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HANFORD WHOLE BODY COUNTER 1980 A C T I V I T I E S  

INTRODUCTION 

This  r e p o r t  descr ibes  the  r o u t i n e  whole body coun t ing  measurement 

program f o r  the Hanford p r o j e c t  personnel d u r i n g  1980. 

and development work performed i n  c o n j u n c t i o n  w i t h  t h e  whole body 

c o u n t i n g  f a c i l i t i e s  a r e  a l s o  descr ibed. S i m i l a r  r e p o r t s  have been 

w r i t t e n  s i n c e  1978 i n  which the  major f a c i l i t i e s  a v a i l a b l e  f o r  i n  v i v o  

measurement were descr ibed. Th is  r e p o r t  w i l l  d iscuss  a d d i t i o n s  o r  

changes i n  these f a c i l i t i e s .  

Special  s t u d i e s  

FACILITIES AND EQUIPMENT 

The mens shower and change f a c i l i t i e s  were r e c o n s t r u c t e d  d u r i n g  

1980 which has a l l e v i a t e d  p rev ious  crowded and sometime i n e f f i c i e n t  

c o n d i t i o n s  where b o t h  men and women used the  same f a c i l i t i e s .  

The mob i l e  whole body counter  u n i t  #l, which had n o t  been used 

f o r  severa l  years ,  was r e c o n s t r u c t e d  and p laced i n t o  s e r v i c e .  

i s  more u s e f u l  than mob i l e  u n i t  B f o r  making measurements a t  N A r e a  

because i t  has room f o r  people t o  change c l o t h e s .  

an e x t r a  t r a i l e r  was necessary f o r  a c l o t h e s  change area. Mob i l e  

u n i t  #1 i s  a l s o  t e m p o r a r i l y  be ing  used f o r  emergency preparedness 

and i s  be ing  equipped w i t h  s p e c i a l  r a d i a t i o n  measurement ins t ruments  

i n  a d d i t i o n  t o  those e x i s t i n g  f o r  whole body c o u n t i n g  f a c i l i t y .  

I t  

I n  p rev ious  years 

Two s p e c i a l  d e t e c t o r  ho lde rs  were i n s t a l l e d  i n  the  l e a d  room 

f o r  p o s i t i o n i n g  d e t e c t o r s  on any p a r t  o f  t he  body. 

t ime two phoswich d e t e c t o r s  a r e  mounted on them f o r  use i n  measuring 

s p e c i a l  cases o f  uranium, thor ium, o r  t r a n s u r a n i c  elements i n  the 

lungs o r  o t h e r  organs o f  t he  body. These two ho lde rs  a r e  used i n  

c o n j u n c t i o n  w i t h  a t h i r d  h o l d e r  t o  p o s i t i o n  t h r e e  d e t e c t o r s  around 

t h e  head f o r  measuring bone seeking r a d i o n u c l i d e s .  

has been shown t o  be a r e l i a b l e  and s e n s i t i v e  method f o r  measuring 

t h e  t o t a l  s k e l e t a l  c o n t e n t  o f  r a d i o n u c l i d e s  such as 241Am, 210Pb 

which have photon energ ies  h i g h  enough t o  pene t ra te  the  bone. 

A t  t h e  p resen t  

Head coun t ing  

The two 35% G e ( L i )  d e t e c t o r s  were i n s t a l l e d  i n  t h e  shadow 

s h i e l d  whole body coun te r  and c a l i b r a t i o n  s t u d i e s  have been com- 

p l e t e d  f o r  them. These have been e s p e c i a l l y  u s e f u l  i n  i d e n t i f y i n g  
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and q u a n t i f y i n g  m ix tu res  o f  r a d i o n u c l i d e s  i n  the  body. 

soon r e p l a c e  t h e  6 ”  x ll?;” NaI(Ta) d e t e c t o r  as the  pr imary  d e t e c t o r  

f o r  who1 e body c o u n t i n g  . 

They w i l l  

A new Nova 4 Data General Computer was ordered and rece ived  

and i s  p r e s e n t l y  be ing  i n t e r f a c e d  w i t h  our  Whole Body Counter 

i n s t r u m e n t a t i o n .  

dual  user  c a p a b i l i t y .  The g r e a t e r  s to rage c a p a c i t y  w i l l  a l l o w  a l l  

o f  our  da ta  f i l e s  and programs t o  remain on d i s c  s to rage  f o r  r a p i d  

access. A t  t h e  p resen t  t ime  many o f  our  f i l e s  which a r e  used l e s s  

f r e q u e n t l y  a r e  purged t o  make room f o r  r o u t i n e  r e s u l t s  and then 

must be re loaded and recompi led when needed again.  

c a p a b i l i t y  w i l l  a l l o w  p l o t t i n g ,  p r i n t i n g ,  computing, o r  runn ing  

o t h e r  programs on one h a l f  o f  t he  computer w h i l e  t h e  o t h e r  h a l f  

i s  o p e r a t i n g  the  r o u t i n e  coun t ing  program. 

Rout ine Counting o f  P r o j e c t  Personnel 

This  computer has a much l a r g e r  c a p a c i t y  and 

The dual  user  

I 

F i g u r e  1 shows t h e  whole body and lung  measurements made f o r  

The whole body s e c t i o n  o f  t h e  bargraph each yea r  s i n c e  1971. 

i nc ludes  a l l  types o f  counts except  l ung  counts.  The t o t a l  of 

6,924 measurements r e f l e c t  a s l i g h t  decrease i n  bo th  whole body 

and lung  counts over  those made i n  1979. Table 1 shows the  number 

and type o f  measurements made on t h e  personnel  o f  each Hanford 

c o n t r a c t o r ,  DOE, and the p r i v a t e  i n d u s t r i e s ,  Exxon Nuclear,  Nuclear 

Eng ineer ing  Company, and Washington Pub1 i c  Power Supply System. 

TABLE 1. -- I n  Vivo Measurements Made i n  1980 

Con t rac to r  Whole Body Counts Lung Counts 
BSC 0 0 
DO E 9 3 
RHO 1389 361 
U N I  887 7 
HEDL 1122 772 
HEHF 1 1 
JAJ and Subcont rac tors  337 4 
PNL 1144 448 
V i t r o  7 1 
P r i v a t e  I n d u s t r i e s  116 146 

TOTALS 501 2 1743 

Thy ro id  
0 
0 
1 
1 
0 
0 
0 

28 
0 

126 

156 
- 

Wound 
0 
0 
1 ‘ - I  

1 
0 1 , ’ .  

