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A transmission proportional counter and a X a i ( T 1 )  S C ~ : X ~ Z % S : ,  

operated in coincidence for detection of g2 beta rays cz;i.;,”,ttcl Ex;;: th 

head, ia better f o r  in vivo measurements than a bremst,-,-,ilug c--- 4L-*,e=., 

. L  Th>*@ackground is lower and is much less variable f rom pei-so:~ to p%xU 
. Relatively l i t t l e  ahfelding is requbed. The s2 boCy burds;ss cf pcopla 

who eat  whltefish. from the Columbia River ne& Hanford c a  50 z a a s z ~ c d  
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Fish and waterfowl tha t  feed i n  the Columbia River downstream from 

the  Eznford reactors acquire some radionuclides tha t  en ter  the r i v e r  

with tne reactor effluent water.(') s2 and 2n65 a re  the  pr incipal  

nuclides found, and suckers and whitefish usually contain the grea tes t  

cmcerkratlon of these nuclides. Since sportsmen obtain and eat t h e ,  

. waterfowl and f i s h  from the Columbia River below Hanford, a method of 

* ' .  . .  

measur-hg the l o w  l eve l  body burden of these nuclides i n  humans is 

. needed. S h c e  Zn6s is a gamma emitter, body burdens down t o  1 nCi can 

eas i l y  be mezsured in  a whole body counter. Foster(2) has described an 

eqeriment  Lq r~hich a subject a t e  a weekly meal of whitefish and the , 

eccwulat ion of t!!e Zn6s in the body was studied. s2 does not emit a 

gama ray a d  it is mch more d i f f i c u l t  t o  measure. This paper describes 
-- 

a netno2 by which body burdens of P3* down t o  40 nCi can be measured. 
.. . 

.- 
Sevezcl r e p o k s  -have described the determination of s2 i n  the  

h m A  SoCy Sy dstection of bremsstrahlung. (33b35) The b r e m s s t r u q  

com5er Ire have used is a 4s inch diameter by 3 mm thick NaX(T1) 

scsJl t i l ia tor  L-L"~ a 0.001 h c h  thick aluminum window. Body burdens of 
1 

. .  .. . . .  .. . .  
. .  - . . .  

*This pzper is Sased on work performed unbr U. S. Atomic Energy 
Cormission Contract AT(.&1)=1830. Permission t o  publish is 
grztcftLLly ackn0irlede;ed. 
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: . .  I '  s2 d o m  t o  200 nCi can be detected with it. The principal. problem . .( 

uhich, prevents r e l i ab le  measurements' of iower body burdens I s  that 1% . 

is im?ossLble t o  dist-hguish between a bremsstrahlung photon and aslow 

energy gama ray or secondary photon. Therefore, the backgrounds o f '  ' 

d s f e r e n t  people depend on t h e i r  size, which influences t h e  sca t te r ing  . . . I 
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. . I , . '  . . of s2rro;lrding background radiation, and the i r  body burden of gamma 

e n i t t k g  isotopes. Although s ignif icant  improvement can be made by 
. .  

a ~ ~ l p h g  corrections f o r  these two variables, the accuracy w i t h  which 

tie 'L?dFvL&ul subject background can be estimated is s t i l l  the grea tes t  

1 i n i A a t i m  i n  low l e v e l  brem'strahlung measurement. 

A t3Fical spectrum obtained with t h i s  bremsstrahlung counter placed 

a t  the head of  a subject containing about 1 m C i  of  $* is shown in 

Curve A or" Figure 1. Some of  t h i s  spectrum, however, is not due to 

brernsstrahlug. An absorber t ha t  absorbs beta rays but  does not  

s i g n i f i c m t l y  absorb the bremsstrahlung produces Curve B of Figure 1 

when placed between the counter azzd t h e  subject 's head. Cunre B is t h e  

Ls the sgectrum &Le to be ta  rays emitted f rom the surface of the head. 

'ice areas under cumes B and C are  nearly equal, i.e. about the same 

nu1715er of counts a r e  obtained from beta rays as f r o m  bremsstrahlung. 

. 

