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Determination of Strontium- 90 in the 
Environmental Samples at PINSTECH 

Nighat Parveen - Abdul Aziz 

Pakistan Institute of Nuclear Science and Technology 
Nilore - Rawalpindi 

ABSTRACT 

Strontium-90 a bone seeking radionuclide and a long 
lived beta emitter is one of the toxic radionuclides detected 
in the environment arising mainly from the fall out from nuclear 
detonations. Its concentration in various environmental "media 
such as air, precipitation, surface water, vegetables and other 
items of diet was measured. Ihis report describes the method of 
collection, treatment and radiochemical analyses of environment
al samples for the determination of Sr-90. The levels of Sr-90 
concentration in these media are also recorded* 

o 
1. INTRODUCTION: 

The radioisotopes of strontium that have a significant 
radiological impact on the environment are Sr 90 and Sr 89. The 
main radiological importance of radiostrontium for <*nan lies in 
the fact that it resembles calcium in its metabolic behaviour. 
Strontium is a bone seeker and it has a biological half life 
more than the average human life span. Strontium once fixed in 
the bone matrix will remain lodged there almost permanently. 
Sr 90 and Sr 89 are both pure beta emitters and are therefore 
radiotoxic. However Sr 90 is much more radiotoxic than Sr 89 
because it has a very long half life ( 28.1 years ) as compared 
with the latter ( 50 days J and also 
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because the beta energy of Y 90, a daughter product of Sr-90 is 
2.27 MeV while the beta energy of Sr 89 is 1.463 MeV. The maxi-

2 u Ci and 4 u Ci respectively (1). 
Both the strontium radioisotopes are important fission 

products and their main sources in the environment are nuclear 
reactors, reprocessing plants and fallout debris from atmospheric 
nuclear explosions. In nuclear reactors, because of the retention 
of fission products in the fuel cladding, the release of stron
tium is a very small fraction of the total inventory of strontium 
produced (2), There is a possibility of the release of strontium 
from the reprocessing plants where the fuel rods are dissolved 
and radio-strontium is released after dissolution of the cladding. 
However the design features of these, facilities envisage almost 
no environmental release of any radionuclide in solid or liquid 
form, 

The only source of strontium in the environment is there
fore fall out from nuclear explosions. A major share of this 
fallout was contributed by the large scale nuclear tests conduc
ted by Russia and USA during the era 1945 to 1962. the high 
yield thermonuclear atmospheric explosions produced debris which 
reached as far as stratosphere. The stratospheric debris gradua— 
lly came down on the surface of the earth during 60*s and part 
of 70's. During this period fall out strontium could be detected 
through out the globe (3). Now the intensity of this global 
fallout has been appreciably reduced on account of depletion of 
the stratospheric debris. 

2, • METHOD OF SAMPLE COLLECTION: 

Environmental samples selected for the measurement of 
strontium content at PIWST&CH were air-borne particulates, 
precipitation, surface and ground water, vegetation, and items 
of diet of the local population, for example seasonal vegetables, 
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meat, fish and poultry. Wheat being the staple food was collec
ted for analysis on each harvest from four or five localities 
around FIN3TECH site, prepared meal samples from FINSTECH 
cafeteria were also collected every month. 

The method of collection of air particulates has been 
described in another report (4). Precipitation was collected 
by a 4 feat diameter large funnel of stainless steel with a 
tap at the bottom for draining and collecting the sample. Tttie 
capacity of the funnel was enough to collect sufficient quantity 
of rain water (many litres) for analysis. Surface water was 
collected from a nearby nala (seasonal water pathway), and at 
least one to two litres of water were taken for analysis at'a 
time, lor vegetation, 2 - 3 kg, grass was collected from the 
periphery of PINSTECH? Seasona*!' vegetables and also meat, fish, 
poultry etc. were procured biannually from the local market. 
At least 5 kg of vegetables and meat samples were taken for 
analysis at a time. 

