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summary 

Label l ing of human serum albumin (HSA) with 9 9 m T c ,  a t  
n e u t r a l  pH, using Sn(I1) c i t r a t e  a s  reducing agent i s  descr i -  
bed. A t  pH 7.4, more than 98% binding ef f ic iency  f o r  9 9 m T c -  
HSA i s  achieved. 99mIPc-Sn-citrate with high pro te in  binding 
capaci ty  i s  first formed a s  an intermediate complex and i n  
the presence of albumin, a more s t a b l e  99mTc-HSA complex i s  
formed. 99m Tc-HSA complex i s  formed by l igand exchange and 
30 m i n  reac t ion  time i s  s u f f i c i e n t  f o r  the complex formation 
of 99mTc-HSA. Biodis t r ibu t ion  i n  normal mice a t  30 min 
obtained f o r  99m Tc-HSA prepared by Sn(I1) c i t r a t e  showed 
30.3 76 i n j e c t e d  dose i n  blood compared t o  32.9-34.5 76 f o r  
9% Tc-HSA prepared by Sn(II)Cl,. The presence of c i t r a t e  
s t a b i l i z e s  Sn(I1) i o n s  towards oxidation and hydrolysis . 
The addition of ascorbic a c i d  did not increase the  percent  
y i e l d  of 99mTc-HSA and has adverse e f f e c t  on i t s  b io logica l  
d i s t r i b u t i o n .  

Key Words : 
Technetium-9%-human serum albumin, Sn(I1) c i t r a t e  , 

l a b e l l i n g ,  t r i c h l o r o a c e t i c  acid protein p r e c i p i t a t i o n ,  s tab i -  
l i t y ,  ascorbic  aci5, drug b iodis t r ibu t ion  . 

Introduct ion 

Label l ing of HSA w i t h  technetium-99m was first attempted 

Harper e t  a l .  [l] and Richards e t  al.[2] i n  the e a r l y  1960s. 

demonstrated t h a t  ascorbate o r  ascorbate p l u s  Fe(II1)  could be 
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used a s  reducing agents f o r  technetium i n  t h i s  l a b e l l i n g  pro- 

C 6dUre. 

E l e c t r o l y t i c  reduction of technetium has a l s o  been used i n  

the preparation of 99%c-HSA, first using zirconium e lec t rodes  

L3-53, a n d  l a t e r  using t i n  wire e lec t rodes  [1,6,7]. 

advantages o f  these methods include mul t ip le  pH adjustment, 

contamination of the l a b e l l e d  product with electrode mater ia l s  

and incomplete reduction of the pertechnetate.  

The d i s -  

More e f f i c i e n t  l a b e l l i n g  of HSA can b e  achieved by using 

Sn(I1)  a s  a reducing agent [8,9]. 

developed f o r  accomplishing t h i s  a n d  a number of stannous re- 

agent k i t s ,  which provide varying degrees of success,  a r e  com- 

mercially ava i lab le  a t  the present time. Per technetate  usually 

does not p e r s i s t  as an impurity when using S n ( I I >  reduction 

method. However, c o l l o i d a l  technetium is of ten  present i n  sig- 

n i f i c a n t  amoun t s  if reac t ion  conditions a r e  not  carefu l ly  con- 

t r o l l e d  [ l O , l l ] .  

Various procedures have been 

The l a b e l l i n g  process using Sn(I1) requi res  

s ing le  low pH reduction of tecbnetium with the  HSA present . 
This low pH i s  no t  su i tab le  f o r  pro te ins  due t o  probable dena- 

t uration. 

Stannous c i t r a t e  i s  used i n  t h i s  s tudy t o  minimize albumin 

denaturation s ince  the l a b e l l i n g  is c a r r i e d  o u t  a t  n e u t r a l  pH 

a n d  a l so  t o  minimize the poss ib le  formation of technetium-Sn- 

co l lo id  due t o  the presence of Sn(I1)  as c i t r a t e  complex. The 

d i f fe ren t  f a c t o r s  s tudied include reac t ion  time, Sn(I1) c i t r a t e  

content, HSA content,  pH, biological. d i s t r i b u t i o n  a n d  s t a b i l i t y .  

