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Levels of Strontium 90 in the Environment at HNbTECH 
(Period 1979-80) 

(Nighat Parveen - Abdul Aziz) 

ABSTRACT 

Strontium 90, a most toxic among tne beta 
emitting radionuclides, is found in the environment 
originating mostly from the global fall out from 
nuclear tests. Radioactive concentration of this radio
nuclide was measured in air-borne particulates, preci
pitation, surface water, seasonal vegetables and other 
items of diet. 

The report describes a radiochemical procedure 
for the separation of Y 90 by solvent extraction leading 
to the detern ination of or 90 content in the environmen
tal and biological sair.ples. Tne report also presents 
data on the concentration of Sr 90 in the bioir edia at 
PINSTECK during 1979-OC. Tne values of these concen
trations are fairly comparable to those puolished in the 
current literature. 

1. INTRODUCTION 

Strontium 90 is a long lived fission product present in the environ
ment mostly as a resjit of fall o-'t from nuclear explosions, other sources 
of Sr 90 such as nuclear fuel cycle operations have only an insignificant 
contribution to the environmental Sr 90. Sr 90 is considered to be one of 
the most toxic radionuclides because of its long effective half life in the 
system, its beta emission and beta emission from its danghter Y 90 and 
lastly its tendency to settle in the bone matrix wbich is an important 
haemopoletlc organ in the body. 
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Sr % was determined in the environmental and biological samples 
by radiochemical analysis followed by low-level beta counting. A radio-
cneirical process based on tfie separation of strontium fron calcium by 
fuming nitric acid described, in the earlier report (1) remained in use in 
our laboratory from 1974 to 1978. The process was, nowever, abandoned 
due to some problems with the timely availability of fuming nitric acid. 
It was replaced by a simpler and n ore rapid iretnoc based on tie solvent 
extraction of Y 90 by TBF/HNo3. Tie major data on Me levels of 6T 90 
in the environmental and biological samples reportea nere for the years 
1979-80 have been derived using trie latter method. 

The report describes the types of san pies selected for tne 
reas.rerr.ent of or 90 and the radiochen ical procedure for the separation 
of Y 90, the daughter product of i r 90, by solvent extraction. For the 
procedures of collection and the methods of pretreatment of the samples 
preparatory to the radiochemical analysis, the reader is referred to the 
earlier report (1). The present report also gives 'data on the levels of 
Sr 9C in the environment at PINSTECH during 1979-8C. 

2. SAMPLE COLLECTION & PEETREAT^ENT. 

Environmental & biological samples selected for the determination 
of Lr 9C were air-borne particulates, precipitation,'surface water, items 
of diet of the local population s »ch as seasonal vegetables, meat, fish, 
pe l t ry and prepared r e a l samples from the cafeteria. 

The methoc of collection of air particulates has been described 
in a previous report (2). Collection and pretreatr ent of water samples 
and items of diet nave been described in detail in the earlier reports of 
the series (1, 3). Pretreatec! samples, after garrm.a spectron etry (2) 
were subjected to radiochemical analysis for the deterrt ination of Sr 90 
as described in the next section. 

3. RADIOCHEMICAL PFoCELURE 

A suitable weight of the sample as i was digested in trie cone. 
KN03. Y 90, already in equilibriun with its parent or 90 was tnen 
extracted from the sample solution witn TBP/HNv^j. Y 90 was stripped 
frorr TBP fraction with distilled water and precipitated as yttrium hydroxide 
alonTf with yttrium carrier. Yttrium hydroxide was finally converted to 
yttrium oxalate for counting on a low-level anticoincidence beta counter. 



The detailed step wise description of the procedure is given 

i) Dissolution 
2 grams of sample asa were added to 3Gtrl of cone. hNog 

in a 2SG ml conical flask fitted with a condenser tube as shown in 
the fig. 1 of the reference (1). 20 mg eacn of Sr + 2 and Y carriers 

Lie. Sr (NO$)2 & Y(No3)j ) and a few drops of Sr85 tracer solution 
iving approximately 3,uG0 counts per 100 seconds) were added. 

(Sr85 tracer was used to detect any loss of strontium from the 
solution during extraction of yttrium). The solution was heated to 
boiling until pure white residue was obtained. The advantage of , 
using the condenser and the duration of this process are- described 
in the earlier report (1). 
ii) Extraction with TBP/HN03 

The white residue was transferred to a 250 IT 1 separatory 
funnel and 25ml each of 1% HN03 and 98 % TBP in an equilibria -
ted solution were added. The contents of the separatory funnel were 
thoroughly shaken for 10 minutes on an electric shaker. The solu
tion was then allowed to stand till the organic and aqueous layers 
were separated. The organic layer containing yttrium carrier along 
with Y 90 was collected and tie tinr e was recorded as zero tlir e 
for the separation of Y 90 from Sr 90. 

