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COUNTING HARDWARE I-A 

Current ly ,  phoswich d e t e c t o r s  are t h e  m o s t  p r eva len t  t ype  of 
d e t e c t o r s  i n  use  fo r  a s ses s ing ' l ung '  depos i t ions :of  heavy .element 
low-energy photon emitters. These d e t e c t o r s ,  along with  t h e i r  
a s s o c i a t e d  ins t rumenta t ion ,  have proven t h e i r  r e l i a b i l i t y  for  
r o u t i n e  monitoring. M o s t  phaswich d e t e c t o r  systems are capable 
of d e t e c t i n g  about  one-half lung burden of 238Pu o r  about  one and 
one-fourth lung burdens of 2 3 9 ~ u  on an average i n d i v i d u a l  who has  
a uniform d i s t r i b u t i o n  of plutonium i n  t h e  lungs. '  

l 

M o s t  a l l  t h e  l a r g e  area N a I  d e t e c t i o n  a r r a y s  have been rep laced  by 
the phoswich detectors. T h e  N a I  d e t e c t o r s  a r e  s i m i l a r  i n  b a s i c  
c h a r a c t e r i s t i c  t o  the phoswich, however, the 'large area NaI d e t e c t o r s  
e x h i b i t  h ighe r  blackground and s e n s i t i v i t i e s  a t  t h e  lower energ ies  
(< 70 keV) used f o r  a s s e s s i n g  i n h a l a t i o n  exposures of heavy elements. 

Some lung counter  f a c i l i t i e s  use p ropor t iona l  counters  F o r  assess- 

ments 2 r 3 r 4 .  Those i n  c u r r e n t  use. have an t i -co inc idence  chambers t o  
reduce background counts  and improve t h e  s e n s i t i v i t y .  The inhe ren t ,  
a b s o l u t e  count ing e f f i c i e n c y  of propor t iona l  counters  i s  lower than 
t h a t  for most o t h e r  t ypes  of d e t e c t o r s  and decreases  as photon energy 
inc reases .  Thei r  d e t e c t a b l e  l i m i t  i s  g e n e r a l l y  h igher  than t h e  
phoswich d e t e c t o r s .  They a r e  a t  a disadvantage a t  h ighe r  energ ies  
when 241A, i s  used t o  a s s e s s  t he  lung depos i t i on  of 239Pu. 
one r a t h e r  s i g n i f i c a n t  advantage of p ropor t iona l  coun te r s  i s  t h e i r  

However, 

high r e s o l u t i o n  c a p a b i l i t y  which can be used t o  d i s t i n g u i s h  between 
e x t e r n a l  and i n t e r n a l  contamination. 

Semiconductor d e t e c t o r s  are only  p r a c t i c a l  when used i n  a r r a y s  and,  
t h e r e f o r e ,  a re  t h e  most expensive d e t e c t i o n  system a v a i l a b l e .  
Resolut ion from these d e t e c t o r s  i s  e x c e l l e n t .  There is c u r r e n t l y  
only one such s y s t e n  t h a t  was cons t ruc ted  s p e c i f i c a l l y  f o r  bioassay 
of inha led  heavy elements . i his s y s t e m  was i n s t a l l e d  i n  1 9 7 6  and 
c o n s i s t s  of 2 a r r a y s  of 4 i n t r i n s i c  gelrnanium d e t e c t o r s ,  where each 
of t h e  8 has an a r e a  of 10 c m  . Prel iminary r e s u l t s  i n d i c a t e  t h a t  
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backgrounds pe r  u n i t  a r e a  a r e  e x c e l l e n t  and r e s o l u t i o n  (< 700 e V  

a t  60 keV) i s  supe r io r  t o  other types  of de t ec to r s ;  Absolute 
d e t e c t i o n  e f f i c i e n c y  should be  e s s e n t i a l 1  for  photons below 
60 keV. 

