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DETECTION SYSTEMS FOR THE LOW LEVEL RADIOCHEMICAL 
ANALYSIS O F  IODINE-131, IODINE-129 AND NATURAL 

I O D I N E  I N  ENVIRONMENTAL SAMPLES 

F. P. Brauer and J. H. Kaye 

P a c i f i c  Northwest Labora tor ies  

Summary 

A procedure based- on+ chemical sepa ra t ion  techniques and a c t i -  

va t ion  a n a l y s i s  has been developed f o r  the s e q u e n t i a l  a n a l y s i s  

of low l e v e l s  of 1311, 12'1 and n a t u r a l  i o d i n e  i n  environmental  

samples. The iod ine  i s  f i r s t  s epa ra ted  from t h e  samples by 

oxida t ion .  The separa ted  iod ine  is  then counted by low l e v e l ,  

1311 
beta-gated gamma-ray spectrometry f o r  t h e  measurement of 

- .  - ---- 

- The chemical y i e l d  f ~ r . - t h e  separa t ion  is. m e a s ~ ~ r e d .  by. means of - - 

1251 t r a c e r .  Act iva t ion  a n a l y s i s  i s  used f o r  measurement of t h e  
. . 

separa ted  n a t u r a l  iod ine  ( 1 2 7 ~ )  and 12'1. The n a t u r a l  iod ine  

- - 
is  es t imated  from e i t h e r  t h e  o r  1 2 8 ~  a c t i v i t y  produced i n  

t h e  sample; t h e  induced 1301 i s  used t o  e s t i m a t e  t h e  12'1 con- 

c e n t r a t i o n .  

The measurement of 1301 a t  low l e v e l s  r e q u i r e s  s p e c i a l -  

i z e d  count ing methods. I n t e r f e r i n g  a c t i v i t i e s  which may be 

present i n  t .he i r r a d i a t e d  sample inc lude  1 2 5 ~ ,  1 2 6 ~ ,  s h o r t -  

l i v e d  f j ss ion-product  iodine  a c t i v i t i e s  produced by a c t i v a t i o n  

of uranium i m p u r i t i e s ,  and 8 2 ~ r  from bromine impur i t i e s .  Since 

13*1 decays wi th  s e v e r a l  co inc ident  gammalrays, mul t ip le  gamma- 

ray  coincidence count ing techniques can be used t o  reduce back- 

ground and d i sc r imina te  a g a i n s t  i n t e r f e r i n g  a c t i v i t i e s .  Severa l  



three-and four-segmented NaI ( T l )  d-etectors  have been used f o r  

these  measurements and compared wi th  .other  d e t e c t o r  systems. 

The s e n s i t i v i t i e s  f o r  d i f f e r e n t  coin.cidence count ing modes 

were compared f o r  s e v e r a l  of t h e  d e t e c t o r  systems. Detect ion 

s e n s i t i v i t i e s  achieved f o r  1311 and 12'1 a r e  0.02 dpm and 

dpm .respectiv,ely.  

Measurements- have been.. made,. o f ,  i.odine. radi .oact ivi5ty.  i n  t h e  

environment a t  concent ra t ions  beiow t h e  l i m i t s  e s t a b l i s h e d  f o r  

r a d i a t i o n  p r o t e c t i o n  purposes. ' 

In t roduc t ion  

The measurement of r a d i o a c t i v e  i o d i n e  i s  u s e f u l  f o r  t r a c e r .  

- s t u d i e s  and d e t e c t i o n  s.f p o t e n t i a l  con tamina tF~n  -problems i n  en- 

vironmental  samples a t  concent ra t ions  much below those  r o u t i n e l y  . 

used f o r  r a d i a t i o n  p r o t e c t i o n  and environmental  s u r v e i l l a n c e .  

