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A B S T R A C T 

A process for recovering cesium-131 fr.rm fission products 
wastes is described. The process is based on the entrainment of 
cesium by alum and it differs from the Usual procedures in that 
the crystallizatirrn of alum is carried out in alcoholic medium and 
it is unnecessary to heat the solution and next cooling it down 
to crystallize the alum. Decontaminaticn factors up 10" is attained 
in one single cocrystallization, lohich is carried out in a very 
simple operation, and using six tim-^s less alum than that in the 
procedure where it is necessary to heat the solutions. 

I N T R O D U C T I O N 

T h e i m p o r t a n c e of r ecove r ing f is­
s ion p r o d u c t s in t h e w a s t e s of nuc lea r 
i n s t a l l a t i ons h a s ben l a rge ly s t r e s s e d 
( 9 , 1 , 8 ) . T h e s e p r o d u c t s a r e a l w a y s 
e n c o u n t e r e d in nuc l ea r p o w e r p l a n t s 
or in fuel e l e m e n t s r e p r o c e s s i n g 
p l a n t s . 

A l t h o u g h in a m u c h sma l l e r scale 
t h e s e p rob lems also a r i s e in swim.-
m i n g pool r e a c t o r s a s a consequency 
of cor ros ion or r u p t u r e of fuel ele­
m e n t s o r e x t e r n a l c o n t a m i n a t i o n by 
U-235 on t h e fuel e l e m e n t s ( 5 ) . 

Usua l ly , t h e w a t e r of s w m m i n g pool 
r e a c t o r s is k e p t c i r cu l a t i ng t h r o u g h 
an ion e x c h a n g e r se t in o rde r t o keep 
t h e a m o u n t of soluble ionic s u b s t a n c e s 
in t h e w a t e r a s low as possible . W h e n 
cor ros ion or r u p t u r e of fuel e l e m e n t s 
occurs t h e l i be ra t ed f ission p r o d u c t s , 
m o s t l y d e s c e n d e n t of f iss ion g a s e s 
( k r i p t o n a n d x e n o n ) , will a c u m m u -
la t e in t h e ion e x c h a n g e r s r e s i n s 
used for r epu r i f i c a t i on of t h e w a t e r . 
B y t h e t i m e of r e g e n e r a t i o n of t h e 
r e s i n s t h e e f luen t f rom t h e r e g e n e -
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r a t i o n solut ion is r ad ioac t ive and 
c a n n o t be disposed in publ ic s e w e r s . 

As consequency of cor ros ion in 
some e l e m e n t s of t h e Bras i l i an 
S w i m m i n g Pool R e a c t o r these pi'o-
b lems w e r e me t ( 5 ) , and in t h e 
p rocess of t r e a t i n g t h e w a s t e s 
coming f rom t h e res ins an improved 
m e t h o d for r ecove r ing ces ium-] 37 
w a s developed w h i c h showed to be 
of h igh yield, i nexpens ive and of 
s imple execut ion . 

T h e m a i n processes of ce s ium reco­
ve ry h a s been reviewed by F i s h e r 
and R a g e n b a s s ( 1 ) : p rec ip i t a t ion by 
t e t r a p h e n y l boric acid, p r ec ip i t a t i on 
b>- f e r rocyan ide of nickel or i ron, 
p r e c i p i t a t i o n by p h o s p h o t u n g s t i c 
acid and co-crys ta l l i za t ion w i t h 
a lums . Th i s last p rocess h a s been 
largely used as descr ibed by R u p p 
(8) and Gresky ( 3 ) . Shor t ly , t h i s 
m e t h o d cons i s t s in a d d i n g a m m o n i u m 
or Dotass ium a lum to t h e ces ium 
solut ions , h e a t i n g t h e m i x t u r e up to 
80"C and t h e n cooling it to room 
t e m p e r a t u r e in o rder to lower t h e 
solubi l i ty of t h e a lum which s e p a r a ­
t e s f rom t h e liquid c a r r y i n g t h e 
ces ium. 