A comprehensive r e p o r t  of the semiconductor d e t e c t o r  system should 
be forthcoming in 1977.  It should be compared t o  t h e  phoswich 
d e t e c t o r  system which is c u r r e n t l y  t h e  b e s t  type  of system available. 
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BACKGROUND PREDICTION I-C ,.. ., 

Whenever a r a d i o a c t i v e  worker i s  counted and t h e  g ross  r e s u l t s  are 
. s i g n i f i c a n t l y  above those  from persons who have never worked wi th  

r a d i o a c t i v i t y ,  an i n h a l a t i o n  of r a d i o a c t i v i t y  i s  h i g h i y  poss ib l e .  
The amount of background, which i s  p a r t  of t h e  g r o s s  count ,  i s  
handled i n  a v a r i e t y  of ways when background d a t a  we n o t - a v a i l a b l e  
on t h e  p a r t i c u l a r  s&ject i n  ques t ion .  

Some l a b o r a t o r i e s  determine t h e  background by averaging background 
counts  from 2 o r  more i n d i d i v u a l s  of s i m i l a r  phys i ca l  b u i l d  who 
have never worked wi th  r a d i o a c t i v e  m a t e r i a l s .  This  background is  
then  s u b t r a c t e d  f r o m  t h e  gross  count  to g ive  a ne t  count  which i s  
the r e s u l t  of t h e  inha led-heavy element. The accuracy in determining 
the c o r r e c t  background wi th  t h i s  method i s  es t imated  a t  +15% ( 2  a ) .  
This method of background p r e d i c t i o n  does n o t  account f o r  v a r i a t i o n s  
f r o m  day to  day or month t o  month such as room background or a pe r son ' s  
siet. ~ h e r e f - ~ r c ,  -it iz usel! m c s t  ~accessfnlly by . l ; r rh~r;) t .~?r ie~ ~17here  

r o o m  backgrounds a r e  n o t  s i g n i f i c a n t l y  a f f e c t e d  by atmospheric changes, 
nearby r e a c t o r s ,  p l a n t  e f f l u e n t s ,  o r  d i e t  uptakes of 137cs. 

Other l a b o r a t o r i e s  a r r i v e  a t  a pe r son ' s  background by c o r r e l a t i o n  of t h e  
subject's count i n  t h e  75-100 keV energy band t o  t h a t  i n  lower energy 
bands of i n t e r e s t .  The s u b j e c t  of i n t e r e s t  i s ,  t h e r e f o r e ,  used f o r  
h i s  own background and accuracy i s  be l i eved  t o  be as good as -+lo-128 

The e f f e c t  of any e r r o r  i n  e s t ima t ing  a subject 's  background i s  a 
func t ion  of t h e  amount of t h e  inha led  heavy elements. When t h e  lung 

depos i t i on  approaches t h e  d e t e c t a b l e  - l i m i t ,  an e r r o r  i n  background can 
a f f e c t  t h e  f i n a l  a s s e s s m e n t  by as much a s  2 5 0 %  ( 2  a ) .  I n  cases  where 
t h e  depos i t i on  i s  w e l l  above t h e  d e t e c t a b l e  l i m i t ,  
background) th.e e r r o r  i n  an assessment r e s u l t i n g  f r o m  an i n c o r r e c t  
background [2 1 0 % )  i s  only abolit 210% ( 2  a ) .  However, when t h e  l e v e l s  
approach t h e  d e t e c t a b l e  l i m i t ,  t h i s  error tis qu.ilte s i g n i f i c a n t .  

( g r o s s  count > 2 t i m e s  
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This error could conceivably be  reduced by a f a c t o r  of 2 wi th  a 

concent ra ted  e f f o r t  i n  t h e  area of p r e d i c t i n g  l o w  energy person 
backgrounds f r o m  various h ighe r  energy photon s p e c t r a .  
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P R E C I S I O N  AND ACCURACY I-G 