3. PRETREATMENT OF SAMPLES 

The first step in the radiochemical analysis was the 
removal of bulky organic matrix from the environmental samples 
by ashing. Either dry or wet ashing techniques could be used 
in our laboratory on routine basis. Wet ashing had, however, 
been experimentally tried (5) on some samples to look into the 
feasibility of adopting this technique for ashing the samples. 
Wet ashing has a number of advantages over dry ashing as for 
example:^ it is less time consuming than dry ashing, it can be 
performed at much lower temperatures ( less than 1,00°C) than 
dry ashing ( 450°C) and therefore loss of volatile radionuclides 
is considerably minimised. However the only disadvantage of 
wet ashing is the consumption of large quantity of H^O^ result
ing in high operating costs. On account of this factor at 
present only dry ashing technique was performed. 
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Air particulate filters were ashed in stainless steel 
bowls 8 H to 10 " diameter wide in a muffle furnace at 400C-4S<7°; 

The temperature wis slowly raised especially in initial 
stages to avoid ignition and the maximum temperature was not 
allowed to exceed 460°C in any case to avoid the loss of vola
tile radionuclides. Strontium however is not so volatile as to 
be affected at 500°C. The polystyrene filters used to collect 
airX-crnc particulates have very low ash content ( 0.3 % max.) 
and consequently only particulates collected on the filter . 
were left after ashing. After a few runs of ashing at 450°C 
there was a deterioration of the stainless steel bowls due to 
the effect of high temperature and possibly chemical Sction. 
Oxides of iron flaked off which could be removed. The surface 
of the stainless steel bowl could be cleaned with determent or 
dilute mineral acid such as HCI (6). V/hen the surface conditio
ns of the bowls were very much deteriorated these were 
discarded and replaced with new ones. 

Vegetables were cut as for eating; only edible portions 
were ashed» Vegetables and meat samples were ashed in two 
stages. At first these sampies were thoroughly dried in a low 
temperature oven at 100° - 120°C, Total duration for complete 
drying of samples was from 1 6 - 2 4 hour depending on the sample 
weight. After drying, the samples were transferred to a muffled 
furnace for ashing. The temperature of the furance was slowly 
raised especially in the critical temperature range from 0 to 
325°C where most of the biological substances have their 
ignition temperatures. Before ashing the meat samples at high 
temperatures, bones were separated from meat so that these 
could be separately ashed. After 525°C the temperature was o raised more rapidly to 450 C. The samples were ashed for 16 
to 20 hours, if considerable amount of carbon remained after 
16 hours ashing at 450°C the sample in the form of lumps was 
broken into fine pieces by crushing and blending and again 
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placed into muffled furnace for ashing at 450°C. The ashing <-
was completed till there was minimum carbon content left, 
weight percentage ox ash relative to dry weight was different 
for different vegetables; the values ranged between 0.7 to 
0.8 % (5). 

4, RADIOCHEMICAL ANALYSIS; 
As strontium is to be determined at activity levels 

well below permissible gross beta activity radiochemical sep
aration of strontium from other elements such as calcium, bari
um, radium, fission products and other natural radioactive 
elements is highly important. *Bhe precipitation of strontium 
(and barium) nitrate in concentrated nitric acid separates 
strontium from calcium. In aqueous solutions (as in our case) 
fuming nitric acid was required to make final nitric acid 
concentration 65-75 %, Barium," radium and lead were removed 
with carrier barium as chromate precipitate buffered at pH 5.5. 
Traces of fission products were scavenged with ferric hydroxide 
precipitate at pH 8, 

Finally pure Sr. 90 was left in the solution. After 
Sr 90- Y 90 equilibrium was attained in a period of two weeks, 
Y 90 was precipitated as hydroxide and converted to oxalate for 
beta counting. Sr 85 a gamma emitter was used as tracer for 
the yield determination by 'ga^ma counting. Yield of strontium 
could also be determined gravimetrically by precipitating 
strontium as strontium carbonate. 

A detailed description of strontium separation is given 
below:-

a) Digestion and Oxidation of the Samples, 
5 grams of ash were added to 30 ml HNO, and 20 ml 

of HC10A in a 250 ml conical flask fitted with a cond-+2 enser tube as shown in Fig. It. 20 mg of Sr carrier 

more/..P,6 



- & -

as Sr (N0,) 2 and a few drops of Sr 85 tracer (about 
0,000 counts per 100 sec.) were also added to the 
solution and the solution was heated to boiling over 
a hot plate. This process was continued for sufficien
tly long time until pure white residue was left. 
Condenser was introduced to economise the use of • 
acids during oxidation. It took about 8 hours for rain 
water and air filters and about 16 hours in case of • 
vegetable and meat ash to complete oxidation. 
D ) Removal of Calcium. 

