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HANFORD WHOLE BODY COUNTER 1982 A C T I V I T I E S  

IJJTRODUCT ION 

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  measurement 

program f o r  t h e  Hanford p r o j e c t  personnel  d u r i n g  1982. 

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 coun t ing  

f a c i l i t i e s  a re  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  a n n u a l l y  

s ince  1978. 

equipment a t  t he  whole body counter ,  and subsequent r e p o r t s  have descr ibed 

a d d i t i o n s  o r  changes which have occurred s i n c e  1978. 

t h e  a c t i v i t y  and changes f o r  1982. 

b r i e f  t o  reduce t h e  t ime  needed f o r  read ing  and p repara t i on .  

manual f o r  t he  whole body coun t ing  opera t i ons  i s  planned qnd w i l l  be 

d i s t r i b u t e d  i n  1984. 

Specia l  s t u d i e s  and 

The f i r s t  r e p o r t  descr ibed a l l  o f  t h e  major  f a c i l i t i e s  and 

Th is  r e p o r t  descr ibes 

These r e p o r t s  have been i n t e n t i o n a l l y  

A comprehensive 

ROUTINE COUNTING OF DOE CONTRACTOR PERSONNEL 

F i g u r e  1 shows the  -- i n  v i v o  measurements made a t  t h e  whole body coun t ing  

f a c i l i t y  s i n c e  1972. The t o t a l  measurements f o r  1982 were 8113 which i s  o n l y  

s l i g h t l y  h i g h e r  than the  8081 performed i n  1981. 

s e c t i o n  of  each b a r  i nc ludes  a l l  types of measurements except l u n g  counts.  

These t o t a l e d  6454 which was about 3% h i g h e r  thar! t he  6283 measurements i n  

1981. The 1659 l u n g  counts f o r  1982 i s  about 8% lower  than i n  1981. Table 1 
shows t h e  number and t ype  o f  measurements made on persoRne1 f o r  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 ,  which i n c l u d e  Exxon f luc lear ,  U.S. 

Ecology, t h e  Washington P u b l i c  Power Supply System and A l l i e d  Nuclear.  

work i s  performed f o r  p r i v a t e  i n d u s t r y  o n l y  when i t  does n o t  impact on t h e  

s e r v i c e  t o  DOE Con t rac to rs .  

pe r  yea r  towards t h e  suppor t  o f  t he  whole body coun t ing  s e r v i c e s  which i n  

t u r n  reduces t h e  c o s t  t o  the  DOE Cont rac to rs .  

The whole body coun t ing  

The 

This  p r i v a t e  work does c o n t r i b u t e  $20K t o  $30K 

The requests f o r  whole body coun t ing  s e r v i c e  a r e  u s u a l l y  heav ies t  i n  t he  

summer, and 1982 was no except ion.  

per  month i n  June and J u l y  a s  compared t o  approx imate ly  500 p e r  month i n  

October, November and December. 

We had monthly measurements o f  over  800 



TABLE 1. I n  V ivo Keasurements blade i n  1982 

Cont rac to r  

BSC 

DO E 
RHO 

UN I 
HEDL 

HEHF 
JAJ 
PN L 

Ka i s e r  

P r i v a t e  I n d u s t r i e s  

lu'hole Body 
Counts 

2 
5 

2091 
1768 
1011 

1 
240 

1038 
9 

197 

TOTALS 6362 

Lung 
Counts 

1 
2 

316 
11 

836 
1 

71 
327 

1 
93 

1659 

- 

Thyro id  Wound . Other 

5 6 
59 

1 5 

1 
1 4 5 

2 3 

2 1 2  78 

- - 1 

1 

GRAND TOTAL = 8113 

I n  the  1982 r o u t i n e  c o u n t i n g  program, 107 workers showed p o s i t i v e  

amounts o f  gamma-emitting r a d i o n u c l i d e s .  

and 19 were above t h i s  l e v e l .  I n  a d d i t i o n ,  t h e r e  were two cases where 

workers had rece ived  m e d i c a l l y  admin i s te red  rad ionuc l  ides o f  1311 o r  
201-202Tl. 

were f r o m  p r e v i o u s l y  known i n t e r n a l  depos i t i ons .  