The p o s s i b i l i t y  of error i n  making an assessment of i n h a l e d  heavy 
elements i s  r a t h e r  l a r g e  when t h e  uptake measured approaches t h e  
d e t e c t a b l e  l i m i t  of t h e  lung counter  being used. Most f a c i l i t i e s  
f i n d  it necessary t o  q u a l i f y  t h e i r  r e s u l t s  by s t a t i n g  v a r i o u s  
hypotheses t h a t  w e r e  used i n  developing a method of making t h e  lung 
assessment. Some of t h e  hypotheses t h a t  appear  m o s t  f r e q u e n t l y  a r e :  
t h e  lungs con ta in  a uniform d i s t r i b u t i o n  of  a c t i v i t y ;  u l t r a s o n i c  
ches twa l l  measurements are accura t e ;  t h e  subjects phys ica l  c h a r a c t e r i s t i c s  
are c l o s e l y  approximated by t h e  phantom used for  c a l i b r a t i o n ;  t h e  
subjects background can be p r e d i c t e d  wi th  some p r e c i s i o n ;  and t h e  
i s o t o p e s ( s )  be ing  counted i s  t h e  only  o n e ( s )  y i e l d i n g  t h e  da t a .  

Since t h e r e  are  a s  many s p e c i f i c  methods o f  c a l i b r a t i o n  as t h e r e  are 
l a b o r a t o r i e s ,  e r r o r  a n a l y s i s  of t h e  known factors must b e  handled 
d i f f e r e n t l y  a t  each f a c i l i t y .  The e r r o r s  involved i n  c a l i b r a t i o n  w e r e  
a s i g n i f i c a n t -  p a r t  of a r e c e n t  i n  v ivo  conference-.  The  f i n a l  s e s s i o n  
was followed by a gene ra l  d i s c u s s i o n  concerning t h e  effect of e r r o r s  
on t h e  assessment of a lung burden ( 1 6  nCi) of 239Pu. 
are l i s t e d  below wi th  t h e  es t imated  e f f e c t  assuming a t y p i c a l  phoswich 

7 -  

Five  major i t e m s  

d e t e c t o r  system. 

1. Background Person - +50% ( 2  0 )  

2. Phantom Lung - + 5% ( 2  a )  
3 .  Chestwall  Thickness - + 4 0 %  ( 2  0 )  

4 .  A c t i v i t y  D i s t r i b u t i o n  i n  Lung - 270% Systematic  E r ro r  
5. Counting Ststistics - +50% ( 2  0 )  

Another i n d i c a t o r  of  p r e c i s i o n  i n  t h e  assessment of inha led  plutonium 
is suggested by t h e  r e s u l t s  of i n t e r l a b o r a t o r y  measurements on an 
i n d i v i d u a l  i n  1 9 7 4  . H e r e ,  t h e  s u b j e c t  of an accidental expssure was 
counted a t  7 d i f f e r e n t  f a c i l i t i e s  w i th in  2 weeks  and r e s u l t s  v a r i e d  from 
1 0  t o  23  n C i  of 238Pu (one l a b o r a t o r y ' s  d a t a  of 54.8 nCi expec ted) .  
An average o€ t h e  6 results i s  1 7 . 7  nCi o r  about  2 t i m e s  t h e  average 
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l a b o r a t o r y ' s  d e t e c t a b l e  l i m i t ,  This  i s  only  an i n d i c a t i o n  of 
p rec i s ion  and no t  necessa r i ly  accuracy. 

P rec i s ion  i s  expected t o  improve s i g n i f i c a n t l y  by 1 9 7 9  as a r e s u l t  
of a s i n g l e  i n t e r c a l i b r a t i o n  phantom t h a t  w i l l  be used by most 
U . S . .  lung counter  f a c i l i t i e s  d u r i n g - t h e  next  two yea r s .  This  should 
improve p rec i s ion  t o  t h e  p o i n t  where t r u e  accuracy w i l l  be  the 
chal lange.  True accuracy w i l l  probably develop slowly because of 
unknown f a c t o r s  of d i s t r i b u t i o n  f o r  lung depos i t i ons  of heavy elements.  

! 
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. ' NEW COUNTERS' 11-A . 