T h e solubi l i ty of a m m o n i u m a l u m 
is not too low, be ing of t h e o r d e r of 
150 g r a m s pe r l i ter (4) a t room t e m ­
p e r a t u r e . Th i s m e a n s t h a t t h e 
f i l t e red l iquids a r e a l w a y s be ing 
enr iched in a lum. T h e h e a t i n g of t h e 
so lu t ions in which t h e ces ium is 
p r e s e n t m a k e s t h e t i m e of opera t ion 
l e n g h t y and it is a nu i sance in cases 
w h e r e only ocasional ly t h e s e w a s t e s 

disposal t r e a t m e n t s h a v e to be 
ca r r i ed out . 

T h e process developed, and p r e ­
sen ted in t h i s pape r , t o t r e a t t h e 
e f luen t of r ad ioac t ive r e s in s , m a k e s 
use of t h e low solubi l i ty of a m m o ­
n i u m a lum in a m i x t u r e of w a t e r 
and e thy l alcohol. In such so lu t ions 
ces ium is ca r r i ed q u a n t i t a t i v e l y by 
t h e a m m o n i u m a l u m s e p a r a t e d f r o m 
t h e solut ion. T h e o p e r a t i o n is execu­
ted in only one s t e p be ing unneces sa ­
ry a second p r e c i p i t a t i o n of a l u m in 
t h e f i l te red solut ion . T h e solubi l i ty of 
a m m o n i u m a lum in t h e w a t e r - a l ­
cohol solut ion is a b o u t 3 g r a m s pe r 
l i ter , only, a s c o m p a r e d to 150 
g r a m s per l i te r w h e n no alcohol is 
added to t h e e f luent l iquid. T h i s 
m e a n s a qu i t e smal l loss of a l u m , 
and expenses c o n s e q u e n t of u s i n g 
alcohol a r e l a rge ly c o m p e n s a t e d by 
a m u c h smal le r a m o u n t of a lum used 
in t h e pi 'ocedures to be descr ibed in 
t h i s p a p e r (60 g r a m s of a l u m per 
l i t e r of ces ium so lu t ions , as com­
p a r e d to 3(>0 gr;,>ns per l i ter , in t h e 
p rocedu re w h e r e s u p e r s a t u r a t i o n is 
ach ieved by h e a t i n g t h e solut ion to 
80"C and t h e n cooling it d o w n to 
r o o m t e m p e r a t u r e ) . Because of no t 
b e i n g n e c e s s a r y to h e a t t h e so lu t ion 
t h e ope ra t i on is m u c h s imp le r and 
r a p i d and t h e t o t a l p r i ce pe r ope ra ­
t ion is smal le r for t h e p r e s e n t p r o ­
cess . 

A p rocess had been developed to 
r e m o v e ces ium-137 f rom m e t h a n o l 
solut ion by Savo la inem ( 1 0 ) . I t w a s 
no t poss ible , for us , to localize t h i s 
r e p o r t d i rec t ly , b u t in Gi 'esky (3) i t 



ia men t ioned t h a t t h e opei-ation l iquid, w h i c h h a s a g a m m a ac t i v i t y 
faci l i t ies w e r e qu i t e compl ica ted and 
t h a t t h e recovery of ces ium w a s only 
ot 80 pe r cent . 