0 
1 

10 
0 
0 

13 
- 
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The reduced number o f  measurements i n  1980 marks the  f i r s t  

t ime i n  more than 10 years t h a t  the  number o f  measurements d i d  

n o t  increase.  

reduced the  measurements on J.A. Jones Company employees t o  h a l f  

t h a t  i n  1979, t o  the  reduced summer h i r i n g  by a l l  con t rac to rs ,  and 

t o  reduc t i on  i n  requests f o r  measurements by p r i v a t e  i n d u s t r i e s .  

The number o f  measurements made f o r  t he  f o u r  major users of the  
whole body count ing  f a c i l i t i e s  was 6% h igher  i n  1980 than i n  1979. 

This  was due p a r t l y  t o  the  l a b o r  s t r i k e  which 

I n  Vivo Measurement o f  I n c i d e n t  Cases 

The number of Hanford p r o j e c t  employees measured as a r e s u l t  
o f  r a d i o a c t i v e  contaminat ion i n c i d e n t s  du r ing  1980 was 73. 

a s i g n i f i c a n t  reduc t i on  over  the  196 measured i n  1979 and s l i g h t l y  

l ess  than those i n  1978. Table 2 summarizes t h e  type and contam- 

i n a t i o n  l e v e l  o f  these cases. 

This  i s  

I 

TABLE 2. I n c i d e n t  Cases i n  1980 

I n t e r n a l  Contamination Level 
Less Than ivtinimum Measurable But  Greater  Than 

Type o f  Count Detectable Amount Less Than 10 nCi 10 nCi 

Whole Body Count 5 8 27 

Lung 15 5 0 
Wound 10 1 0 
Thyro id 2 0 0 

NEW PROCEDURES 

Several new opera t i ona l  procedures were adopted du r ing  1980. 
A u n i t  c o s t  f i n a n c i n g  was s t a r t e d  wherein each c o n t r a c t o r  i s  

charged a f i x e d  amount f o r  each type o f  measurement. 

each c o n t r a c t o r  was b i l l e d  f o r  t h e i r  f r a c t i o n  o f  t he  opera t i ng  costs  

which was determined q u a r t e r l y  accord ing t o  t h e i r  pas t  usage of the  

whole body count ing  f a c i l i t i e s .  From January through September 1980 
the  u n i t  cos ts  were $36 f o r  a whole body count, $62 f o r  a l ung  count, 

and $50 f o r  a l l  o t h e r  types o f  counts such as thy ro id ,  head, wound, 

e t c .  A t  the  beginning o f  FY-81 the  r a t e s  were changed t o  $40, $69, 
and $55 f o r  the  th ree  c l a s s i f i c a t i o n s  o f  counts. 

Prev ious ly  
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The r e p o r t i n g  l e v e l  o f  r a d i o n u c l i d e s  measured i n  the  body has 

been s i g n i f i c a n t l y  reduced d u r i n g  t h e  pas t  two years .  

any r o u t i n e  measurement showing l e s s  than 100 nCi o f  6oCo (100 nCi 

i s  1% o f  a MPBB under the o l d  I C R P  I 1  l i m i t s )  was shown as a t r a c e  

and the  a c t u a l  va lue  was n o t  repor ted .  

t h a t  most o f  t h e  l o n g  term r e t e n t i o n  6oCo i s  i n  the  lungs,  and the  

f a c t  t h a t  6oCo i s  an i n d i c a t o r  o f  t h e  presence o f  o t h e r  r a d i o n u c l i d e s  

such as 144Ce which a r e  d i f f i c u l t  t o  measure, t he  r e p o r t i n g  l e v e l  i s  

now 2.6 nCi.  Th i s  r e q u i r e s  a much c l o s e r  e v a l u a t i o n  o f  Whole Body 

Counter spec t ra ,  and background i n t e r f e r e n c e s  from work r e l a t e d  

con tamina t ion  on the s k i n ,  h a i r ,  and c l o t h i n g  has become a s i g n i f -  

i c a n t  problem. Personnel f r o m  c e r t a i n  areas on the p r o j e c t  a r e  

now r e q u i r e d  t o  change i n t o  c lean  c o v e r a l l s .  I n  a d d i t i o n  radon 

daughter p roduc ts  o r i g i n a t i n g  f rom environmental  radon i n  the a i r  

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

and t h i s  background i n t e r f e r e n c e  becomes q u i t e  severe d u r i n g  atmos- 

p h e r i c  i n v e r s i o n s .  I t  i s  planned t h a t  a l l  people w i l l  change i n t o  

c l e a n  c o v e r a l l s  b e f o r e  t h e i r  whole body c o u n t i n g  measurement. Th is  

procedure w i l l  become e f f e c t i v e  d u r i n g  1981. 

For i ns tance  

With new l i m i t s  and evidence 

A new personnel decontaminat ion procedure has been adopted. 

Personnel i n v o l v e d  i n  contaminat ion  i n c i d e n t s  who a r e  found t o  be 

e x t e r n a l l y  contaminated d u r i n g  a p r e l i m i n a r y  survey upon a r r i v a l  a t  

t h e  Whole Body Counter a r e  now decontaminated a t  t h e  Emergency 

Decontamination Center r a t h e r  than a t  t he  whole body coun t ing  f a c i l i -  

t i e s .  Th is  i s  inconven ien t ,  b u t  i t  i s  t h e  o n l y  way t o  e f f e c t i v e l y  

s top  t h e  spread o f  con taminat ion  i n t o  the  low l e v e l  background 

c o u n t i n g  spaces. Al though encouragement has been g i ven  t o  have a l l  

i n c i d e n t  cases shower b e f o r e  a r r i v i n g  a t  the Whole Body Counter, 

t h i s  i s  n o t  done ve ry  o f ten  and e x t e r n a l  con taminat ion  i s  f r e q u e n t l y  

found i n  these cases. 

RESEARCH AND DEVELOPMENT STUDIES 

As n u c l e a r  technology inc reases  and work programs change on the  

Hanford p r o j e c t ,  new methods a r e  needed fo r  i n  v i v o  measurements and 

i n  the  case o f  t he  t r a n s u r a n i c  nuc l i des ,  t h e r e  i s  a c o n t i n u i n g  need 

t o  improve t h e  s e n s i t i v i t y  and accuracy o f  t h e i r  measurement. The 

0 0 1 0 4 5 1  
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technology which e x i s t s  and i s  developed a t  t he  whole body c o u n t i n g  

f a c i l i t i e s  i s  a l s o  a p p l i c a b l e  t o  o t h e r  areas o f  n u c l e a r  energy. 

research and development s t u d i e s  assoc ia ted  w i t h  t h e  Whole Body 

Counter a r e  descr ibed on the  f o l l o w i n g  pages. 