Final ly ,  the  e f f e c t  o f  ascorbic  acid on the l a b e l l i n g  y i e l d  a n d  

biological  d i s t r i b u t i o n  of Tc-HSA i s  a lso  tested.  
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99mTcO; w a s  obtained from a s t e r i l e  9%o-99mTc generator 

ElUteC TRE, Belgiam. Human serum albumin (HSA) had been sup- 

p l i e d  by Serotherapeutisches I n s t i t u t  Wein Osterreich GmbH. 

Stannous c i t r a t e  was obtained from B.D.H. and was used 

without f u r t h e r  pur i f ica t ion .  Sn(I1) c i t r a t e  so lu t ion  was 

f r e s h l y  prepared by adding 20 ml 2% trisodium c i t r a t e  dihy- 

d r a t e  i n  small port ions t o  100 m g  s n ( I I )  c i t r a t e  t i l l  c l e a r  

s o l u t i o n  was obtained. 

help the d isso lu t ion  of Sn(I1) c i t r a t e .  The final volume was 

adjusted to  50 m l  a n d  f i l t e r e d  through 0.22 Mil l ipore f i l -  

ter .  

8 mg trisodium c i t r a t e  dihydrate  a n d  has pH 7. 

Heating on b o i l i n g  water bath w i l l  

Each l m l  of t h i s  so lu t ion  contains 2 mg Sn(I1)  c i t r a t e ,  

Sn(I1)  determination : 

Tin c i t r a t e  (B.D.H.) was analyzed f o r  i t s  contents of 

stannoue by iodometric t i t r a t i o n  using standard K I 0 3  solut ion.  

The accuracy and  reproducib i l l ty  of t h i s  method f o r  determi- 

ning microamounts of Sn(I1) had been confirmed [12]. 

t i t r a t i o n  was car r ied  o u t  by  introducing 0.35 m l  2N HC1, 0.05 

ml s t a r c h  so lu t ion  a n d  1.0 m l  t i n  c i t r a t e  sample i n t o  10 m l  

N p,urged vizl  by means of 1.0 m l  tuberculin syringes. The 

contents of the v i a l  were mixed a n d  t i t r a t e d  with standard 

KIO so lu t ion  i n  a tuberculin s y r i n g e u n t i l  a permanent f a i n t  

b lue colour is formed. 

The amount of Sn(I1) content was determined f r o c  the following 

The 

2 

3 
A l l  so lu t ions  used were N2 purged . 

r e l a t i o n  : 



332 M. T. El-Kolaly and A.  S. El- Wetery 

L a b e l l i n g  Procedure : 

Reduc t i o n  of 99mTc04 a n d  a l b m i n  l a b e l l i n g  were accompli- 

shed by a d d i n g  200 yl Sn( I1 )  c i t r a t e  so lu t ion  t o  0.1 m l  20 % 

HSA i n  10 m l  N2 purged p e n i c i l l i n  v i a l .  

ted t o  2 m l  wi th  N2 purged di8kiPled water. 

7.4. 

incubated for 30 D i n  at room temperature. 

The volume was comple- 

The f i n a l  pH was 

1 ml ggmTcOi was then added a n d  the r eac t ion  mixture was 

The binding e f f i c i ency  of the l a b e l l e d  albumin is assessed 

b y  ascending paper  radiochromatography in methyl e thy l  ketone 

wi th  Whatmann No. 1 paper. 

Determination of the % l a b e l l i n g  of 99mTc-HSA : 

The pur i ty  and the % label l ing of 99mTto-HSA were determi- 

ned with t r i c h l o r o a c e t i e  acid (TCA) p r o t e i n  p r e c i p i t a t i o n  

method. 

p rec ip i t a t ed  99mTc-HSA w a s  separated by centr i fugat ion.  

a c t i v i t y  of the supernatant and 99mTc-HSA p r e c i p i t a t e  were cal-  

culated by counting 0.2 m l  of t he  supernatant a n d  0.2 m l  of 

99mTc-HSA s o l u t i o n  used i n  the p r e c i p i t a t i o n  process. The % 

l a b e l l i n g  w a s  determined as follows : 

One m l  99mTc-HSA was mixed with one m l  20% TCA and the  

The 

Biological  D i s t r ibu t ion  : 

0.1 m l  of t he  "%c-HSA s o l u t i o n  was i n j e c t e d  i n  the t a i l  

vein o f  mice. A g o u p  of 3were used f o r  each determination. The 

mice were s a c r i f i c e d  30 min a f t e r  i n j ec t ion .  Fresh blood was 

co l l ec t ed  i n  a preweighed v i a l  a n d  counted. The d i f f e r e n t  

organs were removed, counted a n d  compared t o  a s t a n d a r d  d i l u -  

t ion of the l a b e l l e d  radioalbumin. The average values o f  % 
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administered dose/organ a r e  calculated a f t e r  correct ion f o r  

rad ioac t iv i ty  i n  the t a i l  a n d  t o t a l  blood i s  assumed t o  be 7 % 

of the body weight. 