Tne solvent extraction step was repeated with the aqueous 
layer to scavenge any minor traces of Y 90 left in the solution. 
The aqueous layer was then counted on Nal(Tl) scintillation spectro-
ireter to detect any strontium loss to tie organic layer. Stron
tium recovery invariably ranged between 93-1*0%. 

iii) Kirification £ back extraction 
The organic layer (TBP fraction) containing yttrium was 

washed by shaking with 50 ml of 14K HNO3 for 5 minutes to remove 
any traces of strontium. The step was repeated to ensure that Y90 
does not contain any strontium in organic layer. This was con*' 
finfed by gamma counting of the washing which always showed 
back-ground. 
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Y 90 was back-extracted from TBP with 50 ml of distilled 
water by shaking for at least 2 minutes. This step was repeated 
and tiie two portions of distilled water were con bined for the 
precipitation of Y9J. 

iv) Precipitation 

The combined portions of the aqueous Solution in step (iii) 
abcve containing yttrium was evaporated to reduce the volume 
approximately to 10 ml and yttrium was precipitated as yttrium 
hydro-oxide-Y(OH)3 by adjusting ph to 8 with NH4OH. The 
details of this step can further be looked in oection 4 (e) on 
"milking of Y90" in the earlier report (1). 

v) Conversion of yttrium to oxalate 
The precipitate of Y(OH>3 was dissolved in 2 to 3 drops 

of HC1 and a small quantity of distilled water was added. The 
solution was heated to 90°C in a constant temperature water bath 
and 1ml of saturated oxalic acid solution was added drop by drop 
with stirring. The pK was adjusted to 2-3 with HCl and I.h 4oH 
to precipitate yttrium oxalate. The precipitate was allowed to 
digest for about one hour in the hot water bati. 

The solution was then cooled to room temperature in a 
cold water bath and centrifuged. The precipitate was caref-lly 
transferred to a 1" aluminum planchet spreading i t in the form 
of almost a uniform tun layer for beta counting. 

vi) Chemical yield of yttriun 

The overall chemical yield of Y90 was measured gravi-
metrically by weighing the final yttrium oxalate precipitate and 
calculating the percentage recovery of yttriun- carrier. The 
c lemical yield of yttriurr ranged between 85 to 9C % . 

5. PADll-ASSAY 

Y90 radioactivity in the precipitate was measured by a low-back
ground anticoincide ice beta counter Kodel 6016 from i / u Isotope Develop* 
ment 1 td. (ILL), England. A description of this set up is given in tne 
earlier report (1). The reference report also describes the procedure 
for the calibration of the counter for Y 90 and calculation of the radio
activity of Sr 90 in the sample. 



The average background of the beta counter is aoout C•. 0265 counts, 
per. second for long counting durations. Theoretically the n inir urn detection 
lin it for beta activity of a radio nuclide fron this set <.p is approximately 
4.38 mBq for a counting period of at least 100 minutes (•%). However t ie 
lowest activity of Sr90 t-.at can practically be measured by our counting 
set up is roughly £.24 rr.Btj. •.-.'itri the present sarrplin^ regiire for various 
r edia the lowest detectable concentration of Gr 90 with the set up is about 
C.l mBq/litre of water and 1.3 mft}/Kg of food sarnples. 

t. RESULTS 

The data on the radioactivity concentration of Sr90 in t ie environ
mental and food samples during the period 1979-8C >:»as been presented in 
tabular form. Current international unit of radioactivity ie. becquerel 
(Bq) or its sub-multiple ":xiBq". have been adopted to express concentration 
values. Conversion factor for the change of units from the new to the old 
system has been, provided at the base of each'table. 

The data has been sorted out into three categories for the conven
ience of the tabulation of results. Table 1 gives radioactivity concentration 
of 3r90 in air particulates at ground level at PIN2TECH during the year 
1979-80 in terms of monthly averages. Tables 2 b. 3 present concentration 
values in all'water samples including precipitation, tap and naia-.\Wft*er for 
the year 1979 &.19SE respectively. Tables 4 L 5 represent values of 
concentration Jn, various i t e r s of diet during 1979 i 1960 respectively. The 
iter, s include seasonal vegetables, various p. eats sucu as beef, mutton, 
poultry, fish and cooked rreal from PINGTECH cafeteria. 

