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ABSTRACT 

A very  r a p i d  and simple procedure i s  p r e s e n t e d  f o r  t h e  

3 d e t e r m i n a t i o n  of cesium a c t i v i t y  i n  a n  aqueous s o l u t i o n  o f  t h e  

, l o n g  l i v e d  f i s s i o n  product  a c t i v i t i e s ,  The procedure  c o n s i s t s  

3 of t h e  p r e c i p i t a t i o n  o f  C s  as t h e  phosphotungs ta te  from a 5N HWO 

s o l u t i o n  by t h e  a d d i t i o n  o f  phosphotungs t ic  ac id , ,  

i s  washed tw ice  w i t h  5N HNO 

r ecove ry  i s  complete,  no r ad iochemica l  y i e l d  d e t e r m i n a t i o n  i s  

n e c e s s a r y ,  

The p r e c i p i t a t e  

d r i e d  and counted. S ince  t h e  C s  3 s  

Self-abBorpt ion and s e l f - s c a t t e r i n g  e f f e c t s  i n  

' 0  

coun t ing  a r e  made t b  c a n c e l  each  o t h e r  by choosing t h e  r i g h t  

amount o f  Cs c a r r i e r ,  

l i v e d  f i s s i o n  product  a c t i v i t i e s  and h i  

are' o b t a i n e d .  

average  r e s u l t  o f  less t h a n  %!+.$, 

Goo4 decontaminat ion  from t h e  o t h e r  l o n g  
h -radiochemical 

The method g i v e s  a maximum d e v i a t i o n  from t h e  1 
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INTRODUCTION 

The p r e s e n t  l a b o r a t o r y  procedure  f o r  t h e  d e t e r m i n a t i o n  

o f  r a d i o a c t i v e  cesium (11 c o n s i s t s  o f  fuming t h e  sample p l u s  

20 mg. of i n a c t i v e  cesium c a r r i e r  w i t h  p e r c h l o r i c  a c i d ,  fo l lowed 

by p r e c i p i t a t i o n  of t h e  cesium p e r c h l o r a t e  i n  a b s o l u t e  a l c o h o l .  

Any contaminat ing  a c t i v i t i e s ,  such as Zr and Nb, are  removed by 

3 d i s s o l v i n g  tbe p r e c i p i t a t e  i n  water and c a r r y i n g  o u t  an  Fe(0H) 

scavenging.  

d r y n e s s  and hea ted  s t r o n g l y  t o  comple te ly  decompose t h e  ammonium 

The s u p e r n a t a n t  s o l u t i o n  i s  t h e n  evapora ted  t o  

, i o n  in t roduced  i n  t h e  Fe(0H) scavenging s t e p o  The C s  i s  f i n a l l y  3 
r e p r e c i p i t a t e d  a s  t h e  p e r c h l o r a t e ,  f i l t e r e d ,  d r i e d ,  weighed and 

counted. 

A s  t h i s  procedure  i s  t i m e  consuming and somewhat hazardous ,  

a t t e m p t s  have been made t o  deve lop  a s h o r t e r  method o f  a n a l y s i s  

which e l i m i n a t e d  t h e  use  of p e r c h l o r i c  a c i d ,  

EXPERIMENTAL 

i)  Reagents  

C a r r i e r  S o l u t i o n  - cs c a r r i e r  - 10 mg, C s / m l ,  made up  
by d i s s o l v i n g  1 2 , 7  g.  
C s C l  i n  1 l i t e r  H 2 0  

Ru c a r r i e r  - 10 m g .  Ru/rnl. made up by 
d i s s o l v i n g  2005  go RuC13 
i n  1 l i t e r  H 2 0  

Z r  c a r r i e r  - 10 mg. Zr / rn l .  made up 
by d i s s o l v i n g  2g04 g o  
ZrO(N0 ) 2H20 i n  1 
l i t e r   AN^^ 
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5N HNO s o l u t i o n  

0005H phospho tungs ta t e  a c i d  s o l u t i o n  - made up  

by d i s s o l v i n g  66,2 g o  phospho tungs ta t e  a c i d  

anhydr ide  P205.21+W03.25H20 i n  400 m l .  H20 

3 

The sample a l i q u o t  i s  p i p e t t e d  i n t o  a 1 2  ml, c e n t r i f u g e  

t u b e  c o n t a i n i n g  6 d r o p s  ( 3 O O h )  C s  c a r r i e r ,  1 drop  Ru 

c a r r i e r ,  and O o 5  m l ,  Z r  c a r r i e r  s o l u t i o n s ,  

The s o l u t i o n  i s  d i l u t e d  t o  8 - 10 ml. w i t h  5N H N 0 3  and 

1 m l .  of  0,05M phospho tungs ta t e  a c i d  i s  added w i t h  

s t i r r i n g  t o  p r e c i p i t a t e  t h e  cesium phospho tungs ta t e .  