Resul t s  a n d  Discussion 

Sn(IZ)C12 is the  most widely used reducing agent i n  the  

p r  epar a t ion of 99mT c-radi opharmac e u t i c  s l s  i n c l  ud ing 99mTc-HS~ 

[13]. Because of the ease of i t s  oxidation and hydrolysis , 
Sn(I1)  c i t r a t e  is used i n  the present study. The presence of 

c i t r a t e  s t a b i l i z e s  the Sn(I1)  ion towards of ida t ion  a n d  hydro- 

l y s i s  [14]. I n  addition, most of the published procedures[8 - 
103 f o r  HSA l a b e l l i n g  with 99mTc using Sn(I1) as reducing agent 

have beencarr ied out a t  pH 1.5-2.5 t o  prevent tin col loid for-  

mation, but t h i s  pH i s  not  s u i t a b l e  f o r  proteins  [15]. Label- 

ling of albumin a t  n e u t r a l  pH using Sn(I1)  c i t r a t e  should mini- 

mize a l b  win denat uration. 

Determination of Sn(IC1) : 

The r e s u l t s  obtained f r o m  the analysis  of t i n  o i t r a t e  

(B.D.H.) so lu t ion  showed t h a t  60 % of i t s  content is  in the  

fjt!alnous form. The presence of  oxidized tin i n  Commercially 

avai lab le  stannous s a l t s  is unavoidable [16] but  the quant i ty  

found here i s  somewhat high compared t o  the measured q u a n t i t y  

i n  some commercially ava i lab le  SnC12.2 H20 which contain 

15 t o  20% Sn(N) .  

from 

Determination of t h e  Percent Label l ing : 

Several  authors  [10-12,17] have proposed assay methods 

f o r  determining the q u a n t i t i e s  of l a b e l l e d  HSA i n  preparations.  

Only the  amount of f r e e  99mTc0; was observed i n  many of these 

methods and i n  addi t ion 99%c-EISA was not dis t inguished from 

reduced 9%c-species t h a t  may be present.  The presence of 
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9 9 n ~ c - ~ n - c o l l o i d  i n  99m~c-m~ preparat ion r e p r e s e n t s  a r e a l  

problem because it behaves s i m i l a r  t o  99%c-HSA i n  most of t he  

a n a l y t i c a l  technique%lO,ll ,  177. 
techniques 

estimation of  the p u r i t y  and q u a l i t y  of the l a b e l l e d  99%c-HSA. 

The combination of a n a l y t i c a l  

t oge the r  w i t h  bioassay i s  necessary f o r  accurate  

The d a t a  presented i n  Table 1 show the  average binding 

e f f i c i e n c y  of 9%c-HSA as assayed by paper radiochromatography 

(Whatmann No. 1) w i t h  MEK and s a l i n e ,  a l s o  by 20% TCA p r o t e i n  

p r e c i p i t a t i o n  method and by Sephadex 6 2 5  medium (pharmacia) 

g e l  column (1x30) chromatography e l u t e d  w i t h  0.9% NaC1.  

Table 1 : Binding e f f i c i e n c y  of 99%c-HSA as assayed 

by dif f e r e  n t a n a l y t i c  a 1  t ec  hnique s . 
Method of a n a l y s i s  

% Bound 

Mean r. S.D. 

