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HANFORD WHOLE BODY C O U N T E R  1979 A C T I V I T I E S  

INTRODUCTION 

This report describes the routine whole body counting measurement 
program f o r  the Hanford project personnel during 1979. Special studies 
and development work performed in conjunction with the whole body 

counting f a c i l i t i e s  are  also described. A similar report was written 
f o r  the year 1978 in which the major f a c i l i t i e s  available for  in vivo 
measurement were described. This report will only discuss additions 
o r  changes i n  these f a c i l i t i e s  during the past year. 

FACI L I T  I ES A N D  EOU I PMENT 

The crowded conditions of the main whole body counting laboratory 
in the 747A Building were relieved in early December when t r a i l e r  
space containing off ices ,  a laboratory, and an  instrument shop was 
installed adjacent t o  the 747A Building. The laboratory operations 
a t  the 3708 Building, 300 Area were also moved to the t r a i l e r  space. 
This new space has increased the efficiency of the whole body counting 
operations and  has resulted in bet ter  safety a n d  housekeeping practices. 
Further improvement in the appearance o f  the f a c i l i t i e s  was accomplished 
by adding paneling, carpeting, and new furniture in the waiting room 
and operations area. 
which the mens shower and change f a c i l i t i e s  w i l l  be reconstructed, 
a parti t ion will be installed between the routine operations area,  and 
the development and special studies work area,  and the main entrance 
t o  the building will be remodeled to make i t  easier t o  locate and more 
a t t rac t ive .  These changes will provide a more professional appearance 
and should create a greater feeling of confidence in the people who 
come t o  the counter for  -- in vivo measurements. 

Further improvements are  planned during 1980 i n  

Construction was s tar ted o n  a second shadow shield counter t o  
be permanently mounted i n  the 747A Building adjacent t o  the present 
shadow shield counter. This counter will contain two 35% Ge(Li) 
detectors and  a 4"  x 4" x 16" N a I ( T k )  detector.  I t s  primary purpose 
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be t o  measure people who c o n t a i n  more than one r a d i o n u c l i d e .  

gamma r a y  whole body coun t ing ,  a l l  people w i l l  be measured i n  

e x i s t i n g  shadow s h i e l d  whole body coun te r  which has a 6"  t h i c k  

1%" diameter  N a I ( T t )  d e t e c t o r .  T h i s  i s  o u r  most s e n s i t i v e  

coun te r  f o r  measur ing a s i n g l e  r a d i o n u c l i d e  i n  t h e  Hanford workers.  

I f  t h i s  measurement shows more than 1 r a d i o n u c l i d e  i n  a worker,  he 

w i l l  t hen  be measured i n  t h e  new shadow s h i e l d  c o u n t e r  w i t h  t h e  

G e ( L i )  d e t e c t o r s  which can a c c u r a t e l y  r e s o l v e  and q u a n t i f y  any 

number o f  r a d i o n u c l i d e s  and a d i r e c t  computer c a l c u l a t i o n  o f  each 

r a d i o n u c l i d e  can be made. 

ROUTINE COUNTING OF PROJECT PERSONNEL 

Employees o f  a l l  t h e  Hanford p r o j e c t  c o n t r a c t o r s  a r e  r o u t i n e l y  

scheduled f o r  whole body and l u n g  c o u n t i n g  measurements acco rd ing  

t o  t h e i r  work l o c a t i o n  and t h e  p o t e n t i a l  f o r  r e c e i v i n g  an i n t e r n a l  

d e p o s i t i o n  o f  r a d i o a c t i v i t y .  The n e c e s s i t y  and f requency f o r  

these measurements i s  determined by t h e  r a d i a t i o n  p r o t e c t i o n  

management f o r  each c o n t r a c t o r .  

when employee r e c e i v e s  an annual p h y s i c a l  examina t ion  a t  t h e  

Hanford Environmental  H e a l t h  Foundat ion (HEHF). I n  a d d i t i o n  t o  

t h e  Hanford p r o j e c t  c o n t r a c t o r  employees, Exxon Nuclear  Company 

and Nuclear  Eng ineer ing  Company employees a r e  a1 so r o u t i n e l y  

measured a t  t h e  Hanford whole body c o u n t i n g  f a c i l  i t i e s .  

Rou t ine  counts  a r e  u s u a l l y  done 

More than  95% o f  t h e  measurements a r e  o f  t h e  r o u t i n e  t y p e  and 

t h e  number has been i n c r e a s i n g  each y e a r .  F i g u r e  1 shows t h e  

whole body and l u n g  measurement f o r  each y e a r  s i n c e  1971. 

t o t a l  o f  7038 r e f l e c t s  an i n c r e a s e  o f  11.5% o v e r  t h e  t o t a l  measure- 

ments i n  1978 and an i n c r e a s e  o f  276% d u r i n g  t h e  p a s t  10 yea rs .  

