yttrium (~1000 ppm) solutions follow the similar pattern

showing the peak elution volume for yttrium as 1.0 mL. The dotted line in fig.7 represents

the Sr elution profile which clearly indicates negligible Sr concentration upto 4 mL of

eluent.

3.2.3. Separation studies using carrier free 90Sr: 4 jaCi of carrier free '"Sr was dried

and the volume was made upto 0.5 mL using different acids. This solution was then

loaded onto the column and elution was carried out by using the acid of the same

concentration. Table 4 illustrates the breakthrough volumes (mL) of ^Y and ^Sr as well

as the peak elution volumes (mL) of WY under identical loading and elution conditions of

0.1, 1.0, 3.0 4.0 and 10.0 M HNO3 . It was observed that breakthrough volume of ^Y (~

0.5 mL) remained unaffected by the change in nitric acid concentration. Peak elution

volume for ^Y was determined as 0.8 mL for 0.1 M HN03 (fig. 8). However, at higher

nitric acid concentrations viz. 3.0, 4.0 and 10.0 M, it was found to be 1.0 mL



Breakthrough volumes of wSr for 0.1 and 1.0 M HNO3, were 1.3 and 7.0 mL respectively.

On the other hand, ~ 10.0 mL of the eluent was required for 3.0 < [HN03], M <> 10.0.

As mentioned above, it was decided to use 3.0 M HNO? for further separation studies.

Table 5 indicates that the eiution profile of WY is not affected even when higher amounts

of %Sr activity (4 - 200 }iCi) is loaded.

3.2.4. Radiochemical purity of 90Y product: The separated ^Y must be free from ^Sr

for its use in clinical applications. The radiochemical purity of the carrier free ^'Y product

was checked following its decay profile. The plot of activity vs time (fig. 9) showed no

significant deviation from the half life of WY. The half life of WY was calculated as

63.75± 0.40 hours from the slope of the straight line.

Repeated elutions of WY from 200 \xC\ of "Sr in 0.5 ml of 3 M HNO3 were

carried out for 17 days at an interval of- 24 hours. Everyday 1.5 mL of 3 M HNO* was

passed through column and 0.025 mL of the sample collected was taken for estimation by

counting. Decay profiles of all the collected samples were followed with time Table 6

indicates that percentage contamination of ^Sr in the collected WY samples is ~ 2.0 upto

the eiution volume 18.4 mL. Computation of *'Y purity was carried out after an interval of

13 days as well as 25 days on each sample using decay rate law and initial activity

measured immediately after the eiution. A significant increase in the percenatge of Sr is

observed in the eluted samples after 12th eiution

4. CONCLUSIONS

The extraction chromatographic separation of ^Sr - ^Y at varying nitric acid

concentrations indicate that: (i) The column capacity for Sr is -21 mg of Sr per gram of



the resin material (ii) Sr can be easily separated from a host of interfering elements of

environmental / biological interest (iii) 3 M HNO3 is the optimum choice for loading as

well as elution purpose (iv) Breakthrough volume of ^Sr is 10.0 mL for [HNO3] ^ 3.0 M

(v) There is no effect of HNO3 concentration on the breakthrough volume of ^Y (~ 0.5

mL). Peak volume for ""Y is 1.0 mL in the nitric acid concentration range 3.0 < [HNO3],

M ^ 10.0. Only 1.5 mL of nitric acid is sufficient to elute entire amount of'"Y (vi) Higher

loadings of ^Sr - MY do not influence the elution profile of ^Y and (vii) Half life of the

eluted ^Y sample is calculated as 63.75±0.40 hours (literature value of T\a of ^Y = 64

hours). Repeated elution experiments indicate that upto 18.4 mL of 3.0 M HNO3 as

eluent, > 98.0 % pure ^Y can be obtained.

These studies, therefore, reveal that octanol solution of DTBCH18C6 coated on

amberlite XAD - 7 can be used as a stationary phase in an extraction chromatographic

column to separate radiostrontium from environmental as well as biological samples. Also

carrier free "V from the ^Sr - ^Y mixture can be obtained using this resin material in

3.0 M HNO3 medium. Higher decontamination from ^Sr can be achieved by increasing

the column length or employing several columns in series.
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Tablet: Effect of Sr loading on resin material (column capacity determination)

Volume loaded (mL)

0.5

1.0

1.5

2.0

2.5

3.0

3.5"

4.0

4.5

5.0

5.5

6.0

6.5

7.0

Counts per minute

52

47 • .