(Note 11, 

The mix tu re  i s  al lowed t o  s t a n d  5 - 10 min., c e n t r i f u g e d ,  

and t h e  s u p e r n a t a n t  s o l u t i o n  i s  poured o f f  comple te ly ,  

The precipitate is washed thoroughly w i t h  8 - 10 ml, 
5N HN03, c e n t r i f u g e d ,  and t h e  s u p e r n a t a n t  s o l u t i o n  i s  

d i s c a r d e d ,  

S t e p  4 i s  r e p e a t e d ,  

The washed p r e c i p i t a t e  i s  s l u r r i e d  w i t h  3 - 4 d r o p s  

H 0 and t r a n s f e r r e d  comple t e ly  by means of a s p i t z e r  2 
o n t o  an  aluminum d i s c ,  The c e n t r i f u g e  t u b e  and s p i t z e r  

a re  t h e n  r i n s e d  w i t h  small p o r t i o n s  of water and t h e  

r i n s i n g s  p l aced  on t h e  d i s c ,  

The p r e c i p i t a t e  i s  d r i e d  under  a n  i n f r a - r e d  lamp, 
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8,  The d r i e d  p r e c i p i t a t e  i s  h e a t e d  f u r t h e r  on a Ful- 

Con t ro l  h e a t e r  f o r  about  30 seconds  (Note 2), 

9. The p r e c i p i t a t e  i s  t h e n  counted i n  a G,M, end window 

c o u n t e r ,  (Mote 3 1 0  

NOTES : 

1, Before removing t h e  s t i r r i n g  rod  from t h e  c e n t r i f u g e  

tube  i t  i s  always washed f r e e  of  any p r e c i p i t a t e  by a 

f i n e  s t ream o f  w a t e r ,  

2,  The p r e c i p i t a t e  i s  h e a t e d  a t  f u l l  h e a t  u n t i l  an orange- 

ye l low c o l o r a t i o n  appears ,  T h i s  u s u a l l y  t a k e s  about  

30 seconds,  

3 ,  No rad iochemica l  y i e l d ,  s e l f - a b s o r p t i o n  and se l f -  

s c a t t e r i n g  c o r r e c t i o n s  a r e  r e q u i r e d ,  The Cs r ecove ry  

i s  complete and t h e  amount of i n a c t i v e  C s  c a r r i e r  i s  

so chosen t h a t  t h e  s e l f - s c a t t e r i n g  and s e l f - a b s o r p t i o n  

e f f e c t s  c a n c e l  each o t h e r ,  

iii 1 Cesium Phophotungstate  Precipi t -a tAon S t u d i e s  

Rad ioac t ive  C s  137 ( l o 5  cpm,) and 5 m g ,  o f  i n a c t i v e  

C s  c a r r i e r  (0.5 ml, C s  c a r r i e r  s o l u t i o n )  were p r e c i p i t a t e d  

as  t h e  phosphotungs ta te  from 6 ml, of  HNO 

c o n c e n t r a t i o n  by t h e  a d d i t i o n  of 2 m l ,  0,05M phosphotungs t ic  

s o l u t i o n s  o f  va ry ing  3 

a c i d  s o l u t i o n ,  The Cs a c t i v i t y  c o u n t s  found i n  t h e  s u p e r n a t a n t  

are shown below, 

1 2 L, 6 3 Normali ty  o f  HNO 

$ cs i n  s u p e r n a t a n t  0002 0,Ol NODo NOD, 

The p r e c i p i t a t e s  were washed twice  w i t h  10 mlQ p o r t i o n s  

of  5M HNO s o l u t i o n ,  
3 

No measurable  amounts o f  C s  a c t i v i t y  were 
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5 

8 

d e t e c t e d  i n  t h e s e  wash s o l u t i o n s ,  

T h i s  i n d i c a t e s  t h a t  t h e  cesium phosphotungs ta te  

p r e c i p i t a t i o n  from 4 - 6N HNO 
3 

no a p p r e c i a b l e  amount o f  Cs i s  l o s t  i n  two 5N HNO3 washes, 

i v )  

s o l u t i o n  i s  q u a n t i t a t i v e  and t h a t  

Tests on C s  Product  S o l u t i o n  

A l i q u o t s  from a C s  p roduct  s o l u t i o n  were c a r r i e d  through 

t h e  Cs d e t e r m i n a t i o n  procedure u s i n g  v a r y i n g  amounts of  C s  c a r r i e r ,  

b u t  no Ru and Z r  c a r r i e r s ,  

p r e c i p i t a t i n g  medium and wash s o l u t i o n  w i t h  t h e  f i n a l  p r e c i p i t a t e  

d r i e d  on a watch glass, T h i s  was t h e n r e p l a c e d  by 5N HNOg t o  permi t  

e v a p o r a t i o n  of t h e  p r e c i p i t a t e  on an aluminium d i s c ,  I n  t h e  l a t t e r  

d e t e r m i n a t i o n s ,  Ru and Zr c a r r i e r s  were used a s  ho ld  back c a r r i e r s ,  