The 

Gas S c i n t i l l a t i o n  P r o p o r t i o n a l  Development 

Progress on the development o f  gas s c i n t i l l a t i o n  p r o p o r t i o n a l  

(GSP) counters  was l i m i t e d  i n  1980 by bo th  t ime and fund ing .  

c a n t  progress was made, however, i n  the  development o f  l a r g e  photo- 

i o n i z a t i o n  d e t e c t o r s  t o  r e p l a c e  p h o t o m u l t i p l i e r  tubes f o r  d e t e c t i o n  

o f  t h e  xenon s c i n t i l l a t i o n  l i g h t  e m i t t e d  f rom the  GSP counter .  The 

p h o t o i o n i z a t i o n  d e t e c t o r  i s  a new t ype  which i s  b a s i c a l l y  an Argon 

Methane gas p r o p o r t i o n a l  coun te r  c o n t a i n i n g  a f e w  mm pressure  o f  

t e t r a k i s -  (d ime thy l  ami no ) -e thy lene  (TMAE) which i s  a q  oxy1 uminescent 

compound which i s  i o n i z e d  by the  U . V .  xenon s c i n t  l l a t i o n  l i g h t .  

Th i s  type o f  p h o t o i o n i z a t i o n  d e t e c t o r  i s  s u p e r i o r  t o  p h o t o m u l t i p l i e r  

tubes f o r  t h i s  a p p l i c a t i o n  because o f  ( 1 )  a much more u n i f o r m  response 

over t h e  area o f  t h e  d e t e c t o r  s i n c e  the  s e n s i t i v e  m a t e r i a l  i s  i n  a 
u n i f o r m  c o n c e n t r a t i o n  r a t h e r  than a vapor ized  photocathode, ( 2 )  b e t t e r  

e f f i c i e n c y  f o r  d e t e c t i n g  photons, ( 3 )  l a r g e  area p h o t o i o n i z a t i o n  

d e t e c t o r s  a r e  easy t o  c o n s t r u c t  and t h e r e f o r e  l e s s  expensive than 

p h o t o m u l t i p l i e r  tubes, and ( 4 )  they can be made w i t h  CaF2 o r  MgF 

windows which t r a n s m i t  a h i g h  percentage o f  t he  xenon s c i n t i l l a t i o n  

l i g h t .  

S i g n i f i -  

A p r o t o t y p e  GSP coun te r  u s i n g  a p h o t o i o n i z a t i o n  d e t e c t o r  was 

c o n s t r u c t e d  and t e s t e d  d u r i n g  1980. 

r e s o l u t i o n .  Pa r t s  were made f o r  two GSP counters .  One o f  these i s  

10" i n  d iameter  and w i l l  be used f o r  l ung  c o u n t i n g  t h e  o t h e r  i s  a 4" 
diameter phase 2 p r o t o t y p e  f o r  a neu t ron  spectrometer.  

a r e  p r e s e n t l y  be ing  assembled and w i l l  be completed and t e s t e d  i n  1981. 

I f  t h e  l u n g  coun te r  i s  as success fu l  as i t  promises t o  be i t  w i l l  
s i g n i f i c a n t l y  i nc rease  the  s e n s i t i v i t y  f o r  measurement o f  p lu ton ium 

and americium i n  the body. 

The coun te r  e x h i b i t e d  e x c e l l e n t  

These counters  
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I n t e r l a b o r a t o r y  Comparison o f  Lung Measurements o f  Transuranic  
Radionucl ides 

B a t t e l l e  i s  a ma jor  c o n t r i b u t o r  and a member o f  t h e  DOE spon- 

sored I n t e r - C a l  i b r a t i o n  Committee f o r  Low Energy Photon Measurements 

and a l s o  i s  one o f  t h ree  U.S. l a b o r a t o r i e s  which p a r t i c i p a t e s  i n  an 

I A E A  i n t e r l a b o r a t o r y  comparison o f  measurements made on sub jec ts  who 

have i n h a l e d  known q u a n t i t i e s  o f  r a d i o n u c l i d e s  which e m i t  low energy 

photons. The i n h a l a t i o n  of  these low l e v e l  r a d i o n u c l i d e s  i s  done i n  

England. I n  the  c u r r e n t  I A E A  sponsored s tudy,  sub jec ts  c o n t a i n i n g  

92Nb a re  measured. Two o f  these sub jec ts  were e x t e n s i v e l y  s t u d i e d  

a t  t he  Whole Body Counter d u r i n g  1980. Niobium-92m emi ts  a 16 KeV 

X-ray and a 934 KeV gamma-ray. The gamma-ray measurements a l l o w  the  

con ten t  o f  92mNb i n  t h e  l u n g  t o  be a c c u r a t e l y  de te rd ined  by s tandard 

whole body coun t ing  methods which a l l o w  t h e  number o f  16 KeV photons 

emi t ted  t o  be ca l cu la ted .  Ex te rna l  measurements o f  16 KeV photons 

g i v e  t h e  coun t ing  e f f i c i e n c y  and c a l i b r a t i o n  f a c t o r  and by us ing  

sub jec ts  c f  d i f f e r e n t  ches t  w a l l  th ickness  the  change i n  c a l i b r a t i o n  

f a c t o r  as a f u n c t i o n  o f  ches t  w a l l  th ickness  can be determined. The 

main purpose o f  t h i s  s tudy  i s  t o  c o n f i r m  the  accuracy of t he  t i s s u e -  

e q u i v a l e n t  t o r s o  phantom which was developed and t e s t e d  by the  I n t e r -  

C a l i b r a t i o n  Committee f o r  Low Energy Photon Measurements. When t h i s  

con f i rma t ion  i s  complete t h i s  phantom w i l l  become an i n t e r n a t i o n a l  

c a l i b r a t i o n  standard.  