TCA p r o t e i n  p r e c i p i t a t i o n  s7.0 2.9 

Sephadex G 2 5  g e l  column 
90.4 2 1.1 

chromatography . 
...................................................... 
A s l i g h t  v a r i a t i o n  of t h e  % 9%c-HsA was observed as 

shown i n  Table 1 . This  is  i n  good agreement with Rhodes e t  

al.[lO] f i n d i n g s  that  99%c-HSA prepared by the same method 

gave va r i ab le  r e s u l t s  from day t o  day, even when prepared from 

t h e  same l o t  of HSA k i t s .  This variation may 

be due t o  t h e  formation of s i g n i f i c a n t  amounts of i n so lub le  

technetium and unbound per technetate .  In addi t ion,  it was 

found t h a t  t h e  % 9%c-HSA determined by TCA p r o t e i n  p rec ip i -  

t a t i o n  method i s  lO-l3% l e s s  than t h a t  determined by radiocbro- 
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matographic method. T h i s  is due t o  the  a b i l i t y  of MEK t o  sepa- 

r a t e  the 99%cOz radiochemical impurity leaving the 99%c-HSA, 

9%c-Sn-colloid and o t h e r  reduced technetium species  a t  the 

or ig in .  

i s  p r e c i p i t a t e d  leaving the o the r  radiochemical impur i t i e s  such 

as  99%c-Sn-colloid, f r e e  99"4pcOG and 99%c-Sn-citrate i n  t k  

supernatant.  

W i t h  TCA p r o t e i n  p r e c i p i t a t i o n  method, only 99%c-HSA 

E f f e c t  of Reaction Time : 

The percent of 99%c-HSA and the percent  of d i f f e r e n t  

999?c spec ie s  present  i n  the r eac t ion  mixture were followed 

by paper chromatography-IUIEK system as  a func t ion  of 

Table 2 shows the presence of 99%.c-citrate which moves with 

Rf 0.25-0.33 i n  agreement with the published v a l u e  c18]. 

The 99mTc-HSA which s t a y s  a t  t h e  o r i g i n  w i t h  Rf 

0.0 a n d  t he  f r e e  "%GO; moves w i t h  the solvent f r o n t  

time 

with Rf 1.0. 

Table 2 : Effec t  of r eac t ion  time on the % "%c-HSA. 

5 62.0 f 0.8 36.9 0.8 1.4 A 0.5 

10 95.3 & 0.8 2.6 f 0.8 0.5 0.1 

1.4 & 0.5 98.8 0.4 -_- 30 

60 98.1 A 0.1 --- 1.9 A 0.8 

I t  i s  clear from these data t h a t  the l a b e l l i n g  o f  HSA with 

99mTc using Sn(I1) c i t r a t e  proceeds V i a  the  formation o f  
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99%c-citrate intermediate complex. 

complex is decreased while 99mTc-HSA percentage i s  increased 

with time. 

The % 99mTc-citrate 

Although 5 m i n  i s  enough f o r  reduction of Tc04, 

30 m i n  i s  s t i l l  required f o r  the complete formation of 

99mTc-HSA complex. 

Effect  of Sn(I1)  C i t r a t e  Content : 

The e f f e c t  of increasing Sn(I1)  c i t r a t e  content on the % 

l a b e l l i n g  of 99mTc-HSA is  studied i n  order  to  determine the 

optimum quant i ty  of Sn(I1)  c i t r a t e  which g i v e s  high l a b e l l i n g  

yield. Trisodium c i t r a t e  i s  used t o  d i sso lve  a n d  s t a b i l i z e  the 

Sn( I1 )  c i t r a t e ,  20 m l  of 2 % trisodium c l t r a t e  is the m i n i m u m  

amount required f o r  the d isso lu t ion  of 100 mg Sn(I1) c i t r a t e  . 
I n  all cases,  the pH of the reac t ion  mixture was adjusted to 

7 .4  except when the e f fec t  o f  pH i s  the f a c t o r b e i n g  s t u d i e d .  

The da ta  show that increas ing  the amount of Sn(I1)  c i t r a t e  

up t o  0 .24  m g  S n ( I 1 )  citrate w i l l  increase t h e  % 99-c-HSA. 

Increasing the amount of Sn(I1)  c i t r a t e  t o  more than 0.24 mg 

d i d  n o t  show any f u r t h e r  increase  i n  the labe l l ing .  

Ef fec t  of HSA Content : 

The d a t a  i n d i c a t e  tha t  the % l a b e l l i n g  o f  99mT~-HSA is  in-  

dependent of the  HSA concentration i n  the range of 20 t o  100 mg 

i n  agreement with the r e s u l t s  of De L i m y  e t  a l .  [19]. 

l i t t l e  change of t h e  % l a b e l l i n g  was observed at  200 mg o r  at 

10 mg of HSA. 