E X P E R I M E N T A L 

T h e r epur i f i ca t ion s y s t e m for t h e 
w a t e r of t h e Braz i l i an S w i m m i n g 
Pool R e a c t o r is composed of t w o 
s e t s of i o n - e x c h a n g e r s and a c t i v a t e d 
ca rbon s t a in l e s s s teel t a n k s . In each 
se t t h e r e is one a c t i v a t e d ca rbon 
t a n k followed by a mixed-bed ion 
e x c h a n g e r ; t h e mixed bed res ins 
r epur i f i e s 6,000,000 l i t e r s of w a t e r 
be tween each r e g e n e r a t i o n . T h e to ta l 
volume for r e g e n e r a t i o n solut ion, and 
V, a s h e s of t h e r e s in s a f t e r r e g e n e r a ­
t ion, is a b o u t 520 l i te rs . D u r i n g r e ­
g e n e r a t i o n t h e s e vo lumes a r e colle­
cted in s t a in les s s teel t a n k s , fe r r ic 
ch lor ide is added to t h e so lu t ion and 
fe r r ic h y d r o x i d e is p r ec ip i t a t ed by 
a d d i n g sod ium h y d r o x i d e and sod ium 
c a r b o n a t e . T h e m i x t u r e is s t i r r e d a n d 
left for d é c a n t a t i o n ; t w e n t y foui-
h o u r s l a t e r t h e s u p e r n a t a n t is sepa-
ra.ted f rom t h e p r e c i p i t a t e wh ich h a s 
collected a g r e a t p a r t of f ission i.)ro-
duc t s . At t h i s s t a g e t h e p H of t h e 
solut ion is abou t 10 and t h e m a j o r i t y 
of f ission p r o d u c t s is e n t r a i n e d w i t h 
t he p r e c i p i t a t e ; in t h e liquid r e m a i n s 
ces ium, t r a c e s of s t r o n t i u m as well 
a s t r a c e s of r a r e e a r t h s and of 
r u t h e n i u m and sodium s u l p h a t e , 
which was fo rmed when t h e r e s in s 
v/ere r e g e n e r a t e d , in tht; concen t r a ­
tion of abou t 38 g r a m s |)er l i ter . Th i s 

of 30 c p m / m l , coun ted in a well 
t h a l l i u m ac t i va t ed N a l sc in t i l l a tor , 
w a s t h e source for all t h e exper i ­
m e n t s r e l a t ed in t h e p r e s e n t work . 
E x p e r i m e n t s w e r e ca r r i ed ou t w i th 
vo lumes of 1. 2, 10 and 100 l i t e r s of 
solut ion. 

P R O C E D U R E 

To one l i te r of t h e f i l t r a t e f rom 
t h e c a r b o n a t e h y d r o x i d e p rec ip i t a ­
t ion, s u l p h u r i c acid w a s added up to 
t h e and po in t of m e t h y l o r a n g e . A t 
t h i s s t a g e 60 g r a m s of a m m o n i u m 
a l u m w e r e added a n d t h e l iquid w a s 
st i i ' red unt i l d i sso lu t ion of t h e a l u m 
g i v i n g a qu i t e c lear so lu t ion . T h e pH 
Vv 'as a s c e r t a i n e d to 3 . 6 w i t h sul­
p h u r i c acid and 250 mil l i l i ter of t e ­
chnica l g r a d e e thy l alcohol w a s added 
to t h e solut ion w i t h con t inuous 
s t i r r i n g . T h e t e m p e r a t u r e , in t h i s 
ope ra t ion , usual ly inc reased f rom 
22"C to a b o u t 29"C; a m m o n i u m s t a r t s 
c rys t a l l i z ing and in a b o u t 10 to 15 
m i n u t e s prac t ica l ly all a lum t h a t is 
no t soluble in t h e m i x t u r e h a s sepa­
r a t e d f rom t h e l iquid as a c rys t a l l i ne 
p r e c i p i t a t e . T h i s p r e c i p i t a t e s e t t l e s 
down well, is very ea sy to f i l ter and 
i ts vo lume is abou t 3 per cen t of t h e 
solut ion. T h e i^recipi tate is f i l te red 
and t h e recovery of ces ium in t h e 
] ) rec ip i ta tes is f rom 98 to 100 pei-
cen t wi th only one p rec ip i t a t ion . 
Tab le 1 i l ú s t r a l e s a typical set of 
ope ra t i ons wi th one l i ter solut ion. 