The Measurement o f  Low Energy Gamma-Rays i n  the  Lung 

Studies were conducted on t h e  d e t e c t i o n  o f  r a d i o n u c l i d e s  i n  the  

l ung  which have low energy gamma-ray energ ies  i n  t h e  range o f  80 t o  

200 KeV i n  the  presence o f  o t h e r  h i g h  energy gamma e m i t t e r s .  

was done i n  regards t o  t h e  c u r r e n t  i n t e r e s t  i n  measuring 239Np which 

emi ts  gamma and X-rays o f  106 and 104 KeV r e s p e c t i v e l y  and l 4 l C e  and 

144Ce w i t h  gamma-rays o f  145 and 134 KeV r e s p e c t i v e l y .  Tests were 

made w i t h  t h r e e  types o f  de tec to rs  on a mixed r a d i o n u c l i d e  s tandard 

p laced i n  ou r  l ung  phantom. Th is  approximates t h e  s i t u a t i o n  where 

we a re  t r y i n g  t o  measure 239Np and Ce i so topes  i n  the  presence o f  

l a r g e  q u a n t i t i e s  o f  h i g h  energy gamma e m i t t e r s  such as 6oCo, 54Mn, 
1 3 7 ~ s .  g 5 Z r .  e t c .  

Th is  
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These s tudies  c lear ly  show t h a t  a planar i n t r i n s i c  Ge detector  
i s  f a r  superior f o r  measuring gamma-rays in the energy region of 
80 t o  200 KeV. This i s  due t o  i t s  excel lent  resolution o f  400 eV 
as  compared t o  2600 eV f o r  the Ge(Li) detector  and about 11,000 ev 
f o r  the NaI(Ta) detector  f o r  a 100 KeV gamma-ray. To ef fec t ive ly  
measure these lower energy gamma-rays in a reasonable length o f  

time, one or  two arrays of the planar i n t r i n s i c  Ge need t o  be 
procured a t  a cost  of $40,000 each. 

Whole Body Counting Staff  

H. E.  Palmer Staff  Sc ien t i s t  and Technical Leader 
G. A. Rieksts Development Engineer, Routine Operations 
H. B.  Spitz Senior Research Sc ien t i s t ,  Research Studies 
M. C.  Rhoads Senior Technician 
J .  M. Mackliet Technician 
B. W. Perkins Electronic Technician (assigned from Craf t  

and Operation Services Department) 

Presentations and Publications During 1980 

1 .  H .  E .  Palmer, G .  A. Rieksts, "The Use o f  M X-Rays From 2 3 a - 2 3 9 P ~  
and 241Am to Study Shallow Depositions in Body Surfaces. Health 
Physics, Vol. 38, pp 71-73, (1980). 
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HANFORC \#/HOLE BODY CCURTER 1981 A C T I V I T I E S  

INTROOUCTION 

T h i s  r e p o r t  desc r ibes  t h e  r o u t i n e  whole body coun t ing  nieasureinent 

program f o r  t h e  I larrford p r o j e c t  personnel d u r i n g  1981. Spec ia l  s t u d i e s  

and development work performed i n  c o n j u n c t i o n  w i t h  t h e  whole body 

c o u n t i n g  f a c i l i t i e s  a r e  a l s o  descr ibed.  S i m i l a r  annunl r e p o r t s  have 

been w r i t t e n  s ince  1978 i n  which the  major  f a c i l i t i e s  a v a i l a b l e  f o r  i n  v i v o  

nieasurement were descr ibed.  T h i s  r e p o r t  w i l l  d iscuss  a d d i t i o n s  o r  

changes i n  these f a c i l i t i e s  d u r i n g  1981. 

FACILITIES AN@ EOUIPMENT 

New computer 

magnetic tape u n i t  were p u t  i n t o  o p e r a t i o n  d u r i n g  t h e  year .  

computer has dual  use r  c a p a b i l i t y  and can opera te  the  r o u t i n e  coun t ing  

program w h i l e  s imu l taneous ly  p r o v i d i n g  p l o t t i n g ,  p r i n t i n g ,  computing and 

o p e r a t i o n  o f  o t h e r  programs. The l a r g e r  s to rage c a p a c i t y  p rov ides  r a p i d  

access t o  a l l  o f  our  f i l e s  and programs. The o l d  Nova 2 computer wss 

r e t a i n e d  f o r  backup o p e r a t i o n  o f  r o u t i n e  coun t ing  i n  case t h e  Nova 4 
shuts  down. 

A new Nova 4 Data General computer and a new 8 - t r a c k  

The 

New C a l i b r a t i o n  Phantom A major  improvement i n  t h e  accuracy of  

measuring r a d i o a c t i v i t y  i n  t h e  lungs and l i v e r  was made p o s s i b l e  i n  1981 

by t h e  purchase o f  a phantom which very  c l o s e l y  s imu la tes  a human male 

t o r s o .  The phantom c o n s i s t s  o f  a t i s s u e  e q u i v a l e n t  po lyure thane t c r s o  

s h e l l  w i t h  an imbedded bone e q u i v a l e n t  r i b  cage. 

and l i v e r  organs a re  removable and can be ob ta ined  c o n t a i n i n g  u n i f o r m l y  

d i s t r i b u t e d  r a d i o n u c l i d e s .  

o v e r l a i d  on t h e  phantom t o  s imu la te  a range o f  ches t  w a l l  t h i ckness  from 

1.7 t o  4 . 2  cm. 

s u f f i c i e n t  t o  g i v e  the same a b s o r p t i o n  of  X and gamma r a y  r a d i a t i c n  as 

human t i s s u e  f o r  energ ies  down t o  17 keV. 

l u n g  se ts  c o n t a i n i n g  FIBS c e r t i f i e d  s tandard amounts o f  23*Pu,  239Pu, 

T issue e q u i v a l e n t  l ung  

T issue e q u i v a l e n t  ches t  p l a t e s  can be 

The t i s s u e  equ iva lency  o f  t h e  phantom ps. r ts  i s  

Separate r a d i o a c t i v i t y  t a g g e d  
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241Am, Na tu ra l  U, 93% en r i ched  U,  and n a t u r a l  Th were purchased w i t h  the  

phantom. R a d i o a c t i v e l y  tagged 1 i v e r  organs were ob ta ined  w i t h  23aPu, 

239Pu, and 241Am. We have made o u r  own lung  molds and have a l s o  made 

ou r  own tagged lungs  c o n t a i n i n g  h i g h  energy gamma ray e m i t t e r s .  