• r . 

Background (B. G.) values given in the tables indicate levels of 

concentration below the lov/est detectable figures r mentioned in Section 5. 

7. DISCUSSION 
The error indicated in each concentration value reported In tae 

data represents expected standard deviation for a single count assuning 
Poisson distribution. Tiers are lowever, other sources of error in tne 
value of Sr90 concentration contributed by the deviation due to sampling 
( s) and deviation due to analytical procedure ( .a.) etc. Tie composite 
deviation ('> ) car be expressed as tne square root of the sun of squares 
of individual deviations. The maximum deviation in case of air particulates 
has been calculated by us as 73% (2). The deviations'^s. for the precipita
tion and *Ta for the radiochemical determination of Sr90 in the precipita
tion have been shown to be 20% and 5 J, respectively (5). The estimated 
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figures for the deviation in case of other environmental samples are not 
available. However the extent of the overall deviation for various environ
mental media n.ay exceed 100 ̂ T in some cases as is noticeable in the 
periodic data published by the environmental monitoring laboratories. 

The averaje levels of £>r9C in air particulates and their general 
trend during 1979 a/id 1980 as reported in Table 1 are comparable to 
those published by the Environmental iv easureroents Laboratory (Elv.L) for 
a large number of stations scattered all over the globe ( 6 ). 

The analysis of our data for Sr90 in the precipitation reveals that 
the average concentration of Sr9C in the precipitation at PINLTECH during 
the 2nd and 4th quarter of 1979 and all the four quarters of 1980 are quite 
in agreeirent with the reported results of the Eiv̂ L for the monthly ion-
exchange coluirns sent from PIN3TECH during the period of this report. 
Our results for the 1st and the 3rd quarters of 1979 are, however, oigner 
than those reported by Eh L by a factor of 8 and 3 respectively. Similar 
data reported by U.K.A.E.A. Harwell for a site in U.K. is lower than 
tiat reported by Et.L and our results for the sane period ( 7 ). The 
concentration of £r90 in tap water at PINSTECH during 1979-80 are quite 
cor parable to those reported by t ie Eh.L for New York tap water ( t ). 

Results of the concentration of Sr90 in iterrs of diet snow that the 
average concentrations of this radionuclide in fresi vegetables for New York 
city and San Francisco diets are not much different fron. those given in 
Tables 4 & 5 of this report. In meat samples, as expected, the concen
trations of Sr90 in bones are considerably higher than those in the flesh 
as given in Tables 4 $. 5. 

REFERENCES 

1. Parveen, N. v. Aziz A, "Determination of Strontiur 90 in the 
Environir ental Samples at PINGTECh ""FIN3TECH/HP-22, Healtn 
Physics Division, Pakistan Institute of Nuclear Science and 
Technology, P. o. Nilore, Rawalpindi (1979). 

2. Faruq, Umar etal. Environmental Levels of Gamir.a Emitting 
Radionuclides at HI* TECH" FINSTECH/HP-27, Health Priysics 
Division, Pakistan Institute of Nuclear Science and Technology 
P.O. Nilore, Rawalpindi (1981). 



• 7 •-
• ' • 

3. Parveen, N. etal. "Environmental Surveillance at PINJTECH", 
PINSTECH/HP-15, Health Physics Uivision, Pakistan Institute of 
Nuclear Science and Technology, P.O. Nilore, Rawalpindi (1977). 

4. Aziz, A. etal. "Kadioassay of Environmental Samples by High 
Resolution Gamma Spectrometry and Low-) evel Beta Counting' 
IAEA-SK' -252/15 IAEA International Symposium on Methods of 

. Low-Level Counting and Spectrometry iield in Berlin (West), 
t - 1 0 April 1981, IAEA, Vienna, Austria (1981). 

5. Cambray, R. S. etal. "Radioactive Fall out in Air and Fain: 
Results to the iniddle of 19<:5" AER.E-K4997, Environmental and 
K'edical Sciences Division, A ERE, Harwell, Oxford siiire (1965). 

t. I lardy Jr., Edward P. " Environmental Report, Kiay 1, 1981. 
EJV.L-390, Environmental Measurements Laboratory,U.S.Department of 
Energy, New York, N.Y. 10014 (1981). 

7. Cambray, K.S. etal. , 'Radioactive Fall out in Air and Rain: 
Results to the end of 198G' AEKS-R1008S, Environmental and 
ivedical Science division, AEK£ Harwell, oxford shire ( 1981 ). 