A t  f i r s t  6N HC1 was used as  t h e  

The t r u e  C s  a c t i v i t y  count f o r  t h e  C s  p roduct  s o l u t i o n  was 

o b t a i n e d  by merely p i p e t t f n g  a 50 A a l i q u o t  o f  t h e  s o l u t i o n  on to  an 

aluminium d i s c  and a l l o w i n g  i t  t o  d r y  under  an i n f r a - r e d  lamp, The 

d i s c  was t h e n  counted on t h e  t o p  s h e l f  of a G,M, end window c o u n t e r ,  

Table  I shows the a c t i v i t y  counts obtained f r o m  the 
. I  

phosphotungs ta te  p r e c i p i t a t e s  after drying under  t h e  i n f r a - r e d  

lamp, and a l s o  a f t e r  f u r t h e r  h e a t i n g  oa:.the Ful-Gontrol, The 
I .  

t o t a l  C s  a c t i v i t y  count ,  t h e  amount of C s  c a r r i e r ,  t h e  a c i d  medium 

and t h e  holdback c a r r i e r s  employed a r e  l i s t e d  i n  t h e  t a b l e ,  

Table  I1 shows t h e  r e s u l t s  o b t a i n e d  from t h e  C s  p roduct  

p lbying  t h e  p r e s e n t  l a b o r a t o r y  procedure, ,  The f i n a l  

cesium p e r c h l o r a t e  p r e c i p i t a t e  was weighed, and- t h e  a c t i v i t y  

coun t s  c o r r e c t e d  f o r  r ad iochemica l  y i e l d ,  s e l f - a b s o r p t i o n  and 

s e l f - s c a t t e r i n g ,  
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3 
4. 
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7 
8 
9 
10 
11 
12 
13 
14 
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16 
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22 
23 
2Lr 
25 
26 
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0 

b 

Table I1 

A n a l y s i s  of Cesium Product  S o l u t i o n  by Lab, Procedure 

1 J 

Analys i s  of t h e  Cs product  s o l u t i o n  by t h e  phosphotungs ta te  

p r e c i p i t a t i o n  method u s i n g  va ry ing  amounts of C s  c a r r i e r  s o l u t i o n  

(Tab le  I )  gave r e s u l t s  which decreased  w i t h  i n c r e a s i n g  amounts o f  

C s  c a r r i e r ,  due t o  t h e  i n c r e a s e  i n  s e l f - a b s o r p t i o n  w i t h i n  t h e  

p r e c i p i t a t e , ,  Heat ing t h e  p r e c i p i t a t e  on t h e  Ful -Cont ro l  reduced 

t h e  s e l f  a b s o r p t i o n  g i v i n g  h i g h e r  r e s u l t s ,  The most s a t i s f a c t o r y  

r e s l u t s  were ob ta ined  i n  t h e ' C s  c a r r i e r  r e g i o n  o f  0.3 m l ,  - 0,5 m l ,  

where t h e  s e l f - a b s o r p t i o n  and s e l f - s c a t t e r i n g  e f f e c t s  a r e  ba lanc ing  

each o t h e r ,  

The r e s u l t s  o b t a i n e d  by t h e  l a b o r a t o r y  method (Tab le  11) 
were c o n s i s t e n t ,  bu t  s l i g h t l y  h i g h e r  t h a n  t h e  t o t a l  C s  a c t i v i t y  

coun t ,  Th i s  may be due t o  an  e r r o r  i n  t h e  s t a n d a r d i z a t i o n  of  

t h e  C s  c a r r i e r  s o l u t i o n  , f o r  t h e  r ad iochemica l  j i i e id  d e t e r m i n a t i o n ,  

o r  v a r i a t i o n s  i n  t h e  s e l f - s c a t t e r i n g  and s e l f - a b s o r p t i o n  w i t h i n  

t h e  p r e c i p i t a t e ,  

v )  Decontamination TestsL 

, 

T e s t s  were completed t o  s t u d y  t h e  decontaminat ion  o b t a i n e d  

from t h e  o t h e r  l ong- l ived  f i s s i o n  product  a c t i v i t i e s  by t h e  cesium 
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phosphotungstate precipitation, Inactive cesium phosphotungstate 

was precipitated in the presence of each of these activities, The 

amount carried by the precipitate, expressed as a percentage of the 

initial activity,^is shown in Table 111, Also listed is the amount 

of Cd carrier and holdback carriers used, All precipitates except 

two were washed twice with 5 N  HNO dried and counted in the usual 

manner. The latter part of the table contains the decontamination 

obtained by the regular phosphotungstate procedure described in this 

report 

3 '  