The phantom has been under develcpment f o r  %he p a s t  seve ra l  years  

a t  Lawrence L i v e r n o r e  Na t iona l  Labora tory  under t h e  d i r e c t i o n  o f  an 

i n t e r c a l i b r a t i o n  committee c o n s i s t i n g  o f  r e p r e s e n t a t i v e s  o f  t h e  major  

DOE suppor ted whole body coun t ing  f a c i l i t i e s .  

body s h e l l  and organs were niade f rom a cadaver. 

undergone ex tens i ve  t e s t i n g  a t  many whole body counters  and i s  expected 

t o  be c e r t i f i e d  as an i n t e r n a t i o n a l  -- i n  v i v o  c d l i b r a t i o n  s tandard  by t h e  

I A E A  a t  t h e  comple t ion  o f  some f u r t h e r  t e s t i n g  which i s  desc r ibed  i n  t h e  

research  and development s t u d i e s  s e c t i o n  o f  t h i s  r e p d r t .  F i g u r e  1 shows 

some p i c t u r e s  o f  t h e  phantom and organs. 

c o n j u n c t i o n  w i t h  t h e  u l t r a s o n i c  method o f  neasur ing  ches t  w a l l  t h i ckness  

has very  s i g n i f i c a n t l y  improved o u r  accuracy i n  e s t i m a t i n g  l u n g  and 

1 i v e r  burdens o f  P luton ium, Americium, Uranium and many h i g h  eriergy 

gamma e m i t t i n g  r a d i o n u c l i d e s .  

The phar?tom molds f o r  t h e  

The phantom has 

The use o f  t h i s  phantom i n  

A r ray  o f  I n t r i n s i c  Germanium P lanar  Detec tors  The exper ience a t  

t h e  whole body counters  a t  t h e  Rocky F l a t s  P l a n t  and ORNL w i t h  a r r a y s  of 

i n t r i n s i c  germanium d e t e c t o r s  has shown t h a t  they  a r e  more s e c s i t i v e  

than phoswich d e t e c t o r s  f o r  measuring 2 4 1 A m  i n  t h e  'lungs b u t  l e s s  

s e n s i t i v e  f o r  de te rm in ing  the  239Pu d i r e c t l y  by measuring t h e  17 keV 

x- ray.  

purchasing an a r r a y  s i n c e  o u r  s e n s i t i v i t y  f o r  measuring 241Am was 

copsidered adequate. Wi th  reduced l i m i t s  and re f inements  i n  l u n g  

dos imet ry  f o r  some o f  t h e  l o w  energy gamma e m i t t e r s  t h e r e  i s  a need t o  

inc rease o u r  l u n g  coun t ing  s e n s i t i v i t y  f o r  r a d i o n u c l i d e s  such as 1 4 4 C i  

and 239Np a s  desc r ibed  i n  the  Hanford Whole Body Count 1980 A c t i v i t i e s  
Report.  

Due t o  t h e  h i g h  c o s t  o f  these d e t e c t o r s  we have delayed 
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An a r r a y  o f  t h r e e  20 cm2 by 1 cm t h i c k  i n t r i n s i c  germanium were 

ordered i n  1981. Th is  a r r a y  w i l l  o n l y  be l a r g e  enough t o  measure one 

lung.  A d d i t i o n a l  a r r a y s  w i l l  be purchased as fund ing  pe rm i t s  u n t i l  we 

have 4 a r rays  so  t h a t  two people can be mon i to red  s imu l taneous ly  i n  b o t h  

lungs  f o r  uranium, t r a n s u r a n i c  r a d i o n u c l i d e s ,  and low energy ganima-ray 

e m i t t e r s .  

Lung coun t ing  a t  t h e  Emergency Decontaminat ion Center The shadow 

s h i e l d  whole body coun te r  was m o d i f i e d  so  t h a t  l u n g  coun t ing  f o r  241Am 

cou ld  be done i n  emergency s i t u a t i o n s  where a person might  be e x t e r n a l l y  

contaminated a t  a l e v e l  which would n o t  be a l lowed a t  t h e  main whole 

body coun te r  f a c i l i t i e s .  The m o d i f i c a t i o n  i n c l u d e d  a d d i t i o n a l  s h i e l d i n g  

and remodel ing t o  a l l o w  phoswich d e t e c t o r s  and the  i n t r i n s i c  germanium 

a r r a y  t o  be niounted i n t o  t h e  counter .  a 

Gamma Camera I n s t a l l a t i o n  a t  t h e  Emergency Decontaminat ion Center 

A medica l  gamma camera was donated t o  t h e  U n i v e r s i t y  o f  Washington 

School o f  b led ic ine which has ass igned i t  t o  B a t t e l l e  th rough a 

p r o f e s s i o n a l  s t a f f  r e l a t i o n s h i p  which e x i s t s  between t h e  two 

i n s t i t u t i o n s .  The main purpose o f  i t s  l o c a t i o n  a t  t h e  emergency 

decontaminat ion c e n t e r  i s  f o r  emergency use i n  imaging and l o c a l i z i n g  

i n t e r n a l  con taminat ion  assoc ia ted  w i t h  r a d i a t i o n  contaminat ion  

acc iden ts .  Ganima cameras borrowed f rom nearby medica l  i n s t i t u t i o n s  have 

been u s e f u l  i n  p a s t  acc iden t  cases. 

New Sh ie lded Room F a c i l i t i e s  A new sh ie lded  room f a c i l i t y  i s  

needed t o  keep abreas t  o f  t h e  i n c r e a s i n g  whole body coun t ing  needs o f  

t h e  Hanford S i t e .  A room made f rom 24' '  t h i c k  CJorld War I b a t t l e s h i p  

s t e e l  surrounded by 4 inches o f  l e a d  has been designed d u r i n g  1981. The 

s t e e l  i s  a v a i l a b l e  f r e e  f rom Reynolds E l e c t r i c a l  and Eng ineer ing  Company 

a t  t h e  Nevada Tes t  S i t e .  T h i s  room w i l l  be cons t ruc ted  as fund ing  

become s a v a i 1 ab 1 e. 
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ROUTINE C0Ur:TING OF DOE CONTRACTOR PERSONNEL 

body and l u n g  measurements made f o r  each yea r  s i n c e  1971. 

body s e c t i o n  o f  t h e  bsrgraph inc ludes  a l l  types o f  counts  except  l u n g  

counts. The t o t a l  o f  8081 measurements r e f l e c t  a s i g n i f i c a n t  i nc rease  

i n  whole body counts  over  those made i n  a l l  p rev ious  years .  

o f  l u n g  counts has remained about t h e  same ove r  t h e  p a s t  4 years .  