-. The r a d i o a c t i v e  iod ine  i s o t o p e s  of major i n t e r e s t  a r e  f i s -  

sion-produced 8-day 
7 

and 1 . 6 ~ 1 0  -year 12'1 -1-19 Determina- 

. t i o n  of t h e  c o n c e n t r a t i o n ' o f  n a t u r a l  iod ine  i n  t h e  same environ- 

mental  samples i s  a l s o  requ i red  when eva lua t ing  t h e  impact of 

. r a d i o a c t i v e  iod ine  on t h e  environment and populat ion.  16,1,9 

A procedure based on t h e  iod ine  a c t i v a t i o n  a n a l y s i s  method 

o f  S t u d i e r  and co-workers2' has  been developed f o r  t h e  s e q u e n t i a l  

a n a l y s i s  of  low l e v e l s  o f  13'1 I 1 2 9 ~  and n a t u r a l  iod ine  i n  en- 

vironmental  samplcs. I t  c o n s i s t s  of t h e  fol lowing techniques:  

1. Gamma-ray spec t romet r i c  a n a l y s i s  of t h e  bulk sample 

. f o r  measurement. of gamma r a d i o a c t i v e  nucl ides .  



2. Car r i e r - f r ee  sepa ra t ion  of iod ine  from t h e  sample w i t h  

1 2 5 ~  t r a c e r  be ing  used t o  measure t h e  chemical y i e l d .  

3. Measurement of a c t i v i t y  by beta-gated gamma- 

ray  spec t rometr ic  methods when more s e n s i t i v e  

measurements a r e  r equ i red  than can be obta ined  by 

a n a l y s i s  of t h e  bulk sample. 

' 4 .  Measurement. of  t h e  1 2 5 ~  t r a c e r  t o  determine t h e  

iodine  recovery. 

5. Thermal-neutron a c t i v a t i o n  of t h e  i o d i n e  f o r  determina- 

t i o n  of  12'1 and n a t u r a l  iod ine  by a c t i v a t i o n  a n a l y s i s .  

A comparator s tandard  of mixed 12'1, 1 2 7 ~  and 1 2 9 ~  i s  

i r r a d i a t e d  wi th  t h e  sample. 

6. Rapid ~ e p a r a ~ i o n  apd p u r i f i c a t i o n  of  the  iod ine  from 

t h e  i r r a d i a t e d  sample. 

7. Measurement by gamma-ray spectrometry i n  t h e  pur i -  

f  i e d  ' i o d i n e  of s tandard  1 2 5 ~  t r a c e r ,  1 2 6 ~  and 1 2 8 ~  pro- 

1301 pro- duced by a c t i v a t i o n  of  n a t u r a l  iod ine ,  and 

duced by a c t i v a t i o n  of 12'1.. Beta-gated, mul t ip le  

gamma-ray, coincidence spec t romet r i c  methods a r e  used 

when maximum s e n s i t i v i t y  i s  requi red .  

8. Computer a n a l y s i s  o f  t h e  count ing d a t a  and c a l c u l a t i o n  

of t h e  concent ra t ion  of 1311, 1 2 g ~  and n a t u r a l  iod ine  

i n  t h e  samples. 

The s e n s i t i v i t i e s  of t h e  iod ine  e s t i m a t e s  a r e  p r imar i ly  

" 

dependent upon t h e  s e n s i t i v i t y  of  t h e  r a d i o a c t i v e  measurement 



methods s e l e c t e d .  Other  f a c t o r s  a f f e c t i n g  t h e  s e n s i t i v i t y  

(some o f  which can n o t  always be  c o n t r o l l e d )  a r e  t h e  a v a i l -  

a b l e  sample s i z e ,  t h e  chemical  y i e l d ,  the thermal  neu t ron  

f l u x ,  and t h e  l e v e l  of  i n t e r f e r i n g  r a d i o a c t i v i t y .  Th i s  

paper  d e s c r i b e s  t h e  gamma-ray s p e c t r o m e t r i c  methods developed 

f o r  measurement o f  1311, n a t u r a l  i o d i n e ( t h r o u g h  t h e  a c t i v a -  

t i o n  p roduc t s  1 2 6 ~  and 12*=) and 12'1 ( th rough  t h e  a c t i v a t i o n  

produc t  1301) These methods a r e  eva lu&t&d  f o r  t h e i r  s e n s i -  

t i v i t y  and s e l e c t i v i t y .  