The digested sample was transferred to a 100 ml 
beaker and about 20 ml of fuming HNO, were added and 
the solution was agitated by a magnetic stirrer until 
brown fumes of the oxides of nitrogen disappeared and 
pure white residue was left. Thft nitrate precipitates 
were allowed to settle. The solution was filtered by 
suction on a 5.5 cm dia glass fiber filter paper in 
a Buchner funnel. The filtrate was discarded. Sr 
(N0,) 2 precipitate on the filter paper was washed 
with distilled water and the solution was collected 
in £ "centrifuge tube. 

c) Removal o_f Fission Products. 
20 mg of Pe J carrier as Pe(N0,)5 were added to the 

solution in the centrifuge tube and the solution was 
heated at 90 °C in a hot water bath for a few minutes. 
The solution was then cooled in a cold water bath. 
pH was adjusted to 8 with NH^OH. Fe (OH), precipitate 
was allowed to settle. The solution was then centrifu-
ged for 5 nunutes to allow precipitate to settle at 
the bottom. The supernate containing strontium and 
traces of barium, lead and radium if. any was decanted 
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and was reserved for further analysis. Ee C OH ) , 
precipitate was dissolved in a few drops of cone. HC1 
and about 10 ml of.water were added. This step was 
undertaken to collect any strontium in the Pe (OH), 
precipitate. The solution was heated at 90°C as 
previously and after cooling, pH was adjusted to 8 and 
again Pe (OH), precipitate was obtained. The precipita
te was discarded and the supernate was combined with the 
one obtained in the last precipitation step in the 
centrifuge tube, 

d) Removal of Barium, Radium and Lead etc. 
20 mg of Ba carrier as BaCl 2, 1 ml of 6 M acetic 

acid and 2 ml of 6 M ammonium acetate were added to 
solution. pH of the solution was adjusted to 5.5 with 
HC1 and NH^OH. The solution was then heated at 90°C in 
hot water bath. 0.3 M Na 2 CrO^ solution was added 
dropwise with stirring until the solution gave yellow 
chromate colour. The sample was cooled in a cold water 
bath and Ba CrO^ precipitate was allowed to settle. 
Solution was centrifuged and Ba CrOY precipitate was 
discarded. The supernate was transferred to a 400 ml 
polythene bottle. Tiie solution which contained pure 
Sr 90 was stored for two weeks to allow equilibrium of 
Sr 90-Y 90 to bei- established. Before storing a few 
drops of HC1 and 10 mg of Y +^ carrier were added, 

e) Milking of Y 90 
After two weeks the equilibriated solution was 

transferred to a centrifuge tube and heated at 90 °C 
in the hot water bath. pH was adjusted to 8 with 
NH^OH. A few drops of H 2 0 2 were also added. 
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The heating was continued to remove excess of HpOp. 
The solution was cooled to room temperature ̂in the 
cold water bath and centrifuged. At this time Y(OH), 
precipitate was separated containing Y 30. Y (OK), 
was purified by dissolving in HC1 and repeating the 
previous step of adjustment of pH at 8 in hot water 
bath followed by cooling at room temperature to get 
Y (OH), precipitaxe. Ihe supernate from the previous 
precipitation steps were combined and counted for 
Sr 85 by gamma counting te determine the chemical 
yield of strontium, 

f) Conversion of Y ttrium to Oxalate. 
Y (OH), precipitate was dissolved in a few drops 

of cone. HC1 and about 10 ml of distilled H,* were 
added. The solution was heated at 90 C and 1 ml of 
saturated Oxalic acid solution was added dropwise 
by stirring. pH was adjusted to 2-3 and the preci
pitate of Yttrium oxalate was allowed to digest 
for about one hour in the hot water bath. 
The solution was then cooled to room temperature in 
the cold water bath and centrifu^ed. Sup'ernate was 
discarded and precipitate transferred to a planchet 
and dried. The Yttrium Oxalate precipitate was then 
counted on a low background beta counter. 

A scheme of radiochemical analysis of strontium 
given in Fig. 2. 