E i g h t y - e i g h t  were l e s s  than 10 nCi 

There were 25 p o s i t i v e  l u n g  counts f o r  239Pu arid 241Arn, b u t  these 

114 V I V O  MEASUREMENT I N C I D E N T  CASES 

The number o f  Hanford DOE Cont rac to r  employees measured a s  a r e s u l t  o f  
r a d i o a c t i v e  contaminat ion i nc ide r? ts  d u r i n g  1982 was 81. Tzble 2 shows a 

comparison o f  t h e  number o f  i n c i d e n t  measurements t o  t h a t  i n  p rev ious  years.  

TABLE 2. Number o f  I n c i d e n t s  Requ i r i ng  -- I n  Vivo Measurements 

Year Number 

1978 85 

1979 196 
1980 73 
1981 90 
1982 81 
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The types of measurements made a n d  the magnitude of the internal 
contamination f o r  the 1982 incidents i s  shown i n  Table 3. 

T A B L E  3. 1982 Incident Cases 

Type o f  Count Less t h a n  MOA* 
Whole body -- gamma ray 7 
Lung -- Pu o r  Am 36 
Wound 6 

-- Thyroid  - 

TOTALS 49 

* Minimum detectable amount 

FAC I 1  I T  I ES AND EQU I PMENT 

MDA* t o  10 nCi  Greater t h a n  10 nCi 
8 18 
4 1 
1 

13 

- 
19 

New In t r ins ic  Germanium Detector - A major change i s  being made i n  the 
detector system f o r  measuring low-energy gamma and  x-ray emitters i n  the 
l u n g .  The 9.5-m-thick N a I ( T 1 )  and  the phoswich detectors w i l l  be replaced 
by multiple 20 cmL by 13-mm-thick i n t r i n s i c  germanium ( I G )  detectors.  
f i r s t  s e t  o f  three IG detectors were received in 1982 and were ins ta l led  i n  
the lead-shielded room f o r  tes t ing ,  ca l ibra t ion ,  and  use on special incidents 
of internal contamination. 

3 
The 

The resolution o f  the IG detection i s  a b o u t  650 eV f u l l  w i d t h  a t  h a l f  
maximum for  the L x-rays emitted from 239Pu and  the 59.5-keV gamma ray from 
241Am. Although the to ta l  area of the three I G  detectors i s  l ess  t h a n  half 
t h a t  of a 5-in.-diameter N a I ( T 1 )  or phoswich detector ,  the much lower back- 
ground under the narrow photopeak o f  the I G  detector provides be t te r  sensi-  
t i v i t y .  
shows a one-hour measurement o f  236Pu accidentally inhaled by a radiatioti 
worker. 
43-keV gamma ray i s  evident. 
i n  Figure 3 shows the resolution o f  the IG detectors more clear ly .  
ra t ios  o f  the L x-ray probe are very useful i n  determining i f  the 
dis t r ibut ion in the lung i s  abnormal or i f  some external a c t i v i t y  ex is t s  on 
the body. 

The resolution of the I G  detector i s  demonstrated i n  Figure 2 which 

The L x-rays of 1 3 . 4 ,  17 and  20.4 keV are  c lear ly  resolved and the 
The summation of 13.9 hrs of measurements shown 

The 

D O  I O 4 3 5  3 



The IG detectors have been very useful in identifying a n d  quantifying 
When 238Pu,  2 3 9 P u ,  2'i1Am, 154Eu,  2 3 5 U ,  Nat U,  ' l 0Pb ,  226Ra a n d  daughters. 

they a re  p u t  i n t o  routine use i n  1983, they will a lso be useful i n  measuring 
144Ce a n d  239Np. They 'are especis l ly  useful f o r  gamma-ray energies below 
300 keV and have some limited usefulness a t  higher energies. The second s e t  
o f  detectors will be delivered i n  the ear ly  p a r t  of 1982. A t  t h a t  time, the 
NaI(T1)  and phoswich lung counters will be replaced by the two IG systems. 

