
HANFORD WHOLE BODY COUNTER 1978 ACTIVITIES 

by 
H. E .  Palmer and G .  A. Rieksts 

Personnel Dosimetry Section 

Pacific Northwest Laboratories 
Occupational and Environmental Safety Departrne,nt 

March 1379 



HANFORD WHOLE BODY COUNTER 1978 ACTIVITIES 

INTRODUCTION 

This report describes the work, studies a n d  measurements performed a t  the 
whole body counter and other associated studies during 1978. 
was written each year for a few years s ta r t ing  i 
whole body counter was f i r s t  constructed 
and type o f  counts done each year have greatly increased and new counting 
f a c i l i t i e s  have been added. Several research and development ac t iv i t i e s  are 
also conducted with these f a c i l i t i e s .  This report will be the f i r s t  of th i s  
ser ies  of annual reports which will be written in a concise and informative 
s ty l e  t h a t  wi l l ,  hopefully, require a minimum of writing time and can be read 
in a short  period of time. 

This type of repc?rt 
1959 a f t e r  the iron room 
. Since t h a t  time the number ( 1 ,  2, 3jl 

FAC I L IT1 ES 

The whole body counting f a c i l i t i e s  include the following major items of 
equipment: 

1 )  Four shadow shield type whole body counters. 

These are  used for  measuring total  body o r  organ content of 
gamma emitting radionuclides. One o f  these i s  permanently 
instal led in the 7 4 7 A  B u i l d i n g  and more than  90% of the whole 
body count measurements are  done in this  counter. Two of 
these counters are mounted in mobile truck units for  use a t  
any area on the Hanford Project or for  emergency or research 
study use off the project. 
counter i s  located in the Hanford Environmental Health Foundation 
( H E H F )  radiosurgery faci l  i t y .  

A fourth shadow shield type of 

2 )  Two shielded room f a c i l i t i e s .  

The iron room which has 10 in thick iron walls, ceil ing and 
f loor i s  divided i n t o  two compartments. A lung counter i s  
instal led in each compartment and measurements of plutonium, 



americium, uranium and other transuranic radionuclides can 
be determined in the chests of two people simultaneously. 

A lead room which has 4 in. thick walls i s  used for  special 
types o f  counts in contamination incidents and i s  used in 
the development of improved instrumentation f o r  in vivo 
measurement of radionuclides. 

3)  State-of-the-art radiation detection and electronic equip- 
ment a r e  maintained a t  these f a c i l i t i e s  to provide the most 
sensit ive and accurate measurements possible for  the Hanford 
project personnel. C o u n t i n g  operations are controlled by a 
minicomputer which also provides instantaneous calculation 
of counting resu l t s ,  plots of unusual spectra,  and s tandar -  
dizes the outputs of fou r  different  types of analyzers. 

An ultra-sound system i s  used for  measuring the chest wall 
thickness of those employees h a v i n g  measurable amounts of 
radioactivity in the chest. This thickness measurement i s  
used t o  correct for  chest wall attenuation of the radioactivity.  

4)  

5 )  Equipment and capabili ty i s  maintained for  par t ic le  s ize  
measurement o f  plutonium on a i r  f i l t e r  samples and for  mea- 
suring the activation o f  f o i l s  and dosimeters in the Hanford 
Cri t ical  i t y  Monitors. 

ROUT1 NE COUNTING OF PROJECT PERSONNEL 

Employees of the various Hanford project contractors are  routinely 
scheduled for  whole body counting measurements according t o  the i r  work 
location and the potential for  receiving an  internal deposition of radio- 
ac t iv i ty .  
by the radiation protection management for  each contractor. 
i s  scheduled th rough  the schedule coordinator in the Pacific Northwest 
Laboratory (PFIL) Personnel D0simetr.y section. I f  a routine count i s  
needed, i t  i s  usually done a t  the time they receive the i r  annual physical 
examination a t  Hanford Environmental Health Foundation ( H E H F ) ,  I n  addition 
to  the Hanford project contractors, Exxon Nuclear Company a n d  Nuclear Enqineer 
ing Company employees are  also measured routinely a t  the Hanford Whole Body 
Coun t e r .  