The 1872 l u n g  counts  done i n  1979 a r e  o n l y  s l i g h t l y  above t h e  1838 

done i n  1978 where as t h e  whole body counts  were 15% h i g h e r  than i n  

1978. Table 1 shows t h e  number and t y p e  o f  measurement made on t h e  

personnel  o f  each Hanford c o n t r a c t o r ,  DOE, and p r i v a t e  i n d u s t r i e s .  

The 
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T A B L E  1 .  In Vivo Measurements Made i n  1979 

C o n t r a c t o r  Whole Body Counts Chest Counts 
BSC 0 0 

DO E 
UNI 
HEDL 

H E H F  

1 :  :I I 

a 
I 3 ' 7 t  

853 
881 

3 
JAJ and S u b c o n t r a c t o r s  67 1 38 
PNL 1126 519 3 

V i t r o  41 5 
P r i v a t e  I n d u s t r i e s  159 263 - 2 -  

1 .  

TOTALS 51 33 1872 
I 

D u r i n g  the summer o f  1979, 321 whole body c o u n t s  were made on 
J .  A. Jones Company employees a t  N Area d u r i n g  the summer r e p a i r  o u t a g e  
us ing  the mobile  whole body c o u n t e r .  A l l  o t h e r  measurements were 
done a t  the 747A Bui ld ing  f a c i l i t i e s  e x c e p t  f o r  a few s p e c i a l  c o u n t s  
done a t  the r a d i o s u r g e r y  f a c i l i t y .  
d u r i n g  1979 was 21 whole body c o u n t s  and 7 lung c o u n t s .  
number o f  t o t a l  r o u t i n e  counts i n  a day was 58 c o n s i s t i n g  o f  39 whole 
body c o u n t s  and 1 9  lung c o u n t s .  
d u r i n g  the h i r i n g  a n d  t e r m i n a t i o n  p e r i o d s  f o r  summer employees. 

The average  r o u t i n e  workload 
The h ighes t  

The h i g h e s t  count ing  l o a d s  o c c u r  

IN VIVO MEASUREMENT OF INCIDENT CASES 

During the y e a r  196 p r o j e c t  employees were scheduled i n t o  the 
Whole Body Counter  a s  a r e s u l t  of  known r a d i o a c t i v e  contaminants  
r e l e a s e d  i n  a working environment.  
s u r e d  i n  1978 f o r  s i m i l a r  r e a s o n s .  
showed a d e p o s i t i o n  of  i n t e r n a l  r a d i o a c t i v i t y .  These a r e  summarized 
i n  Table  2. 

This was 2 .3  time the number mea- 
Of the 190 people  measured 62 

Those employees having s i g n i f i c a n t  i n t e r n a l  r a d i o a c t i v i t y  were 
measured p e r i o d i c a l l y  t o  determine the  r e t e n t i o n  time i n  the body. 



TABLE 2.  I n c i d e n t  Cases R e s u l t i n g  i n  Measurable 
I n t e r n a l  R a d i o a c t i v i t y  

Grea te r  Than 10 nCi 
Measurable But  But  Less Than 1% Grea te r  Than 

Less Than 10 nCi a MPBB 1% o f  a MPBB 

Whole Body Counts (Mixed 
f i s s i o n  Products  o f  
‘Co r r o  s i o n Pro du c t s ) 17 26 11 

Lung Counts 231+Pu o r  241Am 3 - - 

Wound Counts 4 - - 

Eye Count 1 - - 

NEW PROCEDURES 

There were no ma jo r  changes i n  t h e  r o u t i n e  methods and procedures 

f o r  -- i n  v i v o  measurements d u r i n g  1979. 

wounds a r e  s t i l l  dec reas ing  and o n l y  6 measurements were requested 

d u r i n g  t h e  y e a r  compared t o  seve ra l  p e r  month d u r i n g  t h e  y e a r s  o f  

p l u t o n i u m  p r o d u c t i o n  a t  Hanford.  There i s  an i n c r e a s i n g  demand f o r  

t h y r o i d  measurements t o  d e t e c t  1 2 5 1 .  
o f  t h i s  i s o t o p e  i n  research  s t u d i e s  and an NRC r e g u l a t i o n  which r e q u i r e s  

employees work ing  a t  n u c l e a r  waste d i s p o s a l  s i t e s  t o  have a mon th l y  

check f o r  1251  c o n t e n t  i n  t h e  t h y r o i d  g land .  