Design o f  New Shielded F a c i l i t i e s  - The capacity o f  the present shielded 
f a c i l i t i e s  i n  the 747A Building i s  presently b e i n g  exceeded, and  the overflow 
i s  being handled in the mobile whole body counters located across the p a r k i n g  
l o t .  The 747A b u i l d i n g  was or iginal ly  designed t o  accommodate a second 
shielded room. 
neering study report a n d  the cost  estimates have been compJeted. 
w i l l  be fabricated with an inner layer of pre-World War I 1  s teel  plate  (2 -1 /2  

inches t h i c k ) ,  a layer of l e a d  brick ( 4  inches thick)  and a n  outer shell  of 
carbon s teel  (1/2 inch thick)  u t i l i z i n g  a l l  welded construction. The s tee l  
i s  available from the Nevada t e s t  s i t e  operations f o r  j u s t  the shipping 
costs.  
$140,000. 

A shielded rom has been designed a n d  the preliminary engi- 
The room 

The total  cost  of the shielded f i ic i l i ty  has been estimated a t  

The j u s t i f i c a t i o n  f o r  t h i s  f a c i l i t y  has been writ ten and included a 
survey of information from whole body counting operations a t  other DOE 
laboratories throughout the United States .  
Table 4 shows that  the labor,  f a c i l i t i e s  a n d  overall costs per measurement 
are  s ignif icant ly  lower a t  the PNL f a c i l i t i e s  because of the lsrge number of 
measurements. A source of funding and pr ior i ty  for t h i s  shielded room has 
n o t  been established, and i t  may be a few years before i t  can be b u i l t .  

A summary of this  survey in 

To zvoid routine whole body counting in the mobile counters u n t i l  the 
new shielded room can be  b u i l t ,  a shielded f a c i l i t y  was also designed t h a t  
can be economically constructed with materials and  equipment available a t  the 
whole body counter. 
would contain f ive  large NaI(T1) detectors having a thickness of 4 inches and  
r a n g i n g  in diameter from 9-3/8 t o  11-1/2 inches. 
employee in t h i s  counter would give a count ra te  from a radionuclide i n  the 
body t h a t  would be 2.6 times t h a t  f o r  the person in a 10-minute count i n  the 
routine shadow shield counter. 

This f a c i l i t y  would be a m a l l  w a l k - i n  maze-type a n d  

A two-minute c o u n t  of an 
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This new counter would not quantify the radionuclide content as accu- 

The short  counting time of two or three minutes would allow a l l  
r a t e l y ,  b u t  i t  would have greater  sensi t i v i i y  f o r  detecting radioact ivi ty  in 
the body.  

people t o  be measured in the counter a n d  eliminate the need f o r  people t o  
walk across the parking l o t  t o  the mobile counters. Those few people who 
show posit ive internal radionuclide content would then be measured on the 
standard shadow shield counter f o r  a n  accurate determination of amoun t  
present. 
f a c i l i t y  f o r  several years.  
will be constructed by July 1983. 

Improved Data Processing for  the Mobile Counter - A n  Apple I 1  computer 
These 

This f a c i l i t y  would postpone the need f o r  a large shielded room 
I f  approved, t h i s  w a l k - i n  maze-type f a c i l i t y  

was purchased f o r  each of the two, mobile, whole body counter units. 
computers replace the function of the paper tape punches, which were old,  
Lvorn out and  exhibiting a h i g h  ra te  of  malfunction. 
spectra on magnetic (floppy) discs and  are programmed t o  calculate  and  pr int  
the resu l t s  immediately a f t e r  the count. A t  the present time, the spectra 
and computations are  transferred to  the Nova 4 main whole body computer from 
the floppy disc  which i s  carried t o  the whole body counter a t  the end of each 
day .  

channel analyzer and t o  the Nova 4 computer by moden transmission. 

