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HANFORD WHOLE BODY COUNTER 1985 ACTIVITIES 

I NTRODUCT I ON 

This report describes the routine whole body counting measurement 
program fo r  Hanford project personnel during 1985 and includes special 
studies and development work performed in conjunction with the whole 
body counting f a c i l i t i e s .  Similar annual reports have been written 
since 1978. 
equipment a t  the whole body counter; subsequent reports have described 
additions and  changes. 
distributed only t o  DOE-RL and  the Hanford contractors. 

The f i r s t  report described the major f a c i l i t i e s  and  

These reports are informal sumnaries and are  

ROUTINE COUNTING PROGRAM 

Figure 1 shows a bar g raph  of the n v i v o  measurements made a t  the 
whole body counting f a c i l i t y  since 1975 (f igures  begin on page 13). 
T h e  total  number of measurements fo r  19 5 was 10,518, which i s  6 percent 
higher than the total  i n  1984. 
ba r ,  which includes a l l  types o f  measurements except lung counts, totaled 
8,646, which was about 6 percent higher than in 1984. 
1985 totaled 1,872 (6  perceht higher t h a n  in 1984), which almost equals a 
previous high level of 1,879 i n  1979. 

Table 1 shows the number and type o f  measurements made on personnel fo r  
each Hanford contractor, DOE, and local private industries,  which in- 
clude Exxon Nuclear, U.S. Ecology, Pacific Nuclear, and Allied Nuclear. 
A new category th i s  year i s  special requests, which includes measurements 
sol ic i ted by Argonne National Laboratories , Mound Laboratory, National 
Lead of Ohio, Precision Cast P a r t s ,  U.S. Bureau of Mines, University of 
Washington School of Medicine, and 89 members of Ringold farm families 
(requested by DOE).  The private work, which i s  performed f o r  private 
Industry only t o  the extent t h a t  i t  does not  a f fec t  the service to  DOE 
contractors, contributed a b o u t  840K toward the support o f  the whole body 
counting services in 1985, thereby reducing the cost to  DOE contractors. 

' The whole body counting section of each 

Lung counts.for 
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Figure 2 shows the trends and usage o f  the whole body counting facilities 
over the past six years. 
and UNC Nuclear Industries (UNC) has increased significantly, whereas 
usage by all other customers has remained at the same level or decreased. 

The usage by Rockwell Hanford Operations (RHO) 

Contractor 

BCSR 
DOE 
RHO 
UNC 
WHC 
HEHF 
JAJ 
PN L 
KEH, 
Pri va te 
I ndus t r i es 

Table 1. In Vivo Measurements Made in 

Whole Body Lung 
Counts Counts Thyroid Wound 

1 1  
2 2 

3,005 591 1 7 
2,937 116 

764 51 5 I 

333 13 
1,067 31 7 3 
2 56 1 

99 297 

985 

0 the r To ta 1 

1 1  
1 5 
40 3,644 
2 3,055 
1 1,280 

346 
5 1,392 

257 

3 96 
\ 

20 2 132 -- 110 Special 
Requests 

1 
TOTAL 8,584 1',872 1 10 51 10,518 

In the 1985 routine counting program, 71 workers showed positive 
amounts of gamna-emitting radionuclides. 
than 10 nCi, and 59 were below this level but greater than 2 nCi. In 
addition, there were 8 cases where workers had received medically 
administered radionuclides of l31I, 2 0 1  '202Th, 67Ga, or S7Co. 

were 70 positive lung counts for 239Pu and 2'+1Am, but most o f  these 
were from previously known internal depositions. 

Twelve results were higher 

There 

IN  VIVO MEASUREMENT INCIDENT CASES 

Fifty-two Hanford DOE contractor employees were measured as a 
result of radioactive contamination incidents during 1985. 
compares the number of employees measured who were involved in inci- 
dent cases to that of previous years. 

Table 2 
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Table 2. Number o f  Employees Measured as a 
Result of Contamination Incidents 

Year 

1978 
1979 
1980 
1981 

. 1982 
1983 
1984 
1985 

Number 

8 5  
196 
73 
90 
81 
88 
62 
52 

The types of measurements made and the magnitude of the internal 
contamination for the 1985 incidents are shown in Table 3. 