1311 Measurement Methods 

~ h c  measurement of  1311 i n  b u l k  samples by gamma-ray 

spec t romet ry  i s  norri::slly a t tempted  ' p r i o r  t o  ci~einical separa-  

t i o n  of  t h e  sample i od ine .  The s e n s i t i v i t y  of such measure- 

ments i s  l i m i t e d  by t h e  k l l o u t  and n a t u r a l  r a d i o a c t i v i t y  i n  

t h e  sample. Bulk environmental-sample count ing  o f  1311 by 

gamma-ray spec t romet ry  g e n e r a l l y  r c q u i r e s  a t  least  one d/min. .. . 
.. - 

A sample be ing  processed  f o r  12'1 a c t i v a t i o n  a n a l y s i s  can 

e a s i l y  be measured f o r  a f t e r  i o d i n e  separa tb ion  chemis t ry  

and b e f o r e  neu t ron  i r r a d i a t i o n .  C a r r i e r - f r e e  12'1 t r a c e r  i s  

added t o  t h e  sample; t h e  i o d i n e  i s o t o p e s  a r e  s e p a r a t e d  by com- 

b u s t i o n  i n  oxygen and t h e  r e l e a s e d  i o d i n e  i s  then t r apped  on a c t i -  

. v a t e d  cha rcoa l .  F u r t h e r  p u r i f i c a t i o n  o f  t h e  i o d i n e  i s  accom- . 

p l i s h e d  by combusting t h e  o r i g i n a l  c h a r c o a l  t r a p  i n  oxygen and 

. . . .  . - - 



t r a p p i n g  t h e  r e l e a s e d  i o d i n e  on a s m a l l  ( s e v e r a l  mil l igram). '  

a c t i v a t e d  c h a r c o a l  t r a p .  The i o d i n e  .absorbed on tGis t r a p  

i s  mounted f o r  count ing  by p l a c i n g  t h e  c h a r c o a l  between two 

p l a s t i c  s c i n t i l l a t o r  d i s c s  and h e a t  s e a l i n g  t h e  d i s c s  a t  t h e  

edge. Beta-gamma co inc idence  spec t romet ry  21t22 i s  then  used 

t o  measure t h e  '1311 i n  t h e  s e p a r a t e d  i o d i n e .  Cor rec t ions  are 

made f o r  s e l f - a b s o r p t i o n  o f  b e t a  r a d i a t i o n  i n  t h e  c h a r c o a l  and 

' i o d i n e  con ta ined  between t h e  s c i n t i l l a t o r s .  Cor rec t ions  a r e  

, a l s o  made f o r  chemical  y i e l d  based on 1 2 5 ~  recovery measured by 

an x-ray gamma co inc idence  system. 
22 

The measurement of 13'1 by be t a -ga t ed , ,  gamma-ray s p e c t r o -  

metry.  r a t h e r  t han  by low-level  . b e t a  coun t ing  a l lows  s e l e c t i v e  

; .measurement. of  13'1 i.~. tbe presence  o f  rad iochemica l  i m p u r i t i e s .  
. .  . . : . . .  . 

Iodine-131 d e t e c t i o n  s e n s i t i v i t i e s \  as -  low as 0.02 dpm have been 

achieved w i t h  t h i s  method. ' 

I o d i n e  A c t i v a t i o n  Ana lys i s  - 
I -  

Iod ine  a c t i v a t i o n  a n a l y s i s  r e q u i r e s  t h e  t r a n s f e r  o f  i o d i n e  

from t h e  c h a r c o a l  between t h e  p l a s t i c  s c i n t i l l a t o r s  t o  a q u a r t z  

i r r a d i a t i o n  ampoule. T h i s  i s  accomplished by mechanical ly  r e -  

moving t h e  c h a r c o a l  from t h e  s c i n t i l l a t o r  and t r a n s f e r r i n g  it 

t o  a vacuum system. The c h a r c o a l  i s  h e a t e d  t o  l i b e r a t e  t h e  

i o d i n e  which i s  t r apped  i n  a q u a r t z  t ube  a t  l i q u i d  n i t r o g e n  

temperature .  The t u b e  i s  then  s e a l e d  t o  make an i r r a d i a t i o n  

ampoule. 



Q u a r t z  ampoules c o n t a i n i n g  t h e .  i o d i n e  s e p a r a t e d  from t h e  

samples a r e  i r r a d i a t e d  w i t h  r e a c t o r  neu t rons  f o r  e i g h t  t o  

1251 1271 
twenty-four  hours .  Comparator s t a n d a r d s  c o n t a i n i n g  I 

and 12'1 are i r r a d i a t e d  w i t h  each  s e t  of samples. 