A s i g n i f i c a n t  amount of r e c e n t  r e sea rch  has  centered  about  the use  
- of semiconductor d e t e c t o r s  f o r  lung depos i t i on  assessments.  I n  order  

to approach a s e n s i t i v i t y  l e v e l  comparable t o  e x i s t i n g  phoswich 
d e t e c t o r s ,  it has been necessary t o  use  a r r a y s  of semiconductor 
d e t e c t o r s .  

The only  a r rayed  d e t e c t o r s  a c t u a l l y  be ing  i n v e s t i g a t e d  f o r  lung 
count ing are i n t r i n s i c  germanium and 2 a r r a y s  of 4 detectors, each 
having 1 0  c m  of active area, c o s t i n g  about $lOO,OOO.l 
high c o s t ,  o t h e r  l a b o r a t o r i e s  have n o t  been a b l e  t o  s e c u r e  s u f f i c i e n t  

2 Because of t h e  

funding f o r  - r e sea rch  wi th  similar counting systems. Consequently, 
t h e  research has been l i m i t e d  t o  only  a f e w  p e r s o n s - a t  one in-  
s t a l l a t i o n  an&, t h e r e f o r e ,  i s  narrowly based. 

O t h e r s  2 r  

b a s i s  by p r o j e c t i n g  measurements from a s i n g l e  d e t e c t o r  t o  tha t  of 
an a r r a y  so they could be compared t o  a phoswich d e t e c t o r .  Resu l t s  
look somewhat promising as they  have w i t h  t h e  a r rayed  detectors,  bu t  
a conclus ive  r e p o r t  has  y e t  t o  show a c t u a l  improvements i n  detectable 
limits compared t o  a phoswich counting system. 

have i n v e s t i g a t e d  germanium d e t e c t o r s  on a p re l imina ry  

L i t t l e  cons ide ra t ion  has been given t o  t h e  use of a r r ayed  s i l i c o n  
d e t e c t o r s .  
w i t h  f e w e r  problems than  i n t r i n s i c  germanium, S i l i c o n  s u r f a c e  barr ier  
'or s i l i c o n  l i t h i u m  d r i f t  d e t e c t o r s  should w o r k  a l m o s t  as w e l l  a s  
germanium and could poss ib ly  be operated wi thout  l i q u i d  n i t r o g e n  on 

a cascaded Pe l t ie r  device. S i l i c o n  d e t e c t o r s  (1-2  c m  dep le t ed  depth) 
should be comparable t o  germanium f o r  lung counting photons approaching 
60 k e V  i n  energy. 

However, there i s  a p o s s i b i l i t y  t h a t  they  could  be used 

O t h e r  types  of semiconductor d e t e c t o r s  t h a t  have y e t  t o  be f u l l y  
developed a r e  cadmium t e l l u r i d e ,  gal l ium a r sen ide  and mercury icicle 
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A l l  t h e s e  have p o t e n t i a l  f o r  * lung  count ing; .  b u t  c u r r e n t l y  .lack. I' 
l a r g e  a c t i v e  volumes. 

Recent advances have been made i n  t h e  use  of p ropor t iona l  
s c i n t i l l a t i o n  counters  . Prel iminary r e s u l t s  i n d i c a t e  volumes 
are n o t  c r i t i c a l ,  r e s o l u t i o n s  are s u p e r i o r  t o  normal p ropor t iona l  
counters ,  and backgrounds a r e  somewhat l o w e r  than phoswich detectors . 

5 
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B o t h  t h e  s o l i d  s t a t e  and p ropor t iona l  s c i n t i l l a t i o n  d e t e c t o r s  deserve  
a concent ra ted  e f f o r t  i n  t h e i r  development i f  they are t o  be used t o  
make r o u t i n e  lung assessments.  An irnprovement.in t h e  d e t e c t a b l e  
l i m i t  i s  conceivable  wi th  such d e t e c t o r s  w h i l e  improving r e s o l u t i o n .  
Improved r e s o l u t i o n  would s i g n i f i c a n t l y  h e l p  i n  d i s t i n g u i s h i n g  
i n t e r n a l  f r o m  e x t e r n a l  contamination. 
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