Table 3. 1985 Incident Cases 

1 Greater than 
Type of Count Less than MDA(a) MDA to 10 nC1 10 nCi 

b Who1 e Body--Gama Ray 16 1 1 1  
Lung--Pu or Am 9 6 1 .  
Wound 
TOTAL 

' 5  1 2 
30 8 14 

(a)Minimum detectable amount. 

FACILITIES AND EQUIPMENT 

The major facility change in 1985 was the construction of a new 
front entrance to the 747A Building. 
tified and gives a much more professional appearance to the building. 
The double glass doors provide a more pleasant environment for the 
waiting and reception room. Other changes in facilitles and equipment 
are: 

The entrance is now easily iden- 

Central Liquid Nitrogen Supply - A 500-gallon liquid nitrogen tank 
was installed behind the 747A Building and insulated lines have 
been run into each o f  the shielded rooms. This eliminates the need 

0 0 1 0 3 1 4  
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f o r  twice-weekly d e l i v e r i e s  from Centra l  Stores and a l lows automat ic 

f i l l i n g  p rocedures , to  be used i n  keeping germanium detec tor  Dewars 

f u l l  of l i q u i d  n i t rogen .  

h a n d - f i l l i n g  done prev ious ly .  

g rea ter ,  b u t  the  ac tua l  o v e r a l l  cos t  i s  about the  same because the  

bu lk  p r i c e  i s  much l e s s  than t h a t  f o r  purchasing small quan t i t i es .  

Th is  i s  a much safer  procedure than the  

The 1 i q u i d  n i t r o g e n  consumption i s  

New Computer - A Hewlett-Packard 9000 Ser ies 500 computer system was 
purchased, i n s t a l l e d ,  and i n t e r f a c e d  t o  the  severa l  mul t ichannel  
analyzers used f o r  i n  v i v o  measurements. The main advantages of 

t h i s  new system a r e  a twenty- fo ld  increase i n  d i s k  storage space and 
mu l t i - use r  c a p a b i l i t y .  
from whole body count ing measurements f o r  about 15 months compared t o  
a maximum of one week w i t h  the  o l d  system. 

capac i ty  i s  e s p e c i a l l y  h e l p f u l  s ince spect ra a re  n o t  going t o  be 
saved on t h e  ORE data base a f t e r  December 31, 1985. 

t r o l l i n g  program used f o r  data a c q u i s i t i o n  was redesigned and re -  

i w r i t t e n .  One o f  the  major improvements i s  mu l t i - use r  simultaneous 

access t o  a l l  measurement records and spect ra f o r  t he  l a s t  15 months. 

I n  add i t i on ,  t he  users have access t o  ex tens ive  word processing 
programs and document maintenance features.  
new system w i l l  occur i n  the nex t  few months as araphics c a p a b i l i t y  
and automated v e r i f i c a t i o n  o f  records w i t h  the  ORE data base w i l l  
be incorporated. 

Th is  w i l l  a l l o w  computer s torage of spect ra 

ThJs increased storage 

The main con- 

L 

Greater use o f  t h i s  

New Shielded Room - The conceptual design r e p o r t  was reviewed and 
amended i n  March 1985. The p r o j e c t  cos t  est imate was increased 
from $180,000 t o  $255,000. 
t h a t  delayed a l l o c a t i o n  o f  t he  cons t ruc t i on  funds. 

now 15 months behind schedule. The sh ie lded room i s  s t i l l  neces- 

sary t o  adequately conduct t he  more than 10,000 measurements done 
annual ly  a t  the whole body count ing  f a c i l i t i e s .  