The necessity and frequency for  these measurements i s  determined 
Chest counting 



Most of t he  measurements are o f  the r o u t i n e  type and these have been 

inc reas ing  each year .  F igure 1 shows the  whole body and chest  count measure- 

ments f o r  each year s ince  1970. The 6,313 t o t a l  r o u t i n e  measurements made 

i n  1978 represent  a 42% increase over the  4,447 measurements made i n  1977. 

The 4,475 whole body gamma r a y  measurements i n  1978 a r e  an increase of 38% 

and t h e  1,838 chest  measurements a re  52% increase over those made i n  1977. 
Table 1 shows the  number o f  measurements made on t h e  personnel o f  each Hanford 

c o n t r a c t o r  and employees of t he  Department o f  Energy and o the r  companies. 

TABLE 1. I n  Vivo Measurments made i n  1978 

Contractor  

BCS 

DOE 

UN I 
HEDL 

HEHF 

JAJ 

PNL 

RHO 

VITRO 

P r i  vate I n d u s t r i e s  

Whole Body Counts 

9 
5 

81 5 

775 

3 

409 

1175 

1050 

15 

21 9 

Ches,t Counts 

1 

2 
83 

5 39 
- 
14 

598 

262 

6 
333 

TOTALS 4475 1838 

During the  summer o f  1978, 251 whole body counts were made on J.A. Jones 

employees a t  N Area du r ing  the  summer r e p a i r  outage us ing  the mobi le  whole 

body counter.  
f a c i l i t i e s .  

body counts. 
14 chest counts and 35 whole body counts. 

du r ing  the pe r iod  of h i r i n g  and te rm ina t ion  o f  summer employees. 

The remainder o f  the counts were made a t  the 747A B u i l d i n g  

The h ighes t  number o f  r o u t i n e  counts made i n  any one day were 

The average counts per  working day were 7 ' c h e s t  counts and 18 whole 

The h ighes t  co i in t ing l oad  occur 



UNUSUAL R A D I O A C T I V I T Y  MEASURED DURING ROUTINE MEASUREMENTS 

Most o f  the  r o u t i n e  whole body and chest count measurements do n o t  show 

any detec tab le  r a d i o a c t i v i t y  i n  tlanford workers o the r  than n a t u r a l l y  occur inq  

40K and a smal l  amount o f  137Cs from nuclear  t e s t  f a l l o u t .  Examinations may 

i n  a few employees de tec t  smal l  q u a n t i t i e s  ( l e s s  than 1% o f  a maximum permis- 

s i b l e  body burden) of a c t i v a t e d  co r ros ion  products such as 6oCo, 65Zn, 54Fln, 

59Fe, and 5 1 C r  which c l e a r s  r a p i d l y  from the  body. 

Occasional ly  unsuspected r a d i o a c t i v i t y  i s  d iscovered i n  employees who 

come t o  the  whole body counter  f o r  a r o u t i n e  measurement and t h i s  g ives an 

i n d i c a t i o n  of  some uncon t ro l l ed  r a d i o a c t i v i t y  i n  t h e i r  working environment. 

One labo ra to ry  employee was found t o  have a t h y r o i d  burden 25 nCi o f  

du r ing  1978. 

working i n  the  same labo ra to ry .  

problem, the  l abo ra to ry  manager expressed the f o l l o w i n g  i n  a l e t t e r :  
a l l  w ish t h i s  uptake has never occurred, b u t  a re  t r u l y  thank fu l  t h a t  the 

body count ing aspect o f  our h e a l t h  and sa fe ty  program uncovered the  problem 

before i t  became too  severe." 