The neu t ron  cap tu re  r e a c t i o n s  used f o r  t h e  i o d i n e  a c t i v a -  

t i o n  a n a l y s i s  a r e :  

(2 1271(n,?nj1261 R',y 126Xe 
13 day . 

In te r fe r ing  reactions include: 

- 
1 331 B ,Y 1 33Xe 6-,y 

1 33cs 21 hr 5.3 day 

13Q1 B - ,  
52 m i n  

r. 

FoLlowing i r r a d i a t i o n  c a r r i e r  i s  added and t h e  i o d i n e  

samples arc f u r t h e r  p u r i f i e d  by d i s t i l l a t i o n  and s o l v e n t  ex- 

t r a c t i o n .  The samples a r e  f i n a l l y  p r e c i p i t a t e d  a s  AgT and 

mounted on t h i n  p l a s t i c  s c i n t i l l a t o r s  f o r  count ing.  



The 1 2 6 ~ ,  12*1 and 1301 a c t i v i t i e s  produced i n  t h e  sample 

and comparator s tandards  dur ing  i r r a d i a t i o n  a r e  es t imated  by 

gamma-ray spectrometry from s e v e r a l  s p e c t r a  c o l l e c t e d  over  

a  pe r iod  o f  t ime t o  ob ta in  h a l f - l i f e  information.  Low l e v e l ,  

. beta-gated,  mul t ip le  gamma--coincidence spec t romet r i c  techniques 

a r e  used when requi red  t o  measure very smal l  amounts of a c t i v i t y  

and t o  d i sc r imina te  a g a i n s t  i n t e r f e r i n g  a c t i v i t i e s  such a s  those  

produced by r e a c t i o n s  ( 6 )  and ( 7 ) .  P o s t - i r r a d i a t i o n  chemical 

process ing  a l s o  l i m i t s  i n t e r f e r e n c e  from r e a c t i o n  ( 7 ) .  

I n t e r f e r e n c e  from r e a c t i o n  ( 4 )  i s  minimized by use o f  smal l  

a c t i v i t y  l e v e l s  of 1 2 5 ~  s o  t h a t  1261 product ion by r e a c t i o n  ( 2 )  

predominates. Reaction (5) l i m i t s  t h e  improved s e n s i t i v i t y  t h a t  

. . can be obta ined  by i n c r e a s i n g  t h e  exposure time and neutron f lux .  

. Neutron exposure cond i t ions  a r e  s e l e c t e d  on t h e  b a s i s  of expected 

n a t u r a l  iodine  . con ten t  - of given sample types  i n  o r d e r  t o  l i m i t  

- t h e  c o r r e c t i o n  requ i red  due t o  r e a c t i o n  (5)  t o  l e s s  than  10% 

'When t h e  p u r i f i e d  i o d i n e  sample i s  a v a i l a b l e  wi th in  s e v e r a l  

hours a f t e r  t h e  neutron i r r a d i a t i o n ,  1 2 8 ~  measurements can be 

made on t h e  sample t o  e s t ima te  i t s  n a t u r a l  iod ine  ( 1 2 7 ~ )  con- 

t e n t .  The s e n s i t i v i t y  of t h i s  method  greatly exceeds normal 

environmental sample a n a l y s i s  requirements and is  dependent 

p r imar i ly  on t h e  decay time between i r r a d i a t i o n  and counting. 

Well-type 12.7-cm-diameter NaI ( T l )  d e t e c t o r s  a r e  normally used 

. f o r  t h e s e  measurements although Ge ( L i )  d e t e c t o r s  can be used 

' with. some s a c r i f i c e  of geometric r e p r o d u c i b i l i t y .  



When p u r i f i c a t i o n  o f  t h e  i o d i n e  sample i s  delayed  ( u s u a l l y  

due t o  t r a n s p o r t a t i o n  between t h e  i r r a d i a t i o n  f a c i l i t y  and t h e  

l a b o r a t o r y )  u n t i l  a f t e r  t h e  25-minute 12'1 a c t i v i t y  has  decayed,  

1 2 6 ~  measurements can be  used t o  e s t i m a t e  t h e  n a t u r a l  i o d i n e  

( 1 2 7 ~ ) . .  These measurements a r e  b e s t  made s t a r t i n g  abou t  a  week 

a f t e r  i r r a d i a t i o n  when t h e  a c t i v a t i o n  p roduc t  (1301) has  

a l s o  decayed. 