Dental Chai r  f o r  Lung Count Pos i t i on ing  - As a r e s u l t  of the  92mNb 

lung c a l i b r a t i o n  s tud ies  i n  females, which were descr ibed i n  the 1984 
a c t i v i t i e s  r e p o r t  and f u r t h e r  discussed i n  the  nex t  sec t i on  o f  t h i s  
repor t ,  the  h o r i z o n t a l  bed mounted on a hyd rau l i c  denta l  c h a i r  l i f t  
was rep laced by a modern denta l  cha i r .  Th is  denta l  c h a i r  a l lows a 

Th is  increase was one o f  t he  fac to rs  
The p r o j e c t  i s  
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lung count t o  be made w i th  the  person i n  e i t h e r  the  supine 

p o s i t i o n  o r  w i t h  the  to rso  of the  body t i l t e d  up a t  an angle 
o f  approximately 45 degrees. The new denta l  c h a i r  i s  l i f t e d  

and pos i t i oned  e lect romechanica l ly  r a t h e r  than by the  hand- 
operated h y d r a u l i c  l i f t  used w i th  the  o l d  bed. Redundant 

e l e c t r i c a l  sw i tch ing  was added t o  the  new denta l  c h a i r  t o  
c h a i r  t o  prevent i n j u r y  i n  case one swi tch  mal funct ions.  

SPECIAL STUDIES 

Whole Body Counting o f  Farm Fami l ies  Downwind from the  Hanford 
P r o j e c t  - Dur ing the  month o f  November, Mobi le  Whole Body 
Counter B was moved t o  the  Chiawana Grange B u i l d i n g  on Tay lo r  
F l a t s  Road f o r  measuring any poss ib le  in ternal ,  r a d i o a c t i v e  

contaminat ion i n  the  l o c a l  res idents .  Over a pe r iod  of 7 
working days, 89 people were measured. No unusual radionu- 

c l i d e s  were measured i n  any o f  these people. Normal amounts 
o f  40K were measured i n  everyone. 

Radon decay products were measured on the  c l o t h i n g  o f  a few 

o f  the res idents .  

and under the  d i r e c t i o n  o f , t he  I n t e r n a l  Dosimetry program of , 

the Personnel Dos ime t r i  sect ion.  

i 

This  s tudy was done a t  t he  request  of DOE 

Special  I n  Vivo Measurement Requests - For the  p a s t  few years,  
t he  Hanford whole body counter  has had a g rea te r  c a p a b i l i t y  
f o r  measuring low-energy photon emi t te rs  i n  the body than o the r  
count ing f a c i l i t i e s  i n  the  wor ld .  Th is  has r e s u l t e d  i n  requests 
fo r  whole body count ing serv ices from o the r  DOE l a b o r a t o r i e s  and 
government agencies. A t  the  request o f  NIOSH, two groups o f  

workers from the Nat iona l  Lead o f  Ohio Fernald P lan t  were mea- 

sured fo r  uranium i n  the  lung. 

Albany, Oregon, requested t h a t  two o f  t h e i r  employees be mea- 
sured f o r  thor ium uptake i n  the  body. 
Laboratory requested t h a t  we measure one o f  t h e i r  employees f o r  
239Pu and o the r  t ransuran ic  rad ionucl ides.  

The U.S. Bureau o f  Mines a t  

Argonne Nat ional  

P rec i s ion  Cast Par ts  
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Company of Portland requested t h a t  several of t he i r  employees 
be measured for  thorium content. 
School o f  Medicine requested a 239Pu  measurement on one of 
the i r  patients who had previously worked on the cleanup of 
the 239Pu contamination of soi l  in Spa in .  

Measurement of 239Pu and 241Am i n  Ax i l l a ry  Lymph Nodes - A 
wound severely contaminated with 239Pu and associated 241Am 
resulted i n  some of  the insoluble material entering the lymph 
f luids  o f  the hand and being f i l t e r ed  out by the lymph nodes 

The University of  Washington 

located near the ax i l la  (armpit). 
lymph nodes with a germanium planar detector showed 241Am 
ac t iv i ty  t o  be only .10 n C i ,  b u t  s t i l l  easi ly  measured as 
shown i n  Figure 3a. The position of the detestor for  t h i s  
count i s  shown i n  Figure 3b. This i s  the f i r s t  time activ 
has been measured i n  the axi l lary lymph nodes a t  Hanford. 

A count over these axil  arY 

t Y  
The 

only other reported measurement of t h i s  type occurred a t  the 
Atomic Weapons Research Establishment a t  Aldermaston, England,  
a few years ago. 
cases, ax i l la ry  lymph node uptake has gone undetected. 
these people return to  the whole body counter fo r  routine rnea- 
surements, appropriate axi l lary lymph node counts will be 
performed. 

