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A C T I V A T I O N A N A L Y S I S O l - C H R O M I U M IN W A T E R M A T R I X 

F . W . L I M A , C . M . S I L V A 

liistimio lie Eiicrsiiu Aioifiica, Sao Piiulo (Bra.sil) 

( R e c e i v e d J u n e 2 9 , 1 9 6 7 ) 

C h i o m i i i n i ;il c o n c e n i i a t i o i i s ol ' pa r t s per b i l l ion in w a l e r , m a y be d e l e r n i i n e d by 
a c t i v a t i o n ana lys i s using an ins trunien la l m e t h o d p r e c e d e d by c o n e e n t r a l i o n o n 
a n i o n e x c h a n g e res ins . B l a n k i t i i i s . us ing d c i o n i z e d w a t e r , a r e c a r r i e d i b r o u g h the s teps 
o f p r e c o n c e n l i a l i o i i . T h e b l a n k - r e s i n a n d s a m p l e - r e s i n a r e i n a d i a i e d l o g e t l i e r with 
i h e r n i a l n e u t r o n s , a n d Ihe g a m m a . spec l rum o t c a e h i.s s l o r e d in h a l t o f the m e m o r y 
unit ol' a m u l t i c h a n n e l a n a l y z e r . S u b l r a e l i o n o f the b l a n k - r e s i n s | ieelrLim f rom 
ilie s a m p l e - r e s i n .speetrinii g ives the ••'Ci' peak IVee IVom imer l ' e r ing a e t i v i i i e s . 

Introil i icHon 

In t r a c e ana ly s i s , the t r a c e e l e m e n t to be a n a l y z e d o c c u r s , in g e n e r a l , t o g e t h e r 

with o t h e r e l e m e n t s o f a b o t i t the s a m e c o n c e n t r a t i o n , and all t r a ce s a re d i spe r sed 

in a m a t r i x which c o n s i s t s o f e l e m e n t s t h a t a r e p resen t in the largest p r o p o r t i o n 

in t he m i x t u r e . T h e c o n c e n t r a t i o n o f the t r a c e e l e m e n t s a r e in the r a n g e o f par t s 

per mi l l ion o r par ts per b i l l ion , and the t ibso lu te q t i an t i t i e s in the r ange o f m i c i o -

g r a m s o r less. 

A s a c o n s e q u e n c e o f th is d i s p r o p o r t i o n in the q u a n t i t i e s o f m a t r i x a n d t r ace 

e l e m e n t s , the ana ly s i s o f t r a ce s is ustially c o m p l i c a t e d by in t e r f e rence c a u s e d by 

the m a t r i x , e spec ia l ly when ptircly i n s t r u m e n t a l m e t h o d s , wi thot i t c h e m i c a l s epa ­

r a t i o n s , a r e used. M a t r i x i n t e r f e r e n c e is e n h a n c e d when h ighly sens i t ive m e t h o d s 

o f a n a l y s i s a re e m p l o y e d as in (he c a s e o f a c t i v a t i o n a n a l y s i s , when the ac t iv i ty 

i nduced in t he ma t r ix o w i n g to its la rge m a s s is mtich h ighe r than the ac t iv i ty o f 

the t r a c e e l e m e n t to be a n a l y z e d . 

in m a n y c a s e s the m a t r i x c o n s i s t s o f e l e m e n t s hav ing low c r o s s s e c t i o n s for t h e 

a c t i v a t i o n r e a c t i o n . S o l u t i o n s in w a t e r o r o r g a n i c s o l v e n t s a re e x a m p l e s o f low 

c r o s s s e c t i o n m a t r i c e s , and c o n s t i t u t e c a s e s in wh ich d i rec t i r r ad ia t ion o f the m a ­

tr ix c o n t a i n i n g the t r a c e e l e m e n t s to be d e t e r m i n e d may be c o n s i d e r e d . H o w e v e r , 

low c o n c e n t r a t i o n o f the t r a c e e l e m e n t in the o r g a n i c or in the w a t e r s o l u t i o n s 

r equ i r e s the hand l ing and i r r ad ia t ion o f large v o l u m e s o f liqtiids and this g ives 

rise to fur ther c o m p l i c a t i o n s , e s p e c i a l l y in c o n n e c t i o n with i r r ad ia t ion p r o b l e m s . 