5. RADIOACTIVE MEASUREMENTS; 
Yttrium Oxalate precipitate was spread in the form of 

a thin layer on a 1" aluminium planchet for beta counting of 
Y 90. The losses due to teta absorption in the precipitate 
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were considerably reduced en account of very snail thickness of 
the precipitate and also by the fact that beta energy from Y 90 
is relatively high ( 2.27 MeV, max and 0.933 HeV, average beta 
energy) (6). 

5.1 Low- background beta counter 
As the range of activity concentration in the environ

mental samples was very low i.e ox the order of 10- curie/Kg 
or less very low background counting set up was required. Low 
background could be achieved by shielding the detector and also 
by operating the detector in anticoincidence mode. For this 
purpose samples were counted on a low background beta counter 
Model 6016 {Isotope Development Ltd., IDL, England) which 
consisted of a lead castle-type 2080 housing the detectors and 
an anticoincidence unit type 2079. Out put from anticoincidence 
unit was fed to a series 1700 II Scaler (also from (IDL) for 
counting. 

The detectors in the low background Model 6016 consist
ed of MX 152 low background G.M. counter in anticoincidence 
with M x 155 annular t,uarti counter enveloping the low back
ground sample counter (both counters were from Mullard). Anti
coincidence mode of operation ensured that only sample counts 
were passed on to the scaler for counting and all other -counts 
emanating from the counter tube and guard tube simultaneously 
were rejected as background. In this way the background was 
considerably reduced. The Background of the K x 152 counting 
tube with lead shield of approximately 3 " thickness was 8 
counts per 100 seconds. The background was reduced to only 
about 3 counts per 100 seconds with the anticoincidence set up. 

For counting, the sample was placed on the planchet 
holder of the drawer and the drawer was pushed in. The knob of 
the drawer was then rotated anticlockwise to raise the sample' 
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very close to the window of MX152 counter ensuring about 27* 
counting geometry. » " 

5.2 Calibration of the Counter. 
The low background counter was calibrated with the Y-90 

radio-chemically separated from a standard Sr 90 solution. The 
standard Sr 90 solution »ontained Sr 90-Y 90 in equilibrium. 
One ml of the solution which contained 1.79 x 10"' uCi of Sr 90 
( and an equal activity of Y 90 ) was processed for* Uhe separa
tion of Y 90 as given in 4(e) and (f) after adding 10 mg of 
Y carrier and a few drops of HC1. The final yttriuin oxalate 
precipitate was then counted on a 1 M planchet in the low 
background counter. 

Taking Y90 yield as 88 % (section 5.3) the total 
radioactivity of Y 90 separated was therefore 1.575 x 10 J uCi. 
As T 90 was counted about 5 hours after the separation, the 
total activity of Y 90 at the time of counting was 1.488x 10 J 

uCi (Y90 half life was taken as 64.6 hours). This corresponded 
to 55.07 dps. Taking 100 % beta emission in each Y 90 decay (7) 
the total emission rate of betas from the source was therefore 
55.07 beta per second. 

Assuming 2* counting geometry the total number of beta 
falling in the counter per second was £7.535. The corresponding 
count rate of the sample was 18,030 per 1000 seconds i.e 18 cps. 
This gave an efficiency of §5.4 % for the counter for Y 90 beta 
for the given geometry. 

5.3 Calculation of Sr-9<> Radioactivity 

The gross count rate obtained with the beta counting 
of Y 90 in the yttrium oxalate precipitate was converted to 
y90 radioactivity expressed in uCi using the calibration 
mentioned in section 5.2. However before this conversion the 
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following factors were considered for making correction in 
Y 90 count rate:- ........ 

i) Build up of Y90: After the separation of BaCrO^ 
precipitate in section 4 (d) the supernate containing 
Sr 90 was stored for the establishment of Sr 9O-Y90 
equilibrium. It can be shown that after two' weeks 
almost 97% of equilibrium, is attained (6) i.e Y 90 
activity reaches 97 % of Sr 90 activity. So almost no 
correction for the degree of build up of Y90 is requi
red if build up period of more than two weeks is 
allowed. In this c ase the activity of Y90 is taken as 
the activity for Sr 90. For shorter build up periods 
appropriate correction has to be made from the build 
up curve given in Fig. 3. 
ii). Self Absorption of Y90 Beta's: As beta's from 
Y90 are very energetic (maximum energy 2.27 MeV & 
average energy 0.933 KeV) and were always counted 
with the same weight of the precipitate as was taken 
in the calibration no correction for self absorption 
was considered necessary (6). 