The cesium phosphotungstate precipitation gave very good 

decontamination from Ce and Sr-Y activities; better than 99*9$ 

decontamination was obtained,, The Zr-Nb and Ru decontamination was 

only fair (98-99$),  but improved considerably with the use of  

holdback carriers and smaller aniounts of Cs carrier. The use of 

0.5-1 ml. Zr carrier and 0,2 ml, Cs carrier lowered the Zr-Mb 

contamination from 1-2% to about Ool%o 

phosphotungstate also dropped to close to 0,1% when 0,2 ml. of Cs 

carrier and 1 drop  of  Ru carrier was employed, 

were found necessary to keep the Ru contamination down, 

The Ru contamination of the 

Two H N 0 3  washes 

The aluminium absorption curves (Figure 1) obtained by the 

phosphotungstate precipitation of Cs in the presence of the other 

long-lived fission product activities (Curves "Crt and "Drt are 

identical to the curve obtained f rom a Cs product (Curve P), 

vi) Comparison of  the Phosphotungstate Procedure with the Present 

Laboratory Method 

Four laboratory samples of mixed fission product activities 

were analyzed by the phosphotungstate precipitation,procedure and 
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Table I11 

( a )  IJecontamination Tests on Phosphotungstate  P r e c i p i t a t i o n  

l c t i v i  t y  
.n 
;ample 

Sr-Y 
Ce 
Ru 

Zr-I?b 

I 

(b 1 

o f  Cesium 

Holdback 
C a r r i e r  
Used 

- - 
2 drops  Ru 
1 drop  Ru 
2 drops  Ru 
1 drop  Ru 

- 
1 m l ,  Z r  
1 ml, Mb 
1 ml, Zr 
1 ml, Nb 

A c t i v i t y  Count 
on 

Phosphotungstate  
Ppt  , ( cprn/rnlo 1 

Decontamination Tests  on Phosphotungstate  P r e c i p i t a t i o n  

Method f o r  t he  Determinat ion of  Cesium A c t i v i t y  

Percen 
o f  

I n i t i a  
Count 

0.01 
0003 
0,6 
101 
0m5 
005 
0 03 
003 
0.15 
108 
102 
0012 
0,19 
0010 
0.10 
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A 

B 

C 

D 

_I 

Table IV 

Comparison o f  Radiochemical Cesium Analys is  of  Mixed F i s s i o n  

Product  S o l u t i o n  by t h e  Phosphotungstate  and t h e  P r e s e n t  

Labora tory  Procedures  

J 

C s  A c t i v i t y  Count 
by Phosphotungstate  
Procedure (cpm/ml, 1 

- 
Devi a t i o n  
from averagl 
r e s u l t  (90) 

Cs A c t i v i t y  
Count by Lab, 
Procedure 
( c p m ~ m l ~  1 

Avg4,12 x 105 

Devia t ion  from 
average  r e s u l t  
($1 

+ O n $  
- j 0 6  
+2,9 

-2,2 
- l o g  
+ j o g  

-201 
-102 
+ l o 2  
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by t h e  p r e s e n t  l a b o r a t o r y  procedure  f o r  t h e  d e t e r m i n a t i o n  of 

r a d i o a c t i v e  cesium, 

f i s s i o n  product  a c t i v i t y  c o n t e n t  a r e  l i s t e d  a t  t h e  t o p  o f  Tab le  IV, 

The t a b l e  a l s o  i n c l u d e s  t h e  r e s u l t s  ob ta ined  by each method and 

t h e  d e v i a t i o n s  from t h e  ave rage  r e s u l t  f o r  each sample,  