1 3 7 C ~  and 8 5 S r  were detected and repor ted  back t o  the  f i e l d  by the  exDosure 

1 251 

Upon f u r t h e r  i n v e s t i g a t i o n  lZ5I was found i n  o the r  employees 

A f t e r  i n v e s t i g a t i o n  and c w r e c t i o n  o f  t he  

"We 

Other unsuspected and unusual burdens of 

eva lua tor  so t h a t  t he  source o f  the  contaminat ion 

WHOLE BODY COUNTING OF INCIDENT CASES 

E i g h t y - f i v e  p r o j e c t  employees were scheduled 

ou ld  be inves t iga ted .  

e b0d.y counter n t o  the who 

as a r e s u l t  o f  known r a d i o a c t i v e  contaminants re leased i n  a workincl env i ron-  

ment. 

41 f o r  whole body measurement o n l y  and 12 f o r  wound counts. 

having a s i g n i f i c a n t  i n t e r n a l  burden o f  r a d i o a c t i v i t y  were counted 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  t ime o f  the  r a d i o a c t i v i t y  i n  t h e  body o r  p a r t i c u l a r  

organ. 

i n  the  1976 americium acc ident  t o  moni tor  t h e  changes i n  h i s  r e l a t i v e l y  h igh  
body burden o f  241Am. 

Th i r t y - two  o f  these were f o r  bo th  chest and whole body measurements, 

Those employees 

Many a d d i t i o n a l  measurements were made i n  1978 on the worker i nvo l ved  



NEW PROCEDURES AND FACILITIES 

During the l a t t e r  p a r t  o f  1977 the permanent shadow s h i e l d  counter  was 

i n s t a l l e d  adjacent  t o  the  i r o n  room. The gama ray  whole body count measure- 

ments were t r a n s f e r r e d  from the o l d  t i l t e d  c h a i r  geometry i n  t h e  i r o n  room t o  

t h i s  shadow s h i e l d  counter.  The lung counter  was moved from the  lead room 

t o  the  i r o n  room and the  l ead  room was made a v a i l a b l e  f o r  spec ia l  count ing 

procedures and research and development s tud ies  which w i l l  be descr ibed i n  

the  nex t  sec t ion .  

The demand f o r  chest  counts began t o  exceed the capac i t y  o f  the  s i n g l e  

lung counter i n  e a r l y  1978. 

and a second lung counter  was i n s t a l l e d  so t h a t  two people cou ld  be measured 
simultaneously.  

twenty (33  minutes each) du r ing  the  r e g u l a r  day s h i f t .  

A l ead  b r i c k  p a r t i t i o n  was placed i n  the  i r o n  room 

The d a i l y  capac i ty  f o r  scheduled chest counts i s  now about 
b 

A new u l t rasound system f o r  measuring chest w a l l  th ickness was purchased. 
This u n i t  has a 64 element t ransducer f o r  phased a r r a y  scanning which g ives a 

rea l - t ime  image over  a d is tance o f  8.5 cm. A p i c t u r e  o f  an image o f  a t y p i c a l  

chest  wa l l  th ickness i s  shown i n  F igure  2. The i n t e r f a c e  o f  t h e  lung and inne r  

chest  wa l l  sur face  i s  c l e a r l y  v i s i b l e  and the  c a l i b r a t e d  1 cm depth marks along 

the  r i g h t  s ide  o f  the  p i c t u r e  a l l ow  the  chest  w a l l  th ickness t o  be e a s i l y  

determined. Th is  increased c a p a b i l i t y  a l lows an accurate c o r r e c t i o n  t o  be made 

f o r  the  a t tenua t ion  i n  the  chest  wa l l  o f  low energy x-rays and gamma-rays 

o r i g i n a t i n g  i n  the  lung. 