F o r t he se types o f m a t r i c e s a p i e c o n c e n t r a t i o n o r e n r i c h m e n t s t ep is a l m o s t in­

v a r i a b l y e s sen t i a l . H o w e v e r , in m a n y c a s e s o f t i c t iva t ion ana lys i s , p r e c o n c e n t r a t i o n 

./. R.iilininial. Chnil. I i IVf,.\) 147 I?: 
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o p e r a t i o n s a re h a m p e r e d by p r o b l e m s o f c o n t a m i n a l i o n o f the s a m p l e s , o r by the 

risk o f losses o f t r ace e l e m e n t s . 

C o n t a m i n a t i o n p r o b l e m s c a n n o t a l w a y s be a v o i d e d , s i nce , a t t r a c e levels , ves­

sels , r e a g e n t s , e t c . may a l so in t rock ice a m o u n t s o f t r ace e l e m e n t s o f the s a m e o r d e r 

o f m a g n i t u d e as the o n e lo be d e t e r m i n e d . In s o m e c a s e s b l a n k runs ca r r i ed 

th rough all s teps o f the a c t u a l s e p a r a t i o n may help to o v e i ' c o m c the c o m p l i c a ­

t ions i n t r o d u c e d by such s o u r c e s o f c o n t a m i n a t i o n . 

Loss o f t r ace e l e m e n t s is a l so an ever p resen t ami t r o u b l e s o m e p r o b l e m in c o n ­

nec t ion with t r ace ana ly s i s , and the lower the c o n c e n t r a t i o n o f t r a c e , the h ighe r 

a re the c h a n c e s ol ' loss. P r o b l e m s involved in the p r e c o n c e n t r a t i o n o p e i a t i o n s 

can be o v e r c o m e by c h o o s i n g a p p r o p r i a t e t e c h n i q u e s and c o n v e n i e n t s a m p l e 

size, and b a l a n c i n g them jud i c io t i s l y in o i d e r to m a k e the e n r i c h m e n t o r p r e c o n ­

c e n t r a t i o n o f the t r ace a s imp le o p e r a t i o n . Very c o m p l e x t e c h n i q u e s and very 

large s a m p l e s shot i ld be a v o i d e d w h e n e v e r poss ib le . A t h o r o u g h e x a m i n a t i o n ol ' 

p r o b l e m s in c o n n e c t i o n with p r e c o n c e n t r a t i o n and e n r i c h m e n t has been m a d e by 

M l / t l l K l . . ' 

Analysis of chromiuiii 

In the c o u r s e o f a s tudy o f h y d r o l o g y p r o b l e m s c o n c e r n i n g the l o c a l i z a t i o n o f 

l e a k a g e s in d a m s , c h r o m a t e was used as a s t a b l e t r ace r . S a m p l e s o f the c o l l e c t e d 

wate r had to be a n a l y z e d for c h r o m i t i m presen t at the level o f par ts per b i l l ion . 

O t h e r e l e m e n t s present were s o d i u m , c a l c i u m and s i l i con . 

O f the m a n y p r e c o n c e n t r a t i o n t echn iq t i e s , the use o f a n i o n e x c h a n g e r s s e e m e d 

to be s t i i t ab le to so lve this p r o b l e m , s ince mos t o f the po t en t i a l in te r fe r ing sub ­

s t a n c e s were present as c a t i o n s . T h e tise o f ion e x c h a n g e r resins a l so pe rmi t s the 

dup l i ca t i on o f o p e r a t i o n s for b l ank runs in a very s imple m a n n e r . 

Af te r c h r o m i u m , as c h r o m a t e , has been a b s o r b e d by the resin f rom the s o l u t i o n 

passed t h rough it, this resin and b l ank o n e s a re i r rad ia ted d i rec t ly , and the i r a c ­

t ivit ies d e t e r m i n e d in a m u l t i c h a n n e l a n a l y z e r . T h e spec t r t im o f the b lank- ros in is 

s to red in o n e h a l f o f the m e m o r y unit o f the ana lyze r , a.nd tha t o f the s ample - r e s in 

in the o t h e r half . S u b t r a c t i o n o f the b l ank s p e c t r u m f rom the s a m p l e s p e c l r u m 

m a k e s it poss ib l e to use c h e m i c a l o p e r a t i o n s on ly at the b e g i n n i n g o f the p r o c e s s , 

when o x i d a t i o n o f t r a ce s o f c h r o m i u m in the wa te r is a c c o m p l i s h e d by m e a n s o f 

hyd rogen p e r o x i d e . In this way c o n t a m i n a t i o n by r e a g e n t s c a n be p r a c t i c a l l y a v o i d ­