Measurements f o r  p l u t o n i u m  i n  

T h i s  r e s u l t s  f rom inc reased  use 

RESEARCH AND DEVELOPMENT S T U D I E S  

As n u c l e a r  technology i nc reases  and changes on t h e  Hanford p r o j e c t ,  

new methods a r e  needed f o r  _-  i n  v i v o  measurements and i n  t h e  case o f  t h e  

t r a n s u r a n i c  n u c l i d e s ,  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 technology which e x i s t s  a t  

t h e  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. 

t h e  Whole Body Counter a r e  desc r ibed  on t h e  n e x t  page. 

The research  and development s t u d i e s  a s s o c i a t e d  w i t h  



Gas Scint i l la t ion Proportional Counter Development 

The development of gas sc in t i l l a t i on  proportional (GSP)  counters 
has not reached the s t a t e  where they can be used f o r  routine measurement 
of 2 3 9 P u  in the lung. 
good counting efficiency has been bui l t  b u t  the background of i t s  con- 
struction materials was too h i g h .  
and studies are  continuing towards using low background materials and 
increasing the efficiency of the counter. This type of counter s t i l l  
has the highest potential o f  any type of detector for  providing increased 
sensi t ivi ty  for  239Pu  measurement. 

A counter which has excellent resolution and 

As funding and time permits work 

Other research i s  being done a t  the whole body counter f a c i l i t i e s  
on GSP counters for use in neutron spectroscopy. 
by DOE Division of Nuclear Sciences for  a project f o r  measuring delayed 
neutron spectra a t  the TRISTAW isotope separator. 
dollars was used f o r  this  purpose in 1979.  Twenty thousand will be 
available for  this  in 1980. Most o f  the development of GSP counter 
for  th i s  study will also be applicable to counters f o r  -- in vivo measure- 
ment of 2 3 9 P u .  

This work i s  funded 

Eigbt thousand 

90Sr Measurement in Bone 

Due to lack of time, very l i t t l e  e f for t  was devoted t o  th i s  work 
during 1979. 
gas flow coincidence proportional counters which will be used. A 

skull phantom containing a known amount of 90Sr uniformly distributed 
i n  the bone needs to be constructed for calibration purposes. 
planned t o  use a bone equivalent plast ic  developed by Lawrence Liver- 
more Laboratory for making the skull phantom. One of our  goals i s  

t o  complete th i s  work during 1980. 

Some progress was made on the construction of special 

I t  i s  

New Ge(Li) Detection System f o r  Whole Body Gamma Counting 

A second shadow shield whole body counter i s  being constructed 
adjacent t o  the present counter. 
be b o t h  a 4"  x 4 "  x 16" inch N a I ( T a )  detector and two 35% GeLi 

The detectors f o r  th i s  counter will 
Q 
Q 
c detectors. The use of  the Ge(Li) will allow d i rec t  computer calcu- 
t3 
-%-h 
J 
(x3 

lat ion of multiple radionuclides as they often ex is t  i n  UNI mainten- 
ance workers. This project has been dela,yed by l a t e  delivery o f  one 
of the Ge(Li) detectors a n d  a special liquid nitrogen Dewar. 
counter should be i n  operation by September 1980. 

The 



2 4 1 A m  Calibration Studies 

A cadaver containing 2 4 1 A m  deposited in the skeleton became 
available for  study during 1979. 
U.S. Transuranium Registry (USTR) .  
and  skeletal parts in some detai l  before they sent the r i g h t  half of 
the skeleton t o  Los Alarnos for  analysis f o r  the 2Lt1Am content. 
have carefully determined t h a t  each bone from the r ight  side of the 
body has the same re la t ive  count ra te  as the same bone from the l e f t  
side.  
we will know the exact amount in each bone from the l e f t  side.  The 
USTR i s  willing t o  give us the l e f t  side bones f o r  the purpose of 
making a phantom when the right side analysis i s  complete, which 
should be sometime during the summer of 1980. 

The body was willed to the 
They allowed us t o  study the body 

We 

When the analysis i s  complete for  each bone of the right s ide,  

b 

The 2 4 1 A m  in the bones exis ts  as a natural distribution which 
i s  essentially impossible t o  duplicate a r t i f i c a l l y .  
in the skeleton i s  easi ly  measured and i s  suff ic ient  t o  provide 
excellent calibration i f  the bones were reconstructed into a t issue- 
equivalent phantom. A proposal has been submitted t o  DOE headquarters 
f o r  support f u n d s  t o  construct t h i s  phantom.  When completed the 
phantom will be used as a national calibration phantom f o r  241Am in 
the skeleton and i t  will be shipped t o  various DOE a n d  other labora- 
tor ies  throughout the country f o r  intercal ibration studies.  