Tafe le 1 - C e s i u m r e m o v a l f r o m o n e l i t e r s o l o t i a n (VoluBC o f a , l eo t io l a d d e d , 
2S0 m l ) . 

pM StajBding Ca 
al«im t i n w t i n e r e c o v e r e d 

g r a m s ( h o u r s ) ( h o u r s ) p e r c e n t a g e 
a d d e d e r r s t a l l i z « < S 

I 0 3.TO 1 . 0 2 4 . 0 0 
8 3 S.TO 1 . 0 0 
a 1 4 a. 7 0 1 . 6 2 4 , 0 1 3 . 5 
4 •w 8 4 a. 7 0 1 . 0 2 4 , 0 et.ft 
S 8 0 « S a. TO 1 . 0 2 4 . 0 9 « . 5 

6 9 9T a. TO 1.2 2 . 0 1 0 0 . 0 
t M t s S « 9 0 1 . 5 16<.0 

e « » 4 3 . TO l . S 1 8 . 0 9 8 , 0 
80 S 4 8 . 1 0 1 . 5 1 6 . 0 1 0 0 , 0 

10 eo 3 « 1 . 7 5 1 . 6 1 6 . 0 8 8 . 0 

T h i s s a m e process can be appl ied 
by us ing p r e c i p i t a t e d a l u m f r o m a 
f i r s t d e c o n t a m i n a t i o n and a d d i n g it 
t o a f r e sh so lu t ion of ces ium to be 
recovered , c o m p l e t i n g t h e a m o u n t of 
a lum to 60 g r a m s and r e p e a t i n g t h e 
p rocess as p rev ious ly descr ibed . Ta ­
ble II g ives t h e r e s u l t s for t h e expe 
r i m e n t s ca r r i ed ou t in t h i s w a y . E x ­
p e r i m e n t n u m b e r one is s t a r t e d w i t h 
60 g r a m s of a lum w h i c h h a s a l r e a d y 
been used in a ces ium recove ry as 
desc r ibed p rev ious ly . E x p e r i m e n t 
n u m b e r t w o is ca r r i ed out by u s i n g 
t h e a lum in t h e solut ion f i l te red f r o m 
e x p e r i m e n t numiber one ( a b o u t 30 
g r a m s ) and a d d i n g 30 g r a m s of 
f resh a lum, and so on. A t t h e end of 
eleven o p e r a t i o n s t h e to ta l a m o u n t of 

a l u m used w a s 360 g r a m s and t h e 
a m o u n t of a lum r ecove ry w a s 58 
g r a m s , g iv ing a c o m s u m p t i o n of 302 
g r a m s of a l u m per 11 l i t e r s of solu­
t ion of ces ium. T h i s s a m e s e t of 
ope ra t ion , v / i t hou t alcohol, can 
be ca r r i ed ou t in accordance wi th 
G r e s k y ( 3 ) , by u s i n g 350 g r a m s of 
a lum to s t a r t a n d t h e add i t ion of 200 
g r a m s of alum, pe r ope ra t ion , h e a t i n g 
t h e so lu t ion in each s t e p to a b o u t 60" 
C and t h e n cooling i t down to 25°C. 
T h e to ta l a m o u n t of a l u m to be used 
for t h e eleven recover ies would be 
2,350 g r a m s of a l u m of v/hich 150 
g r a m s would t:ie lost in each ope ra t ion 
g i v i n g a t o t a l loss of 1,650 g r a m s of 
a l u m p e r 11 l i t e r s of solut ion of 
ces ium. 
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Table II — Ces ium remova l by a sequence of p rec ip i t a t ion us ing in 
each e x p e r i m e n t s t h e a lum crys ta l l i zed in t h e p r e v i o u s one. 
A g i t a t i o n t i m e : one hour . V o l u m e of alcohol a d d e d : 2 5 0 m l 
p e r l i t e r of so lu t ion in each s t e p . In i t i a l m a s s of a l u m : 60 
g r a m s p e r l i t e r ; add i t i on of 30 g r a m s in each ope ra t i on . 