1 shows t h e  number and t ype  o f  measurements made on t h e  personnel o f  

each Hanford c o n t r a c t o r ,  DOE, and t h e  p r i v a t e  i n d u s t r i e s  which i n c l u d e  

Exxon Nuclear ,  Nuc lear  Eng ineer ing  Ccmpany, and hash ing toc  P u b l i c  Power 

Supply System. 

F i g u r e  2 shows t h e  whole 

The whole 

The number 

Table 

TABLE 1. I n  V ivo Measurements Made i n  1981 -- 
A 

Who1 e Lung 
Con t r a c t o r  Body Counts Counts Thy ro id  

BSC 
DOE 
RHO 
UN I 
HEDL 
HEHF 
JAJ and Subcont rac tors  
PNL 
V i t r o  
P r i v a t e  I n d u s t r i e s  

TOTALS 

0 0 
4 2 

1757 355 
934 14 

1240 84 1 
4 0 

80 1 11 
1174 4 46 

14 1 
115 128 

6043 1798 
- 

0 
0 
1 
1 
1 
0 
0 

27 
0 

178 

2C8 
- 

Wound 

0 

32 

IN V I V O  ISEASUREMENT OF I N C I D E N T  CASES The number o f  Hanford DOE 

Con t rac to r  employees measured as a r e s u l t  o f  r a d i o a c t i v e  contaminat ion  

i n c i d e n t s  d u r i n g  1981 was 90. Th is  i s  s l i g h t l y  h i g h e r  than t h e  73 

measured f o r  t h i s  purpose i n  1980 and s i g n i f i c a n t l y  l e s s  than t h e  196 

measured i n  1979. Table 2 summarizes t h e  t ype  and contaminat ion  l e v e l  

o f  these cases. 
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TABLE 2. I n c i d e n t  Cases i n  1981 

Type o f  Count 

Whole Body Count 
Lung 
Wound 
Thy ro id  

I n t e r n a l  Contaminat ion Leve l  
Measurable 

Less Than blinimuni 6 u t  Less Greater  Than 
De tec tab le  Amount Than 10 nCi 10 nCi 

4 
29 

8 
0 

18 

3 
0 

rb L 
25 

0 
1 
0 

NE14 PROCEDURES There were no s i g n i f i c a n t  changes i f l  methods o r  

procedures o f  whole body coun t ing  d u r i n g  1981. However, 2 major  change 

i n  t h e  r o u t i n e  gamma r a y  rceasureniert i s  a n t i c i p a t e d  i n  1902 and much 

study and c o n s i d e r a t i o n  was g iven  t o  t h i s  i n  1981. I t  seems a p p r o p r i a t e  

t o  d iscuss  t h i s  fo r thcoming change and i t s  need and j u s t i f i c a t i o n  i n  

t h i s  r e p o r t .  

I t  has been demonstrated from recen t  i n t a k e s  o f  a c t i v a t e d  c o r r c s i o n  

and f i s s i o n  p roduc t  r a d i o n u c l i d e s  t h a t  inany o f  these have l o n g  r e t e n t i o n  

t imes i n  t h e  l u n g  ( c l a s s  Y ) .  
i n t e r e s t  has inc reased i n  l ower  l e v e l s  o f  i n t e r n a l l y  depos i ted  

r a d i o n u c l i d e s  i n  the  Hanford personnel ove r  the  pas t  few years .  To 

a t t a i n  t h e  necessary s e n s i t i v i t y  a change i n  t h e  r o u t i n e  whole body 

coun t ing  procedure i s  needed. T h i s  change w i l l  r e s u l t  i n  g r e a t e r  

s e n s i t i v i t y  and r e l i a b i l i t y  f o r  measuring gairima e m i t t i n g  r a d i o n u c l i d e s  

i n  t h e  l u n g  and s t i l l  p r o v i d e  adequate measurement o f  t he  whole body 

conten t .  

two 35% Ge(L i )  d e t e c t o r s  w i l l  r ep lace  t h e  present  procedure which 

prov ides  a 10-minute scan ove r  t h e  e r , t i r e  l e n g t h  o f  t h e  bcdy w i t h  a 

l a r g e  114" by  6"  NaI(ta,) d e t e c t o r .  

Thus w i t h  t h e  l ung  a s  t h e  l i m i t i n g  organ, 

I n  t h i s  change a s t a t i o n a r y  10 minu te  count  ove r  t h e  l u n g  w i t h  
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The lung i s  the l imit ing o r g a n  f o r  most of the f i s s ion  a n d  ac t -  
ivated corrosion products commonly associated w i t h  reactor  s i t e s .  A 

stat ionary count over the chest  with the h i g h  resolution detectors  will  
provide the s e n s i t i v i t y  t o  detect  lung burdens well below the required 
level fo r  almost a l l  gamma emitt ing radionuclides. Since body t i ssues  
o f  lung, muscle, bone and f a t  a l l  occur in the chest region, any 
radionuclide h a v i n g  a d i s t r ibu t ion  throughout the body will  a l so  be 
measured. 

If a s ta t ionary l u n g  count exceeds a reporting level f o r  any gamma 
emi t te r ,  o ther  measurements will  be made t o  determine the major location 
of the radionuclides i n  the body and the appropriate calculat ion will  be 
done t o  provide the quantity of a radionuclide present i n  the o rgan  or 
to t a l  body. I f  a radionuclide i s  ident i f ied  b u t  i s  ?ess t h a n  the 
reporting level i t  i s  reported as a t race with a ' ' less  t h a n "  value. 

The s ta t ionary  chest  c o u n t  will provide s e n s i t i v i t y  f o r  
radionuclides i n  the thyroid,  gas t ro in tes t ina l  t r a c t ,  or skeleton which 
i s  as good o r  be t t e r  t h a n  the presently used scanning whole body 
cou n t e r . 

This new procedure will  s t i l l  require a l l  people t o  change i n t o  
coveral ls  before counting. 
due t o  the interference of radon daughter products which accumulate on 
polyester type personal clothing. 
the reporting level in the whole body count, the person w i l l  be 
recounted a f t e r  showering and washing the h a i r .  

This has been necessary f o r  the past year 

I f  rad ioac t iv i ty  i s  found t o  be above 

This new procedure will be used unt i l  the new shielded room 
described in the f a c i l i t i e s  and equipment section o f  t h i s  report  i s  in 
place. W i t h  t h i s  new shielded room we will  then be able  t o  have two 
sys tem which can each provide a whole body gamma ray scam, a gamma ray 
l u n g  count, a plutonium americium lung count, and a thyroid count in one 
15-minute examination. 