Very 

Effec t  of pH : 

The pH dependence of the % yie ld  of 99mTc-HSA is shown i n  

Table 3 . The % l a b e l l i n g  of 99mTc-HSA is increased 

up t o  p H  5.2, With f u r t h e r  increase of the pH , 
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there is no s i g n i f i c a n t  change of the 46 99%c-HSA. 

i n d i c a t e  t h a t  the  optimum pH value f o r  HSA labe l l ing  with 99%c 

using Sn(I1) c i t r a t e  is 7.4 i n  good agreement with s i m i l a r  pub- 

l i s h e d  da ta  [15]. This i s  consis tant  with the observation t h a t  

the exchange 

a t  pH 7 [14]. 

occurred i n  high y ie ld  a t  pH range from 5.2 to  7.47. 

The data 

react ion with 99mTc-citrate i s  highly e f f i c i e n t  

Transfer of " 9 0  f rom 99mTc-oitrate to  HSA 

Table  3 : Effect  of p H  on the % l a b e l l i n g  of "5c-HSA 

using S n ( I I )  c i t r a t e .  

Biodis t r ibu t ion  Study : 

Biodis t r ibu t ion  a t  30 min was deternined i n  normal mice. 

s i g n i f i c a n t l y  high concentration of the in jec ted  99%'~-HSA 

The percentage of the  in jec ted  99%c- 

A 

was f o u n d  i n  the blood. 

HSA in  the l i v e r  did n o t  exceed 10 % ind ica t ing  t h a t  

no insoluble  99mTc species  w e r e  present [lo]. 

the loca l ized  a c t i v i t y  i n  the bone was taken as a measure of 

the a c t i v i t y  loca l ized  i n  the bone marrow. L e s s  than 2% of the 

in jec ted  99mTc-HSA was observed. 

the l a b e l l e d  albumin is  o f  good quali ty.  

The percentage of  

This i s  a good indicat ion tha t  
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I t  i s  c l e a r  from the data that all the obtained values a r e  

within normal l imi t s  [lo] except the a c t i v i t y  i n  the G I T  which 

shows somewhat high value. 

S t a b i l i t y  of the Labelled 99mTc-HSA : 

The l a b e l l e d  99%0-HSA prepared by using Sn(I1) c i t r a t e  

method was found  t o  be s t a b l e  a t  n e u t r a l  pH f o r  6 hrs a f t e r  the 

a d d i t i o n  of 99mTc04 which i s  s u i t a b l e  f o r  the c l i n i c a l  applica- 

t i o n .  Beyond 6 hrs, an inc reas ing  amount of the reduced hydro- 

lyzed "%, complex spec ie s  is observed. 

o f  f r e e  99mTc04 is observed. 

NO increase 

E f f e c t  of Ascorbic Acid : 

I t  was found t h a t  ascorbic  acid i n  the  concentration 

s tudied has no  e f f e c t  on the l a b e l l i n g  e f f i c i e n c y  of 99mTc-HSA 

prepared by Sn(I1)  c i t r a t e  method but i t  has adverse 

i t s  b io log ica l  d i s t r i b u t i o n  as shown i n  Table 4 . This i s  

evident from the decrease i n  the blood a c t i v i t y  a n d  the in -  

crease of urine a c t i v i t y .  

e f f e c t  on 

The r e s u l t s  presented i n  Table 4 i n d i c a t e  t h a t  "%c- 

ascorbic acid complex may be formed although i t  is no t  detec- 

ted by the chromatographic method used. 

Summary : 

The r e s u l t s  of t h i s  s t u d y  show tha t  HSA can be success- 

f u l l y  l a b e l l e d  with 99mTc using Sn(I1)  c i t r a t e  a t  n e u t r a l  pH. 

The optimum conditions f o r  l a b e l l i n g  were 20 mg H S A , 0 . 2 4  mg 

Sn(I1)  c i t r a t e ,  1.6 mg t r i s o d i u m  c i t r a t e  dihydrate  and pH 

7.4. 30 min r eac t ion  time w a s  found s u f f i c i e n t  f o r  the com- 

p l e t e  formation of 99mT~-HSA complex. 

r a t i o n  of albumin has been resolved b y  l a b e l l i n g  i t  a t  neut- 

The problem of  denatu- 
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Table  4 : B i o l o g i c a l  d i s t r i b u t i o n  of "%c-HSA 

prepared by Sn(I1) c i t r a t e  w i t h  and 

wi thout  0.5 mg asco rb ic  acid. 