;perAmen* Standing time Cs recovered 
Bumbar (hours) percentage — 

1 16.0 3.36 100,0 
a 0.3 3,70 100,0 
3 0 3.70 100,0 
4 0 3,65 100.0 
S 16.0 3.60 99.5 
6 0.5 3.32 100.0 
T 0 3,30 100,0 
8 0 3,64 09,0 
9 1.0 3.60 9 9 a 
10 0,3 3,60 98 »0 
11 15.0 3.50 109.0 

' • f l t a t e v e r i s t h e m e t h o d 
a d o p t e d , t ! i© s e q u a n t i a l 
o n e w h e r e a c r y s t a l l i 
zed a l u m w i t h ces ium-137 is .re-used 
o r t h a t w h e r e only one p r e c i p i t a t i o n 
is ca r r i ed ou t one ends up by h a v i n g 
t h e ees ium-137 co-crysta l l ized w i t h 
t h e a l u m . T h i s a l u m is f i l t e red and 
t h e a c t i v i t y in t h e liquid is d e t e r m i ­
ned in a s c in t i l ome te r and c o m p a r e d 
v/ i th t h e a t i v i t y of t h e s a m e vo lume 
of l iquid before t h e c a r r y i n g of ce­
s ium by a l u m . D e c o n t a m i n a t i o n fa­
c to r s up to 10" h a v e been ob t a ined . 

T h e c rys ta l l i zed a l u m is d issolved 
in ho t w a t e r and a m m o n i u m h y d r o ­
xide is added to t h e solut ion to p r e ­
c ip i t a t e a l u m i n u m h y d r o x i d e w h i c h 

is f i l te red . T h e so lu t ion is concen­
t r a t e d un t i l e l imina t ion of a m m o n i a , 
r e m a i n i n g a m m o n i u m s u l p h a t e and 
ces ium s u l p h a t e . T h e a m m o n i u m sa l t 
can be r e m o v e d by a d d i n g a q u a r e g i a 
and d i s t i l l ing a m m o n i a g a s . 

T h e l iquid in w h i c h t h e ces ium 
s u l p h a t e is d issolved is p a s s e d 
t h r o u g h a an ion ic r e s in in h y d r o x i d e , 
f o rm . Ces ium will come off in t h e 
e f luen t in t h e f o r m of h y d r o x i d e . 
E x c e s s a m m o n i u m is e l imina t ed b y 
boil l ing and t h e ce s ium h y d r o x i d e 
solut ion is neu t r a l i z ed w i t h s u l p h u r i c 
acid and c o n c e n t r a t e . 



Al iquo t s of t h e solut ion w e r e 
t a k e n and sources for c o u n t i n g w e r e 
m o u n t e d . F i g u r e I is t h e g a m m a 
s p e c t r u m for t h e ces ium c o m p a r e d 
w i t h a s p e c t r u m of a s t a n d a r d 
ces ium-137 as fu rn i shed by T r a c e r l a b 
Inc . No g a m m a i m p u r i t y w a s de te ­
c ted in t h e source ob ta ined . F e a t h e r 
a n a l y s i s of a l u m i n u m abso rp t i on 
c u r v e s ind ica ted one be t a c o m p o n e n t 
of 0 . 5 Mev and a h a r d e r one of 0 . 8 
Mev. I t is k n o w n (11) t h a t a l u m i n u m 
a b s o r p t i o n c u r v e s is no t a h igh ly 
p rec i se m e t h o d to ind ica te t h e 8 pe r 
cen t 1.2 Mev b e t a c o m p o n e n t for 
ces ium-137 , wh ich can be resolved 
only b y b e t a r a y s p e c t r o m e t r y ( 7 j . 
I t is i n t e r e s t i n g to no t ice t h a t a lu­
m i n u m obsorp t ion cu rve m a d e by 
Glendenin ' and Metcalf (2) h a v e t h e 
s a m e s h a p e as t h e ones p r e s e n t e d in 
t h i s paper , g iv ing t h e 0 . 5 Mev be ta 
c o m p o n e n t as d e t e r m i n e d by a F e a ­
t h e r ' s ana lyze r . F i g u r e 2. 