The samples ana lyzed  and t h e i r  approximate  

The C s  r e s u l t s  o b t a i n e d  from t h e  mixed f i s s i o n  p roduc t  

s o l u t i o n s  by t h e  phospho tungs ta t e  procedure  compared f a v o u r a b l y  

w i t h  t h o s e  o b t a i n e d  by t h e  l a b o r a t o r y  procedure ,  

i n  t h e  a v e r a g e  r e s u l t s  f o r  sample "Crr i s  due t o  t h e  u n u s u a l l y  h i g h  

v a l u e  o f  4,28 x lo5 i n  one of t h e  l a b o r a t o r y  r e s u l t s  and t h e  u n u s u a l l y  

l o w  phospho tungs ta t e  method i s  a s  good as t h a t  of t h e  l a b o r a t o r y  

method, g i v i n g  a mazimum d e v i a t i o n  from t h e  a v e r a g e  r e s u l t  o f  l e s s  

t h a n  - l.+$, 

v i i  1 Radiochemical  P u r i t y  Test  

The l a r g e  d i f f e r e n c e  

The r ad iochemica l  p u r i t y  of t h e  cesium phospho tungs ta t e  

p r e c i p i t a t e  was checked by drawing up aluminium a b s o r p t i o n  c u r v e s  

f o r  t h e  b e t a  r a d i a t i o n s  from t h e  p r e c i p i t a t e s  o b t a i n e d  from samples  

trCTT and "DrT i n  Table IV, 

a b s o r p t i o n  cu rve  of a cesium phospho tungs ta t e  p r e c i p i t a t e  from a 

C s  p roduct  s o l u t i o n  i s  a l s o  i n c l u d e d  f o r  comparison, 

DISCUSSION AND CONCLUSIONS 

These c u r v e s  a p p e a r  i n  F i g u r e  1, An 

1 

The phosphotungs ta te  p r e c i p i t a t i o n  method d e s c r i b e d  i n  t h i s  

r e p o r t  i s  s a t i s f a c t o r y  f o r  t h e  d e t e r m i n a t i o n  of r a d i o a c t i v e  C s  i n  

an  aqueous s o l u t i o n  o f  t h e  long- l ived  f i s s i o n  product  a c t i v i t i e s ,  



UNCLASSIFIED - 11 - 
. ,  

PDB-128 

sr9Og y90s Ce 144 Cs137s Ru106p Zr 95 and.Mb45. The r e s u l t s  

o b t a i n e d  by the  procedure  were . c o n s i s t e n t  (maximum d e v i a t i o n  of  l e s s  

t h a n  24%) and comparable w i t h  t h o s e  ob ta ined  by t h e  p r e s e n t  l a b o r a t o r y  
52 

method 
c 

Decontamination from t h e  o t h e r  l o n g - l i v e d  f i s s i o n  product  

a c t i v i t i e s  i s  s a t i s f a c t o r y o  

Sr-P a c t i v i t y  was c a r r i e r  by t h e  phosphotungs ta te  p r e c i p i t a t e .  

use o f  holdback c a r r i e r s  f o r  Bu and Zr-Nb a c t i v i t i e s  reduced  t h e i r  

c a r r y  through t o  below 0.2p0 

Less t h a n  O,l$ of t h e  i n i t i a l  Ce and 

The 

The phosphotiungstate procedure  i s  much s h o r t e r  and l e s s  

hazardous t h a n  t h e  p r e s e n t  l a b o r a t o r y  procedureo  

q u a n t i t a t i v e ,  r e q u i r i n g  no r ad iochemica l  y i e l d  d e t e r m i n a t i o n ,  The 

amount o f  C s  c a r r i e r  h a s  been so  chosen t h a t  t h e  s e l f - a b s o r p t i o n  and 

s e l f - s c a t t e r i n g  e f f e c t s  i n  t h e  f i n a l  p r e c i p i t a t e  c a n c e l  each  o t h e r ,  

The Cs r ecove ry  i s  

- 

.- 

v+ e l i m i n a t i n g  s e l f - a b s o r p t i o n -  and s e l f - s c a t t e r i n g  c o r r e c t i o n s ,  The 

method a l s o  e l i m i n a t e s  t h e  use  of  p e r c h l o r i c  a c i d  which i s  a 

of t h e  phosphotungs ta te  p r e c i p i t a t e  

a b s o r p t i o n  c u r v e s o  

e Nelson,  Radioachemi 

4 

NoN,EoS, Div, I V ,  V g 9  Book 3 9  Pages 2830 
* 2 ,  E, Mizzan, P,D,B,-l 

3 *  DON. Hume, N.E. Ballow, and L.E, Glendenin,  Report  

CN-2815, June 30, 19450 

4"  A , A ,  Noyes, and W.Co Bray, "8, System o f  Q u a l i t a t i v e  A n a l y s i s  

f o r  t h e  Rare Elementsn,  The MacMillan C o o ,  New York, 1927. 



R 

(I. 

G 

ALUM1 N IUM ABSORBER (hAg./Crn2) PDB- I28 