I 

I t  i s  possible tha t  in previous Hanford wound 
When 

I 

Continuing Studies on Harold McCluskey - Although the resul ts  o f  

the many in vivo measurements on Mr. McCluskey have not been pre- 
sented in these annual reports i n  the past ,  i t  should be noted 
tha t  regular monthly measurements have been made on him since 
the accident which happened almost ten years ago. For the most 
part ,  these measurements have consisted of monitoring the levels 
of 241Am in the l i ve r ,  skeleton, and facial  skin and underlying 
t issue.  
3,430 days ( 9 . 4  years) i s  given i n  Figure 4 which shows the cur- 
rent levels to  be 0.6, 8,  and 3 pCi in the l i ve r ,  bone, and  facial  
t issue,  respectively. The DTPA treatment frequency i s  a l so  shown 
a t  the bottom of Figure 4 .  The count ra te  over the l iver  between 
day 400 and day 933 was probably due t o  Z 4 1 A m  in the r ibs  and 

A summary of these levels plotted against time o u t  to  
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vertebrae, n o t  the 1 ver. 

should be subt rac ted  from the  p l o t t e d  l i v e r  data t o  determine 
the  amount a c t u a l l y  n the  l i v e r .  

A measurement on day 984 showed a sudden unexplained increase t o  
0.97 V C i  i n  the  l i v e r ,  a f t e r  which i t  has stayed w i t h i n  the  range 

o f  0.2 t o  0.6 U C i .  

a t i o n  o f  DTPA treatment,  the  l oss  o f  f a c i a l  a c t i v i t y  has been ac- 

companied by a t r a n s l o c a t i o n  t o  the  l i v e r  and bone. 
l o s s  from the  f a c i a l  t i s s u e  cannot be accounted f o r  i n  the  l i v e r  

and bone uptake nor  i n  the  u r i n e  and feca l  excre t ion .  
l o s s  from the  sur face o f  the  s k i n  may account f o r  t he  d i f f e rence .  

The l i v e r  seems t o  have reached an e q u i l i b r i u m  over  the  pas t  few 

years, where the  amount depos i t ing  i n  the  l i v e r  f rom the  face i s  
equal t o  the  amount t r a n s l o c a t i n g  from the  l i v e r  t o  the  bone. 

Therefore a f t e r  day 933, about 200 nCi 

I n  general, i t  appears t h a t  s ince the  termina- 

A l l  of the  

Gradual 

RESEARCH AND DEVELOPMENT ACTIVITIES 
' Determinat ion o f  2'+1Am i n  Tracheobronchial Lymph Nodes - Radio- 

a c t i v i t y  i n  the  t racheobronchia l  lymph nodes i s  d i f f i c u l t  t o  

de tec t  and q u a n t i f y  because i t  i s  n o t  e a s i l y  d i s t i ngu ishab le  
from lung-deposi ted a c t i v i 8 y .  Through the  e f f o r t s  o f  a summer. 
NORCUS appointment graduate student,  s i g n i f i c a n t  progress was 

made i n  our  a b i l i t y  t o  de tec t  and roughly  q u a n t i f y  241Am i n  these 
lymph nodes. Th is  was done by making l a t e r a l  scans o f  bo th  lung 
and pulmonary lymph nodes con ta in ing  *'+1Am w i t h  a c o l l i m a t e d  s e t  

o f  two germanium p lanar  detectors .  
F igure 5. The response o f  the  co l l ima ted  de tec to r  scan f o r  
a c t i v i t y  i n  the  lungs i s  very d i f f e r e n t  from t h a t  i n  the  lymph 

nodes. When the  a c t i v i t y  i s  deposi ted i n  both the  lymph nodes 

and lung, the  percentage o f  depos i t ion  i n  each can also  be e s t i -  

mated from the  peak- to-va l ley r a t i o s  o f  t he  scans. 
worker who has had a lung burden o f  i n s o l u b l e  239Pu f o r  several  
years was measured by t h i s  technique; the  r e s u l t i n g  curve ( a l s o  
i n  F igure  4 )  shows t h a t  e s s e n t i a l l y  a l l  the  a c t i v i t y  res ides  i n  
the  lungs. This  technique w i l l  be used f o r  a l l  f u t u r e  cases where 
the re  i s  a quest ion about the amount o f  a c t i v i t y  i n  the  lymph nodes. 