iii) Strontivm Yield: Hhe correction for the chemical 
yield of strontium was made after measuring the 
recovery of strontium from the sample during radio
chemical analysis. Strontium yield was determined by 
gross gamma counting of Sr 85 tracer in the supernate 
after the separation of Y (OH), in section 4 (e) and 
comparing it with the gaima counting of Sr 85 tracer 
added to the sample at the start of the analysis. 
Both the gamma counting was done in identical 
geometries. 
Sr. Yield could also be determined by gravimetric 

method. In this method strontium could be separated as Sr CO-* 
more/..p.12 
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from the supernate after separation of Y (OH), precipitate in 
+2 section 4 (e). Weight of the carrier Sr recovered in SrCO 

- - precipitate was compared with the carrier Sr added. 
Stron+ium yield in our procedure varied between 90 to 95 %. 

iv) Yttrium Yield; Yttrium yield was also determined 
gravimetrically by calculating the recovery of Y 
carrier in yttrium oxalate precipitate and comparing 
it with the original Y + 5 added in section 4(d). An 
average yield of 88% was.obtained. 
v) Decay of Y90: Necessary correction was made for 
the decay of Y90 from the time of its separation as 
Y (OH), precipitate in section 4(e) to the time of 
its counting. The half life for Y90 was taken as 
64,6 hours. 

6, RESULTS AND DISCUSSION 

Radiochemical separation of Sr90 from various envir
onmental samples gave a strontium recovery of 90 - 95% which 
was ffirly quantitative. Measurement of lone, lived Sr90, a 
pure beta emitter was based on the assay of its short lived 
darghter Y90 (also a beta emitter) by gross beta counting. 
Y90 radioactivity decaying exactly with the half life of 64.6. 
hours will invariably confirm the presence of Sr 90, The reco
very of yttrium in the radiochemical separation of Y90 from 
Sr90 - Y90 equilibrium vris about 88%. However a. yield of as 
much as 100% is also reported (6). A disadvantage of this 
technique was that a period of at least a fortnight was 
required for the establishment of equiliDrium. A lesser period 
could also' be selected and an appropriate correction factor 
applied for partial Y90 build up as mentioned in section 5. 
This will however be done at the cost of some accuracy and 
therefore should be practised only when quick results are 
needed. 
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Study of Sr 90 in the environment is also being made 
by other investigators (3,8,9). Tables 1 - 5 show concentration 
of Sr 90 in environmental samples and food items. Concentration 
of Sr90 in air samples at PIN6TECH during the year 1978 ranged 
between a fraction of a picocurrie to about 2 picocuries per 
cubic kilometers (pCi/Km ). Similar concentration for Sr90 have 
also been reported by £ML and AERE, Harwell (3,9). Concentrati
on of Sr90 in precipitation, tap water and surface water at 
PINSTECH was a few pCi/litre. The concentration of this r.ange 
have been reported by other environmental measurement laborat
ories (3,8,9). 

The error indicated in the concentration \alues 
reported in the Tables are due to counting statistics only. 
There is however a considerable spread in individual values 
which can also be noticed in the data published by other 
environmental monitoring laboratories (3,9). The variations in 
the concentration values can be attributed to deviation due to 
sampling (CT) and deviation due ta analytical techniques (*•!). 
The exact values of these deviations can be estimated by taking• 
a large number of samples and.calculating net deviation (dT) 
by the expression 6~/&~+ «*• • The extent of this deviation 
may be as high as 100 % or in some cases even more than 100% 
(3). 

Concentration of Sr90 in vegetables and meat samples 
procured locally at PINSTECH ranged between a few to a few 
tens of pCi/Kg. As appears in Table 3 vegetables with exposed 
leaves such as spinach have higher concentration of Sr90 than 
root vegetables such as potatoes. This srows the importance of 
foliar uptake of fallout. Such difference in Sr90 concentration 
has also been reported elsewhere (8). In mea"p samples it is 
obvious that the concentration of Sr90 in bone should be much 
higher than that in meats as is clear from lable 4. 

more/....p.14, 
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T/.3L3: 1 Concentration of Sr- 90 i n 
Air P a r t i c u l a t e s a t PIIT5T7CH. 