The quantity 

IMPROVED METHODOLOGY FOR FlEASURING U R A N I U M  IN THE LUPIG 

A unique application of  the dual crystal detector t o  the in vivo 
measurement f o r  uranium in the lung provides a mechanism t o  d i s t in -  
guish external uranium contamination from t h a t  actually deposited in 
the l u n g  t issue.  The thin ( 3  m m )  NaI(TI1) s c in t i l l a to r  in the dual 
crystal detector can identify the presence o f  uranium on the skin by 
measuring the %16 KeV X-rays from U ,  Pa, and T h .  Using this  same 
s c i n t i l l a t o r ,  the 63 KeV and 93 KeV 2 3 4 T h  photons indicate the presence 
of 2 3 R U .  The thicker ( 5  cm) CsI(T2) sc in t i l l a to r  simultaneously 
detects the 2 3 5 U  photons a t  186 KeV. 



IMPROVED METHODOLOGY FOR MEASURING URANIUM I N  THE LUNG (con td .  ) 

I n  o r d e r  t o  t a k e  advantage o f  t h i s  technique,  a s u r r o g a t e  t h o r a x  

s t r u c t u r e  (phantom) i s  f a b r i c a t e d  w i t h  a known amount o f  ye l l owcake  

uranium m a t e r i a l  depos i ted  w i t h i n  t h e  l ungs .  Two d e t e c t o r s  a r e  p laced  

i n  c o n t a c t  w i t h  t h e  s u r f a c e  o f  t h e  a n t e r i o r  t ho rax ,  one d e t e c t o r  

cen te red  o v e r  each l u n g .  A standard r a t i o  o f  t h e  counts i n  t h e  X-ray 

r e g i o n  t o  t h e  number of counts  i n  t h e  231tTh r e g i o n  i s  determined f rom 

a measure o f  t h e  phantcm. 

measurement o f  a po ten t i a l1 , y  exposed s u b j e c t .  T h i s  r a t i o  i s  f i r s t  

m o d i f i e d  f o r  c h e s t  w a l l  a t t e n u a t i o n  and then compared t o  t h e  s u r r o g a t e  

t h o r a x  phantom. 

exposed s u b j e c t  i n d i c a t e s  t h a t  s k i n  con tamina t ion  i s  p r e s e n t .  The 

s u b j e c t  -- i n  v i v o  measurement i s  c o r r e c t e d  t o  account f o r  s u r f a c e  contam- 

i n a t i o n  so t h a t  t h e  amount o f  uranium i n  t h e  l u n g  can be determined. 

A s i m i l a r  r a t i o  i s  c a l c u l a t e d  f rom an -- i n  v i v o  

D e t e c t i o n  o f  an abundance o f  16 KeV X-rays w i t h  t h e  

1 

Measurement o f  i n s o l u b l e  uranium m a t e r i a l  depos t e d  i n  t h e  r e s p i r a -  

t o r y  system i s  performed by s imu l taneous ly  d e t e c t i n g  photon emissions 

f rom 2 3 5 U ,  234Th, and X-rays f rom uranium, p r o t a c t i n  um, and tho r ium.  

Two d u a l - c r y s t a l  NaI(Ti!) s c i n t i l l a t i o n  d e t e c t o r s  a r e  p laced  on t h e  

a n t e r i o r  t ho rax  o f  t h e  worker w h i l e  he l a y s  prone i n  a s h i e l d e d  room 

a t  t h e  l a b o r a t o r y  whole b0d.y c o u n t i n g  u n i t .  An overabundance o f  t h e  

= 16 KeV X-rays i n  an -- i n  v i v o  measurement f o r  uranium i n  t h e  l u n g  

i n d i c a t e s  t h a t  some f r a c t i o n  o f  t h e  m a t e r i a l  i s  l o c a t e d  on t h e  sur face 

o f  t h e  worker.  E v a l u a t i o n  o f  any i n t e r n a l  uranium d e p o s i t i o n  i s  

a d j u s t e d  t o  e l i m i n a t e  t h e  i n f l u e n c e  o f  s u r f a c e  con tamina t ion  on a worker.  

