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Introduction

This report describes a method for the determination of 90Sr in vegetation. ^Sr is a fission

product and has been released to the environment mainly from atmospheric nuclear weapon

tests and nuclear power plant accidents. 90Sr is considered to be one of the most hazardous

fission products due to its relatively long physical (28.6 y) and biological (-35 y)1 half-lives.

Since Sr chemically resembles Ca, most of it will accumulate in the skeleton and that is the

main reason for the long biological half-life.

90Sr and its daughter-nuclide 90Y are pure ^-emitters and must therefore be chemically

separated from the rest of the sample before they can be measured. One technique is to

separate Sr and then measure 90Sr directly - or wait until 90Y has reached equilibrium with 90Sr

(> 10 days) and measure 90Y instead. The advantage with the latter alternative is that the decay

energy for 90Y is higher than for 90Sr and consequently the detection efficiency, which can be

essential in low-level measurements. Another advantage is that the relatively short half-life of
90Y (64 h.) gives the opportunity to follow the decay and verify the half life in order to check

the purity of the sample. The disadvantage is that it is more time consuming since ^Y

ingrowth has to be awaited. Another technique is to separate Y directly from the sample2'3

without any prior Sr-separation, provided that it is known that 90Y is in equilibrium with 90Sr.

One problem with that method is that other Sr-isotopes cannot be determined. This can

especially be desirable after a nuclear accident where, for instance, 89Sr can be present in large

amounts. In such cases, 90Y might not be in equilibrium with 90Sr and a separation of Y does

not produce an accurate 90Sr result either.

The method described in this report separates Sr from the sample and then ̂ Y is measured in

a gas flow proportional detector. Crown ether extraction chromatography is. used to isolate

Sr4'5'6. This is a relatively new technique and is to be preferred to the classic method that

involves precipitation of Sr with fuming nitric acid7 since the usage of such strong acids

should be minimized. The method has been used to analyze ^Sr in blueberry twigs

(Vaccinium myrtillus), collected in the summer of 1987 at Vindeln, 60 km northwest of Umea

in Northern Sweden. Two reference materials, IAEA-373 (grass) and IAEA-156 (clover), has

been used to check the accuracy of the method.



Experimental

Reagents and material

The acids HNO3, HC1, H2C2O4, H2SO4 and other reagents such as NH3, H2O2, Sr(NO3)2 and

Y2O3 were all of p.a. grade. Separation of strontium was performed with the chromatographic

material Sr-resin (80-160 u) obtained from Eichrom Industries Inc. The material was packed

in polypropylene-columns obtained from BioRad. For filtration of SrC2C>4 and ¥2(0264)3

precipitates, filters from Millipore of the type GV 0,22 Jim were used. Munktell OOH were

used for filtration of the sample after digestion. For determination of Y with an UV/Vis

spectrometer, the reagent Arsenazo in (Aldrich) was used. Water was purified with a Milli-Q

system (Millipore).

Instrumentation

Detection of Y-90 was performed with a gas-flow proportional-counter (FAG Multi-Low-

Lewl Counter FHT 770 T). The recovery of strontium was determined using an atomic-

absorption spectrometer (Varian AA-875) and the recovery of yttrium was determined with an

UV/Vis-spectrometer (Perkin Elmer Lambda 2S).

Analytical procedure

Sample decomposition: About 7 g of the dried and grained sample was weighed into 250 ml

glass-tubes and 5 mg of Sr (in solution) was added. HNO3 (14 M) was then added until the

sample was covered with acid. The temperature was slowly raised and more HNO3 was added

when needed to continue the digestion. The highest temperature used was 220°C. At the end

of the procedure H2O2 (30%) was carefully added in 3 ml portions until a clear solution was

obtained. The sample-solution was filtered (Munktell OOH) to remove the insoluble parts of

the sample. The sample was diluted to 100 ml and 200 \xl of the solution was removed for

AAS-determination of Sr.



Chemical separation: The sample-solution was poured into a 250 ml beaker and stirred with a

magnetic bar. 20 ml oxalic acid (2 %) was added and pH raised to ~ 4 with NH3 (25 %) to

precipitate Sr as oxalate. The sample was heated at 80-90°C for approximately one hour and,

after cooling, filtered through a Millipore filter. The precipitate was dissolved in 20 ml 8 M

HNO3.

1 g Sr-resin was weighed into a column and 10 ml 8 M HNO3 was added to condition the

material. The sample was added to the column and the beaker was rinsed twice with 10 ml 8

M HNO3 that also was added to the column. The resin was rinsed with 10 ml 8 M HNO3,10

ml 3 M HNO3-0,05 M oxalic acid4 and another 10 ml 8 M HNO3. A 25 ml volumetric flask

was placed below each column and Sr was eluted with 20 ml 0,05 M HNO3. The column was

then rinsed with 10 ml 0,1 M H2SO4 and 30 ml water6. Each column was used 5 times before

the Sr-resin was discarded. The sample was diluted to 25 ml and 100 p.1 was removed for

AAS-determination of Sr. 10 mg Y (in solution) was added and the sample was stored for 2

weeks for 90Y ingrowth.