The same wel l - type  NaI ( T I )  d e t e c t o r s  used f o r  1 2 8 ~  measure- 

ments a r e  used f o r  1 2 6 ~  measurements.  eta-gated gamma-ray 

spec t rome t ry  i s  used t o  reduce background and- improve t h e  1261 

d e t e c t i o n  s e n s i t i v i t y  when i n s u f f i c i e n t a c t i v i t y  i s  p r e s e n t  f o r  

normal gamma-ray s p e c t r o m e t r i c  measurements. The 1 2 6 ~  d e t e c t i o n  

l i m i t s  a r e  30 dpm and ' 0 . 1  dpm by gamma-ray spec t romet ry  and b e t a -  

4 g a t e d  gamma-ray spec t romet ry ,  r e s p e c t i v e l y .  The r e s u l t i n g .  

n a t u r a l  i o d i n e  s e n s i t i v i t i e s  depend on t h e  f a s t  ( g r e a t e r  t han  11 

M ~ V )  neut ron  f l u x  used f o r  t h e  i r r a d i a t i o n s .  For t h e  Washington 

S t a t e  U n i v e r s i t y  TRIGA r e a c t o r  o p e r a t i n g  a t  ' t h e  1 MW l e v e l  t h e  

maximum s e n s i t i v i t y  ob ta ined  f o r  an 8-hour i r r a d i a t i o n  i s  .0.5 

micrograms of  n a t u r a l  i o d i n e .  

S ince  t h e  amount o f  12'1 i n  environmental  samples i s  much 

, . lower  t h a n  t h e  n a t u r a l  i o d i n e ,  s p e c i a l  d e t e c t i o n  systems a r e  

o f t e n  r e q u i r e d  t o  e s t i m a t e  the 1301 produced by a c t i v a t i o n .  

I n t e r f e r e n c e s  p r e s e n t  i n  t h e  p u r i f i e d  i o d i n e  sample i n c l u d e  
1281 

and 1 2 6 ~  from n a t u r a l  i o d i n e ,  f  i s s ion -p roduc t  i o d i n e  from uranium 

i m p u r i t i e s  i n  t h e  i r r a d i a t e d  ampoule, and ' * ~ r  i f  adequate  decon- 

t amina t ion  is  no t  achieved i n  t h e  p o s t - i r r a d i a t i o n  chemical  



processing.  The 12*1 i n t e r fe rence .  can be e l iminated  by al lowing 

i t s  decay p r i o r  t o  l 3 O . 1  measurements. The  f i ss ion-product  i o d i n e  

and 8 2 ~ r  i n t e r f e r e n c e s  a r e  b e s t  c o n t r o l l e d  by before  and a f t e r  

i r r a d i a t i o n  chemistry,  bu t  some ins t rumenta l  d i sc r imina t ion  i s  

u s e f u l ,  Iodine-126 i n t e r f e r e n c e s  can only be resolved  i n s t r u -  . 

. . 

men.tally b u t  t h i s  i n t e r f e r e n c e  can be c o n t r o l l e d  t o  some degree 

by i r r a d i a t i o n  condi t ions  s i n c e  t h e  1 2 6 ~  production i s  dependent 

on t h e  f a s t  neutron f lux .  The 1 3 0 ~  and 1 2 6 ~  decay schemes a r e  

shown on Figures  1 and 2. . Ge(Li) d e t e c t o r s  can be used f o r  re- 

s o l u t i o n  of t h e  1301 and 1261 a c t i v i t i e s  when s u f f i c i e n t  1301 

a c t i v i t y  i s  p r e s e n t  and t h e  r a t i o '  1 2 6 ~ / 1 3 0 ~  i s  n o t  excess ive .  