ed . I n t e r f e r e n c e f rom o t h e r a n i o n i c spec ies a b s o r b e d by the resin c a n be e l imi ­

nated by c h o o s i n g a p p i o p r i a t e c o o l i n g t imes be fo re c o u n t i n g the s a m p l e and b lank 

res ins . L o s s e s o f c h r o m i u m o w i n g to its very low c o n c e n t r a t i o n were inves t iga ted 

by m e a n s o f ' ' C r so l t i t i ons in c o n c e n t r a t i o n s from a b o u t o n e part per 

mi l l ion d o w n to o n e par t per b i l l ion o f c h r o m a t e ion , and it was s h o w n 

thai in this c o n c e n t r a t i o n r ange the r e c o v e r y o f added c h r o m i t i m was h igher 

than 9 9 ' ; , , . 

T h e use o f resins for c h r o m a t e r e t en t ion and c o l o r i m e t r i c d e t e r m i n a t i o n o f 

c h r o m i u m in a lka l i h y d r o x i d e s at s t i b m i c r o g r a m level has been r epo r t ed by M A N -

NiNCi. M i i . L R R and R O W A N . ' -

.1. kaili,HJ,i,il. Cliiin. I • I'lluf) l-n - / . iJ 
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experimental 

Mdierials and rcagciiis 

G l a s s c o l u m n s o f O . i c m d i a m e t e r and 5 c m length were used. A s a n i o n e x c h a n g ­

e r . A m l i e r l i t e / W - 4 0 1 , 5 t ) - 100 mesh (0..5 g o l ' e x c h a n g e i ' per c o l u m n ) was e m p l o y ­

ed . T h e ion e x c h a n g e r was c o i i v c r t e d in to h y d r o x i d e form with 2 M N a O H so lu ­

t i o n , and washed with d e i o n i / e d wate r . 

H y d r o g e n p e r o x i d e . 130 \ o l u m e s . 

A m m o n i u m h y d r o x i d e s o l u t i o n ( 2 8 " „ N H ; t ) . 

P o t a s s i u m b i c h r o m a t e s t a iu la rd s o l u t i o n s c o n t a i n i n g 2 0 and 5 0 //g o f c h r o m i u m 

per ml . 

P o t a s s i u m c h r o m a t e s o l u i i o n c o n t a i n i n g 10 mg o t c h r o m i u m per nd. 

I ron ( I I I ) c h l o r i d e so lu t ion c o n l a i n i n g 10 mg o f iron per ml. 

B a r i u m c h l o r i d e s o l u t i o n ( 1 0 " „ ) . 

A c e t i c ac id so lu t ion ( 6 M). 
A m m o n i u m a c e t a t e solut i t )n (6 /V/). 

P o l y e t h y l e n e e n v e l o p e s tor s a m p l e i r r a d i a t i o n . 2 x 4 c m . 

All c h e m i c a l s were o f a n a l y t i c a l g r a d e p L i r i t y . 

M CI hod 

T o a v o l u m e o f 2 5 0 0 ml ol wa te r c o n t a i n i n g the c h r o m i u m , a m m o n i u m hy­

d r o x i d e s o l u t i o n is added ti> adjus t the/d- l to 10. T h e s o l u t i o n is bo i led and 0 . 8 ml 

ol ' h y d r o g e n p e r o x i d e per l i ter o f w a t e r is a d d e d . G e n t l e bo i l i ng is m a i n t a i n e d fo i ' 

15 minu t e s . Af t e r c o o l i n g to r o o m t e m p e r a t u r e , the s o l u t i o n is p e r c o l a t e d t h r o u g h 

ihe ion e x c h a n g e r c o l u m n at a ra te o f 2 ml per m inu t e . W a s h the c o l u m n with 

100 ml o f d c i o n i z e d w a l e r . D r y the resin at a b o u t 8 0 C , and t r ans fe r to the po ly­

e t h y l e n e e n v e l o p e s , A b l ank I'un is c a i r i c d out in pa ra l l e l , using the s a m e v o l u m e 

o f d e i o n i z e d wate r . 