I 

The r e s u l t s  a re  shown i n  

A Hanford 
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The Construct ion of C a l i b r a t i o n  Phantoms from Ske le ta l  Par ts  of 
Whole Body Donations t o  the  Transuranium Reg is t ry  - The s k u l l  

and the arm bones have been se lec ted  as the  f i r s t  bones o f  Whole 

Body Donation Case #l (see prev ious Whole Body Counter A c t i v i t y  

Reports f o r  1979, 1981, 1983, and 1984) t o  be incorpora ted  i n t o  
r e a l i s t i c  t i ssue-equ iva len t  c a l i b r a t i o n  phantoms. Because o f  
the  l ack  o f  funding f o r  t h i s  work a t  P N L ,  the  h a l f  s k u l l  was 
sent t o  New York U n i v e r s i t y  Medical Center because they had a 
nonrad ioac t ive  matching s k u l l  o f  t he  same s ize ,  h a l f  of which 
cou ld  be combined w i t h  our  h a l f  s k u l l .  They a l s o  had some 
funding, experience, and i n t e r e s t e d  graduate s tudents t o  do 
t h i s  type o f  work. T h e i r  f i n i s h e d  product  i s  shown i n  F igure 6. 

The phantom c l o s e l y  represents a human head; h a l f  o f  the  s k u l l  

cof l ta ins 241Am rep resen ta t i ve  o f  a person w i t h )  a s k e l e t a l  

content  o f  119 nCi. The t i ssue-equ iva len t  p l a s t i c  f i l l i n g  

and encapsulat ing the  s k u l l  i s  polyurethane with ca lc ium 

carbonate added t o  c l o s e l y  s imu la te  the  absorp t ion  char- 

a c t e r i s t i c s  f o r  low energy- photons. The s k u l l  s t i l l  belongs 

t o  the  Transuranium Reg is t ry ,  b u t  PNL i s  the  custodian o f  the  

phantom. The phantom i s  a v a i l a b l e  t o  any whole body count ing 
l abo ra to ry  fo r  c a l  i b r a f i o n '  purposes. 

The arm bones a re  being incorpora ted  i n t o  a t i ssue-equ iva len t  
arm phantom. 
who i s  us ing  t h i s  p r o j e c t  f o r  h i s  master 's  research and thes is .  
Th is  phantom should be completed i n  1986. 

I 

Th is  work i s  be ing done by a graduate s tudent  

The S e n s i t i v i t y  f o r  Measuring *39Pu i n  the  Lung - A quest ion 

of ten a r i s e s  concerning the  minimum detec tab le  amount (MOA) 

of r a d i o a c t i v i t y  t h a t  can be measured i n  an organ o r  d i s t r i -  

buted throughout the  t o t a l  body. The most f requent  quest ion 

concerns the  MDA fo r  239Pu i n  the  lungs. Determining the  
answer i s  n o t  easy because the  MDA f o r  239Pu i n  the  lungs 
depends on the  chest w a l l  th ickness and the  s i z e  of the  person 
being measured. 

a 



These quest ions of s e n s i t i v i t y  cou ld  be answered by s tud ies  

us ing  a sub jec t ' s  background count t o  which very sho r t  counts 
made on the  phantom a r e  added. This  prov ides random add i t i ons  

o f  spec t ra l  counts equ iva len t  t o  low q u a n t i t i e s  o f  a radionu- 
c l i d e  i n  the  lung and does i t  w i thou t  s i g n i f i c a n t l y  pe r tu rb ing  
the  o r i g i n a l  background spect ra o f  the  subject .  