~ 0 1 0 4 b 2  
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R E S E A R C H  AND DEVELOPMENT STUDIES 

As nuclear technology increases and work programs change on the 
Hanford s i t e ,  new methods a re  needed f o r  -- in vivo measurements and i n  the 
case of the transuranic nuclides,  there  i s  a continuing need t o  improve 
the s e n s i t i v i t y  and  accuracy o f  t h e i r  measurement. The technology which 
e x i s t s  and i s  developed a t  the whole body counting f a c i l i t i e s  i s  a l so  
applicable t o  other  areas of nuclear energy. 
development s tud ies  associated with the Whole Body Counter are described 
on the following pages. 

The research and 

Gas Sc in t i l l a t i on  Proportional Counters - Progress of the 
development o f  gas s c i n t i l l a t i o n  proportional (GSP)  counters was again 
qui te  l imited in 1981 due t o  manpower a v a i l a b i l i t y  a n d  funding. This 
type of detector  s t i l l  has promise of p r o v i d i n g  a more sens i t ive  
detector  f o r  measuring plutcnium and  americium in the lung t h a n  other 
detectors  presently avai lable .  The main advantage of the detector  i s  
i t s  resolution and large s ize .  Other d e t a i l s  a r e  presented in previous 
reports  on Hanford blhole Body Counter a c t i v i t i e s .  

The remaining problem o f  the GSP counter i s  t h a t  of f inding a 
non-conducting material with low v a p o r  pressure and  outgacsing 
properties which i s  f r e e  from radioac t iv i ty .  Excellent s t ab le  counters 
have been constructed using AL203 ceramic mater is ls  f o r  the body of the 
counter and beryllium f o r  the window. Both of these materials have too 
much natural rad ioac t iv i ty  in them f o r  low background counting purposes. 
During 1981 a large 10-inch diameter GSP counter was constructed using 
Teflon f o r  the body a n d  a double window made from t h i n  sheets of 
"Kapton" p l a s t i c .  Both  of these materials have reasonably low 
outgassing properties and a r e  f r ee  from radioact ivi ty  b u t  t e s t ing  of the 
counter, which i s  current ly  i n  progress, will  determine whether the 
xenon gas will  remain pure enough when contained in these mater ia ls .  
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Severa l  p ro to types  o f  p h o t o i o n i z a t i o n  chambers f o r  d e t e c t i n ?  t h e  

s c i n t i l l a t i o n  l i g h t  f rom GCP counters  were cons t ruc ted  and tes ted .  The 

l a t e s t  p r o t o t y p e  appears t o  be adequate f o r  use w i t h  t h e  10 i n c h  

d iameter  GSP counter .  The development wcrk on GSP coupters  i s  t o  he 

completed i n  1982. 

I n t e r l a b o r a t o r y  Comparison o f  Lung Measurements o f  Transuran ic  

- Radionucl i des  

had i n h a l e d  92mNb a t  t h e  Atomic Energy Research Es tab l i shment ,  Harwe l l ,  

England were measured and s t u d i e d  a t  t h e  whole body coun t ing  f a c i l i t i e s .  

The t o t a l  number o f  s u b j e c t s  measured i n  t h i s  s tudy  i s  6 ana t h e r e  w i l l  
be one more i n  June o f  1982. A known amount o f  92mNb was a l s o  p laced i n  

t h e  lungs  o f  o u r  t i s s u e  e q u i v a l e n t  t o r s o  phantom and measured w i t h  

va r ious  ches t  w a l l  th icknesses .  The increased a b s o r p t i o n  o f  t h e  16 keV 

x - ray  w i t h  inc reased ches t  w a l l  t h i ckness  i n  t h e  phantom agrees w e l l  

w i t h  t h a t  measured i n  t h e  sub jec ts  whose ches t  w a l l  t h i ckness  ranged 

f rom 2.2 t o  3.4 cm. Th is  s tudy  may be con t inued  f o r  another  yea r  so  

t h a t  severa l  female sub jec ts  can a l s o  be s tud ied .  

(See 1980 r e p o r t  f o r  d e t a i  1 s .  ) Three more s u b j e c t s  who 

S k e l e t a l  D i s t r i b u t i o n  o f  241Am Stud ies  on t h e  d i s t r i b u t i o n  o f  

241Am i n  t h e  skeletor ;  were completed on a cadaver (SRG) c o n t a i n i n g  a 

s k e l e t a l  burden of 241Am. 

A c t i v i t i e s . )  

s t u d i e s  by t h e  U.S Transuranium R e g i s t r y .  

made ove r  t h e  t o t a l  l e n g t h  o f  t h e  body. 

12.7-cm-diameter Phoswich d e t e c t o r s  over  a s l o t  c o l l i m a t o r  w i t h  an 

aper tu re  5 cm wide and 40 cm long .  

3-nim-thick p r imary  (NaI(Ta)  d e t e c t o r  and a 5-crn-thick CsI(1la) 

a n t i c o i n c i d e n c e  d e t e c t o r .  

o t h e r  and centered  over  the  c o l l i m a t o r  which runs pe rpend icu la r  t o  t h e  

l e n g t h  o f  t h e  body. 

c o l l i m a t o r  t o  t h e  body was ad jus ted  so  t h a t  i t  j u s t  c l e a r e d  t h e  nose. 

Measurements were made a t  2 - i nch  i n t e r v a l s  s t a r t i n g  w i t h  t h e  c e n t e r  o f  

t h e  c o l l i m a t o r  over  t h e  top  o f  t h e  head. 

(See r e p o r t  Hanford Whole 6ody Counter 1979 

Th is  whole body donat ion  was made a v a i l a b l e  t o  us f o r  

L i n e a r  scan messurements were 

Th is  was done by p l a c i n g  two 

These d e t e c t o r s  conta ined a 

The two d e t e c t o r s  were p laced bes ide  each 

The d i s t a n c e  f rom t h e  lower  sur faces  o f  t h e  

b 



Figures  3 and 4 show t h e  p r o f i l e  o f  r a d i o a c t i v i t y  ove r  t h e  l e n g t h  

o f  t he  body which was ob ta ined  by  t h e  c o l l i m a t e d  measureirients. The 

p r o f i l e  i s  very  s i m i l a r  t o  those ob ta ined  by o t h e r  i n v e s t i g a t o r s  f rom 

o t h e r  people who have s k e l e t a l  burdens o f  2 4 1 A m  w i t h  peak l e v e l s  over  

t h e  j o i n t s  and head and lower  va lues i n  t h e  bone m id -sha f t  reg ions .  