1 • • , n , l 

{ Period 
{ 

Concentration o'f Gr-90 j 
p C i / K m 3 . ! 

i • 
JJfcZl. 78 2.116 £0 .023 ! 
Jfsb. 78 1.39 ,+0.019 1 
>ierc .78 0.724 £0 .013 ! 
jf.pril.78 2 .48 +_0,025 j 
fctey. 78 0.486 £ 0 . o i i j 
{June. 78 
I 

0.360 £0 .009 i 
Uuly. 78 0 .448 £0 ,011 j 
|ku3uct.78 0.165 £0 .006 j 
}Sep. 78 0.195 £0.007 ! 
toct. 78 0.794 £0 .014 1 
fcrov. ?5 0.148 £0 .oo6 1 
£>sc 78 
1 

1 
0.0096+3.001 1 
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TK3L3: 2 Concentration of Sr-90 in Precipitation, 
Trip "Vater & Surface Jater at FINST3CH. 

r ! Period 
• r — • • — 

J • Concentration ( pCi/Litrs ) j r ! Period 
• r — • • — . | Freeimitation Tap Water 1 Surface Water ] 

i -1 
t 
1 

• • • • • • • • ! 

} Jan. •>T {1.83 ±0.021.: • 
' — i 
h 1 

- j 
! Peb. 78 ; 1.91 +0.022 1 - - - - >. ' — 1 

t t 
_.""" - : j 

i March.78 1 1.90 +0.022 • ' — 1 1 - J 
\ April.78 { I.98 ±0.022.' 2.59 +0.025 j j 
{ May. 78 ' -1 No Rain 1.02 +0.016 ; 5.68 +Q.037 ! 
! June .78 .•' ! 0*45 +0.01O • Contaminated* 4.91 +Q.035 j 
! July.78 - J 0.68 +0.013! 7.35 +Q.043 | 
J Aug. 78 ' 0.55 ±0.012 1.66 +0.020j 0.4l +0.010 j 
J Sep* 78 7 J B. G. 2.07 +0.023 j 0.17 +6.006 ! 

: ! Oct. 78 , No Rain 9. G. J 9.63 +0*049 | 
! Nov. 78 j 0.49 +0.011 t Contaminated} 14.91 +0.061 ; 
{ Dec. 73 J No Rain • 

• 1 
11 i 7.77 *0.o44 j 

! 
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TV-3L2 3: Concentration of Sr-90 in Vegetables 

JType of Vegetables 
i-

Concentration ( pCi/Kg ) 

{February, 78 
t 
! Onions 

Turnips 
Spinach 
Cauliflower 
Peas 

December,- 78 

\-u-

Onions 
Turnips 
Spinach 
C&viXiflo-.rer • 

Brinja l3 

Potatoes 

Toasato83 

5 .59 

27*00 

17.30 

5 .43 

51 .68 . 

25 .72 

42.27 

47.52 

22 .07 

9 . ^ 9 ' 

7 . 8 2 . 

+0.037 

+0.082 

+O.066 

+0.037 

+0.114 

+0.080 

+0.103 

+0.109 
mm ' 

+0.07* 

+0.049 

+0.044 

- means belovr de tec t ion l i^t i t 
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TA3L3 4t Coricentration of Sr-90 i n Meat Sa-.ples. 

) 
•Type of Meat* ; • Concentration (pCi/Xg) 1 

t 

J April, 78 
r. 

1 

"i 

» Mutton-aa^t 28;53 +0.084 
» •. -' one 122.06 +0.175 * t 

1 • * 1 » ' Beef - Ei3£t 18.40 +O.068 ! 
• - "done 104.6'2 +0.162 1 

• , Chickenrusat 7.04 +0.042 
| Vcone *l 13.12 - +0.057 
• Fish -aaaf. """ 28.30 +0.684 
J " ' -bone 53.63 +O.116 
{December, 78. 
» Mut ton-ass. t 8.58 +0.046 
} -bone : f. 23.77 +0.077 
• Beef -xass-t- 1- 19.78 +0.070 
J Chicken-nsst 3.94 +0.031 
( -bciie 1 94.00 +0.153 
1 Pish -asat ! 14.57 +O.060 
' -bo^e I 8.83* +0.047 

* Sauple p a r t i a l l y l o s t 
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T/.3L2 5: Concentration of Sr-90 in 
PIi*ST:CH Mess Meals. 