J. dwe bremsstrzhlung s p e c t m .  The difference between A and B, Curve C, 

This ini:',za-ted that count'ing of only the  beta  rays > 
should be 

b ~ - c s X g a t e d .  E the background could be reduced suff ic ient ly ,  the  

rninkm detectable amount of 9' night be even lower .. than f o r  
1 .  
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* Counting the beta rays emitted tiirougn the skin nsy not v o ~ k  fcr 

‘ other pure beta-ray emitters which are met;bolized dLfferer,tl,.j ckm- 

phosphorus. 

groxth, it is”als0 

ta ins  several  d i f f e ren t  compounds of phosphorus. Kuch of the $* in 

the body is circulated i n  the  blood strear, and reaches ths s ~ z f ~ c a  cf 

the body. However, deposits of  SrS0 on the outsiae of tk;e s:zcX caul2  

Although phosphorus, l i ke  calcium, i s  assoclatsd ~ 5 t h  t~~=c: 

The b l m i  COT;- essent ia l  component of all  c e l l s .  

be measured since the skin and t issue covering the 

,the range of $O beta  rays. 

To reduce the backgroud during the detection 

placed a transmission type proportional counter i n  

bre;nsstrahlung counter. This pro2oriional counter 

or’ b e t a  rsys, I 

f ron t  ‘of the 

was 1 x 6 x 6 izlches 

znd was divided into six m a l l  counters, each having a c- sect ion G? 

1 in2 and a length of 6 inches, by means of ground wires. The t h b  

windows wsre 0.008 inch Mylar p las t ic .  The counter was operate2 8s a 

f low counter using 90% argon - lo$ methane. The six modes were 

comected together and i n  coincidence with the NaI s c i n t i l l a t o r .  

Figure 2 shows a sketch of the  counter. With this arrangement a pulse 

i n  the NaI counter would be analyzed only when the rad ia t ion  produced 

a pulse in the proportional counter a t  the  same tine‘. This discrLni- 

rstes against  ganma and X rays and c o k t s  every chwged p a r t i c l e  t h a t  

enters  both counters. Inside a good lead shield a large s5aze of t!!a 

background in the bremsstrahlung counter alone is due -Lo . r e l z t ive ly  

high energy gamma rays, that sca t t e r  so as t o ,  leave only a lit? e merev  

.. 
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\ i n  the  s c i n t i l l a t o r .  

of background. 

The coincidence requirenent e l h b a t e s  %his kind 

Beta rays f r o m  the sk in  c m  go throagh the proportional 

comte r  with ' l i t t l e  trouble and are counted n e n l y  as x e i l  as 3-' ciore  kl 

the  NaI s c i n t i l l a t o r .  A NaI s c i n t i l l a t o r  is used r a t h e r  t h a  a p las t i c  

. scintil.l,ator because the be t t e r  resolution provides e s y  energy cL53rz- 

t i o n  w i t h  low energy photon sources. 

_. . . . 
. .  

I 

I The background of coincidence c o u  t e  r, Tor Lo t o  1000 EeV 

pulses in the  XaI, was 1 2  counts per minute when ope,-atec La :kz ; iaZord 

iron room w i t h  a phantcm head rnzde of sugar. With the  co-l?cidence 

c i r c u i t  turned off it w a s  .DO counts per mincte. Typ',cZlly, the 

coincidence r a t e  was 20 counts per minute when counting a silbject coa- 

t a i n i n g  only normal amounts of K40 and CsU7. A' pressed-wood bata  

absorber 3/16 inch th ick  placed between the head and the c a u t e r  

reduced the  r a t e  t o  1s per minute, which is  3 counts per  n i m k  ZSGW 

that of t he  phatom head. This indicates normal be-4 Sackgroud r'roxl 

the head is  about 5 c.ounts per minute, probably from Kko beta  rzys. 

The other 3 counts per  minute are  probably due t o  Conpton r eco i l  

electrons produced by gamma rays emit'&d from 'the body. The backgi-oud 

due t o  higher than normal gamma radiation in a sqbject can be determked 

with the beta  ray absorber over the counter. All normal subjects . 

counted so far have had about the same be'& ray  counticg rate ,  4 t o . 5  
. ' counts per minute. . 