T h e s a m p l e and b l a n k l e s ins a re i r r ad ia t ed toge the i ' , as well as s t a n d a r d s o f 

2 to 5 //g o f c h r o m i u m , for 8 hou r s in a t h e r m a l n e u t r o n llux o f 5 • 10' ' - n • c m ' ' - • 

• s e c - ' 

Af t e r a c o o l i n g per iod from 2 4 hou r s ( for s a m p l e s at par ts pei' mi l l ion level) 

l o 7 0 h o u r s (foi- s a m p l e s at par t s per b i l l ion leve l ) l l ie s a m p l e s a re c o u n t e d in a 

m u l t i c h a n n e l a n a l y z e r ( T M C - M o d c l 4 0 4 - 6 ) c o u p l e d to N a l - T I s c i n l i l l a t i o n well 

c ry s t a l ( 1 3 / 4 " x 2 " ) (Har . shaw) . 

T h e s a m p l e s p e c l r u m is s t m e d in one h a l f o f the m e m o r y unit o f the 4 0 ( ) - c h a n n e l 

a n a l y z e r anil the b l a n k s p e c t r u m in the o t h e r half . G a i n va lues a re .set l o g ive 

0.01 M e V / c h a n n e l . T h e a n a l y z e r is c o u p l e d to a " f M C R e s o l v e r - l n t e g r a t o r . M o d e l 

5 2 2 . by which the blaid<-speclr i , im can be s u b t r a c t e d f rom the s a m p l e - s p e c t r u m . 

T h e a r e a o f the peak at 0 .321 M e V . af ter s u b t r a c t i o n , is o b t a i n e d by i n t e g r a t i o n , 

and c t ) m p a r e d with the a rea o f Ihe s a m e peak fo i ' s t a n d a r d s o f ' ' ' C r . | - igures I and 

2 a re typ ica l resul ts for a c h r t ) m i u m ana ly s i s in wa te r c o n t a i n i n g 10 par ts per b i l l ion 

o f c h r o m i u m . T h e spec t r a in t h o s e l igures were o b t a i n e d af ter a c o o l i n g t ime i i f 

7 0 hou r s in o r d e r l o s h o w m o r e c l ea r l y the peak at 0 . 321 M c V for ' ' 'C r . F o r c a l ­

c u l a t i o n s a c o o l i n g t ime o f on ly 2 4 hou r s wouki be suff ic ient . 

file:///olumes
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ir the c o n c e n l r a d o n o f c h r o m i u m in wa te r is l o o low, l a rge r v o l u m e s o f wa te r 
o r a c o o l i n g t ime l onge r than 2 4 hoLirs shou ld be used in o r d e r tha t sho r t hal l - l i fe 
ac t iv i t i es in the res ins m a y decay to va lues that will not p reven t a g o o d r e so lu t i on 
o f the ' ' ' C r p e a k . A l t e r n a t i v e l y , the res in , a f ter i r r ad ia t ion m a y be i n c i n e r a t e d in an 

l-ig, I . Ciani i i ia spec l ia o f s a m n l u - i t s i n ( a b o v e ) a m i bhink-ie .s i i i ( b e l o w ) 

l-ig. 2. G a m i i i a s p e c t r u m o t s a m p l e - r e s i n ( a b o v e ) al ' ier s t i b t r a c t i o n of the s p e c t r u m o t 
b l a n k - r e s i n ( b e l o w ) 

iron c r u c i b l e at a b o u t 7()() C , and residtie ftised with sodi t im pero.xide at 5 0 0 C. T h e 
so l id c a k e is d i sso lved in ho t wa t e r and 10 mg o f c h r o m i u m ( p o t a s s i u m c h r o m a t e ) 
is added as c a i a i e r . T h e so lu t ion is scavenge t l by p rec ip i t a t i on o f ferric hydrcixide 
th ree t imes , the ( i l trate is m a d e ac id by a d d i n g a c e t i c ac id and a m m o n i u m ace t t i t e . 
c h r o m i u m is p rec ip i ta ted as ba r ium c h r o m a t e . and c o u n t e d as p rev ious ly . 

./. liailiiuimil. Clum I t'iha, 141 l>: 
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Results and discussion 

In T a b l e 1 a re r epor t ed s o m e e x p e r i m e n t a l resul ts o b t a i n e d by add ing k n o w n 

a m o u n t s o f c h r o m i u m , as c h r o m a t e , to de ion ized wa.icr. 