b 

The computers s tore  

Work i s  continuing i n  interfacing the Apple I 1  computer t o  the multi- 

N E W  PROCEDURES 

For 17-keV x-rays, the transmission t h r o u g h  f a t  i s  s igni f icant ly  
d i f fe ren t  than t h r o u g h  muscle, 
in the average chest wa l l  thickness w i l l  r esu l t  i n  a 27% increase in the 
transmission of a 17-keV x-ray. The percent f a t  i s  an important parametct- i n  

estimating the content of Pu  or U in the l u n g s .  
thickness mezsurements, the ultrasound instrumentation i s  adjusted t o  
optimize the def ini t ion of the chestwall-lung interface.  However, the 
instrumentation response can be tuned t o  give mare detai l  near the skin 
surface. When t h i s  i s  done, a n  image of the fat-muscle interface near the 
chest wall can be made made. (see Figure 5 ) .  The thickness of the f a t  layer 
i s  eas i ly  seen as the space between the chest surface and the fat-muscle in te r -  
face a n d  can be determined a n d  expressed as a percentage of  the chest wall 
thickness. 

A change in f a t  composition from 20% t o  33% 

D u r i n g  regular chest wall 

0 0 t 0 4 3 1 
5 



The t i ssue  equivalent torso phan tom has three s e t s  of chest plates of 
d i f fe ren t  f a t  composition. 
fat-50% muscle, a n d  3)  87% fat-13% muscle. 
i n  the phantom w i t h  the various chest wall compositions, a family of curves 
can be generated so  t h a t  a cal ibrat ion fac tor  can be obtained f o r  a person 
w i t h  any chest wall thickness a n d  any  percent f a t  value. 

The three compositions a re  1)  a l l  muscle, 2 )  50% 
By measuring standard 239Pu lungs 

RESEARCH AND DEVELOPMENT ACTIVITIES 

Gas Sc in t i l l a t ion  Proportional Counters - A Teflon-body, 10-inch-diameter 
gas s c i n t i l l a t i o n  proportional (GSP) counter w i t h  a "Kapton" p las t ic  window 
was tested t o  determine i f  the xenon gas would remain p u r e  enough t o  maintain 
good resolution. By using a h o t  calcium pur i f ie r  with convection g a s  f low,  
the counter was operated in the laboratory f o r  s i x  months with only a s l i g h t  
degradation of the resolution. The Teflon construction material i s  essent ia l ly  
f ree  from radioactivity and  does not contribute t o  the background of the 
counter. 

1 

Further development was made on the photoionization chamber which i s  
used as a s c i n t i l l a t i o n  l i g h t  detector.  
anode sections which can be independently adjusted for  gain. 
chamber s ignif icant ly  improved the resolution f o r  b road  beam radiat ion,  b u t  
the resolution was not as good as t h a t  f o r  a collimated beam of radioact ivi ty .  
Further work i s  needed on t h i s  uni form light-collection problem. 

The chamber h a s  multiple concentric 
This type of 

Our  experience t h i s  p a s t  year with the new IG detector described i n  5 

previous section has shown t h a t  the performance of these detectors is  superior 
t o  t h a t  expected from the GSP counter i n  every way except t h a t  of large areas.  
However, our experience w i t h  the 238Pu inhalation case, which was described 
previously i n  t h i s  report ,  indicates t h a t  l a r g e  area detectors are  n o t  as 
advantageous as previously t h o u g h t .  Therefore, i t  i s  doubtful t h a t  the GSP 
counter would provide a sens i t iv i ty  t h a t  would be lower thari the IG detectors , ,  
and  fur ther  expenditure of time and money cannot be j u s t i f i e d  from the whole 
body counting programs. The GSP counter i s  s t i l l  very a t t r a c t i v e  for improved 
neutron spzctroscopy and environmental monitoring, and i t  will be developed 
for  these purposes as outside funding becomes available.  