T h i s  agrees w i t h  t h e  anc i lys is  o f  t h e  241Pm con ten t  o f  t h e  def leshed 

bcnes o f  SRG. S ince t h e  bones were analyzed i n d i v i d u a l l y  and a l l  t he  

l ong  bones were c u t  i v t o  severa l  s e c t i o n s  and analyzed, t h e  area under 

t h e  curve  cor respond ing  t o  va r ious  p a r t s  o f  t h e  body can be compared 

w i t h  t h e  a c t u a l  measurement o f  2 4 1 A m  i n  t h a t  p a r t  o f  t h e  body. 

shows t h e  comparison o f  t he  curve  area w i t h  t h e  241Am con ten t  i n  body 

sec t i ons  d i v i d e d  a t  t h e  j o i n t s .  F igu re  4 shows t h e  compariscn i t 1  body 

sec t i ons  d i v i d e d  a t  p o i n t s  o f  low a c t i v i t y .  

good agreement between t h e  area ucder  t h e  curve  and t h e  241Am cop ten t  

when c o n s i d e r i n g  t h e  v a r i a b l e  th ick r ,ess  o f  t h e  body and t h e  v a r i a b l e  

d i s t a n c e  f rom the  c o l l i m a t e d  d e t e c t o r s  over  d i f f e r e n t  s e c t i o n s  G f  t h e  

body. 

sec t i ons  o f  t h e  body have more s e l f - a b s o r p t i m  o f  t he  gama-rays  than do 

t h e  s k e l e t a l  p a r t s  which a re  c l o s e r  t o  t h e  d e t e c t o r  and a r e  measured 

more e f f i c i e n t l y .  The percent  o f  bone ash i s  a l z o  l i s t e d  f o r  t h e  bones 

i n  each s e c t i o n  o f  F igures  3 and 4 and t h e  agreement between percent  o f  

bone ash and t h e  area under the  curve  i s  reasonably  good, except  i n  

Sec t i on  F .  

F igu re  3 

I n  b o t h  cases t h e r e  was 

There i s  undoubtedly  a compensating e f f e c t  i n  which t h e  t h i c k e r  

I n v e s t i g a t o r s  a t  New York U n i v e r s i t y  (NYU) have desc r ibed  a good 

method f o r  e s t i m a t i n g  t h e  s k e l e t a l  con ten t  o f  241,4m as w e l l  a s  o t h e r  

t r a n s u r a n i c  r a d i o n u c l i d e s .  

i n  t h e  head. 

t h e  head con ta ins  approx imate ly  15% o f  t h e  bor?e m ine ra l  mass and a l s o  

15% o f  t h e  241Am depos i ted  i n  t h e  ske le ton .  

c o n s i s t s  o f  two matched d r y  human s k u l l s  t o  which 9.76 and 10.84 nCi o f  

241Am have been a p p l i e d .  

e x t e r n a l  bone sur faces  and t h e  o t h e r  on t h e  i n t e r n a l  sur faces .  Each 

s k u l l  i s  then covered w i t h  den ta l  wax t o  p r o v i d e  a t t e n u a t i o n  o f  low- 

energy photons s i m i l a r  t o  t h a t  o f  s k i n  c c v e r i n g  t h e  head. 

T h i s  i s  done by  measuring t h e  21t1Am con ten t  

The t o t a l  s k e l e t o n  con ten t  i s  then es t ima ted  by  assuming 

T h e i r  c a l i b r a t i o n  phantom 

One s k u l l  has t h e  a c t i v i t y  p a i n t e d  on t h e  

The th i ckness  
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o f  t h e  wax i s  a n t h r o p o m e t r i c a l l y  determined accord ing  t o  t y p i c a l  

f o r e n s i c  parameters. The c a l  i b r a t i o n  procedure r e q u i r e d  t h e  measurement 

o f  b o t h  s k u l l s  and t h e  c a l c u l a t i o n  of  t h e  geometr ic  mean o f  t h e  two 

r e s u l t s  t o  approximate t h e  manner i n  which a c t i v i t y  i s  a c t u a l l y  

depos i ted  w i t h i n  t h e  bone m a t r i x .  

The c a l i b r a t i o n  s k u l l s  were borrowed f rom NYU t o  compare t h e i r  

The d e t e c t o r  system was composed o f  two Phoswich d e t e c t o r s  

coun t ing  r a t e  w i t h  t h a t  f rom t h e  s k u l l  o f  SRG u s i n g  t h e  same d e t e c t o r  

system. 

p o s i t i o n e d  on each s i d e  o f  t h e  head. The c a l i b r a t i o n  f a c t o r  ob ta ined  

f rom t h e  NYU s k u l l  phantom was 75.7 counts pe r  minu te  pe r  nCi o f  2 4 1 A ~  

and f rom t h e  head o f  SRG (which conta ined 18.3 nC i )  i t  was 75.5.  

energy r e g i o n  used f o r  t h i s  C a l i b r a t i o n  i s  f rom 40 t o  67 keV. The head, 

t h e r e f o r e ,  i s  an i d e a l  s i t e  f o r  t h e  -- i n  v i v o  measuremant o f  bone-seeking, 

low photon energy r a d i o n u c l i d e s  depos i ted  ir !  t he  body. 

The 

The bones o f  t h e  l e f t  s i d e  o f  t h e  ske le ton  a r e  a v a i l a b l e  f o r  o t h e r  

s tud ies .  S ince t h e  241Am e x i s t s  i n  a n a t u r a l  d i s t r i b u t i o n  and i n  known 

q u a n t i t i e s  f o r  each bone we s t i l l  p l a n  t o  i n c o r p o r a t e  them i n t o  phantoms 

f o r  use i n  c a l i b r a t i o n  work. 

becomes a v a i l a b l e .  

T h i s  w i l l  be done a s  t i m e  and fund ing  

10 
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FIGURE 1. TISSUE EQUIVALENT TORSO PHANTOM 

1 1 I 

ASSEMBLED PHANTOM COVER REMOVED TO SHOW LUNGS,HEART 
AND ABDOMINAL BLOCKS 

L, 

LUNG DENSITY EQUIVALENT LUNGS A TISSUE EQUIVALENT CHEST PLATE FOR 
SIMULATING VARIOUS CHEST WALL 
THICKNESSES 
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