T a b i c I 

D e t e r m i n a t i o n ol' e h r o n i i m n ( c h i o n i a i e ) in u a l e r 

u g , .(• C r 

IVUMUI 

MM 75 7 2 . 2 yfi 

2m 5 0 5 4 . 7 10.1 

S ( l 25 2 6 . 5 106 

M) 75 S 1.9 l o y 

2(1 5 0 5 1 . 2 102 

1« 25 2 6 . . 105 
s 10 10 100 
^ 10 9.7 97 

-1 10 "•).5 95 

2 .5 s 5 .0 100 

2.5 s 5.1 102 

1.0 2 .5 2..^ 91 

1.0 2 .5 2 .7 107 

B l a n k runs were ca r r i ed otit in pai 'allel using dc ion i zed w a t e r ; with i r rad ia t ion 
t i m e s o f 8 h o u r s and c o o l i n g t imes o f 2 4 hour s c h r o m i t i m has not been de tec ted 
in the d e i o n i z e d wa te r . 

T h e p rec i s ion o f the m e t h o d , exp re s sed in t e rms o f s t a n d a r d d e v i a t i o n , is sliow n 
in T a b l e 2 for r epea ted d e t e r n i i n a t i o n s with six d i l ferent s a m p l e s o f wa le r . 

l^able 2 

P r e c i s i o n o f Ihe d e l c r m i n a l i o n s ol ' c h r o n i i i n i i in w a l e t 

( r e su l t s in pa r t s per bi l l i o n ) 

S ;i ni p 1 ^ 

'f // ( fi A. /-

1.8 2 9 . 0 1.6 ."59.0 1.6 7 8 . 0 

1.5 2 8 . 7 1.8 1 .f. 7 0 . 0 

1.7 1.7 4 1 . 0 1.7 

2 . 0 1,7 

t . 5 1.4 

i .y 
I..S 
1.9 

1 0 . 2 * 2 8 . 9 1 0 . 2 * 1.7 i 0 . 1 * 38 1 3* 1.6 - 0 . 1 * 7 4 ' 6^ 

''̂  S l a r u i a r d i l e v i a l i o n s . 
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Tables I and 2 s h o w that the i n s t r u m e n t a l m e t h o d precetlct i by a c o n c e n t r a ­
t ion on an a n i o n exch t inge r gives g o o d accu r t i cy ami prec i s ion down to o n e ptirt 
per b i l l ion . F o r lower va lues o f c h r o m i u m c o n c e n t r a t i o n a longe r i r r ad i a t i on per iod 
would be r equ i red , resul t ing in t o o high a viilue for the ac t iv i ty o f the b l a n k 
resin and this would mtisk the petik for ' ' C r . In such cases a longe r c o o l i n g per iod 
be fore c o u n t i n g would be neces sa ry , unless the t e c h n i q u e o f i nc ine ra t i ng tine resin 
is used, o r a la rger v o l u m e o f wtiter is perco la te t l throt igh the resin. 
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RESUMO 

Cromo am concentração de par t e s por b i lhão 8m água pode ser determinado por ana 

l i s e por a t i v a ç ã o usando método ins trumenta l precedido por uma concentração do anion 

cromato em r e s i n a a n i S n i c a , 

A n á l i s e s em branco, usando água d e s i o n i z a d a , são f e i t a s contemporânesunente du 

rante toda fase de pré~concentração . A res ina-amostra e a resina/-branco são i r r a d i a 

daa ao mesmo tempo com neutrons térmicos e o e s p e c t r o gama de cada são r e g i s t r a d o s 

em cada metade da memória de um ana l i sador m u l t i c a n a l . A subtração do espec tro da 

res ina-branco do da res ina-amostra , dá o p ico de 0 , 3 2 1 Mev do cromo l i v r e de i n t e r ­

f e r ê n c i a s . 

RESUME 

L ' a n a l y s e par a c t i v a t i o n de ohromiun, en concentra t ion correspondent à par ­

t i e s par b i l l i o n dans l ' e a u , à l t é f a i t par concentrat ion p r é a l a b l e dans une res ine 

exchangeuse d ' a n i o n s . 

Des e s says en blanc ont é t é f a i t avec de l ' e a u d é m i n é r a l i s é e . La res ine blanc 

e t l a r e s ine avec l e chromiun ont é t é i r r a d i é e s au même temps e t l e s spec tro gamma 

accumulés dans chaque moit ié de l a mémoire d'un analyseur m u l t i c a n a l . Par s o u s t r a c ­

t ion du spec tro de l a res ine blanc du spec tro de l a r e s ine avec l e chromiun on ob­

t i e n t l e p i c du 51Cr sans i n t e r f é r e n c e d ' a u t r e s a c t i v i t é s . 