High 1 2 6 ~ / 1 3 0 ~  r a t i o s  r e s u l t  i n  o b s t r u c t i o n  o f  t h e  1301 photo- 

peaks by t h e  1 2 6 ~  ~omy+.on. some improvement i- t h e  
1261-1301 

r e s o l u t i o n  i s  p o s s i b l e  wi th  a  Ge ( L i )  -NaI ( T l )  spectrometer  such 

as shown on Figure 3. 2 3  The s i g n a l s  from t h e  two Ge(Li) d e t e c t o r s  

- - a r e  summed t o  improve t h e  d e t e c t i o n  e f f i c i e n c y ;  s e p a r a t e .  s p e c t r a  a r e  

recorded i n  coincidence and ant ico inc idence  with t h e  NaX.'(.Tl) .an- 
>"-. . 

nulus.  Due In t h e  high p r o b a b i l i t y  of  d e t e c t i o n  o f  a t  l e a s t  one . 

of t h e  1301, gamma-rays by t h e  NaI ( T l )  annulus,  t h e  1301 a c t i -  

' 

. v i t y  i s  recorded mostly i n  t h e  coincidence spectrum whi le  t h e  

lZ61 a c t i v i t y  i s  p r i m a r i l y  recorded i n  t h e  an t i co inc idence  

spectrum a s  shown on Figure 4.  Samples con ta in ing- la rge  amounts 

of  n a t u r a l  i o d i n e  can produce s u f f i c i e n t  1261 t o  obscure t h e  

1 3 0 ~  i n  t h e  coincidence spectrum. The d e t e c t i o n  l i m i t  of t h e  sys- 

tem f o r  1 3 0 1  i s  about 2 dpm. 



A b e t t e r  way t o  d i s c r i m i n a t e  a g a i n s ' t  1 2 6 ~  i s  t o  count  

t h e  sample i n  a  wel l - type  NaI ( T l )  d e t e c t o r  and measure t h e  

1 3 0 1  sum peaks a t  1.9 MeV and 2.3 MeV. The maximum energy  

1261 sum pkak occu r s  a t  1 . 4  MeV. A d d i t i o n a l  d i s c r i m i n a t i o n  

a g a i n s t  1 . 2 6 ~  and t h e  f i s s i o n - p r o d u c t  i o d i n e  i s o t o p e s  can be 

ach ieved  by r e q u i r i n g  more than  two c o i n c i d e n t  gamma e v e n t s  

i n  t h e  NaI ( T l )  d e t e c t o r  system. 
. - - -  

Two d e t e c t o r  systems des igned  f o r  such measurements are 

shown on F igu res  5 and 6.  These systems can a l s o  be  o p e r a t e d  

w i t h  be t a -ga t ing  t o  reduce background 21122123 and ach ieve  ad- 

d i t i o n a l  1 2 6 ~  d i s c r i m i n a t i o n .  ~ a c k ~ r o u n d  s p e c t r a  measured 

w i t h  t h e  four-segmented d e t e c t o r  (F igu re  6 )  are shown on 

F igu re  7. Figure  8 shows t h e  prominence o f  t h e  1301 sum peaks 

: i n  t h e  y-y-y and y-y-y-y.. s p e c t r a .  1 2 6 ~  spec t r ; l  measured by 

t h e  s a m e  d e t e c t o r  are shown i n  F igu re  9 and f i s s i o n - p r o d u c t  

1 3 5 ~  s p e c t r a  a r e  shown i n  F igu re  10. R e l a t i v e  coun t s  a r e  shown 
-- - - .- - . . 

, ... ' 
. -. - . - - . .- -. .- - - . . . -- - - . - - - -- - 

- i n  t h e  o r d i n a t e s  of  F igu res  8-10. 
. .. 

1301 
Various  d e t e c t o r  systems which w e  have e v a l u a t e d  f o r  

measureme'nts a r e  compared i n  Tab le  I,  The e f f i c i e n c i e s  f o r  

126 1301 and 
1 I 1 3 5 ~  have been c a l c u l a t e d  r e l a t i v e  t o  an e f f i c i e n c y  

o f  ofie f o r . t h e  n u c l i d e  counted i n  a l a r g e  wel l - type  NaI ( T l )  de- 

t c c t o r .  Although t h e  1307- c m m t l n g  e f f i c i e n c y  i s  reduced up t o  

n f a c t o r  o f  10. when cn jnc i  dence  coun t ing  anodes are, used ,  t h e  
1261 

and 1 3 5 ~  e f f i c i e n c i e s  can be reduced by f a c t o r s  o f  1000. The de- 