ACKNuWLEDGfit/.SNT 

h r. h:. Rafi was closely associated wita the work reported in 
this publication. The authors wis.) to appreciate and acknowledge his 
contribution in the collection of data and preparation of the results for 
this report. 

Acknowledgement* are also due to fr.essers Viqar Ahmad and 
h. ohammad Tariq for typing the manuscript and the final report. 



TABLE 1 : Radioactivity Concentration of Sr 90 in 
Air-borne Particulates at Ground Level 
at PINSTECH during 1979-80 

Sampling Period Concentration of Sr 90 
m*B3/km3 

Month Year 1979 1980 

January 
February 
March 
April 
May 

June 
July 

August 
September 
October 
November 

11.60+0.054 
1^64+0.06C 
27.75+p. 083 
13.59jp'.058 
6.26+0.039 

LST 
LaT 

11.08+O.G52 
23i76j0.077 
19.25+0.069 
6.25+C. 039 
5. 32+0.036 
6.38+0.040 
5. 78+0.038 
3.26+0.028 
5.85+0.033 

*mBq=milli-becquerel = 10'^Bq; 1 Bq = 1 disintegratim per second (dps) 
37 m Bq = 10" 1 2Ci 1 pCi 

- San pies not analysed for Sr 90 
LST - San-pies losrt. 
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TABLE 2 : Radioactivity concentration of *>r-9l in tiie precipitation, 
Tap water and Nala water PINS1ECH - 1979 

Sampling Concentration ofSr-X 
m*Bq/litre 

period Precipitation Tap Water Nala Water 

January 86.58+0,147 9.73+0.1M 9 
-! ' 

31.56+0.089 

February 58. 60+0. 121 EG. 36.41+G.095 

March 107.26+0.164 B.G B.G. 

April - B.G. 5.07_r0.036 

May 60.75fC.123 B.G. B.G. 

June 79.51+u. 140 B.G. 65.27+0.12S 

July - 12.25+0.055 343.73+0.293 

August 35.04+0.093 6b. 53^0.147 43.03+0.104 

September 37.74+C.097 20. 94+0.372 22.31+0.075 

October - t. 92+0. 341 33.30+0.091 

November EG. 5. 70+0. 03 o B.G. 

December 11.51+S.054 24. 79+0.179 24.31+0.076 

'mBq ^ milli-becquerel * lc"3Bq; lBq-ldps,37ir>Bq=10~l2Ci 
- Sample not analysed for £r-90 
B. G. = Background. 

http://60.75fC.123
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TABL E 3 : Radioactivity Concentration of or 90 in the 
precipitation, tap water and nala water -
PINSTECH 1980 

Sampling 
Concentration of Sr-! 

m Bq/litre 
K; 

Period Precipitation Tap water Nala water 

January 14.42+0.060 B.G. d.C7+C045 

February 7.89+G.C44 12.01+0.055 19.45+0.070 

fcarch 7.85+0.044 48.3G+C.1Q9 15.98+0.063 

April &G. 13.J3jv.G59 253.63+0.252 

!*ay —» 2C.0S+v).07O ^ 

June 18.02+0.067 35.V9+0.095 ac 
July EG. 17.49+C.C66 -

August 8.15+ 

September B.G. 14.35+0. G 60 

October S.(/> + 0.C45 17.2520.066 13. 33+0. J58 

November B.G. 13.05+0.057 9.5UG. 049 

December B.G. »9. 6 0 0 . I l l 24.79+0.O/9 

* n Bq = reilli - becquerel = 10"3Bq;l&q=ldps, 37ir Bq=10"12Ci 
- sample not analysed for Gr 90 
B. G.= Background. 

http://13.J3jv.G59
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TABLE 4 : Radioactivity Concentration of Sr-90 
in Items of Uiet - PINS TECH 1979 

Sampling 
Period 

lype oi 
Samples 

April 1979 Deceirber 1979 

Concentration of Sr-9C 
m*Bq/kg__ 

Concentration of Sr-90 
n'Bq/kg 

SEASONAL VEGETABLES 

lady finger 22ft. 30+0. 238 

Cabbages 235. 50+0. 243 

Potato 63. 60+0.126 

Tonrato B.G. 