An example of t h i s  process of  adding counts i s  gfven i n  Figures 7 
and 8, where counts equ iva len t  t o  3.1, 6.2, 16, 32, 48, 96, and 
192 nCi i n  the  lung o f  the  phantom are  added t o  a 2000-sec 

(33.3 min) background count o f  an uncontaminated person. 
bas ic  phantom has a chest w a l l  th ickness o f  1.63 cm (F igure 7).  
I n  F igure  8, the  phantom w i t h  one chest p l a t e  over lay  repre-  
sents a chest  w a l l  th ickness o f  2.3 cm. 

17-keV peak. can be c l e a r l y  seen above the  background continuum 

f o r  16 nCI o f  239Pu i n  t he  lungs ( t h i s  i s  t he  maximum permiss ib le  

lung burden). However, i n  the  200 people we have measured f o r  

I chest  w a l l  th ickness du r ing  the  pas t  f i v e  years, t he  lowest  chest 
w a l l  th ickness was 1.9 cm. 
chest  w a l l  th ickness the  l e a s t  amount t h a t  produces a d e f i n i t e  
peak above the  background continuum i s  32 nCi. From the  data i n  
Figures 7 and 8, we can p r e d i c t  t h a t  about 25 nCi o f  239Pu cou ld  

be detected i n  the  person whose chest  w a l l  th ickness was 1.9 cm. 

Measurements w i t h  t h i c k e r  chest  p l a t e s  represent ing  chest  w a l l  
th ickness up t o  4.3 cm show tha t ,  i n  a person w i th  a chest  w a l l  

th ickness of 4 cm o r  more, more than 100 nCi o f  239Pu i n  the  lungs 
i s  necessary be fore  i t  can be measured. 

The 

I n  F iqure  7, the  

F igure  8 shows t h a t  f o r  a 2.26-cm 

I 

This  technique should be used t o  conduct a se r ies  o f  s t a t i s t i c a l l y  

v a l i d  measurements t o  determine the  de f ined measurement c a p a b i l i t y  

o f  a l ung  count ing system. 
germanium de tec to r  a r ray  and f o r  a Phoswich system. 
be done fo r  239Pu,  241Am, 238U, and 23sU. 

This  should be done a t  l e a s t  f o r  a 

It needs t o  
The measurements can 

be done very e a s i l y  and r a p i d l y .  The s t a t i s t i c a l  design, data 
processing, and computer summing ana lys i s  o f  spect ra w i l l  r e q u i r e  
the  major p o r t i o n  o f  the e f f o r t .  When completed, s e n s i t i v i t y  curves 

00 1 0 3 2 0  
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could be generated for each lung counting system and each 
radionuclide. This type of information i s  needed to define 
the capability of counting systems and to find ways to ob- 
tain better sensitivity. 

An Improved Geometry for Lung Counting - The 92mNb (mock 
239Pu) studies described in previous annual Whole Body 
Counter Activity Reports have. provided some additional 
results that have improved the sensitivity for measuring 
239Pu in the lung. 
obvious that the count rates o f  the 15.8- and 17.7-keV 
x-rays over the upper chest wall were significantly higher 
when the subject was in a reclining position than in the 
horizontal supine position. 
the torso i s  about 45 degrees from horizontal. 

As we began the female study, it became 

In the reclining&position, 

Figure 9 shows the difference in the count rate of the x-rays 
between the two counting geometries for one female subject. 
This subject exhibits a typical, but not the highest, dif- 
ference observed between the reclining and supine positions. 
A more complete description of this study will be published 
later in a journal articlq. The increase in counting rate 
In the reclining posit’ion is due to the reduction in chest 
wall thickness as the breast tissue drops lower. T h i s  same 
effect can also be observed, but to a much lesser degree, 
with male subjects, especially those who are overweight. 

I 

\ 

. 

As a result of these studies, we will change our routine 
lung counting geometry in early 1986 from a horizontal bed 
to a reclining position in a commercial dental chair as shown 
in Figure 10. Chest wall thickness measurements made with 
ultrasound instrumentation are made with the subject in the 
reclining position. 
the Lawrence Livermore tissue-equivalent phantom is still a 
good reference standard for the reclining as well as the supine 
position. 

Further studies are needed to ensure that 

00 t 0 3 2  I ? 
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F i g u r e  6. Tissue-Equivalent Skull Calibration Phantom 
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