When the ingrowth was complete, the sample was poured into a 50 ml plastic-centrifuge tube

and NH3 (25%) was added until Y(OH)3 was formed. The tube was heated in a water-bath

(80°C) for about 30 minutes. The tube was then centrifuged for 10 minutes at 3000 rpm, the

supernatant was discarded and the precipitation was rinsed in 25 ml of water and a few drops

of NH3 (25%). The tube was centrifuged again as described above and the supernatant

discarded. 10 ml of oxalic acid (2%) was added and Y2(C2C>4)3 was formed. The tube was

heated for 30 minutes in a water-bath (80°C) and the sample was filtered through a pre-

weighed Millipore filter. The filter was dried in 60°C for two hours and weighed.

Detection of beta-radiation: The Y2(C2C>4)3 precipitate and filter was analyzed in a

proportional counter during 6 hours intervals. The analysis was continued for at least 48 hours

to follow the decay of 90Y in order to check the purity or the sample. The background was

measured for 10 hours and a mean of ten measurements was subtracted from the count-rate of

the sample.



Determination of Sr-recovery: Sr was determined with a flame-atomic absorption

spectrometer. The flame was composed of acetylene and nitrous oxide and the absorbance was

measured at 461 nm. Potassium was added to sample and calibration solutions at a

concentration of 2000 ppm to reduce ionization of Sr in the flame.

Determination of Y-recovery8: After beta-measurements, the ¥2(0204)3 precipitate was

dissolved with 2 ml 12,5 M HC1 and about 15 ml water on a hot plate. After cooling, the

sample was poured into a 20 ml volumetric-flask and diluted to vol. 200 \x\ of the sample was

diluted to 20 ml and 1 ml of that solution was pipetted into a 10 ml volumetric-flask. 200 JJ,1 of

a solution of Arsenazo HI in water (1 mM) was added and the sample was diluted to vol. and

mixed. After 20 minutes the sample was poured into a cuvette and the absorbance was

measured with an UV/Vis spectrometer at 651 nm. The calibration standards were prepared so

that the concentration of HC1 and Arsenazo HI was similar to the concentrations in the

samples.

Results and Discussion

The results of 90Sr in the two reference materials are shown in table 1. The results agree well

with recommended values and the accuracy of the method is thus acceptable. The results of

the blueberry twigs are shown in table 2. The recovery of Sr ranged between 55 % to 94 %

with a medium of 74 % (a = 11). The recovery of Sr was also examined at different steps of

the method. The recovery for the precipitation was 83 % (a = 9) and for the extraction

chromatography 89 % (a = 10). It was noticed that a volume of at least 15 ml 0.05M HNO3

for elution of Sr was acquired to achieve a high recovery for the extraction chromatography.

The decay of Y-90 in the samples was followed during 2 days. The half life of the decay

corresponded well to the half-life of 90Y which indicates that no other (3 emitting nuclides

were present in the ¥2(0204)3 and thus that the chemical separation was successful. The

highest RSD-value of the 90Sr results was 19 % which is an indication that the method is well

suited for determination of 90Sr at such low levels present in the environment.



Table L Results of Sr in the.reference materials and recommended values of the materials (n—I).

Reference material uSr (Bq/kg) Recommended value Confidence interval.

IAEA373

mean:

IAEA156

1233

1438

1524

1398

13.5

12.2

12.0

20

20

24

150

0.94

0.85

0.76

1312 1266-1358

mean: 12.6 0.81 14.8 13.4-16.3

c90Table 2. Results of Sr in blueberry twigs (ref.date 98-01-01).

Sample code

kd872270

kd872272

kd872273

kd872276

kd872279

kd872390

kd87239I

kd872392

kd872394a

kd872394b

wSr (Bq/kg)

6.9

12.1

9.1

12.1

13.0

30.8

41.3

75.5

69.2

37.3

a

1.0

1.2

0.8

1.3

1.6

1.7

1.7

2.3

1.7

1.5

RSD(%)

15

10

9

11

12

6

4

3

2

4

Sample code

kd872400

kd872401

kd872402

kd872403

kd872406

kd872422

kd872423

kd872424

kd872427

kd872428

90Sr (Bq/kg)

9.8

8.7

7.8

7.4

9.5

27.0

20.4

16.9

22.5

20.9

a

1.2

1.3

1.2

1.4

1.3

1.2

0.9

1.2

1.3

1.2

RSD(%)

12

15

15

19

13

5

4

7

6

6

Conclusions

This report describes a method that is well suited for the determination of 90Sr in vegetation.

The precision of the method has been tested on two reference materials with satisfying results.

The method has also been applied successfully on blueberry twigs collected at Vindeln and

the sensitivity of the method proved to be high enough for determination of 90Sr in such

samples.
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