Period Concentration (pCi/meal) 

January, * 78 
February . 78 
March 78 
April . 78 
May "78 
June "78 
July 78 
August, -78 
Septssber 78 
October 78 
November 

> • 
78 

December "78 
Wheat '78 

11.56 +0.054 
• 8.88 +0.047 
: 2.05 +O.023 
: 6.31 +0.039 
12.20 +0.055 
32.80 +0.090 
. 9.24 +0.048 
31.57 +0.073 
11.59 +0.054 
38.64 ±0.098 
43.80 +0.105 
34,l4uCi/Kg+0.092 

-»• peari concentration below detection 

A.a 
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Condenser 

Cooling Water 
(Outlet) 

Cooling Water 
(In let) 

Hot plote 

FIG.1: USE OF CONDENSER DURING DIGESTION OF SAMPLES 
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Step 1: Removal of Calcium 

Sg. ash +Conc HNOjSr 
Carriert6r85 Tracer 

+2 

HCIO4 

FUre White Residue Containing Sr+2, 
Ca-^.Bh^.Ra^, Pb+2 +Sr+2 Carrier 
+Sr85+F.P.* 

Fuming HN03 

Sr(Np3>2 pot (with Ra + 2 , Ba + 2 , Pb+2 

- Ca^in Supemate + F.PJ 

Filter bj Suction 

Sr(N03)2 VPt+m Ra* Bm+2, Pb+2 

F.P. 

dissolve Sr(N03)2 ppt in distilled 

*F.P. * Fission Products. 

Fig. 2<a): Scheme for Radiochemical Analysis for Strontium. 
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Step 2: Runoval of Fission Products 

Sr(N03)2

 to Solution with Ba + 2, Pb + 2

t 

F.P. 

Fe+3 Can ier 

pHSwith 
NH4OH * Fe(OH>3ppt containing F.P. 

HCI (afew imps) 

pltt with 
NH4OH Fe(0H)3 ppt Contali •fag F.P. 

Superaate(l) Containing 
Sx+2, m A Ra^.Pb*2. 

Superset*(2) Containing 

Sr + 2 ,Ba + 2 . R.+ 2. Pb + 2 . 

Step 3: Removal of Radium, Barium and Lead 

Supenaue(l) +• (2) Containing S r + 2 

and traces of B»+2# pji+2, fb+2 

r Ba^2 carrier 6M CH3 COOH 
6M CH3COONH4 

Supernate(3) 

HeetWC 
add0.3M,Na2CrO4 

Fig. 2(b): Scheme for Radiochemical Analysis for Strontium 
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Step 4: Separation of Yttrium 

Y^carriexr 

pH8with 
NH4OH 

ph8 with 
NH4OH 

Satrnated oxalic acid 
PH2-3 with 
M NH4OH 

Supernati(3) Containing Sr+2, Sr90, Sr85 

Storage for two weeks 
Heat90OC 

I 
Equilibrium Solution of Sr90- Y90, Sr + 2 , 

Sr 8 5 

Y(OH)3 ppt Containing Y*, Y90 

HO (4 drops) 
Heat90°C 

Y(GH)3 ppt dissolved in HQ Containing 
Y+3, Y90 

Cool 

Y(OH)3 ppt with Y+ 3, Y90 

Ha 
Heat 90°C 

Y2(C204)3 ppt with Y+3, Y « 

r Bsta Counting for Y90 

HQ 

H202 

Supernate(4) Containing 
Sr90, Sr + 2 , S r 8 5 

H 20 

Supernate(5) 
• Containing Sr90, 
Sr+2, Sr85. 

HjO 

Supernate<4)+(5) Containing Sr90, 
Sr^, Sr85 

Gamma Counting of Sr85 for 
the Chemical Yield determi -
nation of Strontium. 

Fig. 2(c): Scheme fox Radiochemical Analysis for Strontium. 
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