A tissue-equivalent-human-torso phantom which was cons t ruc ted  a t  the  

Lawrence Livermore Laboratory  (LLL) became a v a i l a b l e  f o r  c a l i b r a t i n g  the  Hanford 

lung and l i v e r  counters.  Th is  phantom was made from a cadaver mold and was 

designed according t o  recomnendations o f  an i n t e r c a l i b r a t i o n  comnit tee com- 

posed o f  whole body count ing s p e c i a l i s t s  from the major DOE con t rac to rs  
throughout the  U.S. which inc luded two people from P a c i f i c  Northwest Labora- 

t o r i  es . (4)  I t  c l o s e l y  s imulated the count ing  geometry o f  i n t e r n a l l y  deposi ted 

rad ionuc l ides  and i s  made o f  m a t e r i a l s  which s imu la te  the  photon a t tenua t ion  

p roper t i es  o f  human t i s s u e  (muscle, bone, adipose t i ssue,  c a r t i l a g e ,  and lung)  

a t  energies below 20 keV. Several sets  o f  lung, l i v e r  and pulmonary lymph 

node organs a r e  a v a i l a b l e  which con ta in  accura te ly  known q u a n t i t i e s  o f  



239Pu, 238Pu, 241Am and n a t u r a l  uranium. 

p la tes  t o  s imu la te  var ious  chest  w a l l  th ickness o f  muscle o r  adipose t i s s u e  

from 2-4 cm. 

nuc l ides  i n  the  l ung  and l i v e r  and c o r r e c t i o n  f a c t o r s  have been determined 

f o r  in te r fe rences  o f  lung  t o  l i v e r  counts and l i v e r  t o  lung counts.  These 

c a l i b r a t i o n s  combined w i t h  the  chest  w a l l  th ickness measurement descr ibed 

above a l l o w  us t o  make a good determinat ion o f  lung  r a d i o a c t i v i t y  i f  i t  i s  

detectable.  The r e a l  need now i n  lung count ing  of t ransuran ic  elements i s  

an increase i n  s e n s i t i v i t y  so t h a t  lower amounts can be detected. 

The phantom a l s o  has a s e t  o f  chest  

The Hanford counters a r e  now w e l l  c a l i b r a t e d  f o r  the  above rad io -  

RESEARCH AND DEVELOPMENT STUDIES 

The th ree  areas o f  i n  v i v o  count ing which need improved c a p a b i l i t y  are:  

I )  g rea te r  s e n s i t i v i t y  f o r  measuring t ransuran ic  elements ( e s p e c i a l l y  

plutonium) i n  the  lung,  l i v e r  and skeleton,  2 )  g rea te r  s e n s i t i v i t y  f o r  

measuring ''5, i n  the  lung and ske le ton  i n  the  presence o f  o ther  long 

l i v e d  f i s s i o n  products such as 137Cs and 3) more r a p i d  and accurate ca lcu-  

l a t i o n  o f  the  content  o f  gamma e m i t t i n g  nuc l ides  when several  o f  them are  

present  i n  the  body. Studies a re  being conducted t o  meet these needs and 

a re  b r i e f l y  descr ibed below: 

Gas S c i n t i l l a t i o n  Propor t iona l  Counter Development 

Th is  type o f  counter o f f e r s  t h e  advantage o f  super io r  r e s o l u t i o n  and 

l a r g e  area. One o f  the  main c o n t r i b u t o r s  t o  the  background i s  the  human body 

i t s e l f  and improved r e s o l u t i o n  o f  the  photopeak energies of  Pu x-rays i s  the  

on ly  way t o  d i sc r im ina te  aga ins t  t h i s  background. This work i s  being funded 

by the Nuclear Regulatory Commission (NRC) and i s  being done a t  Hanford a t  the 

whole body counter f a c i l i t i e s .  
and a counter having increased s e n s i t i v i t y  f o r  measuring Pu i n  the  lung i s  

expected t o  be i n  use by the  end o f  1979. 

'OS r Measurements 

Measurements on the s k u l l  have been shown t o  be a good method f o r  measuring 

bone seeking rad ionuc l ides  ( 5 y  'I. 
whether the measurement o f  beta p a r t i c l e s  o r  bremsstraklung prov ide  the  

most s e n s i t i v e  method. 

s t r u c t e d  which w i l l  con ta in  a known amount o f  ''5, i n  the  s k u l l .  