Liver  

Spleen  

L m g s  

Kidneys 

GIT 

Blood 

Heart 

Carcass  

Urine 

8.6 0.3 

0,8 & 0*3 

1.8 f 0,l 

6.6 0.1 

6.3 f 1*2 

30.3 f 0.2 

0.9 f. 0.9 

31.3 f 1.5 

13.6 & 0.3 

10.4 f 0.4 

0.9 & 0.1 

1.2 2 0.2 

7.1 2 0.5 

8.7 0,g 

21.9 244.0 

0.5 0.1 

21.7 2 0.9 
28.3 2 0.9 

ral pII. The l a b e l l e d  product  w a s  s t a b l e  f o r  6 h r s  a f te r  the  

a d d i t i o n  of 99mTc04. 

as shown from i t s  b i o l o g i c a l  d i s t r i b u t i o n .  

The l a b e l l e d  albumin i s  of good q u a l i t y  

References 

C 11 Harper P.V,, Lathrop K . A . ,  Got tscha lk  A., e t  al., 

Andrew8 G,A., Knise ly ,  R.M., Wagner H,N. (Eds.), USAEC 

Symp, S e r  G , CONF-65111, Spr ing f i e ld ,  Va., National 

Bureau of S t a n d a d s ,  335 (1966) 

Richards  P a n d  Akkins,  H.L., 

,500. Nucl. Med,, November 1967, Tokyo, Japan). 

Med. z,: 165 (1968) 

[ 21 (Poc. 7& Annu, Meet, Jpn, 

Jpn. Nucl. 



M. T. El-Kolaly and A. S .  El-Wetery 

Benjamin, P.P., R e j a l i  A. a n d  F r i e d e l l  H., 

J. N u c l .  Med. 2 : 147 (1970) 

Benjamin P.P., In t .  3. Appl. R a d i a t .  Isot, 20x187 (1969) 

Dworkin H.J. a n d  GutkoWski R.F., J. N u c l .  Med. 

- 12 : 562 (1971) 

G i l  M.C., Palma T. a n d  R a d i c e l l a  R., 

I n t .  J. Appl. R a d i a t .  I s o t .  

Narasimhan, D.V.S. a n d  M a n i  R.S., 

Radiochem. Radioanal. L e t t .  20 : 307 (1975) 

Eckelman W.C., Meinken G. and Richards  P., 

- 

a : 69 (1976). 

Radiology 102 : 185 (1972) 

Eckelman W.C., Meinken G. a n d  Richards  P., 

J. Nucl. Med. 12 2 707 (1971) 

Rhodes, B.A., s6D. Nucl. l e d .  4 : 281 (1974) 

S r i v a s t a v a  S.C. a n d  Richards ,  P., Rad io t r ace r s  f o r  

Medicdl Appl ica t ions ,  Volume 1, G.V.S. Rayudn, (Ed.) 

CRC P res s ,  Inc., Boca Raton, FL, 1983 

El-Asrag H.A., El-Wetery A.S. a n d  El-Mohty A.A., 4 t h  Conf. 

Nuc. Sc. and  Appl. 11 (Po 3.3.1/5) Cairo, 590 (1988) 

Eckelman W.C., Int .  J. Appl. R a d i a t .  I s o t .  

- 28 : 67 (1977) 

Volkert  W.A., Troutner  D.E. and  HoLmes R.A., 

I n t .  J. Appl. R a d i a t .  I s o t .  33 : 891 (1982) 

Wong D.W., Mishlsin F. a n d  Lee T., Int .  J; Appl. R a d i a t .  

I s o t .  a : 251 (1978) 

Richards  P. a n d  Steigman J., i n  Radiopharmaceut icals ,  

Subramanian G., Rhodes B.A., Cooper J.F., a n d  Sodd V.J. 

(Eds. ), Socie ty  o f  Nuclear  Medicine, New York, 23 (1975) 



Labelling of Human Serum Albumin with %Tc 

[17] Dekker B.G., Arts C.J.M., and De Ligny C.L., 

In t ,  J. Appl. Radiat. Isot.  2 : 1351 (1982) 

[18] Konstantinovsk J.V.D., Milivojevic K. a n d  Beenic J. , 
Nucl. Bled. B a n d  XX/Heft 4 t 279 (1981) 

[ig] De Limy C.L., Gelsema W.J. a n d  B e u n i s  M.H., 

In t .  J. Appl. R a d i a t .  I sot .  a : 351 (1976) 

341 