t e c t i o n  l i m i t s  f o r  
130 

I have heen c a l c u l a t e d  by means o f  t h e  GEM 

computer program, which i s  a  weighted l e a s t s q u a r e s  method of  esti- 

mating r a d i o n u l c i d e s  i n  a  mix tu re  u s i n g  bo th  s p e c t r a l  and decay 



information. 25 Although t h e  1 3 0 ~  d e t e c t i o n  e f f i c i e n c y  de- 

c reases  a s  a d d i t i o n a l  coincidence requirements a r e  imposed 

on t h e  system, t h e  r e s u l t i n g  background reduct ion  and t h e  s h i f t  

of most of t h e  observed counts t o  t h e  hi-gh-energy 'region of  t h e  

spectrum y i e l d  improved 1301 d e t e c t i o n  s e n s i t i v i t i e s .  A t  the, 

same time d i sc r imina t ion  a g a i n s t  1 2 6 ~  and 1 3 5 ~  i s  improved. 

The 12'1 de tec t ton  l e v e l s  achieved f o r  t h e  var ious  count ing 
. 

systems a r e  a l s o  l i s t e d  on Table I. ' I r r a d i a t i o n s  i n  a  thermal - 

2 
neutron f l u x  of about  1013 n/cm / s e c  r e s u l t  i n  an 12'1 d e t e c t i o n  

s e n s i t i v i t y  of a b o u t  dpm of 12'1 p e r  dpm of  1 3 0 1  f o r  a  v a r i e t y  

of d e t e c t o r  systems. The a c t i v a t i o n  a n a l y s i s  methods when compared 

w i t h  t h e  d i r e c t  measuremen; of 12'1 by low-energy photon spec t ro -  

metry 
4 

show improved s e n s i t i v i t i e s  ranging fro; 1 0  t o  l o 6  depending 

on t h e  1 3 0 1  counting system used. These high s e n s i t i v i t i e s  a r e  

r equ i red  t o  measure -- 12'1 i n  most environmental samples. 

. . 
'. . . . 

Applicat ions 

These low-level d e t e c t i o n  methods have been used by P a c i f i c  

Northwest Labora tor ies  f o r  a  number of  environmental  i o d i n e  s t u d i e s  . 
1 

The concent ra t ion  o f  t h e  i o d i n e  i so topes  have been measured i n  under- 

ground, s u r f a c e  and atmospheric water  samples from t h e  Hanford 
I 

Pra  j e c t  envi rons ,  Thyroid t i s s u e  and a  v a r i e t y  of  o t h e r  en- 

vironmental  samples from var ious  l o c a t i o n s  i n  t h e  United S t a t e s  

have been analyzed for n a t u r a l  iod ine  and 1291.16 . D~~~ cal-  

c u l a t i o n s  showed t h a t  t h e  l e v e l s  observed were a  f a c t o r  o f  100 

o r  more below r a d i a t i o n  doses from n a t u r a l  sources .  Measurements 



of  p a r t i c u l a t e  and gaseous  a tmospher ic  i o d i n e  c o n c e n t r a t i o n s  have 

L7 
a l s o  been made. Iodine-12-9; r ad ioeco logy  i s  c u r r e n t l y  be ing  

1 8  
s t u d i e d .  
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TABLE I . . .  . 

PERFORMANCE COMPARISON OF VARIOUS DETECTORS FOR THE MEASUREMENT 
. . 

OF 1291 BY ACTIVATION ANALYSIS AND DIRECT COUNTING 

D e t e c t o r  R e l a t i v e  E f f i c i e n c ~  1301 L i m i t  ( a )  

1 2 g I  S i z e  (cm)  C o i n c i d e n c e  1261 
S t y l e  T y p e  D i a .  H t .  

1301 - a 8 1  
- -  Mode - 1 3 5 ~  ( d p )  (ciprr.) 