S i g n i f i c a n t  progress has been made du r ing  1978, 

Studies a re  being done t o  determine 

A bone equ iva len t  head phantom i s  beinq con- 

This  

00 1 0 3 b 0  



phantom w i l l  be used t o  determine the bes t  type o f  counter  t o  use and t o  c a l i -  

b r a t e  the  counter  f o r  making q u a n t i t a t i v e  measurements i n  humans. 

i s  an e s p e c i a l l y  good p lace  t o  count f o r  when 137Cs i s  present  s ince  

the  137Cs deposi ts  predominates i n  muscle t i s s u e  and the  head can be sh ie lded 

from the  major muscle mass reg ions o f  the  body. 

The s k u l l  

I n s t a l l a t i o n  o f  Ge(Li)  Detec t ion  f o r  Whole Body Gamma Counting- 

The r e s o l u t i o n  of the  l a r g e  NaI(T1) de tec to r  which has been used f o r  

whole body count ing f o r  the  l a s t  20 years i s  n o t  s u f f i c i e n t  t o  reso lve  a l l  the  

photopeaks measured where a person conta ins severa l  rad ionuc l ides .  A good 

example i s  the a c t i v a t e d  co r ros ion  products i n  N Area maintenance workers who 

o f t e n  have smal l  q u a n t i t i e s  o f  6oCo, 65Zn, and 59Fe which a l l  have gamma-ray 

energies between 1.1 and 1.33 MeV. 

because o f  the  s i m i l a r i t y  i n  the  gamma-ray energies.  

a re  being i n s t a l l e d  which have energy r e s o l u t i o n s  20 times b e t t e r  than the  

NaI(T1) de tec tors .  

rad ionuc l i de  w i l l  n o t  be as good as the  11-1/2 i n .  diameter NaI(T1) de tec to r  

p resen t l y  i n  use, b u t  f o r  m u l t i p l e  rad ionuc l ides  the  s e n s i t i v i t y  i s  b e t t e r  and 

a d i r e c t  computer c a l c u l a t i o n  o f  an u n l i m i t e d  number o f  rad ionuc l i des  i s  

poss ib le .  

d i d  n o t  meet s p e c i f i c a t i o n s  and was returned.  

e a r l y  1979 and t h i s  sytem w i l l  he i n  r o u i i  le use by l a t e  7379. 

Other Research A c t i v i t i e s  

A d i r e c t  computer c a l c u l a t i o n  i s  d i f f i c u l t  

Two l e r g e  Ge(L i )  de tec tors  

With these new detec tors  the  s e n s i t i v i t y  f o r  a s i n g l e  

The two l a r g e  Ge(L i )  de tec tors  have been purchased bu t  one o f  them 

A replacement should a r r i v e  i n  

Whole body count ing personnel a r e  per  o d i c a l l y  i nvo l ved  i n  o the r  research 

s tud ies .  

HEHF and the  U n i v e r s i t y  o f  Washington School o f  Medicine. Several s tud ies  o f  

methods f o r  measuring body composi t ion changes du r ing  space f l i g h t  were con- 

c luded du r ing  1978. Some o f  these s tud ies  w i l l  resume when longer  term 

experiments a re  a v a i l a b l e  i n  the NASA Space Lab p r o j e c t .  

ment i s  used i n  these s tud ies .  Some work on improved neutron spectroscopy was 

done a t  the  whole body count ing  f a c i l i t i e s  us ing  the  newly developed gas 

s c i n t i l l a t i o n  p ropor t i ona l  counter.  Th is  work looks very promis ing and w i l l  

cont inue f o r  the  nex t  two years. 

p ropor t i ona l  counter  w i l l  be developed as ou ts ide  funds become ava i l ab le .  

Some o f  these a re  i n  cooperat ion w i t h  the  medical i n s t i t u t i o n  o f  

Some whole body equip- 

Other app l i ca t i ons  o f  the  gas s c i n t i l l a t i o n  
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