IMPROVEMENTS I N  DATA PROCESSING 

Dur ing  1979 improvements i n  da ta  p rocess ing  cen te red  about computer 

programs developed f o r  t h e  a s s i m i l a t i o n  o f  s p e c t r a  d e r i v e d  f rom c o u n t i n g  

t h e  Lawrence L i ve rmore  Labora to ry  developed anthromorphic phantom. T h i s  

s e r i e s  o f  programs, t o  s t o r e  and q u i c k l y  access s p e c t r a  f o r  a n a l y s i s  o r  

o u t p u t ,  proved i n v a l u a b l e  i n  many o t h e r  s p e c i a l  s t u d i e s  i n v o l v i n g  s p e c t r a  

throughout  t h e  y e a r .  

hardware a d d i t i o n .  

f o r  more f r e q u e n t  and complete checks o f  da ta ,  speeds some r e p o r t s  t o  

t h e  f i e l d  by n o t  r e q u i r i n g  d a t a  t o  be r o u t e d  th rough  t h e  Cyber f o r  p r i n t -  

ou t ,  and l e t s  t h e  computer s t a y  on l i n e  more o f  t h e  t i m e  f o r  immediate 

The 300 l i n e  pe r  m inu te  l i n e  p r i n t e r  was t h e  ma jo r  

By i n c r e a s i n g  t h e  r a t e  o f  p r i n t e d  o u t p u t ,  i t  a l l o w s  



IMPROVEMENTS I N  DATA PROCESSING ( con td .  ) 

a n a l y s i s  o f  counts .  Work was s t a r t e d  on computer expansion. The grow- 

i n g  workload combined w i t h  t h e  i n c r e a s i n g  number o f  t asks  r e q u i r e d  o f  

t h e  computer, have mandated a dua l  u s e r  c a p a b i l i t y  and expanded f a s t  

access s to rage  i f  o u t  p resen t  c a p a b i l i t i e s  a r e  t o  be mainta ined.  I n -  

c o r p o r a t i o n  o f  these improvements i s  scheduled f o r  t h e  l a t e r  p a r t  o f  1980. 

Whole Body Count ing S t a f f  

H. E. Palmer S t a f f  S c i e n t i s t  and Technica l  Leader 
G .  A. R i e k s t s  Development Engineer, Rou t ine  Operat ions 
H. B. S p i t z  Sen io r  Research S c i e n t i s t ,  Research S tud ies  
M. C .  Rhoads Senior  Techn ic ian  
J .  M. M a c k l i e t  Techn ic ian  
B. W .  Perk ins  E l e c t r o n i c  Techn ic ian  (ass igned  f rom C r a f t  

and Opera t i on  Serv i ces  Department) 

a 

Presen ta t i ons  and Pub1 i c a t i o n s  Dur ing  1979 

1.  H. E. Palmer, G. A. R ieks ts ,  R. F. Palmer, and M. F. G i l l e s ,  "The 
Use o f  Na-22 as a T race r  f o r  Long Term Bone M i n e r a l  Turnover S tud ies " ,  
A v i a t i o n ,  Space, and Environmental  ivledicine, Vol .  50, pp 961-965, (1979) 

2. H. E. Palmer and G. A. R i e k s t s ,  "The De te rm ina t ion  o f  Muscle Nass 
Changes i n  Legs f rom K-40 Measurements", A v i a t i o n ,  Space, and 
Environmental  Medic ine,  Vo l .  50, pp 7 6 8 - 7 n ,  (1979) 

3.  H. E .  Palmer and D. F. Anderson, "Large Area 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  Counter f o r  -- I n  V ivo  Measurement o f  P lu ton ium and 
Americium", Proceedings o f  I A E A  Symposium on Advances i n  R a d i a t i o n  
- P r o t e c t i o n  M o n i t o r i n g ,  Stockholm, Sweden, June 26-30, 1978, I A E A ,  
pp 459-467, (1979) 

4. T.  K. Lewel lan,  W. B. Nelp, R. Murano, and H.  E .  Palmer, " A  System 
f o r  Measuring T o t a l  Body Calcium i n  Man Using t h e  Ca-40 (n,a> Ar-37", 
React ion,  Phys. i n  B i o l .  and Wed., Vol .  24, pp 124-135, (1979) 

5. H. E. Palmer, G. A. R ieks ts ,  and E. E. Icayan, "The -___ I n  Vivo Measure- 
ment o f  Am-241 i n  t h e  Hanford Americium Acc iden t " ,  Presented a t  t h e  
H e a l t h  Phys ics S o c i e t y  Meet ing,  J u l y  9-13, 1979, a t  P h i l a d e l p h i a  by 
H. E. Palmer 
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