W e l l  

S p l i t  W e l l  

W e l l  

S p l i t  W e l l  

F i g u r e  5  

F o u r  H a l f  
C y . l i n d e r s  

F i g u r e  6 

F o u r  H a l f  
C y l i n d e r s  

F i g u r e  6 

N a I  ( T l )  ' 2 3  2 3  

N a I ( T 1 )  2 0  2 0  

N a I ( T 1 )  1 3  1 3  

N a I  ( T l )  2 0  2 0  

N a I ( T 1 )  2 3  2 0  

N a I ( T 1 )  2 0  2 0  

N a I  ( T l )  2 3  2 3  

Y-Y-Y 

Y-Y-Y 

N a I ( T 1 )  2 0  2 0  

N a I  ( T l )  2 3  2 3  

Y-Y-Y-Y 

Y-Y Y Y 

d e l l  N a I  ( T l )  2 3  2 3  

s p l i t  W e l l  N a 1  ( T l )  2 0  2 0  

I'wo C y l i n d e r s  N a I  ( T l )  2 0  2 0  

Well N a I ( T 1 )  1 3  ..-13 

S p l i t .  W e l l  N a I ( T 1 )  2 0  2 0  

rwo C y l i n d e r s  N a I  ( T l )  2 0  2 0  

F i g u r e  5 N a I  ( T l ) '  2 3  2 0  

? i g u r e  6 N a I  ( T l )  2 3  2 3  

? i g u r e  6 N a I ( T 1 )  2 3  2 3  

? i g u r e  3 Ge ( L i )  - 
N a I  ( T l )  2 8  2 3  y-y .1 .1 

.ow E n e r g y  Ge ( L i )  2 . 5 '  .5 y 12'1 C o u n t e d  D i r e c t l y  

( 2 5 )  ( a )  1-0 l i m i t  f r o m  GEM c o m p u t e r  p r o g r a m  
2  

(b) 1291 l i m i t  based o n  t h e r m a l  n e u t r o n  f l u x  of 1 0 1 3  n/cm /sec 
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j F i g .  1. 1301 Decay scheme Showing N u l t i p l e  Gamma-Ray ~ r a n s i t i o n s .  
. . 



STAB LIE 

Fig.  2.  ,. .- Decay Scheme Showing Maximum of Two Gamma-Ray T r a n s i t i o n s ,  per 
a : ~ i k i n t e ~ r a t i o n  w i t h  Maximum ~ a m n a - ~ a ?  Energy L o s s  of  1.41 M e V  
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Fig. 3 .  D i a g r a m  of D u a l  Ge (Li) - D u a l  N a I  (TI)   amm ma-~ay spectrometer - -  - 



GAMMA ENERGY (I(EV) 

Fig.  4 ; S p e c t r a  o f  ~ c t i v a t e d '  I od ine  'sample, Obtained wi th  G e  ( L i )  
. Spectrometer  . . .  . 
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~ i g .  5 . .  Diagram of M u l t i p l e  Co inc idence  ~ a 1 ( T l )  Gamma-Rav S p e c t r o m e t e r  
w i t h  side- ole . . Annulus gnd ~ c i n t i l l a t i o n  B e t a  D e t e c t o r  

.- - . , - .- . . . . - . -- _ -  
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LEAD 

NaB R1.I DETECTOR 

Fig. 6. Diagram o f  N u l t i p l e  Coincidence (NaI ( T l )  Gamma-Ray; Spec t rometer  . . 

!With -. . P l a s t i c  .. . S c i x t i l l a t o r  Annulus . . and Borated . .  . . P a r a f f i n  . . a n d L e a d  ~ h i * e l d  



1.0 2.0 
MeV 

F i g .  7. Background S p e c t r a  i n  t h e  F o u r  Sesmented NaI LT1) D e t e c t o r  Showing 
t h e  - .  Reduced .. , Count R a t e s  .. Observed i n  t h e  M u l t i p l e  Co inc idence  Modes 

. - .  . . :. ', 



f 1.0 2.0 

MeV 

F i g .  8. 1301 S p e c t r a  i n  t h e  Four Segmented N a I  (Tl) D e t e c t o r  Showing t h e  
Prominence of  t h e  Sum Peaks  i n  t h e  M u l t i p l e  Co inc idence  Modes 

* . . . . - -  . - - 



1.0 2.0 
MeV 

Fig. 9. 1 2 6 ~  S p e c t r a  i n  t h e  Four-Segmented N a I  (Tl) Detec to r  Showing the 
R e l a t i v e  Low E f f i c i e n c y  of t h e  M u l t i p l e  Coincidence Modes f o r  1261 



1.0 2.0 3.0 
MeV 

Fig. 10. 1 3 5 ~  S p e c t r a  i n  t h e  Four-Segmented NaI (Tl) Detec to r  
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