39

14

39

42

59

524

3431

7148

10441

25354

17270

12582

# indicates no leakage of Sr upto 3.5 mL of loaded solution.

12



Table 2: Eiution profile of Sr at difTerent acidities

[HNO3],

Loading

0.1

1.0

1.0

3.0

3.0

3.0

3.0

M

Etution

0.1

0.1

1.0

D W

0.1

1.0

3.0

Breakthrough

Volume (mL)

1.0

1.5

3.5

0.5

1.5

4.5

7.5

Peak eiution

Volume (mL)

2.0

2.5

7.0

1.5

2.5

8.0

20.5

D. W. : Distilled water

13



Table 3: Composition of synthetic mixture in 3 M HNO3 containing relevant

elements in environmental / biological samples; Volume: 25 mL

Salt taken

Mg(NO3)2 6H2O

CaCI2

NaNO3

LiNO3

KNO3

Cd(NO,)2 4H2O

NiCI2. 6H2O

Co(NO3)2 6H2O

Fe(NO,)3. 6H2O

Zn(NOj)2 . 6H2O

AI(NO.,)s 9H2O

Weight (mg)

8286

24.65

27.35

83.32

88.25

88 90

12.81

41.93

42.89

40.02

125.79

14



Table 4: Elution profiles for wSr and "*Y in *°Sr - ""Y mixture at different acidities

[HNO,],

Loading

0.1

1.0

30

4 0

10.0

M

Elution

0 1

1.0

30

4.0

10.0

Breakthrough

0.5

0.5

0.5

0.5

0.6

volume (mL)

*°Sr

13

J.O

10

10

10

Peak volume (mL)

0.8

0.8

10

1.0

1.0

15



Table 5: Elution profiles of *°Y under higher loadings of "Sr - "Y mixture;

[HNO,1 = 3.0 M (for loading / elution)

Amount of ""Sr-^Y

loaded (u,Ci)

4.0

20

200

Breakthrough

volume (mL)

0.5

0.5

0.5

Peak volume (mL)

1.0

10

10

Total volume (mL)

required to elute

1.5

1.5

1.5

16



Table 6: Repeated elution of *Y from wSr - "V mixture (every 24 hours) loaded on

the column; [HNO3] - 3.0 M (for loading / elution)

No. of elutipn

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

Elution volume (mL)

1.5

3.0

4.5

6.0

7.5

9.2

10.7

12.2

13.9

15.4

16.9

184

19.9

21.6

23.3

24.8

26.3

% w Sr

0.053

—

—

1.60

1.11

1.26

1.43

1,79

1.28

1.00

1.38

1.90

3.61

8.49

10.61

17.91

23.32

17



LIST OF FIGURES

1. Elution profile of Sr using 3M HNO3 for loading and 1M HNO3 for elution

2. Elution profile of Sr employing 3M HNO3 for loading as well as elution

3. Elution profiles of Sr with 0.1M HNO3 as eluent

4. Elution profile of Sr employing 3M HNOj for loading and distilled water for elution

5. Eiution pattern of various metal ions using 3M HNO3 for loading as well as elution

6. Elution profile of Y(III) using 3M HNO3 for loading and elution

7. Elution profiles of Y and Sr in synthetic solutions using 3M HNO3 for loading and

elution

8. Elution profiles of Sr-90 / Y-90 employing 0.1M HNO3 for loading as well as elution

9. Decay profile of'"Y product

18



c
1

s
O
O

1.4x104

1.2x104

1.0x104

8.0x103

6.0x103

4.0x103

2.0x103

0.0

-

—

-

-

-

—

•oeoooo

Breakthrough Volume = 4.5 mL
Peak Volume = 8.0 mL

AA/ \
/ \°V

1 ^6.

1 . 1 1 1 • 1

0 5 10 15
Elution Volume (mL)

Fig.1: Elution profile of Sr using 3M HNO3 for loading

and 1MHNO3 for elution.
19

20



3500-1

3000-

2500-

-§ 2000-

Q- 1500-

Oo
1000-

500-

0

0

Breakthrough Volume = 7.5 mL
Peak Volume =20.5mL

305 10 15 20 25
Elution volume (mL)

Fig.2: Elution profile of Sr employing 3M HNO3 for loading

as well as elution.

20



1.0x105-

8.0x104-

o> 6.0x104-

c

a>
01

c
O

O

4.0x104-

2.0x104-

0.0-

0

-•— Loading : 3M HNO3

-o— Loading : 1 M HNO3

-A—Loading: 0.1 M HNO3

^fi=a—o~o—o—o

T

2
r
6

n
8

Elution volume (mL)

Fig.3: Elution profiles of Sr with 0.1 M HNOo as eluent

21



3.0x1 cr- i

2.5x10b-

2.0x105

B
C

a>a.

1.5x105-

I
O 1.0x105

5.0x104~

0.0 -i-o

Breakthrough Volume = 0.5 mL
° Peak Voiume = 1.5 mL

0 1

o -o—-o—o—o- o—o

2 3 4 5 6

Elution Volume (mL)

Fig.4: Elution profile of Sr employing 3M HNO3 for loading

and distilled water for elution
22

i

8



50-

40-

30-

8

0)

20-

10-

0 -

i

30 1 2 3 4 5
Elution volume (mL)

Fig.5: Elution pattern of various metal ions using 3M HNO3

for loading as well as elution.

23



3000-1

0.2 0.4 0.6 0.8

Elution volume (mL)

1.0

Fig. 6: Elution profile of Y(lll) using 3M HNO3 for loading and elution.

24



25-

20 -

Q.
Q.

i

I
8 10
.2
B

5-1

0 -

0

D Y elution profile in pure Y solution(1000 ppm)
O Y elution profile in Sr-Y mixture(320:158 ppm)
A Sr elution profile in Sr-Y mixture(320:158 ppm)

IS

1
i

4

Elution volume (ml_)
Fig.7: Elution profiles of Y and Sr in synthetic solutions using

3M HNO3 for loading and elution.
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for loading as well as elution.
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