harala 2o. 30+0.071 

onion 73. 40+0.135 

Turnip 97. 70+0.156 

Cauliflower 155.40+0.197 

Carrot 113. 60+0.16o 

Faddisa 49. 50+0. I l l 

Spinach 1,115.40+0.528 

Peas 472. 60 +0. 344 

* ir. Bq = milli - becq erel - lC*3Bq, 1 Bq = 1 dps 73 mBq * 10" 1 2 Ci 
B.G. - Backgro nd. 
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TABLE 4 : Radioactivity Concentration of Sr-90 
(Continued) in Items of Diet - PINSTECH 1979 

Sampling 
period April 1979 December 1979 

Type of Concentration of Sr-90 Concentration of Sr-90 
sample 

Meats 

n*liq/kg m*Bq/Kg 

2, Various Meats 

Beef meat Itt. 00+0. 258 138.00+0.189 

" bone 1,516.00+0.616 371.00+0.304 

h utton meat 56.0G+C. 118 136.00+0.184 

" bone 859.00+0. 463 3,052.06 f 0.873 

Chicken meat 90. 00+0.150 44.00+0.105 

" bone 2, 909.00+0. 853 374.00+0.307 

Fish meat 543.00+0.368 82.00+0.143 

' bone 574. 00+0. 379 159.00+C.199 

* mBq * milli - becquerel * lC"3Bq, lBq = IC'PS 73 m Bq ^ 10" 1 2 Ci 
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TABLE 1 : Radioactivity Concentration of Jr-90 
(Continued) in Iteirs of Diet - PINSTECH 1979 

Sampling .••?.'•' \ Concentration of Sr-90 
period m*flt)/r. eal 

3. Prepared Keal from FINSTBCH Cafeteria 

January &G. 

February B.G. 

frarch 572.40+0.378 

April 265.10+0. 257 

K ay 158.60+0.199 

J ne 180.40+0.212 

J ly 82.40 + 0.143 

August B.G. 

September 13O.5.:-+0.212 

October 127.4UK). 178 

November B. G. 

Deceir ber B.G. 

* m Bj * milli - becquerel = 10*3Bq; 1 Bq = 1 dps 73 m Bq = 10* 1 2Ci 

P. G. - Background. 
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TABLE 5 : Radioactivity Concentration of Sr-90 
in Items of Diet - PINSTECH 1980 

Sampling 
period April 1980 December 1980 

Type of 
Sample 

Concentration of Sr-90 Concentration of Sr-90 
mBq/kg 

1. SEASONAL VEGETABLES 

Lady finger 524.00+0.362 

Potato 716.00+0.423 

Tomato 74.40+0.136 

Brinjals - • 

union 130.00+0.180 

Karala 303.00+0.275 

Pumpkin 121.00+0'. 174 

Tinda 179.00+0.212 

Carrot 

Turnips _-

Cauliflower '". • 

Arvies 

Raddish 

Spinach 

Kali Tori 

655.00+0.405 

208.00+0.228 

277.00+0.263 

,.£5.10+0.154 

209.00+6.228 

210.00+0.229 

* n Bq »milU - becquerel * 10"3Bq; lBq * idps; 37ir Bq = lO'^Ci 
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TABLE 5 : Radioactivity Concentration of br-90 
(Continued) in Iterr s of Diet - PINSTECH 1980 

Sampling 
Period April 198C December 1980 

Type of Concentration of Sr-90 Concentration of or-90 
Sample m*Bq/kg m*Bq/kR 

2. Various fceats 

Beef meat 206. 50 fU. 227 

" bone 26,577.00+2.58 

JVutton meat 200.0:+0. 224 

bone 12,379.00+1.76 

Chicken meat 429.00+0. 327 

bone 2,188.00+0.739 

Fis ;i neat 173.00+0.208 

" bone 1,004.00+0.501 

1 2 ^ * IT' Bq = inllli - becqjerel - lC"3Bq; 1 Bq = 1 dps 73 ir Bq = 10" 1 2 Ci 
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TABJ E 5 : Radioactivity Concentration of Sr-90 
(Continued,' in Items of Diet - HNSTriCK 1980 i 

t 

Sampling Concentration of Sr-90 
Period m*l*i/n.eal 

3. Prepared Meal fror. FINSTECH Cafeteria. 

January 122.85+0.175 

February 27C. 25+0.260 

K.arch 80.80+0.142 

April 1,151.47+0.537 

Kay 165.59+0.203 

June 210. 88+G.234 

J.ly 422.23+C.325 

August 375. 96+0. 30t 

September 1ST 

October 107.16+0.164 

Noverber 411.58+0.320 

December 259. 81+0.255 

* ir ftj = inilli - becquerel -• l'.'"3Bq, 37mBq = 10" 1 2 Ci 

1ST - Sarrple lost. 