The counter w 2 s  calibrated with f i v e  subjects c o n t ~ 2 ; l i z ~  k r . o n  

amounts of g2. The average counting r a t e  at the side or" 3.8 head 5s - 
*; 



' '1.0-counts per 20 minutes per nanocurie of $2 in the body. Tiie r a g e  

of ra tes  was f s$ f o r  the f i v s  subjects. Figure 2 sko:.:s t?.e co-cz-5~ 

. obtained f o r  two subjects. They were s'h6ied f o r  scvcrd.  vcc;;s ~2 one 

' of the subjects was reinjected a f t e r  28 days. 

* fo r  g2 was about 10 days; t h i s  agrees with previaus resulzs ob tahed  

The ef fac t ive  hail"-llfa 

.with the  brensstrahlung counter a t  h.;gher a c t i e t y  levels  of $*. 

detai led study of t he  influence of body size, excess fa t ,  2.d ZiZferazt 

I: 

he& shaps on the counting r a t e  has not been made. 

Ln counting r a t e  was  obtained from the f ive  subjects whc r a g e d  ia 

Tie r a g e  05 2 15% 
I 

#eight f rom 160 t o  210 pounds and in height f rom 60 t o  69 inckes. -t - \o r  
. very small or very large people the counting r a t e  per nCF of  9' i n  t h e  

body may vary more than 15%. Tne detection l i m i t  f o r  the comte r  I s  
' 

about 40 nanocuries. of g2 a t  the 95% confidence level .  This is mch  

-be t t e r  than the  bremsstra!!lung counter because the backgramd is loxer, 

shows much less var ia t ion f r o m  person t o  person, and can be xma . .  

. accurately measured. 

- .  The coincidence counter has a higher counting r a t e  over t i e  head ' .  
* .. than over m y  other body extremity. 

from organs such' as the l iver ,  which concentrates po ten t ia l ly  iz te r fe r -  

ing isotopes such as 21.1~5, it is not used over the t o r s o ,  Another 

I n  order to s t i y  as far E S  possible 

. . 
. advantage of usirig an extremity such as t he  head is t h a t  only %?at 

. extremity and t h e  counter nebd be' shielded; an i ron roo3 is not needed. 
. .  

1' 

. ' _  . . . 

'I found th=t the  counting r a t e  with the head . s d  c o u n t c  sh'Leldec! vLth 

lead two. inches thick ( t o t a l  weight 1000 pounds) 'was the. SLXB .ils i? t h e  
. .  . .  . :. ; 
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i ron room. Such small and light-weight shielding’ requirexants d c e  LZ . .  

feasible  t o  add such a counter to the  Ha-ord Xobi’L’e ?-(“nole 336;. eo-.-&--- L... Ud, 

f ac il ityL7 

One reason f o r  developing a sensit ive,  i n  vivo counte2- f c r  A 532 trzs 
/ 

t o  r&asurc people who e a t  Columbia River fish.  

most P32 and during the ‘fall often reach 2 nanocuries per grm, vet 

weight. (l) A person eating half a pound of such whitefish a t  absor’ahg 

7% of the P32 would. acquire a body burden of 353 narocLL-les. 

Whitefish contc,’,?. the 

E v e  

. .  . subjects a t e  3/L pound each of whitefish which had been caught in zhe 

‘ Columbia River. A f t e r  alloxing one day f o r  absorption o f  t!!e ?3*, the 

su j j ec t s  were measured f o r  20 minutes wi th  the coincideace counter ard 

showed body burdens of 70, 110, 89, 72, and 93 nCi. The aTount of $2 

. in the ~ i t e f i s h  ingested by th f i r s t  t w o  subjects was not kco-m ?xt 

.- 

the  l a s t  three ingested U.0 nCi, and the  s tandad  deviz$ion f o r  the 

’ measured in vivo burdens was about 25 nCi. This counter i s  i n  use a t  

the Battelle-Northwest whole body counting f a c i l i t y  and has been used 

in other  experiments on P32 uptake from f i s h  conducted there. . 

. . .  .. : ’ . .  
, 

. .  
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