T h e process can be s u m m a r i s e d f!S 
fo l lowing : 

a ) N e u t r a l i z e t h e f i l t r a t e f rom 
t h e fe r r ic h y d r o x i d e c a r b o n a t e 
p rec ip i t a t ion w i t h su lphu r i c 
acid 1:1 up to t h e end poin t 
of m e t h y l o r a n g e . 

b) Add 60 g r a m s , pe r l i te r of 
solut ion, of a m m o n i u m a lum 

c) Add 250 mil l i l i ters of t e c h n i ­
cal g r a d e e thy l alcohol. 

(1) S e p a r a t e t he liquid f rom t h e 
se t t led c r y s t a l s . 

e) Add a f resh solut ion of ce­
s ium-137 to be removed . 

f) Add 30 g r a m s of a lum, n e x t 
250 mi l l i l i te rs of alcohol. Re ­
p e a t t h e p r o c e d u r e a s r equ i r ed 
for t h e des i red concen t r a t i on . 

E v e n if t h e c o n c e n t r a t i o n of ce­
s ium a f t e r some o p e r a t i o n s , r e a c h e s 
m a c r o level t h e eff iciency of t h e 
process is no t h a m p e r e d s ince t h e 
solubi l i ty of ces ium a lum is qu i t e 
low in itself, ( 6 ) . 

D I S C U S S I O N 

I t can be seen f rom Tab le I t h a t 
t h e r e is no r ecove ry a t all w h e n t h e 
a m o u n t of t h e a l u m is less t h a n 30 
g r a m s pe r l i ter . W i t h 50 g r a m s pe r 
l i ter t h e e n t r a i n m e n t of ces ium is 
p rac t ica l ly to ta l . T h e r e s u l t s ob ta ined 
w h e n vo lumes of 2, 10 and 100 l i t e r s 
a r e hand led a r e t h e s a m e . 

If t h e pH of t h e so lu t ions is too 
h igh t h e a m o n i u m a l u m will c r y s ­
tal l ize ve ry s lowly ; for t h i s p ropor ­
t ion of alcohol to t h e m a s s of a l u m 
t h e p H for a good e n t r a i n m e n t 
should be in be tween 1.30 and 3 . 9 0 . 
F o r t h e s e va lues of p H t h e loss of 
a l u m is ve ry smal l be ing of t h e o rde r 
of 3 per cen t of t h e m a s s of t h e liquid 
s e p a r a t e d f rom t h e c rys ta l l i zed a lum, 
a s c o m p a r e d wi th a b o u t 15 per cen t 
for t h e p rocess w h e r e no alcoh>ol is 
used, w i th t h e solu t ion be ing h e a t e d 
to 80°C and t h e a m o u n t of a l u m 
used is 350 g r a m s of a lum per l i te r 
of solut ion. 

T h e yield of r ecovery of ces ium in 
t h e p rec ip i t a t ed a lum is t h e s a m e 
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w h e n t h e m a s s of a lum is d imin i shed 
a n d t h e vo lume of alcohol pe r l i te r of 
so lu t ion is inc reased . However , i t is 
no t conven i en t t o i nc rease t h e volu­
m e to m u c h in benef ic t of a sma l l e r 
a m o u n t of a l u m and t h e p ropo r t i on 
of 60 g r a m s of a l u m to 250 m l of 
alcohol pe r l i t e r of solut ion was 
found to be a conven ien t one g iv ing 
condi t ions , for r o u t i n e work , easy to 
be ca r r i ed out in w a s t e d isposal 
Sys t ems . 