6 



I n t e r l a b o r a t o r y  Comparison o f  92mNb i n  t h e  Lungs o f  Humans and i n  T issue 

Equ iva len t  Torso Phantom - h o r k  was completed on t h e  c e r t i f i c a t i o n  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 as an i n t e r n a t i o n a l  s tandard f o r  l u n g  c a l i b r a -  

t i o n  f o r  a d u l t  male humans. 

e i g h t  male a d u l t s  who i n h a l e d  smal l  q u a n t i t i e s  o f  92mNb on one-micron-size 

microspheres.  The 92Nb emi t s  a 15.8-keV x- ray which i s  s i m i l a r  i n  energy t o  

the  x- rays f rom 239Pu and i t  a l s o  emi ts  a 934-keV gamma-ray which a l l o w s  t h e  

q u a n t i t y  i n  t h e  l ung  t o  be e a s i l y  determined. 

l u n g  a c a l i b r a t i o n  f a c t o r  can be determined f o r  t h e  measurement o f  t he  15.8-keV 

x-ray.  

t h e  92mNb i n  t h e  lung,  these sub jec ts  were measured a t ' s e v e r a l  whole body 
92mNb couf i t ing l a b o r a t o r i e s  i n  t h e  U n i t e d  States and Great B r i t a i n .  

a c t i v i t y  was a l s o  u n i f o r m l y  i n c o r p o r a t e d  i n  t h e  lungs o f  t h e  phantom and 

measured w i t h  severa l  d i f f e r e n t  ches t  w i i l l  th icknesses.  t h e  c a l i b r a t i o n  

f a c t o r s  ob ta ined  f rom t h e  human sub jec ts  f o r  t h e  15.8-keV x-rays a re  shown i n  

F igu re  5 a long w i t h  t h e  c a l i b r a t i o n  f a c t o r s  ob ta ined  f rom t h e  phantom. Since 

the  human s u b j e c t s  had v a r y i n g  amounts o f  f a t  i n  t h e i r  chest  w a l l  t h i ckness ,  
a l l  t h e  f a c t o r s  o f  b o t h  human sub jec ts  and t h e  phantom were normal ized t o  

100% muscle. 

r i i ng ing  f r o m  13% t o  100% muscle equiva lency.  

sub jec ts  and t h e  phantom i s  q u i t e  good and demonstrates t h a t  a t  l e a s t  f o r  

one-micron p a r t i c l e  s i z e ,  t h e  a c t i v i t y  u v i f o r n l y  d i s t r i b u t e d  i n  the  phantom 

lung  g i ves  t h e  same d e t e c t o r  response a s  t h a t  no rma l l y  d i s t r i b u t e d  i n  human 
lungs.  

i n h a l e  92mNb t o  determine t h e  e f f e c t s  o f  t h i c k e r  chest  w a l l s .  

T h i s  work was sponsored by t h e  I A E A  and i n v o l v e d  

B y  knowing t h e  amount i n  t h e  

The i n h a l a t i o n  was done a t  Harwe l l ,  England. '  A f t e r  s t a b i l i z a t i o n  of 

The 

T h i s  was p c s s i b l e  f r o n  data ob ta ined  u s i n g  phantom ches t  p l a t e s  

The agreement between the  human 

F u r t h e r  s t u d i e s  a re  planned in which severa l  female s u b j e c t s  w i l l  

Llhole 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 Technical  Leader 

G. A. R ieks ts  Development Engineer, Rout ine Operat ions 

H. B. S p i t z  Senior  Research S c i e n t i s t ,  p a r t  t ime, Research Studies 

M. C .  Rhoads Senior  Technic ian 

3. E'. 14ackl iet  Technic ian 

6. W .  Perk ins E l e c t r o n i c  Technic ian (ass igned f rom Craft ,  and Operat ion 

Serv ices Department) 
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PRESENTATIONS AND PUBLICATIONS DURING 1982 

H. E. Palmer, " A  Large-Area , Low-Background Gas Scintillation Proportional 
Counter." Presented at the 1982 Nuclear Science Symposium, Washington, 
D.C., October 20-22, 1982. 
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EFFICIENCIES FOR BOTH PHANTOM AND HUMANS HAVE 

EQUIVALENT CHEST WALL 
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