I t m i g h t a p p e a r t h a t a l t h o u g h 
t h e r e is economy of a l u m t h e use of 
alcohol m i g h t r a i s e t h e cost of t h e 
p roces s . H o w e v e r , such is no t t h e 
case s ince t echn ica l g r a d e alcohol is 
qu i t e inexpens ive , special ly in t h i s 
c o u n t r y . Be ing no t neces sa ry to h e a t 
t h e so lu t ion before a d d i n g f r e s h 
a l u m t o i t and cooling it d o w n to 
room t e m p e r a t u r e in each ope ra t ion , 
t h e p rocess w i t h alcohol is ve ry r ap id 
and, in t h e whole, less expens ive 
t h a n t h e one in w h i c h t h e s u p e r -
s a t u r a t i o n of t h e solut ion is ach ieved 
by h e a t . 

One i m p u r i t y t h a t m i g h t possible 
come ou t w i t h t h e ces ium-137 would 
be s t r o n t i u m - 8 9 and s t r o n t i u m - 9 0 , 
s ince some t r a c e s of t h e s e t w o 
i so topes m i g h t pa s s in t h e f i l t r a t e 
f r o m t h e fe r r i c h y d r o x i d e - c a r b o n a t e 

p r e c i p i t a t e . F o r t h i s r e a s o n t h e 1.46 
Mev be t a r a y s f r o m s t r o n t i u m - 8 9 
(53 d a y s ) , 0 . 6 1 Mev. be ta r a y 
s t r o n t i u m - 9 0 (28 y e a r s ) a n d t h e 
2.229 Mev be t a r a y s f r o m y t t r i u m -
90 ( 6 4 . 8 h o u r s , s t r o n t i u m - 9 0 descen­
d e n t ) w e r e looked for in t h e alum.i-
n u m a b s o r p t i o n c u r v e s and n o n e of 
t l i em w e r e found. T h e a c t i v i t y de ­
t e r m i n e d eve ry d a y fo r a b o u t fou r 
m o n t h s showed t h e absence of a n y 
b e t a i m p u r i t y wi th a half- l ife of 5 3 
d a y s t h a t m i g h t be a sc r ibed to 
s t r o n t i u m - 8 9 ; t h e absence of s t r o n -
t i u m - 8 9 ind ica te s no c o n t a m i n a t i o n 
by s t r o n t i u m - 9 0 a n d i t s d e s c e n d e n t 
y t t r i u m - 9 0 , obviously. N o r a r e e a r t h s 
a n d r u t h e n i u m c o n t a m i n a t i o n was 
found a s can be seen by t h e g a m m a 
s p e c t r u m in F i g u r e I. 

T h e r e m o v a l of ces ium by t h e 
c iys t a l l i zed a lum is ve ry rap id and 
a g i t a t i o n t i m e f rom hal f -one h o u r on. 
g a v e a l w a y s t h e s a m e p e r c e n t a g e of 
r ecove ry . T h e s t a n d i n g t i m e does no t 
a.ffect t h e r e s u l t s and f i l t r a t i on m a d e 
i m m e d i a t e l y a f t e r ha l f -one h o u r of 
a g i t a t i o n on, and a n y t i m e u p to 24 
h o u r s g a v e t h e s a m e r e s u l t s , Tab le 
I a n d I I . 

T h e p r o c e d u r e worked ou t well for 
ces ium p r e s e n t a t t r a c e r o r a t m a c r o 
c o n c e n t r a t i o n . 
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Figvre I — Garna ray spectra for Cs-137 separated m alum {dashed 
lines) and a standard Cs-137 {full-line). 
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Figure II — Aluminura absorvtion curve and Feather's analysis 
for Cs-137 separated in alum. 
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